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Aim. To analyse genetic diversity in 10 new soybean lines created by using the chemical mutagens D-6, DMS-
SO-11, DMSSO-12, DMSNPIR-11, DUDMSI12, D12DMC-11B obtained from four cultivars Femida, Ok-
sana, Podils’ka 416, Zolotysta. The microsatellite (MS) markers Sa#t100, Satt229, Satt319, Satt354, Satt365,
Sat_038 were used. These markers are linked with genes, which determine sensitivity of soybean plants to pho-
toperiod and time to maturation. Methods of DNA extraction, PCR, MS-analysis, field trial, one-way analysis
of variance (ANOVA) have been applied. Results. Parental cultivars, mutant lines and control genotypes were
characterized by alleles of microsatellite loci, 25 alleles of 6 microsatellite loci were detected. Significant dif-
ferences between investigated lines were detected in three year field trials for traits — days to maturation (DTM)
and length of the vegetative period (LV). We have revealed effects of the factor «Alleles of MS-locus», so al-
leles of Satt100 locus affected all traits except DTF (days to flowering); alleles of Satt319 and Satt354 affected
DTM and LV; Sat_038 affected DTF and S-F (duration of the period shoots-flowering). Lines with alleles 167
bp at Satt100 and 175 bp at Satt319 loci (that marks dominant £7) were shown to have a longer vegetation
period and later maturity, than other. The lines with allele 247 bp at Satz 038 flowered earlier, than lines with a
245 bp allele, and the lines with allele 232 bp at Sa#t354 reached maturity later, than lines with other alleles at
this locus. Conclusions. We have found that applied mutagens induce changes in the soybean genome and by
using these mutagens it is possible to effectively increase genetic diversity in loci associated with genes/loci
that determine time of maturity and/or photoperiod sensitivity of soybean, enabling to obtain soybean cultivars
with different terms of maturity and yield. The microsatellite markers, particularly Saz 038, Satt100, Satt319
and Satt354 that were applied in our study are considered to be useful tools for marker assisted breeding of
soybean cultivars with programmed time of development. We did not observe significant effects of «Alleles
of MS-locus Satt229» that is known to be linked with £3 on the investigated agronomical traits. For soybean
genotypes with the E£7 allele the DTF was longer for 3-9 days and LV for 10-11 days. In lines with an allele of
175 bp at locus Satt319 the S-F period was 6-9 days shorter.
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INTRODUCTION

Flowering time is critical for successful seed produc-
tion of plants, and with time to maturity it determines
geographic adaptation, seed quality and yield. In con-
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trast to most cereals, soybean (Glycine max (L.) Merr.)
cultivars are confined to comparatively narrow ranges
of geographical latitudes [1]. For each degree of chan-
ges in latitude (corresponding to 100 — 150 km), it is
better to develop a new (better adapted to environmen-
tal conditions) cultivar [2].
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Across the world, cultivars of soybean can grow in
a wide range of latitudes from 55° N to 35° S [3, 4].
Northern than 55 ° N latitude most genotypes do not
mature [4]. In Ukraine breeders identify the area most
favorable for growing this crop, the so-called «Soy-
bean’s Belt», which is located on irrigated soils and is
between 46° N and 51° N. According to [4] in 5 regions
of the Forest-Steppe Zone: Vinnitsa, Kyiv, Poltava,
Cherkasy and Khmelnitsky and Steppe- Kropyvnytsky,
more than 60 % of all soybean in Ukraine is grown. For
all regions of Ukrainian «Soybean’s Belt» extra-early
and early maturity groups of soybeans allow to expand
the area of this crop considerably, to get dry grain with-
out drying, to use soybean as intermediate and repeated
crops are especially important [5].

The development of early-ripeness (short season)
soybeans for different regions of Ukraine requires ef-
fective use of early maturity genes. Detection of alleles
of E genes that are involved in the control of plant re-
sponse to photoperiod and determination of the days to
flowering (DFT) and days to maturation (DTM) with
microsatellite markers could help in the evaluation of
adaptive capacity of soybean cultivars under different
growth conditions [2].

Soybean production in Ukraine increases every year
since its wide introduction in 2007, and now Ukraine
is one of the leaders in the production of soybean in
Europe [6]. There are few investigations of molecu-
lar genetic polymorphism in the genome and genes
that affect time to flowering (involved in mechanism
of photoperiodic sensitivity of plants) with molecular
markers for Ukrainian soybean cultivars [7—11]. But
optimization of soybean breeding and development of
new cultivars with good adaptability to the conditions
of Ukraine are important.

Breeders are interested in developing new material
with effective alleles of £ genes (early maturity genes)
for Ukraine [4, 5, 12]. By using experimental mutage-
nesis, it is possible to get a high level of genetic vari-
ability. But it is impossible to predict to which changes
chemical mutagenesis will lead to. The mutagenic fac-
tors in soybean selection are most often used for produc-
tion of new forms that differ from the original cultivars
according to individual characteristics: seed coloration,
plant height, seed size, leaf shape, duration of the ve-
getative period, content and quality of protein and seed
oil, resistance to pathogens and increasing productivity
elements, especially: main stem nodes, pods per plant,
seeds per plant, weight of thousand seeds [13, 14]. The
main aim of modern soybean breeding is improving
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the productivity, technological qualities of the seeds,
increasing resistance to biotic and abiotic factors, yield,
fertility, optimizing the growing season [15].

The purpose of our work was to analyze genetic di-
versity in mutant lines of soybean by using the mic-
rosatellite (MS) markers Satt100, Satt229, Satt319,
Satt354, Satt365, Sat 038 linked with genes that de-
termine sensitivity of soybean to photoperiod and time
to maturation. These markers are recommended for £/,
E3, E4 and E7-genes detection by Molnar et al. [16].
The markers Satt100, Satt319, we used as recommend-
ed by Rosenzweig et al. [17].

MATERIALS AND METHODS

A set of new soybean lines created with the help of
chemical mutagenesis from cultivars Femida, Oksa-
na, Podils’ka 416, Zolotysta, that belong to different
groups of maturation [18-20], was used as a material
for investigation.

As mutagens were used: D-6, DMSSO-11, DMSSO-
12, DMSNPIR-11, DUDMSI12 and D12DMC-11B,
that are derivatives of tetrahydrothiophene-N-diox-
ide-3,4-diamine and tetrahydrothiophene-N-dioxide-
3,4-pyridine, provided by P.G. Dul’nev from V.P. Ku-
khar Institute of Bioorganic Chemistry and Petrochem-
istry of the National Academy of Sciences of Ukraine
(Kiev, Ukraine).

The mutagens were applied on seeds in aqueous so-
lution at concentrations of 0.05 g/1, 0.5 g/, 5 g/l, and
10 g/1. Seeds were exposed to the mutagens for 2, 4,
8, 16 hours [21]. After mutagenic treatment lines were
grown in an experimental field during 5—7 agronomi-
cal seasons in the Institute of Feeds and Agriculture
of Podillia of NAAS (IFAP; Vinnitsa, Ukraine). Then,
mutant lines perspective for breeding with internodes
less than 5 cm were selected in order to reduce the
length of internodes, to decrease the vegetative mass
of plants and to increase the generative mass of seeds
and beans (Dr. S.V. Ivanyuk, personal communication
(IFAP)).

DNA was isolated from soybean seeds of 10 mu-
tant lines and parental cultivars using the DNA-Neo-
Prep100 kit (Neogen Laboratory, Kiev, Ukraine). Five
randomly chosen seeds from each of the parents and
mutant lines were used for DNA isolation. PCR with
primers specific for the microsatellite loci Satt100,
Satt229, Satt319, Satt354, Satt365, Sat 038 was
performed according to the method of Monlar et al.
[16]. For fragment analysis and detection of the al-
leles of MS-loci the ABI PRISM® Genetic Analyzer
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3500 (Applied Biosystems) was used in the Institute
of Genetics and Cytology (Minsk, Belarus). The re-
sults were analyzed with GeneMapper® Software
Version 4.1. As a standard of molecular weight, the
Orange DNA size standard (MCLABs http://www.
mclab.com/DNA-SizeStandard) was used. As cont-
rols for PCR analysis served DNA of accession Ha-
rosoy isolanes from OT 89-5 (here in after Harosoy
OT 89-5) and DNA of soybean cultivars Vilana, Ros’,
Cormoran AC, Maple Arrow.

Accession Harosoy OT 89-5 and cultivar Vilana carry
of the dominant £7 allele, Maple Arrow — the dominant
E3 allele, Cormoran AC has the dominant £/ allele and
Ros’ carries the dominant £2 allele [22].

Agronomical traits, such as days to flowering (DTF),
days to maturation (DTM), length of the vegetative pe-
riod (LV — days), duration of the period shoots-flower-
ing (S-F — days) and yield (t/ha) were investigated in
three year trials (2016-2018) under field conditions of
IFAP, 49°13°N (Vinnitsa, Ukraine). Parental cultivars,
mutant lines, and the controls, cultivars Vilana and
Maple Arrow were sown all at the same day.

Parental cultivars and control isolines belong to dif-
ferent maturity groups: (00 — early maturity (91-110

days)) — Harosoy OT 89-5, Ros’, Zolotysta; (0 — middle
maturity (111-130 days)) — Maple Arrow, Cormoran
AC, Podilska 416; (I — middle late maturity (131-150
days)) — Vilana [18, 23]. According to the Catalog of
varieties of forage and field crops of IFAP, cultivar
Femida, which has LV — 116-124 days, belongs to the
middle maturity group I and cultivar Oksana, which LV
is 125-132 days, belongs to the middle-late maturity
group 11 [24]. So, cultivars in the same group of maturity
could have different alleles of £-genes. Classification of
maturity groups (MGs) for soybean cultivars have been
developed in the 1940s, it was revised and improved
from these times and now includes 13 MGs (000, 00,
0, I — X), according to Liu et al. [25]. In different coun-
tries scientists have adopted this system to local condi-
tions, for example, in Japan local soybeans differentiate
in 8 MGs (0—VII), in India local cultivars are mainly in
V—VIII MGs, in Italy soybean cultivars are from 0 to II
MGs, in France — from 000 to II MGs. At the same time
the system of MGs is a major approach in characterizing
ecological properties and possible growing areas of cul-
tivars and lines [25], there is a mind that the difference
in maturity date between two adjacent groups is approxi-
mately 10 to 15 days in adapted area [25].

Table 1. Allelic characteristic of parental and mutant lines by microsatellite loci

Parental and control Microsatellite loci (bp)
cultivars/mutant lines Sat100 Satt229 Sart319 Satt354 Satt365 Sart038
Oksana 167 230 175 232 301 247
Oksana M2 141 230 180 232 301 247
Oksana M12 167 234 175 249 301 245
Oksana M13 141 234 180 249 301 245
Zolotysta 141 234 180 178 301 247
Zolotysta M16 131 230 178 178 270 247
Zolotysta M20 141 230 180 230 301 247
Femida 110 212 175 230 301 247
Femida M29 167 212 175 178 301 245
Femida M32 13 212 175 230 301 245
Podils’ka 416 110 215 175 230 301 245
Podils’ka 416 M33 141 234 180 230 301 247
Podils’ka 416 M38 141 234 180 230 301 245
Podils’ka 416 M40 113 212 175 230 301 247
Ros' 145 215 178 178 270 243
Vilana 167 234 175 249 301 247
Harosoy OT 89-5 167 183 175 216 301 247
Cormoran AC 131 183 178 178 270 247
Maple Arrow 131 215 178 178 215 247
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Fig. 1. Mean values + std. err. of DTM (a) y — in days from the beginning of August; () yield in t/ha of mutant lines and
parental cultivars of soybean over a period of three growing seasons (2016 to 2018). Bar = std. err.

We used the one-way analysis of variance (ANOVA)
and the Statistica 10 software for analysis of the results
of the field experiments. The significance of interline
variations for each trait was determined using Fisher’s
exact test (F-test) and LSD of the corresponding level
of significance for the investigated factors.

RESULTS AND DISCUSSION

In total 25 alleles of 6 MS-loci for the investigated
parental, mutant and control genotypes were detected
(Table 1). The number of alleles per locus ranged from
3 to 6 with an average of 4.2. In the genotypes of 10
mutant lines, which were selected as promising for
breeding, we have revealed new alleles of microsatel-
lite loci that were not present in parental cultivars (bold
in the Table 1). The changes of allele size in mutant
lines were detected in 52 % of the cases of compari-
sons with the alleles of the same loci in the parental
cultivars.

These changes can be explained by the action
of mutagenic substances applied at different con-
centrations on soybean by inducing instability and
mutations in «hot spots» of the genome, among
which microsatellite loci can act. We supposed
that mutagenic treatment, however, could have in-
fluence on generative apparatus of soybean [26],
that leads to open flowering and possible pollina-
tion by pollen of other cultivars and soybean lines
grown adjacent to the experimental field. In general,
soybean is self-pollinating plant, but crosspollina-
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tion may still occur at a low percentage (average
1.8 %) [27] under natural conditions, it is still not
enough investigations to say whether the percen-
tage of crosspollination can increase after mutagenic
treatment, but we can assume that it can be possi-
ble. Whatever the cause of the observed variation is,
breeders found and selected lines, which varied at
MS-loci, linked with genes that control photoperiod
sensitivity.

Five alleles were detected at the Sazt/00 locus in
the mutant lines and parental cultivars and an addi-
tional allele for cultivar Ros’ that was used as control.
In comparison with the control varieties we identified
dominant and recessive alleles of E7 gene according
to alleles of Sart100 locus. Three alleles were revealed
for the Satt319 locus. According to our results cultivar
Oksana, mutant lines Oksana M12 and Femida M29,
which have a 167 bp amplification fragment at locus
Satt100 and a 175 bp amplification fragment at locus
Satt319, have the dominant allele of £7 gene. Geno-
types Vilana and Harosoy OT 89-5 were used as the
control, they have the same alleles (167 bp at Satt100
and 175 bp at Satt319 loci). We should mention that ac-
cording to Molnar et al. [16], alleles 167 bp at Satt100
and 175 bp at Sa#t319 are associated with the dominant
allele of E7 gene.

In our investigation an allele of 175 bp at Sa#t319
locus was detected in Femida, Femida M32, Po-
dils’ka 416, Podilska 416 M40, but there was no
confirmation of the presence of the dominant E7 al-
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lele, when we analyzed the Sat#t/00 locus for these
lines.

The presence of £3 dominant allele was established
for Podils’ka 416, because for this cultivar we iden-
tified an amplification fragment of 215 bp at locus
Satt229, the same as we showed to be present in the
control cultivar Maple Arrow — a carrier of the do-
minant £3 gene. We did not detect any dominant al-
leles for £2 among investigated parental and mutant
genotypes. The control allele for £2 — fragment of
243 bp at locus Sat 038 was found only in cultivar
Ros’, which is the carrier of E2.

One of the purposes of soybean breeding in Ukraine
is creation of ultra-early cultivars with high yield poten-
tial in order to originate a cost-effective cultivar, which
produce high harvest as early as possible and permit,
to prepare a field for sowing winter crops. For the
creation of such genotypes, according to Dr. S.V. Iva-
nyuk, it is necessary to combine the recessive alleles
el, e2, e3, e4, e5, e7 in one genotype of new cultivar
by crossing different donor sources of soybean. Go-
lovenko et al. [28] stated on the basis of their research
with the 7 alleles, that a recessive genotype for all these
genes contributed to higher soybean yields in Belarus.
Miladinovich et al. [29] have shown that the combina-

Table 2. Mean values of traits for different lines for three years of studies

Par;‘sz‘;ni‘ﬂg:“/ DTF (days)* | DTM (days)** | LV (days) S-F(days) Yield (t/ha)
Oksana 37.3 62.0 149.0 44.0 2.24
Oksana M2 44.0 47.7 134.0 52.3 2.82
Oksana M12 48.3 44.7 131.0 56.7 2.84
Oksana M 13 48.0 44.7 131.0 56.3 2.75
Zolotysta 27.7 34.0 121.0 343 2.24
Zolotysta M16 28.7 39.7 126.0 37.0 2.54
Zolotysta M20 39.0 413 128.0 473 2.00
Femida 26.7 423 129.0 333 2.52
Femida M29 423 55.0 141.0 50.7 2.76
Femida M32 36.3 51.0 137.0 44.7 2.46
Podils’ka 416 353 443 131.0 42.0 2.58
Podils’ka 416 M33 43.0 47.7 134.0 51.3 2.45
Podils’ka 416 M38 43.7 45.0 131.0 52.0 2.50
Podils’ka 416 M40 35.7 37.7 124.0 44.0 2.52
Vilana 39.3 57.7 144.0 46.0 -
Maple Arrow 353 38.7 125.0 42.0 —
LSD, - 11.31 12.52 - -
LSD,,, - 15.2 16.74 - -

Notes: *— for DTF days from the beginning of June, ** — for DTM days from the beginning of August.
Table 3. Data of dispersion analysis of trait variations
Variation source, MS
MS-loci/Trait
DTF RdPTF DTM RdP™ LV RA™Y S-F Rds*F
Satt100 (df =4) 214.81 103.15 | 349.3 #** 62.0 350.1 ** 70.2 2439 * 93.6
Satt229 (df =3) 126.94 111.68 53.1 88.8 48.6 97.1 137.8 104.3
Satt319 (df =2) 183.78 109.49 334.1 * 75.5 336.6 * 83.2 212.7 101.7
Satt354 (df=3) 256.99 102.81 275.0 * 73.6 274.5 * 81.7 263.8 95.7
Satt365 (df =2) 163.71 110.38 153.1 83.5 151.8 91.4 158.1 104.1
Sat 038 (df=1) 500.00 * 104.23 74.8 86.7 66.6 94.6 586.8 * 96.0

Notes: Rd — Remaining dispersion; * Significant at p = 0.05, ** p = 0.01 and *** p = 0.001. df — degree of freedom.
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Fig. 2. Mean values of traits (vertical axis), depending on the presence of alleles of MS-loci. Bar = std. error

tion of alleles el-as/e2/E3/E4 was the most common
for high yielding soybean genotypes in Novi Sad. They
stated that this specific allele combination possibly
is the optimal one for the climatic zone of Central-
Eastern Europe.

In our experiment £/ dominant allele has been de-
tected in Zolotysta M 16, because this line has a 270 bp
allele at locus Sa#t365, the same allele was present in
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the control cultivars Cormoran AC and Ros’ in which
dominant £/ is present.

Significant differences between investigated lines
were detected in three years field trials for traits DTM
(Fig. 1, @) and LV (Table 2).

There were no significant differences in the date of
flowering, period shoots — flowering and yield (Table
2, Fig. 1, b) between all investigated genotypes.
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Fig. 3. Correlation between traits: (¢) DTF (horizontal axis) and LV (vertical axis) r = 0,03; (b) Yield (horizontal axis) and

LV (vertical axis) (r = 0,32; p = 0,05)

According to the one-way dispersion analysis, alleles
of MS-loci Sat#t229 and Satt365 have not affected in-
vestigated traits (Table 3).

On the other hand, alleles of MS-locus Satt/00 af-
fected all traits except DTF; alleles of Satt319 and
Satt354 MS-loci affected DTM and LV; and alleles of
Sat 038 MS-locus affected DTF and S-F.

Lines with alleles 167 bp at Saft100 and 175 bp at
Satt319 loci (that marks £7) were shown to have a
longer vegetation period and later maturity than other
ones. There were no significant differences in DTF for
these lines.

There was no significant correlation between traits
DTF and LV for all material studied (r = 0,03) (Fig. 3),
between yield and DTM (r = 0,03), and yield and DTF
(r =-0,22). Between yield and LV (r = 0,32) was sig-
nificant correlation (p = 0,05). Thus, a longer growing
season leads to a higher yield under Ukrainian growing
conditions. Under Belarus growing conditions domi-
nant allele £7 delayed flowering of soybean plants for
4-5 days [22].

According to Molnar et al. [16] MS-marker Satt354
can be used to detect alleles of £4, the dominant allele
of £4 is marked by a 251 bp amplification fragment. Ac-
cording to personal communication of Dr. E.A. Aksyo-
nova (Institute of Genetics and Cytology, Minsk) the
amplification fragment for Vilana has smaller molecu-
lar size, than that of the control line L64-4830 with the
dominant allele. In our investigation all amplification
fragments sizes were smaller than those of cultivar
Vilana. Thus, we can conclude that lines with dominant
allele £4 were not present in our experiment. The mu-
tant lines with allele 232 bp at Satt354 locus reached
maturity later than lines with other alleles at this locus

AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No.3 2019

(Fig. 2). In literature, there is, however, no information
that a 232 bp fragment marks the dominant allele of £4.

The lines with allele 247 bp at the Sat 038 locus
flowered earlier than the lines with a 245 bp allele in
our field experiment.

Genotypes with the same alleles for each of the
mentioned E-genes were grouped together. Dominant
E1 allele, which is present in Zolotysta M16, could
be involved in earlier flowering (about 10 days), than
the other lines and cultivars demonstrated and the S-F
period was 10 days shorter for this line in compari-
son with all investigated material. But of course, these
shorter periods could also be caused/influenced ad-
ditionally by interaction of the genotype by E-genes
with environmental conditions and genetic back-
ground of cultivars.

We did not observe significant £3 effects on the in-
vestigated agronomical traits.

Alleles of the E7-gene significantly influenced on
the DTF, DTM, LV and S-F. Genotypes with the domi-
nant allele were characterized by a longer DTF, DTM
and LV. Genotypes with £7 and e7 alleles had not sig-
nificant differences in the duration of S-F period, but
for the lines with an allele 175 bp at locus Satt319 the
characteristics S-F was shorter for 9 or 6 days for £7
dominant and e7 recessive alleles respectively. Further-
more, for lines with e7 and an allele of 175 bp at locus
Satt319 there were no differences in the traits for LV
and DTM and for soybean genotypes with the £7 allele
the maturity was later and LV was longer for 10 days.

Both groups with £/ and E3 dominant alleles con-
tained only one genotype each. According to our re-
sults of MS analysis we predicted £/ to be present in
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Zolotysta M16 and E3 in Podils’ka 416. Presumably,
lines created on the basis of one cultivar had smaller
differences than those created on the basis of ano-
ther cultivar. Perhaps in this case, it will be possible to
determine the influence of the genotype on the DTF,
DTM, LV, S-F and yield, which is also of importance.

Inside a group created from one ancestral genotype,
for example, the group created on the base of Podils’ka
416 (included Podils’ka 416, Podils’ka 416 M33,
Podils’ka 416 M38, Podils’ka 416 M40) we have not
detected significant effects of the £3 on the investigat-
ed traits. The same situation was with £/ in the group
produced on the base of cultivar Zolotysta. Inside the
group of genotypes created on the base of cultivar Ok-
sana dominant E7 allele significantly decreased yield
and did not significantly affect other traits. Also we ob-
served difference in yield between both genotypes with
E7 Oksana and Oksana M12.

It should be noted that in our three year field experi-
ment cultivar Zolotysta, which belongs to maturity
group 00, was earlier among the genotypes tested but
its mutant lines have a tendency to be later. Oksana
was the latest genotype, which we included to matu-
rity group 1. This cultivar has mutant derivates with a
shorter LV on 18 days. For cultivar Zolotysta the length
of the vegetative period was shorter for 28 days (almost
1 month) as compared to that of Oksana.

CONCLUSIONS

Our results show that the mutagens D-6, DMSSO-11,
DMSSO-12, DMSNPIR-11, DUDMSI12, D12DMC-
11B induced changes in soybean genome. By using
these mutagens, it is possible to effectively increase
genetic diversity in loci associated with the genes that
determined photoperiod sensitivity of soybean. The
obtained mutant lines could be involved in the bree-
ding of soybean cultivars with different levels of photo-
periodic sensitivity, terms of maturity, length of vegeta-
tion period and therefore adaptation ability. For examp-
le, mutant lines created on the basis of variety Oksana
have significantly shorter LV (P = 0.05 and P = 0.01)
for about 15-18 days than Oksana because of the earlier
maturity. Line Femida M29 reached maturity signifi-
cantly later (P = 0.05) then parental cultivar Femida.

The three year observations of the 10 mutant lines, pa-
rental cultivars and controls obtained under field condi-
tions of the Vinnitsa region of Ukraine permit to make
the following conclusion: the duration of the shoots-
flowering (S-F) period for soybean lines with £7 and
e7 alleles differed not significantly, but the lines with
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an allele of 175 bp at locus Satt319 the S-F period was
6-9 days shorter. Lines with e¢7 and an allele of 175 bp
at locus Satt319, however, did not show differences in
LV and DTM. For soybean genotypes with the E7 al-
lele the DTF was longer for 3-9 days and LV for 10-11
days. We can conclude, that the changes in DTF and LV,
which we have detected for mutant lines in comparison
with parental cultivars, are on the measure of variation in
MG groups and between the MGs, when we compared
with the studies Liu et al. [25], but if the [FAP’s soybean
mutant lines is grown in other ecological condition the
differences in DTM can became significant. In general,
mutant lines that have been developed in the IFAP are
interesting not only for breeding process, but also for in-
vestigation of molecular mechanism of changes in the
soybean genome that permit to create lines with different
times of maturity and LV.

These findings demonstrate again that under Ukrai-
nian growing conditions the microsatellite loci stu-
died, can be useful tools for marker assisted breeding
of soybean cultivars with programmed terms of de-
velopment in order to widen its cultivation range as
much as possible. As noted by Rosenzweig et al. [30]
and Miroshnichenko et al. [31], the most prominent
for this target is the dominant E7 allele, which did not
affect the flowering time in comparison with reces-
sive allele, although in our hands it had an extended
reproductive stage that is preferable for soybean va-
rieties. But in our experiments we obtained data that £7
decrease yield inside the group of genotypes created on
the basis of cultivar Oksana, but there are diffe-rences
between lines with the same £7 genotype, that is why re-
search should be continued on more special genetic ma-
terial, for example, near-isogenic lines or analogue lines.

ACKNOWLEDGMENTS

This study was funded by Ministry of Education and
Science of Ukraine as research project 01170001114
«Polymorphism of wheat and soybean photoperiod
sensitivity loci and plant development dependence on
their allelic composition according to PCR analysis».

The authors declare that they have no conflict of in-
terest.

The authors declare that this study complies with the
current laws of the countries in which the experiments
were performed.

Hoaimopgizm 3a SSR-10Kycamu aconiiioBaHUMUI
3 reHamu E y nepcrneKTMBHUX ISl CeJIeKUil
MYTAHTHUX JiHiii coi

AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No.3 2019



POLYMORPHISMS IN SSR-LOCI ASSOCIATED WITH E GENES IN SOYBEAN MUTANT

. O. XKapikora !, I. O. UeGorap !, €. A. AkcpoHOBa 2,
I. B. Temuenxo 3, C. B. UeGorap '*

' Kadenpa reHeTHKH Ta MOJCKYIISAPHOI Gioyorii,
OJ1echKOro HalliOHAIBHOTO YHIBEPCHTETY
iM. L.I. MeunukoBa, Oneca, Ykpaina
2 JJabopatopist IIUTOMIa3MAaTHIHOTO YCITaAKyBaHHS,
[HCTUTYT TeHETHKH 1 1uToorii, MiHChK, Binopychk
3 THCTUTYT KOPMIB Ta CiTBCHKOTO TOCTOoAapcTBa [lomisst
HAAH, Binnuns, Ykpaina

e-mail: s.v.chebotar@onu.edu.ua*,
gchebotar@gmail.com, fri@mail.vinnica.ua,
axenova_elena@mail.ru, daria.bigenl4@gmail.com

MeTta. Anani3 renernunoi pisHoManitHocTi 10 niHIH coi,
CTBOPEHHX IUIIXOM XIMIYHOTO MyTarcHe3y 3a JIOMOMOTOI0
myrarenis: J[-6, IMCCO-11, IMCCO-12, IMCHIIIP-11,
AVACM-12, O12IMII-11b Ha ocHoBi copriB @Demina,
Oxcana, [lomimscbka 416, 3omorucra OynM BHKOpHCTaHI
Mikpocarenitai (MC) mapkepu: Satt100, Satt229, Satt319,
Satt354, Satt365, Sat 038. 11i mapkepu 34eIUieHi 3 reHaMH,
SIKI BU3HAYaIOTh YyTJIMBICTH POCIWH coi 10 QoTtonepiony
Ta Yac J03piBaHHSA. B poOOTI BUKOPHCTOBYBAJIM METOIH —
excrpakuii JIHK, ITJIP, MC-ananizy, TpoBOAMIN TTOIBOBUH
EKCIIEPUMEHT, 3a JIONOMOTOIO IMCHEPCIHHOro aHalizy o00-
paxoByBaJi OTpuMaHi JaHHi. Pe3yabrarm. barbkiBcbki,
MYTAHTHI JIiHIT T2 KOHTPOJIBHI TEHOTUIIH 0XapaKTEPU30BAHO
3a aJeNsIMM MIKpOCATEIITHUX JIOKYCIB, y JOCHIIIKEHOMY Ma-
Tepiasi BUSIBICHO 25 ajemiB 3a 6 MIKpOCAaTeNiTHUMH JIO-
Kycamu. BusiBiieHi TOCTOBIpHI BIAMIHHOCTI MIX JIOCTIiIKE-
HUMHM JHISIMH 32 TPH POKH IIOJHOBHX BHUIIPOOYBaHb 3a
O3HaKaMH — 4ac JIO3piBaHHS Ta TPHUBAIICTh BETETaliifHOTO
niepiony. BusiBneno BrumB dakropa «Auneni MC-nokycay:
aneni Satt/00 mamu edektn Ha Bei o3Haku, kpim DTF
(xkimpKicTh OHIB IO [BIiTIHHA); anemi Satt319 1 Satt354
pmmBany Ha DTM (KUTBKIiCTH AHIB JO JO3pIBaHHS) Ta
LV (tpuBamicte BereramiiiHoro mepiony); auemi Sat 038
manu BruiB Ha DTF 1 S-F (TpuBamicte mepiomy Bi cXomiB
no upitiaas). JliHil 3 amemsmu 167 mH. 3a Satt/00 Tta
175 .. 3a Satt319 nokycamu (1110 MapKylOTh JOMIHAaHTHHUH
cran reHy £E7) Mamm OimbIl TpHUBAIMKM BereTaliHUH
mepion Ta OUIBIN Mi3HImIE MO3piBaHHA, HDK iHOI. JIiHii
3 anmenem 247 m.H. 3a Sat (038 3auBitanmu panime, HiX
JmiHii 3 amenem 245 m.H., a JiHil 3 aneneM 232 TL.H. 3a
Satt354 mocsramm 3piaocCTi Mi3HINIE, HDK JIHIT 3 iHIINMHA
aJIeNIsIMM LIbOTO JIOKyCy. BucHoBkm. Hamm BusiBieHO, 110
3aCTOCOBaHI MyTareHH iHIyKyBaJll 3MiHM B T€HOMI COI 1 3a
JIOTIOMOTOI0 IINX MyTareHiB MO)kHa €peKTHBHO 301JIbIITyBaTH
TeHETHYHE PI3HOMAHITTA COi 3a JIOKycaMH, MOB’SI3aHUMH 3
reHamy/ JIOKycaMH, IO BH3HAYAIOTh 4Yac JO3piBaHHS Ta/
abo ¢QoromnepiognvyHy YyTIHBICTb, IO POOUTH MOMKINBUM
CTBOPEHHS COPTIB COi 3 PI3HUMH TepMiHAMH JIO3piBaHHS Ta
ypoxaitHicTio. MikpocareniTHi MapkepH, 30kpema Sat 038,
Satt100, Satt319 i Satt354, MoxyTh OyTH KOPHUCHHUM iH-
CTPYMEHTOM B MapKep-OIOCEpEIKOBaHIIl CeNeKIlii copTiB
coi 13 3amporpaMOBaHUMHM TEMIIaMH PO3BHTKY. Mu He
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CTIOCTEpiramu JOCTOBIpHOTO BIDHBY «AneniB MC-mokycy
Satt229y», sxuid, sk BIAOMO, 34CIUICHU 3 £3, Ha TOCIIIKY-
BaHi arpoHOMi4HI 03HaKH. [ reHoTHHIB coi 3 anenem E7
KIUTBKICTh JHIB 710 KOJIOCiHHA Oyna Oimbmioro Ha 3-9 nHiB, a
JIOBKMHA BereraliiiHoro nepioxy Ha 10—11 nuiB. Y minii 3
anenem 175 m.H. B Iokyci Satt3 19 mepion cxoni-IBITiHHS OyB
KOpOTIIHi Ha 69 HHIB.

Kuarouosi ciioBa: cosi, myTtanTHi Jinii, SSR-mokycu, Mikpo-
carelliTHI MapKkepH, £ reHH, GpoTornepios, CTPOKH J103piBaHHSL.
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Meab. AHanu3 reHeTuueckoro pasnoodpasus 10 muHwMiA cou,
CO3MIaHHBIX MYTEM XHMHYECKOTO MyTareHes3a C IOMOIIBIO
mytarenoB: J[-6, IMCC-11, IMCC-12, JMCHIIUP-11,
AYICM-12, J12AMII-11b Ha ocHoBe coproB Demmuna,
Okcana, [Togonbckas 416, 3omoTucras ¢ UCIOIb30BAHUEM
mukpocaterumuTHeIX  (MC) mapkepos: Satt100, Satt229,
Satt319, Satt354, Satt365, Sat (38, CUENIEHHBIX C TEHAMU,
KOTOPBIE ONPEJEINSIOT YyBCTBUTEIBHOCTh PACTCHUH COM K
(oTorneproy U ONPEACISIOT CPOKHU co3peBaHus. B pabore
ucronb30Banbl MeToabl — skctpakuuu JHK, TIHP, MC-
aHaJM3a, MOJIEBOTO AKCHEPHMEHTA, AWCIEPCHOHHOTO aHa-
muza (ANOVA) mis ob6cyera MOMYYCHHBIX JaHHBIX.
Pesyabrarbl. Ponurensckue copra, MyTaHTHBIE JIMHHU U
KOHTPOJIbHBIE TEHOTHIIBI OXapaKTEPH30BaHbI 110 AJUIEISAM
MHUKPOCATEeJUIUTHBIX JIOKYCOB, BBIABIECHO 25 amieneil mo 6
MHKpPOCATEIUTNTHBIM JIOKyCaM. BBISBICHBI JI0CTOBEPHBIC
pa3Iuumsl MEXIY HCCIEAyeMbIMH JIMHUSMU 32 TPH roja
TIOJIEBBIX MCIBITAHUH 110 MPU3HAKAM — BPEMS CO3PEBAHMS U
MIPOJOIKUTENILHOCTh BETETAIIMOHHOTO MEPHOa. YCTaHOB-
JIeHO BiMsiHUE (akTopoB «Aiutenn MC-JI0KycoB» Ha uccie-
JyeMble MPU3HAKH, Tak ajuienu Satt] () oka3bIBaIu BIUSHUE
Ha Bce npusHaku, kpome DTF (mam no nserenus); Satt319
u Satt354 emusiin Ha DTM (Ha KOJIMYECTBO JHEW 0
cospeBanus) 1 LV (Ha Mpo10IKUTENEHOCTD BET€TallnOHHOTO
nepuona); amtenu Sat 038 Bmusmu wa DTF um S-F (ma
MIPOJIOJDKUTENILHOCTD TIEpHoJia BCXOABI-IBeTeHUE). JIMHNM
¢ ammensmu 167 mH. mo Sattl00 n 175 n.H. o Satt319
JoKycaM (MapKUPYIOUUM JOMMHAHTHBIN TeH E7), uMenu
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Oomee ITUTENBHBIN BETETAIIMOHHBIA TEPHOI M CO3PEBAIH
nosjHee, yeM apyrue. Jlunuu ¢ annenem 247 m.H. 0 JOKyCy
Sat (38 3auBeTanu paHbliie, 4YeM JIMHUY ¢ ajieneM 245 1.H.,
a TUHUY ¢ aiiesneM 232 1.H. o Satt354 [ocTuraiu 3peiocTi
MO3KE, UM JIMHUU C IPYTUMHU AJUISNIIMH 0 3TOMY JIOKYCY.
BeiBonbl. Hamu BEISBIIEHO, YTO NMPUMEHEHHBIE MYTareHBI
MHIyIIUPOBAIN HW3MEHEHHS B T€HOME COM M C ITOMOIIBIO
9THX MYTarcHOB MO)KHO 3((EKTHBHO YBEIMYMBATH T'€HE-
THYECKOE pa3HOoOOpashe COM I10 JIOKyCaM, CBS3aHHBIM C
TeHaMH / JJOKyCaMH, OTIPEICIISTIOIIUMHE CPOKH CO3pPEBAaHUS 1/
Wi (HOTONIEPHOTUICCKYIO YyBCTBUTEIBFHOCTD, YTO JIETACT
BO3MOXHBIM CO3[aHHE COPTOB COM C PasHBIMHU CPOKaMH
CO3pEBaHMs U ypOXKaHHOCTBI0. MHUKpOCaTeIIUTHBIE MapKe-
pel, a umerno Sat 038, Satt100, Satt319 1 Satt354, moryt
OBITH MTOJIE3HBIM HHCTPYMEHTOM B MapKep-0MOCPeI0BaHHON
CEJIEKIIU COPTOB COM C 3aIPOTrPaMMHUPOBAHHBIMU TEMITAMH
pa3BuTHsI. MBI HE NETEKTUPOBAIN JTOCTOBEPHOTO BIIHSIHUS
«Anneneir MC-nokyca Satt229», KOTOpbIH, KaK U3BECTHO,
cuerieH ¢ E3, Ha uccleayeMble arpOHOMHYECKHE IpH-
3HaKu. [ reHoTUHoB, y KOTOpPBIX AETEKTHpOBaH E7,
KOJIMYECTBO JHEHW 10 KOJIOLIEHWS OBUIO Oosblne Ha 3—9
JIHEH, a IPOAOJDKUTEIBLHOCTh BETETAI[HIOHHOTO TIEpHOoJa Ha
10—-11 nueit. Y nunuii ¢ amenem 175 n.H. o nokycy Satt319
MIEPHOJT BCXOIbI-IIBETEHNE OBLT KOpoue Ha 6—9 aHei.

KiroueBble cjioBa: cosi, MyTaHTHBIE JHHUH, SSR-JIOKYCHI,
MHUKPOCATEIUTUTHBIE MapKepsl, £ reHbl, (OTOnepro, CpoKu
CO3pEBaHMUA.
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ABBREVIATIONS AND TERMS

IFAP  Institute of Feeds and Agriculture of Podillia
of NAAS, Vinnitsa, Ukraine

SSR  Simple sequence repeat

MS Microsatellite markers

MS-locus  Microsatellite locus

DNA  Deoxyribonucleic acid

PCR  Polymerase chain reaction

DTF  Days to flowering

DTM  Days to maturation

LV Length of the vegetative period (days)

S-F Duration of the period shoots-flowering (days)

LSD  Least significant difference

Rd Remaining dispersion

bp Base pair
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