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Associations of alleles of microsatellite markers
with agronomical traits of modern bread winter wheat
varieties in Southern Ukraine
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The Plant Breeding and Genetics Institute — National Center of Seed and Cultivar Investigations, 3, Ovidiopolska doroha st.,
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Purpose. Defining marker-trait associations of microsatellite markers with specific regions of the genome that
control important agronomical traits in the investigated varieties originated in the Plant Breeding and Genetics
Institute — National Center of Seed and Cultivar Investigations and entered into the State register of plant varieties
suitable for dissemination in Ukraine during different years. Methods. Molecular genetic methods (extraction of ge-
nomic DNA, polymerase chain reactions (PCR), electrophoresis of amplification products in polyacrylamide gel), field
methods (phenological observations of heading date and analysis of plant height, visual assessment of the colour and
length of wheat ear and awns), statistical methods (evaluation of trait means by descriptive statistic instruments of
EXCEL package, ANOVA method performed by GLM instrument from AGROBASE 21 package). Results. During four gro-
wing years (2010/11,2011/12,2012/13,2013/14), 47 bread winter wheat varieties were phenotypically measured and
analyzed with 17 microsatellite loci. 35 marker-trait associations (MTA) for heading date, 39 for plant height, 33 for
awn size, 20 for ear colour and 8 for ear size were found to be stable and significant during two-four different gro-
wing years. Conclusions. Microsatellite markers that showed substantial and stable during different growing years as-
sociations with agronomical traits can be useful and suitable for marker-assisted selection (MAS) in Ukrainian wheat

breeding programs.
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Introduction

Bread wheat (Triticum aestivum L.) is one
of the most important and widely grown food
crop in many countries, and therefore the
main task of breeding programs all over the
world is to increase grain yield (GYLD) of
wheat. Basic components of wheat yield in-
clude such breeding traits as ear number per
plant, grain number per ear and grain weight
[1]. Grain size and (or) weight is the target for
breeding not merely as a component of grain
yield, but also because of its impact on flour
yield and protein content, that also affect
milling and baking quality [2]. Some other ag-
ronomic traits, including anthesis date, plant
height (PH) and grain volume weight, also
have an effect on GYLD [3]. The efforts of
breeders to increase yield are of great signifi-
cance as they have to feed the expanding mass
of human population taking into account the
constantly changing market requirements.
Such efforts focused on the selection of de-
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sired genotypes to develop high-yielding varie-
ties are implemented in Ukraine where wheat
breeding began more than 100 years ago. For
more than one century, the South of Ukraine
has been regarded as the main bread winter
wheat producing region of the country due to
its rich black soils and a relatively dry climate.
The special approach to breeding that was ap-
plied at the Plant Breeding and Genetics Ins-
titute (PBGI) [4] included traditional and non-
traditional methods such as anther culture,
biochemical and molecular markers, resulted
in the release of new winter wheat varieties
with high yield potentials and well expressed
adaptation traits. Nowadays, a great progress
in a conventional breeding is enhanced by in-
trogression of new molecular marker techno-
logy especially microsatellite analysis that
facilitates the traditional breeding process [5].
In many studies a number of QTLs for agro-
nomically important traits have been identi-
fied in wheat by microsatellite analysis in-
cluding plant height (PH), heading date (HD),
GYLD, tiller number per plant, ear number
per unit area, ear length, spikelet number,
grain number, compactness of ear and grain
weight [6—12].

The purpose of the research is to find mar-
ker-trait associations in the investigated va-
rieties.
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Materials and methods

The analyzed material consists of 47 bread
winter wheat varieties (Triticum aestivum L.)
originated at the Plant Breeding and Gene-
tics Institute — National Center of Seed and
Cultivar Investigations (PBGI — NCSCI) and
entered into the State Register of plant varie-
ties suitable for dissemination in Ukraine
during different years: ‘Hospodynia’ (2007),
‘Scarbnytsia’ (2007), ‘Kosovytsia’ (2008), ‘Anto-
nivka’ (2008), ‘Zamozhnist’ (2008), ‘Blaho-
darka odeska’ (2009), ‘Misiia odeska’ (2009),
‘Dalnytska’ (2005), ‘Yednist’” (2008), ‘Kiriia’
(2004), ‘Liona’ (2005), ‘Kuialnyk’ (2003),
‘Poshana’ (2004), ‘Zaporuka’ (2008), ‘Bunchuk’
(2009), ‘Podiaka’ (2008), ‘Oksana’ (2007), ‘Zah-
rava odeska’ (2010), ‘Epokha odeska’ (2010),
‘Lytanivka’ (2008), ‘Sluzhnytsia odeska’ (2009),
‘Hoduvalnytsia odeska’ (2009), ‘Istyna odeska’
(2010), ‘Zmina’ (2007), ‘Dovira’ (2009), ‘Krasen’
(2009), ‘Otaman’ (2008), ‘Borvii’ (2010), ‘Tu-
runchuk’ (2008), ‘Diuk’ (2008), ‘Nebokrai’
(2011), ‘Khyst’ (2013), ‘Pylypivka’ (2011), ‘Zo-
repad’ (2011), ‘Zhaivir’ (2010), ‘Uzhynok’ (2010),
‘Hurt’ (2013), ‘Dobrochyn’ (2013), ‘Vatazhok’
(2011), ‘Poliovyk’ (2009), ‘Holubka odeska’
(2011), ‘Kniahynia Olha’ (2011), ‘Lebidka odes-
ka’ (2 samples, 2011), ‘Zhuravka odeska’ (2011),
‘Bezmezhna’ (2008), ‘Lastivka odeska’ (2011).
Such variety as ‘Albatros odeskyi’ (1990) and
two collection samples of ‘Bezosta 1’ variety
(1955) were taken into research as reference
samples according to the recommendation of the
Ukrainian Institute for Plant Variety Exami-
nation of the Ministry of Agriculture and
Food of Ukraine (UIPVE of MAFU) for dis-
tinctness, uniformity and stability (DUS) test-
ing of new varieties of bread wheat (Triti-
cum aestivum L.) for the purpose of granting
the Breeders’ Right [13]. ‘Albatros odeskyi’
variety was created and recommended for
breeding practices and production by Academi-
cian N. A. Lytvynenko as a source that ensures
genetic productivity, frost resistance, drought
tolerance, heat resistance and has excellent
grain quality [14], so we used this variety as
a reference crop in field experiments.

The mentioned genotypes of 47 bread winter
wheat varieties were characterized using 17
SSR markers abundantly described in the
literature [1, 5], the part of which was given
in the guidelines on the differentiation and
identification of wheat varieties [15], and
additionally they were used in our previous
researches [16, 17].

Genomic DNA was extracted from seedlings
using modified CTAB method [18]. Polymerase
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chain reactions (PCR) was performed on a Ter-
tsyk thermocycler (DNA Technology, Russia)
according to Roder et al. [19], with 35 instead
of 45 cycles of denaturation for 1 min at 94 °C,
annealing for 1 min at 50 °C (565 or 60 °C
depending on the primer) and extension for
1 min at 72 °C followed by a final extension
step for 5 min at 72 °C. PCR was carried out
in a final reaction volume of 25 pL containing:
60 ng of DNA; 0.25 uM of each primer; 10x
PCR-buffer (40 mM Tris-HCI pH 8,4; 25 mM
KCl; 1.5 mM of MgCL; 0,01% Tween-20); 0,2
mM of each dNTP; 1 unit of Taq-polymerase.
The amplification products (10-uL aliquot of
the PCR mixture) were separated in 7%
polyacrylamide gel in 1 x TBE using Hoéfer
scientific instruments (USA). Visualization of
PCR products was performed by staining of
gels in AgNO, according to “Silver sequence
TM DNA Sequencing System Technical Manual”.

Image Master VDS video system (Amer-
sham Pharmacia Biotech, USA) was used to
assess the fragment size of the alleles at
each microsatellite locus. The pUC19 DNA/
Mspl and 100 bp DNA Ladder were used as
standard ladders. Statistical processing of
the results obtained was carried out by
standard methods [20].

The seeds provided by the different re-
search departments of PBGI — NCSCI have
been sown on separate plots in field expe-
riment conditions of 2010/11, 2011/12,
2012/13, 2013/14 growing years by the sci-
entists of the laboratory of Variety Investi-
gation and Breeding Process Modeling of
PBGI located in Odesa, Ukraine (46" 27’ 3”,
30° 39’ 18”). 5 seedlings of each variety were
taken in a random way for microsatellite
analysis (MS-analysis), among which one was
used for the further growing under ear-row
scheme. Each season the reference microsa-
tellite analysis was performed to determine
the purity of seeds and prevent possible con-
tamination. The obtained grain material was
analyzed for a number of important agro-
nomic traits: heading date (HD), plant height
(PH), awn size (AS), ear colour (EC), ear size
(ES). HD was estimated during three growing
years (2010/11, 2011/12, 2012/13) as days
since the 1t of May when approximately half
of ears in a plot have half emerged from the
flag leaf. PH (cm) is made up of a main stem
length including the length of the ear and
was evaluated during four growing years
(2010/11, 2011/12, 2012/13, 2013/14). Awn
size was determined according to the scale of
1 up to 7 as it was recommended by [13]: 1
— absolutely without awns (as ‘Bezosta 1’ va-
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riety), 2 — short awns, 3 — average awns, 5 —
long awns, 7 — very long awns. It was esti-
mated during three growing years (2010/11,
2011/12, 2012/13). Among the studied varie-
ties, there was found none that would have
long or very long awns. EC and ES were eva-
luated during two growing years (2011/12,
2012/13).

EC was determined as the degree of colour
intensity with the help of the scale of 1 to 5
(1 — white, 3 — straw yellow, 5 — red). Among
tested varieties we have not revealed any pos-
sessing smoky grey or black ears which were
mentioned to exist according to [13]. For de-
termining the ear size, a 9-point scale (1 —
very short, 3 — short, 5 — medium, 7 — long,
9 — very long) has been used.

‘Albatros odeskyi’ was included in the trial
as a reference variety. It was planted once
every 8 studied varieties, which were sown in
two rows, for more accurate registration of
the whole set of features according to the
method provided by [13]. Scoring indicators
for ear size, awn size and ear colour were
made as it was suggested by UPOV and UIEPV
of MAFU [13]. Thus, ‘Albatros odeskyi’ varie-
ty is characterized by 2 points for AS, 3 for
EC and 5 for ES.

All data were evaluated by means of de-
scriptive statistic instruments of EXCEL
package. Averaged values and their errors
were calculated for every group carrying al-
lele of interest, for each season separately.
Significance of between-group differences
was estimated by t-criterion. For illustration
of differences between alternative pairs of
alleles (as shown in Figures 2 and 3), along
with investigation of the structure of total
variation of HD and PH traits, ANOVA
method was used with alleles and years as
main factors; the calculations were per-
formed by GLM instrument from AGRO-
BASE 21 package (Agronomix Software Inc.,
Canada) [21].

Results and discussion

Mean values of evaluated traits in all years
analyzed showed considerable levels of inter-
variety diversity (Table 1). Early HD was re-
corded first in ‘Zaporuka’ variety, while ‘Ok-
sana’ had the latest date of HD. The highest
value of PH was revealed in ‘Polovyk’, while
the smallest one ‘Zaporuka’ variety had. The
shortest AS was in ‘Zmina’ variety, whereas
‘Hospodynia’, ‘Misiia odeska’, ‘Kiriia’, Li-
ona’, ‘Kuialnyk’, ‘Poshana’, ‘Podiaka’, ‘Zah-
rava odeska’, ‘Dovira’ varieties had average
AS. Both samples of ‘Lebidka odeska’ variety

had the smallest value of EC, while ‘Krasen’
variety showed the highest one (5, red). ‘Ok-
sana’ variety had the smallest value of ES,
whereas ‘Epokha odeska’ variety was charac-
terized by the highest one among the studied
varieties.

Table 1
Levels of inter-variety diversity for heading date (HD),
plant height (PH), awn size (AS), ear colour (EC),
ear size (ES)*

Data HD PH AS EC ES
Mean 15,36 79,57 2,64 2,21 513
SD 1,25 5,82 0,72 0,74 0,44
cv 8,15 7,32 27,12 33,56 8,62
min 12,33 65,00 1,00 1,00 4,00
max 18,33 95,00 3,00 5,00 6,00

* HD was estimated as days since the 1°t of May; PH is given
in cm; AS, EC and ES are given in points evaluated by
7-point, 5-point and 9-point scales, respectively; Mean —
average values; SD - standard deviation; CV - coefficient
of variation, %.

Significant marker-trait associations for
HD, PH, AS, EC, ES during two—four analyzed
years are denoted by asterisks (*p < 0.05 and
#*%p < 0.01) in Tables 2, 3 (supplementary
material). The highest number of associations
was revealed for HD and PH. The SSR markers
Xgwml186-5A and Xgwm3-3D to a great degree
were associated with all analyzed traits and
shown stability during three years for PH.
Markers Xtaglgap-1B, Xgwm155-3A showed
stable associations with HD, PH, AS during
all years analyzed and significant associations
with EC.

Three traits were considerably associated with
three markers (Xgwm408-5B, Xgwmd325-6D,
Xgwmb77-7B), namely Xgwm408-5B showed
association for HD, PH and EC; Xgwm325-6D
with HD, PH and AS; marker Xgwmb77-7B
with HD, EC and ES. Seven SSR markers we-
re associated with two studied traits, whereas
three markers showed associations with only
one trait, namely for HD (Xgwm389-3B), AS
(Xgwm190-5D), ES (Xgwm18-1B).

Table 2
The number of alleles according to their associations
with heading date (HD), plant height (PH), awn size
(AS), ear colour (EC), ear size (ES)
Characteristics HD*| PH | AS
Number of alleles increasing
the value of a studied trait 20 | 17 | 15| 10 | 3
Number of alleles decreasing
the value of a studied trait 15 |22 |17 110 | 5
Alternate 51213 1
Rest 69 | 68 | 76 | 86 | 100

* Increasing values mean the earlier date of HD;
** Increasing values mean the lighter EC.

EC**| ES
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Supplementary material
Table 3
Significant associations of SSR alleles with heading date (HD), plant height (PH), awn size (AS), ear colour (EC),
ear size (ES), represented as signs, revealed in field experiments during 2-4 years
(the years of harvesting are shown in the header)

HD PH AS EC ES
Locus Allele
2011 | 2012 | 2013 | 2014 | 2011 | 2012 | 2013 | 2012 | 2013 | 2012 | 2013
116 na | I na i T+ T+
Xgwm357 * *
o s Ll
T
T
186 I
Xgwm18 188
(1B)
Taglgap
(1B)
Xgwm095
(2A)
Xgwm3
(2D)
Xgwm3
(2D)
135
137 | na | na | Ix | na | na | na | I=
N
Xgwm155 T
(3A)
o
T
T
e
T I
Xgwm389 119 e | L«
(3B) 134 L
136 Lo L L+ T | U=
138 T e s
Xéq;vm389 142 Tx na T na Tx T+ T
(38) 145 e
185 T
189 | na L
Xgwm165/1 | 191 Lex | Tx
(4D) 193 Tex | L
195 T
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HD PH AS EC ES
Locus Allele
2011 | 2012 | 2013 | 2011 | 2012 | 2013 | 2014 | 2011 | 2012 | 2013
102
107 T« | T+ | na na | x| =
113
Xgwm186 | 115 Tk
(5A) 125 Lo T | T«
129 Ix | Ix
135
139 T#x | na na | s | Ul
Xgwm186
(5A) 142 I
148
162 na | na | na | =
Xqwm408 | 178 T
(5B) 185
188
192 I L
204
Xgwm190 208
(50) 210
115 na T | T
na Taos | Taex
Xgwm325 na T | Ta
(6D) 1
138 | na | == na | = | U= na Taer | T
142
Xgwm325
(6D)
150
137
152
)((7g;/)m577 171
173
175
105
Xgwm437 107 s e | =
(7D) 109 T T | T«
113 L
Xgwmé44 176 L T e
(7D) 178
180 L T e
fgums 183 (P T R
(7D) 185 Tos || L
187 na | = b | Tx
138 T+ | na | Tax Taex
142
146 | na | na | =
152 | na l#x | na | na | na | ==
Barci26 | 156 Tk [ s [ [l [ T [ T [ T | T
(7D) 158
160
162 | na L L
164 T L P Lo
166 T | e |
Wmc405 210
(7D) 212
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* Significant at p < 0.05.

HD PH AS EC ES
Locus Allele
2011 | 2012 | 2013 | 2011 \ 2012 \ 2013 \ 2014 | 2011 | 2012 | 2013 | 2012 | 2013 | 2012 | 2013
216 | na | U= T
Wmc405 218 T Ta L
(7D) 220 | T+ | lx | s
222 | T | Tx | Tx s T

** Significant at p < 0.01; T (+) and { (-) symbols indicate increasing or reducing, respectively, of the studied values
depending on alleles associated with these values; shading area reveals the most significant and stable marker-trait as-

sociations; na — not available.

For HD 13, marker-trait associations (MTA)
were shown to be stable during three growing
years, especially alleles Xgwm357 ,,, Xgwm357 .,
Xtaglgap,,. (Fig. 1), Xtaglgap,, (Fig. 1),
Xgwm325 ., Xgwm325, ,,, Xgwm325  and
Xwmc405,,, were found to be significantly as-
sociated with the later date of HD while al-

leles Xgwm357 ., Xtaglgap, , Xgwmlbs

1437

Xgwm325 ., Xgwm325 . were strongly asso-
ciated with the earlier date of HD. Additionally,
during two growing years 12 alleles were sig-
nificantly associated with the later date of HD
while 10 alleles showed association with the ear-
lier date of HD. The HD values associated with
presence of contrast alleles pairs in seven diffe-
rent loci are shown in Fig. 2.

1234567 8 910M 1112131415M1617181920

Fig. 1. Electrophoregram of DNA amplification products by the Xtaglgap-1B locus of ‘Dalnytska’ (1-5),
“Yednist’ (6-10), ‘Bezosta 1’ (11-15), ‘Oksana’ (16-20) varieties.
(M - molecular weight marker pUC 19/Msp I. The arrows indicate sizes in bp of fragment amplification)

The largest quantity of MTAs (39) during
several growing years was revealed for PH. 17
MTA were found to be stable in three—four
growing years, and 22 MTA were proved to be
significant in two growing years. Overall 17
SSR markers were associated with the higher
value of PH, while 22 alleles were associated
with its smaller value. Fig. 3 shows PH values
associated with presenting of contrast alleles
pairs in seven different loci.

33 MTAs for AS were found to be stable and
significant during two—three growing years.
The shorter value of AS was greatly associated
with alleles Xtaglgap,,,, Xgwm3_,, Xgwml155

141°

Xgwm325,,,, Xgwm437 6 Xgwm357,,,
Xgwm357,,,, Xgwm095 ,, Xgwm095 ,,,
Xgwm3,,, Xgwml186 Xgwml186 .,
ngm190208, ngm325150, Barc126164,
while thelarger value of ASshowed associations
with alleles Xtaglgap,,,, Xgwm3,,
ngm155139, ngm155143, ngm155147,

ngm155149, Xgwm32s,,,, ngm437107,
Xgwm357, ., Xgwm357 ., Xgwm095,,,
Xgwm3,,, Xgwmlbs ., Xgwmlbds .,
Xgwml186 ,, Xgwml90,,, Barcl26 .

Allele Xtaglgap,,, appeared tobesignificantly
associated with both smaller and higher values
of AS during three growing seasons.

20 MTAs for EC and 8 MTAs for ES were
proved to be significant in two growing years.
The analysis revealed that 10 alleles were as-
sociated with the darker EC and 10 alleles with
the lighter EC; 5 alleles were associated with
the smaller value of ES while alleles Xgwm18,,,,
Xgwml186,,, Xgwmb77 . were significantly
associated with the higher value of ES.

Analysis of variance (ANOVA) for HD val-
ues associated with 6 alleles in Xgwm325-6D
locus and also for PH values associated with
5 alleles in Xgwmd325-6D locus revealed sig-
nificant affection on HD and PH, respectively,
despite the fact that total variation was most-
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ly attributed (88-95% of the total sum of
squares) to the years.

Thus, we have detected that marker Xtagl-
gap-1B showed stable association with HD,
PH, AS during all years analyzed and signifi-
cant associations with EC. In studies carried
out by Landjeva et al. [22] it was noted that

the presence of allele Xtaglgap,,, was strictly
correlated with the red colour of the ear. Our
investigation proved allele Xtaglgap,,, to be
largely associated with the darker EC while
allele Xtaglgap,,, to a great extent was as-
sociated with the lighter EC. In general, it
was shown that the dominant gene Rgl, which
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Fig. 2. HD values associated with presence of contrast alleles pairs in seven different loci, averaged values
for 3 years; Y-axis shows days since the 1t of May when approximately half of ears in a plot have half emerged from
the flag leaf; X-axis shows alleles - fragment pairs (bp) in seven different loci: C - Xgwm357-1A; E - Xgwm3-3D;
F - Xgwm165/1-4A; G - Xgwm155-3A; H - Xgwm389-3B; J - Xgqwm325-6D; P — Xtaglgap-1B. Bars span range

Mean + (Sd/2) and whiskers - range Mean + (LSD,./2). Sol

id black bars indicate pair with inter-allelic differences

to be stable over the years, but with certainty below p < 0.05.
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Fig. 3. PH values associated with contrast alleles pairs

in seven different loci, averaged values for 4 years;

Y-axis shows PH (cm) given as a main stems length including the length of the ear; X-axis shows alleles -
fragment pairs (bp) in seven different loci: B - Xgwm095-2A; C - Xgqwm357-1A; E - Xgwm3-3D;

F - Xgwm165/1-4A; H - Xgwm389-3B; J - Xgwm325-6
and whiskers - range Mean + (LSD,/2). Solid black bars i

D; P - Xtaglgap-1B. Bars span range Mean + (Sd/2)
ndicate pair with inter-allelic differences to be stable

over the years, but with certainty below p <0.05
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determines the red colour of glumes is close-
ly linked with Gli-B1 region on chromosome
1BS [23, 24]. We detected that the SSR mark-
er Xgwm408-5B showed significant associa-
tions with HD, PH and EC. According to Leo-
nova et al. [25], the SSR marker Xguwm408-5B
appeared to be in close linkage to the vernal-
ization response gene Vrn-Bl on 5BL. In our
study the SSR marker Xgwmb77-7TB
showed significant associations with HD, EC
and ES. It was previously established that
the SSR marker Xgwmb577-7B is closely as-
sociated with powdery mildew resistance and
the Stb8 resistance gene. Two loci on 1B
chromosome near Xgwml8 were found to be
closely linked to a Yr (yellow rust) gene which
was placed 1.9 ¢M distally to these SSR mar-
kers. In our study allele Xgwml18  proved
to be strongly associated with the smaller
value of ES while allele Xgwm18, ,, was con-
siderably associated with the higher value of
ES. Brbaklic et al. [5] identified that the
QTL located near microsatellite marker Xg-
wm18-1B explained about 23% of the total
variability for PH in three growing years.
The indicated marker showed association
with HD and flowering date for two years. In
our study, the same SSR marker did not
have any association with HD or PH in test-
ed varieties under climatic conditions of
Southern Ukraine. Zanke et al. [12] reported
the detection of 34 SSR alleles located on
different wheat chromosomes which were as-
sociated with PH. 16 SSR alleles were associ-
ated with reducing the PH while 18 SSR al-
leles were associated with its enhancing. We
have detected 13 SSR that were significantly
associated with increasing PH while 16 SSR
alleles — with its reducing. Additionally, 2
SSR alleles showed alternative effect on the
value of PH. Zanke et al. [12] identified that
allele Xgwm357, ,, was significantly associa-
tiated with PH and proved to be one of the
most PH reducing alleles. In our study we
have found that SSR allele Xgwm357 , was
proved to be significantly associated with
the later date of HD in three growing years
under Ukrainian climatic conditions. It was
pointed out by Chaturvedi et al. [26] that
there is the direct positive effects of PH on
grain yield, so direct identification of ge-
nomic regions which affect expression of PH
is important for the breeding process. In our
study, 12 SSR markers associated with PH
were determined on chromosomes 2A, 3A,
5A, 1B, 3D, 4D, 6D and 7D. According to our
investigations we have not been analyzing
reduced plant height (RAit) genes that have a

significant effect on plant height. Confirma-
tion of marker-trait associations in our ma-
terial opens new opportunities for using the
mentioned microsatellite markers for MAS.

Conclusions

In order to facilitate and improve breeding
process, extensive studies, focused on finding
traits of interest associated with microsatellite
markers and different genomic regions of
wheat, are required and could be assisted by
molecular marker technologies. In conclu-
sion, 35 marker-trait associations (MTA) for
heading date, 39 for plant height, 33 for
awn size, 20 for ear colour and 8 for size of
ears were proved to be stable and significant
during two—four different growing years. 20
SSR alleles were found to be significantly as-
sociated with the later date of HD while 15
SSR alleles — with its earlier date. 5 SSR al-
leles showed significant alternative effect on
the value of HT. 17 SSR alleles for PH, 15 for
AS and 3 for ES were found to be significant-
ly associated with the increase of these values,
respectively, while 22 SSR alleles for PH, 17
for AS and 5 for ES were associated with their
reduction. As for EC, 10 SSR alleles were
found to be significantly associated with the
lighter EC and 10 SSR alleles — with the dar-
ker EC; 3 SSR alleles showed alternative ef-
fect on the value of EC.
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Meta. Bu3HaueHHA acouiauiii MikpocaTeniTHux Mapke-
piB 3i cneundiyHMMmU 06NACTAMMU FreHOMY, AKT KOHTPONIOIOTb
Ba¥/MBi arpoHOMiyHi 03HakW, Ha BMOOPLUi COPTIB NWeEHMU-
ui m'sikoi o3umoi cenekuii CI'T — HUHC, 3apeecTtpoBaHux B
[lep)xaBHOMY peecTpi COpTiB, NPUAATHUX /1A NOWMUPEHHS B
YKkpaiHi, npoTarom pi3Hux pokis. Metogu. MonekynspHo-
reHeTUYHi metopu (BugineHHs redomuoi JHK, nonimepas-
Ha naHutwrosa peakuis (MJIP), enektpodopes npopykTiB
amnnicdikauii B noniakpunamigHomy reni), noabosi metogu
(deHonOriYHI cnoCTEpEXEHHN JaTW KONOCIHHA Ta aHanis
03HaK «BMCOTA POC/IMHY», «OOBXMHA KOJNOCY» Ta «AOBXM-
Ha OCTIOKiBY, Bi3yaNbHi — OLiHKa 03HaKW «KOMip KONOCY»),
CTAaTUCTUYHI MeToAM (BM3HAYEHHSA CcepefHix 3HaYeHb arpo-
HOMiYHMX O3HAK 3a JOMOMOTOI0 ONMUCOBOT CTAaTUCTUKMN 3 BU-
KopucTaHHam nporpamu Excel i3 nakety Microsoft Office,
LucnepciiHuit aHani3 BUKoHaHo npouepypoto GLM (rewe-

panbHa NiHilHa Mopaens) 3i cnewiani3oBaHOro NPOrpamHo-
ro komnnekcy AGROBASE 21). Pesynbtatu. lpoTsarom 4o-
TMpbox pokie (2010/11, 2011/12, 2012/13, 2013/14) 47
COpTiB NweHnuUi M'AKoi 031Moi, Oynn BUBYEHi 3a (eHOTH-
NOBMMU O3HaKaMU Ta NpoaHanizoBaHi 3a 17 mikpocatenit-
HUMU NOKycamu. BussneHo 35 acouialiii Mapkepis 3 gatoto
KOJIOCiHHA, 39 — 3 BUCOTO POCAMH, 33 — 3 PO3MipOM oCTel,
20 — 3 KOAbOpOM Konocy i 8 — 3 po3mipoM Konocy; aco-
uiauii 6ynu cTabinbHMMM Ta JOCTOBIPHUMU NPOTArOM 2-4
poKiB pocnigkeHHs. BucHoBKM. MikpocateniTHi mapkepu,
AKi BUSABMAM 3Ha4Hi Ta cTabinbHi B pisHi poku acouiauii 3
arpoHOMiYHMMM O3HAKAMM, MOXYTb OYTU KOPUCHUMU i Npu-
LaTHUMK ans fo6opy 3a gonomoroto mapkepis (MAS) y pam-
Kax nporpam cenekuyii nweHuui Ykpainu.

Kntoyosi cnosa: acoyiayii mapkep-o3raka, Triticum aesti-
vum L., copmu nweHuyi Mm’aKoi 03umoi.
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Llenb. OnpepeneHune accounaumin MUKpOCATENIUTHBIX
MapKepoB O cneuuduyeckumu obnacTamMm reHoma, KoTo-
pble KOHTPONIMPYIOT BaXiHble arpoHOMUYECKMEe MpU3HaKK,
Ha BbI6GOPKE COPTOB MIIEHWLbI MATKOW O3UMOWN CeneKuuu
Cr' — HUHC, 3apeructpupoBaHHbix B [0CyAapCTBEHHOM
peecTpe COpPTOB pacCTeHWM, MPUFOAHBIX ANS BblpalLMBaAHMUA
B YKpauHe, Ha MpoTAXeHUU pasHbix net. Metoabl. Mone-
KyNApHO-reHeTMYeckne MeTofbl (BblA€NeHNEe TeHOMHOW
OHK, nonumepasHas uenHas peakuus (MLP), anektpo-
thope3 NpofyKTOB aMnaMUKaLWM B NOANAKPUAAMUAHOM
rene), nonesbie MeToabl (deHonornyeckue HabnwAeHUS
AaTbl KOMOWEHNSA 1 aHan13 NprU3HaKoB «BbICOTA PACTEHNUIY,
«AJIMHA KONOCa» U «AAMHA OCTel», BU3yaNnbHble — OLEHKA
NpuU3HaKa «LBEeT KOJoca»), CTaTUCTUyeckue metonbl (onpe-
AeNeHne CpPeAHUX 3HaYeHWN arpoOHOMMYECKUX MPU3HAKOB
C MOMOLWbIO ONKCATENbHON CTAaTUCTUKM C UCMONb30OBAHUEM
nporpammbl Excel u3 naketa Microsoft Office, aucnepcu-
OHHbIIi aHanu3 BbINONHEH npoueaypoit GLM (reHepanbHas

NWHedHas Mojenb) W3 crneuuanu3vpoBaHHOTO Mporpamm-
Horo komnnekca AGROBASE 21). Pesynbtatbl. B TeueHne
yeTblpex sieT (2010/11, 2011/12, 2012/13, 2013/14) 47
COPTOB MIIEHULbl MATKON 03UMOI OblNM U3y4yeHbl No de-
HOTUMUYECKUM MpU3HAKaM W NpoaHanu3upoBaHbl C Mo-
MoLWblo 17 MUKpOCATENNUTHLIX NOKYCOB. BoiaBneno 35 ac-
coumauMin mapKepos C Aatoi KonoweHus, 39 — ¢ BbICOTOM
pacteHuin, 33 — c pasmepom ocrteir, 20 — € LBETOM Konoca
M 8 — C pa3MepoM KoMoca; accouuauun Obln CTabunbHbI-
MW U [OCTOBEPHbIMU Ha MPOTAXEHUN 2—4 NET UCCNefoBaHuA.
BbiBogbl. MuKpocaTenuTHble MapKepbl, KoTopble 0OHapy-
KUAW 3HAuMTeNbHble W CTabUNbHbIE B pasHble rofbl acco-
LMaLnUKM C arpoHOMUYECKUMU NPU3HAKAMK, MOTYT ObITb MO-
Ne3HbIMU U MTPUTOAHLIMU ANS 0TOOPA C MOMOLbIO MAaPKEPOB
(MAS) B pamKax nporpamm cenekunmn NweHnLbl YKpauHbl.
Knwyessle cnosa: accoyuayuu mapkep-npusHak, Triti-
cum aestivum L., copma nweHuybl MA2KoU 03umodi.
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