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1. Introduction 

In our first paper has presented the main principles of the simulation system for interaction "genotype -environment", and shows 

the possibility of the proposed models for a number of the solution of basic problems of modern genetics and breeding [1]. Of all the 

problems solved with the help of such models, we select the most important (Fig. 1): 1) assessment of the mechanisms of 

transgressions and the selection of parental pairs for a desirable result mating, 2) evaluation of the contributions (in productivity) of 

genetic-physiological systems of parental pairs, 3) prediction of transgressions of breeding traits in the F2 generation and obtaining a 

population mating F2, 4) identification and selection of genotypes by their phenotypes. These problems in their indissoluble unity 

represent stages in the same general problem - the strict control of genetic-breeding process. Development of the theory to address this 

problem is one of the key perspectives of the modern genetics. Figure 1 shows the scheme of relations between tasks. 

As can be seen from the scheme, the problem forms a closed loop control by the selection process. Here, the initial step is t he 

selection of the parent pairs for a desirable result mating.  To optimize this selection is used, the prediction of the results of parental 

mating pairs, and actual results are analysed on the crossing point for the identification of genotypes  by their phenotypes. They are 

also used to correct the models predict the results of crossing. . At each of these stages are used mathematical models of the"genotype-

environment" interaction. 

2. The General Scheme of the Problem of Identification of Genotypes by Phenotypes  

In content, the selection of genotypes by phenotypes is quite complicated in terms of s cientific classification of the information 

problem. Its aim is to find (or formation) genotype, which includes the maximum number of positive shifts given signs of bree ding. 

Therefore, the algorithm is based on the principle of background characters [2] and the principle of differently-directional shifts  of 

quantitative trait of individual genotype under the influence of genetic and environmental causes in the two -dimensional character’s 

coordinates [3]. 

The ideal background character has zero genetic variation, so that it "writes" by own variation  only the ecological fluctuation of 

limiting factor [2]. Respectively, the individual, which have a deviation of background character from average of population - this is a 

plus-modification, got the better micro-ecological niche. At the same time, if the breeding character of this individual is shifted in the 

positive direction from population’s average, then this is a common modification and it does not make sense to select. If the  other 

individual’s background character is expressed at the level of  average population value and breeding character shifted in the positive 

direction from average in the population, this is recombination (or mutation), and it is necessary to select for productive b reeding. 

3. The Informational Sense of the Problem 

Here is more information situation in which we need to solve this problem. In view of the concepts discussed problem of 

identification of genotype by phenotype is essentially reduced to the identification of  breeding character on which this individual can 

be selected or not for further breeding. We have a mathematical model of the "genotype -environment" interaction that allows us to 

predict quantitative traits of individuals or populations [1]. In addition, we have data for monitoring of all environmental factors 

affecting, as controllable and uncontrollable throughout the growing season of plants, as well as data on the actual growth a nd 

development of individuals and populations, ranging from planting until the end of qua ntitative results, considered by us as signs of . 
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That's the end results we have to classify individuals. The result of this classification will be the division of the whole set of 

phenotypes new generation of fissile subset of genotypes that have different sets of quantitative traits, some of which are economically 

valuable. The number of individuals in certain subsets may be very small or even be a few units.  Given that the formation of these 

subsets will require modelling of states of each individual, without which it is impossible to correct classification, after the formation 

of subsets of genotypes is expedient to find the boundary separating them, which will further simplify and speed up the class ification 

of the individual of other generations, not resorting to their modelling. With this approach, the first stage of classification is the 

training, where as a "non-ideal (real) teachers' use mathematical models of individuals. 

 

 

Figure 1.  Block diagram of the relationship management tasks genetic-breeding process 

 

Figure 2.  Block diagram of a general algorithm for the classification of genotypes by phenotypes  
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The result of training will determine the number of possible classes and identification  of the boundaries of subsets of classes, and 

the second phase of the task itself is the operative classification of the genotypes of individuals according by their phenot ypic 

characteristics. Figure 2 shows the structural scheme of the classification prob lems of identification of genotype by phenotype.  

In developing the algorithm for the general classification of genotypes based on the above principles will give a brief descr iption 

of the evolution of the models used in modern genetics. So in 1984 the two  existing models that describe the relationships genes - 

characters (the first model of Mendel [4], the second – R. Fisher, C. Mather, S. Wright [5]), added a third - a model of eco-genetic 

organization of quantitative traits (MEGOQT)[6]. In the period from 1984 to 2011 been theoretically predicted and experimentally 

confirmed 23 issues of this model. The most important are -  interpreting of nature and prediction: transgression, environmentally 

dependent heterosis, changes the signs and levels of genotypic and genetic (additive) correlations, effects of the interaction“genotype-

environment”, changes in the numbers of genes and genetic variation of the amplitude characteristics of productivity, genetic  

homeostasis, and others  [7]. In 2008, the performance model has been fully confirmed at the molecular level, together with the 

German’s geneticists  [8], which translate the model in 1984 to the rank of the theory of eco-genetic organization of quantitative traits 

(TEGOQT). This theory has led to a change in the classical model of R. Fisher 

Ψi = μ + γi + πi              (1) 

where Ψi - phenotypic value of a quantitative trait in the i-th individual, μ-average trait in the population, γi - genotypic deviation 

from the mean trait values of i- individuals, πi – i- individual environmental deviation from the mean of population. 

The new model proposed in [9], describes the efficiency integral property of the i-th individual: 

Ψi = μ (plant’s productivity) = γattr,i + γmic,i + γad,i + γimm,i + γef,i +γtol,i + γont,i + γcom,i + πcom,i + πont,i + πi ,             (2) 

where Ψi - phenotypic trait value of productivity at the i-th individual; μ - average productivity of the population; γattr - deviation 

of attraction products of photosynthesis from the stems and leaves in the  ear; γmic - deviation of the distribution of products of 

attraction between the grains and chaff in the ear; γad - the influence of the deviation system adaptability to the products effectiveness, 

measured by total dry biomass of plants, γ imm - impact on the productivity of horizontal resistance; γef - payment by biomass of 

limiting  factors of soil nutrition; γtol - a deviation tolerance to density; γont - deviation of the genetic variability in the duration of the 

phases of ontogenesis ; γcom - deviation of the genetic competition of plants for moisture, food, light, etc.; πcom-deviation of not the 

genetic competition caused by the unequal growth of the initial conditions, π ont - deviation caused by the change of limitative factors 

in ontogeny between bookmarks and development mark, π i - deviation caused by the influence of the environment. 

Decipher each component of the model in the form of specific states of genetic -physiological systems and the modular structure 

of the model: 

1) The system of attraction - the mass of stem and ear φ11 φ12 (commodity and non-market part of the plant); 

2) Microdistribution. - weight of the grain φ21 and φ22 of non-grain spike (chaff, awns, etc.); 

3) Adaptation (resistance to environmental stressors and chemical environment) - the degree of deceleration of growth processes 

under the influence of adverse environmental factors (stressors), speed and recovery time course of the normal growth of the 

processes; 

4) Polygenic immunity - plant resistance to pests and pathogens with an array of diseases, development of plant protection 

substances and machinery; 

5) The sensitivity (response) at doses of soil nutrition elements - parameters of the sensitivity characteristics of the productive to 

the doses of nutrients; 

6) The tolerance to density - the parameters of sensitivity productive of indicators to the density of phytocenosis;  

7) The variability of the periods of ontogenesis - is used in the selection for the "withdrawal" of the critical phases of the 

ontogeny of the stressor, "beating" in a critical phase. 

 

Figure 3.  Scheme of the model of "genotype-environment" for crops 
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4. The Basic Mathematical Model 

Reflect the given characteristics of the genetic-physiological systems of the first on the modular structure of the model of "genotype-

environment" for the crops (Fig. 3) 

This scheme corresponds to the mathematical model of the main (output) module [4] 

 

where the following notation: x1i - the mass of grain in the ear i-th individual, x2i - the mass of chaff in the ear, x3i - the mass of straw 

in the ear, u-provision (control) of nitrogen nutrition; f1 - luminous efficiency factor, f2 - thermal efficiency factor products, f3 - 

moisture as a factor ofproductivity; Δφ1 ... Δφ7 - the influence of genetic- physiological systems; ξ1, ξ2, ξ3 - random perturbations, 

reflecting the uncertainty in the information model; akj, bk, ckj, dkj - the dynamic parameters of the model. 

We represent the model (2) in a more compact vector-matrix form in which all variables and parameters are combined into the 

corresponding vectors and matrices. 

i 4 6

7 70
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Model (4) determines the state of the i-th individuals, and the effect of limiting factors, the differential for all individuals, as the action 

of genetic-physiological systems, leading to perturbations of the states of individuals and the emergence of environmental and genetic 

variance. These perturbations can be represented as follows  
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where the UE, Uφ-state vectors of the sensitivity functions of the module, respectively, to environmental and genetic perturbations; 

ΔΕi, Δφi - vectors of the observed variations in environmental factors and unobservable genetic effects. 

Equation (5) reflects the modelled contributions of environmental and genetic factors. However, the breeder usually has to do  with the 

observed variations in the recognition of magnitude, which we denote as ΔYi. In this case, the meaning of the classification of 

genotypes is to establish the causes of observed variations in characteristics of individuals compared with average of the po pulation 

values. In the event that such causes are environmental factors, then we are dealing with modifications of the same  genotype, and in 

establishing the genetic basis - with a new genotype. 

We introduce the quadratic functional classification quality  

0

J = [( X (t) - Y (t)) ( X (t) - Y (t))]
i i i i i

t

dt

t

TD D D Dò

,  (6) 

whose meaning is "balancing" of the simulated and observed shifts of breeding traits by unob served effects of seven genetic-

physiological systems. 

Required to minimize the criterion (6) of unobservable influences of genetic factors for the known variations Δφ i environmental 

factors ΔΕi(t), which will assess the "contributions" of each of the genetic-physiological systems. 

Now, having regions of admissible values of the impacts of genetic-physiological systems for individual genotypes Ωk, k = 1,2,3 .... 

K-indices of the genotypes (classes), we can determine the decision rule of classification  

,i i kk k if j* *= D Î W
)  .           (7) 

With background information on deviations of environmental factors ΔΕi(t) and the observed deviations of quantitative traits i-th 

individual ΔYi(t) we have by the procedure (2) - (7) may determine that it belongs to the genotype with the specified tag-mi. Fixing at 
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the time of this procedure for each class of sets (ΔΕk (t), ΔYk (t)), we can construct a boundary between the genotypes in the space of 

environmental deviations and variation of quantitative traits  

, 1
( , )

k k k
L E Y

+
= D DF ,                    (8) 

Where F (.) - special function approximation bounds. 

In this case, the decision rule is as follows  
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Here, c- the threshold value, which is one of parameters of the decision rule. 

Thus, we examined the whole scheme of identification of genotypes for the observed phenotypes shown in Figure 1. This entire 

procedure is prior separation of the genotypes of individuals and modifications to the stage of teach "teacher" more than a s imple 

decision rule (8) (9). Due to the fact that this algorithm can make mistakes, then that teacher is "imperfect," or, more accurately, a  

"real teacher". 

5. Algorithm of Identification 

Consider the Hamiltonian of the system 

4 6
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Where: the λ-vector of conjugate variables, which is a solution of the system in reverse time 
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Given the introduction of new auxiliary variables identification procedure is to minimize the criterion (5) on no observed ef fect of 

genetic-physiological systems will look like the following multi-step procedure 

,
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Where: the j-number of iterations of the process of working to minimize the criterion (5). 

Upon reaching the iterations (12) breakpoint conditions the estimates of impacts genetic-physiological systems in the future will be 

denoted by - Δφi*. With the obtained values of the separation vectors in a subset of the classes according to the rule (7), their 

boundaries are convenient to specify the system of inequalities  

: , 1,7
min max

l
k lk lk lk

j j jW £ =< ,    (13) 

Where: l - the indices of genetic-physiological systems. 

The system of inequalities (13), whereby the space of seven influences of genetic -physiological systems by separation of the 

individuals in the future we will be called "eco-genetic portrait of the genotype, bearing in mind that in the light of developing my 

theory (TEGOKP), he is the only possible representation of the differences in genotype. 

Note that the vectors of the effects of genetic-physiological systems Δφ i* we are only "label" or guidelines for the formation of 

subsets of a causal relationship 
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Here - the average value of the vector of environmental variations on the final phase between the period s. 

That's it for these sets we construct a simple decision rules. To do so, combine the vector of environmental causes and conse quences 

of the vector ΔY in the unit vector of ZT=[ ED %, ΔY]T.  Then we define the basic statistical characteristics of the classes on the sets 

(14) - vectors of expectation and covariance matrix MZk KZk, as well as the same probability of occurrence of classes, which represent 

the ratio of estimates of numbers of individuals who have fallen into many separate c lasses Ik to the total number of individuals 

studied 
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For these characteristics, it is easy to construct a function separating the classes F (.)[10] 
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and the threshold number c of rules (9) 
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Where: K - the norm of the matrix K. 
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Obviously, in accordance with rule (9) for each new implementation of the causes and effects, but the signs of  ZT=[ ED %, ΔY]T we 

will need to compare the pairs all the possible genotypes. 

As mentioned above, the vectors of the impacts of genetic-physiological systems Δφ i* serve us only "labels" for the formation of 

subsets of causal relations. However, to solve the following problems of selection, we need a static version of the model of "ecological 

disturbance-response genetic-physiological systems”. To do this we need to form a set of identification, which we estimate the 

parameters W of the desired model  

W ETD = D%j
            (18) 

Here, as an illustration for the solution of the problem we have considered only one of the modules of the general model of t he 

"genotype-environment". In the case of the need to include in the genotypes of characteristic other quantitative t rait dimension of the 

problem can be increased without changing the essence of the approach. In this important feature of the developed theory of 

identification of genotypes is that it provides a solution to this problem during the whole period of ontogene sis, starting from first 

phases of ontogenesis , namely, the modules of the lowest level of the hierarchy, completing her final product output modules. . This 

greatly improves the reliability of solving the problem and allows for more productive use of all the genotypic variability in the 

possession of the breeder-geneticist. 

6. Conclusions 

We propose a formalized theory of the identification of genotypes by their phenotypes, including: 

Assessment (using the mathematical model and a special algorithm optimizing unobserved variables sevencontributions of  genetic-

physiological systems in theproductivity of the individual);  

Classification of individuals with a given system of inequalities in the levels of contributions received by the genetic -physiological 

systems in the productivity of individual;  

Formation for each of the classes of individual’s subsets of variations of environmental factors and variations in quantitative trai ts 

with simultaneous estimation of multidimensional statistical characteristics of these subsets combined;  

Determination (on the statistical characteristics of the environmental factors variability and variability ofquantitative traits) boundaries 

of individual classes ofgenotypes, which can be implemented in a simplified algorithm for  identification of genotype by phen otype. 
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