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Abstract. Molecular and biochemical markers are used to analyze the intraspecific genetic diversity of crops.
Prolamin-coding loci are highly effective for assessing this indicator. On the basis of the Laboratory of Varietal
Seed Identification of the State Agrarian University of the Northern Trans-Urals, 18 varieties of common oat
included in the State Register of Selection Achievements in the Tyumen Region from the 1930s to 2019 were
studied by electrophoresis in 2018-2019. The aim of the work was to study the dynamics of the genetic diversity
of oat varieties at avenin-coding loci. For the analysis, 100 grains of each variety were used. Electrophoresis was
carried out in vertical plates of 13.2 % polyacrylamide gel at a constant voltage of 500V for 4.0-4.5 h. It was found
that 44.4 % of the varieties are heterogeneous, each consisting of two biotypes. For three loci, 20 alleles were
identified, 10 of which were detected for the first time. The allele frequency of avenin-coding loci varied with
time. In the process of variety exchange, alleles that are characteristic of varieties of non-Russian origin were re-
placed by alleles present in domestic varieties and then in the varieties developed by local breeding institutions.
The following alleles had the highest frequency in Tyumen varieties: Avn A4 (50.0 %), A2 (25.0 %), Avn B4 (50.0 %),
Bnew6 (37.5 %), Avn C1 (37.5 %), C2 and C5 (25.0 %). These alleles are of great value as markers of agronomically
and adaptively important characters for the region in question. The amount of genetic diversity of oats varied
with time from 0.33 in 1929-1950 to up to 0.75 in 2019. The high value of genetic diversity in modern breeding
varieties of the Scientific Research Institute of Agriculture of the Northern Trans-Urals and an increase in this
indicator over the past 20 years are associated with the use of genetically heterogeneous source material in the
breeding process. This allowed obtaining varieties with high adaptive potentials in the natural climatic condi-
tions of the region.
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AHHoOTauuAa. [InA aHanmsa BHYTPVBMAOBOIO FeHETUYECKOro Pa3HOOOpPasnA CeibCKOXO3ANCTBEHHbIX KynbTyp
NPVIMEHAIOTCA Pa3HOO6Pa3Hble MONEKYNAPHbIE Y BMOXMMUYECKNE MapKepbl. Bbicokon 3¢pdeKTUBHOCTbIO Npu
OLleHKe 3TOro nokasatens obnagatoT NponaMuH-KoOAMpYoLime NokKychl. Ha 6a3e nabopatopun COPTOBON NAEH-
TMPMKaumn cemaH focyaapcTBeHHOro arpapHoro yHmeepcuteta CeBepHoro 3aypanbsa B 2018-2019 rr. meTogom
anekTpodopesa nccnefoBaHbl 18 COPTOB OBCA MOCEBHOIO, BKIOUYEHHbIX B [OCYapCTBEHHDbIN peecTp ceneKkuym-
OHHbIX JOCTUMKeHWI No TiomeHcKom ob6nacTn ¢ 1930-x rr. 4o 2019 1. Lienbto paboTbl 6b110 N3YyUnTb AUHAMUKY FeHe-
TUYeCKoro pasHoobpasna COPTOB MO aBEHNH-KOANPYIOLMM fIoKycam. [Ana aHanm3a ucnonbsosanu no 100 3ep-
HOBOK Ka)K[oro copta. JnekTpodopes NpoBOAUIM B BePTUKaNbHbIX MiacTuHax 13.2 % nonnakpunammgHoro
rena npy NoCToAHHOM HanpskeHun 500 B B TeyeHune 4.0-4.5 u. YcTaHOBNEHO, UTO 44.4 % COPTOB reTeporeHHbl
N COCTOAT 13 ABYX 61MOTVNOB. [1NA Tpex NoKycoB mnaeHTnduumpoaHo 20 anneneid, 10 13 KOTOPbIX BbIABIEHbI
BrepBble. YacToTa BCTpeyaemMoCTu annenern aBeHH-KoANPYOLWNX TOKYCOB U3MeHANacb C TeYeHEM BPeMEHN.
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Annenw, xapakTepHble [1A COPTOB UHOCTPAHHOTO MPOVCXOXAEHNSA, B MPOLecce COPTOCMEHbI 3aMeCTUNCh an-
nenamu, NPUCYTCTBYIOLWMMN B OTEUECTBEHHbIX COpTaX, a 3aTeM B COpPTaX MEeCTHbIX CENeKLMOHHbIX yupexae-
HUIA. Hanbonbluylo 4acToTy BCTPEYAeMOCTU B COpTaxX TIOMEHCKOW cenekummn umenu annenu Avn A4 (50.0 %),
A2 (25.0 %), Avn B4 (50.0 %), Bnew6 (37.5 %), Avn C1 (37.5 %), C2 n C5 (25.0 %). 3Tn annenn nmetoT 60nbLuyio
LIeHHOCTb Kak MapKepbl XO3ANCTBEHHO LIEHHbIX 1 afAanTMBHO 3HaYMMbIX MPU3HAKOB. BennumHa reHetnyeckoro
pa3HoO0bpa3smsA B COPTax OBCa M3MEHSANACh C TeueHnem BpemeHn ot 0.33 B 1929-1950 rr. o 0.75 B 2019 r. Bbico-
Koe 3HayeHue reHeTMYeckoro pasHoobpasuna B COBPEMEHHbIX CopTax cenekuum HayuyHo-nccnefoBaTenbCckoro
MHCTUTYTa CenbcKoro xo3ancTea CeBepHOro 3ayparnbsa, a Takxe yBenmnyeHmne 3Toro rnokasatens Ha npoTaXeHUn
nocneaHux 20 neT cBA3aHbl C UCMOMIb30BaHNEM B CENTEKLIVIOHHOM NpoLiecce reHeTUYeCKN Pa3HOPOAHOTO NCXOf-
HOro matepuarna. 3To NO3BOJIMIIO MOJTyYUTb COPTa, 06NafjaloLMe BbICOKMM afanTUBHLIM MOTEHLMANoM B Npu-

POAHO-KNNMATUYECKNX YCITOBUAX AAHHOTO permoHa.

KntoueBble cfioBa: 0BEC; COPT; 3neKTpodopes; 3anacHble 6eKum; aBEHNH; aBEHNH-KOAUPYIOLYME IOKYCbI; annenb;

reHeTn4yeckoe pa3H006pa3V|e.

Introduction

Common oat (Avena sativa L.) is a valuable agricultural
crop used both for food and animal feed (Barsila, 2018).
An important factor in increasing the production of oat is
the creation of new intensive type varieties characterized
by high productivity and environmental sustainability
(Goncharenko, 2016). In the Tyumen region, breeding
work with this culture is very active. From the first half of
the twentieth century to the present, 18 varieties of spring
oat have been included in the State Register of Selection
Achievements in the region. In 1993, the first variety of
local breeding, Megion, was regionalized. The proportion
of varieties created by the Scientific Research Institute of
Agriculture of the Northern Trans-Urals in the region’s
crops has since been constantly increasing. Nowadays,
only varieties of local breeding are included in the State
Register of Selection Achievements in the region.

However, active breeding can lead to a decrease in the
genetic diversity of the species. This is due to the frequent
involvement of the same genotypes in the breeding pro-
cess to enhance specific agronomic characters. A decrease
in genetic diversity negatively affects the resistance of
populations to diseases and the populations’ ability to
adapt to changing environmental and climatic conditions
(Novoselskaya-Dragovich et al., 2007; Afanasenko, No-
vozhilov, 2009; Goncharenko, 2016).

A variety of molecular and biochemical markers are
used to analyze intraspecific genetic diversity (Konarev et
al., 2000; Montilla-Bascon et al., 2013; Shavrukov, 2016;
Scheben et al., 2017). Prolamin-coding loci are very effec-
tive for assessing this indicator (Che, Li, 2007; Melnikova
etal., 2010; Kudryavtsev et al., 2014; Lyalina et al., 2016;
Lyubimova, Eremin, 2018a; Zobova et al., 2018; Utebayev
et al., 2019). Prolamins of oat (avenins) are inherited as
blocks and are controlled by three independent loci: Avn 4,
Avn B and Avn C, located in three homeologous chromo-
somes of group A (Portyanko et al., 1987, 1998). Due
to the high level of avenin polymorphism, almost every
oat variety, biotype, or line is characterized by a unique
component composition of storage proteins (Loscutov,
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2007; Lyubimova, Eremin, 2018b). This allows analyzing
the individual allele frequency of avenin-coding loci, the
dynamics of changes in their occurrence in time and space,
and also assessing the genetic transformations that occur
under the influence of prolonged artificial selection.

The aim of the work is to study the dynamics of genetic
diversity at avenin-coding loci in common oat varieties
included in the State Register of Selection Achievements
in the Tyumen region from the 1930s to the present for
assessing the effectiveness of selection work carried out
in the region.

Materials and methods

The studies were carried out in the Laboratory of Varietal
Seed Identification of the Agrobiotechnological Center
of the Northern Trans-Urals State Agrarian University in
2018-2019. Eighteen varieties of common oat included in
the State Register of Selection Achievements in the Tyumen
Region since 1929 were studied (Table 1).

Plant material was provided from the collection of the
Federal Research Center N.I. Vavilov All-Russian Institute
of Plant Genetic Resources and the institution-originator
of varieties, the Scientific Research Institute of Agriculture
of the Northern Trans-Urals, a Branch of the Tyumen Sci-
entific Center of Siberian Branch of the Russian Academy
of Sciences.

For laboratory analysis, 100 grains of each variety selec-
ted by random sampling were used. For one-dimensional
electrophoresis of avenins, a published technique (Portyan-
ko et al., 1998) with modifications was used. Proteins were
extracted from individual crushed grains by adding 90 pl
0f 70 % ethanol. The obtained extract was centrifuged, and
300 pl of methylene green dye was added to it. Protein ex-
tract (22 pl) was added to the polyacrylamide gel. Gel com-
position: 13.17 g of acrylamide, 0.66 g of N,N'-methylene-
bis-acrylamide, 7.17 g of urea, 2.0 mg of iron sulfate (II1),
80.0 mg of ascorbic acid, and 0.26 g of aluminum lactate.
All reagents were dissolved in 100 ml aluminum-lactate
buffer (pH 3.1). Acrylamide polymerization was initiated
by adding 25 pl of 15 % hydrogen peroxide to 75 ml of
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Table 1. Varieties of common oat included in the State Register of Selection Achievements in the Tyumen region (1929-2019)

VIR catalog Variety Origin Year Year of removal Total in regionalization
number of regionalization from regionalization  (years)
7 9 6 5 .................... S eger ....................................... S Weden ............................. 1929 ............................... 1 963 ................................. 3 4 ......................................

7947 .................... G O|denRam 1929 ............................... ]976 ................................. 4 7 ......................................

8494 ................... O mhafer 1939 ............................... 1982 ................................. 4 3 ......................................

8256 ................... U damlk883 ............................ K rasnoyarSkreglon .......... 1957 ............................... 1960 ................................. 3 .........................................

2874 ................... N Idar ....................................... N orway ............................. 1957 ............................... 1963 ................................. 6 ........................................

1 1 1 32 ................. S everya m n .............................. A rkhange |Sk re g Ion ......... 1966 ............................... 1 974 ................................. 8 ........................................

”717 ................. S korospem ............................. K Irovreglon ...................... 1974 ............................... 1981 .................................. 7 ........................................

”122 ................. N arymskU943Tomskreg|on ................... 1975 ............................... 1996 ................................. 2 1 .......................................
12245Tay02hmk 1977 ............................... 2 001 .................................. 2 4 ......................................
11379Ast0r ....................................... N etherlands ..................... 1978 ............................... 2 OOO ................................. 2 2 ......................................

1 1 5 84 ................. S e|ma ...................................... S Weden ............................. 1981 ................................ 1 993 ................................. 12 ......................................

13478 ................. P erona ..................................... N etherlands ..................... 1985 ............................... 2 018 ................................. 3 3 ......................................

14039 ................. M eglonTyumenreglon ................. 1993 ............................... _ ........................................ 2 6 ......................................

1 40 31 .................. N ov OS, bIrSkU . 88 ..................... N Ovos|b"sk reg, 0 n .......... 1994 ............................... 2 004 ................................. 10 ......................................

14784TyumenskugobzyomyjTyumenreglon ................. 2 000 ............................... _ ........................................ 1 9 ......................................

14785Tahsman ................................. 2002 ............................... _ ........................................ 1 7 ......................................

15380 ................. o trada .................................... 2014 ............................... _ ........................................ 5 .........................................

15451 .................. F oma ...................................... 2015 ............................... _ ........................................ 4 ........................................

a gel solution. Electrophoresis was carried out in vertical
electrophoretic chambers with dimensions of the formed
plates of 17.8x17.8 x0.15 cm (VE-20, Helicon, Russia) for
4.0—4.5 h at a constant voltage of 500 V. To fix and stain
the gel, a 10 % solution of trichloroacetic acid with the ad-
dition 0f 0.05 % Coomassie brilliant blue R-250 in ethanol
was used. Identification of allelic variants of component
blocks controlled by avenin-coding loci was carried out on
the basis of a catalog developed by V.A. Portyanko et al.
(1987). Astor common oat (4vn A2 B4 C2) were used as a
standard. In case the detected block was not in the catalog,
it was marked with a “new” mark.

In order to assess the dynamics of the change in the
genetic diversity of oat varieties over time, all the studied
samples were grouped. One group included varieties cul-
tivated in the same ten-year period. The gene diversity at
the locus (H) was calculated for each group of varieties
separately according to the following formula:
H=-Tox(1-X7, p?),
where p; is the population frequency of the i-th allele; & is
the number of locus alleles; 7 is the sample size (Nei, 1987).
To calculate the average gene diversity (H), the number

of alleles per locus was averaged over all loci. The calcu-
lations were performed using the Arlequin Ver 3.5.2.2 pro-
gram (Copyright 2015 L. Excoffier. CMPG, University
of Berne).

Results

As aresult of the studies, it was found that 8 (44.4 %) of the
18 analyzed varieties were heterogeneous in the composi-
tion of avenin. Seger, Golden Rain, Omhafer, Severyanin,
Narymskij 943, Tayozhnik, Megion and Otrada varieties
consisted of two biotypes. These varieties are characterized
by the presence of several alleles at one or more avenin-
coding loci. In the genetic formula, such states of loci were
recorded with the “+”” sign (Table 2). In subsequent calcu-
lations, each biotype was considered by us as a separate
sample. A total of 26 samples were examined.

An analysis of the electrophoretic spectra of avenin al-
lowed us to describe the genetic formulas for each of the
studied varieties. Altogether, 8 alleles were detected for the
Avn A locus; 7, for the Avn B locus; and 5, for the Avn C
locus. It should be noted that some of the combinations
of avenin components that we found were absent in the
catalog of genetic nomenclature. To identify new blocks
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Table 2. Alleles of avenin-coding loci of common oat varieties
included in the State Register of Selection Achievements in the Tyumen region (1929-2019)

Variety Number of biotypes Alleles of the avenin-coding locus
AvnAAvnBAan .................................
Seger .................................................. 2 2+neW9 .............................. 1neW3 ..................................
Go|denRa|n ....................................... 2 2 ........................................... 12+new8 ............................
Omhafer ............................................. 2 ............................................... n ew9 ................................... 12+neW8 ............................
Udam|k383 ....................................... 1 ............................................... n eW” .................................. n ew93 .........................................
N|dar ................................................... 12 ........................................... 12 .........................................
Severyanin > newll+newi2 | new9+newio 3
Skorospelyj ........................................ 1 ............................................... n eW;z ................................. n ew103 .........................................
NarymskU943 .................................... 2 5+2 ..................................... 7+4 ..................................... 1+2 ...................................
TayOthk ........................................... 2 2+1 ..................................... n ewgz .........................................
Astor ................................................... 1242 .........................................
se|ma ................................................. 1 ............................................... n ew9 ................................... 73 .........................................
perona ................................................ 1442 .........................................
Meg|on ............................................... 2 2+neW” ............................ n ew65 .........................................
Novos|b|r5kU88 ................................. 1242 .........................................
Tyumenskij golozyornyj 2 news 3
Ta||5man ............................................. 1442 .........................................
Otrada ................................................ 2 ............................................... n eW’0+44 ........................................... 1 .........................................
Foma ................................................... 14 ........................................... n ew7 ................................... 1 .........................................

Table 3. The allele frequency of avenin-coding loci of common oat varieties, %

Locus  Allele Years

AvnA 1 0 0 0 0 83 125 10.0 125 0
2 600 600 s00 444 417 75 500 500 50
S e p— p— e p— i — S — g — g —
B S S — — S S — e e
‘news 400 400 375 33 67 125 100 o o o
s e — i S e i e p— —— e
newil 0 o 25 o 83 o 00 125 125
e — p— — — e e e

amB 1 1000 1000 85 778 47 %0 200 o o
e i L e e oL et e e
e — — S p— p— p— — g —
e S — — S — e 2 e
e — — — e e p— e
e — o e p— g— gE— s
e S o S S e e e

e S — e e e — — — —— o
2 333 33 375 33 500 625 600 625 50
e e S e e — p— e — e — i
S e — p— g— g— e — S e
e R e — g— i
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Fig. 1. The dynamics of the regionalized assortment of common oat
in the Tyumen region (1929-2019).

Varieties: 7 - of foreign breeding; 2 - of domestic breeding; 3 - of local
breeding institutions.

of components, it is necessary to conduct a hybridological
analysis and assess the nature of the inheritance of avenin
components. However, we highlighted the alleged blocks
of components, each of which was assigned a number
following the blocks previously described in the catalog.
A “new” mark was added before the number of each of the
proposed blocks.

To assess genetic diversity at different time intervals,
we calculated the allele frequency of avenin-coding loci
(Table 3).

Different alleles predominate in different groups of va-
rieties. For the Avn A locus, only alleles 2 and new9 were
found before 1950. However, the frequency of their occur-
rence began to decrease with the appearance of domestic
varieties and then varieties of local breeding in the crops
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of the region (Fig. 1). Alleles 7, 5 and new!2 were charac-
teristic of varieties cultivated from 1960 to 2010, and are
no longer found today. Allele 4 (50.0 %) is currently the
most widespread; allele 2 accounts for 25.0 %; newl/ and
newl2, for 12.5 % each.

For the Avn B locus of modern oat varieties, alleles 4
(50.0 %) and new6 (37.5 %) predominate; new? is found
with a frequency of 12.5 %. Alleles I, news, new9 and
new!0, which are characteristic of varieties of foreign and
domestic breeding, but not found by us among the varieties
of local breeding, are completely eliminated.

A similar situation is observed for the Avn C locus: al-
lele new8, which occurred with a frequency of 66.7 % in
1929-1950, is currently replaced by alleles 7 (37.5 %),
5(25.0 %) and 3 (12.5 %). It is necessary to pay attention
to allele 2, the presence of which in varieties has been
noted at all periods of cultivation ever since 1929. This
allele frequency ranged from 25.0 to 62.5 %. Nowadays,
this allele is presented in 25.0 % of the varieties. The same
feature was noted for allele 2 of the Avn A4 locus.

The value of genetic diversity, calculated on the basis
of data on the allele frequency, also changed over time
(Fig. 2).

This indicator was minimal before 1950 (0.38), when
only three varieties of oat were cultivated in the region:
Seger, Golden Rain and Ombhafer. Subsequently, with the
advent of new varieties in the region’s crops, the value
of genetic diversity increased, reaching its maximum in
the period from 1970 to 1980 (0.78). During this period
of time, an active variety exchange was carried out in the
region — Seger, Udarnik 883 and Nidar were removed from
regionalization, and they were replaced by Skorospelyj,
Narymskij 943, Tayozhnik and Astor varieties bearing new
alleles of avenin-coding loci. The period 1970-1980 was

1.00 -
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0 ~ —
N ~ N ~ =
IS © IS o 0
0.80 F S S L
o
3 2
IS m 3
>
*é‘ § —— 4
g 060 pt
2
o © 2
2 = "
& o040} e °
0.20 I
0
1929-1940 1940-1950 1950-1960 1960-1970 1970-1980 1980-1990 1990-2000 2000-2010 2010-2019
Years

Fig. 2. Genetic diversity of oat varieties by avenin-coding loci.

Locuses: T —Avn A; 2 - Avn B; 3 - Avn C; 4 - average gene diversity.
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characterized by the largest variety of allelic variants in
varieties — 15 alleles were found at three 4vn loci (Table 3).
Subsequently, in the process of replacing foreign varieties
with domestic ones, the indicator of genetic diversity de-
creased to 0.70 by 2010. A decrease in diversity was caused
by the exclusion from regionalization of a large number
of varieties bearing alleles not found in varieties of local
breeding. However, to date, there has been an increase in
average gene diversity to 0.75.

Discussion

As aresult of our analysis using multiple alleles of avenin-
coding loci, we described the genetic formulas for 18 va-
rieties of common oat included in the State Register of
Selection Achievements in the Tyumen region. It was
established that the heterogeneity of varieties is 44.4 %.
The presence of several biotypes increases the adaptive
potential of the variety (Metakovsky, 1990; Novoselskaya-
Dragovich et al., 2013), which is extremely important in the
natural climatic conditions of the Tyumen region, which is
a risky farming zone.

In some varieties, identical prolamin spectra were found.
Thus, the first and second biotypes of Golden Rain are
identical to Seger (I biotype) (2. I.new8) and Nidar (2.1.2),
respectively. The second biotype of Seger coincided with
the second biotype of Omhafer (new9.1.news). The first
and second biotypes of Severyanin coincide with Udarnik
(newll.new9.3) and Skorospelyj (newi2.newl(.3). The
same types of spectra are characteristic of the second bio-
type of Narymskij 943 as well as Astor and Novosibirskij
88 (2.4.2); the spectra of Perona and Talisman (4.4.2) co-
incide. As a result of the analysis, it was found that only 10
(38.5 %) of the 26 studied genotypes are variety-specific.
This is a fairly low rate.

The identity of alleles of prolamin-coding loci in varieties
is associated with the involvement of the same genotypes
in breeding programs (Portyanko et al., 1998; Melnikova
et al., 2010; Novoselskaya-Dragovich et al., 2013). For
example, Seger and Golden Rain were bred from the
same oat variety Milton (=Propsteier), and Ombhafer, too,
originated from it. The old oat variety Milton appeared
in northern Germany and was widespread in northern
Europe (Portyanko et al., 1998). Apparently, this variety
possessed outstanding economic characteristics, which led
to its frequent inclusion in the breeding process. This was
reflected in the matching set of alleles of avenin-coding
loci in its descendants. The presence of varieties with the
same genetic formulas of prolamins reduces the efficiency
of'using the method of electrophoresis for their differentia-
tion. A number of authors in their studies concluded that
the use of avenin-coding loci as the only marker system
for distinguishing a large number of oat varieties is insuf-
ficient, since the allelic diversity of oat prolamin loci is
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characterized as low compared to wheat, barley and rye
(Cliff, Cooke, 1984; Souza, Sorrels, 1990; Portyanko et
al., 1998). In such cases, there is a need for an additional
use of other marker systems (Wight et al., 2010). However,
it should be noted that the modern varieties of oat created
by the Scientific Research Institute of Agriculture of the
Northern Trans-Urals have an individual allelic composi-
tion of avenin-encoding loci, which makes it possible to
differentiate their genotypes with high accuracy.

An analysis of the frequencies of alleles of avenin-coding
loci for all three loci allowed us to note the relationship
between the frequency of alleles and a set of cultivated
varieties, especially their origin. In the process of variety
exchange, the alleles characteristic of varieties of foreign
breeding were gradually replaced by alleles present in
domestic varieties, and then in the varieties developed of
local breeding istitutions. A similar replacement of one
allele with another during breeding work was noted by
many researchers in the study of prolamin-coding loci of
wheat and barley (Novoselskaya-Dragovich et al., 2007;
Lyalina et al., 2016). On a large number of examples,
the adaptive nature of prolamin polymorphism has been
proved. Their connection with adaptive gene complexes
allows, based on the spectra of storage proteins, identifying
genotypes that are most adapted to specific climatic condi-
tions. A.Yu. Novoselskaya-Dragovich and the co-workers
(2013) noted that genetic differences between varieties of
different geographical origin are determined by natural
selection. In this case, the reason for the rather rapid re-
placement of the “old” alleles with “new’ ones is directed
processes associated with new directions in breeding and
the involvement of genetically different source material
(Novoselskaya-Dragovich et al., 2007). Our data on the
allele frequency of avenin-coding loci are in good agree-
ment with this statement.

With the beginning of breeding work on oat in the
Tyumen region, varieties appeared that possess a set of
agronomically and adaptively significant characters for this
region. This led to an increase in the frequency of certain
alleles of avenin-coding loci, which can be considered
markers of such genotypes or characters. At the same time,
it caused a decrease in the frequency or even complete
disappearance of alleles characteristic of foreign varie-
ties. A2 and C2 alleles found in all groups of varieties, pro-
bably, mark highly competitive gene associations that give
their carriers important advantages in the natural climatic
conditions of the region.

Monitoring changes in the genetic diversity of varieties
over time allows judging the presence or absence of ge-
netic erosion. In the works devoted to the assessment of
genetic diversity in varieties of other crops, its values were
0.62—0.76 for soft wheat varieties created in Serbia and
Italy (Novoselskaya-Dragovich et al., 2007), 0.5-0.6 in soft
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wheat varieties of Ukrainian selection (Zayka et al., 2014),
and 0.42—0.64 in groups of durum wheat varieties origina-
ting from different countries of the world (Kudryavtsev et
al., 2014). At the same time, a decrease in the value of this
indicator in modern varieties is noted (Kudryavtsev et al.,
2014; Lyalina et al., 2016).

The high values of genetic diversity identified as a
result of our work and an increase in this indicator since
2000 indicate the absence of genetic erosion. It should be
noted that, at different periods of time, the contribution of
individual avenin-coding loci to the average gene diversity
in varieties of oat in the region was not the same. In the
period from 1970 to 2010, the Avn 4 and Avn B loci played
an important role in the formation of genetic diversity. But
currently, the maximum genetic diversity is observed at the
Avn C locus. In our opinion, this suggests that the alleles
of this locus may be important as markers of adaptively
significant characters.

Conclusion

The allele frequency of avenin-coding loci in varieties of
common oat included in the State Register of Selection
Achievements in the Tyumen region from 1929 to 2019
changed over time. The alleles characteristic of the varie-
ties of foreign selection were replaced by “new” ones,
specific to the varieties of local selection: Avn A4 (50.0 %),
A2 (25.0 %), Avn B4 (50.0 %), Bnew6 (37.5 %), Avn C1
(37.5 %), C2 and C5 (25.0 %). These alleles are of great
value as markers of agronomically and adaptively signifi-
cant characters for the region in question.

Modern regionalized varieties of oat are characterized
by high genetic diversity (0.75), which is associated with
the use of heterogeneous source material in the breeding
process. This allows obtaining varieties with high adaptive
potentials in the climatic conditions of Western Siberia.

The high importance of genetic diversity in modern
breeding varieties of the Scientific Research Institute of
Agriculture of the Northern Trans-Urals and an increase in
this indicator over the past 20 years indicate competently
organized and effective breeding work with this crop in
the Tyumen region.
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