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Productivity of Winter Garlic in the Left-Bank Forest-Steppe
of Ukraine and Molecular Genetic Polymorphism
of the Studied Varieties by ISSR Loci

Abstract. In Ukraine, the areas allocated to garlic cultivation are expanding and as of 2020
amounted to 1,100 hectares, which is driven by high profitability and steady demand in both domestic
and foreign markets. At the same time, the evaluation of current and new varieties of winter garlic
is important for further yield increase in this valuable crop. The purpose of the study is to evaluate
the genetic diversity of the studied varieties of winter garlic by ISSR loci and determine the most
productive ones in the conditions of the Left-Bank Forest-Steppe of Ukraine. Winter garlic varieties
Dyushes, Lyubasha and Ugorskyi (line 20-16) were used for the research. The largest marketable
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yield (14.1 t/ha) was obtained by growing winter garlic of the Lyubasha variety. The Ugorskyi variety
(line 20-16) provided a yield of 12.9 t/ha, the Dyushes variety 9.4 t/ha. The formation of the yield of
winter garlic by 12.3% depended on the characteristics of the variety, the impact of the growing
season made up 87.3%. The variety of winter garlic Ugorskyi (line 20-16) with As=73.8% was
agronomically stable (As>70%). Based on the above studies, allelic formulas (molecular genetic
passports) of winter garlic varieties Ugorskyi (Line 20-16), Lyubasha and Dyushes were formed.
The studied varieties of winter garlic contained several amplicons unique within the group under
investigation. In the Dyushes variety, the unique loci were UBC812725 and UBC 812902, and in the
Lyubasha variety UBC 812791 and UBC 842702. The 20-16 line had the most unique loci: UBC 812460,
UBC812997, UBC826682, UBC8341283, and UBC846920. The calculated Nei-Li similarity coefficients
indicate a close genetic distance between studied varieties of winter garlic. The varieties Lyubasha

and Dyushes are genetically closer to one another compared to Ugorskyi (line 20-16)

Keywords: garlic, variety, Lyubasha, Dyushes, Ugorskyi, yield, polymorphism

RELEVANCE

Garlic (Allium sativum L.) is an annual, herba-
ceous, cold-resistant plant that is distributed
throughout the Eastern Hemisphere, but most of
allin Asia Minor and Central Asia (Kovarovi¢etal.,
2019) Almost 10 million tons of garlic are grown
annually. The world's largest producers are China
and South Korea (Etana, 2018), as well as Egypt,
India, Turkey and Spain (Malik Geetika, 2017).

Due to its valuable properties, garlic is wide-
ly used for food and medicinal purposes (Shah
Faraz, 2018). In Ukraine, the increase in produc-
tion of this crop is mainly due to an expansion of
the crop cultivation areas. The cause of the weak
increase in winter garlic yields is its high con-
servatism and poor adaptability to growing con-
ditions due to the vegetative type of reproduc-
tion, which results in a limited production area
for the varieties created so far. For this reason,
local varieties of garlic, which are well adapted
to the ecological conditions of the region, are
grown in Ukraine and other countries. Evalua-
tion of existing and new varieties of winter garlic
is important for further increase of production
of this valuable crop both for the Left Bank For-
est-Steppe zone and for the whole of Ukraine.
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ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS
In Ukraine, the area of garlic cultivation amount-
ed to 1,100 hectares as of 2020. Its primary pro-
duction (about 49% of the crops) is concentrat-
ed in Vinnytsia, Chernivtsi, Zaporizhzhia and
Donetsk Oblasts. The yields and total harvests of
seed and food garlic in the country are still low -
8.6 tons per hectare (Mogylna et al., 2018).

There are about 600 cultivated varieties
of garlic in the world (Anonymus, 2018). Most
of them originated from a few basic types that
grew in different environments and acquired
unique characteristics over the centuries. At
the same time, varieties play an extremely im-
portant role in increasing and stabilising garlic
production. Their optimal selection can sig-
nificantly increase gross production, improve
product quality, and reduce the risk of plant
damage by pests and diseases (Pinto et al., 2000;
Kyryk, Pikovskyi, Azaiki, 2012; Kyryk, Pikovskyi,
Azaiki, 2016). For areas with more favourable
natural conditions, it is important to introduce
varieties with the appropriate genetic charac-
teristic that can form a high level of yield and
product quality.
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The purpose of the research is to evaluate
the genetic diversity of the studied varieties of
winter garlic by ISSR loci and to determine the
most productive cultivars within the conditions
of the Left-Bank Forest-Steppe of Ukraine.

MATERIALS AND METHODS

The research was conducted during 2016-2020
in the experimental field of the Department of
Fruit and Vegetable Growing and Storage of
the V.V. Dokuchayev Kharkiv National Agrarian
University, as well as at the Laboratory of Agro-
chemistry and Analytical Measurements of the
Institute of Vegetable and Melon Growing of the
NAAS of Ukraine. Winter garlic varieties Dy-
ushes, Lyubasha and Ugorskyi (line 20-16) were
used for the research. Field studies were con-
ducted in accordance with generally accepted
methods (era methodology, 2001). The experi-
ment included 2 biometric measurements. The
first measurement was carried out during the
bulb formation period, and the second during
the winter garlic harvest. The harvesting of gar-
lic was carried out once. Each plot brought in a
harvest that was weighed and counted.

The study of garlic DNA polymorphism us-
ing the polymerase chain reaction (PCR) meth-
od was carried out on the basis of the testing
laboratory “AGROGEN NOVO” in 2020.

DNA was extracted by the solid-phase
method using the Diatom DNA Prepl00 DNA
extraction kit. A lysis reagent with guani-
dine chloride was used to solubilize the cel-
lular debris and denature cellular nucleases.
In the presence of a lysis reagent, DNA was
sorbed onto a silica sorbent and washed from
proteins and salts with an alcohol solution.
DNA extraction was performed according to
the protocol described in the instructions for
the commercial kit “Diatom DNA Prepl00”
(http://www.galartdiag.ru/files/diatom_
dna_prep_100.pdf). The purity of the isolated
DNA concentration was determined using a
Shimadzu UV-1280 spectrophotometer (Japan)
at a wavelength of 260 nm.

ISSR (Intersimple Sequence Repeats) prim-
ers. The DNA polymorphism of garlic varieties
was studied using primers for intermicrosat-
ellite sequences developed at the University of
British Columbia (UBC, Canada) (Table 1).

Table 1. Nucleotide sequences of ISSR primers

Primer Nucleotide sequence 5’-3’ Primer Nucleotide sequence 5’-3’
UBC 803 (AT),C UBC 825 (AC),T
UBC 804 (TA),A UBC 826 (AC),C
UBC 807 (AG),T UBC 834 (AG) YT
UBC 810 (GA),T UBC 842 (GA),YG
UBC 812 (GA),A UBC 846 (CA),RT

Note: Y=pYrimidine (C or T); R=puRine (A or G)
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DNA amplification was performed using Ge-
nePaktm PCR core kits (Isogen, Russia). In tubes
from these kits containing lyophilised dry reac-
tion mixtures for PCR, 20 ng of extracted DNA,
0.2 pM primer was added, and then the reaction
mixture was brought to 20 pL with the solvent
from the PCR Kits.

PCR was performed in a TP4-PCR-01-"Tert-
sik” thermocycler (Russia) under the following
conditions: initial denaturation of DNA at 94°C
for 5 min; 40 amplification cycles under the fol-
lowing conditions for each cycle: denaturation
at 94°C - 40 s, hybridisation - 45 s — at 50°C (for
primers UBC 803, UBC 804, UBC 807, UBC 810,
UBC 812 and UBC 825), 52°C (for primers UBC
826, UBC 834 and UBC 846) or 54°C (for primer
UBC 842), elongation at 72°C - 2 min; final elon-
gation at 72°C - 7 min.

Amplification products were electro-
phoresed in a 1.5% ethidium bromide agarose
gelfor1.5h at 120 V. The Tris-EDTA-borate buffer
system used in the study was 0.09 M Tris, 0.09 M
H3PO03, 0.0031 M EDTA (pH 8.3). Visualisation of
the spectra of amplified DNA regions was per-
formed using a TCR-20 MS transilluminator
(France) followed by photographing the gels.
M combi (fragment sizes: 50, 100, 150, 200, 250,
300, 350,400, 450, 500, 600, 700, 800,900, 1000,
1200, 1400, 1600, 1800, 2000 bp) was used as a
marker for determining the size of amplicons.

The polymorphism of the spectra, as well as
the presence/absence of amplification products,
was assessed visually. Each amplification prod-
uct was considered as a marker of the corre-
sponding locus in the genomic DNA with a dom-
inant type of inheritance.

Amplicon sizes were calculated using a
demo version of the TotalLab TL120 software
package (http://www.totallab.com).

The level of polymorphism for each prim-
er was defined as the proportion of polymor-
phic loci of the total number of loci per primer,
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expressed as a percentage. The level of genet-
ic diversity of varieties was assessed using the
Nei-Li similarity coefficient (Dij), which was cal-
culated using the Phylip-3.69 software package
(Nei and Li, 1979). The matrix of Nei-Li similarity
coefficients was used for cluster analysis by the
Neighbor-joining method (NJ).

RESULTS

In 2017, according to the results of research, the
yield of winter Garlic of the Lyubasha variety was
9.2 t/ha (Table. 2), which is 1.9 t/ha or 26.0% more
than the control variant and is a significant dif-
ference (LSD,, = 0.65). The Ugorskyi variety had
a yield of 10 t/ha, which is significantly differ-
ent from the control variant and exceeded it by
3.2t/haor 43.8%.In 2018, the yield of winter gar-
lic of the Lyubasha variety was 16.1 t/ha, which
is significantly higher than the control variant.
The difference between the yield of the control
variant and the Lyubasha variety was 79 t/ha
(LSD,, = 342). The yield of the Ugorskyi winter
garlic variety was 134 t/ha, which is 5.2 t/ha more
than the Dyushes variety, which is a significant
difference.

On average, over the three years of research,
a higher level of marketable yield was observed
in the Lyubasha variety (14.1 t/ha), in the Ugor-
skyi variety 12.9 t/ha and 94 t/ha in the Dyushes
variety (control variant) (Table 2).

The analysis of the weather conditions over
the years of research shows that fluctuations
in air temperature and uneven precipitation
during the growing season largely caused
fluctuations in the yield of winter garlic. In 2017,
The HTC of the growing season of winter gar-
lic was 0.69, which can be considered slightly
arid. According to the results of this year’s re-
search, the yield of winter garlic averaged 9.0 t/
ha. The vegetation period of 2018 has not been
sufficiently moist (HTC=0.38). Under such con-
ditions, the average yield of winter garlic was



Productivity of winter garlic...

12.6 t/ha. The weather conditions of 2019 can be
described as dry (HTC = 0.65). According to the
study results, the yield of winter garlic under
these conditions was 14.84 t/ha (Table 2).

The analysis of variance found that the for-
mation of winter garlic yields by 12.3% depended
onthe characteristics of the variety (factor A), the
influence of the growing season conditions (fac-
tor B) was 87.3%, the combined effect of factors
AB - 0.5%, other factors (elements of cultivation
technology, etc.). According to the research, only

the Ugoskyi variety is stable: As=83.3%. The co-
efficients of agronomic stability of the Lyuba-
sha and Dyushes varieties are 69.4 and 55.2%,
respectively (Table. 2). These varieties of winter
shooting garlic are unstable. Thus, the value of
these indicators confirmed that the adaptive
capacity influenced the yield during the years
of cultivation. Furthermore, the yield of under-
ground bulbs of winter garlic showed signifi-
cant dependence on both the variety and the
weather conditions of the year.

Table 2. The yield of bulbs in winter arrow garlic varieties

Yield, t/ha Yield increase
. Coefficient of Agronomic
(AT Average stability, SF stability As
2017 2018 2019 t/ha %
Dyushes 7.3 8.2 12.7 9.4 0.0 0.0 1.74 55.2
(control)
Lyubasha 9.2 16.1 17.1 14.1 4.7 50.0 1.88 69.4
Ugorskyi
(line 20-16) 10.5 13.4 14.7 12.9 3.5 37.2 1.40 83.3
LSD ,, 0.65 342 | 284

These data are also confirmed by the coeffi-
cient of agronomic stability (As), which was pro-
posed by V.V. Hangildin. It characterises the re-
sistance of varieties to adverse conditions of the
growing season. A variety is considered stable if
As is over 70%. Over the years, the yield level of
the Dyushes variety ranged from 7.3 to 127 t/ha,
which caused a lower phenotypic stability
coefficientcomparedtoothervariants.Thesedata
arealsoconfirmedbythecoefficientofagronomic
stability (As), which characterises the resistance
ofhybrids tounfavourable conditions of the grow-
ing season (Sych, 2005; morphological.., 2006).

As a result of molecular genetic analysis of
winter garlic varieties Dyushes, Lyubasha and
Ugorskyi (line 20-16) using 10 ISSR primers, 65
loci were identified, 23 of which were polymor-
phic. The number of detected amplicons varied
depending on the primer and variety (Table 3).
Thus, 48 out of 65 possible loci were detected in
Line 20.16, and 57 loci each in varieties Lyuba-
sha and Dyushes.

The studied loci were found to be low pol-
ymorphic. The polymorphism level averaged
28.6% and ranged from none for primers UBC
810 and UBC 825 to 58.3% for primer UBC 812.

Plant and Soil Science (12)1
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Table 3. Molecular genetic polymorphism of garlic varieties revealed by ISSR analysis

Primer The numbe:r of el (el e Amplicon .size, minimum -
detected loci, pcs. maximum, bp.

UBC 803 no amplicons detected

UBC 804 no amplicons detected

UBC 807 8 25.0 354-1076

UBC 810 6 0.0 396-983

UBC 812 12 58.3 262-997

UBC 825 1 0.0 665

UBC 826 7 28.6 348-1020

UBC 834 11 36.4 206-1283

UBC 842 11 36.4 218-1265

UBC 846 9 44.4 336-1192
Total 65 On average 28.6

In the studied garlic varieties, the ampli- number, size, and level of expression. Figures 1
cons in the electrophoretic spectra differed in  and 2 show the electropherograms obtained.

UBC 807 M combi UBC 810 UBC 812

. UBC825
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Figure 1. Electropherogram of garlic DNA amplification products with primers UBC 807, UBC 810,
UBC 812, and UBC 825. M combi is a marker for determining the size of amplicons:

1- Ugorskyi (Line 20-16), 2 - Lyubasha variety, 3 - Dyushes variety

Plant and Soil Science (12)1 @\7 k
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Figure 2. Electropherogram of garlic DNA amplification products with primers UBC 826, UBC 834,
UBC 8421 UBC 846. M combi is a marker for determining the size of amplicons:
1- Ugorskyi (Line 20-16), 2 - Lyubasha variety, 3 - Dyushes variety

The use of primers UBC 803 and UBC 804
failed to produce amplification products. This
may be due to the fact that in the genomes of the
analysed garlic varieties, microsatellites with
sequences (AT),C and (TA),A, respectively, are
rare or absent, or the distance between inverted
repeats is too large for amplification in the mode
used here, i.e., more than 2000 bp.

The identification of 65 loci of intermicro-
satellite DNA repeats in winter garlic made it
possible to form allelic formulas of the studied

varieties that can be used as their molecular ge-
netic passports. To develop these passports, loci
were labelled with capital Latin letters, next to
which the size of the amplicon was indicated as a
lower index. Loci were labelled as follows:

A -UBC807 E-UBC826
B - UBC 810 F-UBC834
C-UBC812 G-UBC842
D -UBC 825 H-UBC 846

The resulting passports are shown in Table 4.

Table 4. Molecular genetic passports of winter garlic varieties

No. Cultivar

Genetic passport

1 | Ugorskyi (Line 2016)

206, 338, 475, 563, 660, 963, 1073, 1283

A354, 398, 655, 750, 954, 1076 B396, 470, 556, 725, 833, 983 262, 322,392,460 , 528,570, 677, 816, 997

Gus, 317,397, 512, 915, 1020, 1112

C * D E

665 348, 607, 682, 774, 934, 1020

Hass, 471,656, 920, 1065, 1192

A B
2 Lyubasha

338, 388, 475, 563, 660, 867, 963, 1073, 1230

354, 398, 438, 655, 750, 835, 954, 1076 396, 470, 556, 725, 833, 983 262, 322, 392, 528, 570, 677,791 — 665 348,473, 607, 774,934, 1020 ' 206,

218, 317, 397, 512, 637, 702, 775, 915, 1020, 1112, 1265

C D_ . E F

336, 471, 555, 656, 760, 940, 1065, 1192

B
3 Dyushes

A354, 398, 438, 655, 750, 835, 954, 1076 ~ 396, 470, 556, 725, 833,983 262, 322, 392, 528, 570, 725, 816,902 ~ 665 348, 473, 607, 774, 934, 1020

206, 338, 388, 475, 563, 660, 867, 963, 1073, 1230 G218, 317,397, 512, 637, 775, 915, 1020, 1112, 1265

C D E

H336, 471, 555, 656, 760, 940, 1065, 1192

Note: * - amplicons unique to the respective variety are highlighted in bold. A — UBC 807, B — UBC 810;
C-UBC812; D - UBC 825; E - UBC 826; F - UBC 834; G — UBC 842; H - UBC 846

Plant and Soil Science (12)1
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Notably, several amplicons unique within
the studied group were detected in the winter
garlicvarieties presentedin this study (Figs.1and
2, Table 3). In the Dyushes variety, the unique loci
were UBC812_. and UBC 812, and in the Lyuba-
sha variety UBC 812, and UBC 842, .. UgorsKkyi
(line 20-16) had the most unique loci: UBC 812,
UBC 812,,, UBC 826,,,, UBC 834,,.. UBC 846,
These plots can be used to develop more spe-
cific markers of the corresponding varieties.

The calculated Nei-Li similarity coefficients
indicate a close genetic distance between stud-
ied varieties of garlic. It should be noted that the
varieties Lyubasha and Duchesne were genet-
ically closer to one another (Dij=0.0009), com-
pared to Hungarian (Line 20-16) - Dij between
this line and each of the varieties was 0.0035.
The genetic similarity of the studied varieties
may be the result of the use of genetically uni-
form source material during the creation of
these varieties.

CONCLUSIONS

The largest marketable yield (14.1 t/ha) was ob-
tained by growing winter garlic of the Lyuba-
sha variety. The Ugorskyi variety (line 20-16)

provided a yield of 12.9 t/ha, the Dyushes vari-
ety 9.4 t/ha.

The formation of the yield of winter garlic
by 12.3% depended on the characteristics of the
variety, and the impact of the growing season
made up 87.3%.

The variety of winter garlic Ugorskyi (line
20-16) with As=73.8% was agronomically stable
(As>70%).

Based on the above studies, allelic formulas
(molecular genetic passports) of winter garlic
varieties Ugorskyi (Line 20-16), Lyubasha and
Dyushes were formed.

The studied varieties of winter garlic con-
tained several amplicons unique within the
group under investigation. In the Dyushes
variety, the unique loci were UBC 812725 and
UBC 812,,,, and in the Lyubasha variety, the loci
were UBC 812, and UBC 842, .. The 20-16 line
had the most unique loci: UBC 812, , UBC 812
UBC 826,,,, UBC 8341,,,,and UBC 846, .

The calculated Nei-Li similarity coefficients
indicate a close genetic distance between stud-
ied varieties of winter garlic. The varieties Ly-
ubasha and Dyushes are genetically closer to
one another compared to Ugorskyi (line 20-16).
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l.l. ApoBuin

[OKTOp cinbcbKOrocnofapcbknx Hayk, npodecop, 3asigysay Kabeapu

XapKiBCbKMIA HaLLiOHaNbHWI arpapHKiA yHiBepcuTeT im. B.B. [loky4yaesa
62483, c. [loky4yaeBCbKe, M. XapKiB, YKpaiHa

O.l. ®inimoHoBa

AcnipaHTKa

XapKiBCbKMI HaLiOHaNbHMI arpapHnin yHiBepcuTeT im. B.B. [loKky4aeBa
62483, c. [loKy4yaeBCbKe, XapkKiB, YkpaiHa

0.B. PomaHoB

KaHAmAaaT CinbCbKOrocnoaapCbkMx HayK, AOLEHT

XapKiBCbKMI HaLiOHAaNbHWMIA arpapHUiA yHiBepcuTeT im. B.B. Joky4yaesa
62483, c. [lokyyaeBCcbKe, M. XapKiB, YkpaiHa

.M. TopajieHko

KaHanAaT CiibCbKOroCnoAapCbKMX HayK, AOLEHT

XapKiBCbKM HaLLiOHaNbHWI arpapHMit yHiBepcuTeT im. B.B. [loky4yaesa
62483, c. [loky4aeBCbKe, M. XapkiB, YkpaiHa

MpoAyKTUBHICTb YaCHUKY O3UMOro B NiBO6epe)XXHOMY
nicocreny YKpaiHM Ta MOJIeKyNSIpHO-reHeTU4YHUM noniMmopoiszm
Aocnig)XyBaHMUX copTiB 3a ISSR-nokycaMm

AHoTauia. B VrpaiHi miomy, BiiBefeHi Imifi BUpPOLUIyBaHHA YACHUKY, PO3IIMPIOIOTHCI i CTAHOM
Ha 2020 pir ckmanau 1100 ra, U0 3yMOBJIEHO BMCOKOI PEHTA6eNbHICTIO Ta CTIMKUM IIOIIUTOM SK
Ha BHYTPIIIHBOMY, TaK i Ha 30BHIIIHbOMY pHHKaX. BogHo4Yac OLiHKa iCHYIOUMX Ta HOBHUX COPTIB
YaCHUKY 03UMOI'0 Ma€ B)KJIMBE 3HaUEeHHS /)15 [I0AAJIbIIOTO TiABUIIeHHSA BPOXKaMHOCTI IIi€l IIIHHOI
KyJIBTypU. MeTa pobOTH - OLIHUTH TeHEeTUYHE Pi3HOMAaHITTA AOCIiAKyBaHUX COPTIB YaCHUKY
031MOTO 3a ISSR-JTOKycaMy Ta BUSHAYWTY HAM6iIbII TPOAYKTHUBHI 3 HUX B yMOBax JIiIBOGepesKHOTO
JlicocTeny VKpalHW. [14 AOCHiAyKeHb BUKOPHUCTOBYBaJIM COPTU YaCHUKY O3MMOro [liolec,
JIrobaima ta Vropcbkui (nidisg 20-16). Haii6ibiy ToBapHy BpOXKauHicTh (14,1 T/ra) 6y/10 OTpHMaHO
[IpY BUPOIIYBaHHI YaCHUKY 03MMOT0 copTy Jlrobamra. CopT Vropchbkuii (miHia 20-16) 3abe3mnedns
ypOsKaMHicTh 12,9 T/ra, copt [diomiec - 9,4 T/ra. PopMyBaHHA BpOXXaMHOCTI YaCHUKY 03UMoro Ha12,3%
3aJIeJKasIo Bifi 0cOBIMBOCTEN COPTY, BIUIMB BET€TAL[MHOTO IIepiofly CTAHOBUB 87,3%. COPT YaCHUKY
03uMoro YropchKuii (n1iHig 20-16) 3 As=73,8% 6yB arpoHOMIYHO cTabinbHuM (As >70%). Ha ocHOBI
MIPOBENeHNX HOCIIIKeHb cHOPMOBAHO ajesibHi GopMynu (MOJIEKYIAPHO-TeHETHUYHI TacIopTH)
COPTiB YaCHUKY 03UMOr0 Yropchruii (miHis 20-16), Tro6arra ta Jiourec. JOCTiIKyBaHi COPTH YaCHUKY
03MMOTI0 MICTMIIU JeKijbKa aMIUIIKOHIB, VHIKaJbHUX y MeXKax OOCIiAKyBaHOI IPylu. Y COPTY
[iolrec yHiKaJIbBHUMU JIOKycaMu BUABMIKCcS UBC812725 ta UBC 812902, a y copty Jlobamia - UBC
812791 Ta UBC 842702. Haribinblile yHiKaJIBHUX JIOKYCiB Masta JiHisg 20-16: UBC 812460, UBC812997,
UBC826682, UBC8341283 Ta UBC846920. Po3paxoBaHi KoedillieHTn rozi6HocTi Nei-Li cBiguaTs mpo
6J113bKY T€HETHYHY BiICTaHb MDK JOCTiIPKYBAaHUMY COPTAMU 03UMOTO YacHUKY. CopTu JIfobaia Ta
Jroliec reHEeTUYHO BJIVKYI OMUH 10 OMHOTO IIOPIBHAHO 3 COPTOM YropChbKuUi (J1iHig 20-16)
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