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Bacunb BacunboBu4 XXmypko
Mam’aTi BYUeHOro i BUKNnaga4a

23 rpyaHa 2021 poky Ha 73-my poui niwoB i3 xuTTa npodecop kadeapw disionorii i Gioximii
POCNUH Ta MiKpoopraHiamiB, 4OKTOpP BionorivHux Hayk, npodecop XKXmypko Bacunbs Bacunbosuy.

Bacunb BacunboBuy Hapoamscs y ciM’i cnyx6oBuiB 16 notoro 1949 p. B ¢. HoBoceniBka, LWo Ha
XapkiBwuHi. [Micna 3akiH4eHHa cepedHboi wWwkonu y 1967 p. BCTynuB A0 XapkiBCbKOro
cinbcbKorocnogapcbkoro iHCTUTYTY iMeHi B.B. [lokyyaeBa, sAkun 3akiHumB y 1972 p., oTpumasLiu
crneuianbHiCTb «ArpoHoMis» Ta kBanigikauito «BuyeHuin arpoHom». >Kary [o HayKkoBOI AiANbHOCTI
mornogoro daxisus nomitme B.C. Lubynbko — BiH CTaB HaykoBMM KEpPIiBHMKOM acnipaHta. HaykoBui
HanpsM, 3a akum Bacunb BacunboBny npoBOAMB OOCHIMKEHHA Mif 4Yac HaBYaHHA B acnipaHTypi,
CTOCYBaBCSi BUWBYEHHS 3B’A3Ky J>KMBIIEHHS pPOCMMH 3 TemMnamu IiXHbOro po3suTky. Ha kadegpi
pPOCNMHHULTBA, a NoTiM B arpoekosoriyHin nabopartopii XCI'l Bacunb BacunboBmY MpONMLLIOB LWASX Big
cTapworo nabopaHTa [0 CTaplworo HaykoBoro cniBpoOiTHMka. [lpoTarom uUboro nepiogy nig
kepiBHmytBom B.C. Unbynbka monogum HaykoBelb NPOBOAMB LOCHIMXKEHHS, WO 3pobunn Baromui
BHECOK B pPO3BMTOK i, BpewTi-pewT, ¢OPMyNIOBaHHSA Teopii TPOMIYHUX  3aKOHOMIPHOCTEN
doTonepiognamy pocnuH. MNouvnHatoun 3 1980-ro poky gisanbHicTb Bacunga BacunboBuya 6yna noe’sizaHa
3 IHcTUTYTOM pocnuHHuuTBa iM. B.A. FOp’eBa HAAH YkpaiHu. PedynbtaTin, oTpumaHi nig yac npoBedeHHs
pocnigis  nig kepisHuuytBom B.C. LiMbynbka, ctanu nigrpyHtam ang  HanucaHHa  B.B. XKmypkom
KaHOuMaaTcbKkol aucepTauil «|[HTEHCUBHICTb LiNEHHA KNITUH B MepucTemax i akTUBHICTb (pepMeHTIB B
nucTKax y 3B’s3KYy 3 O3MMICTIO Ta (hOTOMEPIOANYHOIO peaKLied POCNuH», AKy BiH 3axuctus y 1982 poui.
Micna ycniwHoro 3axucty AucepTtauil KOMo HaykoBux iHTepeciB Bacuna BacwunboBuya ctocysarnocs
BUBYEHHS (Di3i0NOro-reHeTUYHNX MexaHi3MiB perynsauii po3BuTKy pocnuH. Lli gocnigxeHHs BiH npoBoaus
SIK CTapLIMiA HayKoBU CNiBpOBITHWMK abopaTtopii po3BUTKY Ta HACIHHOI NPOAYKTMBHOCTI POCMVH IHCTUTYTY
POCINUHHMLTBA, J€ OTPMMAaB 3BaHHS CTapLLOro HaykoBoro cniBpobiTHuka (y 1989 p.).

Mopanbwa HaykoBa i neparoriyHa AgisnbHicTb YKmypka B.B. Bigbyeanacsa B KapasuHcbkomy
yHiBepcuteTi. 3 1993 poky Bacunb BacunboBudy ovonue kadeapy dpisionorii i 6Gioximii  pocrnuvH
GionoriyHoro chakynbTeTy TOAi We XapKiBCbKOro AepXXaBHOro yHiBepcuteTy. [MpoTarom HacTynHux 23-x
pokiB BiH ByB Ti 6€33MiHHUM KEPiBHUKOM, iAE€AHUM HaTXHEHHWKOM, HACTaBHUKOM OS89 Monogi. 3a uewn 4Yac
Ha kadpedpi iCTOTHO poslmpunacsa TeMaTuka OOCHigXeHb, WO BUKOHYBanucs nig kepisHMUTBOM Bacuns
BacunboBuya. [JocnigkeHHs, Wo NpoBoannmcs Ha kadeapi 3a YaciB MOro kepisHULTBa, Bynu cnpsMoBaHi
Ha BMBYEHHS 3B'A3KYy TEMMIB PO3BUTKY i3OrE€HHWX MiHIM MWeHUUi Ta Coi 3 BYrNeBOAHMM Ta a30THUM
0OMiIHOM, aKTMBHICTIO (hiTOrOpMOHIB Ta bepMeHTIB, 3Ha4YeHHs reHis PPD, VRN Tta EE B getepMiHauii
MopdoreHesy pOCnuH Yy KynbTypi in vitro. Takox BuMBYanaca ponb LMX FeHiB Yy B3aemMofii pocnuHa—
MikpoopraHiam (Ha mogeni cMMOGioTMYHOI Ta acouiaTMBHOI as3oTdikcauii), a TakoX Yy ITOXPOMHIA
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Bacunb BacunboBuy XKmypko. Mam’ATi B4eHOro i BUuknagaya

In memory of Vasyl Vasylyovych Zhmurko, scientist and teacher

perynauii po3BuTKy pocnuH. Lli gocnigkeHHs ©a3yBanucsa Ha MeToOoSNorYyHOMY nigxodi, dkun Oy
obrpyHToBanun B.C. LInbynekom npu BMBYEHHI TPOMidyHMX 3aKOHOMIpHOCTEN doTonepioguamy Ta
o3uMocTi pocnuH. lNMpotarom Garatbox pokiB B.B. )KMypko po3BmBaB HanpsiM, 3anodaTtkoBaHWMA KOro
HayKOBMM KepiBHMKOM. 3a pesynbTaTamu OOCNIAIB 3 i30reHHMMU MNiHisMu Byno 3pobrieHo BUCHOBKMU, LLO
reHn KoHTponto doTtonepiognyHoi YytnuesocTi (PPD Ta EE), a TakoX KOHTPOMO TWNY PO3BUTKY
apuin/oaumuin (VRN) geTepMiHyoTb TEMMNM PO3BUTKY POCIMH ONOCEPEAKOBaHO, LUMAXOM IXHbOI yyacTi B
perynauii metaboniyHmMx npoLecis.

Bacunb BacunboBud nigTpMmyBaB Ta CRpUsSIB BIigKPUTTIO Ha Kadeapi We Oo[HOro Hanpsamy
nigrotoBku cTyaeHTiB — «Mikpobionoris i Bipyconorisiy. Ha Tni HOBUX HanpsiMkiB 4OCHIAKEHHS Ta NONUTY
HOBOI cneuiani3auii 3 6oky cTygeHTiB Bacunb BacunboBuy iHiuitoBaB 3miHy Ha3Bu kadegpu — 3 2015 p.
kadegpa mae Hassy «®Pisionorii i Gioximii pocnmH Ta mikpoopraHiamiB». [lig yac pobotu Ha kadenpi
Bacunb BacunboBn4Y 3aBepLUMB | 3aXMCTUB [OOKTOPCbKy AucepTadito «®Pisionoro-6ioximiuHi acnektu
doTOoNepPIioANYHOrO i SPOBM3ALIMHOIO KOHTPOM po3BuUTKy pociuHy (2010 p.), a y 2013 oTpMmaB 3BaHHSA
npocecopa. 3a pesynbTaTamm OaratopiyHux gocnigkeHb B.B. XXmypkom 0Oyna cdopmynboBaHa
opuriHanbHa KOHLEMUif, WO PO3KpMBA€E 3aKOHOMIPHOCTI CUCTEMHOI perynsuii pocTy i po3BUTKY POCIUH.
Mig kepiBHMUTBOM Npodpecopa B.B. )Kmypka 6ynu BMKOHaHI Ta 3axuLLeHi 7 kaHaMAaTCbKux guceprauin. Y
2016 poui Bacunb BacunboBuy 6yB obpaHuii gekaHom 6GionoriyHoro cpakynbTeTy i ycnilwHO kepyBaBs
aKkynbTETOM MPOTArOM HACTYNHUX M'SATU POKIB.

Mpodecop B.B. )Kmypko — aBTop noHag 200 HaykoBux nybrnikauin, cepepn skux 3 moHorpadii, 6
naTeHTiB Ha BuHaxoau, 10 HaBYanbHO-METOAMYHUX MOCIOHWKIB, y TOMY umucni pekomeHgoBaHux MOH
YkpaiHn. Bacunb BacunboBmd 6yB uneHom pepkonerii  BicHuka XapkiBCbkoro HauioHanbHOro
yHiBepcuteTy imeHi B.H. KapasiHa, cepia bionoris; BicHuka XapkiBCbKOro HauioHanbHOro arpapHoro
yHiBepcuteTy iMeHi B.B. [lokyyaeBa, cepis bionoria; ronosoto XapKiBCbKOro perioHanbHoro BiggineHHs
YKpaiHcbkoro ToBapucTtBa cpisionorie pocnvH. lNMpodecop B.B. XKmypko OyB ronoot creujianiaoBaHoi
BYEHOI pagu XapKiBCbKOro HauioHanbHOro yHisepcuteTy imeHi B.H. KapasiHa Ta yneHom cneuianisoBaHoi
BYEHOI pagu XapKiBCbKOro AepXXaBHOro yHIBEPCUTETY XapdyBaHHSA Ta TOPriBni.

BinpaHa npaus Xmypka B.B. Ha Gnaro yHiBepcuTeTy Ta Hayku Oyna Big3HayeHa Haropogamu i
noasikamu — novecHoto rpamotoro HAH Ykpainn, HarpygHum 3Hakom MOH Ykpainu «BigmiHHUK OCBITU»
(2015 p.), 3Hakom XapkiBcbkoi obnacHoi pagn, «Megannto imeHi B.H. KapasiHa» (2019 p.), megannio «3a
cnyxiHHa KapasuHcbkoMy yHiBepeuteTy» (2021 p.).

Mpotarom xuTTa Bacunb BacunboBud kepyBaBcs MpuHUMNaAMW LMPOCTI i NopsaHocTi, 6ys
BiggaHuWM cBOIM cnpasi. Mwu 3anam’aTaemMo MOro SK Ayxe epynoBaHy, TanaHoBUTY Ta BigKpuTy
ocobucTicTb. CeiTna nam’aTb Npo >KMmypka Bacunga BacunboBuya HasaBxXau 3anuwnTbCA B Cepusax TUX,
XTO MOro 3HaB Ta 3 HUM CrifiKyBaBCS.

A.C. Worones,
O.l. BiHHikoBa
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Inheritance of spike color in einkorn wheat (Triticum monococcum L.)
Hao Fu

Aim: specify the spike color inheritance in einkorn wheat (Triticum monococcum L.) hybrids. Methods: reciprocal hybrids
between the black-spikeed UA0300282 and white-spikeed UA0300311 cultivated einkorn accessions were created with
the use of the “single cross” method. Four generations were analyzed using the segregation analysis method: P1, P2,
F1, and F2 at autumn and spring sowing. Results: it was found that for the combination UA0300311 x UA0300282 at
autumn sowing, the most suitable inheritance model is MX2-EA-AD, which implies the presence of two main genes
with an equal additive effect plus polygene systems with an additive-dominant effect. In the plants of spring sowing,
spike color is described by the MX2-CD-AD model, which suggests the presence of two major genes with full dominant
effect plus polygenes with additive-dominant effect. In the reciprocal combination UA0300282 x UA0300311, the
optimal model that describes best the spike color dispersion in plants of autumn sowing is MX2-ADI-AD, which suggests
the presence of two main genes with an additive-dominant-epistatic effect plus polygenes with the additive-dominant
effect. Distribution of the spring-sowing plants in terms of the spike color is well described by the MX2-ADI-ADI model —
two main genes with an additive-dominant-epistatic effect plus a system of polygenes also with an additive-dominant-
epistatic effect. The genes manifest themselves differently in the trait control depending on the weather conditions
determined by the sowing time. In the group of direct combination plants (UA0300311 x UA0300282) of autumn sowing,
heritability determined by the main gene is 97%, while that determined by polygenes is 2.7%; at spring sowing, these
values are 67% and 32% respectively. In the reciprocal combination (UA0300282 x UA0300311) of autumn sowing,
the main genes heritability effect is 99%, and the polygenic system accounts for 1%; in plants of spring sowing,
respectively, 72%, and 28%. Conclusions: on the basis of the spike color expressiveness in the crossing combination
of the einkorn kinds of wheat UA0300311 x UA0300282, the parental forms differ in two main genes and polygenes.
The ratio of spike color heritability components depends on the growing conditions: at autumn sowing, 97-99 % of
heritability is determined by the main genes, the polygenes account for 1-3 % of phenotypic variability; at spring sowing,
the heritability component increases to 28—-33 % due to the polygenic complex.

Key words: einkorn wheat, spike color, gene, segregation analysis.
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Introduction

Triticum monococcum L. is one of the first domesticated cereal crops whose cultivation has almost
ceased until recently (Brandolini, Heun, 2019). In recent decades, interest in einkorn wheat has been
revived among scientists, farmers, nutritionists, and ordinary consumers. This is explained by the fact that
einkorn wheat has a higher content of gluten and protein (Geisslitz et al., 2019), antioxidants and vitamins
(Pehlivan et al., 2021), microelements (Cakmak et al., 2000) than other wheat species which determines
its value as a crop for healthy nutrition. Products of the einkorn wheat can be consumed by some categories
of people with wheat gluten intolerance (Di Stasio et al., 2020; Rotondi Aufiero et al., 2022).

Comprehensive knowledge of the of wheat plant traits complex and the nature of their inheritance
contributes to its purposeful improvement for cultivation. The color of the wheat spike determined by the
color of the spike scales, has an adaptive value (Borner et al., 2005). This trait is widely used in taxonomy
and for certification of wheat varieties and forms, and it is also a convenient model for genetic and molecular
genetic studies (Khlestkina, 2013). Using spike color, agronomists calculate spikes number per unit area to
predict yield (Zhao et al., 2014), and assess Fusarium wilt (Song et al., 2022).

It is known that the colored spike is dominant over the uncolored one (Khlestkina, 2013). In wheat
and Aeglops, the genes determining the colored spike (red, brown, black, gray-smoky) are localized on the
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distal sections of the short arms of the first homeologous group chromosomes: Rg-Al, Rg-B1, Rg-D1,
respectively, in chromosomes 1A, 1B, 1D (Khlestkina, 2013). In particular, the genes localized in the A
genome derived from the einkorn wheat are of interest. Four alleles (a-d) are known for the Rg-Al gene,
located on the short arm of chromosome 1A. The Rg-Alb allele determines the red color of spikelet scales.
The Rg-Alc and Rg-Ald alleles control black color of the scales (http:www.shigen.nig.ac.jp/wheat/
komugi/genes/download.jspMacGene). Kozub et al. (2016) on T. spelta L. showed linkage of the Rg-Al
allele which determines black spike color with the Gli-Alj* allele which encodes the corresponding block of
gliadin and can serve as a marker for the Rg-Al allele.

To determine nature of traits inheritance in hybrids, the method of segregation analysis "Mixed major
genes plus polygenes inheritance analysis" was developed (Gai et al., 2003), which can be used to
determine the number of major genes and polygenes controlling quantitative traits. This method has been
used to study a number of traits in tetra- and hexaploid wheats, such as productivity (Xie et al., 2020) and
grain characteristics (Yang et al., 2013) in common wheat (Triticum aestivum L.), plant height in durum
wheat (T. durum Desf.) (Gong et al., 2021). The aim of this study was to determine the nature of spike color
inheritance when crossing forms of einkorn wheat with an alternative manifestation of this trait.

Materials and methods

Object of study

The accessions from the National Plant Genetic Resources Bank of Ukraine were used to create
reciprocal hybrids: UA0300282 var. nigricultum originating from Hungary, UA0300311 var. monococcum
from Syria. The accession UA0300282 has a black spike, winter growth habit, the average spike length is
of 6.25 cm, the 1000 kernels weight is of 25.0 g. The accession UA0300311 has a white spike, spring
growth habit, the average spike length is of 6.95 cm, the 1000 kernels weight is of 22,8 g (Fig. 1).
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Figure 1. Samples UA0300282 (right) and UA0300311 (left)

Field tests

The research was conducted on the experimental field of the Plant Production Institute named after
V.Ya. Yuryev of the National Academy of Agrarian Sciences of Ukraine. The soil type is chernozem. The F1
hybrids were created in 2019, the seeds were used to obtain F2. Re-crossing to obtain F1 was carried out
in 2020 on the plots sown in the autumn of 2019.

All the generations (P1, P2, F1, F2) were grown at two sowing terms. Vegetation of autumn sowing
plants began in October 2020 and ended in July 2021 (option E1). Spring sowing was carried out in March
2021, ripening occurred in July 2021 (option Ez).

The plots were placed according to the block scheme: P1, P2, Fidir, Fadir, P1, P2, Firec, Farec, P1, P2.
(F1dir and Fadir — accordingly F1and F2from direct cross; Firec and Farec— accordingly F1and F2from reciprocal
cross). The row length is 1 m, the width between the rows is 15 cm. 30 seeds were sown in each row. By
20 plants each were analyzed from the plots P1, P2, F1; by 180 plants at least in F2. The spike color was
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evaluated after the plants ripened according to a nine-sqore scale: black (9), dark gray (8), gray (7), red (6),
gray on a red background (5), light gray (4), pink on a red background (3), pink (2), white (1).

Statistical analysis

Segregation analysis was performed using R SEA v2.0 software developed by Wang et al. (2022a).
Maximum likelihood indices and the Akaike information criterion of the genetic model were calculated.
Three models were selected as candidates. The fit of the candidate model was checked using the x? (U1 2,
U22, Us?), Smirnov (rW?2), and Kolmogorov (Dn) criteria.

Results and discussion

Selection of a candidate model

The selection of the optimal genetic model was based on the AIC values obtained from the spike
color data in the P1, P2, F1 and F2 generations. Models with the smallest AIC values were selected as
candidates. The table 1 shows that in the combination UA0300311 x UA0300282 at autumn sowing, among
the 24 calculated models, MX2-A-AD, 2MG-A and MX2-EA-AD have relatively low AIC values, which are
379, 383, 378, respectively. For spring sowing, three models were selected for testing: MX2-EA-AD, MX1-
AD-AD, and MX2-CD-AD, with AIC values of 362, 392, and 346, respectively. In the reciprocal combination
UA0300282 x UA0300311 for plants of autumn sowing, this condition is satisfied by the MX2-ADI-AD, MX2-
CD-AD and 2MG-EAD models, the AIC values are 487, 492, and 500, respectively; for spring sowing —
models MX1-A-AD, MX1-NCD-AD and MX2-ADI-ADI with the corresponding AIC values: 522, 489 and 482.
The values of the maximum likelihood function (MLV) are also presented in the table 1.

Table 1. Maximum likelihood functions and Akaike criteria

E Crossing combinations Model MLV AlC
MX2-A-AD —-186 379

UA0300311 x UA0300282 2MG-A -911 383

E1 MX2-EA-AD -187 378
MX2-ADI-AD -235 487

UA0300282 x UA0300311 MX2-CD-AD —378 422

2MG-EAD —201 500

MX2-EA-AD 263 362

UA0300311 x UA0300282 MX1-AD-AD 289 392

E, MX2-CD-AD -378 346
MX1-A-AD -235 522

UA0300282 x UA0300311 MX1-NCD-AD 239 489

MX2-ADI-ADI =279 482

Note: E is sowing time, E1 is autumn sowing, Ez is spring sowing, MLV is maximum likelihood function, AIC is Akaike's
criterion, 2MG is two major genes, MX is mixed model of major gene and polygene system, A is additive effect, AD —
additive-dominant effect, ADI — additive-dominant-epistatic effect, EA — equal additive effect, CD — complete dominant
effect. For example: MX2-A-AD means a mixed model of two major genes with an additive effect plus a polygene
system with an additive-dominant effect.

Test of spike color inheritance genetic models suitability

The suitability of the selected candidate models was tested according to the homogeneity (U12, U2?,
Us?), Smirnov (nW?2) and Kolmogorov (Dn) criteria. The genetic model with the lowest AIC value and the
minimum number of statistically significant indicators is considered optimal (Akaike, 1977).

It was concluded that for the combination UA0300311 x UA0300282 at autumn sowing, the most
suitable inheritance model is MX2-EA-AD, which assumes the presence of two main genes with an equal
additive effect plus a system of polygenes with an additive-dominant effect. In spring-sown plants, spike
color is described by the MX2-CD-AD model which assumes the presence of two main genes with a full
dominant effect plus polygenes with an additive-dominant effect.
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In the reciprocal combination — UA0300282 x UA0300311, the optimal model that best describes the
dispersion of spike color in plants of autumn sowing is MX2-ADI-AD, which assumes the presence of two
main genes with an additive-dominant-epistatic effect plus polygenes with an additive-dominant effect. The
plant of spring sowing distribution by spike color is well described by the MX2-ADI-ADI model — two main
genes with an additive-dominant-epistatic effect plus a system of polygenes with an additive-dominant-
epistatic effect.

Parameters of the optimal genetic model based on spike color

The genes manifest themselves differently in a trait depending on the weather conditions determined
by the sowing timing. In the combination UA0300311 x UA0300282 at winter sowing, the additive effect of
the first pair of main genes is positive and equal to 1.96. The additive effect of polygene ([d]) is negative
and is represented by the number —1.41, the dominant effect of polygene ([h]) is 2.52. In the plants of spring
sowing, the additive effect of the first and second pairs of main genes is negative and expressed weaker
and at the same level, amounting to —0.08. The additive effect of polygenes is —2.35, and the dominant
effect of polygenes is estimated at 2.69. In the reciprocal combination UA0300282 x UA0300311, the
additive effect of the first pair is much greater than that of the second pair of main genes in terms of absolute
value: respectively —2.98 and —0.01 for winter sowing, —3.25 and —0.25 for spring sowing. The dominant
effect of the first pair of main genes is also much greater than that of the second pair: respectively, 1.86
and 0.04 for winter sowing, 1.75 and 0.25 for spring sowing.

In the plants of direct combination (UA0O300311 x UA0300282) of autumn sowing, heritability
determined by the main gene is 97%; and that determined by polygenes is estimated at 2.7%; in spring
sowing, these values are equal to 67% and 32%, respectively. In the reverse combination (UA0300282 x
UA0300311) from autumn sowing, the heritability is 99%, the polygenic system accounts for 1%; in plants
from spring sowing, respectively, 72% and 28%. In the reverse combination (UA0300282 x UA0300311) of
autumn sowing, the heritability is 99%, the polygenic system accounts for 1%; in plants of spring sowing,
respectively, 72% and 28%. This means that the growing conditions and the environment strongly influence
the spike color (Wei et al., 2017), it depends on the growing conditions, in particular on the light intensity
(Zeven, 1983).

The results of the study on the plants quantitative traits inheritance obtained by the method of Mixed
major genes plus polygenes inheritance analysis and the methods of molecular genetics, evaluate the
genetic effect in various aspects. Studies show that the numbers predicted by these two methods and the
QTL positioning results of major genes controlling plant quantitative traits are in agreement (Zhang et al.,
2007; Wang et al., 2022b).

Conclusions

1. The difference in spike color between the black-spikeed and white-spikeed forms of einkorn wheat
is under the control of two main genes and a polygene system.

2. The ratio of heritability components of spike color in einkorn wheat depends on the vegetation
conditions: at autumn sowing, 97-99 % of the heritability is caused by the main genes and 1-3 % of the
phenotypic variability is accounted by polygenes; at spring sowing, the heredity component due to the
polygenic complex increases to 28-33 %.
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YcnapKyBaHHA 3abapBrieHHs1 KONocy Y nweHuui oaHo3epHAHKK (Triticum

monococcum L.)
Xao dy

Lline: BCcTaHOBMTWM XxapakTep ycnagkyBaHHs 3abapBrneHHs koroca Yy ribpuaiB nweHuui ogHo3epHsiHku (Triticum
monococcum L.). MeToau: peumnpokHi ribpuan OBox 3paskiB KynbTYpHOI 04HO3EpHSIHKM, YopHokornocoro UA0300282
Ta OGinokonocoro UA0300311, ©ynu cTBOpeHi 3a gonomorow meTtogy single cross. 3 BMKOPUCTaHHSM MeTody
cerperawiiHoro aHanisy npoaHanisoBaHo 4oTupu reHepadii: P1, P2, F1 ta F2 npu OoCiHHbOMY Ta BECHSIHOMY MOCiBi.
Pesynbrat: BcTaHOBNeHo, WO Ans kombiHauii UA0300311 x UA0300282 npu OCIHHBOMY MOCiBi HanbinbLu
CNpUATAMBOIO MOAENMI0 ycnagkyBaHHA € MX2-EA-AD, sika nepefbayae HasiBHICTb ABOX FONMOBHWUX TFEHIB 3 PiBHUM
aguTMBHUM edEeKTOM MNIC CUCTEMM MOMIreHIB 3 aAUTUBHO-AOMIHAHTHUM eheKTOM. Y pOCNUH Bif BECHSHOIO NOCiBY
3abapBrieHHs Konocy onucyeTbes moaeno MX2-CD-AD, gka nepenbadyae NpUCYTHICTb ABOX FOMOBHUX MEHIB 3 MOBHUM
OOMIHAHTHMM e(OEKTOM NITHOC MONIreHiB 3 aAUTUBHO-A0OMIHAHTHUM ehekTOM. Y peLmnpokHii kombiHauii — UA0300282 x
UA0300311 onTumarnbHa Mofenb, sika Hankpalle onvMcye Ancnepcito Konbopy KONocy Yy pOChvH Big OCIHHLOrO MociBy, —
ue MX2-ADI-AD, sika nepeabavae HasiBHICTb OBOX FOMIOBHUX FEHIB 3 agUTUBHO-AOMiIHAHTHO-enicTaTUYHUM edhpekToM
Nntoc nonireHiB 3 aguUTUBHO-AOMIHAHTHUM edpekToM. Po3nodin pocnvH Big BECHSIHOrO MOCIBY 3a KOMbOPOM KOMocy
nobpe onucye mogenb MX2-ADI-ADI — 3 ABOMa FOfIOBHUMUW reHaMu 3 agUTUBHO-AOMiIHAHTHO-eNICTaTUYHUM eDEKTOM
NOC CUCTEMOK MOJreHiB 3 aAUTUBHO-AOMIHAHTHO-eNiCTaTUYHUM edpekToM. [eHn no-pisHoMy NposiBrnsioTbL cebe y
KOHTPOMi 03HaKM 3arexHo Bif NOrogHMX YMOB, LLIO BU3HaYalTbCA TepMiHaMu NociBy. Y rpyni pOCMMH NpsiMoi KoMBiHaUiT
(UA0300311 x UA0300282) Big OCIHHLOro MociBy yCnaakoBYBaAHICTb, LIO BU3HAYAETLCS FONTOBHMM FEHOM, CTaHOBUTb
97%, a Ta, WO BU3HA4YaETLCA NOSlireHaMu, OLHIETLCS YNCTTOM 2,7%); NPy BECHAHOMY MOCIBI Lji 3HA4YeHHS1 JOPIBHIOTb
BianoBiaHO 67% i 32%. Y 3BopoTHIN kombiHauii (UA0300282 x UA0300311) Big OCiHHLOrO MociBy ycrnagKoBYBaHICTb
edeKkTy ronoBHUX reHiB cTaHoBuUTb 99%, Ha nonireHHy cuctemy npunagae 1%; y poCnvH BiA BECHSHOrO nocisy
BiANoBiaHO 72% i 28%. BUCHOBKU: 32 03HaKOK BMPa3HOCTi 3abapBreHHst Korocy B KOMOGiHaLii cxpeLlyBaHHS MLUeHNLb
oaHo3epHsiHok UA0300311 x UA0300282 6aTbkiBCchbKi hopMU PO3Pi3HAIOTLCS [IBOMA rONOBHUMU reHaMu Ta norireHamu.
CniBBigHOLLEHHSI KOMMOHEHT YCNaaKoBYBaHOCTI 3abapBrneHHs KONocy Y MLeHWLi OOHO3EPHSHKM 3anexwuTb Bid YMOB
Beretauii: npu ociHHbOMY nociBi 97-99 % ycnagkoByBaHOCTi 3yMOBMIOIOTb TOMOBHI MEHW, @ Ha 4acTKy MonireHis
npunagae 1-3 % eHOTUNIYHOI MIHNMBOCTI; NPUM BECHAHOMY MOCIBi KOMMOHEHTa YCMaAKOBYBaHOCTI, 3yMOBMEHa
nonireHHM KoMnrekcom, 30inbLyetbes 4o 28—-33 %.

KniovoBi cnoBa: nweHuysi 00Ho3epHsiHKa, 3abaperieHHs1 Korocy, 2eH, cegpeaauitiHul aHaris.
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BnnueB ymoB HU3bKOTEMNepaTypHOro 36epiraHHs Ha XXUTTE3AATHICTb

MikpoBogopocTi Chlorococcum dissectum
K.O. Bo3soBuk, H.O. LLleBYyeHKkO

Chlorococcum dissectum Korshikov, 1953 — ogHOKNITUHHA NPiICHOBOAHA 3efeHa BOAOPICTb, 34aTHA 40 HAKOMUYEHHS
Ta [enoHyBaHHs NinigiB y KniTMHW. HesanexHo Big MOXOOXKEHHsI Ta TaKCOHOMIYHOI knacudikauii, 6ioTexHonoriyHo
BaXXIMBi MiKpoopraHiaMu Ta KniTUHHI NiHii € 6ionoriyHMMK pecypcamu, siki BUKOPUCTOBYOTb AN BUPOOHMLITBA Pi3HUX
npoayktiB. MeToo poGoTu Oyno BM3HAYEHHS] BMSMBY PEXUMIB HU3bKOTEMMEpaTypHOro 36epiraHHs Ha i
XuTTe3gaTHicTb. BukopuctoByBanu Taki Temnepartypu: —18, —40, -70, —196°C. [Ona 3abesneveHHs -18°C
BMKOPUCTOBYBanu 3Bu4anHum nobytoBun MoposunbHuk. OxonomkeHHa po —40 Tta —70°C nposogunu 3
HEKOHTPONbOBaHNMM LUBUAKOCTAMM OXONOMKEHHS LUNAXOM BMILLEHHSA Kpionpobipok 6e3nocepedHbo Yy MOPO3MIbHI
Kamepu abo 3 BMKOPUCTaHHAM KOHTeWHepa AN 3aMopoxyBaHHS Mr. Frosty, skun 3abe3nevye LIBUAOKICTb 3HWKEHHSA
Temnepatypu 1 rpag/xe. 3amopoxxyBaHHs 00 —196°C BiabyBanocs WNSXoM NPAMOro 3aHypeHHs! KpionpobGipok y piakui
as30T Ta 3a yMOB [BOETANHOro oXonomxkeHHs 3i weuakictio 1 Ta 20 rpag/xs. o —40°C 3 noganbLUnM NEPEHECEHHAM Y
kpiocxoBuwe. XutTtesgatHicte C. dissectum BM3HAyYanu LWASAXOM MigpaxyHKy KOMOHIW, $ki cdopmyBanuca Ha
arapu3oBaHoOMy MNOXWBHOMY cepeposuwi BG-11. BcTaHoBneHo, WO BHacnigok 3amopoxysaHHa fo —18°C Ta
30epiraHHa NPOTSAroM ABOX Ai6 KNiTWHW NOBHICTIO BTPayanu CBOK XUTTe3gaTHicTb. KpiokoHcepByBaHHs o —196°C 3a
YCiX OOCniaXeHMX BapiaHTiB Ta HEKOHTPONbOBaHA LUBUAKICTb oxonomkeHHsa no —40 ta —70°C, a Takox noganblue
30epiraHHa TakuMx 3paskiB 3a uUMX TemrepaTtyp Mpu3BOOMIIO OO0 3HayHOi abo MOBHOI BTpATW >XUTTE3OATHOCTI.
OXonoaXXeHHs Yy KOHTeHepi Anga 3amopoxyBaHHs Mr. Frosty oo —40 1a —70°C He BNnuBano Ha 34aTHICTb KIiTUH 40
KONOHIEYTBOPEHHS!, Npu LpoMy, 36epiraHHsa C. dissectum 3a temnepatypu —40°C He npuBOAMIIO A0 3HAYHOI BTpaTU
XKWUTTE3AATHOCTI MPOTArOM YCbOro TEPMiHy AOCHiAXeHHs, a 3a —70°C 30BCiM He 3MiHIoBaro Liboro nokasHuka. OTpumaHi
pesynbTaTh nokas3anu, Lo Afs CepefHbOCTPOKOBOro Ta [[OBroTpuBanoro 3bepiraHHs CYCNEHS3INHOI KynbTypwu
C. dissectum nepcnekTVBHMM € KOHTPONbOBAHE OXONOAXKEHHS Ta BWKOPUCTAHHS MOPO3WUIbHUX Kamep 3
Temnepatypoio —40°C T1a —70°C BignosigHo. [N niaBULLEHHSA XWUTTE34ATHOCTI 3paskiB MiCNs OXOMOMXEHHHA A0
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BcTtyn

BioTexHornoris, 3acHOBaHa Ha (YHKLiOHaNbHUX MOXIMBOCTSAX MIKpOOpPraHiamiB, Mae Benu4yesHe
3HaYeHHs1 ONSA CBITOBOI €KOHOMIKW. ICHYIOTb YMCNEHHi NPOAYKTWU, SKi CPUSAOTbL KOMEpPLIMHOMY YCnixy
NPaKkTUYHO BCiX OCHOBHMX BMPOOHMYMX CEKTOPIB, BKIOYAOUM CinlbCbke rocrnogapcTeo, Giopemepiauito,
bionanueo, Xy, Hanoi, TekcTunb Ta dapmaueBTuky (McWilliams, 2015). Hapasi nuwe HeBenuka 4actka
MikpoBHOro BiopisHOMaHITTS JocnifpKkeHa Ha NPeaAMET NOoro KOMEepLINHOro NoTeHLiany, Npuyomy OinbLUicTb
NPOAYKTIB i NOCNYr OTPMMYHOTb 3 BiJHOCHO HEBEMMKOI KiNMbKOCTi 00’ekTiB. MiKpOBOAOPOCTI NPaKTUYHO He
BUKOPUCTOBYHOTBCA 3 TOYKM 30pYy BGiOTEXHOMOTrIN, ane 3pocTae KiNbKiCTb KOMMNaHIN, siki BAPOLLYHTb iX Ans
BMPOBHMLTBA MIrMEHTIB, MPOAYKTIB XapyyBaHHS, Xap4yoBMX O00aBOK, KOCMETMKM Ta KOCMELEBTUKM 3
KomepuiiHoto MeTol. Kpim Toro, akBakynbTypa, 30KpeMa BUPOLLYBaHHS pubu Ta MOSMIOCKIB Ha paHHixX
cTagiax po3BUTKY, 3anexuTb Big XapyyBaHHSA BUCOKOSIKICHMMW KOpMamu Ha OCHOBI BogopocTen. Bucoka
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NPOAYKTUBHICTb MIKPOBOLOPOCTEN, MOPIBHAHO 3 HA3EMHVMMMU KyfbTypamu, CTUMYIOBana BESUKWN
HayKOBMWI Ta KOMEPLIMHUI iHTepecC A0 HUX, SIK [pKepera BigHOBMNIOBaNIbHUX NPUPOAHNX pecypciB (Kapoore
et al.,, 2019). IcHye pgBa Bugn OGiomanvMBa — Giogmsenb Ta OGioeTaHon, ANs BUPOOHMUTBA SIKMX
BUKOPUCTOBYIOTb OSTiNHI Ta LYKPOBI KynbTypy BIiAMOBIOHO, ¥ TOW Yac SK MIKPOBOAOPOCTI € €OUHON
NNaTtgopMOL0, OCKINbKN CUHTE3YI0TL 06uaBa BionoriYHMX KOMNOHeHTU (Kpoxmans i ninign) (Rehman, Anal,
2019). C. dissectum poanHu Chlorococcaceae — ogHOKNITUHHA NPICHOBOAHA 3eneHa BOAOPICTb, 34aTHa 40
MOTEHLINHOrO HaKOMUYeHHs1 Ta AenoHyBaHHA ninigis y knituHm (Hasan et al., 2016). HesanexHo Big
NOXOAXKEHHS Ta TAKCOHOMIYHOT KnacudikaLii, 6i0TeXHONOMNYHO BaXKNMBI MIKPOOPraHiaMu Ta KIiTUHHI NiHii €
BionoriyHMMK pecypcamm, siki BUKOPUCTOBYIOTb A4St BAPOOHMLTBA Pi3HMX NPOAYKTIB. Y NPOMMUCIOBOCTI, sika
6a3yeTbca Ha BMPOOHMLTBI BOOOpPOCTEN, Oe3neka OCHOBHUX KymbTyp, @ TakoX iXHsi (DYHKLiOHaNbHICTb
(To6TO 3maTHiCTb cuMHTe3yBaTU MeTaboniTh, ki MalTb KOMEpPLUiHY UIHHICTb) — Le nepLioyeprose
3HayeHHs. [MigTpMMaHHA KynbTypyu MIKPOBOOOPOCTEWN Y XUTTE3AATHOMY CTaHi 3a CTaHAapTHWX YMOB
KyNbTUBYBaHHsS 3ariMae ©Oarato 4Yacy. Tomy [JOCMigHMKM 3auikaBrieHi y pO3BUTKY TEXHOMOTiN, SKi
nepenbavaloTb BUKOPUCTAHHSA HU3bKUX TEMMEPATYpP, 30Kpema KpioKkoHCepBYBaHHS. [py ubOMy KynbTypu
30epiraloTb 34aTHICTb A0 BiOHOBMEHHS (PYHKUIN POCTYy Ta PO3MHOXEHHS, 3axXMLUEHi Bid reHeTU4HOro
apendy, 3abpyaHeHHs1, He NoTpebyoTb PiHAHCOBUX BUTPAT Ha JOBroTpmeane obcnyroByBaHHs (Abreu et
al., 2012). Akwo gosroctpokoBe 36epekeHHs 3paskiB NPM3BOANTb 40 MOPYLUEHHS i3NYHOI, FTEHETUYHOI Ta
dyHKUiOHanNbHOI cTabinNbHOCTI, TO Mig 3arpody cTae Oyab-gke IXHE BUKOPUCTaHHST 3 KOMEPLIHOK METOH0.
IcCHye pekinbka OCHOBHMX MiOXOAiB ANs MIATPUMKMA OCHOBHMX XapaKTepPUCTMK BUXIOHOI KynbTypw.
3BUYaNHWUI CEPINHUIN NEPEHOC, KU HANYacCTiLle BUKOPUCTOBYETLCS B PEXMMI KyNbTUBYBaHHS Ta BUKIMKAE
CMOBINbHEHHS MeTaboniyHOi akTUBHOCTI; 30epiraHHa y AerigpatoBaHOMy BWUrMs4i NpW  KiMHaTHINA
Temnepartypi abo B xonogunbHuKy npu 4°C; cybnimauinHa cywka abo niodinisauis; kpiokoHCepBYBaHHS,
npu SKOMy Temnepartypa HaBKOIULLHBOro cepefoBuLLia moxe BapitoBaty Big —40 0o —196°C (Kirsop, Doyle,
1991).

BinbwicTb HaykoBUiB LeHTpy OionoriyHnx pecypcie (BRC), go sikoro Bxoasitb npeacTaBHUKM 38
KpaiH, BBaXal0Tb KPiIOKOHCEPBYBAHHS HANOMNTMMAIbHILLMM METO4OM AOBroTpMBanoro 36epiraHHs KynbTyp.
Y BMNagKy eykapioTUYHMX MIKPOBOOOPOCTEN HE CMOCTEPIranocs 3HAYHOrO 3HVDKEHHSI KUTTE3AaTHOCTI
npoTsroM 22 pokiB HM3bKoTeMMNepaTypHoro 36epiraHHs psaay TakcoHiB (Hipkin et al., 2014). Kpim Toro, 6yno
NPOAEMOHCTPOBAHO 3A4aTHICTb KMITWUH, BiOHOBMEHMX MiCMsl KPiOCXOBULLA, CUMHTE3yBaTU MeTabonitu, skKi
MatoTb BioTexHornoriyHy UiHHICTb (Hipkin et al., 2014). Xo4ya npu KpioreHHMX TemMmnepaTtypax NpUNUHAETLCA
BinbLwicTb GionoridyHmMx yHKLiA, BapTO 3a3HAYUTK, LLO NpY TpuBanomy 36epiraHHi MOXyTb BUHUKATW OeSKi
XiMiYHi 3MiHK BHACMiAOK YTBOPEHHS BiNlbHUX paguKanis, iOHi3yl04Oro BUNPOMIHIOBAHHS, Pe3yfbTaToM 4Oro
€ NOLUKOKEHHS HYKINEIHOBUX KUCMOT, a OTXe BiabyBaeTbCs BNNUB Ha reHeTUYHy ctabineHicTb (Day, Fleck,
2015). MNpoTe 3 NpaKTUYHOI TOYKM 30pY BBAXKAETLCSH, LLO XUTTE3OATHICTb (PAaKTUYHO HE 3anexuTb Bif
TpuBanocti 36epiraHHs NpPOTAroM [OecATUMniTb, SKWO He COTeHb POKiB, a nepiog HaniBsposnagy
KpiokoHcepBoBaHOro matepiany ouiHoeTbes B noHag 3000 pokis (Walters et al., 2004). binbLwicTte 6akTepin
MO>Ha YCnilIHO KpiOKOHCEpPBYBaTK, 3bepiratoun y Mopo3unbHii kamepi 3a temnepatypu —70°C (Ananyina
et al, 2020). Us metoguka Takox ©Oyna ycnilwHO BMKOpUCTaAHa Ansa uiaHoOakTepi, ane He
3acTocoByBanacs ans Ginbl CKNagHUX eykapioTU4HNX BOLOPOCTEMN.

MeToto gaHoi poboTn Byno npoBefeHHS OOCHIAKEHb LOAO BM3HAYEHHS BMMMBY Pi3HUX PEXUMIB
HM3bKOTEMMNEepaTypHOro 30epiraHHs Ha XuTTe3gaTHicTe C. dissectum.

MaTepianu Ta meToam AoCRigKEHHA

O6’exkToM gocnigxeHHst 6ynu mikpoBogopocTi C. dissectum, siki 6ynm oTpumaHi 3 koneku,ii kadenpwm
BoTaHikn XapkiBCbKOro HauioHanbHOro yHisepcuteTy iMeHi B.H. KapasiHa.

KynbTuBYBaHHS CyCneH3iiHOT KynbTypy 34iMCHIOBaNy Ha pigkomy noxumBHOMY cepegosui BG-11
(Al-Rikabey, Al-Mayah, 2018; Rehman, Anal, 2019) go nouaTky cTauioHapHoOi ¢a3n pocTy B konbax
EpneHmeriepa obemom 50 Mn 3a Temnepatypu 25+2°C i uinogoboBomy OCBITNEHHI 6inum
dnyopecueHTHMM ceiTrioM 52,84 mMkMonb goTtoHiB m? s (3 kix) 6e3 goaaTkosoi aepaduii (Aravantinou,
Manariotis, 2016).

KoHTponb HakonuueHHsi Giomacu 3fiicHoBany LWNAXOM MigpaxyHKYy KiMbKOCTI KMiTMH Yy Kamepi
lopsesa.

[ns KOHUEHTPYyBaHHA MiKpOBOOOPOCTEN nepep AOCHIMKEHHAM BMNAMBY HU3bKOTEMMEPaTypHOro
36epiraHHA cycneHsito LeHTpudyrysanu npotarom 3 xB., 3a 3000 06/xe. oo 108 kn/mMn Ta posnueanu y
1,8 mn kpionpoOipku (Starlab, Ykpaina). BukopuctoByBanu HacTynHi Temnepatypu: —18, —-40, =70, —196°C.

Cepis «bionorisi», Bun. 39, 2022
Series “Biology”, issue 39, 2022 ISSN 2075-5457 (print), ISSN 2220-9697 (online)



Bnnue ymoB Hu3bKkoTeMnepaTypHOro 36epiraHHs Ha XUTTE3AaTHICTb MikpoBogopocTi Chlorococcum dissectum

Effect of low temperature storage conditions on the viability of microalgae Chlorococcum dissectum

[na 3abe3neveHHs —18°C BUKOPUCTOBYBanv 3Bn4anH1n nobyToBmi Mopo3nbHuK. OxonogxeHHs go —40
i —70°C, npoBOAUNN 3 HEKOHTPOSIbOBAHNMM LUBUOKOCTSIMU OXONOPKEHHS LUINSAXOM BMILLEHHS Kpionpobipok
De3nocepenHbO Yy MOPO3USIbHI KaMepy Ta 3 BUKOPUCTAHHAM KOHTEMHepa Ansi 3aMopoXXyBaHHA Mr. Frosty
(TermoFisher Scientific, CLLUA), akuin npu OoTpyMMaHHi iHCTPyKUii ekcnnyaTtauii 3abesnevye LWBUAOKICTb
3HWXKEHHS TemnepaTypu 1 rpaa/xs. 3amopoxkyBaHHA 0o —196°C Bigbysanocs WAsXoM NPAMOro 3aHypeHHs
Kpionpobipok 3i 3pa3kaMu y pigkvMi a3oT Ta 3a YMOB ABOETarnHOro oxonomkeHHs 3i weugkictio 1 t1a 20
rpag/xse. oo —40°C 3a gonomoroto nporpamHoro 3amopoxysada 3IM-10 (CKTB 3 Ofl1, YkpaiHa) 3 HacTynHuM
nepeHeceHHsIM y kpiocxoBuwe. Bigirpie 3paskiB nicrns Hu3bkoTemnepaTypHoOro 36epiraHHA MpPOBOAMIM
3aHypeHHsIM y BoAsHy OaHto 3 TemnepaTypoto 40°C. KoHTponem Oynu KniTMHM MiKpoBOAOpOCTEN [0
30epiraHHs.

KuttespatHicte C. dissectum BM3Ha4ann LINAXOM MigpaxyHKY KOMOHIN, sKi cdpopMyBanucs Ha
arapv3oBaHOMy NoXuBHOMY cepegoBuLli BG-11 npotarom 10 gHie 3a Temnepatypu 25°C i uinogo6osomy
ocBiTneHHi (Chernobai et al., 2021).

Yci gocnigXeHHs MpoBOAMIIM Y LLIECTUKPAaTHIN MoBTOPHOCTI. CTatnucTuyHy obpobKy pesyrnbTaTiB
34ivicHioBany 3a gonomoroto nporpamu Past V.3.15 (YHiBepcuteT M. Ocno, Hopserist). BusHayanu cepeaHe
3Ha4yeHHs1 Ta cTaHgapTHe BigxuneHHs (Mio). 3HaudywicTb pi3HMLUI MiX MOKa3HMKaMu OUiHBanu 3a
Kputepiem Tbtoki. PisHuuU0 Mix BUGipkamu BBaxanu 3HadvyLuoro npu p<0,05.

Pe3ynbTaTtu gocnimxeHb Ta ix 06roBopeHHs

[nsa BM3Ha4YeHHS BMMMBY NPOLIECY OXOMNOMXEHHHA Ha KynbTypy KniTWMH HeobxigHo BGyno gocnigutu
XUTTE3OATHICTL MIKPOBOZOPOCTI MiCNA 3aMOPOXYBaHHA [0 TemnepaTtyp 36epiraHHa 3 BUKOPUCTAHHSM
Pi3HMX pexumis. BcTaHoBMEHo, WO BHacnigok 3amopoxyBaHHsa C. dissectum go —18°C ta 36epiraHHs
NpoTAroM ABOX QAi0 KynbTypa MOBHICTIO BTpayana CBOK KUTTE3daTHICTb. KpiokoHcepBYyBaHHS [O
TemMnepaTypu PigKkoro asoTy 3a YCiX BapiaHTiB JOCHIMKEHHSA 3Hadylle 3MiHIOBano 34aTHICTb KNiTUH OO0
YTBOPEHHSA KOMOHIN (BENUUMHM LbOro nokasHuka cknagana sig 0,71 go 0,2 KYOx10%/mn). OxonogKeHHs
3paskiB 4o —40 1a —70°C 3a HEKOHTPOSIbOBAHUX YMOB 3HWKEHHSI TeMnepaTypy NpM3BOAUIIO A0 BTpaTU
nokasHuKa XutTeagatHocTi BTpudi — 4,1 npotn 13,5 KYOx10%/Mn. OxonomkeHHa y KOHTelHepi ans
3amMopoxyBaHHs Mr. Frosty 4o o6ox 3aszHavyeHux TemnepaTtyp He 3MiHIOBaro BENMYMHU XUTTE3AATHOCTI
KMiTWH, NOPIBHAHO 3 KOHTPOMNbHUM 3HAYeHHAM, Ake cknagano Big 11,5 go 13,5 KYOx108/mn (puc. 1).

Ha puc. 2 nokasaHo BMMMB pEXUMY OXOMOMXKEHHsI Ta TepMmiHiB 36epiraHHa 3a —40°C Ha
xutTespgatHicte C. dissectum. BcTtaHoBneHo, wo yxe 4Yepe3d 10 pi6 36epiraHHs 3a yMmoB
HEKOHTPOSIbOBAHOMO PEXUMY OXONOXKEHHS [0 TeMMepaTypy MOPO3UIbHOT Kamepn 3HadyLLLe 3HMKYBanacs
XKUTTe3aaTHiCTb MikposogopocTi 3 13,5 ao 2 KYOx10%/mn. MogosxkeHHA TepMiHy Ao 20 Ai6 3Havylle He
3MiHIOBaNoO BENIMYMHM 3a3HAYEHOro MOKa3HWKa, MOPIBHAHO 3 MOMNepefHiM TepMiHOM, Ta CTaHOBUIIO
1,6 KYOx=10%/mn. Yepes 30 Oi6 maixe yci KNiTMHX BTPaATUIIM CBOKO XUTTE3OATHICTb (pUC. 2).

3a yMOB KOHTPONbOBaHOIo oxonogkeHHs C. dissectum He BTpavaB 30aTHOCTI 4O POCTY MPOTHArom
YCbOro TEepMiHy AOoCrigkeHHsi, xoda Ha 20 pgoly cnocTepiranocs 3Haudylle 3HWDKEHHS  KinbKOCTI
XUTTE3OATHUX 3PasKiB MOPIBHAHO 3 KOHTporem (6,7 KYOx108/mn). Cnig Big3HaunTtu, L0 MOOOBXEHHS
TepMiHiB 36epiraHHa go 30 Ta 90 gi6 npu3BoAMNO OO A0OATKOBOrO 3MEHLLEHHS KiNTbKOCTi YTBOPEHUX
KOIOHIl, BenuumHa fOCnimKeHoro nokasHuka ctaHosuna 4,7 ta 3 KYOx10%mn signosigHo (puc. 2).

Ha puc. 3 nokasaHo BNnMB pexmnmy oxonomxkeHHs Ta 36epiraHHa 3a —70°C Ha xutTesgaTHictb C.
dissectum. MNMokasaHo, wo 4epe3 10 aib 30epiraHHA 32 yMOB HEKOHTPOSLOBAHOIO PEXUMY OXONOOXKEHHS
00 TemnepaTypu MOpPO3UIbHOI KaMepu MOro XUTTE3AATHICTb 3HWXKyBanacs Mamxe y 4oTupu pasu no
BiHOLLEHHIO 10 KOHTPOMbHMX 3HaYeHb Ta cTaHoBuna 3,1 nopiBHAHO 3 13,3 KYOx108/mn. MoaoBXeHHs
TEepMIiHiB 30epiraHHa NpU3BoAUNO 4O AOAATKOBOIO 3MEHLUEHHS KilTbKOCTI yTBOPEHMX KOMOHIN, a came 1,4
Ha 20-Ty goby cnoctepexeHHs, 0,6 Ha 30-Ty Ta 0,3 Ha 90-Ty (puc. 3).

BcTaHoBneHo, L0 OXONOMXKEHHS 3pa3KiB y KOHTEWHEPI ANs 3aMopoXXyBaHHs 40 —70°C He 3MiHOBano
MoKasHMKa iXHbOI XUTTE3OATHOCTI MPOTAroM OOCHIMKEHMX TEepMiHIB 30epiraHHsA. 3aaTHICTb KNiTUH A0
KOMNOHieyTBOpPEeHHs cTaHosuna 9,5—-13,3 KYOx10%/mn (puc. 3).

TpaguuiHe pBoeTarnHe KPiOKOHCEPBYBAHHSA 3aluLAETbCs MeTodoM BuOOpy Anst 36epekeHHs
XUTTE30ATHOCTI MiKpoBOAoOpoCTen i LiaHoBakTepin. ICHye onTumanbHa LWBMAKICTb OXOMOMKEHHS, fKa
MiHiMi3y€e YTBOPEHHS NeTanbHOro BHYTPILUHBOKMITUHHONO NboAy (BUHMKAE NPW LUBUOKOMY OXONOMKEHHI) Ta
HagMipHY OCMOTMYHY AerigpaTauilo, Wo Moxe OyTM NPUYMHOK0 XiMIYHOrO MOLLKOMKEHHS BHACMigoK
30iNblUEHHS  KOHUEHTpauii  BHYTPILWHLOKIMITUHHUX ~ PO3YUMHEHUX  PEeYOBUH abo  pyliHyBaHHS
BHYTPILUHBOKNITUHHNX oOpraHoigiB (BinOyBaeTbcsl B pe3ynbTaTi HagMIPHO MOBINbHUX LUBUOKOCTEN
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oxonomxkeHHs) (Day, Harding, 2008). [ns 6araTb0X TaKCOHIB BOAOPOCTEN ONTMMAIIbHUM PEXUMOM €
3HWKEHHA TemnepaTypun 1°C/xe go —40°C 3 HacTynHMM 3aHypeHHsaM Y pigkui a3oT (Day, Brand, 2005).
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PexxvMu KpiokoHCEepBYBaHHS piaKNi a3oT

Puc 1. BnnuB pexuMmiB KpioOKOHCepBYBaHHA Ha XuTTte3gatHictb knituH C. dissectum nicnsa
36epiraHHA 3a pPi3HUX TemnepaTypHUX peXxuMiB npoTarom asox Ai6, KYOx105/mn (Mo). * pisHuus
3HauyLla, Nno BigHOLUEHHIO A0 KoHTponto, p<0,05

Fig. 1. Effect of cryopreservation regime on C. dissectum cells viability after different temperatures
storage for two days, CFUx105/ml (Mto). * significant difference compared to the control, p<0,05

Y paHin poOoTi Ana BM3HAYEHHS BHECKY MOLLUKOXKYIOYOI Aii MepLloro etany 3aMOpOXXYyBaHHS 40
—40°C Ha XWTTe3AaTHICTb KNITUH Nepes iXHiM 3aHYPEHHSAM Y PiaKMIA a30T BUKOPUCTOBYBAsN Ba PEXUMMI
(punc. 4).

lMokasaHo, Lo BUKOPUCTaHHA NOBiNbHOro (1 rpag/xs.) Ta WBMAKOro oxonomkeHHs (20 rpaa/xs.) oo
—40°C 3HwxyBano 3gatHictb C. dissectum o yTBOPEHHsI KOMOHIN Ha arapM3oBaHOMy cepenoBuLli Ha 36
Ta 69% BIiANOBIAHO, MOPIBHAHO 3 KOHTponem (puc. 4). 3a noganbLIOro 3amMOpPOXyBaHHS KMITUH [0
TemnepaTypu piakoro asoTy cnocTepiranu piske 3aMeHLLEeHHSA BEMUYUHWN JOCAIOKEHOro nokasHuka — 0,7 Ta
0,2 KYOx108mn (puc. 1). BctaHoBneHo, o 36epiraHHA 3paskie 3a —196°C 3Hauylle He 3MiHoBano
BENUYMHW XUTTE30ATHOCTI, Aika cknagana 0,4 ta 0,1 KYOx108/mn BignosigHo (puc. 4).

BukopuncTaHHA HEKOHTPONBLOBAHOIO OXONOMKEHHST MIKPOBOAOPOCTEN LUNSAXOM NPSIMOrO 3aHYpPEHHS
KpionpobipoK y pigkni asoT NpM3BOAMIIO A0 3MEHLUEHHST AocnigkeHoro nokasnuka 3 13,5 go 0,3 (puc. 1).
36epiraHHs 3paskiB 3a 4aHOi TeMmnepaTypu He BUKITMKaro 4o4aTkoBUX 3MiH (puc. 4).

Xotinoca © BIigMITUTW, WO PpiBEHb >XWTTE3AATHOCTI 3a TaKOIrO PEXMMY KpPiOKOHCEPBYBaHHS
OOpiBHIOBaB TakOMy, OTPMMaHOMy 3a YMOB NPOrpamMHOro ABOETanHOro 3amMOpOXXyBaHHS, sike noTpebye
JoaaTtkoBoro obrnagHaHHA Ta 4OAATKOBUX BUTPAT XonogareHTy (puc. 4).

Xoya BUMKOPUCTaHHA cybonTuManbHUX YMOB HaBKOMULLIHLOIO CepefoBulla, BKIHOYAK4U
Temnepartypy iHKybauii Ta OCBITNEHHS (ANs 3HWXEHHS iIHTEHCUBHOCTI POCTY), € CTaH4APTHUM NigX040M A0
NIATPUMKM KONEKUIiNHUX KynbTyp BogopocTen (Lorenz et al., 2005), BOHO BBaXaeTbCA HE3aAOBINbHUM Y
KOHTEKCTi BaXKnmBMX A51s 6ioTexHonorii 3paskiB, sik 3 TOYKkM 30py 6e3nekun wramy, Tak i 3abesneyeHHs iXHbOi
npoayktnsHocTi (Smith, Ryan, 2008).
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Puc. 2. XXuttespgaTtHicTb C. dissectum nicna 36epiraHHsa 3a Temnepatypu —40°C npotarom 90 Ai6,
KYOx105/mn: A — KOHTpONbOBaHe OXONOAXeHHsA, C — HEeKOHTPONbOBaHe oxornogaxeHHA (Mio).
* pi3HMLA 3HadyLLa, Mo BiAHOLUEHHIO A0 KoHTponto, p<0,05

Fig. 2. C. dissectum viability after storage at —40°C for 90 days, CFUx105/ml: A — controlled cooling,
C — uncontrolled cooling (M*0). * significant difference compared to the control, p<0,05

) 18 1 A C
s 16 - { X
E
5. 141
42 1D - ]
Igmc ‘ ‘ DKOHTpOﬂb
% 101 l o10
:‘Ug 8 i
gz @20
E 6 1 * @30
£ 47 [ = m90
2] l _I—'_*I_;_\
0 T

TpuBanicTb 36epiraHHa, Aobu

Puc. 3. XuttesgaTHicTb C. dissectum nicnsa 36epiraHHsA 3a Temnepatypu —70°C, KYOx10%/mn: A —
KOHTpPOJSibOBaHe oxonoaXeHHs, C — HeKOHTpornboBaHe oxonoaxeHHA (M*o). * pisHuLa 3HadywWwa, no
BiAHOLLEHHIO A0 KOHTponto, p<0,05

Fig. 3. C. dissectum viability after storage at —70°C, CFUx105/ml: A — controlled cooling, C —
uncontrolled cooling (M+o). * significant difference compared to the control, p<0,05

Akwo ansa GionoriyHoro o6’ekTy po3pobneHo edeKTMBHI MeTogornorii 30epiraHHa Mpy HU3bKKX
TemnepaTypax 3aranom Ta y piakomy asoTi 30KkpeMa, TO TaKi Migxoau BBaXKatoTbCs onTuMansHumMu (Smith,
Ryan, 2008). CrinkicTb GionoriyHMx maTtepianis 40 HM3bKOTEMMepaTypHOro 36epiraHHs 3anexuTb Big
34aTHOCTI 3paskiB YHWUKHYTU KPIOMOLLUKOPKEHHA, CMPUYUHEHOrO isUYHMMKM Ta XiMIYHUMKU 3MiHaMM,
NnoB’sA3aHMMM i3 3aMOPOXKYBaHHAM HaBKOSMULLHBOrO cepefoBuLLa Ta caMoro opraHiamy. [ina sogopocTen,
AK | ANst iHWKX GionorivyHMX rpyn, He iCHye yHIBepcanbHOro MeToay, Xo4a iCHyTb onybnikoBaHi cTaHO4apTHI
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onepauifiHi NpPOTOKONKW, 3aCTOCOBHI AONns Pi3HWX UiaHOGaKTepi, MIKpo- Ta MakKpOBOAOPOCTEW, SKi
nepenbavaloTb BUKOPUCTAHHSA KPiIO3aXMCHUX CMOJSTYK Ta KOHTPOMbOBaHUX yMoB oxorogkeHHs (Charrier et
al., 2018; Sharma et al., 2013). HesanexHo Big METOLOJIONYHOrO NigXo4y, NepLLIoYeproBe 3Ha4YEHHS Mae
cTabinbHicTb 30epexeHnx 3paskiB. TeopeTnYHo, SKLO TemnepaTypu 36epiraHHa 4OCTaTHBO HU3bKI, W06
3anobirtn MonekynsipHoOMy pyxy, TO Taki 3pasku NOBMHHI ByT PaKTUYHO iHEPTHUMU.
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Puc. 4. XutrespatHictb C. dissectum nicnsa 36epiraHHs 3a TemnepaTypu pPigKoro asoTy npoTsrom
poky, KYOx10%/mn (Mto). * pisHuua 3Hadylua, no BiOHOLUEHHIO 40 KOHTPOM0, # pisHMLUA 3Hadylla no
BiJHOLLEHHIO [0 3pa3KiB, Ak He niggasanu gii TemnepaTypw pigkoro asoty, p<0,05

Fig. 4. C. dissectum viability after storage at liquid nitrogen temperature for a year, CFUx105/ml
(Mo). * significant difference compared to the control, # significant difference compared to the samples
that were not exposed to liquid nitrogen temperature, p<0,05

Y nitepaTypi Maixe BiACYTHI AaHi yCMiLLHOrO HM3bKOTEMMNEPATYPHOro 30epiraHHs BOAOPOCTEN 3a
BiACYTHOCTi abo 3a HEBUCOKMX KOHLIEHTpaL KpionpoTekTopiB. BCTaHOBMEHO, WO KNiTUHM ABOX LUTaMiB
Chlorella vulgaris, Nannochloropsis oculata Ta Tetraselmis tetrathele noBHicTio BTpayanu XuTTe3gaTHiCTb
nicng  [ABOEeTanHoro  KPiOKOHCEpBYBaHHA Yy  pigdkoMy as30Ti i3  3aCTOCyBaHHSAM  PO34YMHIB
anmeTuncynbdokeray, rniuepuHy, etuneHrnikonto y 5%-n koHueHTpadii (Nakanishi et al., 2012).
MoBigomnanocs nNpo KpiokoHcepByBaHHA 19 wTamiB NpicHOBOAHMX MikpoBogopocTen Palmellopsis sp.,
Chlamydomonas sp., Palmellopsis sp. 6e3 gogaBaHHs KpionpoTekTopiB. byno nokasaHo, Wo Tinbkn 7 3
JocnifxeHnx Wwramis 36epernu 30aTHICTb 4O YTBOPEHHS KOMOHIW, NPpW LibOMY BENMYUHA LIbOro NoKa3HMKa
cTaHoBua meHw Hix 10%, NOpiBHAHO 3 KOHTPOMbHUM 3Ha4veHHsM (Bui et al., 2013).

HocnigpkyBann MOXNUBICTb Hu3bKoTeMnepaTypHoro 3b6epiraHHa C. vulgaris 6e3 gogaBaHHS
KpionpoTtekTopiB. CnocTepiranu 3HWKEHHS XXUTTE30ATHOCTI Liei KynbTypu OinbLu Hix BABIYi npoTsirom 30-Tu
[i6 Ta make B YOTUpKM pasu nicns 4-x micsuiB nepebyBaHHs 3a TemnepaTypu —80°C. 36epiraHHs 3paskiB
3a Temnepatypu —15°C 6yno MOXIMBMM TiflbkM NPOTAroM 24 roguH, nicns 4oro Bia3Havanu Mamke noBHy
3arnbenb knituH (Kapoore et al., 2019).

OTpumaHi Hamu pe3ynbTaTh Nokasanw, Lo 4518 AOBroTpUBanoro 36epiraHHs CyCrneH3inHOT KynbTypu
C. dissectum nepcnekTMBHUM € BUKOPUCTAHHA MOPO3UNbHUX kamep 3 Temnepatypoto —70°C Ta pexumy
OXONTOPKEHHS Y KOHTENHepi Ansa 3amopoxyBaHHs Mr. Frosty. OgHak usi pobota notpebye noaanbLioro
[OCMNiIKEHHS, a caMme 30inblUeHHs TepMiHy 30epiraHHs. [nsi cepeaHbOCTPOKOBOro 36epiraHHs (MpoTsirom
20 pi6) moxxHa pekomeHayBaTu Temnepatypy —40°C. [1ns KpiokOHCepBYBaHHS 3pa3kKiB L€l MikpOBOAOPOCTi
3a Temnepartyp pigkoro asoTy HeobXigHO MPOBECTM Cepilo AOCNiAXKEHb 3 BUKOPUCTAHHS KPIONPOTEKTOPIB
Pi3HMX KraciB XiMiYHMX CMOMYK Ta iXHIX CyMillen 3 MeTO MiABULLEHHS MOKAa3HMKA XUTTEQIANBHOCTI.
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BucHoBku

PesynbTatn gocnimkeHHs nokasanu, wo 36epiraHHs C. dissectum HeMOXxnvBe B ymoBax nobyToBOi
MOPO3uUIbHOI kKamepw (3a Temnepatypu —18°C). BukoprcTaHHs HEKOHTPONIbOBAHOIO OXONOMAKEHHsT Jo —40
Ta —70°C 3 MeTOK OOBroTpMBAarsnoro nigTPMMaHHsA 3paskiB HegouifbHe, OCKINbKM CMOCTEPIraeTbCca 3Ha4YHa
BTpaTa nokasHuka xutresgaTHocTi npotsrom 10 aib.

Ona posrotpuBanoro 36epiraHHA cycneHsinHoi KkynbTypu C. dissectum nepcnekTMBHUM €
BUKOPUCTAHHA MOPO3UIbHUX kamep 3 Temnepatypoto —70°C Ta pexxmMy OXONOKEHHS Y KOHTEeNHepi Ans
3amopoxyBaHHa Mr. Frosty. [na cepegHbocTpokoBoro 36epiraHHa (npotsrom 20 p[i6) MoxHa
pekomeHayBaTn Temnepatypy —40°C 3a yMOB BUKOPUCTaHHS KOHTEHepa A5s 3amopoxyBaHHst Mr. Frosty.

KpiokoHcepByBaHHS MIKPOBOAOPOCTiI 3a TemnepaTtyp pigkoro asoTy 3a [OCHiIKEeHUX pPexumis
3HauyLLe 3HWXYE 30aTHICTb KNITUH OO YTBOPEHHS KOMOHIN, aX 40 NMOBHOT BTPaTU XUTTE34ATHOCTI.
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Effect of low temperature storage conditions on the viability of microalgae

Chlorococcum dissectum
K.D. Vozovyk, N.O. Shevchenko

Chlorococcum dissectum Korshikov, 1953 is a unicellular freshwater green alga capable of accumulating and
depositing lipids in cells. Regardless of their origin and taxonomic classification, biotechnologically important
microorganisms and cell lines are biological resources that are used to produce various products. The aim of the work
was to determine the effect of low-temperature storage conditions on the alga viability. The temperatures used were
as follows: —18, —40, —70, and —196°C. An ordinary household freezer was used to provide —18°C. Cooling to —40 and
—70°C was carried out with uncontrolled cooling rates by placing the cryotubes directly into the freezers or using a Mr.
Frosty freezing container, which provides a temperature decrease rate of 1 deg/min. Freezing to —196°C was carried
out by direct immersion of cryotubes in liquid nitrogen and two-stage cooling at 1 and 20 deg/min to —40°C with
subsequent transfer to a cryostorage. The viability of C. dissectum was determined by counting the colonies formed on
BG-11 agarized nutrient medium. It was found that the cells completely lost their viability after freezing to —18°C and
storage for two days. Cryopreservation to —196°C for all studied variants and uncontrolled cooling rate to —40 and —
70°C, as well as further storage of such samples at these temperatures, led to significant or complete loss of their
viability. Cooling in a Mr. Frosty freezer container to —40 and —70°C did not affect the ability of cells to grow. Moreover,
storing C. dissectum at —40°C did not cause a significant loss of viability throughout the study period, and its storage
at —70°C did not change the viability index at all. The obtained results showed that the controlled cooling and the use
of freezers at —40°C and —70°C, respectively, are promising for medium-term and long-term storage of C. dissectum
suspension culture. To increase the viability of samples after cooling to liquid nitrogen temperature, it is necessary to
develop cryopreservation modes using cryoprotectants.

Key words: microalgae, C. dissectum, viability, low-temperature storage, cryopreservation.
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Evaluation of genotype-environment interactions for non-polar lipids and fatty

acids in chickpea (Cicer arietinum L.) seeds
L.l. Relina, O.Ye. Vazhenina, L.N. Kobyzeva, R.L. Bohuslavsky, S.H. Ponurenko, V.P. Kolomatska,
O.M. Bezuhla, O.H. Suprun, N.K. lichenko, L.A. Vecherska

Genotype-environment (G x E) interactions for non-polar lipids and fatty acids were studied in 28 chickpea accessions.
The total nonpolar lipid content was determined by Soxhlet procedure; fatty acid profiles were investigated by gas
chromatography. There were strong negative correlations between oleic and linoleic acids and between oleic and
linolenic acids. The correlation between linoleic and linolenic acids was positive and either strong or moderate.
Correlations between the other acids were differently directed and of various strengths. Line Luh 99/11 turned out to
be an outlier in relation to the other genotypes due to an unusually high content of stearic acid. Cultivar CDC Jade was
an outlier because of too low content of stearic acid and too high content of linoleic acid. Accession UD0502195 was
an outlier due to a higher content of palmitic acid. Accessions UD0500022 and UD0502195 were outliers due to the
low content of total nonpolar lipids. The variability in the total nonpolar lipid content was not affected by the environment,
but the environment contributions to the variability of oleic and linoleic acids were very high. There were only statistically
significant differences in the oleic and linoleic acid amounts between the cultivation years. There was a positive
correlation between the oleic acid content and the average air temperature during the “anthesis — maturity” period and
a negative correlation between the linoleic acid content and the average temperature during this period. There was
also a negative correlation between the oleic acid content and precipitation during the “anthesis — maturity” period and
a positive correlation between the linoleic acid content and precipitation during this period. The palmitic acid content
was the most responsive to environmental changes in cultivar CDC Vanguard and the most resistant in cultivar
Krasnokutskiy 123. The stearic acid content was the most sensitive to environmental changes in cultivar ILC 3279 and
the most irresponsive in accession UKR001:0502116. As to oleic and linoleic acids, line L 273-18 had the bi (plasticity)
and S2di (stability) values coupled with the corresponding mean contents, meaning that this genotype may be adapted
to decreased temperature. The ecovalence values (Wi?) for the total nonpolar lipids, palmitic, stearic and linolenic acids
indicated that these characteristics were little responsive to environmental fluctuations. As to oleic and linoleic acids,
Wi2 values were much higher in many accessions, confirming the variability of these parameters depending on growing
conditions. Having the highest Wi? values, accession Garbanzo 2 is expected to show high degrees of the G x E
interactions for oleic and linoleic acids. S2di was positively correlated with Wi2.

Key words: chickpea, oil, correlation, outlier, vegetation phases, analysis of variance, stability, ecovalence.
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Introduction

Plants encounter different environmental conditions. Responses to these conditions depend on the
genetic make-up of plants. When the same genotype develops in different environments, it can generate a
variety of phenotypes. These phenotypic variations are attributed to effects of external conditions on the
expression of genes influencing the trait of interest. Genotype — environment (G x E) interactions refer to
differences in genotypes’ responses to different environments (Falconer, Mackay, 1996). First of all, the
yield of a crop is highly influenced by the environment. However, the seed quality is also highly dependent
on the environment. Fatty acid profiles are one of the determinants of the seed quality. In addition to their
roles in the human and animal health, unsaturated fatty acids (UFAs) affect the shelf lives of products, as
they undergo oxidation and hydrolysis reactions, eventually turning rancid. This determinant pertains not
only to oilseeds, but also to crops with a relatively low oil yield. The chickpea (Cicer arietinum L.) is not an
oil crop, but it is considered a source of UFAs, as chickpeas are one of the most commonly consumed
pulses. Thus, according to the 2018 FAOSTAT data, the chickpea production amounted to 17,192,188 tons
(United Nations Data Retrieval System, 2022). C. arietinum is a well studied crop for its nutritional value,
including lipids (Wallace et al., 2016). However, a great assortment of chickpea cultivars is available and
each of them may have its biochemical peculiarities. It should be noted that G x E interactions are generally
seldom explored for biochemical characteristics and, in addition, researchers have focused their efforts on
exploring heritability and environmental variability of fatty acid profiles in oil crops, like the common olive,
but pulses have been completely neglected in this respect. Previously, we determined fatty acid contents
in kabuli and desi seeds, which are a part of the collection of the National Centre for Plant Genetic
Resources of Ukraine (in press). Our next objective was to investigate the G x E interactions for total lipids
and major fatty acids in chickpea seeds. To our knowledge, it is the first (pilot) study to investigate G x E
interactions for these biochemical features of chickpea seeds.

Methods and Materials

Test accessions

Twenty-eight chickpea accessions from the collection of the National Center for Plant Genetic
Resources of Ukraine were studied (17 kabuli and 11 desi). Accessions that are used or planned to be
used in crossings and of interest for the chickpea breeding in the Eastern Forest-Steppe of Ukraine were
selected for this study. C. arietinum was grown in experimental plots of the Plant Production Institute named
after V.Ya. Yuriev of NAAS (eastern forest-steppe of Ukraine; Kharkivska Oblast, Kharkivskyi District; N
49°59'39", E 36°27'09") in compliance with conventional farming techniques. Seeds were harvested in
2018, 2019, and 2020. The hydrothermal coefficient (HTC), an indicator that is commonly used in Ukraine
to characterize meteorological conditions, was computed (Selyaninov, 2028). The weather conditions
during the chickpea growing period differed greatly in 2018, 2019 and 2020. 2019 with an optimal HTC of
0.63 was favorable for chickpea plants; 2020 (HTC = 1.60) was waterlogged, but precipitation was
distributed unevenly; 2018 (HTC = 0.43) had the harshest hydrothermal characteristics (Fig. 1).
Relationships between the studied characteristics and temperature/precipitation during the chickpea
vegetation phases are discussed below in the Result and Discussion section.
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Fig. 1. Meteorological conditions during the chickpea vegetation

Freshly harvested seeds were used for analyses. Whole seeds were milled on a laboratory mill LZM
(Olis, LLC, Ukraine). The test accessions were encoded as follows: G1-Rozanna; G2-Dniprovskyi 1; G3-
ILC 3279; G4-Kamila 1255; G5-Garbanzo 2; G6-Zehavit; G7-Luh 99/11; G8-Luh 101/11; G9-Alcazaba;
G10-UKRO001: 0502116; G11-Garbanzo 3; G12-CDC Vanguard; G13-UKR001: 0502059; G14-UKR001:
0502061; G15-Avatar; G16-L 273-18; G17-L 279-18; G18-L 292-18; G19-UD0500196; G20-Chornyi; G21-
UD0500022; G22-Krasnokutskiy 123; G23-UKR001: 0501960; G24-UD0502195; G25-Luch; G26-CDC
Ebony; G27-CDC Jade; G28-B-90.

Total nonpolar lipid content: Three samples of each accession were analyzed for each year. Lipids
were extracted from dried (to the constant weight) whole chickpea seeds (700-800 mg 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. The Soxhlet extractor (Cordial, China) was heated to 40°C (hot
extraction). After 6-hour incubation at 40°C, the solvent was evaporated under vacuum using a rotary
evaporator (lka, Germany). The percentage of oil in the initial sample was calculated using the following
formula:

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

Gas chromatography: Three samples of each accession were analyzed for each year. Fatty acid
methyl esters were prepared by the modified Peisker method (Peisker, 1964). Chloroform-methanol-96%
sulfuric acid mixture in a ratio of 100:100:1 was used for methylation. 30-50 pl of lipid extract was placed
in a glass ampoule; 2.5 ml 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 was added, and then 2 ml of distilled water
and 2 ml of hexane 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) processed with 10%
diethylene glycol succinate. 2 ul of hexane solution of fatty acid methyl esters was injected. Gas
chromatography was operated under the following conditions: nitrogen flow 30 mL/min; hydrogen flow 30—
35 mL/min; air flow 300 mL/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, US).

Data processing: The percentages of fatty acid methyl esters were calculated by internal
normalization. The data were statistically processed in MICROSOFT EXCEL and STATGRAPHICS PLUS.
The Mann-Whitney test was used for comparisons. Joint analysis of variance was applied to evaluate the
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genotype and environmental contributions to the variability. The G x E interactions were assessed using
Russell and Eberhart’s algorithm (Eberhart, Russell, 1966) and Wricke's ecovalence values (Wricke, 1965),
as described in (lvanenko et al., 1978).

Results and Discussion

We performed correlation analysis for fatty acids in the chickpea. There was a strong negative
correlation between oleic and linoleic acids (r=-0.89 — -0.95), which was expected, since in the plant
kingdom linoleic acid is synthesized via desaturation (dehydrogenation) of oleic acid (Bernard, 2014; Zhou
et al., 2017). There was also a strong negative correlation between oleic and linolenic acids (r=-0.67 — -0.84),
and it is known that linoleic acid is dehydrogenated to form linolenic acid (Tanhuanpaa, Schulman, 2002;
Timoszuk et al., 2018). The correlation between linoleic and linolenic acids was positive and either strong
(r=0.71in 2019) or moderate (r=0.52 and 0.62 in 2018 and 2020, respectively) in the chickpea accessions
under investigation. Oleic acid is synthesized from stearic acid (Benelli et al., 2017), but we observed no
significant correlation between these fatty acids in the chickpea. Absence of correlation between oleic and
stearic acids was also reported for sunflower (Izquierdo et al., 2006), for Brassica spp. and Brassica rapa
(Stefansson, Storgaard, 1969). There was a moderate negative correlation between oleic and palmitic acids
(r=-0.46 — -0.56). Palmitoleic is produced de novo by desaturation of palmitic acid (Cahoon, Shanklin,
2000), and we found a moderate positive correlation between these fatty acids (r=0.54-0.60) in the
chickpea. Palmitic acid is elongated to stearic acid (Vickery, Vickery, 1981), but there was no significant
correlation between these fatty acids. This is generally in line with a study on peanut (a weak correlation
was found in one population (Wang et al., 2015), rapeseed and mustard (a significant correlation was only
found for Brassica napus) (Islam et al., 2009), but it is in disagreement with the findings of Mustiga et al.
(2019), who revealed significant negative correlations between the levels of palmitic acid and the
downstream fatty acids: stearic (r=-0.74), oleic (r=-0.37), and linoleic acids (r=-0.05) in Theobroma cacao L.
beans. Eicosanoic acid is produced from stearic acid by elongation (Barker et al., 2007), and the correlation
between these fatty acids in the chickpea was positive and either strong (r=0.90 and 0.87 in 2018 and 2019,
respectively) or moderate (r=0.52 in 2020).

Thus, relationships between fatty acids may differ not only between species, but even between
populations within one species. Such complex patterns are most likely to be due to multiple factors (both
genetic and environmental ones) influencing the level of each fatty acid. Taking palmitic acid as an example,
one major quantitative trait locus (QTL) and three minor QTLs encoding genes of different isoforms of
stearoyl-acyl carrier protein desaturase were located (Zhang et al., 2015) in the chocolate tree. Eleven and
19 QTLs were identified for palmitic acid in two peanut populations (Wang et al., 2015).

The variations in the total lipid and fatty acid contents were low (<10%) or moderate (10-20 %),
according to classification of variation ranges (Chepur, 2015) (Fig. 2).

It should be noted that seeds of G7 (Luh 99/11) had an unusually high content of stearic acid. It was
statistically proven (ISO 16269-4:2010) that Luh 99/11 was an outlier in relation to the other genotypes
(Fig. 3). G27 (CDC Jade) was an outlier because of too low content of stearic acid. In plants, acyl carrier
protein (ACP) acts as the acyl carrier for fatty acid synthases (Harwood, 2005). The palmitoyl-ACP is
extended by two 2-carbon units to form the stearoyl-ACP by stearoyl-ACP synthase, which is a
multienzymatic complex composed of four enzymes (beta-ketoacyl ACP-synthase Il, enoyl-ACP reductase,
hydroxyacyl-ACP dehydrase, and enoylacyl-ACP reductase) (Harwood, 1996). So, the outlying values can
be caused by a mutation in the genes encoding these enzymes or in genes affecting their expression.

There were also outliers for other fatty acids as well as for total nonpolar lipids, though the fluctuations
were not as drastic as for stearic acid. CDC Jade was also an outlier for the linoleic acid content. As linoleic
acid production is catalyzed by fatty acid desaturase 2 (FAD2) (Bernard, 2014; Zhou et al., 2017), the
outlying content of linoleic acid in CDC Jade seeds may be explained by a mutation affecting expression of
this enzyme.

G24 (UD0502195) was an outlier because of higher content of palmitic acid. Palmitic acid synthesis
is accomplished in the following steps: the beta-ketoacyl-ACP is reduced by beta-ketoacyl-ACP reductase,
then dehydrated by beta-hydroxyacyl-ACP dehydratase, and further reduced by enoylacyl-ACP reductase
to produce butyryl-ACP. After further condensation with malonyl-ACP, butyryl-ACP is elongated by two C2
units by beta-ketoacyl-ACP synthase |. After seven cycles, palmitoyl-ACP is formed. So, mutations in any
of these enzymes can be a cause of the outlying data.
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Fig. 3. Box-and whiskers plots of the crude oil and fatty acid contents. A — stearic acid; B — linoleic
acid; C — palmitic acid; D — total nonpolar lipids. * — outlier; + — mean; notch — median

G21 (UD0500022) and G24 (UD0502195) were outliers due to a low content of total nonpolar lipids,
and there may be a lot of alterations responsible for this peculiarity.

A number of researchers confirmed the high heritability of fatty acid composition (Dabbou et al.,
2010; De la Rosa et al., 2016; Ripa et al., 2008; Salimonti et al., 2020). We analyzed the genotype and
environmental contributions to the variability of the lipid traits in C. arietinum seeds (Table 1).

Table 1. The genotype, environment and G x E interaction contributions to the variability of the total
nonpolar lipid and fatty acid contents in C. arietinum seeds (% of total)

Trait Genotype Environment G x E interaction
Total nonpolar lipid content 84.68 1.17 14.16
Palmitic acid content 82.90 4.49 12.17
Stearic acid content 89.99 0.05 9.97
Oleic acid content 63.3 10.50 26.09
Linoleic acid content 48.73 20.46 30.83
Linolenic acid content 87.69 1.53 10.87

Thus, the variability in the total nonpolar lipid content was not affected by the environment. The
environment did not contribute to the variability of the stearic acid content either. The environment
contributions to the variability of the palmitic and linolenic acid contents were statistically significant, but
low; that is why we observed not significant differences in these fatty acids between the cultivation years.
As to oleic and linoleic acids, the environment contributions to their variability were much higher, which is
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generally in agreement with other researchers’ data (see below). The ‘genotype-environment’ interaction
effects were also the most pronounced for oleic and linoleic acids.

We detected no significant differences in the palmitic or stearic acid levels, i.e. major saturated acids,
between the growing conditions (cultivation years). Brock et al. (2020) also showed that saturated (but not
unsaturated) fatty acid accumulation was unaffected by environment in gold-of-pleasure. Nevertheless,
many authors reported that increased temperature contributed to a rise in palmitic acid content (Falcone et
al., 2004; Lehrian et al., 1980; Mustiga et al., 2019; Liu, Huang, 2004; Wintgens, 1992). Martinez-Force et
al. (1998) found that all mutant (high-stearic and high-palmitic) sunflower lines increased palmitic acid
content at high growth temperature and almost all mutants increased stearic acid content at low
temperature, though one could expect a decline in all saturated fatty acids, including stearic, as a result of
a temperature drop. Rainfall and sunlight were also shown to affect the palmitic acid level (Mustiga et al.,
2019; Shen et al., 2018).

In our study, there were only statistically significant differences in the oleic and linoleic amounts
between the cultivation years (Fig. 4).

The oleic acid level was lower both in the kabuli and in desi accessions in 2020 and in 2018 than in
2019. The 2018 and 2020 years differed for the kabuli types only: the oleic acid content in kabuli seeds was
higher in 2018 than in 2020. An opposite trend was observed for linoleic acid: its content was higher both
in the kabuli and in desi accessions in 2020 and in 2018 than in 2019. The linoleic acid content was higher
in 2020 than in 2018. Such opposite changes seem to be quite logical, as in the plant kingdom linoleic acid
is synthesized via desaturation of oleic acid by FAD2 (Bernard, 2014; Zhou et al., 2017).

We analyzed these differences in the context of temperature and rainfall during different phases of
chickpea plant development. No consistent patterns were observed between the linoleic and oleic acids
contents and air temperature or precipitation amount during the "sowing-emergence” and "emergence-
anthesis” periods. However, there was a strong or moderate positive correlation between the oleic acid
content and the average air temperature during the “anthesis — maturity” period (r=0.84 (P<0.05) and r=0.60
(P<0.05) for the kabuli and desi types, respectively). Concurrently, there was a strong or moderate negative
correlation between the linoleic acid content and the average temperature during this period (r=-0.84
(P<0.05) and r=-0.70 (P<0.05) for the kabuli and desi types, respectively). This is in line with data obtained
on other crops. FAD2 activity depends on temperature in sunflower (Martinez-Rivas et al., 2000) FAD2
genes are known to play the direct role in adaptation to cold stress in different plant species (Dar et al.,
2017), including cotton (Kargiotidou et al., 2008), arabidopsis (Maeda et al., 2008), common olive
(Matteucci et al., 2011) and in soybean (Byfield, Upchurch, 2007). A FAD2-2 isoform was shown to be
involved in the response to drought in common olive (Hernandez et al., 2009, 2018). Levels of other
unsaturated fatty acids also tend to increase during cold adaptation. Soybean oil accumulated more
linolenic acid when plants were cultivated at a decreased temperature (Lanna et al., 2005). Liu et al. (2019)
hypothesized that palmitoleic acid may play an important role in developing upland cotton seeds, especially
under cold stress.

We also found a strong negative correlation between the oleic acid content and the precipitation
amount during the “anthesis — maturity” period (r=-0.95 (P<0.05) and r=-0.98 (P<0.05) for the kabuli and
desi types, respectively). In parallel, there was a strong positive correlation between the linoleic acid content
and the precipitation amount during this period (r=0.95 (P<0.05) and r=0.98 (P<0.05) for the kabuli and desi
types, respectively). These results are consistent with data reported for other crops. Water deficit caused
a decrease in the linoleic acid content in olive mesocarp. Analysis of the fatty acid composition in water-
deficient stressed Brassica napus showed decreased contents of linoleic and linolenic acids in phospholipid
fractions (Dakhma et al., 1995). Mekki et al. (1999) reported that drought stress increased the percentage
of palmitic acid. Water deficit stress also increased the stearic acid content in canola cultivars (Moghadam
etal., 2011).

The discrepancies between data of different authors and our data concerning saturated fatty acids
and palmitoleic or linolenic fatty acids can be explained by different stages of ontogenesis under
investigation or by different solvents used for lipid extraction. Petroleum ether extracts mainly nonpolar
lipids (triglycerides), while membrane lipids are amphiphilic, and mixtures for their extraction are to contain
polar solvents (with methanol being the most common one). At the same time, it is membrane lipids that
are supposed to respond to environmental changes (primarily to temperature). When temperature drops,
the composition of membrane lipids tends to become more unsaturated to maintain homeoviscosity. Thus,
the levels of petroleum ether-extracted lipids may not change in parallel with environment-induced general
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patterns in fatty acid composition. Further research is needed to elucidate if there are any relationships
between fatty acid profiles in membrane lipids from plants vegetating under different environmental
conditions and in lipids from mature seeds.
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Fig. 4. Plots of the mean contents of fatty acids versus average temperature and precipitation
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To analyze how the chickpea accessions respond to environmental changes, we applied Russell and
Eberhart’s algorithm (Fig. 5). A wide adaptability genotype is defined as one with bi=1 and high stability as
one with S2di=0. Here, we should emphasize that Russell and Eberhart’s method is usually used to evaluate
yield/performance, so high and stable yields are sure to be recognized as promising ones (Lule et al., 2014).
However, when discussing biochemical parameters, interpretation may differ. For example, high stability of
linoleic content may be beneficial with regard to seed quality and nutritional value, but detrimental to plants
in the context of adaptation to heat stress.
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Fig. 5. Biplot for regression coefficient (bi) and deviation from regression (S2di) stability parameters.
A — total nonpolar lipids; B — palmitic acid; C — stearic acid; D — oleic acid; E — linoleic acid; F — linolenic
acid. G — kabuli type, G — desi type
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Table 2. Wricke's ecovalence for the total nonpolar lipid and fatty acid contents in chickpea seeds

Genotype Total lipids Palmitic Stearic Oleic Linoleic Linolenic
G1 0.80 0.11 0.13 0.09 0.64 0.02
G2 0.08 0.42 0.02 0.39 0.41 0.02
G3 0.47 0.08 0.13 10.92 9.20 0.02
G4 0.81 0.10 0.02 21.10 21.31 0.16
G5 0.10 0.07 0.03 37.63 31.14 0.15
G6 0.48 0.58 0.05 8.28 3.75 0.03
G7 0.04 0.24 0.53 6.99 7.06 0.03
G8 0.03 0.16 0.11 7.16 3.93 0.02
G9 0.12 0.03 0.01 2.99 242 0.19
G10 0.07 0.44 0.12 28.33 16.51 0.08
G11 0.41 0.30 0.02 20.35 19.97 0.28
G12 0.17 0.61 0.03 33.48 30.03 0.01
G13 0.32 0.16 0.00 1.29 0.62 0.03
G14 0.32 0.16 0.04 1.27 0.47 0.13
G15 0.00 0.05 0.01 1.34 1.60 0.02
G16 0.75 0.05 0.01 9.17 7.88 0.01
G17 0.45 0.12 0.00 0.92 1.07 0.00
G18 0.16 0.26 0.03 0.20 1.17 0.00
G19 0.89 0.31 0.06 29.39 23.20 0.10
G20 1.62 0.07 0.00 8.12 7.80 0.00
G21 0.05 0.17 0.01 8.19 5.79 0.03
G22 0.20 0.71 0.03 5.60 6.69 0.01
G23 0.03 0.11 0.01 1.73 242 0.03
G24 0.61 0.21 0.00 2.25 0.81 0.03
G25 0.13 0.35 0.06 7.28 9.27 0.09
G26 0.38 0.04 0.02 3.61 3.66 0.20
G27 0.20 0.24 0.01 4.77 5.28 0.14
G28 0.40 1.48 0.01 14.12 9.35 0.26

The total nonpolar lipid content was the most sensitive to environmental changes in G20 (Choprnyi)
and the most resistant in G24 (UD0502195), with S2di values not significantly different from zero. The
palmitic acid content was the most sensitive to environmental changes in G12 (CDC Vanguard) and the
most resistant in G22 (Krasnokutskiy 123), with very low values of S2di, too. The other accessions also had
very low values of S2di, though with bi closer to 1. Thus, CDC Vanguard is adapted to environments favoring
high levels of palmitic acid (which may reflect adaptation to increased temperature), while Krasnokutskiy
123, vise versa, may be adapted to cool environments. It is noteworthy that the assumption about
Krasnokutskiy 123 was confirmed by multi-year field surveys, which showed that this cultivar better survived
during cool periods than other accessions. Similar considerations can be applied to stearic acid, though
different genotypes stood out with marginal values. The stearic acid content was the most sensitive to
environmental changes in G3 (ILC 3279) and the most resistant in G10 (UKR001: 0502116), with very low
values of S2di. It should be noted that G7 (Luh 99/11) had the highest S2di values for palmitic and stearic
acids, though they were not significantly different from zero, either. As to the oleic and linoleic acid contents,
the patterns were different. S?di values for oleic and linoleic acids were much higher than for saturated
ones. For example, for oleic acid, G16 (L 273-18) and G5 (Garbanzo 2) had bi of 2.41 and 1.84 and S2di
of 70.0 and 98.1 coupled with the mean content of 28.6% and 28.8%, respectively, meaning that these
genotypes may be adapted to decreased temperature. As for linoleic acid, G12 (CDC Vanguard) and G4
(Kamila 1255) had the highest values of S?di: 174.8 and 140.3, respectively, (bi of 2.07 and 1.88), with the
mean content of 57.5% and 55.6%, respectively. G16 (L 273-18) and G19 (UD0500196) also had fairly high
values of bi and S2di: 2.12 and 1.84, respectively, and 127.3 and 139.9, respectively. The mean content of
linoleic content in seeds of these chickpea accessions was 56.0% and 56.2%, respectively. Hence, much
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greater variability is intrinsic to oleic and linoleic acids in chickpea seeds as compared to other fatty acids,
which may be a consequence of membrane adaptability to temperature fluctuations. L 273-18, Garbanzo
2, CDC Vanguard, Kamila 1255, and UD0500196 were later acquired by the National Center for Plant
Genetic Resources of Ukraine and have not been yet tested for survival at decreased temperature. We
suppose that they can be adaptable to cool weather too, like Krasnokutskiy 123, but this supposition needs
further verification in the field. However, no clear patterns were observed for linolenic acid, which had near
zero S?di values and bi ranging from -3.25 (G26; CDC Ebony) to 4.62 (G9; Alcazaba).

The ecovalence (Wi?) is a measure of the G x E interaction. Wi? is equal to zero (or near zero) if
there is no (or negligible) G x E interaction. The Wricke's ecovalence values for the total nonpolar lipids,
palmitic, stearic and linolenic acids were generally in line with our conclusions on these characteristics
drawn from the other evaluation approaches: these parameters are little responsive to environmental
changes (Table 2). The S2di-Wi? correlation coefficients amounted to 0.96, 0.67, 0.98, 0.69, 0.63, and 0.85
for total lipids, palmitic, stearic, oleic, linoleic, and linolenic acids, respectively. As to oleic and linoleic acids,
Wi2 were much higher in many accessions, confirming the variability of these parameters depending on
growing conditions. G5 (Garbanzo 2) had the highest Wi? values for the oleic and linoleic acid contents,
attesting to high degrees of the G x E interaction for these characteristics, which was in agreement with the
assessment by Russell and Eberhart’'s method. G12 (CDC Vanguard) had the second highest value of Wi?
for linoleic acid, which also agreed with the assessment by Russell and Eberhart’s method. However, there
were some discrepancies for other genotypes: G12 (CDC Vanguard), G19 (UD0500196) and G10
(UKRO01: 0502116) (not G16 (L 273-18)) had the second, third and fourth highest values of Wi? for oleic
acid.

Conclusions

Correlation analysis revealed differently directed correlations of various strengths between fatty acids
in the chickpea accessions under investigation. The variations in the total lipid and fatty acid contents were
low or moderate. Seeds of Luh 99/11 had an unusually high content of stearic acid, making this genotype
an outlier in relation to the other genotypes. CDC Jade was an outlier because of too low content of stearic
acid. CDC Jade was also an outlier for the linoleic acid content. UD0502195 was an outlier because of
higher content of palmitic acid. UD0500022 and UD0502195 were outliers due to the low content of total
nonpolar lipids. The variability in the total nonpolar lipid content was not affected by the environment. The
environment did not contribute to the variability of the stearic acid content either. As to oleic and linoleic
acids, the environment contributions to their variability were much higher. There were only statistically
significant differences in the oleic and linoleic acid amounts between the cultivation years. There was a
positive correlation between the oleic acid content and the average air temperature during the “anthesis —
maturity” period and a negative correlation between the linoleic acid content and the average temperature
during this period. We also found a negative correlation between the oleic acid content and the precipitation
amount during the “anthesis — maturity” period and a positive correlation between the linoleic acid content
and the precipitation amount during this period. The palmitic acid content was the most sensitive to
environmental changes in CDC Vanguard and the most resistant in Krasnokutskiy 123. Thus, CDC
Vanguard may be adapted to environments with increased temperature favoring high levels of palmitic acid,
while Krasnokutskiy 123, vise versa, may be adapted to cool environments. The stearic acid content was
the most sensitive to environmental changes in ILC 3279 and the most resistant in UKR001: 0502116. For
oleic and linoleic acids, L 273-18 had the bi and S2di values coupled with the corresponding mean contents,
meaning that this genotype may be adapted to decreased temperature. The Wricke's ecovalence values
for the total nonpolar lipids, palmitic, stearic and linolenic acids indicated that these characteristics were
hardly responsive to environmental changes. As to oleic and linoleic acids, Wi? values were much higher
in many accessions, confirming the variability of these parameters depending on growing conditions.
Having the highest Wi? values, Garbanzo 2 is expected to show high degrees of the G x E interactions for
oleic and linoleic acids.
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OuiHka B3aemMopaii reHOTUN-cepeaoBULLE 3a O3HaKaMU BMICTY HENOMAPHUX ninigis

Ta XXUPHUX KUCIOT B HaciHHi HyTy (Cicer arietinum L.)
J1.I. PeniHa, O.€. BaxeHiHa, J1.H. KobuseBa, P.J1. BorycnaBcbkun, C.I". [ToHypeHkKo,
B.MN. Konomaubka, O.M. Beayrna, O.I'. CynpyH, H.K. Inb4yeHko, J1.A. Beyepcbka

B3aemogii reHoTtun-cepeposuile (I x C) 3a 03Hakamy BMICTy HEMOMAPHUX NiNiAIB Ta XXMPHUX KNCNOT BUBYaNuChL B 28
3paskax HyTy. 3aranbHui BMICT HEMNOMApHUX MNiniaiB BU3HaYanu 3a metoaukoo CokcreTa; XXUPHOKUCIOTHUIA cknag,
BMBYanu MeToAOM rasoBoi xpomaTorpadii. BCTaHOBMEHO CWMbHI HeraTmBHI Kopensuii MiXX BMICTOM OneiHOBOI Ta
NIHONEBOI KUCIOT, @ TakoX MiXX BMICTOM ONeiHOBOI Ta NiHONEeHOBOI kucnot. Kopensauis mix BMiCTOM niHONeBoi Ta
niHoneHoBoOi kucnoT 6yna nosuTMBHOW | cunbHO abo nomipHow. Kopensauii MK iHWWMKM  KncnoTamu
XapakTepuayBanuch pisHoHanpaBneHicTio Ta Oynu pisHoi cunu. Jlinia Jlyr 99/11 BusiBunacb BUKMAOM MO BifHOLLIEHHIO
[0 iHLWKMX reHOTUNIB Yepe3 He3BMYAMHO BUCOKUI BMICT cTeapuHoBOi kucnotu. Copt CDC Jade 6yB BUKMOOM yepes
HaA3BMYaMHO HU3bKUIA BMICT CTEapMHOBOI KUCMOTW Ta Hag3BMYaMHO BMCOKUI BMICT JiHONEBOI KMCNOTWU. 3pasok
UD0502195 6yB BMKnaoM Yyepes nigsuLLEHUA BMICT NanbMiTUHOBOI kucnoTu. 3paskn UD0500022 Ta UD0502195 Gynu
BUKMOAMU Yepe3 HU3bKUWA 3aranbHWiA BMICT HenonsipHux ninigis. HaBkonuwHe cepefoBuue He BMnMBano Ha
BapiabenbHiCTb 3aranbHOrO BMICTY HEMONsIPHMX nNinigiB, NpoTe BHECKM cepegoBulla B BapiabenbHIiCTb BMICTY
oneiHoBOI Ta MiHONEeBOi kncnot Bynu ayxe BUCOKMMU. BigMIHHOCTI Mk pokamu BupoLlyBaHHA Oynu CTaTUCTUYHO
3HaYyLUMU TiNbKM AN ONeiHOBOI Ta NiHONEBOI KMCNOT. BCTaHOBNEHO NO3NTMBHY KOPEMALi0 MK BMiICTOM ONeiHOBOI
KMCNOTK Ta CepedHbO TeMMnepaTypolo MOBITPS B nepiof “UBITIHHA — 3pinicTb” i HeraTMBHY KOPEnsLilo MK BMICTOM
NiHOMEeBOI KNCMOTN Ta cepeaHbOK TEMMNepaTypol 3a e nepiod. Tako BCTAHOBIIEHO HEraTUBHY KOPEensuilo Mix
BMICTOM ONEiHOBOI KACIOTU Ta CyMOK OnafiB B nepiog “UBiTiHHA — 3pinicTb” i MO3UTMBHY KOPEnsuito MK BMICTOM
NiHOMEBOI KACMOTK Ta CyMOI0 onagis 3a Lew nepiod. BmicT nanbMiTMHOBOI kucnotu 6yB HanbinbL YyTnMBMM A0 3MiH
HaBKONULLHLOro cepeoBuLla B HaciHHi copty CDC Vanguard i HanbinbLu CTiikMM B HaciHHI copTy KpacHOKyTCbKuii
123. BMicT cTeapuHOBOI KACNOTK ByB HanbinbLL YyTAMBAM 4O 3MiH HABKOMMWLLIHBOTO CepefoBuLLa B HaCiHHI copTy ILC
3279 i HanbinbLW cTikum B HaciHHi 3pa3ka UKR001:0502116. LLlo cTtocyeTbca oneiHOBOI Ta NMiHONEBOi KUCNOT, MiHig J1
273-18 xapakTepuayBanack 3Ha4eHHsAMU bi Ta S2di, ki y NoeaHaHHi 3 BiONOBIAHUMUN cepeHiMU 3HAYEHHAMU BMICTY,
03HavaloTb, L0 el reHOTUN MOoXe afanTyBaTUCh A0 3HWXKEHUX Temnepatyp. 3HadyeHHs ekosaneHTHocTi (Wi?) 3a
O3HaKamu 3aranbHuUA BMICT HEMONSAPHMX MinigiB, BMICT NanbMiTMHOBOI, CTEAaPUHOBOI i MIHONEHOBOI KUCIOT BKa3dyBanm
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NMPABUNA ONA ABTOPIB
XypHany «BicHuk XapkiBcbKoro HalioHanbHoro
yHiBepcuTeTy imeHi B. H. KapasiHa. Cepis «bionoris»

Y xypHani nybnikyoTbCs pesynbTaTu SOCNIOXEeHb 3a BCiMa HanpaMkamu GionoriyHmx Hayk. [o
ny6nikauii npunmarTbCa:
— 3aKiH4YeHi opuriHanbHi poboTu, Lo OOCi Hige He B1uaaBanucs;
— ONUCK OpuriHanbHUX MeToAiB Ta Npunaais;
— TEOPETUYHI Ta Orna4oBi cTaTTi;
— MaTepianu Ta NoBiAOMIIEHHS NMPO NOAil HAYKOBOrO XUTTS;
— peLueHsil Ha KHUI.

CTaTTi OpYKYOTbCS YKPAIHCLKOIO Ta aHrMiknCbKo MOBaMU.

TekcT eKkcnepuMMeHTarnbHOI CTaTTi Mae cknagatucss 3  HacTynHux po3ginis:  «Bctyny,
«MeTtoamka» («O0’ekTm Ta MeToAM [OCHIMKEHHNY), «Pesynbtatn», «O6GroBOpPeHHs» (MOXIUBUI
06’egHaHMI po3ain «Pe3ynbTaTv Ta 06roBopeHHs»), «lMepenik nocunaHby. TEKCTU cTaTel NOBUHHI ByTK
BUKOHaHi y pegaktopi Ms Word 3 BukopuctaHHam wpudty Arial — 10 pt; ab3ay — 1 cm; mixpagkosuin
iHTepBan — ogUHapPHWIA; NONSA: BEPXHE Ta HWKHE — 3,5 cM; niBe — 2,5 cm, npaBe — 2 cM. TeKkcT cTaTTi
nounHaeTbes 3 iHgekcy YK, nani 3asHavaeTbcsa, MOBO opuriHany, Ha3sa ctatTi (Arial — 12 pt), iHiuianu
Ta npissuwa astopiB (Arial — 10 pt), aHoTauia (Arial — 9 pt), cnucok knoyosux cnis (Arial — 9 pt). Oani
HaBOOUTBLCS aHIMINCbKOK MOBOK (SKLLO CTaTTd HamMcaHa yKpaiHCbKoW): Hasea ctatTi (Arial — 12 pt),
npi3BumLLa Ta iHigyianu asTopis (Arial — 10 pt), aHoTauia (Arial — 9 pt), cnucok kntodoBux cnie (Arial — 9 pt).
O6car KokHOI aHoTauil — He MeHL Hix 1800 oHETUYHUX cmBONiB. Tabnuui i pUCYHKM PO3MILLYHOTBECS Y
TekcTi. Ha3Bm Tabnuup i pUCyHKiB Ta NPUMITKM 40 HUX MOAAKTLCS YKPAiHCbKOK Ta aHriiCbKO MOBaMW.
lMocunaHHAa Ha niTepaTypy Yy TeKCTi NofalTbCa Y KPYrnMX Oy)KKax i3 BKadyBaHHAM Mpi3BuLLa aBTopa Ta
poKy BuAaaHHA. CnncoK BMKOPUCTaHUX Axepen odopMIIETLCA 3a andasiTom (cnoyatky — mxepena
Knpunuueto, NoTiMm — natuHuuero), 6e3 Hymepauii.

BibniorpadiyHmin onuc gxepen Ta nocunaHb Y TEKCTi BUKOHYETbCH BignosigHo no sumor MOH
Ykpainu, 3okpema — ACTY 8302:2015, ane y BapiaHTi, HabnmxkeHomy o Hopm ctunio APA (American
Psychological Association). lMpu onwuci gpykoBaHoro mxepena oOOB'SI3KOBO Crlig 3asHavaTu Mmicue
BMAAHHA (MICTO), BUOABHULTBO, PiK BUAAHHS, 3aranbHy KiflbKiCTb CTOPIHOK (Y NepioAMYHMX BUOAAHHSX —
cTopiHkm cTatTi). bibniorpadiyHun onuc mxepen adrnincokold Moot (References) odopmnioeTbes
BignosigHo go Hopm ctumto APA (American Psychological Association). [xepena nicna cnosa
«References» posTalwoByOTbCA 3a aHrniMcbknm andasitom, 6e3 Hymepadii. [lo nocnnaHe 060B'A3KOBO
Tpeba gogasatu DOI, AKLLO BiH NPUCBOEHUNA.

EnektpoHHi Bepcii cTatem HagcunawTbCA [0 pedakuii enekTpoHHow nowTow. Pasom 3
€MeKTPOHHOK BepcCield A0 pefakuii HaacunaeTbCs ApyKoBaHa Konis, nignucaHa asTopamu. Ha okpemin
CTOPIHLi BKa3yloTb Npi3BuLa Ta iHilianu ycix aBTopis, NOBHI Ha3BM HayKOBUX YCTaHOB Ta MNOLUTOBI agpecu
YyCTaHOB, afpecu eNeKTPOHHOI MOLITK aBTOpiB Ta nocunaHHa Ha ix npodini y mepexi ORCID. L
iHbopMaLLig HaBOOUTBLCA YKPaAiHCBKOK Ta aHrMinCbKo MOBaMMU.

Cratrs, €Kka HagxoauTb [0 pedakuii, peecTpyeTbCss Ta MNepenaeTbCsl pPeLeH3eHTaM, SKi
pPEKOMEHAYTb CTATTIO A0 nyb6nikauii ado BigxmnstoTs ii. [pu HasBHOCTI 3ayBaXkeHb CTATTHO MOBEpPTalTh
aBTOpam 4518 JoonpauoBaHHs.
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