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Relevance of the topic and the obtained results. The development of
industry and agricultural production led to an increase in the content of heavy
metals in agricultural soils. Wheat, as the main food crop, is a source of Cd
entering the human body. According to the requirements in force in Ukraine, the
level of cadmium content in wheat seeds should not exceed 0.1 mglkg for food
grain, 0.2 and 0.3 mglkg for grain exported or used for feed, respectively. The
development of wheat varieties with the ability to low accumulation of this metal
can effectively reduce the content of cadmium in seeds, fundamentally solving the
problem of its uptake by plants and guarantee of food safety. A promising
approach in modern breeding in the combination of molecular genetic
developments with traditional breeding methods.
The most significant scientific results obtained by the applicant personally.
A collection of winter wheat cultivars of various originator institutions was
researched and analyzed based on the study of vegetative and generative
parameters of plants in order to select source material with resistance to cadmium
accumulation and to study the process of this metal accumulation. Testing on an
analytical background with a cadmium concentration of 1.0 mglkg showed the
variability of the cadmium content in plant phytomass ranged from 0.91 to 2.02, in
seeds - from 0.06 to 2.56 mglkg. Based on these results, the collection of varieties
was differentiated into two groups: with low and high cadmium content.
Intervarietal hybrids (40 samples) were obtained and studied and correlations
between cadmium content and perforrnance parameters were established. Six
samples were selected for breeding work: 1917, 79113, 19126, 19140, 19133,19139,
obtained in combinations of Melody Odesa x Svitanok Myronivkyi, Melody Odesa
x Shchedra Nyva, Kubok x Svitanok Myronivkyi, Shchedra Nyva x Kubok,
Zorepad x Okhtyrchanka Juvileina, Shchedra Nyva x Okhtyrchanka Juvileina. The
samples exceed the conditional standard in terms of resistance to Cd accumulation
in seeds. Molecular genetic studies were conducted and the mechanisms
underlying the ability of wheat plants to accumulate cadmium were established.
The scientific novelty of the obtained. For the first tirhe, in the conditions of the
northeastern paqt of the Forest Steppe of Ukraine, an important scientific task was
solved: to establish the selection.value of collection samples of soft winter wheat
based in the complex of morphological and physiological signs of resistance to
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cadmium accumulation. The level of manifestation and variability of
morphophysiological parameters and productivity indicators in collection samples
of soft winter wheat, represented by modern varieties of various origins, was
established. The role of the TaSFT2L sene in the resistance of winter wheat to Cd
accumulation was clarifi ed.

The practical significancre,of the obtained results. A promising source material
of soft wheat with a controlled level of Cd accumulation was created. The working
collection of breeding samples of winter wheat based on resistance to Cd
accumulation was transferred to the laboratory of selection and seed production of
the Institute of Agriculture of the North East, NAAS Ukraine. The TaSFT2L gene
responsible for plant resistance to cadmium accumulation was isolated and
patented in China. The materials of the work were covered in scientific
publications and included in the curricula of the specialties 201 Agronomy and 101

Ecology at the Sumy National Agrarian University.
The validity and reliabilify of the obtained scientific results. The reliability of
the results of laboratory and field experiments obtained and presented in the
dissertation is based on the use of modern general scientific and special methods of
research, analysis and synthesis. Evaluating the completed research that formed the
basis of the dissertation, it should be noted the successful combination of different
methodological approaches (classical selection and molecular biotechnology) to
achieve the assigned tasks, which ensured the integrity of the work.
The main provisions of the dissertation covered in six publications, in particular
in four articles (two - in professional publications of category "B" of Ukraine, two
ones - in publications included in the international scientometric database of
Scopus). Research results are presented in four theses at international scientific
conferences. Publication materials are based on original experimental data
obtained by the author himself. The content of the publications fully reflects the
main provisions and conclusions of the dissertation. The chronology of the
publication of articles and reports at conferences colresponds to the stages of work
at the dissertation.
The INTRODUCTION presents there levance of the chosen topic, its novelty, the
list of tasks, objects and methods of research.
In CHAPTER 1, the scientific literature in the topic of the dissertation research
are analyzed, it was highlighted the current situation with cadmium contamination
of agricultural land, the danger of accumulation of this metal by wheat plants, and
possible ways to solve it by using traditional breeding methods and molecular
genetic approaches.

In CHAPTER 2, the soil and weather conditions during field research are
described. The methodology of field and laboratory research is covered in detail.
In CI{APTER 3, the results of the evaluation of the variety collection of soft
wheat and the resistance to cadmium accumulation, the set of signs of vegetative
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and generative development of plants were presented. Based on the results of the
evaluation, pairs for crossing were selected. Evaluation of the first and second
generation obtained in 40 hybrid combinations was carried out. The nature of the
inheritance of wheat resistance to cadmium accumulation was analyzed. The
grouping of hybrids was carried out according to a set of selection and valuable
indicators. An evaluation' of the created hybrids of winter wheat as a initial
material with low Cd absorption is presented.

In CHAPTER 4, the study results of the gene of GOTL/TaSFT2 family are given.
It's important role in the absorption and transport of cadmium was revealed. The
functional properties of the TaSFT2 gene were studied, and a high degree of
conseryatism and homology with other plant species was established. To reveal the
role of TaSFT2L in metal transport, yeast mutant cell models were used. The role
of wheat TaSFT2L as a negative regulator of stress caused by cadmium was
determined. Functional study of the TaSFT2L gene revealed that the reduction of
cadmium accumulation in roots can inhibit the transfer of Cd to seeds. The
obtained TaSFT2L RNA and wheat transgenic lines showed a lower level of Cd in
the roots (28.13 - 36.04%), as well as a decrease in the amount of cadmium
transported from the roots to the seeds.

CONCLUSIONS AND PROPOSALS FOR BREEDING summarize the results
of the conducted research, and present proposals for breeding programs to create
varieties with resistance to cadmium accumulation and a complex of valuable
traits.

Evaluation of the language and style of the dissertation. The structure of the
dissertation is logical and it corresponds to assigned aims and tasks defined for its
implementation. The conclusions are based on statistically confirmed research
results and correspond to the tasks set. The work contains a sufficient amount of
tabular and illustrative material. The author's correct use of indirect indicators and
indices is a positive aspect of the work.
Correspondence of the dissertation to the specialty and profile of the council.
The dissertation corresponds totally to the field of knowledge 20 "Agrarian
sciences and food" specialty 201 " Agronomy".
Remarks and wishes for the dissertation content. Evaluating the dissertation
positively, the following wishes and shortcomings should be noted.
In Chapter 1, there is no analysis of the actual state of indicators of cadmium
content in the winter wheat harvest in Ukraine and the China. There is no
conclusion about the production need for genotypes with controlled cadmium
content.

In Chapter 2, subsection 2.1.1"bharacteristics of the
that 14 samples of winter wheat were used as initial
desirable to speciff how man plants of each
hybridization?

source material" it is stated
material for crossing. It is

sample were involved in
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In Chapter 4, subsection 4.8.2. "Functional analysis of the TaSFT2L gene in
transgenic plants": figures 4.34-4.35 (p. 159) have the same title "Physical
properties of the grain of cultivated wild-type (WT) plants and transgenic plants
(RNA and OE lines)", although in the first case author is analyzing elements of the
crop structure, and in the second - the content of cadmium in vegetative organs and
seeds.

Conclusiotr, p. 6. (p. 162) in Chapter 4, is too voluminous. The content of this
paragraph should be more specific and informative or it is better to divide it into 2
paragraphs.

List of literature: inaccuracies in design - in a number of publications the pages or
their total number are not indicated - sources: No. 3, 15,32, 69,72,77 ,80,93, I45,
151.

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 l.lkraine
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 "Doctor of Philosophy" with amendments
made according to the Resolution of the Cabinet of Ministers No.341 dated
03.21.2022. and applicant 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.
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