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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-

UDC 577.2:631[633.111:664.64.016.8]  http://dx.doi.org/10.21498/2518-1017.3(32).2016.75973.

Associations of alleles of microsatellite markers                   
with agronomical traits of modern bread winter wheat 
varieties in Southern Ukraine 
O. O. Kolesnyk*, O. M. Khokhlov, S. V. Chebotar

The Plant Breeding and Genetics Institute – National Center of Seed and Cultivar Investigations, 3, Ovidiopolska doroha st., 
Odesa, 65036, Ukraine, *e-mail: emerald-olga@ukr.net

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.

Keywords: marker-trait associations, Triticum aestivum L., bread winter wheat varieties.

Olga Kolesnyk
http://orcid.org/0000-0003-0603-5311

Alexander Khokhlov
http://orcid.org/0000-0003-4459-195X

Sabina Chebotar
http://orcid.org/0000-002-9130-7272

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 

chain reactions (PCR) was performed on a Ter-
tsyk thermocycler (DNA Technology, Russia) 
according to Rööder et al. [19], with 35 instead 
of 45 cycles of denaturation for 1 min at 94 °Ñ, 
annealing for 1 min at 50 °Ñ (55 or 60 °Ñ 
depending on the primer) and extension for           
1 min at 72 °Ñ followed by a final extension 
step for 5 min at 72 °Ñ. PCR was carried out 
in a final reaction volume of 25 µL containing: 
60 ng of DNA; 0.25 µM of each primer; 10x 
PCR-buffer (40 mÌ Tris-ÍÑl ðÍ 8,4; 25 mÌ 
ÊÑl; 1.5 mM of MgCl

2
; 0,01% Tween-20); 0,2 

mM of each dNTP; 1 unit of Taq-polymerase. 
The amplification products (10-µL aliquot of 
the PCR mixture) were separated in 7% 
polyacry lamide gel in 1 × TBE using Hööfer 
scientific instruments (USA). Visualization of 
PCR products was performed by staining of 
gels in AgNO

3
 according to “Silver sequence 

TM DNA Sequencing System Technical Manual”. 
Image  Master  VDS  video  system  (Amer-

s ham Pharmacia Biotech, USA) was used to 
assess the fragment size of the alleles at 
each microsatellite locus. The pUC19 DNA/
MspI 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 1st of May when approximately half 
of ears in a plot have half emerg ed 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 5,13
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 1st 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 
Xgwm186-5A 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, Xgwm325-6D, 
Xgwm577-7B), namely Xgwm408-5B showed 
association for HD, PH and EC; Xgwm325-6D 
with HD, PH and AS; marker Xgwm577-7B 
with HD, EC and ES. Seven SSR markers we-
re associated with two studied traits, whereas 
three markers showed associa tions 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 EC** ES

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 10 5
Alternate 5 2 1 3 1
Rest 69 68 76 86 100

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

Locus Allele
HD PH AS EC ES

2011 2012 2013 2011 2012 2013 2014 2011 2012 2013 2012 2013 2012 2013

Xgwm357
(1A)

116 ↓∗∗ ↓∗ ↓∗∗ na ↓∗  na ↑** ↑* ↑*  ↑*
119      
121      
123 ↑∗∗ ↑∗ ↑∗∗ ↑∗  ↓* ↓*  ↓**
125  ↑∗∗ ↑∗∗  ↑** ↑** ↑**  ↑**
128 ↑∗ ↑∗ ↑∗∗ ↑∗   ↑**  ↑**
134  ↑∗ ↑∗∗  ↑∗    ↓** ↓** ↓**    

Xgwm18
(1B)

186     ↓*
188      
192     ↑* ↑*
196    ↑* ↓* ↓*

Taglgap
(1B)

215 ↑∗∗ ↑∗∗ ↑∗∗ ↑* ↓∗ ↑** ↑** ↑** ↓** ↓* ↑*  
218 ↓∗∗ ↓∗∗ ↓∗∗ ↓* ↓∗ ↓∗ ↓∗∗ ↑** ↑** ↑** ↑** ↑* ↓*  
235 ↓∗     
238 ↑∗∗ ↑∗∗ ↑∗∗ ↑* ↑∗ ↑∗ ↑∗∗ ↓** ↓** ↓**   
265               

Xgwm095
(2A)

110 na na ↑∗∗ ↓∗    
120 ↓∗∗ ↓∗ ↓∗∗ ↓∗ ↓∗∗ ↓∗ ↓∗  ↓∗  
122  ↑∗ ↑∗∗ ↑∗ ↑∗∗ ↓∗ ↓∗  ↑∗  
128 ↑∗   ↑∗ ↑∗   
130  ↓∗ ↓∗∗ na ↓∗∗ ↓∗ ↓∗        

Xgwm3
(2D)

75      
77 ↑∗  ↑∗∗ ↑∗  ↓∗∗ ↓∗∗ ↓∗ ↓∗ ↓∗ ↑∗
79 ↑∗  ↑∗  ↓∗∗ ↓∗∗ ↓∗∗ ↓∗  ↑∗  
81 ↓∗  ↑∗ ↑∗   ↑∗ ↑∗ ↓∗  
83 ↑∗ ↑∗∗   na ↑∗ ↑∗ ↑∗ ↑∗ ↓∗
86 ↑∗∗ ↑∗  ↓∗∗ ↓∗  ↓∗ ↑∗ ↑∗∗ ↑∗ ↓∗∗  

Xgwm3
(2D) 88 ↓∗∗ ↓∗∗  ↓∗ ↓∗ ↓∗  ↑∗∗ ↑∗∗ ↑∗∗ ↑∗∗ ↑∗∗ ↓∗∗ ↓∗

Xgwm155
(3A)

129 na na ↓∗     
135      
137 na na ↓∗ na na na ↓∗    
139 ↑∗  ↓∗ ↓∗  ↑∗ ↑∗∗ ↑∗∗ ↑∗∗ ↑∗ ↓∗  
141 ↑∗ ↑∗∗ ↑∗ ↑∗ ↑∗∗ ↑∗∗ ↓∗ ↓∗∗ ↓∗∗ ↓∗∗  ↑∗  
143 ↓∗ ↓∗ ↓∗∗ ↓∗  ↑∗∗ ↑∗∗ ↑∗∗ ↑∗∗ ↓∗  
145  ↓∗ ↓∗ ↑∗∗ ↑∗∗ ↓∗ ↓∗ ↓∗  
147 ↑∗ ↓∗∗ ↓∗ ↓∗ ↓∗∗ ↓∗ ↑∗∗ ↑∗∗ ↑∗∗ ↓∗ ↓∗ ↑∗∗  
149 ↑∗ ↑∗ ↓∗ ↓∗ ↓∗ ↓∗∗ ↑∗∗ ↑∗∗ ↑∗∗ ↓∗∗ ↓∗∗ ↑∗∗  
152  ↓∗ ↓∗ na  ↓∗ ↓∗∗ na ↑∗∗ ↑∗∗ ↑∗∗  ↓∗∗  

Xgwm389
(3B)

117 ↑∗∗ ↑∗ ↑+ ↓∗   ↓−  
119 ↑∗ ↑∗∗   ↓∗ ↓∗  
134 ↑∗ ↑∗    ↓∗  
136 ↓∗∗ ↓∗ ↓+  ↑∗ ↓∗  

Xgwm389
(3B)

138 ↑∗∗   ↑∗  
142 ↑∗ na ↑∗  na ↑∗ ↑+  ↑∗  
145  ↓∗             

Xgwm165/1
(4D)

185    ↑∗  
189 na na ↓∗ ↓∗    
191 ↓∗ ↑∗ ↑∗∗  ↑∗∗  ↓∗∗ ↑∗  
193 ↓∗ ↓∗∗ ↓∗∗  ↓∗∗  ↑∗∗ ↓∗  
195  ↑∗ ↑∗∗  ↑∗∗  ↑∗∗      ↑∗  
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Locus Allele
HD PH AS EC ES

2011 2012 2013 2011 2012 2013 2014 2011 2012 2013 2012 2013 2012 2013

Xgwm186
(5A)

102  ↑∗∗ ↑∗∗ ↑∗∗   ↑∗∗ ↑∗∗
107 ↑∗ ↑∗ na ↑∗∗ ↑∗ na ↓∗ ↓∗ ↓∗∗ ↓∗ ↑∗∗  
113  ↓∗∗ ↓∗ ↑∗∗   ↑∗∗  
115 ↑∗∗ ↓∗∗   ↑∗∗  ↓∗∗ ↓∗∗
125 ↓∗∗ ↓∗∗ ↓∗ ↓∗∗ ↑∗ ↑∗ ↑∗∗ ↑∗ ↑∗∗ ↑+
129 ↓∗ ↓∗ ↓∗∗ ↓∗  ∗∗ ∗  
135  ↓∗∗ ↓∗∗ ↓∗  ↓∗   
139 ↑∗∗ na  na ↓∗ ↓∗ ↓∗ ↓∗  

Xgwm186
(5A) 142   ↓∗  ↑∗ ↑∗ ↑∗    ↓∗ ↓∗ ↑∗  

Xgwm408
(5B)

148      
162  na na na ↓∗    
178     ↑∗
185      
188 ↓∗∗ ↓∗∗ ↓∗∗ ↓∗ ↓∗∗  ↑∗∗ ↑∗  
192  ↑∗∗ ↑∗∗  ↑∗∗ ↑∗ ↑∗∗   ↓∗ ↓∗∗ ↓∗  ↓∗

Xgwm190
(5D)

204   ↑∗∗ ↑∗∗   
208   ↓∗∗ ↓∗∗   
210               

Xgwm325
(6D)

115 ↓∗∗ ↓∗∗ ↓∗∗ na ↓∗∗ ↓∗ ↓∗∗ na ↑∗∗ ↑∗∗   
120 na ↓∗∗ ↓∗ na ↓∗∗ ↓∗∗  na ↑∗∗ ↑∗∗   
128 ↑∗ ↑∗∗ ↑∗∗  na ↑∗∗ ↑∗∗   
134 na na ↑∗ na na na ↓∗    
138 na ↓∗∗  na ↓∗ ↓∗  na ↑∗∗ ↑∗∗   

Xgwm325
(6D)

142      
144 ↓∗∗ ↓∗ ↑∗ ↓∗  ↑∗∗ ↑∗∗ ↑∗∗ ↑∗∗   
146 ↓∗∗ ↓∗∗ ↓∗ ↓∗ ↑∗∗ ↑∗∗   
148 ↑∗∗ ↑∗∗ ↑∗ ↑∗∗ ↓∗∗ ↓∗∗ ↓∗∗ ↓∗   
150 ↑∗∗ ↑∗∗ ↑∗∗ na ↑∗∗ ↑∗∗ ↑∗∗ na ↓∗∗ ↓∗∗ ↓∗∗    

Xgwm577
(7B)

137 ↑∗ ↑∗   ↓∗∗ ↓∗∗ ↑∗∗  
152    ↑∗∗ ↑∗∗  
171 ↑∗ ↓∗   ↑+ ↑∗∗ ↓∗∗ ↓∗
173 ↑∗    ↓∗∗ ↓∗∗
175 ↓∗  ↓∗        ↑∗∗ ↓∗ ↑∗ ↑∗∗

Xgwm437
(7D)

105      
107 ↓∗  ↓∗ ↓∗  ↑∗∗ ↑∗∗ ↑∗∗   
109 ↑∗  ↑∗ ↑∗  ↓∗∗ ↓∗∗ ↓∗∗   
113  ↓∗             

Xgwm44
(7D)

176 ↓∗∗   ↑∗  ↓∗  
178      

Xgwm44
(7D)

180  ↓∗   ↑∗  ↓∗  
183 ↓∗ ↑∗∗   ↓∗ ↓∗ ↑∗  
185 ↑∗∗ ↑∗ ↑∗∗    ↓∗  
187    na ↓∗∗      ↓∗ ↑∗   

Barc126
(7D)

138 ↑∗ na ↑∗∗ ↑∗∗    
142      
146 na na ↓∗∗     
152 na ↓∗∗ na na na ↓∗∗    
156 ↑∗∗ ↓∗∗ ↓∗ ↑+ ↑∗∗ ↑∗∗  ↑∗∗
158      
160      
162 na ↓∗∗ ↓∗∗    
164 ↑∗∗ ↓∗∗ ↑∗∗ ↓− ↓∗∗ ↓∗∗  ↓∗∗
166   ↑∗∗  ↑∗∗  ↑∗∗        

Wmc405
(7D)

210      
212      
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Locus Allele
HD PH AS EC ES

2011 2012 2013 2011 2012 2013 2014 2011 2012 2013 2012 2013 2012 2013

Wmc405
(7D)

216 na ↓∗    ↑∗   
218 ↑∗  ↓∗∗ ↓∗  ↑∗  ↓∗   
220 ↑∗ ↓∗ ↓∗ ↓∗ ↓∗     
222 ↑∗ ↑∗ ↑∗  ↑∗∗ ↑∗  ↓∗   ↑∗    

 * Significant at p ≤ 0.05. 
** Significant at p ≤ 0.01; ↑ (+) 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

123
, Xgwm357

128
, 

Xtaglgap
215 

(Fig. 1), Xtaglgap
238 

(Fig. 1), 
Xgwm325

128
, Xgwm325

148
, Xgwm325

150 
and 

Xwmc405
222

 were found to be significantly as-
sociated with the later date of HD while al-
leles Xgwm357

116
, Xtaglgap

218
, Xgwm155

143
, 

Xgwm325
115

, Xgwm325
146

 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.

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 associa ted 
with alleles Xtaglgap

238
, Xgwm3

79
, Xgwm155

141
, 

Xgwm325
148

, Xgwm437
109

, Xgwm357
123

, 
Xgwm357

134
, Xgwm095

120
, Xgwm095

122
, 

Xgwm3
77

, Xgwm186
107

, Xgwm186
139

, 
Xgwm190

208
, Xgwm325

150
, Barc126

164
, 

while the larger value of AS showed associations 
with alleles Xtaglgap

218
, Xgwm3

88
, 

Xgwm155
139

, Xgwm155
143

, Xgwm155
147

, 

Xgwm155
149

, Xgwm325
144

, Xgwm437
107

, 
Xgwm357

116
, Xgwm357

125
, Xgwm095

128
, 

Xgwm3
83

, Xgwm155
145

, Xgwm155
152

, 
Xgwm186

125
, Xgwm190

204
, Barc126

156
. 

Allele Xtaglgap
215

 appeared to be significantly 
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

192
, 

Xgwm186
102

, Xgwm577
175

 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 Xgwm325-6D locus revealed sig-
nificant affection on HD and PH, respectively, 
despite the fact that total variation was most-

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)

 1  2   3 4   5   6  7   8   9 10  Ì  11 12 13 14 15 Ì 16 17 18 19 20

207 bp207 bp

238 bp238 bp
215 bp215 bp
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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
244

 was strictly 
correlated with the red colour of the ear. Our 
investigation proved allele Xtaglgap

215
 to be 

largely associated with the dar ker EC while 
allele Xtaglgap

218
 to a great extent was as-

sociated with the lighter EC. In general, it 
was shown that the dominant gene Rg1, which 

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 1st 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 – Xgwm325-6D; P – Xtaglgap-1B. Bars span range            

Mean ± (Sd/2) and whiskers – range Mean ± (LSD05/2). Solid black bars indicate pair with inter-allelic differences 
to be stable over the years, but with certainty below p ≤ 0.05.

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 – Xgwm357-1A; E – Xgwm3-3D; 
F – Xgwm165/1-4A; H – Xgwm389-3B; J – Xgwm325-6D; P – Xtaglgap-1B. Bars span range Mean ± (Sd/2) 

and whiskers – range Mean ± (LSD05/2). Solid 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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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 Xgwm408-5B 
appeared to be in close linkage to the vernal-
ization response gene Vrn-B1 on 5BL. In our 
study the SSR marker Xgwm577-7B
showed significant associations with HD, EC 
and ES. It was pre viously established that 
the SSR marker Xgwm577-7B is closely as-
sociated with powdery mildew resistance and 
the Stb8 resistance gene. Two loci on 1B 
chromosome near Xgwm18 were found to be 
closely linked to a Yr (yellow rust) gene which 
was placed 1.9 cM distally to these SSR mar-
kers. In our study allele Xgwm18

196 
proved 

to be strongly associated with the smaller 
value of ES while allele Xgwm18

192
 was con-

siderably associa ted 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

128
 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

128 
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 (Rht) 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 bree ding 

process, extensive studies, focused on finding 
traits of interest associated with mic rosatellite 
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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Ìåòà. Âèçíà÷åííÿ àñîö³àö³é ì³êðîñàòåë³òíèõ ìàðêå-
ð³â ç³ ñïåöèô³÷íèìè îáëàñòÿìè ãåíîìó, ÿê³ êîíòðîëþþòü 
âàæëèâ³ àãðîíîì³÷í³ îçíàêè, íà âèáîðö³ ñîðò³â ïøåíè-
ö³ ì’ÿêî¿ îçèìî¿ ñåëåêö³¿ ÑÃ² – ÍÖÍÑ, çàðåºñòðîâàíèõ â 
Äåðæàâíîìó ðåºñòð³ ñîðò³â, ïðèäàòíèõ äëÿ ïîøèðåííÿ â 
Óêðà¿í³, ïðîòÿãîì ð³çíèõ ðîê³â. Ìåòîäè. Ìîëåêóëÿðíî-
ãåíåòè÷í³ ìåòîäè (âèä³ëåííÿ ãåíîìíî¿ ÄÍÊ, ïîë³ìåðàç-
íà ëàíöþãîâà ðåàêö³ÿ (ÏËÐ), åëåêòðîôîðåç ïðîäóêò³â 
àìïë³ô³êàö³¿ â ïîë³àêðèëàì³äíîìó ãåë³), ïîëüîâ³ ìåòîäè 
(ôåíîëîã³÷í³ ñïîñòåðåæåííÿ äàòè êîëîñ³ííÿ òà àíàë³ç 
îçíàê «âèñîòà ðîñëèí», «äîâæèíà êîëîñó» òà «äîâæè-
íà îñòþê³â», â³çóàëüí³ – îö³íêà îçíàêè «êîë³ð êîëîñó»), 
ñòàòèñòè÷í³ ìåòîäè (âèçíà÷åííÿ ñåðåäí³õ çíà÷åíü àãðî-
íîì³÷íèõ îçíàê çà äîïîìîãîþ îïèñîâî¿ ñòàòèñòèêè ç âè-
êîðèñòàííÿì ïðîãðàìè Excel ³ç ïàêåòó Microsoft Office, 
äèñïåðñ³éíèé àíàë³ç âèêîíàíî ïðîöåäóðîþ GLM (ãåíå-

ðàëüíà ë³í³éíà ìîäåëü) ç³ ñïåö³àë³çîâàíîãî ïðîãðàìíî-
ãî êîìïëåêñó AGROBASE 21). Ðåçóëüòàòè. Ïðîòÿãîì ÷î-
òèðüîõ ðîê³â (2010/11, 2011/12, 2012/13, 2013/14) 47 
ñîðò³â ïøåíèö³ ì’ÿêî¿ îçèìî¿, áóëè âèâ÷åí³ çà ôåíîòè-
ïîâèìè îçíàêàìè òà ïðîàíàë³çîâàí³ çà 17 ì³êðîñàòåë³ò-
íèìè ëîêóñàìè. Âèÿâëåíî 35 àñîö³àö³é ìàðêåð³â ç äàòîþ 
êîëîñ³ííÿ, 39 – ç âèñîòîþ ðîñëèí, 33 – ç ðîçì³ðîì îñòåé, 
20 – ç êîëüîðîì êîëîñó ³ 8 – ç ðîçì³ðîì êîëîñó; àñî-
ö³àö³¿ áóëè ñòàá³ëüíèìè òà äîñòîâ³ðíèìè ïðîòÿãîì 2–4 
ðîê³â äîñë³äæåííÿ. Âèñíîâêè. Ì³êðîñàòåë³òí³ ìàðêåðè, 
ÿê³ âèÿâèëè çíà÷í³ òà ñòàá³ëüí³ â ð³çí³ ðîêè àñîö³àö³¿ ç 
àãðîíîì³÷íèìè îçíàêàìè, ìîæóòü áóòè êîðèñíèìè é ïðè-
äàòíèìè äëÿ äîáîðó çà äîïîìîãîþ ìàðêåð³â (MAS) ó ðàì-
êàõ ïðîãðàì ñåëåêö³¿ ïøåíèö³ Óêðà¿íè.

Êëþ÷îâ³ ñëîâà: àñîö³àö³¿ ìàðêåð-îçíàêà, Triticum aesti-
vum L., ñîðòè ïøåíèö³ ì’ÿêî¿ îçèìî¿.
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Öåëü. Îïðåäåëåíèå àññîöèàöèé ìèêðîñàòåëëèòíûõ 
ìàðêåðîâ ñî ñïåöèôè÷åñêèìè îáëàñòÿìè ãåíîìà, êîòî-
ðûå êîíòðîëèðóþò âàæíûå àãðîíîìè÷åñêèå ïðèçíàêè, 
íà âûáîðêå ñîðòîâ ïøåíèöû ìÿãêîé îçèìîé ñåëåêöèè 
ÑÃÈ – ÍÖÍÑ, çàðåãèñòðèðîâàííûõ â Ãîñóäàðñòâåííîì 
ðååñòðå ñîðòîâ ðàñòåíèé, ïðèãîäíûõ äëÿ âûðàùèâàíèÿ 
â Óêðàèíå, íà ïðîòÿæåíèè ðàçíûõ ëåò. Ìåòîäû. Ìîëå-
êóëÿðíî-ãåíåòè÷åñêèå ìåòîäû (âûäåëåíèå ãåíîìíîé 
ÄÍÊ, ïîëèìåðàçíàÿ öåïíàÿ ðåàêöèÿ (ÏÖÐ), ýëåêòðî-
ôîðåç ïðîäóêòîâ àìïëèôèêàöèè â ïîëèàêðèëàìèäíîì 
ãåëå), ïîëåâûå ìåòîäû (ôåíîëîãè÷åñêèå íàáëþäåíèÿ 
äàòû êîëîøåíèÿ è àíàëèç ïðèçíàêîâ «âûñîòà ðàñòåíèé», 
«äëèíà êîëîñà» è «äëèíà îñòåé», âèçóàëüíûå – îöåíêà 
ïðèçíàêà «öâåò êîëîñà»), ñòàòèñòè÷åñêèå ìåòîäû (îïðå-
äåëåíèå ñðåäíèõ çíà÷åíèé àãðîíîìè÷åñêèõ ïðèçíàêîâ 
ñ ïîìîùüþ îïèñàòåëüíîé ñòàòèñòèêè ñ èñïîëüçîâàíèåì 
ïðîãðàììû Excel èç ïàêåòà Microsoft Office, äèñïåðñè-
îííûé àíàëèç âûïîëíåí ïðîöåäóðîé GLM (ãåíåðàëüíàÿ 

ëèíåéíàÿ ìîäåëü) èç ñïåöèàëèçèðîâàííîãî ïðîãðàìì-
íîãî êîìïëåêñà AGROBASE 21). Ðåçóëüòàòû. Â òå÷åíèå 
÷åòûðåõ ëåò (2010/11, 2011/12, 2012/13, 2013/14) 47 
ñîðòîâ ïøåíèöû ìÿãêîé îçèìîé áûëè èçó÷åíû ïî ôå-
íîòèïè÷åñêèì ïðèçíàêàì è ïðîàíàëèçèðîâàíû ñ ïî-
ìîùüþ 17 ìèêðîñàòåëëèòíûõ ëîêóñîâ. Âûÿâëåíî 35 àñ-
ñîöèàöèé ìàðêåðîâ ñ äàòîé êîëîøåíèÿ, 39 – ñ âûñîòîé 
ðàñòåíèé, 33 – ñ ðàçìåðîì îñòåé, 20 – ñ öâåòîì êîëîñà 
è 8 – ñ ðàçìåðîì êîëîñà; àññîöèàöèè áûëè ñòàáèëüíû-
ìè è äîñòîâåðíûìè íà ïðîòÿæåíèè 2–4 ëåò èññëåäîâàíèÿ.
Âûâîäû. Ìèêðîñàòåëèòíûå ìàðêåðû, êîòîðûå îáíàðó-
æèëè çíà÷èòåëüíûå è ñòàáèëüíûå â ðàçíûå ãîäû àññî-
öèàöèè ñ àãðîíîìè÷åñêèìè ïðèçíàêàìè, ìîãóò áûòü ïî-
ëåçíûìè è ïðèãîäíûìè äëÿ îòáîðà ñ ïîìîùüþ ìàðêåðîâ 
(MAS) â ðàìêàõ ïðîãðàìì ñåëåêöèè ïøåíèöû Óêðàèíû.

Êëþ÷åâûå ñëîâà: àññîöèàöèè ìàðêåð-ïðèçíàê, Triti-
cum aes ti vum L., ñîðòà ïøåíèöû ìÿãêîé îçèìîé.

Íàä³éøëà 16.02.2016

ÓÄÊ 577.2:631[633.111:664.64.016.8]
Êîëåñíèê Î. À.*, Õîõëîâ À. Í., ×åáîòàðü Ñ. Â. Àññîöèàöèè àëëåëåé ìèêðîñàòåëëèòíûõ ìàðêåðîâ ñ àãðîíî-

ìè÷åñêèìè ïðèçíàêàìè ñîâðåìåííûõ ñîðòîâ ïøåíèöû ìÿãêîé îçèìîé Þãà Óêðàèíû // Ñîðòîâèâ÷åííÿ òà îõîðî-
íà ïðàâ íà ñîðòè ðîñëèí. – 2016. – ¹ 3. – Ñ. 19–29. http://dx.doi.org/10.21498/2518-1017.3(32).2016.75973

Ñåëåêöèîííî-ãåíåòè÷åñêèé èíñòèòóò – Íàöèîíàëüíûé Öåíòð ñåìåíîâåäåíèÿ è ñîðòîèçó÷åíèÿ, óë. Îâèäèîïîëüñêàÿ äîðîãà, 3, 
ã. Îäåññà, 65036, Óêðàèíà, *e-mail: emerald-olga@ukr.net


