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Relevance of the topic and the obtained results. Winter wheat is the most 
important crop of mankind, which has one of the largest volumes of consumption on 
the planet. This forces scientists to carry out a scientific search aimed at obtaining 
safe food products, since wheat is capable of accumulating heavy metals in the grain 
One of the most dangerous elements for human health is cadmium. The high 
mobility of this metal in food chains creates risks both for human nutrition and in 
the case of using grain for fodder purposes. In addition, there is another important 
social and ecological and economic aspect - society's interest in high-quality, safe 
and, even, useful food products. It should be noted that a significant number of 
scientific works have been devoted to the regulation of the heavy metals 
accumulation by agrotechnical methods, but there is a certain lack of information 
regarding selective ways of solving this problem. Therefore, the chosen topic of 
research is undoubtedly important, relevant and quite ambitious, because the 
creation of varieties capable of low accumulation of heavy metals is a very difficult 
task that also requires research at the molecular genetic level.

The most significant scientific results obtained by the postgraduate personally.
In the dissertation, the theoretical aspects of the selected research topic were deeply 
revealed, a collection of winter wheat varieties from various originator institutions 
was studied, a significant number of intervarietal hybrids were obtained and 
analyzed, which made it possible to determine the features of suppression of genes 
that regulate cadmium accumulation, in particular TaSFT2L. Such results became 
possible due to the application of molecular genetic methods by the applicant, which 
allowed to establish the role of this gene in the absorption of cadmium, its location, 
and obtained transgenic lines capable of accumulating Cd by almost to 30-75% and 
reducing the transport of this element by 68% from the root system to the grain. An 
important result is the establishment that silencing of TaSFT2L action has a 
perspective for obtaining genotypes with a low ability to accumulate cadmium,

The scientific novelty of the obtained results consists in forming a collection of 
varieties with different ability to accumulate cadmium; establishment of genetic 
differences between varieties in the processes of resistance formation of Cd



accumulation in grain on the basis of the correlation analysis; varieties with a low 
ability to accumulate heavy metal were selected and classified.

On the base of molecular biology methods, the special role of the TaSFT2L gene in 
controlling the processes and mechanisms of cadmium accumulation in winter wheat 
plants was determined. For the first time, the role of this gene in the formation of 
grain quality of winter wheat varieties was established.

The practical significance of the obtained results. The analysis of the collection 
material made it possible to classify varieties according to the ability to accumulate 
cadmium. The use of molecular biology methods made it possible to identify the 
gene responsible for the accumulation of cadmium, its role in the transport of this 
chemical element, which opens up prospects for the creation of effective breeding 
programs. It is quite possible that this approach will also be useful for creating 
varieties resistant to the accumulation of other heavy metals or harmful substances. 
An important practical achievement is establishing the homology of gene expression 
in other types of plants, which at the same time claims to be a scientific novelty.

The source material based on the results of research is used in scientific programs of 
educational and scientific institutions of the two countries, which has prospects for 
closer scientific cooperation.

The rationale and reliability of the obtained scientific result. The obtained results 
have a high scientific level. The author used a wide toolkit of scientific knowledge 
and research, which combined generally accepted methods, the latest approaches to 
solving a scientific problem, has proper statistical processing of results and their 
objective interpretation. Statistically reliable differences between the research 
variants were established, the application of mathematical analysis methods made it 
possible to establish regularities of the effect of one gene on the formation of wheat 
resistance to cadmium accumulation. Methods of selection and molecular biology 
were successfully combined to solve the specific task. The experimental part of the 
dissertation is informatively illustrated and has a detailed visualization. The 
experimental data, computational results, and conclusions appear logical, concrete, 
and convincing, and have the potential for further implementation in scientific 
programs with other crops.

The main provisions of the dissertation published in 6 scientific works, 4 articles 
are in a specialized scientific publication, 2 ones - in publications that are indexed 
by scientometric databases (two were published in specialized publications of 
category “B” of Ukraine, and 2 - in publications included in the international Scopus 
and WS databases). The research results were highlighted in four theses at 
international scientific conferences. The materials of the articles and theses reflect 
the main issues, provisions and conclusions of the dissertation.



The work consists of an Introduction, Four Chapters, Conclusions, Proposals for 
practical breeding. The content of the dissertation fully reflects the main results 
given in the research.

In INTRODUCTION the relevance of the conducted research is briefly 
substantiated, the task and objectives are formulated, the scientific novelty and 
practical value of the results, data on the approbation of the results at international 
scientific events are given.

CHAPTER 1 provides a review of the literature, which summarizes the theoretical 
background and argues for the choice of research topics. It was carried out on the 
basis of modem literary sources, presented concisely, in a logical sequence and with 
a rather deep analytical approach. Focusing attention on the relevance of breeding 
methods of winter wheat resistance to the accumulation of heavy metals, the chapter 
consistently reveals the possibilities and prospects of using methods of molecular 
biology and gene transfer.

CHAPTER 2 characterizes the material, conditions and methods of experiments. 
The research program provided for their implementation in two locations - in 
Ukraine and the People's Republic of China and consisted of actual breeding studies 
- evaluation of the source material for resistance to cadmium accumulation and 
genetic studies aimed at finding a suitable gene that ensures the manifestation of this 
resistance. The author provides a detailed description of the methodology, 
presantation and equipment used in the research.

CHAPTER 3 gives the structural characteristics of the variety collection by 
originator institutions and characterizes the varieties by stem height, leaf surface 
index, grain weight in the ear, and the ability of the varieties to accumulate cadmium. 
Based on the analysis of these data, the features of plant formation in groups of 
varieties with different cadmium content were established. It was established a 
statistically significant correlation level of Cd concentration between plant height 
(r=0.54) and stem weight (r=0.88), seed weight in spike (r=0.60) and 1000 seed 
weight (r=0, 74). Average correlation between Cd content in grain and density (r= -
0.41) and theoretical yield (r= -  0.38) was determined. The nature of the correlations 
depended on the resistance groups of varieties defined in the dissertation. A feature 
of hybrids with minimal cadmium content in grain was the presence of inverse 
correlations between the cadmium content and the weight of grain per ear (r= -0.70), 
the 1000 seed weight (r= -0.78) and the estimated yield index (r= -0 , 74). The author 
analyzed as well the nature of resistance inheritance to cadmium accumulation and 
selected hybrid combinations for further breeding studies.

CHAPTER 4 is the most illustrated one compared to other parts of the work. The 
results of research on transgenic lines, cloning of the TaSFT2L gene and its 
expression are presented here. Based on the methods of molecular biology, the



localization of this gene, the features of heavy metal transport from the roots to the 
generative part, depending on the functions and state of TaSFT2L, were established. 
It was found that TaSFT2L is located on the cell cytomembrane. Based on the 
research, the function of TaSFT2L as a negative regulator of cadmium stress was 
determined. Identification of the wheat TaSFT2L gene based on soil analysis (20 
mg/kg ' 1 CdCf) revealed that reducing Cd accumulation in roots can inhibit Cd 
transfer to seeds. The TaSFT2L RNAi lines of wheat showed a lower level of Cd in 
the roots (28.13 - 36.04%) and a decrease in the proportion of the metal transferred 
from the roots to the grain (about 68%). The main role in cadmium detoxification is 
played by vacuoles, to which toxic metals are transported by formed 
autophagosomes. There is an information about homologous patterns of gene 
behavior in other organisms in the chapter. The TaSFT2L sequence was found to be 
highly conserved and highly homologous to other plant species. On the basis of the 
research, a conclusion was made about the importance of the mechanisms of 
suppression (silencing) of the TaSFT2L gene.

CONCLUSIONS and PROPOSALS FOR BREEDING summarize the results of 
the conducted research. In particular, the most important of them are the analysis of 
the yield structure of varieties, the characteristics of the inheritance of resistance to 
cadmium accumulation, and the grouping of varieties according to this 
characteristic. Peculiarities of cadmium content correlations with elements of the 
yield structure depending on genetic characteristics have been established. The key 
role of TaSFT2L in the regulation of cadmium accumulation has been established.

The degree of validity of research results, reliability of data and their novelty.
In the course of research, a rather broad scientific program was carried out. The 
research was done at modern level, with using methods of breeding and molecular 
biology according to generally accepted methods. The results of the research are 
calculated with statistical analysis and have a correct and convincing interpretation. 
The conclusions of the dissertation are logically composed on the basis of the 
research results highlighted in the chapters of the work. The dissertation has a high 
level of scientific novelty. Thus, the dissertation has a high theoretical level, and its 
results are of significant scientific value for further research.

Evaluation of the language and style of the dissertation. The thesis is written in 
scientific English with the use of a large amount of illustrative material, which 
improves the understanding of experimental data. A brief summary of the research 
results, presented in an understandable logical sequence. The style of the dissertation 
meets the generally accepted requirements in biological and agronomic research.

Correspondence of the dissertation to the specialty and the profile of the 
counsil. The dissertation totally corresponds to the field of knowledge 20 "Agrarian 
sciences and food" specialty 201 "Agronomy".



Discussion clauses and remarks to the dissertation. Positively evaluating the 
dissertation work of Wu Liuliu, at the same time, it is worth to focus on the following 
remarks and wishes:

1. The introduction provides information about intervarietal crosses, but it is 
more correct to use words combinations “intervarietal hybridization”.

2. The literature review is built on the basis of modern literary sources, however, 
there are extremely few publications by Ukrainian scientists in this list. 
However, there are a sufficient number these articles on the information 
resources, for example it is enough to mention at least the work on cell 
selection of scientists of the Institute of Plant Physiology and Genetics of the 
National Academy of Sciences of Ukraine, the Myronivskyi Institute of 
Wheat named after V. M. Remeslo of the National Academy of Sciences and 
others.

3. In the table 2.1. (p. 5 8), the list of varieties does not include the Kubok variety, 
the description of it is given on p. 62.

4. The average yield of wheat in the research region is given based on the 
materials of the analytical resource, but there are no data for 2021 year.

5. The author interprets the terms “seeds” and “grain” quite loosely, making 
them identical, although it cannot be correct.

6. In Chapter 3, point 7 of the conclusions it is noted about the "normative" 
content of cadmium, which is one of the indicators of the crop structure, but 
this statement is incorrect.

7. In p. 7 of the Conclusions, the author writes: "The samples exceeded the 
conventional standard for the content of Cd in the seeds, which is one of the 
indicators of the crop structure." This wording is not quite correct.

8. It would be advisable to make the recommendations for practical breeding 
more detailed, since they reflect the prospect of using the results obtained by 
the researcher in the further work of author herself and other scientists.

General conclusion. The dissertation work of Wu Liuliu “Creation of the initial 
material of winter wheat resistant to cadmium accumulation”, submitted for 
defense to the specialized academic council for obtaining the degree of Doctor of 
Philosophy in the field of knowledge 20 - “Agricultural sciences and food” in the 
specialty 201 - “Agronomy” in terms of its relevance, scientific and theoretical level, 
main results of validity, main provisions and results published in professional 
publications, and novelty of the setting and practical significance meets the 
requirements of the order of the Ministry of Education and Science of Ukraine No.40 
dated January 12, 2017 “On approval of requirements for registration dissertation” 
and the Decree of the Cabinet of Ministers of Ukraine dated January 12, 2022 No.44 
“On approval of the Procedure for awarding the degree of Doctor of Philosophy and 
cancellation of the decision of the one-time specialized academic council of the 
higher educational institution, scientific institution on awarding the degree of
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“Doctor of Philosophy” with amendments made according to the Resolution of the 
Cabinet of Ministers No.341 dated 03.21.2022.

Based on the mentioned above, I believe that the author of the dissertation, Wu 
Liuliu, deserves to be awarded the scientific degree of Doctor of Philosophy in the 
specialty 201 "Agronomy" of the field of knowledge 20 -Agrarian sciences and food.

OFFICIAL OPPONENT:
doctor of agricultural sciences, 
professor,
professor of the Department of 
Breeding, Genetics and Seed 
Production of the Poltava State 
Academy
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