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Pedepar: B [actutyTi pocnuaannrsa iM. B.S. FOp’eBa HAAH po3ropHyTO cenexIliro roio3epHoro
SYMEHIO Xap4yOBOTO HAaNpsMy BHUKOPUCTAHHS, B TOMY YHCIi 3 KOJBOPOBUM 3€pHOM Ta KpOXMalleM 3i
3MiHEHHUM CKJIaJioM (Waxy). Buxigauii matepian onepxano 3 HamioHamsHOTO HEHTPY TeHETHYHUX PECYPCiB
pocnuH YKpainu — 3pa3ku pizHoBuy nudum L., daghestanicum Vav. et Orl. i3 cipo 3enennm 3epHOM, viride
Vav. et Orl. i3 3enennm 3epaoM, violaceum Koern. Ta nudidubium Koern. 3 ioneroBum 3eprom, nigrinudum
Vav., nudimelanocrithum Giess. et al. 3 yopHuM 3epHoM Ta JiHis SGI 7024 3 OaKUTHUM 3€pHOM CEJICKIT
CI'T-HIHC. [l»xepenamu 3MiHEHOTO CKJIaTy KPOXMAIO Oy TOJO3EpHI COPTH KaHaichKoi cenekmii CDC
Alamo ta Mebere (waxy) Ta CDC Hilose (high amylose). Ycranosneno, mo BMIicT ()eHOJTBHUX CIOTYK Ta
AHTOIIIaHUINHIB 3aJICKUTH BiJl TCHOTUITY T4 YMOB BUPOIIYBaHHsI, a CTA01JIbHO BUCOKMMH 11l TOKA3HUKH OyIH
y miHii Bionet 18-1207 Ta coptie CDC Alamo, CDC Hilose. CtBopena Hamu 1iHHa JiHist Bionet 18-1207
(UA 0805977) pizroBuay nudidubium mae He awumre 3epHO (i0IE€TOBOTO KOIBOPY, aje 1 BCi iHII YacCTHHU
POCIIMHU MaroTh SICKpaBo (iosieToBe 3abapeieHHS y (a3i koiocinHs—HanuB. [licns mo3piBaHHS pOCiIMHA
HaOyBae Ccipo-0y3KOBOIr0O Kojabopy. BMmicT aHTOIiaHKHIB y 3epHiBLi ckianae 0,260 ymor. on. D530/t, BMicT
¢benouniB Tex BUCOKUI — 1,04 MI/T 32 €KBiBaJEHTOM IajlOBOI KUCIIOTH. 3a aHAJII30M TiOpUAHUX MOMYSISLiH
BCTAaHOBJIEHO, MO B F1 ycmankoByeThCs, SK NMpaBHJIO, TEMHE 3a0apBIEHHS, a JIesKi 3pa3ku CTaOiIbHO
nepe/ialoTh Y TIOKOMIHHAX CBOE 3a0apBIIeHHS 3€pPHA 32 YJYacTi B CKpElIyBaHHI SIK 32 MaTepUHCHKHM, TaK i 3a
0aTbKiBCHKUI KOMIIOHEHT. Y momyssinisx F2 BinOyBanocs po3ImIeIuieHHs 3a KOJIbOPOM 3€pHa, YCIIaAKyBaHHS
3a0apBJICHHS 3€PHIBKH y SYMEHIO MOXKHA IOSICHUTH B3a€MOJII€I0 HEaJleIbHUX I'eHIB IEPEBaKHO 32 TUIIOM
KOMIUTIMEHTAPHOCTI. Y JESKUX TOMYJISAIISX BUSBICHO HOBOYTBOPEHHS, IO € I[IHHUM JUIs 30araueHHs
BUX1IHOTO MaTepiany s CeJIEKIIi.

KorouoBi cioBa: sipuil rono3epHHil SUMiHb, KOJBOPOBE 3EPHO, CENEKIis, (EHONBHI CIIOIyKH,
AHTOIIaHIIMHU, PO3LICTIIICHHS, YCIIaIKyBaHHI.

Abstract: The Yuriev Plant Production Institute of NAAS breeds naked food barleys, including those
with pigmented caryopses and waxy starch. The strating material was obtained from the National Center for
Plant Genetic Resources of Ukraine: accessions of the varieties nudum L. and daghestanicum Vav. et Orl.
with gray-green caryopses, of the variety viride Vav. et Orl. with green caryopses, of the varieties violaceum
Koern. and nudidubium Koern. with purple caryopses, of the varieties nigrinudum Vav. and
nudimelanocrithum Giess. et al. with black caryopses, and line SGI 7024 with blue caryopses bred at the
Plant Breeding and Genetics Institute — National Center of Seed and Cultivar Investigations. The sources of
changed starch composition were Canadian naked cultivars ‘CDC Alamo’ (waxy), ‘Mebere’ (waxy), and
‘CDC Hilose’ (high amylose). It was found that the contents of phenolic compounds and anthocyanins
depended on genotype and growing conditions, and these characteristics were consistently high in line
“Violet 18-1207’ and cvs. ‘CDC Alamo’ and ‘CDC Hilose’. In our valuable line ‘Violet 18-1207° (UA
0805977) of the variety nudidubium, not only caryopses are purple, but also all other parts of the plant are
bright purple in the “earing-filling” phase. After ripening, the plant turns gray-lilac. The content of
anthocyanins in grain is 0.260 relative units D530/g; the content of phenols is also high (1.04 mg/g of gallic
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acid equivalent). Analysis of hybrid populations showed that, as a rule, a dark color was inherited by
F1 and some accessions stably transmitted their caryopsis color over generations when participating in
crossing as both the female and male forms. In F2 populations, segregation occurred by caryopsis color; the
inheritance of caryopsis color in barley can be explained by interactions of non-allelic genes mainly via
complementarity. In some populations, traits that were not intrinsic to parents and valuable for enriching

starting materials for breeding were detected.

Key words: spring naked barley, pigmented caryopses, breeding, phenolic compounds, anthocyanins,

segregation, inheritance.

VYKkpaiHa € OmgHWUM 3 TIPOBITHHUX EKCIIOPTEPiB
3epHa SUMEHIO B CBITI, aJIe BaYKIIMBOIO IPOOIIEMOFO Ha
LUTSIXY TTOKpAILEHHS 11 MO3KILii Ha CBITOBOMY PHHKY
€ HeCTaOLIBHICTh O00CATIB  BHPOOHHUIITBA 3€pHA
STYMEHIO 32 POKaMH, L0 B IIEPIIy Yepry 3yMOBICHO
3HAYHOIO YYTJIMBICTIO CyYaCHUX COPTIB JI0 MOTOJHUX
(rykryariii. CitbChKOTOCIIOAAPChKE BUPOOHHUIITBO
nmorpedye BHCOKOATANTHBHUX COPTIB SUMEHIO, 3
BUCOKOI) BPOXKAHHICTIO Ta SKICTIO MPOMYKIIii.
SuMmiaep — cTpecocTiika KyImsTypa 3 BEIHKAM
MTOTEHITIaJIOM, aJie JUIsl HOTO peaisallii HeOOX1THUM €
JOCIHIPKEHHSI CTPECOCTIMKOCTI pa3oM 3 TIMOOKHM
po3yMmiHHSAM  (iziomoridyHoi  OCHOBH  0ararbox
arpoHOMIYHUX  O3HAaK, 30KpeMa e(EeKTUBHOTO
BUKOPHUCTAHHS BOAM Ta MOXUBHUX PedoBUH [1].

SlaMinp Mae yHIKabHI MIETWYHI BIACTHBOCTI
Ta € OfHMM 3 Haibararmmx Jokepen (GeHONIbHHX
CTIONYK Cepesl 3epHOBUX KyJIbTyp. OcTaHHIM YacoM
3pOCTaE IHTEPEC A0 3€PHA SIUMEHIO SIK CHPOBUHHM IS
BUTOTOBJICHHSI MIPOAYKTIB JIETHYHOTO Xap4yyBaHHSI.
Taki TPOAYKTH 3HWKYIOTH BMICT XOJECTEPUHY B
KpOBI, PETYIOIOTh TIIIKEMIYHUI 1HJEKC, BUSBISIOTH
AQHTUOKCHUIAHTHY aKTHBHICTh. BoHM MOXyTh OyTn
CKJIQJIOBOIO TPOQUIAKTUKA PO3BHTKY IIYKPOBOMY
nmiabeTy, CcepleBO-CYyIMHHHUX Ta OHKOJOTIYHHUX
3axBopioBaHb. Y 2006 p. Aaminictpamis CLIA 3
NnUTaHb XapdiB Ta jikapcekux 3aco0iB (US FDA)
BiHECTIa 3€pHO SYMEHIO JI0 TIPOAYKTIB, SsIKi
3HMKYIOTh PU3MK KOPOHAPHOI XBOPOOH ceplist, TOOTO
70 TPONYKTiB  (YHKI[IOHaNBHOTO  XapuyyBaHHSI.
[onsarTs «IIPOIYKTH (hyHKITIOHATEHOTO
NpU3HAYEHHsD) SK Ti, 110 MaloTh JIKyBaJIbHO-
npoGiIaKTHUHUIA BIUIMB Ha JIIOACHKUM OpraHi3m,
TOOTO, OKpPIM €HEPreTUYHOI IIHHOCTI 3a0€3MeuyoTh
HOpMaIbHE (i3ioyioriuHe (QYHKIIOHYBaHHS CHCTEM
moauHu  3’sBwiocs B MAmownii, me y 1991 p.
3aKOHOJIABYO MPUHHATO BHUMOTUM 1O BHUPOOHHIITBA
Xap4yOBHX MPOAYKTIB 31 CHEU(IYHOIO JTiKyBaJIbHOO
nietro FOSHU (Food of Specific Health Use) [1, 2, 3].
s mporpama craja mpooOpa3oMm Uil MOAIOHHX
nporpam y Himewunni, @pannii, innstanii, Hserit,
CIIA, Kanani, Kurai, Kopei Ta Oararbox iHIIMX
Kpainax. [1, 2, 3, 4, 5].

Ukraine is one of the leading exporters of
barley grain in the world, but the year-to-year
instability of barley grain production, which is
primarily caused by significant susceptibility of
current cultivars to weather fluctuations, is an
important obstacle on the way to improving
Ukraine’s position on the world market.
Agricultural  production requires highly
adaptable and high-yielding barley cultivars
with top-quality grain. Barley is a stress-
resistant crop with great potential; however, for
its fulfilment, it is necessary to study stress
resistance along with a deep insight into the
physiological bases of many agronomic traits,
in particular, the efficient use of water and
nutrients [1].

Barley has unique dietary properties and
is one of the richest sources of phenolic
compounds among cereals. Recently, there has
been a growing interest in barley grain as a raw
material for dietary food production. Such
products reduce cholesterol levels in the blood,
regulate the glycemic index, and have
antioxidant activity. They can be a component
of the prevention of the development of
diabetes, cardiovascular and oncological
diseases. In 2006, the US Food and Drug
Administration (US FDA) classed barley grain
as a product that reduces the risk of coronary
heart disease, that is, as a functional food. The
concept of functional products as those that
have a therapeutic and preventive effects on the
human body, i.e., in addition to energy, ensure
the normal physiological functioning of human
systems, appeared in Japan, where the
requirements for the production of foods with
specific therapeutic effects (Food of Specific
Health Use [FOSHU]) were approved
legislatively in 1991 [1, 2, 3]. This program has
become a model for similar programs in
Germany, France, Finland, Sweden, USA,
Canada, China, Korea and many other
countries. [1, 2, 3, 4, 5].
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Bimomo, 1m0 HaiOinbpla KigbKICTH CIIONYK 3
AHTUOKCHIAHTHOIO AaKTHUBHICTIO 30Cepe/KeHa B
riepudepiiHuX Iapax 3epHIBKA sSAMeHto [6-8]. Ane
MIPY BUTOTOBJICHHI MPOIYKTIB 3 TUIIBYACTOTO SUMEHIO
i 9ac nutiyBaHHA i3 3epHA BUIAISIETHCS YaCTHHA
LIHHKUX IS 30pOB’Sl HyTpi€eHTIB. ToMy Bce OinmbIry
yBary BUpOOHHKIB IIPUBEPTAE TOIIO3EPHUH SUMiHb, Y
SIKOTO 32 BiICYTHOCTI orepartii nutiyyBaHHs BC1 IiHHI
KOMIIOHEHTH 30epiraroThCsi B 3€pHI Ta MPOXYKIIii,
BHUI'OTOBJIEHO] 3 HBOTO.

AHTHOKCHIAaHTHa  akTuBHICTE (AOA) €
TOJIOBHMM YMHHUKOM, SKHH BH3Ha4ya€ I[IHHICTh
NPOAYKTIB XapuyBaHHS JJIsl 3[0POB’SL  JIIOIHMHHU.
PiBeHp 1pOrOo TOKa3HUKA y SUMEHIO € ONHUM 3
HAMBUINMX Cepell 3ePHOBUX KYIBTYD, Y YHCEIBHUX
JOCTIKCHHSIX CIIOCTEpIraid CTIMKY 3aJIC)KHICTh
AOA Bix reroruny [9-22]. bioakTHBHI KOMIIOHEHTH
B pi3HI KINIBKOCTI MPHUCYTHI B 3€pHI 3JaKiB y
3aJIOKHOCTI Bl TCHOTUIY. AHTHOKCHJAHTHI
BJIACTHUBOCTI (JEHONBHUX KOMITOHEHTIB 3epHa abo
OJIcp’)KaHUX 3 HBOTO XapUOBHX JOOABOK acollildoBaHi
3 MO3UTUBHUM BIUTUBOM Ha 37I0pOB’s Jirozeit [9, 15,
23, 24, 25].

AHTHOKCHIAHTHUH  TIOTEHIlial  3€PHOBHX
KyJBTYp 3HAYHOIO MIpOIO KOPEJIOE 3 BMICTOM Y HUX
nomidperoniB. LimpHO3epHOBI MTPOMYKTH € HKEPETOM
0araTb0X aHTHOKCHJAHTIB: BiTamiHy E, ¢omieBoi
KHACIIOTH,  ()CHONBHUX  CHOJNYK, KapOTHHOIMIB,
(bITUHOBOI KHCIIOTH, NWHKY, 3ajli3a, CeleHy, Mini,
Maprasinto [26, 27]. BmicT (heHONBHHUX CIIONTYK TaKOXK
3aJIeKHUTh BiJl TEHOTUIy T4 YMOB CepeloBUINA. Y
nociimkenHi 13 copriB sameHto B OHTapio el
MOKa3HUK BapitoBaB Bix 987 Mkr/T 1o 3481 Mkr/t [7].
Kuraticbkumu BUCHUMHU JOCITIKEHO
AHTUOKCUIAHTHY aKTUBHICTh Y 67 KyJIBTYpPHUX Ta
156 THOETCHKMX TCHOTHUIIB sSYMEHI0. BusHadeHo
QTLs, siki KOHTPOJIOIOTH BMICT (DEHOIBHUX CIIONYK Y
THOETCHKOMY STIMEHIO. TaKkoXX YCTaHOBJICHO, IO
OUNBIIICTE MapKepiB, sKi TOB’s3aHI 3 BMICTOM
(eHOIB, € PI3HUMH Y JUKOPOCIIOTO Ta KyJIETypHOTO
s;taMmeHro [28]. SMOHCEKMMHM BYEHHMMH BCTaHOBJICHO,
0 3arajJlbHUd BMICT TONI()EHONIB TMO3UTHBHO
KOPEJIIOE 3 aHTUPAAUKAIGHOIO AaKTHUBHICTIO, IO
BU3HAYAETHCS 3a peakui€ro
mdeninmikpunriapazmiom (DPPH) (r = 0,875, P <
0,01). Bucokuii BmicT (EHONBHHX  KHCJIOT
3yMOBJIIOBAB BHCOKY AHTHOKCHAAHTHY AaKTHUBHICTb
TakoK 1 mepioBaHoro suMenro [28]. Y BocHii i
I'eprieroBuni Oyno JOCHIIKEHO aHTUOKCHUIAHTHY
AKTUBHICTb PI3HUX 3€PHOBHUX KYJBTYp, Y TOMY YHCIi
STMMEHIO, Ta 11 3aJIKHICTh BiJl BMICTY (PEHOIBHUX
cnoiyk. Y pe3ynbrari Oyllo BCTaHOBIIEHO TiCHY
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It is known that the largest amounts of
compounds with antioxidant activity are
concentrated in the peripheral layers of the
barley caryopsis [6-8]. However, when making
products from chaffy barley, during defuzzing,
some of the nutrients valuable for health are
removed from kernels. Therefore, more and
more attention of producers is drawn to naked
barley, as it does not require defuzzing and all
valuable compounds are preserved in their
kernels and products made such kernels.

Antioxidant activity (AOA) is one of the
main factors that determine the value of food
for human health. Antioxidant activity in barley
is one of the highest among cereals; in
numerous studies, a steady dependence of AOA
on genotype was observed [9-22]. Bioactive
components are present in different amounts in
cereal kernels, depending on genotype.
Antioxidant properties of phenolic compounds
in grain or in food additives produced from it
are associated with a positive effect on human
health [9, 15, 23, 24, 25].

The antioxidant potential of cereals is
largely correlated with their contents of
polyphenols. Whole grain products are a source
of many antioxidants: vitamin E, folic acid,
phenolic compounds, carotenoids, phytic acid,
zinc, iron, selenium, copper, manganese, etc.
[26, 27]. The content of phenolic compounds
also depends on genotype and environmental
conditions. In a study of 13 barley cultivars
conducted in Ontario, this parameter varied
from 987 to 3,481 ug/g [7]. Chinese scientists
investigated the antioxidant activity of 67
domestic and 156 Tibetan barley genotypes.
QTLs controlling the content of phenolic
compounds in Tibetan barley were identified. It
was also revealed that most of the markers
associated with the phenol content were
different in wild and domestic barleys [28].
Japanese scientists found that the total content
of polyphenols was positively correlated with
antiradical activity, as was shown in the
reaction with 2,2-diphenyl-1-picrylhydrazyl
(DPPH) (r = 0.875, P < 0.01). The high content
of phenolic acids determined the high
antioxidant activity of pearl barley as well [28].
In Bosnia and Herzegovina, the antioxidant
activity in different cereals, including barley,
and its relationship with the content of phenolic
compounds were investigated. As a result, a
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KOPEJISIII0 MiXK IBOMA JTOCITiDKCHUMH TTOKa3HUKaAMHU
(r=0,99) [29].

TakuM 4YHMHOM, SYMIHb BIJIOMHM BHCOKUM
BMIiCTOM O10aKTMBHHX CIIONYK, SIKi CIIPHUSIOTH HOTO
XapIoBii IIHHOCTI Ta AHTHOKCHIAHTHUAM
BJIACTHBOCTAM. /{0 HUX HaJeXaTh TiIpPOKCHOCH30MHI
KHCIIOTH (TalioBa, 0-TiApOKCHMOEH30HHA KHCJIOTa),
rizpokcukopudHi ((epylioBa KHUCIOTa), BaHUTIHOBA,
Oy3KOBa, KyMapoBa, KaBOBa KHCIOTH, (IIaBOHOIIH
(kBepuUTHH, KeMII(hepo) Ta JIirHaHU. 3epHO SUYMEHIO
MICTHTB PI3HOMaHITHHH CTIEKTp (pIIAaBOHOIIB, Y TOMY
quciti ¢GraBoHONH, (paBaHOHW Ta aHTOIiaHW. He
JIUIIIE 3¢PHO STUYMEHIO, 2 TAKOXK TUTIBKU MICTAThH Oarato
010aKTHBHUX CHOJYK — (PEHONIbHI PEYOBHHH, TaHIH,
(aBoHOIM, TOKO(EpOIH Ta ankiipe3opuuHu [13,
31-33]. V pi3HUX JOCTIIKECHHSIX IOBIIOMIISIETHCS
po BMicT peHompHUX crionyK — Bif 1,95 1o 4,51 mr/t
CyXOl PEYOBHMHHM 33 CKBIQJICHTOM TajOBOi KHCIIOTH
[13, 20, 26, 34]. OkpiM IOTO, 3€PHO SUYMEHIO
MICTHTH  (pTaBOHONM  MIpINETHH, KaTexiH Ta
npounanigua B3 [7]. IcHyroTe aaHi mpo BMiCT
¢naBoHoiniB Big 1,38 1o 2,24 Mr/r cyxoi peHoBHHH,
taHiny — 1,38-2,24 [13, 31], taniny — 9-70 wmr
CE/100 r 6opommna [13, 35]. Cknan deHombHUX
CHOJIYK B SYMEHI MOXKE 3MIHIOBATHCS 3aJIC)KHO Bif
Temreparypy, pH TpyHTY, BOJIOTOCTI, 3aCTOCYBaHHS
noOpuB Ta cTazii 30upanHs Bpoxato [32, 35-37].

B Iranii Oyna inimilioBana cenekiiliHa
mporpaMa il OEpXKaHHS 3apOJKOBOI  IUIA3MHU
TOJIO3EPHOTO SUMEHIO 3 KOJIbOPOBHM 3€PHOM, Oararoi
Ha OIlOJNOTiYHO aKTWBHI PEYOBHHU  (EHOMBHOT
npupony. BcraHoBneHo, MmO BMICT OLIBIIOCTI
OiOJIOTIYHO  aKTUBHHUX  CIIONYK MaB  BHCOKY
yCIaJIKOBYBaHICTh, a BPOXKAWHICT, 3epHa Maja
3HAUUMYy TIO3UTHUBHY KODPEJIMII0 3 BEIHMYHHAMHU
BMicTy (EHONIB Ta AHTUOKCHIAHTHOI AKTHBHICTI.
ITaniiicbkuM ydeHHM BAJOCS CTBOPHTH JIiHIT
SYMEHI0,  SKI ~ XapaKTepHU3yKTHCS  BHUCOKHMU
MOKa3HUKaMH CKOPOCTHUTIIOCTI, BPOXKAHHOCTI, HATypH
3epHa, Macu 1000 3epeH y MOETHAHHI 3 BHUCOKUM
BMICTOM  (DEHONIB, aHTOIliaHiB, (DIABOHOIMIB,
KapOTHHOIIB, B-TmrokaHiB Ta BHICOKOIO
AHTHOKCHJIAHTHOIO aKTHBHICTIO [38].

IIpoBonsatecst YHUCEIbHI JIOCT JIKEHHS
TEHEeTUYHOTO  KOHTPOJIO  3a0apBlieHHS  3epHa
suMeHIo. BeranosieHo, 1m0 ioaeToBy mirMeHTauio
3epHa KOHTPOIIOIOTH reHn Antl Ha xpomocomi 7HS
ta Ant2 Ha xpomocomi 2HL. Ten Blp na xpomocomi
IHL xoHTpomoe dopHe 3a0apBiieHHS JYCOK 1
MEepUKapIy B SUMEHIO. YCNAAKyBaHHS HYOPHOTO i
¢ioneroBoro  3abapmiieHHs  BiAOyBaeTbcs 32
MarepuHChbKUM KommioHeHToM [39, 40]. Dongdong

strong correlation was found between these
parameters (r = 0.99) [29].

Thus, barley is known for its high content
of bioactive compounds, which contribute to its
nutritional value and antioxidant properties.
These include hydroxybenzoic acids (gallic, a-
hydroxybenzoic  acid),  hydroxycinnamic
(ferulic, vanillic, syringic, coumaric, caffeic)
acids, flavonoids (quercitin, kaempferol), and
lignans. Barley grain contains a lot of different
flavonoids, including flavonols, flavanones,
and anthocyanins. Not only barley kernels but
also chaff contain many bioactive compounds:
phenolic  substances, tannin, flavonoids,
tocopherols, and alkylresorcinols [13, 31-33].
The content of phenolic compounds was
reported in several studies: from 1.95 to 4.51
mg of gallic acid equivalent per g of dry matter
[13, 20, 26, 34]. In addition, barley grain
contains flavonols such as myricetin, catechin
and procyanidin B3 [7]. There are data on the
flavonoid content ranging 1.38 to 2.24 mg/g of
dry matter [13, 31] and the tannin content
ranging 9-70 mg CE/100 g of flour [13, 35].
The composition of phenolic compounds in
barley can vary depending on temperature, soil
pH, humidity, fertilization, and stage of harvest
[32, 35, 36, 37].

In Italy, a breeding program was launched
to obtain a germplasm of naked barley with
pigmented caryopses in biologically active
phenolic substances. It was demonstrated that
the contents of most biologically active
compounds were highly heritable features and
grain yield was significantly positively
correlated with the content of phenolic
compounds and antioxidant activity. Italian
scientists managed to create high-yielding,
early-ripening barley lines with high test
weight and thousand kernel weignt in
combination with high levels of phenols,
anthocyanins, flavonoids, carotenoids, and [3-
glucans and high antioxidant activity [37].

Numerous studies of the genetic control
of barley grain color are being conducted. The
purple pigmentation of caryopses was revealed
to be determined by the Antl gene on
chromosome 7HS and Ant2 gene on
chromosome 2HL. The Blp gene on
chromosome 1HL determines the black color of
glumes and pericarp in barley. The black and
purple colors are inherited from female forms
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Xu et al. [41] inenTudikyBanu TreH DIyTaTioH-S-
tpanchepazn (HvGST), skwif BigmoBimae 3a CHHE
3a0apBieHHs aJeHpPOHOBOTO IIAPy B THOETCHKOMY
suMmeHi qingke. AHaii3 MIHIMBOCTI Ta eKcmpecii
reHiB mokazaB, mo HvGST Takox Oepe ydactp y
TPAaHCIOPTI Ta HAKONHMYEHHI  AHTOIMIaHIB Y
MypIypHOMY STUMEHIO.

Y  mporpamax — Tpe-OpHIOMHTY  IIMPOKO
JMOCTIKYETbCS BMICT TMITMEHTIB y SUMEHIO B
3aJI@KHOCTI  Bif  KONMbOpYy  3epHiBKH.  Tak,
YCTaHOBJICHO, III0 TENAPTOHIAMHH BHU3HAYAIOThH
gepBoHE (OpamKeBe) 3a0apBIICHHS, ITIaHIIUHA —
TEMHO-YEPBOHE, JACTb(iHiIuHN — (ioneToBe (CHUHE)
[39, 41]. IlirmeHT-3-DIIOKO3UA  BOJOIIKH  OyB
OCHOBHHM aHTOIIIaHITMHOM Y CHHBOMY, JKOBTOMY Ta
¢ioneToBOMy SYMEHI, B YHOPHOMY — JeNbQiHiquH-3-
DIOKo3uA.  TemHe 3a0apBieHHS CBITYATH IIPO
30araueHuid BMICT aHTOIliaHiB [42]. Pesymsraramu
IHIIUX  JOCHTIPKEHb  YCTAHOBJICHO  IIiJIBUIICHY
KOHIIEHTpalit0 [(-DIIOKaHiB Ta aHTOIliaHiB Yy
MypIypHOMY Ta CHHBOMY SUMEHi, TOAI SIK YOPHHUH
sSuUMiHb HE MaB TaKhx BIacTHBocTed [43].
AHaNoriyHi J1aHi 1IOM0 TIiABWIIEHOTO BMICTY
aHTOIIiaHiB came y (hioJIeTOBOrO SIMMEHIO € Y poOoTi
Yao X. et al. [44].

JloBeneHo BILIHB BMiCTY (DEHOIBHUX CIIOTYK Ha
3abapBiieHHs 3epHa sumeHio [7, 40, 42, 45-48].
30kpema, BCTAHOBJIEHO, IO BMICT 3arajibHUX
¢eHomB Ta (umaBoHOINiB OyB BHCOKUM Yy
MypIypHOMY STIMEHI; OCHOBHUMH (DEHONBHUMHU
KHCJIOTaMH B CHUHBOMY SUMEHI Oynu mosideHosu
OCH301MHOT ~ KHCIIOTH,  OCHOBHHMH  THIIAMHU
(1aBOHOI/IIB B YOPHOMY Ta CHHBOMY SIUMEHi Oyiu
XaJIKOHM 1 (DJIABOHOHM BIJTIOBIZHO, & B )KOBTOMY Ta
MypIypHOMY stuMeHi — ¢nmaBoHou [42]. Xiangzhen Ge
et al. [49] Bu3HauMIM IPOQisb PEHONBHUX CIONYK Y
KOJIbOPOBOTO  TOJIO3EPHOTO  siuMeHro  (Oisoro,
JKOBTOTO, YOPHOTO Ta CHHBOTO) Ta ieHTH(]IKyBaIN
156 penonpHUX peyoBuH. HalO1IbII pi3HOMAHITHUM
OyB Npo(iyib y YOPHOTO SUMEHIO, a BMICT (peHOIB
Bapifoe  3aJIKHO  BiJ 3a0apBIEeHHS  3€pHA.
BcraHosieHo, 1110 MapKepH, acoIliifoBaHi 31 CKJIa0M
Ta BMICTOM (DEHONBHHUX CHOJIYK, BiIPi3HSIOTBCS Y
IUKHX Ta KyJAsTypHHX suMeniB [50, 51]. Inmmmu
JNOCTIIHUKAMUA  TIJATBEPIKCHO  BUIIMH  BMICT
(naBoOHOINIB y 3epHIBKax SUYMEHIO CHHBOTO Ta
¢ioneroBoro 3abapeieHHs [52], mo TOro X y
(dioNeToBOro  TOJO3EPHOTO0  SUMEHIO  BMICT
¢naBoHOINiB OyB BHMIIMM, HDK Yy (ioI€TOBOTO
TUTIBYaCTOTO Ta TOJIO3EPHOTO KOBTO3epHOTO [53].

Iadopmartist mpo aHTHOKCHIAHTHI BIACTUBOCTI
3€pPHOBUX KYJBTYP, Y TOMY YHCJi T€HOTHIIIB TYMEHIO,
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[38, 39]. Dongdong Xu et al. [40] identified the
glutathione-S-transferase =~ (HvGST)  gene
responsible for the blue color of the aleurone
layer in Tibetan barley (qingke). Analysis of
variability and gene expression revealed that
HvGST was also involved in the transport and
accumulation of anthocyanins in purple barley.

In pre-breeding programs, the pigment
contents in barley are intensively studied in
association with caryopsis color. Thus,
pelargonidins were found to determine red
(orange) color, cyanidins — dark-red, and
delphinidins - purple (blue) [38, 40].
Cornflower pigment-3-glucoside was the major
anthocyanidin in blue, yellow and purple barley
and delphinidin-3-glucoside - in black barley. A
dark color indicates an increased content of
anthocyanins [41]. In other studies, increased
concentrations of B-glucans and anthocyanins
were detected in purple and blue barley, unlike
black barley, which did not have such
properties [42]. Similar data on the increased
content of anthocyanins in purple barley were
reported by Yao X. et al. [43].

The influence of phenolic compound
levels on barley grain color was proven [7, 39,
41, 44-47]. In particular, the contents of total
phenols and flavonoids were found to be high
in purple barley; the major phenolic acids in
blue barley were benzoic acid polyphenols; the
major types of flavonoids in black and blue
barley were chalcones and flavanones,
respectively; and flavonol was the major
flavonoid in yellow and purple barley [41].
Xiangzhen Ge et al. [48] determined the profile
of phenolic compounds in pigmented barley
(white, yellow, black, and blue) and identified
156 phenolic substances. The profile of black
barley was the most diverse, and the content of
phenols varied depending on caryopsis color.
Markers that are associated with the
composition and content of phenolic
compounds were demonstrated to differ in wild
and domestic barleys [49]. Other researchers
confirmed higher contents of flavonoids in blue
and purple barley caryopses [50]; besides, the
content of flavonoids was higher in purple
naked barley than in purple chaffy and yellow
naked barleys [51].

There is very little information about the
antioxidant properties of cereals, including
barley genotypes used in the production in our
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SKI BHKOPHCTOBYIOTHCSI y BHPOOHHMIITBI HAILIOTO
pEerioHy, MPaKTUYHO BiACYTHS, TOHI K y OLIBIIOCTI
PO3BHHYTHX KpaiH CBITYy TOmiIOHI IOCIiIKeHHS
MPOBOIATECS Ay)KE IHTEHCHBHO. TakuM YHHOM,
BUBYEHHS BJIACTUBOCTEH KOJBOPOBOTO I'OJI03€PHOIO
STIMEHIO IITUPOKO PO3TOBCIOHKEHO Y CBITI, & CENeKIIis
COpPTIB 3 TaKUM 3E€PHOM € MEPCIEKTHBHOIO Ta Mae
BO)XJIMBE 3HAYEHHS VIS IIPOJOBOJIBYOI OE3MeKu Ta
CTBOPEHHSI IPOAYKTIB AJISI AIETUYHOTO XapuyBaHHSI.

Mertoro Hamioi poboTu Oyno B paMkax Tmpe-
OpUIVHTY BCTaHOBIEHHA Yy 3pa3KiB TOII03EPHOTO
STIMEHIO BMICTY (DEHOJBPHUX CIONTYK Ta (PI1aBOHOIIB,
ychaJaKyBaHHs 3a0apBIeHHS 3epHA, MOB’A3aHOTO i3
BMicTOM (peHOmMB Ta (DIaBOHOINIB y AacImeKTi
3aJy4eHHS KpalluxX 3paskiB 10 CeNeKIiiHHOTo
mporiecy sK  OarbKiBCBKUX  KOMITOHEHTIB  JIJIS
CXpelLlyBaHHS.

MeTtoauka

B Iucturyti pocnuHHMnTBa iMm. B.A.
IOp’eBa HAAH VYkpainu mHpoOKO pO3TOPHYTO
CEJIEKLII0 TOJIO3EPHOTO SYMEHIO XapuyoOBOTO
HampsiMy BHUKOpUCTaHHSA. CTBOPEHO TroJ03epHi
coptu pizHoBULY nudum SBip, Opnan, OOpiii Ta
lopniii. Copt lopniti BHeceno B JlepkaBHUH
pEeECTp  COPTIB  pOCIMH, MNPUAATHUX  AJA
nomupeHHss B Ykpaini 3 2024 poky. Takox
MPOBOAUTHCS CEJEKIlisl TOJI03EPHOTO SYMEHIO 3
KOJILOPOBHM 3€PHOM Ta KPOXMajeM 31 3MiHEHUM
cknagoM [55-57]. BuxigHuii Marepian ofiepkaHo
3 HamioHanbHOTO IIEHTPY TEHETHUYHUX peCypciB
pocnuH Ykpainu. Le 3pa3ku piznoBuny nudum L.,
daghestanicum Vav. et Orl. i3 cipo 3eneHum
3epHoM, viride Vav. et Orl. i3 3eneHUM 3epHOM,
violaceum Koern. Ta nudidubium Koern. 3
(ioneToBUM  3epHOM, nigrinudum  Vav.,
nudimelanocrithum Giess. et al. 3 yopHUM 3epHOM
ta ninisg SGI 7024 3 GakUTHUM 3epHOM CENEKIiT
CI'T-HIIHC (aBtop Pubanka O.l.). fAx mxepena
MyTamii waxy OyJlo B3SITO TOJIO3epHI COpPTH
kanaacekoi cenekiii CDC Alamo Tta Mebere,
JUKEpEeJIOM TiABMIICHOIO BMICTYy amijio3n B
Kpoxmalli — TeX copT kaHaachkoi cenekuii CDC
Hilose. ns ribpuausaiiii BUKOPHUCTAHO TaKOX
3pa3KH IUIIBYACTOTO SYMEHIO, B T.4. 3 KOJILOPOBUM
3epHOM SIK JKepesia MiJBUIIEHHS aJanTHBHOCTI
TOJIO3EPHOTO SYMEHIO JI0O YMOB CEpeJOBHINA
(Tabm. 1).

region, while in most of the developed
countries worldwide, such studies are being
conducted very intensively. Thus, research into
properties of pigmented naked barleys is
conducted all over the world and the breeding
of cultivars with such grains is promising and
important for food security and dietary
nutrition.

Our purpose was, as part of pre-breeding,
to determine the contents of phenolic
compounds and flavonoids in naked barley
accessions and to elucidate the inheritance of
caryopsis color associated with contents of
phenols and flavonoids in order to involve the
best accessions in breeding as parents for
crossings.

Methods

The Yuriev Plant Production Institute
(YPPI) of NAAS of Ukraine intensively works to
breed naked food barley cultivars. Cultivars
“Yavir’, ‘Orlan’, ‘Obrii’, and Hordii’ (the variety
nudum) have been created. Cultivar ‘Hordii’ has
been in the State Register of Plant Varieties
Suitable for Dissemination in Ukraine since 2024.
Naked barley cultivars with pigmented caryopses
and starch with changed compositions are also
being bred [52-56]. The strating material was
obtained from the National Center for Plant
Genetic Resources of Ukraine: accessions of the
varieties nudum L. and daghestanicum Vav. et Orl.
with gray-green caryopses, of the variety viride
Vav. et Orl. with green caryopses, of the varieties
violaceum Koern. and nudidubium Koern. with
purple caryopses, of the varieties nigrinudum Vav.
and nudimelanocrithum Giess. et al. with black
caryopses, and line SGI 7024 with blue caryopses
bred at the Plant Breeding and Genetics Institute
— National Center of Seed and Cultivar
Investigations (PBGI-NCSCI; the author -
Rybalka O.1.). Canadian naked cvs. ‘CDC Alamo’
and ‘Mebere’ were taken as sources of the waxy
mutation and Canadian cv. ‘CDC Hilose’ was used
as a source of an increased content of amylose in
starch. In hybridization, chaffy barley accessions,
including those with pigmented caryopses, were
also used as sources enhanced adaptability to
make naked barley more adaptable to
environmental conditions (Table 1).
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Taommus 1. Buxigauii Marepian 1uist ri0Opuau3anii
Table 1. Starting material for hybridization

3pasok / PizHoBuz / [Moxomxkenus / .
Aé)cession Variety Origin OcobmuBocrti / Features
Tonozepni / Naked
CDC/Alamo |nudum Crop Development | Waxy, myxke BHCOKa 3arajbHa aHTHOKCHIAHTHA
Centre (CDQC), | akrmBHicts (AOA), BMicT B-TIroKaHiB, omii Ta
Canada ¢denomsaux cnomyk / Waxy, very high total AOA,
high contents of pB-glucans, oil and phenolic
compounds
Mebere nudum AAFC, Canada Waxy, 3epHo okpymioi ¢opmu, Bucoka AOA,
Bucokuii Bmict omii / Waxy, rounded kernels, high
AOA, high content of oil
CDC Hilose nudum CDC, Canada High amylose, myxe Bucokuii BMicT omii (mOHaz
4,70 %), myxe mosruit konoc / High-amylose, very
high content of oil (>4.70 %), very long spikes
Seip / Yavir nudum IP, Vkpaina / YPPI, | Bucokwuit Bmict omii, Bucoka AOA / High content of
Ukraine oil, high AOA
I"aTyHOK / |nudum ICI'C, VYxpaina / | BUCOKHIA BMICT MOJIHCHACHYCHOI ®-3 JIiHOJICHOBOI
Gatunok Institute of Steppe | kucmoru / High content of polyunsaturated ©-3
Agriculture, Ukraine | linolenic acid
Topmiit / Hordii  [nudum IP, Vkpaina / YPPI, | Bucokuit BMicT heHONBHUX CIONYK, Kpyriie 3epHO /
Ukraine High content of phenolic compounds, round kernels
NSGJ-1 nudum Cep0is Serbia [Mocyxocriiikuii, cTabinbHa Bpoxaitnicts / Drought-
resistant, stable-yielding
Tercel nudum Canada cTabinpHa BpOXKaitHICTh, Okpymie 3epHo / Stable-
yielding, rounded kernels
UA 5462 daghestani-cum Cipo-3eneHe 3epHO, JOBIUH KOJOC, TyXKe BHCOKHIA
BMicT kpoxmaito (moHan 65 %) ta omii / Gray-green
caryopses, long spikes, very high contents of starch
(>65%) and oil
UA 0663 viride 3eneHe 3epHO, IyXe BHCOKHI BMICT Oinka (MOHAZ
17 %) / Green caryopses, very high content of protein
(>17%)
Hoem violaceum dionerose 3epHo / Purple caryopses
Bioner 18-1207 |nudidubium IP, Ykpaina / YPPI, | ®@ioneroBe 3epHO, Jy)Ke BUCOKHIA BMICT KPOXMAIIO
Ukraine (monax 66 %) ta omii / Purple caryopses, very high
contents of starch (>66%) and oil
UA 0645 nudimelano- YopHe 3epHO, IyKe BUCOKHH BMicT Ginka (mOHAZ
crithum 17 %) / Black caryopses, very high content of protein
(>17 %)
UA 2220 hymalaense 3esene 3epHo, mectupsaauii / Green caryopses, Six-
rowed plants
I[Tniguacri / Chaffy
Bsipens /| nutans IP, Ykpaina / YPPI, | Bucoka AOA, BucOkuil BMICT (DEHONBHUX CIIONYK,
Vzirets Ukraine MOJTIHEHACHYESHOT -3 JIHOJIE-HOBOT Ta
MOHOHEHAaCH4eHO1 najbMitoneinoBoi kucnoru / High
AOA, high content of phenolic compounds,
polyunsaturated ®-3 linolenic and monounsaturated
palmitoleic acids
Tposi / Troian | nutans IP, Vkpaina / YPPI, | Bucokuit BMicT mojiHEHaCHYEHOT ®-3 JIIHOJIEHOBOI
Ukraine kucior / High content of polyunsaturated -3
linolenic acid
IMapuac / Parnas | nutans IP, Vkpaina / YPPI, | Bucokuii BmicT oiii, BHCOKa TNEpeTPaBIOBaHICT

Ukraine

6inka / High content of oil, high digestibility of

protein
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Hocnimkenns npoBoaunu B 2022-2023 pp.,
3pa3Kd SYMEHI0 OYyJIO MOCISIHO B CEJICKI[IHHOMY
pO3CagHUKY, IIoma IUISHKY 2 M2, CXpelyBaHHS
MPOBOJWIIN MTPUMYCOBO, i3 KOJIOCKA B KOJIOCOK.

Bwmict 6inka Ta KpoxXMalro B 3epHi BU3HAYAIN
Ha MugpalllOM OT-10M 09495. Waxy-reHoTHITH
ineHTudikyBamu metogoM (apOyBaHHS HOTHUM
po3unHoM Jliorons (MonudikoBaHHW  METOI
Ixyniana) [58]. 3araipHy aHTHOKCHIAHTHY
akTUBHICTH (AOA) 3pa3KiB SUMEHIO OLIIHIOBAJIH 32
3[IaTHICTIO CIUPTOBHUX €KCTPAKTiB HEUTpai3yBaTH
panukani DPPHe (2,2-diphenyl-1-picrylhydrazyl).
Merton 6a3yeTbcst Ha 3HEOAPBICHHI CIIMPTOBOTO
po3unHy ctabinpHOoro pagmkara DPPH vy
MPUCYTHOCTI CIUPTOBHX EKCTPAKTIB 3€PHOBHX
MPOAYKTIB, MO0 MICTSITh AHTUOKCUIAHTH, SIKi €
JOHOpaMHU TIPOTOHIB, 3aTHUX HEUTpami3yBaTH
panukan DPPH Ta nepeBectu #ioro y 3He6apBieHy
BiIHOBJICHY dhopmy. Busnauenns
AHTHPAAMKAJIBHOI AKTUBHOCTI NPOBOAMIM 34
METONIOM, OmucaHuM y poOoTi S. Arabshahi, A.

Urooj [58].

®DeHonbHI CIIOJTYKH i aHTOIIaHU
eKCTparyBaiu i3 po3meneHoro 3epHa 80%
€TaHOJIOM (CTiBBiTHOIITCHHS HaBaKKH i

ekctpareary 1:20) 3a Temmeparypu 2-4°C
npotsiroM 14-16 rox, micns 4oro QinbTpyBaH.
Hnst  aHamizy BMicTy (EHONBHUX CIHOINYK Y
peakiiiiini nmpoOipku BHOocwH 0,5 Mt pinbTpary, 8
MJI TUCTHIBOBaHOT Boau Ta 0,5 Mi peakTuBy
®dogniHa, nepeMinryBaiy 1 yepe3 3 XB jgoaaBaiu 1
M 10%-ro Na2CO3. Yepes 1 roguHy BUMIpIOBaIU
a0copOIrito peakififinoi cymimi npu 725 um [60].
BMmicT QeHONBHHX CHONYK BUPaXKadd y MKMOJb
ragoBoi kucimoTd Ha 1 r HaBaxku. llepen
BH3HAUCHHSM BMICTY aHTOI[IaHIB CyIepHATaHT
migkucioBainu HCI 1o kinieBoi koHeHTpartii 1%.
[Mornmuuanas BuzHavaim npu 530 wM  [61].
Pesynpratn BHpakeHi B YMOBHHX OJIWHUIISX, SK
abcopOI1ist y po3paxyHKy Ha | T HaBaXKKH.

Bwmict onii BH3HAuanuM 3a Barol CyXxoro
3HEKMPEHOTO  3aJHUIIKy 33 MOINU(DIKOBaHOIO
Metoaukoro C.B. PymkoBcbkoro (rpaBiMeTpuaHUR
METO/1), aHaJli3 KUPHOKUCIOTHOTO CKiIamy Oiii —
METOZIOM Ta30BOi xpomarorpadii MeTHIOBHX
edipiB
xpomatorpadi «Ceamuxpom- 1.

KHUPHUX KHUCJIOT Ha ra3oBOMY

The study was conducted in 2022-2023.
The barley accessions were sown in a breeding
nursery. The plot area was 2 m2. Crossings were
controlled, from spikelet to spikelet.

The contents of protein and starch in grain
were determined on an InfraLIUM FT-10M
09495 analyzer. Waxy genotypes were
identified by staining with Lugol's iodine
solution (modified Juliano's method) [57]. The
total antioxidant activity in the barley
accessions was evaluated by ability of ethanol
extracts to neutralize DPPHe (2,2-diphenyl-1-
picrylhydrazyl) radicals. The method is based
on the decolorization of ethanol solution of the
stable DPPH radical in the presence of
antioxidant-containing ethanol extracts from
kernels, as antioxidants are proton donors
capable of neutralizing the DPPH radical and
converting it into a decolorized reduced form.
The antiradical activity was determined, as
described by S. Arabshahi and A. Urooj [58].

Phenolic compounds and anthocyanins
were extracted from ground kernels with 80%
ethanol (the sample weight/extractant ratio was
1:20) at 2-4°C for 14-16 hours; then the extracts
were filtered. To analyze the content of phenolic
compounds, 0.5 mL of filtrate, 8 mL of distilled
water, and 0.5 mL of Folin's reagent were added
to the reaction tubes, mixed, and after 3
minutes, 1 mL of 10% Na2CO3 was added.
After 1 hour, the absorbance of the reaction
mixture was measured at 725 nm [59]. The
content of phenolic compounds was expressed
in pumol of gallic acid per 1 g of sample weight.
Before determining the anthocyanin content, the
supernatants were acidified with HCI to a final
concentration of 1%. The absorbance was
measured at 530 nm [60]. The results are
expressed in relative units, as absorption per 1 g
of sample weight.

The oil content was gravimetrically
determined by weight of the dry, defatted
residue using a modification of S.V.
Rushkovsky’s method (method). The fatty acid
composition of oil was analyzed by gas
chromatography of methyl esters of fatty acids
on a Selmikhrom-1 gas chromatograph.
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Pe3ynbTaTn Ta 00roBOpeHHs

B Hammx momepemHixX MOCHIMHKEHHSIX OyJI0
BH3HAYECHO TMOKAa3HHUKH SIKOCTI 3€pHa y 3pa3KiB, sIKi
0o0paHO OaTbKiBCHKUMHU KOMIIOHCHTaMHU. 30KpeMa,
BCTaHOBJICHO, IO BMicT Oinka y 3paskiB UA 0645
var. daghestanicum (cipo-3enene 3epHo) Ta UA 0663
var. viride (3eneHe 3epHO) Buimii 3a 17%, y iHIImMx
3pa3kiB — 16—14%. Bwmict kpoxmanio HalBHIINM
Oy y minii Bioner 18-1207 var. nudidubium —
66,20 %, iHm1i 3pa3ku — Ha piBHI 65,35-61,67 %.

Oumii B 3epHi SIIMEHIO MICTHTBCA TyXKe Mallo,
TOMY CEJIEKIIis 32 Ii€I0 03HAKOI0 HE MOITNpPEeHa, aje
ONisi  SYMEHI0 Ma€ BHCOKMH BMICT -3
MOJIIHEHACUYEHO] JIIHOJIEHOBOI KMCJIOTH, OZHOIO 13
HAMCHIBHININX aHTUOKCUJAHTIB. Jleski 3 Hammx
3pa3kiB Maiu ayxe Bucokuii (4,70 %, CDC Hilose 3
BHCOKOAM1JIO3HUM KpoxmalieM) Ta BHUCOKmiA (3,82—
3,71 %, UA 5462 var. daghestanicum, CDC Lophy-
1 ta Mebere var. nudum) BMicT oii. 3a BMICTOM B
omii ®-3 JIHOIEHOBOi KHCJIOTH BHIIIEHO COPTH
CDC Alamo, CDC Candle (5,12-6,05 % Bin
3arajgbpHOTO BMICTY odil) [54, 55, 61, 62]. Jlopeuno
BIJI3HAYUTH, 110 CTBOPEHA HAMU I[iHHA JIiHisA BioneT
18-1207 (UA 0805977) pizroBuay nudidubium mae
HE JIUIIE 3epHO (i0JIETOBOTO KOJIBOPY, ale 1 BCi iHIIi
YaCTHMHW POCIMHHA MAalOTh SICKpaBO (ioJeToBe
3abapBrieHHss y (a3i KOJIOCIHHA—HAIWB. Y Mipy
no3piBaHHSA pocnuHa HalOyBae cipo-Oy3KOBOTO
KoIpopy [56, 57]. Bumict aHTOmiaHiB y HEl CKiIamae
0,260 ymoB. ox. D530/, BmicT ¢eHOmB Tex
Bucokuii — 1,04 MI/r 3a €KBIBaJEHTOM TIajOBOi
KUCIOTH (Tabm. 2). B3aeM03B’SI30K  TEMHOTO
3a0apBiieHHs 3EpHIBKH, 30KpeMa (ioJeToBOro, SIK y
Biomer 18-1207, Ta BHCOKOrO BMICTY aHTOIliaHiB
TakoXX yCTaHOBIIEHO Yao et al. [44]. B miteparypi
BiJI3HAYAETHCSI TAKOXK 3B’ 130K TEMHOTO 3a0apBIICHHS
3€pHIBOK Ta BUCOKOTO BMiCTy (peHOIiB [62].

Jlinis Biomer 18-1207 xapakrepusyeThcs
BUCOKOIO CTIHKICTIO 1O CaXKOBUX 1 JIMCTKOBUX
xBOopoO Ta 0 mocyxu. Taki maHi y3romKyrTbCs 3
TBEP/PKCHHSAMH  IHIIMX YYCHHUX TPO  BaXKIIHMBE
arpOHOMIYHI  3HA4YeHHS MiJABUINEHOTO BMICTY
KOITbOPOBHX ITIMEHTIB y SYMEHIO, OCKIJIBKH TEX
MOB’SI3YIOTh 1€ 31 CTIMKICTIO [0 CTPECOBUX
YMHHUKIB  pi3HOi  mOpupoau, a  came —
TEMHO3a0apBIiieHI 3pa3Ku MAaroTh y 3€pHI BHUIIWI
BMICT (JEHONIBHHMX CIIOJNYK, SIKI B CBOIO HYepry €
CKJIaJJOBUMH  AHTHOKCHJAHTHOTO  KOMILIEKCY.
3pasku 3 migBumieHoro  AOA € OuibIn
crpecocTitikumu [34, 50-52].

YV na6oparopii ¢izionorii Ta 0ioximMii pociuH
y 3€pHi 3pa3KiB SUMEHIO OyJ0 BH3HAYCHO BMICT
(eHONBPHUX CIIONYK Ta aHromiaHiB (tabm. 2). ¥V
pe3y/bTaTi BCTAHOBJICHO TICHHMM JIIHIMHUN 3B’ 30K
MiX 1uME o3Hakamu (r = 0,79), Mo y3roKyeThes 3
nmanumMu Yoshida [29], Hodzic [30], Ianucci [37].
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Results and Discussion

In our previous studies, we determined grain
quality parameters in the accessions that were
selected as parents. In particular, we found that the
protein content in var. daghestanicum accession
‘UA 0645 (gray-green caryopses) and var. viride
accession ‘UA 0663’ (green caryopses) exceeded
17%:; in the other accessions. It was 16—14%. Var.
nudidubium line ‘Violet 18-1207” had the highest
starch content of 66.20%; the other accessions
contained 65.35-61.67% of starch.

Barley grain contains very little oil, so
breeding for this trait is not common; however,
barley oil has a high content of ®-3
polyunsaturated linolenic acid, one of the most
potent antioxidants. Some of our accessions had
very high (4.70 % in high-amylose cv. ‘CDC
Hilose’) or high (3.82-3.71 % in var
daghestanicum accession ‘UA 5462°, var. nudum
cv. ‘CDC Lophy-1" and ‘Mebere’) oil levels.
Cultivars ‘CDC Alamo’ and ‘CDC Candle’ were
distinguished due to ®-3 linolenic acid content in
oil (5.12-6.05% of the total oil content) [54, 55,
61, 62]. It is appropriate to note that our valuable
var. nudidubium line ‘Violet 18-1207" (UA
0805977) has not only purple caryopses, but also
all other parts of the plant are bright purple in the
“earing-filling” phase. As the plant matures, it
turns gray-lilac [61, 62]. The anthocyanin content
in it is 0.260 relative units D530/g; the phenol
content is also high (1.04 mg of gallic acid
equivalent/g (Table 2). The relationship between
dark colors of caryopses, in particular purple, like
in line ‘Violet 18-1207°, and high levels of
anthocyanins was also demonstrated by Yao et al.
[43]. It was also reported about the relationship
between dark grain and high levels of phenols
[63].

Line ‘Violet 18-1207’ is highly resistant to
smuts and leaf diseases as well as to drought.
These data are consistent with other scientists’
findings on the agronomic importance of
increased contents of pigments in barley, as they
are also associateed with resistance to different
stressors, specifically, accessions with dark
caryopses contained more phenolic compounds in
grain, which are components of the antioxidant
system. Accessions with increased AOA are more
stress-resistant [34, 49, 50, 51].

In the Laboratory of Plant Physiology and
Biochemistry, the contents of phenolic
compounds and anthocyanins in barley grain were
determined (Table 2). There was a strong linear
correlation between these parameters (r = 0.79),
which is consistent with data of Yoshida [29],
Hodzic [30], and lanucci [37].
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Tadanus 2. BMicT (eHONBHUX CIIOJIYK Ta aHTOLIAHWJMHIB Y 3€pHI 3pa3KiB rosio3epHoro simexto, 2022-2023 pp.
Table 2. Contents of phenolic compounds and anthocyanins in the naked barley accessions, 2022—-2023

Buict ¢eHONBHUX CIIONYK, MI/T 32
ekBiBasleHTOM rajoBoi kuciortu / Contents of Bwicr anrtortiannausis, ymoB. ox. D530/t /
. phenolic compounds, mg of gallic acid Content of anthocyanins, relative units D530/g
3pasok / Accession .
equivalent/g
Ypoxait 2022 p. / VYpoxait 2023 p. / VYpoxait 2022 p. / VYpoxaii 2023 p. /
Harvested in 2022 Harvested in 2023 Harvested in 2022 Harvested in 2023
Violet 18-1207 1.04 1.35 0.26 0.22
CDC Alamo 0.94 1.36 — 0.23
CDC Hilose 0.81 1.04 — 0.18
Hordii 0.89 0.97 — 0.19
Orlan - 0.95 - 0.16
Mebere 0.89 0.72 - 0.11
UA 2220 — 1.21 — 0.20
UA 0663 0.70 1.19 0.19 0.24
UA 5462 0.75 0.63 0.18 0.17
UA 0645 0.77 0.94 0.19 0.14
NSGJ-1 0.75 0.99 0.22 0.16
Tercel 0.78 0.87 0.23 0.15

Ipmmitka. XKupanm mpudToM BUAITICHO HAWBUINI 3HAYCHHS TOKA3HUKIB.

Note: The highest values are highlighted in bold.

YcTaHOBNIEHO CTabiIbBHO BUCOKI MOKAa3HUKHU
BMICTy (DEHOTBHUX CHONYK Ta aHTOIliaHIB y JiHii
Bioner 18-1207 Ta coprie CDC Alamo, CDC
Hilose. B 3amexxHoCTI BiJ MOTOAHUX YMOB YMICT
(eHONMBPHUX cHONYyK OyB BHUCOKHM Y 3pa3KiB
lopniit, Mebere, UA 2220, UA 0663, aHTOIIiaHiB
— vy 3paskiB lopxiii, UA 0663, NSGJ-1, Tercel.
Hamri naHi momo 3ai1e)KHOCTi BMICTY (P€HOIBHUX
CIOJIyK BiJ TEHOTHIly Ta YMOB CE€pEIOBHIIA
Y3TOMKYIOTBCS 3 pe3yibTraTaMd  JIOCITiIKEHHS
coprtiB ssuMeHto B OHTtapio Abdel-Aal et al. [7] Ta
El-Sayed M. et al. [63], B JIutBi Legzdina L. et al.
[63]. |HIUMHU BYEHHMMH TakKoX OyJIO 3poOJIeHO
BHCHOBKH PO BIUIMB CEPEJOBUINA, TEHOTUITY Ta
ix B3aeMomii Ha piBeHb (DEHOJIBHUX CIOIYK, IO
i IKPECITIOE HEOOXiTHICTh TECTYBaHHS T€HOTHITIB
B PpI3HHX yMOBax /Jis BHUJIJICHHS 3pa3KiB 3
BHCOKMM BMICTOM IIHX MeTabomiTiB  [65].
Amnazoriudi pesynsraru onepxano Rao S. et al.
[66] po 3HaunHMi BB cepegoBuma Ha AOA Ta
BMicT (QeHONiB, 30KpemMa (QIaBOHOIMIB Ta
MPOTOAHTOLIaHIANHIB, a pi3HA peakuis COpPTiB Ha
MicIle BUPOIIyBaHHS BKa3y€ Ha BIUIUB F€HOTHUITY.

B  mimomy, pe3synbraTaMu  4YHCEIBHHUX
IOCIIIKEHDb NoBeAeHO, o AOA TICHO IIOB’si3aHa
3 BMICTOM (DEHOJNIBHUX CIIONYK Y 3€pHi SUMEHIO [ 7,
9, 13, 15-18, 20-24, 27-34, 30-42, 47-50]. ¥
HalIMX MOMNepenHix JociikeHHsx y 2016-2017
Pp. YCTAHOBJICHO iICTOTHY 3aJeXHICTh piBHA AOA
BiJl BMicTy (DEHOJIBHHX CIIOJIYK y 3€pHi COPTIB Ta
JHIN SIPOTO TYMEHIO PI3HOTO MMOXO/)KEHHS, B TOMY
YHCJIi TJIiBYaCTHX Ta FOJO3EPHUX Pi3HOBHUAIB [55,
61, 62].

Consistently high levels of phenolic
compounds and anthocyanins were detected in
line “Violet 18-1207” and cvs. ‘CDC Alamo’ and
‘CDC Hilose’. Depending on the weather
conditions, the content of phenolic compounds
was high in accessions ‘Hordii’, ‘Mebere’, ‘UA
2220°, and ‘UA 0663’; the content of
anthocyanins was high in accessions ‘Hordii’,
‘UA 0663, ‘NSGJ-1’, and ‘Tercel’. Our data on
the dependence of the content of phenolic
compounds on genotype and environmental
conditions are consistent with findings on barley
cultivars in studies by Ontario by Abdel-Aal et al.
[7], El-Sayed M. et al. [56], Legzdina L. et al.
[64]. Other scientists also drew conclusions about
the influence of environment, genotype and their
interaction on levels of phenolic compounds,
emphasizing the need to test genotypes in
different conditions to select accessions with high
contents of these metabolites [65]. Similar results
were obtained by Rao S. et al. [66] about a
significant influence of environment on AOA and
content of phenols, in particular flavonoids and
protoanthocyanidins, while different responses of
cultivars to cultivation locations indicated the
effect of genotype.

In general, in numerous studies, AOA was
proven to be closely related to levels of phenolic
compounds in barley grain [7, 9, 13, 15-18, 20—
24, 27-34, 39-41, 46-49]. In our previous study
in 2016-2017, there was a significant correlation
between AOA and content of phenolic compounds
in grain of spring barley cultivars and lines of
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VY pesynbraTi BUBYEHHS OJIEP)KaHUX LUISIXOM
riopuauzanii 3epen ridpugHux pociuH F
YCTaHOBJIEHO, IO JeAKi 3pa3ku CcTabinbHO
nepenalTh y TMOKONIHHSIX CBOE 3a0apBIeHHS
3epHa. Tak, 3a yyacTi B CKpemnryBaHHi JiHii Biomer
18-1207 sx 3a MaTepuHCBKHH, Tak 1 3a
0aThKiBCHKUI KOMIOHEHT 3abapBieHHs 3epHa F
3aBxau Oyno dionerose. [lpu mpomy dopma 3epHa
y Bioner 18-1207 BumoBkeHO eninTuyHa, a y Fi
3a I ydacTi — Big OKpYIJ0i 10 BHAOBXKECHO
exintuyHoi (Tabn. 3). JlomiapHO 3ayBaXKHUTH, IO
JUTsI TOJIO3EPHOTO TYMEHIO OKpyTiia hopMa 3epHa €
LIHHOIO, TOMY IO NMPU OOMOJIOTi y TaKoro 3epHa
HE BiIOWBAaETHCA 3apoOAOK. A camMe B 3apOIKY

HaWBUIINI BMICT KOPUCHUX IS
(YHKIIOHAILHOTO ~ Xap4YyBaHHA  pPEYOBHUH  —
HYTPIlEBTHKIB.

Tadanus 3. 3abapBieHHs 3epHa TiOpUIHUX pociuH Fi
Table 3. Caryopsis color in Fy hybrid plants

different origins, including chaffy and naked
varieties [55, 61, 62].

Having investigated seeds of F; hybrid
plants obtained by hybridization, we found that
some accessions consistently transmitted their
caryopsis color over generations. Thus, the F;
offspring of line ‘Violet 18-1207’, regardless of
how it was used in crossing, as the female form or
as the male one, always had purple caryopses. At
the same time, line ‘Violet 18-1207” has elongated
elliptical kernels, but its F; offspring had kernels
of various shapes - from rounded to elongated
elliptical (Table 3). It should be noted that the
rounded shape of kernels is valuable for naked
barley, because the germ is not removed from such
grains when threshed and it is germs that contain
the greatest amounts of substances useful for
functional nutrition - nutraceuticals.

I'i6punna kom6inamis Fi,F1hybrid

3abapBicHHS
3epna / Caryopsis

dopwma 3epHa, iHmi ocobnuBocrti / Kerenel shape, other

features
color

Violet 18-1207 x Yavir ®ionerose / 3epHO BI/IZ[OB)IKGI.-IO EINIITHYHE, KOJIOC (1)10J'.IGTOBO—ClpI/II/I/
Purple Elongated elliptic kernels, purple-gray spikes

Violet 18-1207 x CDC Hilose dionerose / 3epHO BI/I)Z[OB)-KeI-LiO EJIITHYHE, KOJIOC (blOJ?GTOBO-ClpI/II/I /
Purple Elongated elliptic kernels, purple-gray spikes

Violet 18-1207 x Mebere dionerose / 3epHO BI/IZ[OB)IKGI.-IO EINIITHYHE, KOJIOC (1)10J'.IGTOBO—ClpI/II/I /
Purple Elongated elliptic kernels, purple-gray spikes

Violet 18-1207 x SGI 7024 SJ;’;ZTOBG ! 3epro Kpyre / Rounded kernels

. i . .
UA 0663 x Violet 18-1207 PJ?;)IIZTOBC / Komnoc ¢ioneroswuii / Purple spikes

UA 0663 x Yavir

3enene / Green

3epno BujosxkeHo enintuane / Elongated elliptic
kernels

UA 0663 x SGI 7024

Biakuthe / Blue

3epuo eminruune / Elliptic kernels

UA 0645 x CDC Alamo Yopue / Black

3epHO einTuYHe, KOIOC YOPHHUH, CTPHIKEHD JTaMKHiA /
Elliptic kernels, black spikes, brittle rachides

UA 0645 x Yavir Yopue / Black

3epHo enintuune, konoc yopuwuii / Elliptic kernels,
black spikes

Cipo-3enene /

UA 0645 x UA 0663
Gray-green

3epuo Bumorxeno eninruyune / Elongated elliptic
kernels

Mebere x UA 0663

3enene / Green

3epno enintuune / Elliptic kernels

Cipo-3enene /

UA 5462 x SGI 7024
Gray-green

3epHO BHAOBKEHO eNlinTHYHE, Kosoc cipuii / Elongated
elliptic kernels, gray spikes

Hoem x SGI 7024

Birakuthe / Blue

3epHo eminTuaHe, pocnuan apoxpsiawi / Elliptic
kernels, two-rowed plants

®dionerose /

Hoem x CDC Hilose
Purple

Konoc ¢ionerosuit, 3epHO poMOidHE, pOCTUHA
inrepmenianshi / Purple spikes, rhombic kernels,
intermediate plants
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[Ipu mpomy B iHIIOrO 3pa3ka 3 (HiOIECTOBUM
3epuoM — Hoem mnomibHa 3aKOHOMIpHICTE HE
BcTaHoBIIeHA. Y Ti0puaaux pocnuH F1 3abapBieHHs
3epHa Oyno sIK ¢ioneroBe, Tak i IHIIOTO KOJIBOPY
(6maxuTHOTO TIpH cxpenryBaHHi 3 SGI 7024).

Y riOpuaHMX TOMYIAMisSX 3a YYacTio B
CXpeIyBaHHAX KOJEKIIHOTO YOPHO3EPHOTO 3pa3ka
UA 0645 var. nudimelanocrithum oxepxano F1 sx 3
YOpPHHUM, TaK 1 3 IHIIOTO KOJILOPY 3epHOM (Cipo-
3eneHe npu cxpenryBarHi 3 UA 0663). OcobnuBicTio
3pazka UA 0645 € Te, mo mued pi3HOBUA
epekroimuuid. [iOpumnai pocmuan F1 jume B
komOiHamii UA 0645 x CDC Alamo Oymu
€pEKTOIIHOTO TUITY, & B IHIIIMX — HOPMAJILHOTO THITY,
CepeHbOI BUCOTH 3 HEIIUIEHUM KoslocoM. /lopedHo
3ayBa)kKUTH, 1o epeKTOIHI pOCIMHA
XapaKTepU3yIOTbCS  Jy)Ke JIAMKHM  CTPIDKHEM
KOJI0Ca, 1110 € HEOaXKaHUM IS CEJIEKIIII.

Hamri nani juine 4acTKOBO Y3TOIKYHOTBCS 3
BimmMTsamu Jia et al. [39] ta Kim et al. [40], 3rimHO
3 SKAMH YCNaAKyBaHHS YOPHOTO i (ioJETOBOTO
3a0apBiieHHs BiZOYBaeThCs 3a MaTCPUHCHKUM
KOMITOHEHTOM.

IMpu cxpemyBanni Hoem i CDC Hilose
pocimau F1 O6ynu tumy intermedium, 3epHO 1 Kooc
¢ioneroBoro 3abapBieHHS, 3€pHO pOMOIUHE.
IaTepmenianpHUit  TUN  TIOpWAHUX  POCIHH
MOSICHIOETBCSL  HAJIGKHICTIO 3pa3ka Hoem 1o
PI3HOBHIY IECTHPSIHOTO STIMEHIO violaceae, a ipu
CXpelllyBaHHi

MBOXPATHUX 1  IIECTUPSITHUX

PI3HOBWIIB  YacTo 3 SBISIOTBCA  caMe  Taki
iHTEepMeiabHi (IPOMIKHOTO THITY) POCIHHH.
JouinpHO Big3HAUWMTH, WO Cepel  YCix
nomyisinid F1 Oynmo Bupaineno nomyssitito Bioner
18-1207 x SGI 7024. YV riOpugHux pOCIUH 3€pHO
Oyno ¢ioneToBoro Konbopy, okpyrioi popmu. Came
Taka (QopmMa 3epHa € ONTUMAIBLHOIO IS
TOJIO3EpHOTO SYMEHIO, OCKIIBKH IpH 0OMOJOTI Ta
0o0poO1i  3epHa bopmu
BTPAvYa€THCS UM MOMIKOPKYETHCS 3apOAOK, OaraTuit

OKpyIVIOL MEHILIE
AHTHOKCUIaHTaMu (Taoi. 3).

VY nmomynsiisix F2 BigOysasiocst po3iieruieHHs
3a KOJIBOPOM 3€pHa, OyJI0 BCTaHOBIEHO, IO
yCraaKyBaHHs 3a0apBJICHHS 3€PHIBKH y SYMEHIO
MOXHA TOSICHUTH B3aEMOJIEI0 HEaNeJbHUX TEeHIB
MEPEeBaKHO 3a TUIIOM KOMIUIEMEHTapHOCTi (Tadit. 4).

At the same time, another accession with
purple caryopses, ‘Hoem’, did not show a
similar pattern. F1 hybrid plants can have either
purple caryopses or in a different color (blue
when crossed with ‘SGI 7024°).

In F1 hybrid populations from collection
var. nudimelanocrithum accession ‘UA 0645’
with black caryopses, there were plants with
either black caryopses or in a different color
(gray-green when crossed with ‘UA 0663°).
The peculiarity of accession ‘UA 0645’ is that
this variety is erectoid. F1 hybrid plants were
erectoid only in the combination ‘UA 0645 x
CDC Alamo’, while in the others, plants were
normal, medium-tall with loose spikes. It is
noteworthy that erectoid plants have very
brittle rachides, which are undesirable for
breedinng.

Our findings are only partially consistent
with those of Jia et al. [35] and Kim et al. [36],
as they reported that black and purple colors
were inherited from female forms.

When ‘Hoem’ was crossed with ‘CDC
Hilose’, F1 plants were of the intermedium
type, their caryopses and spikes were purple
and kernels were rhombic. The intermediate
type of hybrid plants is explained by the fact
that accession ‘Hoem’ belongs to wvar.
violaceae of six-rowed barley, and when two-
rowed and six-rowed varieties are crossed,
such intermediate plants often appear.

It should be noted that of all F;
populations, population ‘Violet 18-1207 x SGI
7024’ was selected. In this population, hybrid
plants had purple, rounded caryopses. It is this
shape of kernels that is optimal for naked
barley, since the germ, rich in antioxidants, is
less probably lost or damaged during threshing
and processing of rounded kernels (Table 3).

In F, populations, we observed
segregation by caryopsis color and believe that
the inheritance of caryopsis color in barley can
be explained by interaction of non-allelic
genes mainly via complementarity (Table 4).
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Tadauns 4. PosiensienHs B riopuaHux nomynsuisx F» rojgoszepHoro suMeHro 3a 3abapBieHHsM 3epHiBkH, 2024 p.
Table 4. Segregation in F2 hybrid naked barley

populations by caryopsis color, 2024

3abapB-1eHHA
3epHiBKH B F

ChiBBiTHOIICHHS POCITUH 3a
3a0apBICHHSAM 3€PHIBKH, 9aCTKa
Proportion of plants with caryopses in
corresponding color

KOM61Ha.l_11}1 CXpELIYBAHH Caryopsis % < - 3 x - 2 Tun ycnankyBasss /
/ Crossing combination . L = o g5 m & 0 Inherutance type
pigmentation in < o s 9 — o 8 o
A Z 3|33 8|3 |58
| 8|59 8| %=
Violet 18-1207 / sGI 7024 | P1oreToRe/ | = | 1| - | 3| oo |Momnerominysamms/
Purple Complete dominance
Violet 18-1207 / Mebere | P0%ToRe/ | gy | qgp | Kovmaivenapaicrs /
Purple Complementarity
Violet 18-1207 / CDC dionerose / JlominanTHuii emicras /
. 1 - - - - 4 0.06 . .
Hilose Purple Dominant epistasis
Violet 18-1207 / Slsip dionerose / 1 B B B B 18 | 197 KOM]‘IJ‘IIM@HTale-CTB/
Purple Complementarity
UA 0663/SGI 7024 | Buaxmme /Blue | — | 1 | - | 1 | - | - | 014 | Koumnivenrapuicts/
Complementarity
UA 0663 / Yavir Jemene/Green | 1 | 1 | — | - | - | - | 028 | Koymriventapuicts/
Complementarity
UA 0663/ Violet 18-1207 | P1omeToe/ || g || g g | gy | Koumrivermapiicrs/
Purple Complementarity
UA 5462 / SGI 7024 Cipo-3enene / B B 15 1 B B 0.82 KOM]'[J'IIMGHTale-CTL/
Gray-green Complementarity
KymynsatusHa
UA 5462 / CDC Hilose | Xosre/ Yellow | 15 - 1 - - - 0.56 nostimepist /
Cumulative polymery
Hoem / HHECTHPSHL / bnakuthe, - — — 2 - 1 . .
Six-rowed . KommtimentapHicts /
SGI - - nsoxpsiiai / Blue; 0.09 Complementarit
7024 THTCPMEIYM two-rowed - - - 1 - 1 P y
Intermedium
mrectupsiHi / _ _ B B
Hggrg/ Six-rowed diornerose / . ! 0.95 KomrutimenrapHicts /
Alamo | THTEPMEiyM / Purple 1 B B _ _ 1 Complementarity
Intermedium
UA2152/UA0663 | 3ememe/Green | 1 | 2 | — | — | — | — | 3a7 | Nowmwuvenrapiicrs/
Complementarity
3BH-4aiini / 1 3
Normal B - B B i
UA 06_45 L Yopre / Black 0.30 [ToBHe ,ZlOMlHYB-aHHH /
| Yavir epexroinu / 1 1 Complete dominance
Erectoid
JlomiHaHTHUH
UA 0645 / CDC Alamo Yopue / Black 1 - - - 7 - 0.49 emicra3 / Dominant
epistasis
Mebere / UA 0663 Kosre/Yellow | 3 | 1 | — | = | - | — | 004 | losnenowinysauia/
Complete dominance
UA2152/UA0663 | 3eneme/Green | 1 | 2 | — | — | — | — | 3a7 | Konmivenrapiicrs/
Complementarity
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3a Takoro TUMY YyCHaJIKyBaHHsS JOMiHAaHTHi
TCHH HE MaloTh CaMOCTIHHOTO MpOsBY 1 JuIie
Pa3oM 3yMOBJIOIOTH IEBHE 3a0apBICHHSI 3€PHIBKH.
OKpiM KOMIUTIMEHTAPHOCTI, 3yCTPI4alOThCsl TAKOK
MOBHE JIOMIHYBaHHS, JIOMIHAHTHHH  emicTas
(moMiHaHTHUI allenb OJHOTO TeHa MPUTHIYYE
NposiB IHIIMX TE€HiB), KyMyJsATHBHAa MoOJiMepis
(CTYmiHB PO3BUTKY O3HAKH 3aJIEKUTh BiJ KUIBKOCTI
MOJIIMEPHUX TeHIB, TOOTO TEHIB, 5Ki [iIOTH B
OJTHAKOBOMY HAMpPsIMi, IMiICHITIOI0YHN OUH OIHOTO).
Hopeuno 3ayBaxkwmtn, mo B F2 pgomiHye
3a0apBieHHS 3€pHIBKHA Take XK, Ak Oymo B F1. ¥V
IesKnX  TIOpUAHWX  TOMyJNALISIX  BUSABIEHO
HOBOYTBOPEHHS, TOOTO KOMILTIMEHTapHa
B3a€EMOJIiSl T€HIB CYIMPOBOKYBaNacs YTBOPECHHSIM
TeHOTHIIIB, SKi He OyJIM CXOKMMH Hi Ha KOACH 3
0aTbKiBCHKMX KOMITOHEHTIB.

Tak, B Tibpmmaux momymsmii Hoem / SGI
7024 Gynmo BHUSIBICHO POCIHWHU iHTEPMEIiaThbHOTO
tury 3 (iogeToBUM 1 OJAKUTHUM 3E€pHOM Ta
MIECTUPSITHI POCIWHUA 3 ONAaKUTHUM 3epHOM. Y
monymsii Hoem / CDC Alamo — pocauHn
iHTEepMeiaTbHOTO THITY 3 (DIOJETOBUM 1 JKOBTUM
3€pHOM Ta LIECTUPSIHI 3 )KOBTUM 3€PHOM.

VY ribpugnitt nomynsamii UA 0645 / SBip
BUSIBJICHO POCIIMHM 3BUYAMHI 3 YOPHUM 3€PHOM Ta
€pEeKTOinH 3 OBTHM 3epHOM; Yy nomyisuii UA 0645
/ CDC Alamo — 4YOpHO3€pHI POCIMHHU 3 CipUM
KOJIOCOM.

BucHoBkn

TakuM YHHOM, TOJIO3EpHHU SUMiHb, Y TOMY
YHCIl 3 KOJIBOPOBHM 3E€PHOM, € IIIHHUM BHUXIJIHAM
MarepialioM 7S CTBOPEHHS  PI3HUX  COPTIB,
MPOIYKITIT
(YHKIIIOHATEHOTO XapuyBaHHs. B pe3ynsrari Hammx

MIPUIATHAX UL BUTOTOBJIEHHSA
JOCTIKeHb MIATBEPIKEHO JoMiHyBaHHi B F1

SSYMEHIO  (DIOJICTOBOTO,  YOPHOTO,  3€JICHOTO,
OJJaKUTHOTO Ta Cipo-3eJICHOrO 3a0apBIlieHHS 3epHa
Han koBTUM. Y F2 BifOyBaeThcsi po3lICIUICHHS 3a
KOJIBOPOM ~ 3€pHA  TEPEBAXHO 32  THIIOM
KOMILTIMeHTapHOCTi. B pesynbrari  pexoMOiHarmii
I'eHIB OTPUMAaHO HOBI BapiaHTH MOEIHAHHS IIHHUX
O3HAaK, BHJIIICHO HOBOYTBOPEHHS 3 O3HAKaMH,
HeXapaKTepHUMHU JIJIs 0aThKiBCHKMX KOMITIOHEHTIB. 3a
JIOTIOMOTOI0 ~ HOBOYTBOPEHb ~ MOXKHA  OZIEpIKATH
JOCTaTHIN 00CST BUXIJHOTO Marepiairy Jjist 1000piB
T4 CTBOPEHHS I1HHOBAIIMHMX COPTIB XapyoBOTO

HanpsiMy BUKOPHUCTaHHS.

In this inheritance type, dominant genes are
not expressed independently but only together
determine a certain color of the caryopsis. In
addition to complementarity, there were also
complete dominance, dominant epistasis (the
dominant allele of one gene inhibits the
expression of other genes), and cumulative
polymery (the trait degree depends on the number
of polymeric genes, that is, genes that act in the
same direction, enhancing one’s another’s
expression). It is worth noting that in F2 the same
cryopsis color dominated as in F1. Traits that were
not intrinsic to parents were observed in some
hybrid populations, that is, the complementary
interaction of genes was associated with
evolvement of genotypes that were not similar to
any of the parents.

Thus, in hybrid population ‘Hoem / SGI
7024°, intermediate plants with purple and blue
caryopses and six-rowed plants with blue
caryopses were found. Population ‘Hoem / CDC
Alamo’ comprised intermediate plants with purple
and yellow caryopses and six-rowed plants with
yellow caryopses.

In hybrid population ‘UA 0645 / Yavir’,
there were normal plants with black caryopses and
erectoids with yellow caryopses; in population
‘UA 0645 / CDC Alamo’, we had plants with
black caryopses and gray spikes.

Conclusions

Thus, naked barley, including accessions
with pigmented caryopses, is a valuable
starting material to breed different cultivars
suitable for functional food production. Our
study confirmed the dominance of purple,
black, green, blue, and gray-green colors of
caryopses over yellow in F1 barley. In F2, there
was segregation by caryopsis color, mainly
according to complementarity. As a result of
gene recombinations, new combinations of
valuable traits were obtained; traits that were
not intrinsic to parents evolved. Using such
traits one can create a large amount of starting
materials for breeding and development of
innovative food cultivars.
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