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THE COURSES OF NURSERIES CONTROL AND VARIETY 
INVESTIGATION SYSTEMS FOUNDED ON MOLECULAR MARKERS 

Principles of molecular marker systems for breeding and varieties in-
vestigation needs were analyzed on model experimental data. The key 
features of such systems are minimally required number of markers, 
sets of varieties used as ‘localized etalons’, and dedicated analytic in-
struments ready for enhancement. Attention is paid to improve discrimi-
nant ability of these systems. UPOV recommendation to use 8 MS mark-
ers is considered as not sufficient. 
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Introduction. Molecular markers are considered to be an indispens-
able tool of modern genetic research because of their clear manifestation of 
genetically determined differences in varying environmental conditions and 
relative simplicity combined with accessibility of the analysis. 

Over the past three decades, the total number of the proposed molecular 
markers reached such a level, which makes it possible to construct high den-
sity genetic maps [1, 2]. A large set of markers is being used in fine genetic 
studies nowadays [3–5], but for the most purposes of the current breeding 
such a detailed analysis is excessive both in substance and expenditures. In-
sufficient elaboration of approaches to optimize molecular markers systems 
of identification and variety control in some way holds back the widespread 
introduction of the latter into practice of variety investigation. Hence the im-
portance of the problem comes up in the headline of this article. 

Material and methods. As a model example there were selected re-
sults of our research of 49 lines picked out under the «ear-row» scheme from 
soft winter wheat varieties breeded by the Plant Breeding and Genetics Insti-
tute — National Center of Seed and Cultivar Investigation using 17 microsat-
tellite loci, the part of which was given in the guidelines on the differentiation 
and identification of wheat varieties and was used in our previous researches 
[6, 7]. This outlines the range of applications: the model simulates the opera-
tion with monomorphic varieties or with the clean lines of composed varieties, 
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i.e. the final stages of breeding, seed nurseries, dedicated collections and so 
on. It is assumed that in consequence of breeding these varieties are adapted 
to the conditions of a certain region, i. e. the genetic basis of such varieties 
is respectively narrowed compared to the complete gene pool of the culture. 

The choice of the microsatellite loci (MS) is dictated by their advantages 
over other molecular markers that are used in the studies of genetic polymor-
phism of wheat varieties. Particularly they attract by relative simplicity and ac-
cessibility of their analysis, by large number of the mapped loci that uniformly 
cover the entire genome of T. aestivum L., by significant polymorphism, and 
co-dominant nature of their inheritance [1, 2, 8]. MS analysis attracts also by 
the opportunity to conduct research of DNA isolated from individual genotypes 
and by its developed technical basis for the implementation of this method. 
Also it was foreseen by the research plan to study conditions of application of 
the approaches for all markers at all, including non-molecular markers. 

The list of the selected markers is given in Table 1. It should be noted that 
some MS-markers can detect additional loci on other chromosomes (they are 
shown in parentheses), but these additional loci are characterized generally 
by different size of the alleles which are not investigated in our research. 

For the analysis of the data there were used the software tools Excel 2010, 
FileMaker 12.0, Statistica 6.0. 

Results and discussion. Optimizing of the number and composition of 
the markers. During the research of all 49 wheat lines using 17 MS loci there 
were revealed 110 alleles with, on the average, 6.5 alleles (Table 1). Theo-
retically this system is able to identify up to 1,925 x 1013 alleles uniquely, i. e. 
about 20 trillion of all the possible combinations of alleles, what is many orders 
greater than the potential number of all varieties in the world. PIC (polymor-
phism information content) indicates a significant amount of «polymorphic» 
information in loci. 

The represented data indicates that the system of the 17 MS markers would 
be excessive for the differentiation of a relatively small set of varieties (of about 
50). Due to the large amount of diverse information, which should be taken into 
the account, it is impossible to be bound by purely formal rules of screening of 
the minimally required set of markers, so it is somewhat empirical process. 

Altogether there were formed three sets of markers. First set was com-
posed of loci with the highest number of alleles, further the primary right was 
given to the index of polymorphism PIC (set 2). All the remaining markers 
went into the third set. The composition of the three sets of markers is given in 
Table 2, marked with ordinal numbers from Table 1. 

The marker locus number 15 (Xgwm408) had to be included in all three 
sets, the identification without it would not be complete. The same reason was 
for including the marker locus number 2 (Xgwm095) in the composition of set 
2 and set 3. The cumulative curves of the number of uniquely identified variet-
ies for all three sets are shown in Figure 1; the curve for set 3, composed of 
eight markers which detect the least polymorphic loci, was the shallowest one. 
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Table 1 

The quantitative composition of alleles in the studied loci

¹ Locus Cromosome Alleles PIC
1 Xgwm186 5A 9 0,68
2 Xgwm095 2A 5 0,64
3 Xgwm357 1A 7 0,76
4 Xgwm18 1B(4B) 5 0,74
5 Xgwm190 5D 2 0,46
6 Xgwm3 3D (2D) 7 0,82
7 Xgwm165/I 4D (4A, 4B) 5 0,71
8 Xgwm155 3A 10 0,84
9 Xgwm437 7D 4 0,55

10 Xgwm389 3B 7 0,82
11 Xgwm325 6D 11 0,81
12 Xgwm44 7D(4A) 6 0,62
13 Xbarc126 7D 9 0,74
14 Xwmc405 7D(1D, 5B, 5D, 7A) 6 0,61
15 Xgwm408 5B 7 0,64
16 Xgwm577 7B 5 0,62
17 Taglgap 1B 5 0,50

Table 2 

The composition of the minimized set of markers

Name
The composition of the 

selected markers
Alleles/marker

Ð²Ñ/ 
marker

A theoretical 
number of combina-

tions
Set 1 1, 3, 8, 11, 13, 15 8,8 0,745 436.590
Set 2 2, 4, 6, 7, 10, 15 6,0 0,727 42.875
Set 3 2, 5, 9, 12, 14, 15, 16, 17 5,0 0,580 252.000

Through numerical modeling it was found that the marker system which 
would be able to identify uniquely at least 99.99 % of varieties must «rec-
ognize» the number of allelic combinations of about 2 orders of magnitude 
greater than the number of the analyzed varieties. The real difference be-
tween the theoretical number of combinations given in Table 2 and the num-
ber of the identified lines (49) was of 3–4 orders of magnitude. The main rea-
son for this large discrepancy lies in very uneven distribution of alleles in each 
of the studied loci. Consequently the combinations of the «minor» alleles are 
very low-probable and within small subsets of varieties (50–100 samples) 
simply not occur. Thus, for the pairs of loci Xgwm155/Xgwm325 there were 
found no lines which combine alleles 129, 135, 137, 139, 141, 143 bp from 
the first locus (Xgwm155) and 115 , 120, 128, 134, 138 bp — from the sec-
ond one (Xgwm325) (Fig. 2). The larger part of these alleles has a frequency 
under 10 %, respectively the probability of their combinations is below 1 %. It 
is also likely that the probability of some combinations may deviate from the 
theoretically expected due to the formation of the co-adapted associations 
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of alleles of genes or of alleles of loci. The possibility of that arises from the 
genetic proximity of varieties originated from one breeding center, caused by 
joint descent from a number of precursor varieties, and also by systematic se-
lection in the same natural conditions, using identical plant breeding criteria. 
Although the microsatellite loci could not display selectivity, though the data 
on regional differences [9–12] and the association with a number of breeding 
traits [13–17] suggest otherwise. This may be due to «canalization» — the se-
lective fixation of only certain combinations of alleles and eliminating of «un-
desirable» combinations from some eco-niches. 

  

Fig.1. The rise of the separation ability of the marker system at step by step including 
of markers 

  

Fig. 2. The distribution of allele combinations studied in 49 lines by two marker loci 
(Xgwm155 and Xgwm325) in numerical and graphical modes 

At first glance, the obtained results (the possibility of reducing the num-
ber of markers to 6–8 SSRs) are in good agreement with the recommendation 
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of UPOV about using 8 microsatellite markers [18]. However, please note that 
our results were obtained on the lines of the 49 varieties of close breeding 
origin while the regulations of UPOV should apply to much wider range in both 
quantitative and qualitative meanings. In the light of the above considerations 
it appears that the optimal number of markers during the official registration 
of new varieties should be slightly higher. 

Selection of reference varieties. For practical reasons it is handy to have 
a compact work collection that is «localized», i.e. is consisted of varieties 
adapted to the certain region and contains in all the necessary alleles required 
for unique identification. This task was one of the goals of present investiga-
tion and as a result practically acceptable solutions were found. It should be 
noted that the outcome result depended on the action sequence. Out of the 
total 49 lines two sets were picked out, each containing all 110 alleles that 
were found in the investigated 17 loci. The first (minimal) set consists of 26 
lines, and the second (35 lines) differs from the first one by relatively higher 
proportion of rare alleles. Formed in the present study the sets will later be-
come the basis of the specialized collections of reference lines. Collections 
will be implemented into practice of variety investigation, and the composition 
of them will be improved. 

The tools for the results analysis. For set of monomorphic varieties (lines) 
the key indicators which characterize the degree of difference/similarity be-
tween them are the total number of the same / different alleles, and also by 
which loci pairs of varieties are similar or different. Such information was the 
foundation at optimizing of both marker sets and at selection of the potential 
reference varieties. Table 3 shows a fragment of the similarity matrix of the ex-
amined lines which is denoted by the number of loci (out of the total their num-
ber, 17) which carry the same alleles. (The full matrix even for a such relatively 
small set of objects is too cumbersome to bring in the article). Each element 
of the matrix contains the result of generalization of 17 pairs of comparisons. 
In general, to fill out the entire table it was needed to perform about 40,000 
operations of comparison (as matrix is symmetric — 20,000) and summa-
rize them. With the growth of the quantity of analyzed varieties the scope of 
calculations increases with the rapid pace proportionally to the square of the 
samples number. To avoid the unproductive «manual» work dedicated tool for 
Excel environment was designed. It runs the cycle of calculations for each of 
the varieties automatically, only leaving the formation of the final table to be 
made «manually». The algorithm of the entire work could be used to develop 
fully automatic applications. 

The tables of similarity (differences) can be subjected to further analysis 
without even additional preparation. It was verified by conducting the cluster 
analysis by software package Statistica, ver. 6.0 (Fig. 3). 

Another important task in the context of this paper is the identification of 
the unknown samples by the results of the analysis of a certain set of markers. 
The general principle is simple — to find the appropriate row in the previously 
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Table 3 

The fragment of the similarity matrix — the number of loci with identical alleles 
for 17 studied MS markers

Varieties
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Hospodynia 17 8 7 5 6 5 7 5 5 9 5 12
Skarbnytsia 8 17 7 7 7 7 7 6 4 6 7 9
Kosovytsia 7 7 17 8 7 6 7 9 4 6 10 8
Antonivka 5 7 8 17 7 6 6 6 5 4 5 6
Zamozhnist’ 6 7 7 7 17 8 6 7 6 7 8 6
Blahodarka 
odes’ka

5 7 6 6 8 17 7 6 4 6 9 7

Misiia odes’ka 7 7 7 6 6 7 17 5 6 7 7 8
Dal’nyts’ka 5 6 9 6 7 6 5 17 9 8 7 6
Yednist’ 5 4 4 5 6 4 6 9 17 4 6 5
Kiriia 9 6 6 4 7 6 7 8 4 17 7 9
Liona 5 7 10 5 8 9 7 7 6 7 17 7
Kuial’nyk 12 9 8 6 6 7 8 6 5 9 7 17

 

Fig. 3. Cluster analysis of the degree of difference between varieties by 17 MS markers 
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compiled «reference» table. However, at number of samples as well as mark-
ers, it is better to apply here computer technologies. Screenshot of template, 
which we prepared in Excel, is shown in Figure 4. In present case it is set up 
to work with 6 markers from set 1. Two different algorithms were prepared for 
this task. The first one (Dx) requires for identification the complete identity 
of the allelic composition of the given sample to the certain row of the refer-
ence table, and the second (Dbp), which was designed specifically for the 
analysis of MS markers, permits deviations no more than 1 pair of nucleotides 
in determining of the size of amplification products no more than in three or 
four of the six loci. In both cases, the result «0» in the corresponding row of 
the reference table means the complete coincidence. The procedure returns 
the catalog number and variety name in a special row of results. Any quantity 
of varieties which are the closest ones to the given variety under both criteria 
can be identified after sorting and then the results can be transferred to a 
separate table for further examination. 

  

Fig. 4. The result of identification of tested sample (fully corresponds to variety Zhai-
vir) in the environment of Excel 2010 

For work not with individual samples, but with their sets the similar tool is 
easy to build in the database management system (DBMS). The results of the 
identification of number of samples carried out by means of DBMS FileMaker 
are shown in Figure 5. Here was also implemented the algorithm of identifica-
tion of samples by the index of Dbp, which was previously tested and tuned 
up in Excel. 

As noted above, the tools were developed so that they could work not only 
with MS, but also with other molecular, biochemical and even morphological 
markers. Depending on the situation, it may only be needed some adaptation 
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of input data through their conversion to an acceptable form. This feature has 
been successfully tested by us on the example of the published data of the re-
sults of electrophoresis of grain store proteins gliadin and glutenin [19, 20], i. e 
protein markers Gli and Glu, which at one time were implemented in practice of 
official identification of USSR varieties [21], and were recommended later by 
UPOV [22]. It should be noted that these protein markers show disadvantage 
compared to MS markers by the resolution ability. For example, in research 
[20] of 75 variety lines 16 individual lines were not clearly identified — despite 
the fact that the analysis was based on all 10 of the available protein loci. It 
was impossible to distinguish variety Viktoriia odes’ka from variety Pysanka, 
each of which consists of 4 lines. The mentioned above is resulted by the fact 
that the composition of the gluten-forming proteins is under to strong selec-
tion pressure during intense screening by the technological quality of grain. 
That is why, in spite of the existing rich genetic polymorphism in wheat only a 
limited number of alleles and their combinations are implemented in varieties 
of PBGI. Thus, from Table 1, shown by the same authors, it could be defined 
that within the material studied by them 3.7 alleles were fallen on 1 locus on 
the average, and the mean value of PIC index amounted 0.480. According to 
these indices Gli and Glu markers are less powerful comparing even to the 
least informative MS markers selected from our set 3 (Table 2). 

 

Fig. 5. The result of identification of 10 tested samples in DBMS of FileMaker 12.0 

The approaches we developed on MS markers are easy to adapt to the 
new markers, if any would be offered. Created within our investigation tools or 
their algorithms could be integrated to the general computerized systems of 
the traffic control of seeds in the breeding, seed industry and other institutions. 

Conclusions 
1. The approaches to optimize the number and composition of molecular 

markers for variety investigation needs, control of breeding and seed nurser-
ies were developed. There were formed out of 17 PCR markers three mini-
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mized sets, which are close by their differential ability, each of which assesses 
6–8 loci and is able to distinguish varieties related by the origin of the same 
breeding centre. The system recommended by UPOV concerning 8 MS mark-
ers for wheat may be insufficient in certain situations in spite of hundreds of 
thousands combinations of alleles theoretically possible for that quantity of 
mapped loci. A lot of mentioned combinations actually fall out because of a 
very low probability of their realization and this condition significantly limits 
the number of varieties that could be uniquely identified. 

2. The empirical algorithms of creation of the compact collections of ref-
erence lines were developed; and two sets of candidate varieties were cre-
ated, the minimal and the extended ones consisting of 26 and 35 varieties, 
respectively, each of which includes all 110 alleles from 17 studied loci. 

3. The algorithms and tools for semi-automatic computerized analysis of 
variety investigation data were created: a) for constructing of a matrix of simi-
larity/difference; b) for individual/group identification of the unknown sam-
ples; tools were tested in environments of spreadsheets (Excel) and database 
management systems (FileMaker). 
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ØËßÕÈ ÔÎÐÌÓÂÀÍÍß ÑÈÑÒÅÌ ÑÎÐÒÎÂÈÂ×ÅÍÍß ÒÀ ÊÎÍÒÐÎËÞ 
ÐÎÇÑÀÄÍÈÊ²Â ÇÀ ÌÎËÅÊÓËßÐÍÈÌÈ ÌÀÐÊÅÐÀÌÈ

Íà ìîäåëüíîìó ìàòåð³àë³ äîñë³äæåíî øëÿõè êîíñòðóþâàííÿ îïòè-
ìàëüíèõ ñèñòåì ³äåíòèô³êàö³¿ ñîðò³â çà ìîëåêóëÿðíèìè ìàðêåðàìè äëÿ 
ïîòðåá ñåëåêö³¿ òà ñîðòîâèâ÷åííÿ. Êëþ÷îâèìè åëåìåíòàìè òàêèõ ñèñòåì 
º äîá³ð ì³í³ìàëüíî íåîáõ³äíî¿ ê³ëüêîñò³ ìàðêåð³â, ñòâîðåííÿ «ëîêàë³çîâà-
íî¿» êîëåêö³¿ ñîðò³â-åòàëîí³â, ðîçðîáêà ³íñòðóìåíò³â àíàë³çó äàíèõ ç ìîæ-
ëèâ³ñòþ ¿õíüîãî ðîçøèðåííÿ. Ïðèä³ëÿºòüñÿ óâàãà ï³äâèùåííþ ðîçä³ëüíî¿ 
çäàòíîñò³ öèõ ñèñòåì. Êðèòè÷íî àíàë³çóþòüñÿ ðåêîìåíäàö³¿ UPOV.
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Íà ìîäåëüíîì ìàòåðèàëå èññëåäîâàíû ïóòè êîíñòðóèðîâàíèÿ îïòè-
ìàëüíûõ ñèñòåì èäåíòèôèêàöèè ñîðòîâ ïî ìîëåêóëÿðíûì ìàðêåðàì äëÿ 
çàäà÷ ñåëåêöèè è ñîðòîèçó÷åíèÿ. Êëþ÷åâûìè ýëåìåíòàìè òàêèõ ñèñòåì 
ÿâëÿþòñÿ ïîäáîð ìèíèìàëüíî íåîáõîäèìîãî êîëè÷åñòâà ìàðêåðîâ, ñîç-
äàíèå «ëîêàëèçîâàííîé» êîëëåêöèè ñîðòîâ-ýòàëîíîâ, ðàçðàáîòêà èí-
ñòðóìåíòîâ àíàëèçà äàííûõ, âîçìîæíîñòü èõ ðàñøèðåíèÿ. Óäåëÿåòñÿ 
âíèìàíèå ïîâûøåíèþ ðàçðåøàþùåé ñïîñîáíîñòè ýòèõ ñèñòåì. Êðèòè-
÷åñêè àíàëèçèðóþòñÿ ðåêîìåíäàöèè UPOV. 
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