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CORRELATION ANALYSIS OF EPIDEMIOLOGICAL DATA
TO ASSESS THE TB SITUATION AND THE EFFECTIVENESS
OF THE TB PROGRAMME UNDER MODERN CONDITIONS

Abstract.

Background: Worldwide, TB is one of the top 10 causes of death and the leading cause from a single infec-
tious agent. Millions of people continue to fall sick with TB each year. In 2017, TB caused an estimated 1.3 million
deaths (range, 1.2—1.4 million) among HIV-negative people and there were an additional 300 000 deaths from TB
(range, 266 000-335 000) among HIV-positive people. Thanks to the internationally recommended TB control pro-
gram, including diagnostics, treatment and care patients, burden of TB is reduced in 30 countries of Asia, Africa and
Europe with high incidence and mortality rate.

Methods: An estimation of burden of TB in Kazakhstan, Almaty region and Almaty city, three level of TB
control program based on Incidence, Prevalence and Mortality rates. It carried out research of epidemiologic pattern
analysis using Pearson correlation coefficient in regional and national level based on period of time, estimated by
main determinants.

Results: The results showed relationship between determinants and dynamics of TB epidemiological rates as
Mortality, Incidence and Prevalence in observational areas.

Conclusion: TB epidemiological pattern depends on impact of many factors of the bio-social environment,
which have a negative or positive impact on epidemiology of TB. Determining the real situation is important for
evaluating the effectiveness of the TB program, identifying priorities and planning for TB measures.

Key words: TB, Mortality rate, Incidence rate, Prevalence rate, Pearson coefficient, DOTS strategy, WHO.

TB is one of the most common and studied infectious diseases. It reached epidemic proportions in
Europe and North America during the 18th and 19th centuries. Then it began to decline thanks to
discovery of the mycobacterium TB, anti-TB drugs, BCG vaccine and treatment regimens that led to the
perception of TB as an eliminateddisease.

As a result of the growth of the number of patients and deaths from TB by the end of the 20th
century WHO announced TB as a worldwide emergency and recommended the DOTS Strategy in 1993
as the most cost- effective way to stop the spread of TB in communities with a high incidence. DOTS
aimed at the detection of a TB case by sputum smear microscopy, standardized treatment regimen and a
standardized recording and reporting system. DOTS is expanded to “Stop TB” strategy and DOTS-Plus.
These actions of WHO led to the reduction of TB cases and deaths. And also, disease burden caused by
TB is falling globally. So in 2018 all member states of WHO and UN are committed to the endorsement
of “End TB”strategy and adoption of the UN Sustainable DevelopmentGoals.

Specific targets are set until the end of 2030. “End TB” strategy aims at 90% reduction in the
absolute number of TB deaths and an 80% reduction in TB incidence (compared with levels in 2015).

In Kazakhstan there were similar trends in the epidemiological situation of TB, accompanied by the
introduction of TB programs, in accordance with the current concepts of the TB control system (7). The
time period from 1998 to 2002 is characterized as the implementation of the DOTS strategy; since 2002
the program has been adapted to the conditions of the country, and since 2007 has been strengthened by
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elements of the program “Stop TB”. As a response to DOTS, Stop TB and DOTS-Plus the incidence rate
of TB decreased from118 to 48.2 per 100 000 people, mortality rate from 37.8 to 4.2 per 100 000 people
(1998-2017) The result shows success of TB control programs in Kazakhstan. The introduction and
activity of TB service in conditions of new programs are today an important issue of discussion in the
medical society and the media (10, 11). The epidemiological pattern of TB is characterized by intense
morbidity, prevalence and mortality, their level and changes are determined by the epidemic process. At
the same time, the information capacity of epidemiological indicators are influenced by many factors that
are not always taken into account in the analyses of the epidemiological situation of TB.

The purpose of the study was to conduct a scientific analysis of the epidemiological situation of TB
and the effectiveness of TB control program in Kazakhstan in terms of evidence-based medicine using
modern statistical methods.

The objectives of the study are: an analysis of the epidemiological situation of TB by assessing the
level of the main indicators: incidence rate, mortality rate, prevalence rate and correlation analysis of
incidence and mortality rates from 1973 to 2008 in certain periods of observation, determined by the
presence of risk factors of the bio-social environment in the country.

Incidence rate is one of the most important and reliable criteria for the intensity of the epidemic
process. At the same time, the indicator is influenced by objective factors (preferential detection by the
X-ray method, insufficient detection by the microscopy method, the absence of quick methods of
evidence-based diagnosis of TB) and a subjective character (struggle to reduce an indicator. Today, the
term “incidence index”, which reflects the program’s efforts to detect cases and the effectiveness of
mainly microscopy and x-ray diagnostic methods. The ratio of patients with new cases of pulmonary TB
to a positive smear for patients with a negative smear of sputum determines the success of the program as
a whole in the task of identifying priority patients who influence to the epidemic process of TB.

TB mortality rate is a reliable criterion reflecting the effectiveness of TB patients’ treatment to a
greater extent and the time of detection of disease cases. The indicator is the most informative in case of
correct registration of death and determination of cause of death with postmortem confirmation. The
prevalence rate reflects an effectiveness of TB patients’ treatment, duration of follow-up, and depends on
approaches of TB care service to solving terms and conditions of follow-up observation of TB center
contingents. We used the ratio of morbidity to of an epidemic process: a smaller ratio means the worse
TB situation. The ratio of prevalence to morbidity, which reflects a length of observation time for patients
with active TB forms and an effectiveness of treatment. The smaller range of the ratio means the more
effectiveness the TB control program(figure).

To assess the level of the main epidemiological indicators, the observational time is divided into five
periods, taking into account an influence of socio-economic factors, public health measures to improve
the population’s heath (anti-alcohol company), and TB control strategies.

The first observation period (1973—1985), tentatively called the “Soviet period,” is associated with
the period of Kazakhstan’s presence in the USSR, and is characterized by a stable economic system, an
effective Health Care System and a TB program. Activity is regulated by Order "On measures to
strengthen the fight against TB of the USSR Ministry of Health" No. 747 of September 7, 1972 and Order
"On approval of a new classification of TB" No. 361 of April 23, 1974. During this period, in Kazakhstan
therewasasteadydeclineintheincidencerate,by39.8%ingeneral(range118-71.1 per 100 000 people). The
average ratio of Incidence to Mortality rates was 5.4 (5.2 to 5.6). There was a decrease in mortality by
2 times (the scale of .9 - 12.8 per 100 000 people) and PR. 1.9 times, the average value of the indicator
was 449.7 per 100 000 people (range 321.7 - 618). A strong positive correlation was determined between
morbidity and mortality in Kazakhstan (r = 0.98) and between prevalence and morbidity (r = 0.99), which
reflects the relationship between indicators; a decrease in incidence leads to a decrease in mortality, a
decrease in prevalence leads to a decrease in incidence (tables 1, 2).

In the Almaty region, there was a moderate decrease in the incidence by 23.8%, a prevalence of
32.5% andmortalityby14.9%. The averageincidenceratewas76.4per100000people(range 87.8 -
66.9 per 100 000 people). The indicator of the ratio of morbidity for mortality was 6.7 (6.6-5.9). The
mortality rate was also decreasing from 13.4 to 11.4 per 100 000 people, the average value was 13.1 per
100 000 people.
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Table 1 — Correlation analysis of Incidence and Mortality rates of TB in Kazakhstan, Almaty region and Almaty city,

1973-2009
Pearson correlation coefficient
Period Observation time
Kazakhstan Almaty region Almaty city
1973-1985 Soviet period 0.98 0.57 0.84
1986-1991 Anti-alcohol campaign 0.13 0.29 0.46
1992-1998 Socio-economic crisis 0.84 0.25 0.91
1999-2004 Implementation of DOTS -0.93 -0.54 0.94
2005-2008 Stabilization 0.81 0.73 -0.49

Table 2 — Correlation analysis of Prevalence and Incidence rates of TB in Kazakhstan, Almaty region and Almaty city,

1973-2009
Pearson correlation coefficient
Period Observation time
Kazakhstan Almaty region Almaty city
1973-1985 Soviet period 0.99 0.79 0.98
1986-1991 Anti-alcohol campaign 0.94 0.91 0.77
1992-1998 Socio-economic crisis 0.97 0.97 0.97
1999-2004 Implementation of DOTS 0.34 -0.19 -0.73
2005-2008 Stabilization 0.81 0.65 -0.84

do not correlate with the incidence rate, which decreased in this period, the rate of decline was 6.7% in the
period 1974-1975, increased by 1.6% from 1975-1976. Since 1977, there has been a steady decline in
morbidity and mortality. The positive correlation of the average intensity of morbidity and mortality
during this period was determined (r = 0.57). During this period, there was a decrease in the prevalence
of 1.5 times, the average value was 368.5 per 100 000 people (range 314.6-473.3 per 100 000 people).
A strong correlation was found between the prevalence and incidence rates (r = 0.79).

In Almaty city - 2.4 times decrease in incidence rate (range 119.5-49.2 per 100 000 people), the ave-
rage value was 72.6 per 100 000 people; a decrease in the mortality rate by 2.1 times (range 14.1 - 6.8 per
100 000 people), the average value was 10.3 per 100 000 people. The indicator of the ratio of morbidity
to mortality is 4.8 (8.5-7.2). The average mortality rate is 10.0 per 100 000 people (range 6.8-14.1 per
100 000 people). During this period, the prevalence of TB was also halved, the average value was 330.6
per 100 000 people (239.7- 488.5 per 100 000 population), the annual rate of decline was 2.9%. The ratio
of prevalence to morbidity averaged over a period of 4.6 (a range of 4.1-5 years). A strong positive corre-
lation between the morbidity and mortality were determined. (r = 0, 84) and between prevalence and
morbidity (r = 0.98).

The second observation period (1986-1991) was marked by an anti-alcohol campaign. On May 7 and
16, 1985 legislative acts of the Central Committee of the CPSU and the Council of Ministers of the USSR
on strengthening the fight against drunkenness and home brewing were published. Since 1960, in the
USSR, there has been an increase in alcohol mortality associated with the highest use of legal and illegal
alcoholic beverages in the world and low life expectancy compared with other countries of the world (10).
During the ban on the use of alcoholic beverages in Kazakhstan, the most favorable situation is observed
in terms of the ratio of the incidence rate for mortality, the average value of which was 6.6 £ 0.3 times
(6.8-6.1). The incidence rate between the 1986 level by 1991 decreased by 9.4% (range 64.4 - 73.9 per
100 000 people) with an annual decrease of 1.9%; the prevalence rate is 9.0% (the range is 308.2-
292.6 per 100 000 people) with an annual decrease of 1.8% and the mortality rate 17.2% (12.8-9.9 per
100 000 people)) with an annual decline of 3.4%. During this period of time in Kazakhstan, there was a
weak positive correlation between morbidity and mortality rates (r = 0.23) and (r = 0.91). There was a
significant reduction in mortality with a fairly high annual rate of decline against the background of
consistently high rates of morbidity and prevalence.
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In Almaty region there was a 1.8-fold decrease in mortality from TB (range 6.5-11.4 per
100 000 people) with an annual decrease of 6.1% against the background of relatively stable incidence
rates (-7.2%, scale 62.1 - 66.9 per 100 000 people) with an annual decline of 1% and prevalence (+ 6.4%,
the magnitude of the indicator 299.1 - 319.4 per 100 000 people) with an annual decrease of 0.9%. The
ratio of morbidity to mortality was 8.5 (range 5.9-10.4), and the ratio of the prevalence of incidence 4.7
(range 4.7 - 4.9 years). A weak positive correlation between morbidity and mortality (r = 0.29) and
prevalence and morbidity (r = 0.91) was determined.

In Almaty city there was a significant decrease in prevalence of 29.2%, the scale of the indicator was
169.6 - 239.7 per 100 000 people, and the annual decline of the indicator was 4.2%. The ratio of
prevalence and incidence was 4.1 (range 3.7-4.9 years). During this period, an increase in the mortality
rate was determined in the megalopolis (by 17.6%), the scale was 6.2 - 8 per 100 000 people with an
annual growth rate of 2.5%; and a slight increase in the incidence rate of 7.1%, the scale of the indicator
was 45.7 - 55.3 per 100 000 people). The ratio of morbidity and mortality was 7.5 (range 5.71 - 9.2). The
Pearson correlation analysis determined a moderate relationship between morbidity and mortality
(r =0.46) and a strong degree of positive correlation between prevalence and morbidity (r = 0.77). Diffe-
rences in the rate of decline in TB rates, especially mortality, are associated with different degrees of
alcohol consumption and the correctness of the calculation of epidemiological indicators.

The third observation period (1992-1998) is connected with socioeconomic crisis and the policy of
reconstruction, which was supposed to improve the state of the economy and liberalize the political life of
the country. Restructuring period led to the collapse of the USSR into independent republics. Independent
countries continued to undergo socioeconomic changes, accompanied by a decrease in funding for the
health care system, including the TB service. During this period, there is a 3.3-fold increase in mortality in
Kazakhstan (the magnitude of the indicator is 11.7 - 38.4 per 100 000 people) with an annual growth rate
of 38%; an increase in the incidence of 1.8 times (range 59.7 - 118.8 per 100 000 people) with an annual
growth rate of 14.1%. The ratio of morbidity and mortality averaged 3.4 (2.4 - 5.5), which was the lowest
in 36 years of observation.

The lowest ratio of persons who fell ill with deaths from TB was observed from 1995 to 1997
(2.5-2.4), when the number of deaths was the highest. At the same time, the incidence rate remains stable
during 1992-1995. (64.4 -67.1 per 100 000 people), which is explained by a decrease in diagnostic
measures to detect cases of TB. From 1996 to 1998 there is an increase in the incidence of 1.5 times
(82.5-118.8 per 100 000 people), the annual growth rate was 38%. The prevalence rate increased by
34.4%, the scale of the indicator was 268 - 379.6 per 100 000 people, and the annual growth rate was
5.7%. The ratio of prevalence and incidence averaged 4 (range 3.2 - 4.5 years). The growth of epidemio-
logical indicators to TB occurred against the background of destabilization of the TB service: poor
funding, lack of anti-TB drugs, reduced detection of cases, and an uncontrolled increase in TB mortality.
During this period, there was a strong positive correlation between morbidity and mortality (r = 0.84),
between prevalence and morbidity (r = 0.97). There is a 2.5-fold increase in mortality (a range of 9.2-
38 per 100 000 people) with an annual growth rate of 24.8%; incidence of 61.6% (range 45.5 - 95.8 per
100 000 people) with an annual growth rate of 10.3% and prevalence of 38.1% (range 247.4 - 388.3 per
100 000 people) with an annual growth rate 6, 4% in Almaty region. The ratio of morbidity and mortality
was 3.9 on average (1.5-6.4). The worst TB situation was noted in 1996, when the death rate was 38 per
100 000 people, and the ratio of the sick, of the dead was 1.5. The ratio of prevalence and incidence
averaged 4.8 (range 4.1-5.4 years). During the socioeconomic crisis, there was a weak positive correlation
between the incidence and mortality rates (r = 0.25) and a strong positive relationship between the
prevalence and incidence rates (r = 0.97). There is a 2.5-fold increase in the death rate (11-27.5 per
100 000 people) with an annual growth rate of 25%; an increase in the incidence rate of 1.6 times (range
50 - 78.7 per 100 000 people) with an annual growth rate of 9.6% in Almaty. The ratio of morbidity and
mortality averaged 3.4 (range 2.6-4.5). During this period, there was a 1.4-fold increase in the prevalence
rate (range 164.3 - 228.6 per 100 000 people) with an annual growth rate of 5.9%. The ratio of prevalence
and incidence averaged 3.1 (range 2.9-3.4 years). A strong positive relationship between morbidity and
mortality (r = 0.91) and between prevalence and morbidity (r = 0.97) was determined. The increase in
deaths from TB is associated with an increase in the number of persons with newly diagnosed forms and
individuals with active forms of TB. The sharp deterioration of the situation on TB in Kazakhstan caused
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the introduction of the DOTS strategy recommended by WHO to countries with a severe situation of TB
in October 1998.

The fourth observation period (1999-2004) is related to the activity of TB service and implemen-
tation of the DOTS strategy. The period is characterized by a further increase in the incidence in
Kazakhstan by 29.9% (range 141 - 165.1 per 100 000 people) with an annual growth rate of 5%. The in-
crease in incidence is associated with a significant increase in the efficiency of detecting cases of TB by
microscopy of sputum smears and other methods (mainly by X-ray), which is confirmed by the proportion
of new cases with a positive smear in 1/3 and 2/3 with a negative smear of sputum. In 2002 - 2003 the
highest incidence rates are observed (165.1 - 160.4 per 100 000 people). At the same time, the mortality
rate decreased by 1.9 times (range 20.6 - 38.8 per 100 000 people) with an annual rate of decline of 7.7%.
The ratio of morbidity and mortality in this period was 5.9 on average(3.1-7.5). The prevalence rate
increased by 18.4% (range 323 - 449.5 per 100 000 people) with an annual growth rate of 5%. The ratio of
prevalence and incidence rates was 2.6 on average (range 2.1-3.2 years). There was a strong negative
correlation between mortality and morbidity in Kazakhstan (r = -0.93) and a weak negative relationship
between prevalence and morbidity (r = 0.34). There is a decrease in mortality by 2.6 times (the range
0f8.9 - 22.9 per 100 000 people) with an annual rate of decline of 10.2%; a decrease in incidence of
13.7%(range 95.8 - 123.1 per 100 000 people) with an annual rate of decline of 2.3% in the Almaty
region. The ratio of morbidity and mortality averaged 8.4 (range 4.2—12.3). During this period, there was
a decrease in the prevalence of 14.8% (range 242 - 388.3 per 100 000 people) with an annual rate of
decline of 2.5%. The ratio of prevalence and incidence averaged 2.7 (range 2 - 4.1 years).The negative
correlation between the incidence and mortality rates (r = -0.54) and the weak negative correlation
between the prevalence and incidence rates (r = —0.19) were determined. There was a 1.6-fold decrease in
mortality (12-27.5 per100 000 people) with an annual decline rate of 6.3%; a decrease in the incidence
rate of 11.2% (range 67.9 -78.7 per 100 000 people) with an annual decline rate of 1.9% and a decrease in
prevalence rate of 12.8% (range 133.8 - 228.6 per 100 000 people) with an annual rate of decline of 2.1%.
The ratio of morbidity and mortality over the entire period was 4.3 (range 2.9-5.7), while the ratio of
prevalence rates was 2.5 (range 1.9-2.9 years) in the Almaty. There was a strong positive correlationbet
ween mortality and morbidity rates (r = 0.94) and a strong negative relationship between prevalence and
morbidity (r = -0.73). A significant reduction in mortality is accompanied by a relatively moderate
decrease in morbidity and prevalence.

The fifth observation period (2005-2009) is characterized by a further decrease in epidemiolo-
gical indicators in Kazakhstan. There was a decrease in mortality by 1.6 times (span 12.9 - 20.8 per
100 000 people) with an annual rate of decline of 7.5%; am 1.5-fold decrease in the incidence (105.3 -
154.3 per 100 000 people) with an annual decrease rate of 6.4%.The ratio of morbidity and mortality was
7.3 (range 6.5-8.2), which was the most favorable ratio in Kazakhstan. The present observation period is
comparable in intensity of morbidity and mortality with the Soviet period (1973 - 1985). During this
period, a decrease in prevalence of 2.5 times (a range of 180 - 449.5 per 100 000 people) with an annual
rate of decline of 12% was determined. The ratio of prevalence and morbidity averaged 2.5 (the range of
1.6-3.2 years), which is largely associated with organizational approaches to the definitions and duration
of observation of dispensary groups. A strong positive correlation was determined between morbidity and
mortality (r = 0.84) and between prevalence and morbidity (r = 0.81).

In the Almaty region, there was a decrease in the incidence rate of 16.5% (a range of 90.9 - 113.7 per
100 000 people) with an annual rate of decline of 3.3% and a mortality rate of 1.8 times (range of 4.9-10,
1 per 100 000 people) with an annual rate of decline of 9%. The ratio of morbidity and mortality averaged
13.5) range 11.5 - 18.6).During this period, there was a decrease in the prevalence of 2.9 times (range
113.3 - 350.2 per 100 000 people) with an annual rate of decline of 13.1%. The ratio of the prevalence of
incidence averaged 2.4 (range 1.2 - 3.3 years). A strong positive correlation was found between the in-
cidence and mortality rates (r = 0.73) and the average strength; the positive correlation relationship
between the prevalence and incidence rates (r = 0.65).Until 2006, in Almaty, there was adecrease of 6.7%
(span 65.2 - 65.2 per 100 000 people) with an annual decline rate of 3.4%, since 2007 an increase in the
incidence rate has been determined by 15% with an annual growth rate / decrease of 5%.During this
period, there was a further decrease in the death rate, which decreased by 2.1 times (range 8-17.1 per
100 000 people) with an annual rate of decline of 10.6%. The ratio of morbidity and mortality averaged
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8.6 (4.1 - 24). A 2-fold decrease in prevalence (97.9 - 199.4 per 100 000 people) with an annual decline
rate of 10.2% was determined. The ratio of prevalence and incidence averaged 2 years (range 0.5 -
2.9 years). The negative correlation between the incidence and mortality rates (r = —0.49) and the strong
negative relationship between the prevalence and incidence rates (r = —0.84) were determined. The data of
the correlation analysis demonstrate the disconnection between the intensive indicators, which, possibly,
is connected with the change in the conditions of registration and observation in dispensary contingents;
and what is important with the correctness of the data obtained.

Consequently, the analysis of TB epidemiological patterns of traditional assessment of epidemio-
logical indicators for TB and correlation analysis of a relationship between morbidity and mortality and
prevalence with morbidity at different periods of time revealed certain trends associated with complexes
of determinants as socioeconomic factors, Health System measures and the effectiveness of TB programs.

The Soviet period of observation characterized by a decreasing of mortality, incidence and preva-
lence rates in the country and regions, and had the presence of a strong positive correlation between
epidemiological indicators that is associated with an effective TB control program. The then existing
program had broad objectives for prevention, diagnostics, treatment and survey over TB patients that was
developed against the background of socioeconomicstability. During the anti-alcohol campaign registers a
further decrease in intensive indicators and a weak correlation between morbidity and mortality rates,
which shows the impact of other factors on the epidemiology of TB, namely the improvement in the
overall health of people associated with a sharp decrease in alcohol consumption across the country.

The period of socioeconomic crisis and restructuring against the background of deteriorating socio-
economic conditions and the collapse of the health care system, including the TB service, marked the
development of a TB epidemic in the country in terms of intensive morbidity, prevalence and mortality
rates and the presence of a positive relationship between indicators at the national, regional and metro-
polis. The DOTS strategy implementation period was marked by a significant decrease in TB mortality (in
Kazakhstan by 1.9 times, in Almaty oblast/region by 2.6 times and in Almaty city by 1.6 times), a slight
decrease in prevalence (14.8%, 14.6% and 12.8%, respectively) against the background of an increase in
the incidence in Kazakhstan and Almaty region (29.9%, 13.7%) and a decrease in Almaty (11.2%). This
situation follows the objectives of the DOTS program the detection at least 70% of TB cases and cure
85% of these cases. At the same time, a decrease in TB mortality associated with effective treatment does
not correlate with an increase in the number of new cases of TB, due to an increase in the recorded inci-
dence. During this period, there was a negative correlation between the indicators in Kazakhstan (r = -0.93)
and the average power in the Almaty region (r = -0.54). The strong positive correlation between morbidity
and mortality in Almaty (r = 0.91) reflects the features of registering new cases and deaths. The same
tendency is typical for the correlation analysis of the relationship between prevalence and incidence rates:
weak positive in Kazakhstan, weak negative in Almaty region and strong negative relationship in Almaty
(r=0.34,r=-0.19,r=-0, 73).

The period from 2005 to 2009 is characterized by the most favorable situation for TB; the country for
the first time approached the epidemic threshold in terms of incidence of 105.3 per 100 000 people. There
was a decrease in all major indicators of TB, especially the prevalence and mortality rate of more than
2 times in the country, in the Almaty region and in Almaty city; and morbidity in Kazakhstan by
1.5 times, by 16.5% in Almaty oblast. In Almaty, the trend of increasing incidence (+ 7.9%) continues. In
this period, a statistically significant relationship was established between morbidity and mortality rates,
prevalence and morbidity in Kazakhstan and Almaty oblast and the lack of communication in Almaty,
which demonstrates a somewhat special approach to registering cases of disease and death. The infor-
mativeness of data in Almaty requires monitoring of the tasks of identifying and determining lethal
outcomes.

Thus, the TB epidemiological pattern depends on the impact of many factors of the bio-social envi-
ronment, which have a negative or positive impact to the epidemiology of TB. Determining the real
situation on TB is as important as evaluating the effectiveness of the TB program, identifying priorities
and planning for TB measures. New approaches to analytical epidemiology to assess the situation of TB
and the effectiveness of anti-epidemic measures are necessary to determine the reliability of intensive
indicators and to improve prompt response to them.
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D, A. I/ICKaKOBal, M. M. A)IeHOBz, J.T. EpaJmeBaz, I'. Tokra®

'LCC K. Acthenausapos aTeiHIaFel Ka3ak YITTHIK MEIUIMHANBIK YHUBEpCUTETI, AMatel, KazakcraH,
Kazakcran PecniyOnmkacs! JleHcaynbIK cakTay MUHUCTPIIITIHIH
D TH3NOMYIIEMOHOJIOTHS YITTHIK FBUIBIMU OpTajibIFbl, KasakcraH,
*MomrFonus J{eHcayIbIK CaKTay MUHHCTPIIri, MOHFOIHS

TYBEPKYIJIE3I'E KAPCBI SITMJAEMUOJIOTI'USJIBIK JEPEKTEPAIH AYBITKYBI

AOcTpakT.

Aarpimaprrap. Ty0epkyne3 (Th) aneminzne enim-xitiMuiz 10 sxetexmi cedenTepinin 0ipi xkoHe OipKyKHabl
areHT OoJiFaH Ke3ze Herisri ceben Oosbin TaObuTazbl. JKbUICabIH MUJUIMOHIaFaH TyOEpKy/e30eH HayKacTap aHbIK-
tanasl. 2017 KBUTH IHACTIH )KYKThIpFaHmap apaceiaaa 1,1 emim (1,2-1,4 Muwmron muama3onaa) sxoHe 300 MbIHaIaM
(266 000-335 000 muana3zonsiHAa) enimre akeni. [lanuenTrepai AMarHocTUKANIAy 1, EMICY )KOHE KYTYy i KAMTUTHIH
XaublKapaJbIK TyOepKyJiie3re Kapchl OaFapiaMaHblH apKachlHaa TyOepes iiH aybIpTIANIBIFBI )KOFAPHI aypy MEH eJIiM-
KiTimmeH Asus, Adpuka xore Eypona ennepinge 30-Fa ybIK )Kep/e OpHaJIacKaH.

Oaicrepi: Kazakcranma, AmmaTsl 00NBICEIHIA KoHE ANMaThIa TyOepKyine30eH ayblpaTeIHAapabl Oaramay, ei-
Iie, o0IBICTa JKOHE Kalla AeHreHiHe HayKacTaHy, Tapaly jKOHE eJiM JKaFJaibIiHIa TyOepKyesre Kapchl Oarmapiama.
TB anuAeMHONOTHSIIBIK JKAaFJalbIH Taliay HETi3rl JeTepMUHAHTTapMeH OaralaHFaH yakbIT Ke3eHiHe Kapai aii-
MAaKTHIK YKOHE YITTHIK AeHreinepae Pearson koppemsinusa ko3 puiineHTiH KoIgaHy apKeUIbI XKYPri3ini.

Horu:kenep: Hotmwxenep nerepMuHaHTTap MEH TyOepKysIe3/iH AMUAEMHOIOTHIIBIK KOPCETKIIITEPIHIH IHHA-
MHKAChIH, MBICAJIBI, OJIIM-XKITIM, aypy-ChIpKay *oHe OailiKay cajlajlapblH/a Tapallybl CHSKTHI KaTbIHACTApIbl KOp-
CeTTi.

KopoiTeinasi: TyOepkyines3aiH aMuaeMHOIOTHSIIBIK KaF/aiibIHa KoHE SMNAEMHONIOTHICHIHA Tepic HeMece Ka-
FBIMCBI3 dcep eTeTiH kemnrereH (axropnap Oap. HakTel »arnmaiisl aHbIKTay TyOepKyJe3liH THIMAUIriH Oaranay,
TyOepKyJie30eH KypecTiH 0achIMABIKTAPbIH )KoHE JKOCTIapJiay MIapaiapblH aHbIKTay YIIIH MaHbI3/bI.

Tyiiin ce3gep: TyOepkynes, exiM-XKiTiM, HayKacTaHyAEHrei, Tapanysl, Pearsonkosddummenti, DOTS crpa-
teruscel, 1JIY.

D. A. I/chaxona', M. M. Aaenonz, JIL T. EpaJmeBaz, I. I_lorT3

'LCC Kazaxckuii HamMOHAIBHBIA MeIUIAHCKIH yausepcureT uM. C. [I. Achennusapona, Anmatsr, Kazaxcran,
’HanmoHanbHbII HayqHBIH HeHTp GrHsnonytsMononornn M3 PK, Kasaxcran,
3 MunuctepcTBo 3apaBooxpaHeHus MoHTommu, MoHTous

KOPPEJIALIMOHHBIN AHAJIN3 SMTUJIEMAOJIOTMYECKUX JAHHBIX
B OIIEHKE CUTYAIIUU TYBEPKVYJIE3A U DOPEKTUBHOCTHU ITPOI'PAMMBbI BOPBEbBI
C TYBEPKYJIE30M B COBPEMEHHBIX YCJIOBUAX

AOcTpakT.

Mpennocvuiku. B mupe tydepkynes (Th) smistercs ogaoit n3 10 OCHOBHBIX NMPUYUH CMEPTH M OCHOBHOM
MPUYMHON NpPU HAJIMYHKM OJHOrO HMH(MEKIIMOHHOIO arcHTa. EjKEeroHO BBLIBIISIOTCS MWLIHOHBI OonbHBIX TH. B
2017 romy Tb cran npuunnoii 1,3 cmepreit (B quamaszone 1,2—1,4 mmumona) cpenn BUY-oTpuiiaTensHBIX TI08eH, 1
300 000 cmepreii (B auamazone 266 000-335 000) cpenn BUY-no3utuBHEIX moneil. baaromaps MexayHaponHon
nporpamme 60ps0bI ¢ Th, BKIItOUarOIel TUarHOCTHKY, JICYSHUEe U YXO 3a 0onbHbIMU, OpeMs Th nokasnu3oBaHo B
30 crpanax Asun, Apuku u EBpOIBI ¢ BHICOKUM YPOBHEM 3a00JI€BAEMOCTH M CMEPTHOCTH.

MeTtoast: ouenka opemenu Th B Kazaxcrane, AnmarnHckoit obsacti ¥ r. Anmarsl, nporpamMa kourpoisi Th
IO TTOKa3aTessiM 3a00J1eBaeMOCTH, PacIIpOCTPAHEHHOCTH U CMEPTHOCTH Ha yPOBHE CTPaHbl, 00J1acTH U ropoja. beun
NPOBEJICH aHAIN3 AMHIEMHUOIOrnIeckoi cutyanuu o Th ¢ ucnons3oBannem koadduipenta koppemsiun [Tupcona
Ha PETHOHAJIHHOM W HAIMOHAIBHOM YPOBHSX B 3aBHCHMOCTH OT II€pHOAA BPEMEHH, OLIEHEHHOI'O 110 OCHOBHBIM
JIETCpMIHAHTAM.

PesyabTaThl: Pe3ynpraTel moka3ald B3aWMOCBS3b MEXAY ICTEPMHHAHTAMH W AWHAMHUKOW SIHIEMHOJIOTH-
YeCKUX TOKa3areneld TyOepKyle3a, TaKHX KaKk CMEPTHOCTH, 3a00JIeBaeMOCTh M PACIPOCTPAHEHHOCTH B 00IACTIX
HaOIIOOECHU.

3akiaouenne. Dnuaemuosiornyeckas cutyaius 1o Th 3aBucut oT Bo3aedcTBUsT MHOTHX (pakTOpoB OHO-
COLIMANBHOM Cpebl, KOTOPhIe OKAa3BIBAIOT HETaTHBHOE WM TOJOXKUTENBHOE BIMSHHE Ha SMHIEMHOJIOTUIO TyOep-
Kyne3a. OnpejiesicHHe PeajbHONH CHTyallMd Ba)KHO I OLEHKUA 3(G(GEKTUBHOCTH MPOTUBOTYOEPKYJIE3HOH IMpo-
rpaMMBl, OTIpeJIeNICHHs] IPHOPUTETOB M TUIAHUPOBaHUs Mep 1o Oopb0e ¢ TyOepKyIie30M.

KiawueBnie cioBa: TyOepkyies, ypOBeHb CMEPTHOCTH, YPOBCHb 3a00JeBaEMOCTH, KOI(DGHUIMEHT pacrpo-
cTpaneHHOCTH, K03 ¢uunent Ilupcona, ctparerns DOTS, BO3.
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THE INCIDENCE AND PREVALENCE OF UVEAL MELANOMA
IN THE REPUBLIC OF KAZAKHSTAN

Abstract. Uveal melanoma is the most common intraocular tumor, which threatens not only to the eyesight,
but the patient life as well. In spite of this, uveal melanoma is rare and the portion of uveal melanoma is small
(3.7%) in the structure of general oncopathology, it occurs in 75-94% among malignant intraocular neoplasms.

In this study we obtained the results on the frequency and prevalence of uveal melanomas in the Republic of
Kazakhstan.

Thus, the incidence of uveal melanoma in Kazakhstan on average over the study period was 0,160/0000, and
morbidity trends to increase. Women prevailed in 1.6 times the number of men. The incidence rates of the urban
population remain stable, while the incidence rate of the rural population is increasing. The incidence of uveal me-
lanomas among people of Asian nationality has doubled, and among European ethnic groups this indicator has
remained stable and quite high over the past 5 years. Trends in the incidence of spindle-cell type melanoma in the
second five-year period have significantly decreased in 2 times; however, the more aggressive forms (epithelioid and
mixed cell) tend to increase.

Key words: uveal melanoma, intraocular tumors, morbidity trends, frequency, prevalence, oncoepidemiology.

Introduction. Over the last years the increasing trend of ocular melanoma is observed. According to
the world data, the rate of patients with ocular neoplasms seeking medical assistance accounts for 110-
120 people per 1 000000 population every year [1-3].

Intra ocular tumors account for up to 30% of all eye neoplasms.

Uveal melanoma is the most frequently occurring intraocular tumor threatening not only to eyesight
but alsoto the life of the patient. Despite the fact that uveal melanoma is quite rare and its share in the
overall oncopathology is insignificant (3,7%), it represents75% - 94%of all malignant eye neoplasms,
while the part of this tumor in the death rate from metastasis in all types of cancer is 15% [4-6].

The relevancy of choroidal melanoma is defined by a high relative density of this pathology in the
structure of primary intraocular neoplasms (80-90%) [3, 7, 8].

Annual incidence of choroidal melanoma in different parts of the world comprises 7-12 people per
1 million population [1]. However, according to other authors, the total rate of choroidal melanoma
around the world varies between 2 to 10 people per 1 million population [1, 9-11].

According to Pane A.R., the annual rate of disease in the USA and Europe is 4-6 people per 1 million
population. In Russia, the rate of uveal melanoma based on patient applications in different regions varies
from 6,23 to 8 people per 1 million adult population [9, 12]. According to Buiko A.S. and Vit V.V, the
rate of patient applications for uveal melanoma in Ukraine accounts for about 3,2 people per 1 million
population [13]. In the Republic Belarus, in the last decade, the incidence of uveal melanoma is 7-8 peop-
le per 1 million adult population (70-90 people annually) [14]. In Central Asia, the rate was considerably
lower (2 persons per 1 million population) [1, 15]. In Tajikistan, the rate of ocular melanoma is 0,08 per
100 thousand population [20]. On average in the USA [16], Russia [17], Beloruss [18] and Kazakhstan
[19, 20] an ocular melanoma occurs with incidence of 6 cases per 1 million people, while skin melanoma
occurs more frequently and comprises 153,5 cases per 1 million [21, 22].
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All of the above necessitates the study of incidence and prevalence of uveal melanoma in the last
decades in the Republic of Kazakhstan.

The purpose of this search was the study of incidence and prevalence of uveal melanoma in the
Republic of Kazakhstan.

The material is based on the data of 259 patients with uveal melanoma for 2006-2015, which were on
hospital treatment in Kazakh Scientific Research Institute of Eye Diseases and Kazakh Institute of
Oncology and Radiology (verified diagnosis).The main method in study in of uveal melanoma was a
retrospective study with descriptive and analytical methods in contemporary oncoepidemiology. The
extensive and intensive morbidity rates were defined by generally accepted methodology in modern
statistics. The morbidity trends were defined by the method of the least quadrant method (y=a+bx).We
used average intensive morbidity rates for 10 years (2006-2015) to make a map of the prevalence of uveal
melanoma.

Methods. For the period in study (2006 - 2015) 259 cases of uveal melanoma are registered in the
Republic. There were 100 (38,6 £ 5,0%) men and 159 (61,4 + 4,0%) women. The number of women was
1.6 times higher than men, and 95% amplitude of relative density of the patients does not overlap, the
differences are statistically significant (t=4,03; p<0,001).Therefore, the factors affecting occurrence of
malignant eye tumors are not ambiguous. Average intensive morbidity rates for uveal melanomas of both
genders of Kazakhstan population for the study period (since 2006 to 2015) are 0,16%p00, i.e. 1,6 per
1 million population and the morbidity rate has a trend for increase. Intensive morbidity rates for uveal
melanoma depending on gender show that annual rate for men is 0,13%0000, and for women is 0,19%p000.
That being said, the rate for men is decreasing, while rate for women has a tendency for growth. Such
changes in trends of uveal melanoma confirm once again that female morbidity rates for these forms of
tumors are comparably higher than male ones, have a tendency for growth in dynamics, especially for the
last 5 years.

Territorial prevalence of the patients revealed that the share of urban residents was 54,1 + 4,2%
(140 patients) and rural — 45,9 + 4,6% (119 patients), and 95% amplitude of relative density of patients
between urban and ruralresidentsintersect and the statistical differences are insignificant (t=1,32; p>0,05).
Annual mean of intensive morbidity rates for uveal melanoma in urban residents for the last 10 years are
0,143 0/0000, in rural — 0,171 %0000. That being said, morbidity rate in urban residents has a tendency for
slight decrease, these trends are insignificant and remain stable for the study period, while rural morbidity
rate has a growing tendency, and its growth is quite significant.

The share of patients with uveal melanoma in Asian population equals 9,3 £ 1,84% (24 patients),
European — 90,7+1,9% (233 patients), statistical differences are significant (t=3,07; p<0,001), and 95%
amplitude of relative density of patientsin the specified ethnic groups does not overlap. Therefore, the
factors affecting occurrence of malignant pigment eye neoplasm are different. The morbidity rates for
uveal melanoma in Asians have increased from 0,03i0,02°/0000in 2006to 0,06i0,030/0000 in 2015, while in
European ethnic groups this indicator remains stable and high (0,5120,11%gg) in the last 5 years (2011-
2015), and the differences are statistically significant (t=3,75; p<0,01).

Annual mean of intensive morbidity rates for uveal melanoma of spindle cell type is O,O6i0,06°/0000,
epithelium cell type — 0,05+0,05% 000 and mixed cell type — 0,05+0,02%000. Moreover, the rate for spindle
cell type have decreased double in the last five years, while epithelium cell typeand mixed cell typehave a
tendency for growth.

Annual mean of grouped prevalence of patients with malignant ocular melanoma by degree of
process development has been presented as follows. The number of registered patients with ocular
melanoma in periods (2006-2010 and 2011-2015) is relatively similar, 133 (51,4%) and 126 (48,6%)
patients respectively, however, advanced forms of the stage IV ocular melanoma in the second 5—year
period (19,1%) was almost 4 times higher than in the first 5-year period (5,2%). In overall, the share of
advanced forms of tumor of vascular tract for the period in study was 12,0%. At the same time, the
relative density of tumor in the I stage was only 9,2%. The majority of patients with malignant ocular
pigment tumors were in stages II (41,3%) and III (37,5%), and the share of these patients in the last
5 years had a tendency for decrease. That being said, patients with early stages of uveal tract tumor
(I-II stages) accounted for 50,5%, while the rest had stages III — IV of tumor process.
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The epidemiological research of prevalence of uveal melanoma on the territory of Republic Ka-
zakhstan for 10 years (since 2006 t02015) revealed that the incidence of the studied malignant pigment
ocular tumors has its peculiarities, which are characterized by the fact that extensive and intensive as well
as aligned rates of morbidity vary depending on gender, ethnic composition of population, cell type, as
well as place of residency of patients. Rank-abundant prevalence of stages of malignant tumor of eye
vascular tract were also revealed. Itwasidentifiedthatthe share of patients with early stages of tumor (I-1I)
is still low, the relative density of advanced stages in the last 5 years has a tendency for growth.

The uveal melanoma prevalence map was designed for separate regions of Kazakhstan.We recalcu-
lated incidence rates by estimation of the average annual indicators for 10 years.

In compiling cartograms of prevalence of intraocular melanomas, we used the mapping method
suggested by S. L. Igissinov, based on the determination of the standard square deviation from the average
level of incidence rates, which clearly gives the distribution of the incidence rate on a scale of cartograms
of the prevalence of different forms of cancer. The morbidity stage scale clearly defines the level of
disease as low, medium and high.

Prevalence map of ocular melanoma in regions of Republic Kazakhstan for 100000 population (2006-2015)

No Morbidity level Morbidity scale City & Regions

Aktobe (0.013)
South Kazakhstan (0.02)
1 Low Up to 0,07 Mangystau (0.032)
Kyzylorda (0.049)

Atyrau (0.067)

Karaganda (0.072)
West Kazakhstan (0.076)
2 Middle 0,07-0,1 Zhambyl (0.087)
North Kazakhstan (0.091)

Pavlodar (0.101)

Akmola (0.141)
Kostanay (0.219)
East Kazakhstan (0.245)
Astana (0.47)
Almaty (0.616)
Almaty region (0.645)

3 High Over 0,1

Hence, the designed uveal melanoma prevalence map enables to define space-time prevalence of the
disease in separate administrative territorial regions of Kazakhstan, which must be considered in
development of programs for oncological assistance to population, setting-up of anti-cancer activities in
separate regions of the Republic.

Conclusion. The morbidity rate for uveal melanoma of both genders of population of Kazakhstan in
average for the period in study was accounted for 0,16% 4000, 1.€- 1,6per 1 million population, and the trend
has a tendency for growth. With that, thenumberofwomenwas1,6 higher than men, which can be explai-
ned by the impact of female endocrine profile on formation of pigment neoplasms. The male morbidity
trends are decreasing; while female have a tendency for growth. The morbidity rates in urban population
have a tendency for a slight decrease, these trends are insignificant and remain stable, while the same rate
for rural population is growing, and its growth is significant. The rate of morbidity among Asians have
doubled, and among Europeans this rate remains stable and relatively high 0,51+0,11 %0000 Within the last
5 years. The rate of morbidity in spindle cell types of melanoma in the second 5-year period have decrea-
sed double, however, the more aggressive form types (epithelium cell typeand mixed cell type) have a
trend for growth.

The highest rates of uveal melanoma prevalence defined by the morbidity scale are in Almaty region,
Almaty city, Astana city, which isprobably connected with availability of advanced diagnostics during
screening examinations, as well as oncological awareness of ophthalmologists.
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1C.Z)K. AchenauspoB aTeiHIaFb Kazak YITTBHIK MEAWIIMHA YHUBEpCUTET, AnMaThl, KazakcTaH,
Kazak OHKOJIOTHS JKOHE PaJNOJIOTUsl FRUIBIMU-3ePTTEY HHCTUTYTHI, AnMatbl, Kazakcran

KA3AKCTAH PECITYBJIMKACBIHJIA
YBEAJIBAI MEJJAHOMAHBIH KUIJIIT'T MEH TAPAJIYBI

AHHOTAUIMA. YBealb/li MeJTaHOMACHI — €H KOII Ke3/IeCeTiH Ko3 il iciri, OyJ1 TeK Kepy MyIIelepiHe Kayiln ToH-
IipMel KoliMaii, COHBIMEH 0ipre HayKacThIH ©MipiHe Kayill TOHIpeai. YBealbIi MeJIaHOMAChl CUPEK Ke3JIeCeTiHIHEe
KapaMacTaH JXOHE KaJllbl OHKOIATOJIOTHS KYPBUIBIMBIH/IA OHBIH Yiieci yikeH emec (3,7%), KaTepii icik aypynapsl
apaceiHIa 75-94% >xaraitnapaa Kesmecei.

AranMpim 3epTTey kymbicTa KazakcTaHmarbl yBeasbIi METaHOMIAPIBIH JKUAUTITT MEH Tapalybl YOIH HOTH-
JKeIep aJJIbIK.

Ocsuraiina, Kasakcranma yBeaibai MeJaHOMaHBIH OpTallla 3epTTEY KE3CHIHIE OpTaila eCerIeH 0,160/0000,
Kypazsl koHe OYJ1 KOPCETKIMITIH ocy ypaici Oatikaigaasl. COHBIMEH KaTap, epiiep/aiH caHsl OOMbIHIIA diieaep 1,6 ece
ken Oonabl.Kananbik TYpFhIHIAPABIH CHIPKATTAHYIIBUIBIK JEHIeli TYpPaKThl KAJIIBINTA, &l aybUl XaJIKbIHBIH aypy
KOPCETKIILITepi apThINl KelyAe. A3USUIBIK YWIT OKUIIepl apachiHia yBealb/l MeJaHOMaNap/blH naiiaa 0oysl eki ece
oCTi, all eypONabIK STHUKAJIBIK TONTApP apachlHIa OVJI KOPCETKIIl COHFBI 5 KbUIIA TYPAKThI XKOHE YKOFaphl OOJIBII
Kanabl. ExiHm 6ecKpUIIBIKTa METTAHOMAHBIH [IITHHICITH JKaCyIaJapbIHBIH TYPIiHE MIAJIBIFY YpAicTepi 2 ecere a3aii-
FaH, aJaiia TYpiHiH HiliHi (3MUTENNsUIBI )Kacyllla )KoHe apajiac )KacyIlla) aHarypiIbIM arpecCHBTI OOJIBII KeJIeIi.

YBeanpli MEeIaHOM aypyJIapbIHBIH Tapalybl JKaFbIHAH, CH JKOFaphl KOPCETKIMl OOWBIHINA AJMATHI OOJBICHL,
AJMaThl Kajachl JKoHe AcCTaHa Kalachl aHBIKTAJIBIN OTBIP, MYHIAH KepceTKinl 0oy cebebi CKpHHHHITIK 3epTTey
omictepi Ke3iHIE AMATHOCTUKAHBIH JKaKCapybIMEH, COHBIMEH KaTap O(TaIbMOJIOT IopirepliepiHiH OHKOJIOTHSIIBIK
CaKTBUIBIKTAPBIHBIH KAKCAPYbIMEH OaiIaHBICTHI.

Tyiiin ce3aep: yBeasnbJi MenaHoMa, K3 illli iCIK aypyiapbl, aypyAblH Tapaly TPEHATEpl, JKULIIri, Tapaiybl,
OHKOAMH/ICMHUOJIOTUSL.

A. B. BaJIMyxaHOBal, r. A Ceﬁnca:mnaz, K. K. Ynurucosa®

'Kasaxckuil HAlMOHAIBHBIN MeIUIMHCKHI yausepcuret uM. C. [I. Achenausaposa, Anmarel, KazaxcraH,
’Kazaxckuii Hay4HO-HCCIe10BaTeNbCKUil MUHCTUTYT OHKonoruu u Paguonoruu, Anmatel, Kazaxcran

YACTOTA U PACIPOCTPAHEHHOCTD YBEAJIBHBIX MEJIAHOM
B PECITYBJIMKE KA3AXCTAH

AHHOTauus. YBeanbHas MelaHOMa — HanOoJiee YacTO BCTPEUAIOIIAsCS BHYTPHIJIA3HAS OMYXOJb, MPEICTaB-
JSIOIIAsl yTpo3y HE TOJIBKO 3PEHMIO, HO W JKM3HHU manueHTa. HecMoTps Ha To, yBeambHas MEJaHOMAa BCTpedYaeTcs
pPEenKo M B CTPYKType oOmiel OHKOIAaTOJIOTHH J0Js ee Heenuka (3,7%), cpeau 37I0KauyeCTBEHHBIX BHYTPHUIIA3HBIX
HOBOOOpPAa30BaHMil OHA BCTpedaeTcs B 75-94 % ciydaes.

B JAaHHOM HCCJICAOBAHUM HaMH IIOJYYCHBbI PE3YyJIbTAaThbl IO YaCTOTEC W PACHPOCTPAHCHHOCTU YBCAJIbHBIX
MenanoM o Pecnyomnuke Kazaxcras.

Tak, 3a00neBacMOCTh yBeadbHBEIMH MellaHOMaMu KazaxcTaHa B CpelHEM 3a HM3y4aeMbIH MEepPHOJ COCTaBHIIU
0,160/0000, Y TPEeHIBI 3200JIEBACMOCTH UMEIOT TEHACHIMH K pocTy. [Ipu 3TOM sKeHIMH npeobnanano B 1,6 paza Hajg
grcaoM Myx4uH. [Tokazarenu 3a001eBaeMOCTH TOPOJCKOTO HACEIICHUS OCTAFOTCSA CTOMKUMH, B TOXE BpeMs ITOKa-
3arenb 3a00JeBAEMOCTH CEIBCKOTO HACENCHHA pacTeT. 3a00JIeBaeMOCTH YBEAaTbHBIMH METAHOMAMH CpPEAH JIHII
a3MaTCKOW HAIMOHATHHOCTH YBEIMYIJINCH B [[BA pasa, a CPEIU €BPONECHCKHAX STHHUECKUX TPYIIT 3TOT IOKa3aTelb
ocTaeTcsi CTAOWIBHBIM ¥ JIOCTaTOYHO BBHICOKMM B TEUEHHE INMOCIeAHUX S5 sner. TpeHmsr 3a0051eBaeMOCTH BEPETEHO-
KJIETOYHOTO THIIAa MEJTAHOMBI BO BTOPOM IISITHIICTHH 3HAUYNTENIFHO YMEHBIIMIINCH B 2 pa3a, 0IHAKO0, 00Jee arpecchB-
HBIE TIO THITY (POPMBI (3MUTEITNONTHOKICTOUHBIA 1 CMEIIaHHOKIICTOYHBIH) IMEIOT TEeHACHIUIO K YBEITHUCHHIO.

ITo pacmpocTpaHEeHHOCTH yBEaJbHBIMHI MeJIaHOMaMH 3a00JIeBaEMOCTh ONIPEIEISIeTCsl Kak HanmboJiee BBHICOKas B
AnMaTHHCKOM 00sactH, r.AnMarel, r.AcTaHe, 4TO BEPOSITHO CBSI3aHO C yJNYYIIEHWEM NUAarHOCTHUKH IPHU CKPUHHH-
TOBBIX METOJ1aX 00CIIeIOBaHUSI, & TAKIKE OHKOJOTHUCCKOM HACTOPOKEHHOCTHIO Bpaueii 0()TabMOJIOTOB.

KiroueBble ciioBa: yBeaibHas MEJIaHOMa, BHYTPHUIJIA3HBIC OIMYXOJIM, TPSHBI 3a00JIeBAEMOCTH, 4acTOTa, pac-
MPOCTPAHEHHOCTH, OHKOAITHIEMHOIOT U
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POPULATION HEALTH AS A MAJOR FACTOR
OF QUALITY OF LIFE

Abstract. The article examines the category of quality of life of the population from the public health point of
view. The criteria for evaluation and characteristics of the analysis of quality of life associated with health at the
individual and social levels are considered. Existing methods for measuring health indicators as a factor in quality of
life are studied An integral indicator of health qualities was compiled based on the hierarchy of the system model for
assessing the quality of public health. The model of assessment proposed by the authors takes into account all main
factors influencing the quality of health and their interrelation and can be applied at regional or state levels, where
institutional and external factors affecting public health play a large role. The indicators of the state of health of the
Kazakhstan population in comparison with the countries of the same standards of living were analyzed. In this paper,
special attention is paid to the influence of the environment on public health. The high level of environmental
pollution in Almaty was noted compared with the world leaders in pollution. The development of health care in
order to improve the quality of life of the population indicated the need to support educational and research insti-
tutions in the medical field.

Key words: quality of life of the population, health, healthcare, life expectancy.

Introduction. Improvement of the quality of life and public healthcare are one of the most topical
tasks of the social and economic policy of the Republic of Kazakhstan. During the past ten years, Ka-
zakhstan has made a lot of steps toward enhancing the effectiveness of the national healthcare system
described in the National Program of healthcare system reforming and development “Salamatty Kazakh-
stan” for 2011 — 2015, and in the National Program of the Republic of Kazakhstan on the health care
system development “Densayulyk™ for 2016 — 2019 that were to bring the national healthcare system to
the next qualitatively new level.

As a result of the taken steps implementation the expected lifetime in Kazakhstan increased, but the
issues of the healthcare improvement remain open. The solution of the existing issues of the healthcare
requires an integrated analysis of factors affecting the population health to form on this base a scientifi-
cally justified regional model of the healthcare system management model. The further development of
the theory and methodology of population health state investigation is topical in view of the living
standards improvement.

Methods and materials. During the investigation the methods of abstract and logical analysis,
comparative method were applied. The information bases for the investigation were monograph resear-
ches of foreign authors, data by the Committee on Statistics of the MNE RK, ratings of the international
organizations.

Results and discussion. The most of researchers investigating the quality of life topic agree that
there is no unique definition for this notion, as well as there is no united methodology for its definition.
Quality of life is a complex notion studied by sociology, economy, psychology, and medicine. In this
regard, some western scientists in the field of psychology assume that the closest definition to “quality of
life” is “happiness”; this kind of comparison can be found in works by M. Argyle (The Psychology of
Happiness), 1. Dzhidaryan (Imagination of happiness in Russian mentality), E. Diener and R. Emmons
(On the independence of positive and negative affect). However, in scientific context the notion of
happiness does not have a clear definition and, thus, does not facilitate the task of quality of life definition
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search. At the same time, some scientists believe that the quality of life means a degree of human needs
satisfaction. This can be found in the work by S. Bazhenov and N. Malikov: “the human needs are consi-
dered as inner reason of his life activity”, and quality of life is determined as “a level and degree of satis-
faction of the whole complex of needs and interests of people” [1].

Conditionally, the quality of life can be divided into several levels constituting the life activity [2]:

e Quality of life on the level of survival allows the population to satisfy the most necessary physio-
logical needs only; the society and the State help in receiving the minimum social guarantees and services.

e Quality of life on the base level allows satisfying all physiological needs, and providing spiritual
and intellectual demands of some groups of the population.

e Quality of life on the high level satisfies the whole diversity of needs, the high level of material
welfare is observed, within the support of integrity of the city system there is enough leisure time for
creative and spiritual growth, the conditions for enhancing the educational level of cultural growth are
provided.

A lot of factors are engaged to cover the needs of each level, among them the state of health is one of
the most important.

The first monograph in Russian that suggested the bases of the life quality investigation methodology
for the medicine in view of the healthcare was published in 1999 [3]. One of the main ideas of this
concept is that for the evaluation of the quality of life, an objective criterion that includes at least four
constituents of a human health is needed: physical, psychological, social, and spiritual. The most popular
definition of health in the context of the quality of life is the definition given by the World Health
Organization (WHO): “Health is a state of complete physical, social and psychological welfare of a
human, not absence of disease” [4].

The contemporary medicine and social sciences also apply a term “’the quality of life related to
health” that was suggested for the first time in 1982. It is understood on two levels:

e On the individual level the term means apprehension of physical and mental health (mood, level
of energy) by a person. This level also covers risks to health, life conditions, social support, and social and
economic status of a person influencing on individual apprehension.

e On the social level the term means all public resources, institutes, and conditions of life influen-
cing on public health.

The health as a factor of the life quality is closely connected with definition of disease and issues of
its treatment [5]. The quality of life becomes the main purpose of disease treatment not limiting the life
duration, and additional — if a disease limits the length of life, and the one — for incurables. The contem-
porary concept of the life quality in view of the healthcare includes three main constituents:

1. multidimensionality — the quality of life bears the information on all main fields of human life and
activities, and this also includes the state of its health. In its turn, the state of health is also interconnected
with all aspects of the life quality;

2. variability in time — data on the life quality change depending on a human state of health;

3. person contribution into estimation of his own state — i.e. the quality of life is estimated by a spe-
cialist, and a respondent. The same is for the health.

The importance of introducing and investigation of issues connected with a term “quality of life
related to health” is determined by the necessity to fill the gaps in interdisciplinary researches of the life
quality.

The medical interpretation of the notion “quality of life related to health” influenced on its inter-
pretation on social sciences. The interconnection of satisfaction with life value (social) and health is
explained by such theories as a theory of capital (social and human), a theory of social status (health as an
indicator of social status, and estimation of life quality through it), a theory of inequality and social
equity. According to the definition of health, the WHO determines the quality of life as person’s indi-
vidual estimation of his status in the society life, in the context of his culture, system of values, with his
goals, plans, opportunities, and degree of disorder [6].

This diversity of explaining concepts leads to plenty of methodological approaches to study of life
quality related to health. For instance, the Russian researcher 1. Nazarova provides an example of resear-
ches by the Institute of Social and Economic Issues of Human Population of RAS. The qualitative state of
population was “represented in terms of potentials of such important properties of a human as health
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(physical, psychological, social), education and qualification (intellectual level), culture and morality
(social activity). The special attention is paid to measurement of labor ability (labor potential)” [7]. It
should be noted that in medicine the factors related to labor ability of a human are also the main in
estimations of social, medical, and economic efficiency of the healthcare.

The Center for Disease Control and Prevention of the United States Department of Health and
Human Services applies the questionnaire method for assessment of the life quality related to health. The
standard questionnaire consists of 14 questions the answer to which the respondents have to give during
some period. The questions are divided into three large modules: Healthy Days Core Module, Activity
Limitations Module, Healthy Days Symptoms Module. The respondents have to keep a calendar where
they mark healthy days, physical and emotional disturbance days, and symptoms days not followed by a
disease. Basing on the observations during some time (one, three, six months) the statistics bulletin is
made; it allows measuring the quality of population health, and determining main health problems and its
influence on estimation of the life quality given by the respondents.

The Russian researchers B. Ilyasov, V. Martynov, . Gerasimova, Ye. Makarova, Ye. Zakiyeva have
developed a systematic hierarchy model of population health quality estimation. The main assumption of
the model is that the health as an indicator of the life quality is structurally complex, hierarchically
arranged indicator. For its measurement and estimation it is necessary to determine its components and
relations between them (table 1).

Table 1 — The hierarchy of the system model of the population health quality estimation

Rank Indicator name

1 Quality of population health

2 Quality of medical aid Quality of human environment Quality of health state
Level Level of medical Level Quality | Quality | Quality Index Index of |Index

3 of medical facility provision with | of available | of of social | of life of satis- |psycho- |of
personnel equip-ment, techno- in-patient | ecology |environ- |environ- |faction |logical physical
qualification |logies and medicines department ment ment with life | health health

Note. Reference [8].

Basing on this hierarchical structure the authors have deduced an integral indicator of health qualities
that can be calculated as weighted sum of its constituent components (system indicators):

] = 0(1K1 + azKZ + (X3K3, (1)

where K; — quality of medical aid; K, — quality of human environment; K; — quality of health state;
o, o, 03 — weighting coefficients characterizing the significance of K; component and determined by
expert way, considering that

Yo =1 ©)

The model uses the following suppositions:

e The values of weighting coefficients characterizing mutual influence of indicators are set by
experts and are not changed.

o The start values of special indicators are also set by experts as the issues of origin statistic data
norming within the model are not considered.

e The estimation of integral indicator of health quality under the considered situations does not take
into account the dynamics of special and system indicators change.

This method allows working with large massifs of data and considers all main factors influencing on
the quality of health and its interrelation. Thus, this method is applicable at regional and national level
where the big role belongs to institutional and outside factors influencing on public health.

In Kazakhstan, the index of population life quality is used for estimation of the life quality of popu-
lation. The conceptual bases of index measuring methods stipulate the measurement of health state [9]. It
describes the health state as an important constituent for estimation of life quality together with income
level or good work. This indicator includes the following:
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e Self-assessment of the health state.

e Length of life.

The indicator of self-assessment of the health state and its satisfaction is formed on the base of
statistical observation data. The expected length of population life at birth does not characterize the length

of life of one person, but the whole population.

Table 2 — Self-assessment of health state of Kazakhstan population

Year Degree of satisfaction with health Share of respondents (%)
2017 Satisfied 47,2

Partially satisfied 46,8

Not satisfied 5,8
2018 Satisfied 46,7

Partially satisfied 48,6

Not satisfied 4,6

Note. Compiled basing on data from references [10, 11].

Table 2 shows that the satisfaction of RK population with its health in 2018 changed by several
parameters: less of respondents are satisfied with their health completely, and more are satisfied partially.

At the same time, the share of respondents unsatisfied with its health decreased.

Table 3 — The expected length of life in the world countries

Expected length of life (years)

Country 2010 2016
Armenia 73,3 74,6
Azerbaijan 70,9 72
Belgium 80,2 81
Belarus 70,4 73,8
Canada 81,2 82,3
China 75,2 76,3
Germany 79,9 80,6
Georgia 72,6 73,3
Kazakhstan 68,3 72,3
Kyrgyzstan 69,3 70,9
Russia 68,8 71,6
Turkey 74,1 75,8
Uzbekistan 70 71,3
Upper middle income countries 73,9 75,3

Note. Compiled basing on reference [12].

Table 3 shows that the expected length of life in Kazakhstan, as of 2016, by data of the World Bank
has not reached yet the average indicator for upper middle income countries to which it is related. In
addition to these two indicators, the following indicators are not included into the index of life quality, but

are used for statistics:

e Satisfaction with services in the field of the healthcare.

e Opinion on problems while visiting the healthcare facilities.

In addition to the indicator related directly to the health state in the method, the quality of environ-
ment is also measured. This component also includes two fields:

e Quality of water.
e Level of air pollution.
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The quality of water is calculated via percent ratio of people informing on their satisfaction with local
water quality. The indicator of air pollution is reflected as average indicator weighted by number of popu-
lation, and showing the concentration of weighted small particles in air. For the comparison with the
world indicators the data of Numbeo organization were taken. The index of air pollution is calculated for
cities individually as the situation with air quality in different cities could vary a lot.

Table 4 — Index of environment pollution (air and water) for European and Asia cities in 2018

City, country Index of air pollution
Chelyabinsk, Russia 89,19
Beijing, China 88,71
Naples, Italy 80,93
Shanghai, China 80,43
Baku, Azerbaijan 79,63
Thilisi, Georgia 77,04
Almaty, Kazakhstan 76,69
Paris, France 67,71
Moscow, Russia 61,32
London, Great Britain 59,65
Tokyo, Japan 44,65

Note. Compiled basing on reference [13].

Table 4 shows that the level of environment pollution by indicators affecting the living standards in
Almaty is high even comparing to the world leaders on pollution. At the same time, large number of
citizens does not lead to high pollution of environment — examples are Tokyo (10 million population), and
London (more than 8 million population).

Numbeo also calculates the index of life quality throughout the world, and the constituent of this
index is also the healthcare.

Table 5 — Healthcare index of Numbeo for the world countries in 2019

Position in rating by indicator Country Value of healthcare index
1 Taiwan 86,22
14 Germany 74,32
23 Canada 70,99
44 China 64,03
52 Latvia 59,71
55 Belarus 58,01
56 Russia 57,63
57 Greece 55,16
64 Georgia 51,29
65 Kazakhstan 51,27
66 Iran 51,18
67 Ukraine 50,95
71 Egypt 44,22
Note. Compiled by data of reference [14].

Among 71 countries participated in the research, Kazakhstan is ranked 65 on the healthcare index
that shows the low satisfaction of population with the health care system services, and arrangement of the
health system in whole. At the same time, the highest values of healthcare index belong to the East Asia,
after that with some gap are the countries of the Western and Northern Europe.

—— 4 ——
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The goal of any national policy in the field of improving of population life quality is transition to the
high level of life quality. For the transition to high standard of life quality in the field of the healthcare it
is necessary to achieve several goals:

1. Provision of qualitative treatment. It implies that treatment of diseases will release from diseases at
the shortest period and with minimum long-term consequences for patients.

2. Provision of medical and diagnostics services not only for treatment, but timely and maximum
complete diagnostics of patients.

3. Provision of sanatorium-resort treatment. Sanatoriums and treatment resorts not only allow treating
the diseases, but enhancing the life quality and subjective estimation of life conditions by people due to
additional recreation functions.

4. Availability of sport and physical culture facilities, creation of conditions for outdoor activities.
This goal is rather preventive aimed at improving of the common level of public health than on treatment
of diseases.

To protect the population health it is necessary to conduct systematically the preventive activities,
early diagnostics of diseases, treatment and health assessment of population, health-improving and reco-
very work. The cumulative measures on keeping and strengthening physical and psychological health of
society should include economic, social, legal, cultural, scientific, medical aspects as only in its integrity
these can have positive influence on country’s inhabitants apprehension of individual and public health.

An important aspect is support of city’s health departments as s separate field of the State work on
improving the quality of life related to health. The importance of the aspect is that cities usually have very
dense population, and as consequence there are large risks of diseases appearance and distribution. The
establishment of city healthcare must be of a special priority supposing the creation of developed network
of medical facilities within a city, equal access of all citizens to these facilities, its material and technical,
technological, staffing and medicine support.

The contemporary medicine cannot function in isolation from technical progress — for diseases
treatment the advanced scientific and technical developments are used. Therefore, urban authorities shall
render all possible support to research and educational establishments having medical departments, as
namely these, in future, will be the suppliers of new technologies and methods of treatment, qualified
staff, and medicines. Otherwise, the whole medical sphere of a city becomes dependent on presence of
foreign medical companies. Even the subsidies into the medical sphere can be considered as investments
into improvement of population life quality and, as consequence, enhancement of human capital within a
city or a country [15].

In addition to provision of physical health of city or country inhabitants, it is necessary to take into
account the quality of spiritual or mental health of population. The modern society unavoidably needs
qualitative information society formed by social institutes and education, scientific, and culture estab-
lishments. Development and accessibility of these institutes for the population determines the level of
spiritual constituent of population life quality related to health.

As for the mental health, here the big role belongs to education system and integrity of psychological
health establishments. The education system should teach of critical thinking and information sorting
skills to avoid the overload of coming information, and the psychological health establishments should
ensure the treatment in situations when the preventive measures did not help.

To facilitate the analysis and development of common policy on enhancing the life quality related to
health, it is reasonable to introduce the concept of four human intelligences by Steven Covey [16]. Steven
Covey has proposed this concept for more detailed understanding of human intellectual development
features in the context of business, but the idea is also applicable for the health field. Each of the intelli-
gence types is responsible for a definite aspect of life connected also to a definite type of health. These
four types of intelligences are shown below:

Mental intelligence — is a combination of analytical , cognitive abilities allowing expressing thoughts
and making plans. During its functioning the mental intelligence receives information the abundance of
which can lead to disorder and overload.

Physical intelligence — ability of organism to self-regulation without conscious control, and ability of
a human to understand changes in his body, and respond to disorders in time. This type is associated with
physical health.
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Emotional intelligence — is ability for safe-knowledge, empathy and ability to communicate with
others, and understand the reasons and consequences of own emotional states.

Spiritual intelligence — is ability to create and apply meanings in daily life. Together with emotional
intelligence it is responsible for spiritual health of a human; developed spiritual and emotional intelligence
allows preventing the development of mental illness if its appearance is not due to physiological reasons.

Basing on this concept, while estimating a human health it is necessary to consider four types of
intelligence for more complete analysis of life quality related to health.

Conclusion. Basing on the stated above the following conclusions were made:

e Quality of life is a complex notion studied by a lot of disciplines including medicine. Each discip-
line considers the quality of life from its point of view. For medicine such point of view is quality of life
related to health.

e The quality of life notion related to health creates the interconnections between social sciences
and medicine allowing for more complete analysis of health as a factor of population life quality. The term
can be considered on individual and social level — each has its own assessment criteria and features of analysis.

e There are different methods of life quality analysis regarding the health; for instance, the Ame-
rican Centre for Disease Control and Prevention uses a special questionnaire and determines the health
quality basing on it. A group of Russian scientists, in its turn, has proposed a mathematical model to measure
health quality as a factor of life quality based on hierarchy of factors of health quality and its interaction.

e Kazakhstan also uses a lot of indicators to estimate the quality of life, among which there is state
of health. By composite indicators Kazakhstan falls behind the countries that have the same living
standards, but the lad is not critical. In the international rating of life quality calculated by Numbeo, in the
section of healthcare index Kazakhstan is on one of the latest places among the analyzed countries.

e As for the ecological indicators as influencing on public health, Kazakhstan also experiences
some difficulties; especially notable are problems of Almaty that is one of the first in the rating of envi-
ronment pollution among the world largest cities.

e To improve the public health and the quality of life it is proposed to pay attention on urban health
care as the most loaded field of the healthcare. Special attention should be paid to support of educational
and research establishments in the field of medicine as namely these create a potential for the healthcare
development. Otherwise, there will be dependence on foreign technologies and developments.

e [t is also necessary to extend the comprehension of health as a factor of life quality in Kazakhstan
practice — it should include not only physical and psychological constituents, but features of functioning
of spiritual and emotional intelligences — creation of conditions for its development increases its moti-
vation for self-perfection, and as result enhances the quality of human capital the importance of which
increases every year.

H. A. 90inkaiibip

KoraMasIk qeHcaymsIk caktay MekTe0i, AJIMaTH K., KazakcTan

XAJIBIKTBIH JEHCAYJIbIFbI OMIP CYPY CAITACBIHBIH HET'I3I'l ®PAKTOPBI PETIH/JE

AHHOTanmsi. Makanaza XaJblK JCHCAYJIBIFBl TYPFBICBIHAH XaJBIKTHIH OMIp CYPY CallachbIHBIH CaHaThl 3epT-
TenreH. JleHcaynbIKKka OailaHBICTBI, JKEKe KOHE QJICYMETTIK ACHrelae eMip Cypy calachblH Tajuay KpUTepuiiepi
MEH CHITaTTaMalapbl KapacThIPhUIFaH. OMip camachiHBIH (aKTOPHI pPETiHAe ACHCAYIBIK KOPCETKIIITEePiH ONIIeyaiH
KOJIIaHBICTAFbl SAicTepi 3epTTenreH. JleHcaynblK caKTay camachlH OaranayablH JKYHeINK YATICIHIH nepapXuschiHa
HETI3/IeJIreH JIeHCAY/IbIK KaCHETTEPiHIH MHTErPaIblK KOPCETKIlIl d3ipieHreH. ABTOpJap YChIHFaH Oaranay yirici
JICHCAYJIBIKTBIH CcanachlHa )KOHE OJIap/IbIH e3apa OaiyiaHbIChIHA dcep eTeTiH 0apiblK Heri3ri (akTopiapiabl eckepe/i
KOHE KOFaM[bIK JIEHCAYJIBIKKA 9Cep €TeTiH MHCTUTYLMOHAIBIK JKOHE CHIPTKbI (haKTopiap YJIKEH peJl aTKapaThlH
allMakThIK HEMece MEMJICKETTIK JIeHreiepe KoJAaHbuTybl MyMKiH. Ka3akcTaH XajKbIHBIH JAEHCAYJIBIFBIHBIH JKak-
KYHiHIH KOpCeTKilTepl TajaHbIll, eMip Cypy JAEHreilyiepi mamanac ejepAiH KOpCEeTKIlliMeH CajbICThIPBUIFaH.
Makanajga KopliaraH OpPTaHBIHBIH JEHCAYJIbIKKA BIKIAN €TylHe epeKlle KeHUI OeJliHreH. AlMaThliarbl KOpIIaraH
OpTaHBIH JIACTAaHYBIHBIH JICHI' €1 JIacTaHy OOMBIHIIIA JIEMJIIK KOIOacIIbUIapbIMEH CANBICTHIPFaHAa YKOFaphl EKEH T
aHBIKTAJIFaH. XaJBIKTBIH OMIp CYpy CallachlH JKaKcapTy MaKCaThIHAA AEHCAYJIBIK CaKTay bl JaMBITY YIIIH MEIULINHA
CaIaCBIHAAFBI OKBITY JKOHE 3epTTEY HHCTUTYTTAPHIH KOJIIay KAXKETTLUIIT1 KOPCEeTUIreH.

Tyiiin ce3aep: XaJbIKTBIH OMIp CYPY Calachl, ACHCAYJIBIK, JEHCAYJIBIK CaKTay, OMIp CYpY Y3aKTBIFbL
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H. A. Adnaxaiibip

Bericmiast mkosma o01ecTBEHHOTO 31paBooxpanenusi, AinMatel, Kazaxcran

3JIOPOBBE HACEJIEHUS KAK OCHOBHOM ®AKTOP KAYECTBA JKU3HU

AnHoTanus. B craThe uccnenyercs KaTeropus KauecTBa >KU3HU HACENEHUS C TOUKU 3pEHUs 3APaBOXPAHEHHUS.
PaccMoTpeHB! KpUTEpHH OLIEHKH M OCOOCHHOCTH aHalM3a KayecTBa >KU3HM, CBSI3aHHBIE CO 3IPOPOBHEM, HA WHIH-
BUyaJIbHOM M COLMAIBHOM YpPOBHSX. VI3ydeHBI CyIIECTBYIOIIME METOAbI M3MEPEHUs MOKa3zaTelel 310pOBbS Kak
(hakTopa KauecTBa KM3HH. COCTaBIEH MHTErpabHBIA IOKA3aTeNb KAa4ecTB 37I0POBBS, MCXOMAS M3 HEPapXHUU CHUC-
TEMHOW MOJIEJI OLIEHKH KadecTBa 3/10pOBbs HaceneHus. [IpeanoxeHHas aBTOpaMu MOZIEb OLEHKH YYUTHIBAET BCE
OCHOBHBIE (DaKTOPHI, BIMAIONIME HAa KAYECTBO 310POBbs M UX B3aUMOCBSA3b H MOXKET IPHUMEHATHCS HA PETHOHAIBHOM
WY TOCYapCTBEHHOM YPOBHSX, IJi¢ OOJBIIYIO POJIb UIPAIOT HHCTUTYLMOHAIBHEIE ¥ BHENIHHE (DaKTOPBI, BIUSIO-
mye Ha oOlIecTBeHHOE 370poBbe. IIpoBeneH aHanmu3 mokasareneil cocTOsHUS 310poBbs HaceneHus Kaszaxcrana B
CPaBHEHHUH CO CTpaHaMHU OJHOTO C HUM YPOBHsI )KM3HHU. B pabore 0ocoboe BHUMaHHUE YIEICHO BIUSHUIO OKPYKaro-
el cpenbl Ha 370poBbe HaceneHus. OTMedeH BBICOKMH YPOBEHb 3arpsA3HEHHs OKpY’Karoliel cpenbl I. AJIMaThl O
CPaBHEHHUIO C MUPOBBIMU JHJIEPaMHU IO 3arpsi3HeHHIO. [l pa3BUTHS 34paBOOXpPAHEHUS B IIEJISAX MOBBILICHUS Ka-
YecTBa JKM3HM HAaceNeHHWs1 00O3HaueHa HEeOoOXOAMMOCTh MOAJEP)KKH 00pa3oBaTENbHBIX M HCCIEJOBATEIbCKUX
YUpeXJIeHnI B MeTUIMHCKOI cdepe.

KiroueBble cjI0Ba: KaueCTBO JKU3HU HACENEHUS, 310POBbE, 3APOBOOXPAHEHHE, TPOJOJLKUTENIEHOCTD KU3HU.
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Abilkayir N. A., Higher School of Public Health, Almaty, Kazakhstan; abilkaiyr.nazerke@gmail.com;
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IMMUNOLOGICAL INDICATORS IN PATIENTS
WITH CHRONIC PHOSPHORUS INTOXICATION
AFTER IMMUNOTHERAPY

Abstract. Studies were conducted on the basis of the medical unit of the Shymkent city production associa-
tion "Phosphorus". A total of 95 patients with CHPI were examined. Subpopulation of T-helper, T-killers increased.
Humoral immunity has been changed. Immunomodulin improves the immune system. After immunotherapy, multi-
directional shifts in the concentration of IgM, IgG and IgA were detected. The number of lymphocytes in patients
with CHPI of the initial degree of intoxication increased by 12.2%. The subpopulation of lymphocytes CDZ +,
CD4 + decreased. The content of immunoglobulin IgG after immunotherapy increased by 34.5%, 55% and 35%
compared with the control. Phagocytic activity of leukocytes increased. The rate of completion of phagocytosis
increased. Phagocytic index decreased. Thus, immunomodulin stimulates immunopathy. Stimulates hematopoiesis.
Effectiveness is noticed.

Key words: T-lymphocytes. T-helper, phagocytosis, immunomodulin, phosphorus.

Introduction. Many xenobiotic substances in the long-term intake of the body have a depressing
effect on both specific resistance and cellular and humoral immunity [1].

Currently, the study of hematopoiesis and immune status is of paramount importance, since many
pathological processes in humans can be both a consequence and cause of various disorders of the im-
mune system, especially in secondary immunodeficiency States [2].

The aim of the work was to study the state of lymphocyte subpopulations in the blood of patients
with chronic intoxication with phosphorus compounds (HISF) of various degrees.

Materials and methods. Blood sampling was carried out from the ulnar vein to the heparinized
solution of the medium. Peripheral blood lymphocytes were isolated in ficoll-verografin density gradients
the number of T-helpers,T-suppressors and immunoregulatory subpopulations of t-lymphocytes with
DZ+, CD4+, CD8+, CD9+ and CD56+ were determined by mono-clonal antibodies in rosette formation
reactions. The content of serum IgA, IgM, IgG were estimated by radial immunodiffusion according to
G. MAPP et. all. (1965). Phagocytic activity was determined by the method of K. B. Ospanov [3].

The studies were conducted on the basis of the medical unit of Shymkent city production Association
"Phosphorus". The study included 95 patients with CPCI, including 35 patients with early stage, SO
moderate and 30 with severe degree CPCI; as a control, were examined 54 healthy workers-builders of
Shymkent. As an immunostimulant used the drug immunomodulin [4, 5], which was administered to
patients with CPCI composed of conventional therapy daily for 5-10 days. Depending on the degree of
intoxication, treatment with immunomodulin with a dose of 0.01 g was: with an initial degree of -5 days,
with a moderate degree - 10 days and with a pronounced degree - 15 days.

Results. The content of CD56+ in patients with HYSF after therapy, including immunomodulin,
increased with an initial degree of intoxication by 19.9% (p<0.05), with a moderate degree - by 24.9%
(P<0.05) and with a pronounced degree of intoxication by 40.8% compared with the indicators before
therapy. The relative and absolute content of subpopulation of CD8 + lymphocytes after immunotherapy
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decreased with an initial degree of intoxication by 20.2%, with a moderate degree by 25 and 40% in
persons with a pronounced degree of intoxication.

Multidirectional shifts in IgM, IgG and IgA concentrations were detected in the blood of patients
with HISF after immunotherapy in the determination of immunoglobulins. Thus, the content of IgM after
therapy in patients with initial, moderate and severe degree of intoxication DECREASED by 15% 14.6%
and 26%,respectively, compared with the control. The inclusion of immunomodulin in the treatment of
patients with HISF had a positive effect on the content of lymphocytes. The number of lymphocytes in
patients with initial degree of HISF intoxication increased by 12.2%. The most pronounced increase in the
number of lymphocytes was found in the appointment of immunomodulin for 10 days in persons with
moderate and severe degrees of intoxication, while the level of lymphocytes increased by 41.6% and
106.5% compared with the control. When determining the lymphocyte subpopulations were observed
multidirectional changes, in particular, the increase of relative and absolute content of lymphocyte
subpopulations: CLE+, CD4+, C/156+, CD 19+ and at the same time, a reduction in the relative and
absolute content of C[{19+. The content of SDH+ after immunotherapy in patients with initial, moderate
and severe degree of intoxication INCREASED by 19%, 30%, 39.9% compared with the control indi-
cators. Absolute and relative content of CD4+ increased in patients with HISF with initial and moderate
degrees of intoxication by an average of 20% and 30.2% compared with the control. The greatest increase
in the content of CD4+ was established after immunotherapy in patients with a pronounced degree of
intoxication, with an increase of B9%on average. The content of DM 19+ in patients with initial and mo-
derate degrees of intoxication increased by 49.7%, and 50.3% compared with the control indicators, and
the greatest increase in the relative and absolute number of subpopulations of DM 19+ was established
after immunotherapy in patients with HY SF with a pronounced degree of intoxication. The content of IgG
immunoglobulin in patients with initial, moderate and severe degree of HISF after immunotherapy
increased by 34.5%, 55% and 35% compared to the control. The content of IgA after immunotherapy in
patients with primary CPCI stepeni decreased by 33%, in individuals with moderate and severe degrees of
intoxication, the decrease was 42.9% and 33.4%, compared to benchmarks. Patients with CPCI immu-
notherapy significantly reduced to intensified treatment of the index paracetamol activity and the index of
completeness of phagocytosis of neutrophils with a significant decrease in phagocytic index .Phagocytic
activity of leukocytes increased by 58.1% 57.9% and 49.8% in patients with initial, moderate and severe
degrees. The index of completeness of phagocytosis increased by 61.8%, 65,8% and 70.5% in comparison
with indicators before treatment, the indicators of completeness of phagocytosis in individuals with
primary and moderate degree close to that of the control data. The phagocytic index, on the contrary,
decreased in persons with an initial degree of HISF once, with moderate and severe degrees of into-
xication - by 5.1% and 29.1% compared with pre-therapy.

Thus, the inclusion in the traditional therapy of immunomodulin to some extent leads to the norma-
lization of the content of lymphocytes and its subpopulations.

C. H. ’Kymamos, K. P. Tykraes, b. C. ’Kymamos
K. A. flcayu atbiHaarsl XanblKapajiblK Ka3ak-Typik yHuBepcureti, Typkicran, Kazakcran

CO3BI/IMAJIBI ®OC®OPMEH YJIAHFAH HAYKACTAP/BIH
NMMYHAJIOTUAJIBIK BY3bIJIBICTAPBI ’KOHE OJIAP/JIbI KOPPEKITUAJIAY

Annoranus. 3eprreynep «DPochop» LIBIMKEHT KanaablK OHIIPICTIK OipiecTiTriHiH MEeTUIMHANBIK OemiMi Oa-
3acerHna xyprizinai. COY men aypran 95 maykac 3eprrenmi. T-xemmep, T-xummnep cansl apra O6actaasl. ['ymopan
HMMYHHUTETI e3repi. VIMMyHOMOIYJIMH MMMYHIBIK KYHeHi jkakcapransl. MmmyHotepamusman keiin IgM, 1gG
xoHe [gA KOHIIEHTpaIMACHIHIA KOIl OAFBITTHI ayBICYJIap aHBIKTANABI. [IIKi MacIITaOThl HHTOKCHKALIUS I9pexkeci 6ap
HayKactapa JuMmeouutrepaiy canbl 12,2%-ra aprtel. CD3 +, CD4 + nuMouutTepAiH CyOrnomyssinmscsl TOMEH-
neni. UMmyHoTepanusiian keiin ummyHorto0ynuH IgG masmynsl 34,5%-ra, Oakpuiayra Kaparauzaa 55 sxoHe 35%-ra
apttel. JlefikonuTrepaiH (GaronuTapibK OelCeHaLTIr apTThl. DaroUTO3bIH asgKTaNY KbUIIaMABIFEI apTThl. Paro-
OUTApIbl WHACKC TeMeHnedi. Ochbuiaiiina, UMMYHOMOIYJIUH WMMYHOIIATUSHBI BIHTATAHIBIPAAsl. [ emaromo’smi
BIHTATAHABIPAIbl. THIMALTITT OalKaIabl.

Tyiiin ce3nep: T-umdonutrep. T-xenmnep, GparonuTos,uMMyHOMOIYIIHH, (hocdop.
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NMMYHOJIOI'HYECKHUE NMOKA3ATEJIA Y BOJIBHBIX
C XPOHUYECKOU ®OCP®OPHOM MTHTOKCHUKAIIUEN ITOCJIE KOPPEKIIUA

AnHotanus. VccnenoBaHus npoBoauiich Ha 6ase MencaHdactd IIIBIMKEHTCKOTO TOpPOICKOTO HMPOW3BOJICT-
BeHHOro 00beauuenus «Pocdop». Beero obcnenoBano 95 donbubix ¢ XOU. Cydnonynsuus T-xennep, T-kusuieps
YBENMUIINCh. ['yMOpaJbHBI MMMYHUTET OBUIM M3MEHEHBL. VIMMYyHOMOAYJIMH YIIydIlIaeT COCTOSHUE MMMYHHOM
cucteMsl. [locne IMMyHOTEpanyy BbISIBICHB! pa3HOHANpaBiIeHHble caBUrd kKoHueHTpauun IgM, I1gG u IgA. Komu-
4ecTBO JMM(pOUUTOB y OonbHBIX ¢ XD HavanbHOW CTENEHW MHTOKCHKALMK yBennunBasock Ha 12,2%. CyOmo-
mymsias muMdortoB CD3+,CD4+ camkanock. Coxpepkanne uMMyHornnoOynmHa IgG mocne MMMyHOTepanuu
yBenmumiaack Ha 34,5%, 55% wu 35% mo cpaBHeHHro ¢ KoHTpoieM. daronuTapHas aKTHBHOCTh JIEHKOLUTOB yBe-
mnauBanack. [loka3zaTens 3aBepHOICHHOCTH (aronuTo3a yBenuduBaici. DaromuTapHbIi HHICKC CHU3WICA. Takum
00pa3oM IMMYHOMOIYJIHH CTUMYJIUPYET UMMYHOII033. CTUMYJIHPYET reMoIo33. 3amedeH 310 3G PeKTHBHOCTS.

Kuarouesbie cioBa: T-nmumbouutsl, T-xenmepsl, Gparonutos, MIMMYHOMOYJIUH, (ocdop.
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MONITORING THE DISTRIBUTION OF TRANSGENES
FROM THE GENETICALLY MODIFIED RAPESEED LINE

Abstract. Use of the modern and high performance technologies in the agrarian industry has to become the
main priority for development of agro-industrial complex of our republic. One of such technologies is the genetic
engineering of plants. Creation and cultivation genetically of the modified cultures creates particular scratches,
mainly ecological and agrotechnical. As there is a potential possibility of transfer of transgenes to not the modified
grades and wild relatives due to repollination. The pollen transfer strongly depends on the geographic location of
plants and stay near wild relatives. In the Kazakhstan ecosystem rapeseed has a large number of relatives that
favorably affects a possibility of cross-pollination. In this regard decrease in a biodiversity of wild flora and fauna is
possible. Also such agrotechnical scratches as decrease in a biodiversity of cultivars, change of inappropriate signs
and properties, emergence of super weeds can take place. During the presented scientific work the Kazakhstan's first
practical monitoring of transfer of stranger genes from the genetically modified rapeseed to grades of rapeseed and
its relatives in the open environment was carried out.

Keywords: rapeseed, rape, mustard, genetic transformation, transfer of genes, gene expression.

Introduction. Genetic engineering of plants is the most effective way to obtain plants with desired
properties, which provides access to the endless gene pool, allowing the transfer of genes, both from one
plant to another, and from other organisms to plants.

The flow of genes from rapeseed can occur on a cultivated field or through a field over long distances
due to the spread of pollen or seeds. Unintentional spread of seeds sometimes occurs many years after
harvesting due to the germination of dormant seeds in the soil. It can also occur at a considerable distance
from farmed GM due to losses during transportation [20].

Influence of the genetic and modified rapeseed on grades and wild-growing flora is well studied in
world practice. Rapeseed is not a rigorous self-pollinator, and the value of cross-pollination can reach
30%. The entomophily given about the quantitative ratio or wind are absent, however both factors are
important and, perhaps, insects have key value. Depending on environmental conditions, a grade, design
of crops, a land relief emergence and frequency of a stream of genes of intraspecific crossing can change.

It is necessary to conduct in-depth studies of influence of the genetically modified plants on a con-
dition of components of concrete ecosystems as the problem of monitoring of environmental risks of
transgene plants more and more becomes aggravated in connection with development of genetic engi-
neering. It is necessary to consider genetic features of everyone of the modified plant new genetically at a
release in a surrounding medium and commercial use in specific conditions of this or that ecosystem.

In the presented work transfer of stranger genes from the transformed grades to routine grades and
their relatives on the example of rapeseed (Brassica napus) was studied. Various, carried-out in the world
tests show that the majority of crossings between plants happens at short distances, it is less than 10 m, in
certain cases cross-pollination is possible apart in 3 km from donors [6-9].

Objects of researches. Served as objects of researches - a working collection of seeds of summer
rapeseed: the grade (Brassica napus) with a reporterny gene 2GUS35S115x3GUS received from trans-
gene plants of 2015, grade rapeseed (Brassica napus), mustard Sarepta grades of (Brassica juncea), rape
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of a grade of (Brassica campestris) of the Russian selection are received from the All-Russian Research
Institute of oil-bearing crops of V.S. Pustovoyt; grades Gedemin and the Viking were received from RUP
"NAN Scientific and Practical Center of Belarus for Agriculture". Also wild rape and shepherd's bag
(Capsella bursa-pasroris). Designs with a target gene 2GUS35S115x3GUS pSS cloned in a binary
agrobacteriemic vector based on a commercial vector of pCambia2300, were received from Institute of
Molecular Biology and Biochemistry of Aytkhozhin of MAUN RK.

Methods of researches.

Receiving explant of rapeseed for the subsequent transformation. Seeds of rapeseed were sterilized
by serial washing in 70% an aqueous solution of hypochlorite sodium sodium/chlorate of five water, 70%
alcohol, distilled water (x3). The sterilized seeds were sowed on the environment 2 MS bezgormonalny
and are germinated within 7 days. In 7 days hypocotyls and kotiledona separately were sheared off and
incubated for 2 days on the MS environment with hormone 2,4D (1 mg/]).

Agrobacteriemic transformation of hypocotyls. Carried out an inoculation with the diluted suspension
of agrobacteria (0,8 lakes e. at OD600), pSS containing a binary vector with a target gene
2GUS35S115x3GUS within 10 minutes and a kokultivation on the MS environment with hormone 2,4D
(1 mg/l) 2 days. Then hypocotyls transferred to the MS environment with hormone 2,4D (1 mg/l) and
tsifotaksimy (500 mg/l) and 14 days with the subsequent transfer on the MS environment with BAP
hormones (3 mg/l) and zeatiny (2 mg/l), tsifotaksimy (500 mg/l) and Kanamycinum (40 mg/l) incubated.
The incubation on this environment was carried out prior to the beginning of a morphgenesis and an
embryogenesis and formation of plants. At formation of plants transferred to the MS environment with
BAP hormone (0,05 mg/l), tsifotaksimy (500 mg/l), Kanamycinum (40 mg/l). For acceleration of body
height of plants transferred to the MS environment (1% sucrose) with IMK hormone (5 mg/l), tsifo-
taksimy (250 mg/l) and Kanamycinum (40 mg/1).

Agrobacteriemic transformation of kotiledon. Carried out an inoculation with the diluted suspension
of agrobacteria (0,8 lakes e. at OD600) containing a binary vector of pSS with a target gene
2GUS35S115x3GUS within 10 minutes and a kokultivation on the MS environment with hormone 2,4D
(1 mg/l) 2 days. Then transferred and incubated on the MS environment with BAP hormone addition
(4,5 mg/l) and a tsifotaksima (500 mg/l) within 6-8 weeks, with replacement of the environment each
7-10 days before morfo-and an embryogenesis. Then transferred to the MS environment with BAP
hormone addition (0,05 mg/1), and Kanamycinum (40 mg/1) and incubated a tsifotaksim (500 mg/1) before
formation of plants. For acceleration of body height of a plant transferred to the MS environment (1% of
sucrose), IMK hormone (5 mg/l), tsifotaksimy (250 mg/l) and Kanamycinum (40 mg/1) [13, 14].

In a research used a reference medium of MS (Murashige and Skoog, 1962) [11].

Check of an insert and expression of an expression of a GUS gene. The expression of GUS of a gene
was checked by method the developed Jefferson [9].

The transformed cages were incubated in the histochemical buffer (0.1 M the phosphatic buffer,
0.1 M ferricyanide, 0.1% the Triton of H-100, 10.0 mm of EDTA, 20% a methanol, 1.0 mM 5-bromo-3-
indolyl-glucoronide (X-gluc, Clontech)) at a temperature of 37°C within 24 clocks. After that tests were
washed out in 70% ethanol before achievement of the complete transparence. The expression of a gene of
GUS is estimated visually on intensity of coloring of fabric at blue color. For check of an expression of a
GUS gene fabrics from leaves and stalks of plants were taken [11].

Receiving seeds from the transgene plants which are grown up in controlled conditions. Transgene
regenerant of in vitro with a reporterny gene of GUS were transferred to a soil in controlled conditions at
a temperature of 25°C, the illumination of 4 thousand luxury, humidities of 50%, the light period of
16 clocks in days before receiving seeds.

Crops and care of plants in field conditions. Crops of rapeseed, a rape and mustard field conditions
were carried out in Almaty region to the terms corresponding to area conditions on depth of 2 cm with the
subsequent rolling.

For synchronization of blossoming and larger probability of repollination seeds were sowed in the
following order: the first sowed rapeseed, in two weeks of rape and mustard. The experimental sites with
crops were systematically weeded and processed against wreckers the cruciferous .

Crops in field conditions of plants of rapeseed, a rape and mustard together with the received seeds
in 2015 having the reporterny GUS gen. Seeds from eight plants having a GUS gene expression were
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sowed in natural field conditions of Almaty region together with seeds cultural (rapeseed, rape and and
mustard) relatives.

Crops were carried out on 29.04.2015. For blossoming synchronization the first were sowed rape-
seed, then in two weeks were sowed a rape and mustard. Rapeseed seeds with a reporterny gene were
sowed in the center of a circle. Rapeseed seeds from the center were sowed, beginning from distance in
0,5 m. Crops of plants were made evenly on all area of a circle with the given radiuses. Seeds of rapeseed,
a rape and mustard as potential recipients, were sowed is focused on parts of the world (The North, the
South, the East, the West, the Northeast, the Sevoro-West, the Southeast and the Southwest). Rape,
mustard and rape were sown by 10 meter rays. 11 replications of Chris rapeseed and mustard Rocket,
10 replications of Golden rape. The scheme of crops is submitted in the figure 1.

14 Chris No27
(GUS)

1 — Mustard
2 Rocket
3 2 - Rapeseed
1 Chris

3 — Rape Gold

Figure 1 — The scheme of landing of plants on the experimental sites in Almaty region in 2015

Climate in the territory of the experimental site sharply continental. Winters cold and short, summer
periods hot and droughty. Long summer. Average temperatures in July are +22 ... +25 degrees. For all
calendar year about 250 mm of rainfall drop out. In the area the quite strong winds [gismeteo.ru] blow.

In close proximity with the experimental site there were 10 bee colonies (the North — 1 km), 8 bee
colonies (the South — 500 m), 5 bee colonies (the West — 1 km).

Harvesting according to the given scheme and selection of collected seeds on mediums with
Kanamycinum. The seed collection was carried out at the following time: rape and mustard - 07.21.2015,
rapeseed - 07.29.2015. In 2015 harvesting took place according to the following scheme:

1. Seeds of rapeseed, a rape and mustard were selected through each meter on 5 plants from each
beam, carried out marking similarly with rape.

Seeds of each collected plant were threshed and located in paper packages of the above-stated
marking, then from each bag took 30 seeds and placed on the selection MS environment with concen-
tration Kanamycinum 70 mg/l and put the corresponding marking and then placed on a prorashchivaniye
in the sveto-cultural room on the light mode 16/8 (day/night) at a temperature 25°C and humidities of
50%.

Selection of total DNA from plants [10]. Selection of DNA from plants was carried out with a
standard method STAV. Vegetable fabric was placed in a test tube like Eppendorf with a capacity of
1,5 ml; added 700 pl the extraction buffer; added 20 ul RNA elements and mixed, then incubated on a
water bath at 60°C within 10 minutes; added 700 pl chloroform and mixed 2-3 seconds. Contents were
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Figure 2 — The state of the field in Uzynagash at different time intervals:
A —10 week, b — 8 week, B - 6 week, I' — 4 week, /I — 2 week

centrifuged within 10 minutes at ambient temperature and 14000 rpm. Then a supernatant transferred to
other test tube and added 300 pl isopropanol, mixed, centrifuged within 10 minutes at ambient tempe-
rature and 14000 rpm and deleting supernatant liquid.

The deposit was washed out by 70% ethanol twice, as follows: added 800 pl 70% of ethanol, mixed
1 second, centrifuged 5 minutes at ambient temperature on 14000 rpm. Deleted over sedimentary liquid,
dried a deposit at ambient temperature of 10 - 15 minutes.

Added to the dried-up deposit 50 pl the deionized distilled water, 150 pl 4M of NaCl, 600 pl 70% of
ethanol, mixed and put in the deep freeze on - 70°C for 20 minutes, then centrifuged 10 minutes at am-
bient temperature and 14000 rpm, washed out 70% ethanol, deleted supernatant liquid and dried a deposit
at ambient temperature of 10-15 minutes, added 30 pl the deionized water, mixed 1 sec., checked a
spectrophotometer and left quality of DNA in the deep freeze on storages at - 200C.

Amplification of DNA by means of the polymerase chain reaction (PCR) [11]. For carrying out the
PCR-analysis prepared a reaction mixture of 20 Mk the following structure: 2 mxu the 10th the buffer for
a Tag-polymerase, 0,2 mxi 2,5mm the mixes dNTP, on 0,2 Mk mixes of primers, concentration 50 TMoJIB,
0,2 mkxn Tag-polymerases, 16,2 Mk waters.

Exemplars carried out through three corresponding temperature schedules specified in table 1.

Table 1 — Temperature modes of PCR

Stage Name of a stage Temperature Duration
Stage 1 Initial denaturation 94° 5 min., 1 cycle
The Denaturation - 94°C, annealing | The Denaturation — 30 sec., annealing
Stage 2 Denaturation of primers at 57°C, lengthenings of primers — 30 sec., lengthenings of a chain
of a chain a polymerase at 72°C a polymerase — 1 min. x 30 cycles
Stage 3 Final polymerization 72°C, then cooling up to 4°C 5 minutes
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Products of amplification divided in the elektroforezny camera 1,2% the TAE agarous gel the buffer
with addition bromic an etidiya.

Data analysis. Frequency of transfer of a transgene from the transgene site to the corresponding not
transgene plants were calculated by division of number of transgene plants on this site on total of the
tested seeds on this site and multiplication on total of the seeds which showed a positive take after the
analysis of PCR:

Frequency Quantity of the transformed plants on this site/meter The Common index of percent
transfer of a = Total of pl. his site/ X of transfer of a transgene
transgene otal of plants on this site/meter after the PCR-analysis

Generalization and assessment of results of researches.

Agrobacteriemic transformation of explant of colza a design with a target gene 2GUS355115x3GUS.
According to literary data for Brassic napus the revitalization system is adjusted on different fabrics of
plants: the microspores [12], hypocotyls [13-15], seven-shares [16, 17], plastids and protoplasts received
from sheet disks and kotiledon [18].

Promoter 35S is one of the most widely used, the very strong constitutive promoter responsible for a
transcription of all genome of CaMV. It is well-known thanks to its use in transformation of plants. It
causes high levels of an expression of genes in plants of bichromatic plants. 35S promoter was called
CaMV 35S promoter ("promoter 35S") as the coefficient of a sedimentation of a virus transcript which
expression, naturally, is caused by this promoter makes 35S. It was found in the early eighties by
Chua and the staff of the University of Rockefeller. The CaMV 35S promoter which is present at many
GM-plants is emitted from cauliflower mosaic virus DNA (Cauliflower mosaic virus (CaMV)).

In this experiment by us it was transformed by a target gene of GUS under 35S promoter in a binary
vector of pSS - 195 kotiledon and 230 hypocotyls of a grade Chris, 288 kotiledon and 270 hypocotyls of a
grade the Viking, 250 kotiledon and 206 hypocotyls of a grade Gedemin. Quantity of the transformed
explant and an induction of a morphgenesis and an embryogenesis it is presented in table 2.

Table 2 — Quantity of eksplant and plants

Types of explant The Grade Transformed explant Morphogenesis Transgene regenerate
Chris 230 209 5
Hypocotyls A viking 270 156 7
Gedemin 206 108 4
Chris 195 68 3
Seed leaves A viking 288 144 5
Gedemin 250 64 2

Apparently from the table 2, the most morfogenny and embriogenny appeared hypocotyls from 50 to
90% of explant, then, as cotyledons from 25 to 50%. At a stage of three sheets regenerant were cloned and
a final exit of plants to the transformed explant made 3,4 — 3,7% for hypocotyls and 2,4 — 2,8% for
kotiledon.

In the figure 3 the appearance of explant at an embryogenesis stage — after 7 weeks is presented from
the moment of an incubation and also transgene plants received on the 12th week after transformation.

Check of an insert and expression of a GUS gene. The received regenerant (table 2) were checked for
a gene expression by GUS method the developed Jefferson (1989). As showed the analysis, the gene of
GUS was successfully introduced in a genome of hypocotyls of rapeseed of a grade Chris (figure 3). The
expression of a gene of GUS was high, judging by visual assessment. Level of an expression could be
estimated, observing intensity of coloring.

Receiving seeds from the transgene plants which are grown up in controlled conditions. Thirteen
transgene GUS of plants of a grade Chris were transferred to a soil in controlled conditions (figure 5).
From 13 plants adapted in a soil 8 which proceeded to be cultivated before receiving seeds.
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a b

Figure 3 — Appearance of eksplant after 7 weeks from the moment of an inoculation with agrobacteria (A)
and regenerant of 12 weeks received later after an inoculation with agrobacteria (B)

Figure 4 — Expression reporter of a gene of GUS in transgene regenerant of rapeseed of a grade Chris

Figure 5 — Transgene regenerant Chris with a target gene of GUS replaced in a soil in controlled conditions
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Seeds of the received transgene plants, were sowed in natural field conditions of Almaty region
together with seeds cultural (rapeseed, a rape and mustard) relatives. For blossoming synchronization the
first were sowed rapeseed, then in two weeks were sowed a rape and mustard. Rapeseed seeds with a
reporterny gene were sowed in the center of a circle. Seeds of rapeseed, a rape and mustard as potential
recipients, were sowed is focused on parts of the world.

Harvesting according to the given scheme and selection of collected seeds on mediums with
Kanamycinum. In 2015 it was collected exemplars (1 exemplar — seeds from one plant with unique
marking): rapeseed — 360, a rape — 322, mustard — 312 (table 3).

Table 3 — Quantity of the exemplars collected from the experimental sites

Kind of plant 2015 rog
Rapeseed 360
Rape 322
Mustard 312

Exemplars of plants which were not tested on the selection environment during the experiment were
incinerated.

Definition on presence of an insert and an expression of a transgene of seeds of colza, the surepitsa
and mustard gathered during the experiment.

GM of a plant receive by different methods of transformation. Usually for transfer use a plasmid
which contains a gene which work gives to a plant the given properties, promoter which regulates inclu-
sion of this gene, terminator of a transcription which contains the selection gene of resistance to an anti-
biotic to Kanamycinum. Kanamycinum is often used as the selection marker for transgene plants.

For identification of the transformed cages it is necessary to be able to find the stranger DNA
integrating into genomic DNA of a plant. All this the reporters of genes which allow or to make selection
of the transformed cages demands application, or to estimate activity of the enzyme coded by them. In this
work the main stages of screening of this culture on the selection environment are considered and
optimized. The way of screening on the selection environment with Kanamycinum is offered. It is picked
up optimum concentration for seeds of rapeseed of 70 mg/l, and for seeds of mustard and a rape of 50
mg/l. Thus, the molecular and biological analysis showed that not all survivors when processing by plant
Kanamycinum with an insert of genes of GUS in a genome.

Seeds of the plants which passed a test on the selection environment were couched, was
emitted DNA for the subsequent definition of an insert. The design under 35S promoter therefore
for definition of an insert in estimated plants recipients the following primers for definition of presence
of the sequence of this promoter were taken was used for rapeseed transformation: direct -
5-ACTCTGAAAACGGGTCGATA-3', inverse 5S-CATCAATCCACTTGCTTTGA-3', at these sequences
of primers length of PCR of a product equaled 800 couples of nucleotides.

1 2 3 4 5 6 7 8 M 1 exemplars of rapeseed taken from distance of 10 meters
from the center of a circle, 2 - the rapeseed exemplars taken
from distance of 9 meters from the center of a circle, 3 - the
rapeseed exemplars taken from distance of 6 meters from the
center of a circle, 4 - the rapeseed exemplars taken from distan-
ce of 3 meters from the center of a circle, 5,6 - the rapeseed
exemplars taken from distance of 1 meters from the center of a
circle, 7, 8 — monitoring (GUS gene), M — a marker.

800 o= Figure 6 — Results of an electrophoresis
in 1,2% - number agarous gel of the DNA products
of rapeseed (NE direction) received
by the PCR method containing the sequence 35S of promoter
(exemplars from the field)
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In the figure 5 the fact of transfer of a gene of GUS from the rapeseed transformed to routine grades
is shown.

In 2015 screening on Kanamycinum of 312 exemplars of a rape, 322 exemplars of mustard and 360
exemplars of rapeseed from the experimental site in 2015 is carried out. From 312 exemplars of a rape
underwent screening on the selection environment with Kanamycinum 122 exemplars. Further PCR of
these exemplars with the primers specified earlier therefore 38 plants showed a positive take on presence
of the sequence 35S of promoter was carried out. From 322 exemplars of mustard underwent screening on
Kanamycinum of 129 exemplars which were checked for PCR similarly with exemplars of a rape, from
them 63 exemplars showed a positive take on presence of the sequence 35S of promoter. 147 plants drove
out of 360 exemplars of rapeseed after screening on the selection environment, 78 of them showed
existence of an insert of GUS after PCR (table 4).

To define a possibility of transfer of transgenes (%) cases of transfer of transgenes as equals
distances from the center of a circle with GM-rapeseed were considered. For determination of probability
of transfer of transgenes the quantity of the transformed exemplars on this site/meter was divided into
total of exemplars on this site/meter.

Table 4 — Definition of the repollinated exemplars 2015 with transgene rapeseed
by screening methods on the selection environments and PCR of the analysis

Type of screening on repollination Rape Mustard Rapeseed
Models in total 312 322 360
After screening on the selection environment 122 129 147
Percentage index of transfer of a transgene after screening on the selection environment 39,2 39,9 40,8
After carrying out PCR of the analysis 38 63 78
The common index of percent of transfer of a transgene after the PCR-analysis 12,4 19,7 21,7

Schematical representation of frequency of transfer of a transgene at exemplars from the field of
2015 is shown in the figure 7. It is shown that with increase in distance from the center of a circle the
frequency of transfer of a transgene decreases. The trendliniya which shows decrease in frequency of
transfer, with increase in distance also demonstrates to it.

20
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frequency of transfer
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distance from GM, m
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Figure 7 — Frequency of transfer of a transgene at exemplars from the field of 2015
From gold rape GM-rapeseed, mustard the Rocket and to rapeseed Chris

For determination of frequency of transfer of transgenes the possibility of transfer of transgenes on
this site/meter was multiplied by the common indicator of transfer of a transgene after PCR — the analysis.

Judging by emergence of events in all parts of the world, without the choice of a dominance of a
determinate direction, it is possible to tell that an important role in the course of transfer of a transgene is
played by such factors as a wind and insects. It is also possible to judge it from emergence of the isolated
and random cases of transfer of transgenes.




ISSN 2224-5308 Series of biological and medical. 2. 2019

In this work in field conditions the opportunity of transfer of transgenes inside between types of the
Brassicaceae family is shown. There was an exponential decline with increasing distance from the central
donor. These results will be coordinated with the results of researches which are carried out worldwide
and discussed in the literary review.

For the purpose of improvement of quality of indexes and receiving wider pool of data it is recom-
mended to make an experiment in other areas of the Republic of Kazakhstan and also to increase the
scale/area of the experimental site.

Conclusion. In course of execution of the project agrotransformation of hypocotyls and kotiledon of
rapeseed by designs with a target gene 2GUS35S115x3GUS cloned in a binary agrobacteriemic vector by
pSS based on a commercial vector of pCambia2300 was carried out. Regenerant of rapeseed of three
grades were received: Chris, the Viking and Gedemin who were checked for presence of an insert. Check
showed presence of an insert at 13 transgene regenerant of a grade Chris from which at transfer in a soil in
controlled conditions nine adapted. From seeds of thirteen plants received from regenerant with a GUS
gene expression 8 plants which seeds after a prorashchivaniye showed positive test for a GUS gene
expression were received.

The received transgene seeds as donors were sowed together with seeds of potential plants of
recipients, rape, mustard, rapeseed, a rape of a wild and shepherd's bag on the experimental sites Almaty
regions.

The crop according to the given scheme was reaped and screening on the selection environment and
PCR the analysis on presence of the sequence 35S of promoter, all exemplars of plants of recipients of a
rape and mustard, the Almaty experimental site is carried out.

Results of three-year experiments showed the frequency of possible transfer of genes, high up to
21,7%, for distance to 10 meters from transgene rapeseed to grades of rapeseed (Brassica napus) and up
to 12,4% of possible crossing with his relatives — mustard (Brdssica juncea) and a rape (Brassica rapa).
At the same time, apart to three meters the possibility of crossing with grades and relatives is practically
influenced by neither features of year of cultivation, nor a cultivation zone. In too time, perhaps high-
quality distinction influencing the free repollination, the bound to blossoming terms and also morpho-
logical features of flowers.

Thus results of experiments in open space the Almaty regions showed that transgene rapeseed is
freely crossed to not transgene grades and the close relatives of the Brassicaceae family (Brassica juncea,
Brassica rapa, Brassica campestris). For prevention of cross repollination gene-modified grades need to
be sowed separately from routine grades of rapeseed and its close relatives. Besides it is necessary to
carry out monitoring of grades of rapeseed and relatives on existence of transgenes at cultivation the
inorayonnykh of grades with use of the modern methods.

A. K. Enunosa, /. B. Boakos, M. X. lllamekoBa, K. K. ’Kambakun

PMK «OcimaikTepain OHOIOTHACH jkoHe OnotexHomorusicel HHCTUTYTE KP BFM FK,
Anmarsl, Kazakcran

I'EHETHUKAJIBIK MOAU®UIIUPJIEHI'EH PAIIC JINHUSAJIAPBIHAH
TPAHCTEHJAEPAIH TAPAJTY MOHUTOPHUHI'T

AnHoranus. Bi3niH pecrmyOnnkaMbI3na arpoOOHEPKICINTIK KEIISHAl JaMBITy YIIIH arpapiblK HHIYCTpUSOa
HETi3ri 0achIMIBIK OOMYBI KEpeK 3aMaHayHW »XOHE JKOFapIbl OCEepii TEXHONOTHIAPABI KOJNIaHy KaxkeT. OchI
TEXHOJIOTHSUTAPBIH Oipi ©CIMIIKTEPAiH ICHETHKAIBIK HHXEHEPUACH OOJIBIN TaObLIaAbl. I eHETHKAIBIK MOIUBHUIIHIP-
JICHT'eH JaKbUIIAP/Ibl JKacall HIbIFapy JKOHE oyap/bl ecipy Oenrimi Oip KayinTi TeHAipenai, KeOiHece HKOJIOTUSIIBIK
JKOHE arpOTEXHHUKAIBIK. TPAHCTCHACPAIH MOIUPHUITUPICHOCTEH CYPBINITApFa KOHE ONApAbIH kabalbl TypiepiHe
TO3aHAaHy eceOiHEeH TapallyJblH oJjeyeTTi MyMKiHzaikepi 6ap. To3aHHBIH aybICybl ©CIMIIKTEPIiH TeorpadusIIbIK
OpHAaJIaCKaH JKepi MEH KaKbIH MaHJIaFbl jkabaiibl Typiepre ete KaTThl Toyesui. KazakcTaHablK 3KOXYleae parncThiH
KeITereH >kabaifbl Typiepi Oap ’KoHe oyap ajlMachlll TO3aHAAaHy MYMKIHJIriHE KOJaiibl acepiH Turizeni. Ockiran
GaiinaHbICTHI Xxabaiibl (bopa MeH ¢ayHa almyaHTYpPJIUITiHIH TeMeHaey MyMKiHairi 6ap. CoHbIMEH Karap arpoTex-
HUKaJIBIK KaTepiiep OpHBI 00y MYMKIiH, OJlap €KIle CYpPBINTap/AblH aTyaHTYPJIUIriHIH TOMEH/EYi, MaKkcaTchl3 Oenri-
JIep/IiH >KOHE KacHeTTEepiH e3repyi, apaMIIenTepAiH maiaa 0oiysl. ¥ ChIHBUIFAH >KyYMbIC OapbickiHna Kasakcranga
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OipiHII peT ambIK OpTana TeHETHKAJIBIK MOIU(HUIMPICHTCH PAIlCTaH palc CYPHINTaphIHA JKOHE ONapAbIH >Kabalbl
TypiepiHe Oerne reHAepIiH TaChIMAIIaHYBIHBIH MPaKTUKAIBIK MOHUTOPHHTI JKYPTi3iireH.

Tyiiin ce3aep: parc, capent KhIlla CYPHIIEI, KbIMAadac CYpHINbI, TEHETHKAIBIK TpPaHC(HOpMAaNus, TeHASPIiH
TachIMaJJlaHybl, TeH SKCIPECCUSICHL.

A. K. Enusosa, /1. B. Boakos, M. X. lllamekoBa, K. 7K. ’Kambakuun
PI'TI «ucTuTyT Bronorun u 6uorexuonorun pacrernnity MOH PK, Anmarel, Kazaxcran

MOHHUTOPUHI' PACIIPOCTPAHEHUS TPAHCTEHOB
OT 'rEHETUWYECKH MOANP®UIINPOBAHHOU JIMHUU PAIICA

AnHoTanus. Vcrmomns3oBaHHE COBPEMEHHBIX W BBICOKOA((EKTHBHBIX TEXHOJOTHH B arpapHON WHIYCTPHH
JIOJDKHO CTaTh IVIaBHBIM IIPUOPHUTETOM ISl PAa3BUTHS arpONpPOMBIIUIEHHOTO KOMITIEKca Hamrel pecrryOmmku. Oqanm
U3 TaKUX TEXHOJOTHH SBIACTCS T'€HETHYecKas MHXeHepus pacTeHui. Co3naHue M BBIPAIMBAHUE T€HETHUYECKU
MOIU(UIMPOBAHHBIX KYJbTYp CO3A€T OIPEAEICHHBIE PHCKH, ITIABHBIM 00pa3oM 3KOJOTMYECKHE M arpOTEeXHH-
yeckre. [10ckobKy CymecTByeT NOTEHIMAIbHAas BO3MOXKHOCTH IIEPEHOCa TPAHCTEHOB K HE MOAMU(DUIMPOBAHHBIM
copTaM U JIMKUM COpOJIMYaM 3a CuUeT INepeonbuleHHs. TpaHcdep NbUIbIBI CHIIBHO 3aBHCUT OT Teorpaduyeckoro
MECTOIIOJIOKEHHS PACTEHUH W HaXOXJIEHHs1 BOJIM3U AMKUX copojuyeil. B ka3zaxcraHCKoil 3KocHcTeMe y parca ecTb
0O0JIBIIIOE KOJIMYECTBO COPOJMYEH, YTO OJIArONPHUATHO CKa3bIBAETCS HAa BO3MOXKHOCTH IIEPEKPECTHOTO ONbUICHHs. B
CBSI3U C 3TUM BO3MOXXHO CHI)KEHHE B OMOpazHooOpasznu aukoi (iopsl n dayHsl. Takke MOTYT UMETh MECTO TaKHe
arpoTeXHUYECKHE PUCKHU, KaK CHIDKCHHE OMOpa3Ho00pasus KyJbTypHBIX COPTOB, N3MEHEHHE HELEJICBBIX ITPU3HAKOB
U CBOMCTB, TOSIBIICHUE CyTIep COPHSAKOB. B X0/1e mpecTaBieHHON HaydHOI paboTsI OBLT IpoBeneH nepBhiii B Kazax-
CTaHEe MPAKTHYECKUH MOHUTOPHUHT MEPEHOCA UYXEPOAHBIX T'€HOB OT T'€HETHYECKH MOIM(UIMPOBAHHOIO parica K
COpTaM parica U ero CopoJryaM B OTKPBITON cpefe.

KarodeBble cioBa: parc, ropduiia capenrtckas, Cypenuia, reHeTudeckast TpaHcopmarusi, IepeHoc IeHOB,
9KCIIPECCHS T€Ha.
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SPREADING OF
ARTEMISIA ANNUA L. AND ITS CONTENT OF ARTEMISININ

Abstract. This article presents the results of study resources and the assessment of the raw material base of the
industrial source of the antimalarial drug “Artemisinin” derived from Artemisia annua L in the Almaty region of the
Republic of Kazakhstan. Phytocenotic characteristic of the communities was carried out, the operational stock and
the possible volume of annual raw materials harvesting of Artemisia annua L were determined.

The content of pharmacologically active sesquiterpene lactone artemisinin in the raw material of Artemisia
annua L from different coenopopulations was discussed. It also provides recommendations for the exploitation of the
natural reserves of Artemisia annua L.

Key words: Artemisia annua L., coenopopulation, operating stock, raw materials, CO,-extraction, sesqui-
terpene lactone, artemisinin.

Introduction. Artemisia annua L. (one-year warmwood) is the main source of raw materials for the
production of the antimalarial drug artemisinin, developed on the basis of the sesquiterpene lactone with
the same name (1) [1].

Artemisinin (1)

The World Health Organization (WHO) estimates that amount of artemisinin to provide at least
120 million treatments is 96,000 kg. At the same time, around 500 million cases of malaria are reported
every year around the world [2].

The main suppliers of artemisinin in the world are Chinese and Indian companies, such as: Maysar
Herbals (Haryana, India), KPC Pharmaceuticals (Kungming, China), Xi'an Lyphar Biotech Co., Ltd.
(Xian, China), Guangzhou Quanao Chemical Co., Ltd. (Guangzhou, China), Nanjing Zelang Medical
Technology Co., Ltd. (Nanking, China), Kerui nanhai (Chongqing, China) [3]. Despite the ongoing
cultivation of Artemisia annua L. [4] and obtaining one-year species with artemisinin content up to 2%
with regard to air-dry raw materials [5], as well as developing a semi-synthetic method for producing
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artemisinin, pharmaceutical companies are still dependent on harvesting plant materials in nature due to
the high cost of these methods [6].

In the Republic of Kazakhstan, the habitat of Artemisia annua L passes through a narrow strip of
South and South-East Kazakhstan: the Zaisan depression, the valleys of the Chu, Sarysu, Syrdarya rivers,
the Prikaratau piedmont plain, the foothills of the Dzungarian, Ili and Kyrgyz Alatau [7, 8]. Reconnais-
sance surveys of one-year-old wormwood thickets were conducted earlier [9] in the Almaty region of the
Republic of Kazakhstan.

The purpose of the research is to identify and evaluate the raw material base of Artemisia annua L in
the Almaty region for the preservation and balanced use of renewable plant materials, as well as to
determine the content of sesquiterpene lactone artemisinin in coenopopulation different of different places
of growth.

Materials and methods. Object of study - natural populations of Artemisia annua L. in the Almaty
region of the Republic of Kazakhstan (figure 2).

Artemisia annua L. is a widespread cosmopolitan plant, which grows on sandy places, gardens and in
settlements. The stalks of the Artemisia annua L reach a height of 30-100 cm, erect. Stem leaves are short;
lower leaves sessile twice pinnate; periston-cut ovoid segments. The leaves are alternate, broadly ovate
shape, 2.5-10 cm long and 2.5-4 cm wide, with 2-3 segments on each side. Petioles of lateral segments
widely bordered. End of nibs quickly acuminate. The flowers are yellow. Baskets on drooping thin legs
1-3 mm long, hemispherical, form a common loose, wide densely leafy paniculate inflorescence; naked
wrapper, linear filmy leaves. Edge flowers in a thread-like basket; median - glass and tubular. The fruit is
an oblong flat achene without a crest, it blooms in July - August. The fruits ripen in August - September.
The longevity of populations of Artemisia annua L ranges from 1 to 7-9 years, after which the species is
displaced [10].

Figure 2 — Artemisia annua L. on territory of Almaty region

Traditional methods of geobotanical [11-13] and resource research were used during carrying out the
work [14].

Supercritical CO2-extraction was carried out at the USFE-5/2 installation (production GORO-
engineering, Russia). Carbon dioxide food GOST 8050-64 was used As the extractant.

Extraction of raw material (weight in all experiments was 100 g) was carried out at a pressure of
25 MPa, extraction time 3 hours and a temperature of 60 ° C.
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The quantitative content of artemisinin in the extracts was determined by HPLC on an Agilent
1260 chromatograph (USA) compared to an external standard, under the following conditions: Zorbax
SB-C18 sorbent column, 4.6 x 150 mm, particle size 5 pm, acetonitrile-water mobile phase 60: 40, detec-
tion at 235 nm, the column temperature is room temperature, the speed of the mobile phase is 0.5 ml/min.

Results and discussion. In August 2018 we made route-reconnaissance survey and found coenopo-
pulations in the village Uzynagash Zhambyl district, near the village of Shilikbay Zhambyl district, near
the village of Sayan Karasai, near the village of Kainar Karasai, village Kaskelen Karasai in the
neighborhood Akshi village of Enbekshikazakh district, in the vicinity of the village of Awvat,
Enbekshikazakh district, village of Turgen of the Enbekshikazakh district and in the vicinity of the village
of Enbek Alm Atinsky region of Enbekshikazakh district with a total length of 300 km. As a result of the
expeditionary work in the surveyed area, 10 fishing arrays of Artemisia annua L were identified (table 1).

Table 1 — Productivity and raw material reserves of the aboveground mass of the generative organs Artemisia annua L.
in Almaty region

Plant Model Productivity Operating stock | Volume of possible
Location of coenopopulation | Square dens1t};, plgnt (air dry weight) of a1r-d.ry raw |annual .procurement
pes/m weight, ) materials, t of air-dry raw
g g/m c/hectare materials, t
2 km from vill. Uzynagash 2 | 1,240,03 |14,7540,1 | 17,740,5 | 1,7+0,05 0,34 0,14
Zhambyl district
Vicinity round village Shilikbai | | 51 3 41 05 | 36,9423 |125.544.6 | 12,5204 1,88 0,75
of Zhamby] distric
Vicinity round village Shilikbai | 51 35,0 04 | 357000 1142237 | 11,4203 1,94 0.78
of Zhamby] distric
Vicinity round village Sayan 22 | 2,7+0,03 | 36,8+4,1 | 99,4432 | 9,9+0.3 2,18 0,87
Karasay district
Vicinity round village Kainar 09 |22+0,02 | 24,8+32 | 54,5£3,1 | 5,4+0,3 0,49 0,19
Karasay district
Village Kaskelen Karasay 12 | 2.7£0,04 | 345526 | 93,1433 | 9.3£03 1,12 0.45
district
Village Akshi of
Enbokenikamkh district 1| 1,120,02 | 14,1402 | 15,5+1,3 | 1,540,1 0,15 0,006
Village Avat, Enbekshikazakh 1,1 | 2,120,01 | 25,5£0,9 | 53,5£2,9 | 5,3+0,2 0,58 0,23
district
Village Turgen 13 |2.9£0,03 | 30042,1 | 89,6532 | 89403 1,16 0.46
Enbekshikazakhskogo area ’ T T T T ’ ’
Vicinity round village Enbek 25 |2,3+0,03 | 24,2+1,4 | 55,633 | 5,5+0,3 1,38 0,55
Enbekshikazah area
Total 15,4 11,22 4,48

Coenopopulation 1 (C3 1) is located 2 km from the village. Uzynagach, Zhambyl district,
43°22'16,74 " N, 76°98'52,79 " E, forming a weedy community along the edge of the field. Co-dominants:
Cichorium intybus L., Agropyron cristatum (L.) Beauv. First tier 85-130 cm - Artemisia annua L.,
Cannabis ruderalis Janisch., Urtica dioica L.; second 40-80 cm - Cichorium intybus L., Acroptilon repens
(L) DC., Lactuca tatarica (L.) C.A.Mey.; third 25-40 cm - Agropyron cristatum (L.) Beauv., Achillea
nobilis L.; fourth - Trifolium pratense L., Plantago lanceolata L., Malva pusilla Sm. The height of Arte-
misia annua L ranges from 90 to 135 cm, the number of commodity individuals is 1.2 + 0.03 pcs/m”. The
area of thickets is 2 hectares, the operating stock is estimated at 3.4 centners, of which the volume of
possible blanks is 1.4 centners.

Coenopopulation 2 (CP 2) 43°13'44,16" N, 76°22'14,46" E. Thicket number 2 is found near by
village Shilikbay Zhambyl district. The thicket was located on the edge of an abandoned field, with a total
area of 1.5 hectares. Co-dominants: Lactuca tatarica (L.) C.A.Mey., Achillea nobilis L., Cirsium arvense
(L.) Scop. SpycHocTs He BEIpaxena. Types of tiers are not pronounced. The average height of specimens
of the Artemisia annua L was 111.7 £ 2.4 cm, diameter 51.1 = 1.2 cm. The number of commercial
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specimens per 1 m* was 3.4 + 0.05 pieces. The operational stock of raw materials on an area of 1.5 hecta-
res of CP amounted to 18.8 centners, of which the harvesting can be carried out at a level of 7.5 centners.

Coenopopulation 3 (CP 3) 43°14'48,17" N, 76°24'16,53" E. is located 400 meters from the thickets
number 2 and covers an area of 1.7 hectares. The vegetation is growing on a hill side. In this community,
2 tiers are expressed: the first tier (110cm): dominants - Artemisia annua L. second tire (till 55 cm) - Bro-
mopsis inermis (Leyss.) Holub., Lactuca tatarica (L.) C.A.Mey., Tripleurospermum inodorum (L.) Sch.
Bip. The number of commodity plants per 1 m* was 3.2 + 0.04 pieces, with an average height of plants of
wormwood 106.9 £+ 3.1 cm and a diameter of 39.5 + 0.7 cm. ¢, the amount of possible harvest - 7.8 c.

Coenopopulation 4 (CP 4) 43°17'54,50" N, 76°44'90,21" E. was discovered near the Sayan village of
the Karasai district and covers an area of 2.2 hectares, located on abandoned fields. Co-dominants:
Glycyrrhiza uralensis Fisch., Arctium tomentosum Mill.. Marked 2 tiers: upper tier 80 cm and higher -
Artemisia annua L.; Arctium tomentosum Mill.; bottom 30-50 cm - Glycyrrhiza uralensis Fisch., Poly-
gonum aviculare L. The yield was 9.9 centners per hectare. The operational stock of air-dry raw materials
is 21.8 centners, the volume of possible harvest is estimated at 8.7 centners.

Coenopopulation 5 (CP 5) 43°16'19,64" N, 76°44'53,00" E. grows in the vicinity of the village
Kainar of the Karasai district and covers an area of 0.9 hectares, located on abandoned fields. Edificator in
the community Artemisia annua L., Co-dominants: Cannabis ruderalis Janisch., Onopordum acanthium
L. in high tier (80-130 cm) and Xanthium strumarium L., Achillea millefolium L. in bottom tier (20-
35 cm). The average plant height was 125.4 £ 3.1 cm, diameter - 21.6 & 0.8 cm. The operational stock was
4.9 centner of air-dry raw material, of which up to 1.9 centner can be harvested.

Coenopopulation 6 (CP 6) 43°21'62,71" N, 76°69'23,08" E. was found 2 km from the village.
Kaskelen of Karasay district towards Almaty with a total area of 1.2 hectares. The number of commodity
plants is 2.7 = 0.04 pcs/m”. The yield was 93.1 g/m’, the operational stock of raw materials was estimated
at 11.2 centners, the amount of possible raw material harvesting was 4.5 centners.

Coenopopulation 7 (CP 7) 43°50'92,64" N, 77°65'50,18" E. grows in the vicinity of the village.
Akshi of Enbekshikazakh district, and covers an area of 1 hectar. The height of Artemisia annua L in the
CP was 140.4 £ 4.0 cm, diameter 12.6 + 0.3 cm. Co-dominants - Artemisia vulgaris L., Cirsium vulgare
(Savi) Ten. The presence of tiers is not marked. the operational stock of raw materials was estimated at
1.5 centners, the amount of possible raw material harvesting was 0.6 centners.

Coenopopulation 8 (CP 8) 43°40'48,1"N, 77°29'76,03" E. is located in the vicinity of the village of
Avat of the Enbekshikazakh district on the edge of a corn field on an area of 1.1 hectares, the operational
reserve is estimated at 5.8 centners, of which 2.3 centners can be harvested annually. Co-dominants
Xanthium strumarium L., Cannabis ruderalis L. The average height of wormwood in the CP is
130.0 £ 3.1 cm, diameter - 34.2 £ 0.9 cm.

Coenopopulation 9 (CP 9) is located in the vicinity of the village of Turgen, Enbekshikazakh district
43°41'11,62"N, 77°61'14,19" E. on an abandoned field of 1.3 hectares, the operational reserve is estimated
at 11.6 centners, of which 4.6 cent can be harvested annually. Edificator Artemisia annua L., Co-
dominants Xanthium strumarium L., Polygonum aviculare L. The average height of wormwood in the CP
is 129.3 + 3.6 cm, diameter - 35.8 £ 0.7 cm.

Coenopopulation 10 (CP 10) was marked near the village of Enbek Enbekshikazakh district
43°40'48,1"N, 77°29'76,03" E. 43°47'46,69" N, 77°45'27,44" E. in an abandoned field, the total area was
2.5 hectares, the operational reserve is estimated at 13.8 centners, of which 5.5 cent units can be harvested
annually. Edificator Artemisia annua L., Co-dominants - Cichorium intybus L., Polygonum aviculare L.
The average height of thicket in the CP is 117.4 + 2.9 cm, diameter - 25.6 £ 0.8 cm.

Thus, according to the results of resource studies on the territory of the Almaty region, 10 Artemisia
annua L. coenopopulations were found, the total operating stock was 112.2 centners, of which the annual
harvesting volume was 44.8 centners (figure 3).

The most promising for the procurement of raw materials is the CP 4 with an operating stock of
21.8 c, but, due to the increased economic activity, we can see a noticeable decrease in the raw material
stocks of Artemisia annua L. in the Almaty region of the Republic of Kazakhstan. In the event of an
increase in the demand for raw materials of Artemisia annua L., cultivation is recommended under
conditions acceptable to growing, since one-year wormwood successfully goes through all phases of
growth and gives a high yield of above-ground mass in Kazakhstan [15].
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Figure 3 — Map of Artemisia annua L raw materials on the territory of Almaty region

— Marker designation of sites for the collection of raw materials.

To determine promising coenopopulations in terms of the content of the target substance artemisinin
(1), we conducted studies to determine the optimal modes of supercritical fluid extraction of Artemisia
annua L. collected in 10 coenopopulations to obtain an extract with quantitative content of artemisinin (1).

The results of supercritical fluid extraction and quantification of artemisinin are shown in table 2,
which shows the average values for 3 experiments.

Table 2 — Comparison of the output of CO,-extract of wormwood annual and
the volume of the possible production of artemesinin (1) from the place of collection of raw materials

Place of collection Output (s/f extract, | Content oui Artemesinin, | Volume of artemisinin production,
0 0 (g) kg/year
neighborhood of the village Avat 7,2 5,48 (0,40) 0,92
neighborhood of the village Turgen 6,5 9,44 (0,62) 2,85
neighborhood of the village Enbek 7,6 9,48 (0,72) 3,96
neighborhood of the village Sayan 5,2 13,30 (0,70) 6,09
neighborhood of the village Kainar 4,33 17,47 (0,76) 1,44
neighborhood of the village Kaskelen 7,5 17,92 (1,34) 6,03
neighborhood of the village Akshi 6,4 8,10 (0,52) 0,99
neighborhood of the village Uzunagash 10,0 0,80 (0,08) 0,11
neighborhood of the village Shilkibay 5,0 3,03 (0,15) 1,13
B e e | s 136010

As can be seen from table 2, the content of artemisinin (1) varies from 0.1% (neighborhood of
Shilikbay) to 1.34% (neighborhood of Kaskelen), depending on the place of collection, therefore pro-
mising in terms of industrial production of artemisinin (1) are coenopopulations of Artemisia annua L. in
the vicinity of Kaskelen village with artemisinin content up to 1.34%, Sayan village - up to 0.7% and
Enbek village - up to 0.72%, which is 6.03 kg per target substance (1), 6.09, kg and 3.96 kg respectively.

Conclusion. On the territory of the Almaty region in the Republic of Kazakhstan promising for
industrial workpieces in terms of the amount of raw material harvested are thickets of Artemisia annua L.
in the vicinity of the Shilikbai and Sayan settlements (coenopopulations 2, 3, 4). In general, the total ope-
rational stock of air-dry raw wormwood in the surveyed cenopopulations was 11.22 tons, with a possible
annual harvest of 4.48 tons, while the average content of artemisinin in air-dry raw materials is 0.26%,
which is on the target substance is 8.0 kg of artemisinin. The total area for collecting air-dry raw
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wormwood was 15.4 hectares. At the same time, according to the content of artemisinin in raw materials,
the most promising are coenopopulations in the vicinity of the villages of Kaskelen, Sayan, Enbek
(1.34%, 0.7% and 0.72%, respectively) with the possibility of total annual procurement of air-dry raw
wormwood in an annual amount of 1 , 87 tons, while the average content of artemisinin in air-dry raw
materials is 0.92%, which in terms of the target substance is an average of 16.0 kg of artemisinin. That is
why, Artemisia annua L. with rational use of the identified thickets in the Almaty region is provided with
a raw material base and its operational reserves in the vicinity of the villages of Kaskelen, Sayan and
Enbek are the basis of the industrial production of the antimalarial drug «Artemizininy.
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studies of plants and chemosystematics of taxonomic units of the family Asteraceae" of the Science
Committee of the Ministry of Education and Science of the Republic of Kazakhstan.

C. M. 9nekenos, E. M. Fadnynnun, U. A. Xabapos, B. b. Bekees, 3. K. llloymekxos
«DUTOXMMUS XANIBIKAPAJIBIK FHUIBIMU-0HIpicTiK Xonauuri» AK, Kaparanael, Kasakcran

BIPKBLJIIBIK )KYCAHHBIH (ARTEMISIA ANNUA L.) TAPAJIYBI
KOHE OHbIH KYPAMbBIHJIAT'BI APTEMU3NHUH

AnHoTanus. Makanana Oe3reKkke Kapchl « APTEMH3MHHH» IPeNapaThIHBIH OHEPKACINTIK Ke31 0ok TaObI-
JaTBIH OipXBUINBIK XKyCaHHBIH (Artemisia annua L.) Kazakcran PecnyOnmkacel AnMaTsl OONBICHIHIAFBI IIHAKi3aT
KOpbIHa Oara Oepilill, OHBIH PECYpCTapblH 3€pPTTEy HOTIDKENepl KeNTipiireH. BipKBUIABIK JKycaH eciMIiK
OipiecrikTepine (GUTONEHO3ABIK cumaTTama Oepisiai, OHbI HaiganaHy KOpbI J)KOHE INHUKI3aThIH KBUI CAalbIH JalbIH-
JTayJBIH BIKTUMAJ KeJieMi OenTijieH .

OpTYPIIl LEHOMOMYIISAMsIAPIAFbl OIPKBULIBIK JKyCaH IIUKI3aThIHBIH KYpaMbIHIAFbl (papMaKoJOTHsIIbIK Oern-
CeHJI apTeMM3WHHH CECKBUTEPIICH]I JIAKTOHBIHBIH MOJIIIEP] TaJKbUIaHabl. Bip)KbUIIBIK JKyCaHHBIH TaOWFU KOp-
JIapbIH Naianany OOMbIHINIA YCHIHBIMAAP Oepiiii.

Tyiiin ce3nep: Artemisia annua L., neHonomynsnus, naiinanany Kopsl, mukizar, CO,-3KCTpakysiay, CECKBU-
TEpIeH/i JaKTOH, apTEMH3UHHH.

C. M. Anekenos, E. M. I'adayniun, U. A. Xab6apos, b. b. bekees, 3. K. llaymekon
AO «MexayHapoIHBIH HAYIHO-ITPON3BOICTBEHHBIN X0uauHr «Puroxumusi», Kaparanma, Kazaxcran

PACIIPOCTPAHEHUE IOJBIHA OJTHOJIETHEN
(ARTEMISIA ANNUA L) 1 COAEP)KAHUE APTEMU3NHUHA

AnHOTanusi. B craree mpHBOASATCS pe3ysbTaThl M3YY€HHsI PECYpCOB M OLIEHKa CHIPHEBOW 0a3bl MPOMBIII-
JICHHOTO WCTOYHHUKA aHTHMAISIPUHHOTO TIpenapata « ApTEeMU3UHHH» TOJBIHU OJHONETHEH (Artemisia annua L.) B
Anmaruackort oOmacti PecnyOonmuku Kaszaxcran. IlpoBeneHa QuromeHOTHYECKas XapaKTEPHCTHKA COOOIIECTB,
OTIpEJICIICH IKCILTYaTAIIMOHHEIN 3a1ac ¥ BO3MOXKHBIN 00bEM €KETrOTHBIX 3aTOTOBOK CBHIPhSI ITOJIBIHU OHOJICTHEH.

O06cyxmaercsi cojepxanue (HapMaKoJIOTHYECKH AKTUBHOTO CECKBHTEPIICHOBOIO JIAKTOHA apTEeMHU3WHUHA B
CBIPbE TOJIBIHU OJHOJIETHEW U3 Pa3HbIX LEHOMOMysiuid. [IprBeieHb PEKOMEH/IAINY 110 IKCILTYaTAIUH [TPUPOIHBIX
3a11acoB MOJIGIHA OJHOJIETHEH.

KiroueBblie ciioBa: Artemisia annua L., IEHOTIOMYIIANNS, SKCIUTyaTallMOHHBIN 3amac, ceipbe, CO,-3KCTpakuus,
CECKBUTEPIICHOBBIN JIAKTOH, apTCMHU3HHHIH.
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INFLUENZA A/H9 VIRUSES - IMPORTANT INFECTIOUS
PATHOGENS OF WILD BIRDS, MAMMALS AND HUMAN

Abstract. Influenza occupies one of the first places among infectious diseases in terms of the number of
biological species involved in the infectious process, and is characterized by global spreading and great economic
and social significance. The ubiquitous and uncontrolled circulation of influenza A viruses is primarily due to their
unique variability, which is based on both point mutations characteristic of RNA-containing viruses and recom-
bination and reassortment of genes. The review article describes the structural features, sources of isolation and the
current classification of influenza pathogens. The main groups of influenza viruses that infect humans, mammals and
birds are characterized. The latest literature data on various issues of the structure, ecology, pathogenicity and
evolutionary variability of influenza A/H9 viruses of various species origin are summarized. Information is provided
on the evolutionary variability of viruses of this group circulating in avifauna, populations of mammals and human.
The conclusion is done about the importance of influenza A (HIN2) viruses as a donor in the processes of reas-
sortation and exchanging genetic information between influenza Aviruses of various subtypes and the emergence of
new, epidemically relevant variants. The need to control circulation of influenza A (HIN2) viruses in order to pre-
vent contact of infected poultry with people and possible appearance of epidemic strains is emphasized.

Key words: influenza virus, A/H9 subtype, bird, genome, variability, phylogenesis, hemagglutinin, antigenic
drift.

Influenza occupies one of the first places among infectious diseases in terms of the number of
biological species involved in the infectious process, and is characterized by global spreading and great
economic and social significance [1].

Influenza viruses belong to the Orthomyxoviridae family, and are divided into genera: Influenza
virus A, B, C, D, as well as Quaranjavirus, Thogotovirus and Isavirus; the last two infect leporids and
salmon [2]. Quaranjavirus representatives circulate both among invertebrates (ticks) and vertebrates
(aquatic birds) hosts [3].

Influenza A viruses are widespread in the environment and affect humans, some mammals and birds.

The global and uncontrolled spread of influenza A viruses takes place primarily due to their unique
variability, which is based on point mutations that are characteristic of RNA-containing viruses and
recombination and reassortment of genes. Their genome consists of eight segments encoding the synthesis
of surface glycoproteins HA and neuraminidase (NA), M1 and M2 matrix polypeptides, NS1 and NS2
non-structural proteins, nucleocapsid (NP), polymerases (PB1, PB2, PA) and F2 protein. The most
variable structural components of the virion are surface antigens, HA and NA, which play an important
role in the initial stages of cell infection, since it is against them that protective antibodies are formed in
the host organism.

The classification of influenza A viruses is based on antigenic differences of NA and NA, detected in
serological reactions using specific sera, or in BLAST analysis of sequenced genes [4]. The subtype affi-
liation of all currently isolated influenza A viruses is determined by a combination of known HA and NA
subtypes - HIN1, H3N2, H5SN1, H7N7, and others, in avifauna, at least 55 variants were isolated [5, 6].
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The most recently identified subtypes of NA and NA, are represented in influenza A (H17N10) and
A (H18N11) viruses isolated from bats in Central America [7]. Due to the absence of hemagglutinating
and neuraminidase activity in these viruses, some authors suggest labeling their surface glycoproteins as
“HA-like” and “NA-like”, that is “HL17NL10” and “HL18NL11”, respectively [8].

In the last century, representatives of the HINI subtype caused a devastating pandemic of 1918,
which killed more than 40 million of people around the world. The pandemics of 1957 (H2N2) and 1968
(H3N2) caused the death of hundreds of thousands of people [9].

The natural reservoir of influenza A viruses are wild birds, mainly related to waterfowl [10, 11]. If
the interspecies barrier between birds and mammals is overcome, the influenza A pathogen, after initial
adaptation for a rather long period, may acquire the ability to infect a new species, and later circulate in
this ecological niche for many decades as an endemic pathogen. Currently such endemic infections
include swine, eqine and canine influenza, most cases of human influenza. In addition, low pathogenic
influenza viruses can cause sporadic, localized epizootics among minks, seals, whales [12]. It should be
noted that avian flu is a potentially zoonotic infection that affects poultry and can be transmitted to hu-
mans, causing mostly self-limited respiratory diseases. In some cases, they can lead to multiple organ
malfunctions resulting in death, especially in immunocompromised patients.

Influenza A(H9N2) virus has been isolated for the first time from wild birds and turkey in USA in
1966 [13]. It is the most propagated subtype among poultry all over the world. During two last decades
HON2 viruses were found in wild birds, poultry, swine, horses, weasels, mink, ferrets and humans [14-
19]. In poultry it usually manifests in form of slight clinical signs (e.g. breathing malfunction, drop of egg
production and loss of body mass). Lethal cases occur mainly during mixt infections with bacteria and
other viruses [20]. The agent also cause temporary immunosuppression which may worsen another
coinside or secondary infections [21]. All HON2 viruses are considered low pathogenic avian influenza
viruses based on the lack ofmortality in the standardized in vivo pathotyping test in specific pathogen-free
(SPF) chickens [22].

In humans, HIN2 most often causes mild respiratory disease, but sometimes lethalitycases are
observed. Direct transmission of HIN2 from birds to humans has rarely been reported, but serological
studies have shown that the prevalence of HIN2 infection in humans is higher than the number of
confirmed cases [23-27]. It is noteworthy that all highly pathogenic avian influenza viruses that cause
fatal infections in humans (for example, HSN1, H7N9 and H10NS8) and registered in the last two decades
have acquired gene segments from HIN2 [28-30]. One of the most likely places of origin for such
reassortants can be the live poultry markets, which are widespread in the countries of Southeast Asia.For
example, M. Hu [31] investigated 618 biological samples collected in 24 markets in Nanchang district
(China) in December 2013 and January 2014. Of the 201 samples that were positive in real-time PCR,
20.9% (42/201) contained different HA subtypes. At the same time, in 50% of mixed infections (21/42),
the presence of HA subtypes H9 and H10 is shown, with the detection of HA H5 in some cases. Accor-
ding to the authors, this indicates that the HIONS8 virus was caused by the reassortment of representatives
of the H9 and H10 subtypes. In the same time period, three cases of human infection with the H1ION8
virus were reported in Nanchang, one of which was fatal [32].

The evolution of the HIN2 virus in recent decades in poultry has led to diversification into several
genotypes. Some have disappeared, while others are still evolving. In 1999, Guan et al. [33] based on the
HA gene sequences, grouped HIN2 viruses from Europe, Asia and Africa into several different genotypes
represented by their prototype strains: A/quail/Hong Kong/G1/97 (Gl-like), A/duck/Hong Kong/Y280/9
(Y280-like), A/chicken/Beijing/1/94 (BJ94-like) and A/chicken/Korea/38349-P96323/96 (Korea-like).
Later, Fusaro et al. [34] as a result of phylogenetic analysis of all gene segments of HON2 viruses isolated
in Asia and Europe from 1998 to 2010, revealed four monophyletic groups (A, B, C, D) and the presence
of reassortment between them.

The HIN2 virus, along with other avian influenza viruses, is subject to genetic changes affecting the
virulence, pathogenicity and specificity of the host. Antigenic drift caused by the absence of the mecha-
nism for correcting viral RNA polymerase in influenza A virus causes high genetic variability due to point
mutations in the nucleotide sequence of the genome [35]. These mutations ultimately lead to amino acid
substitutions in structural proteins and surface glycoproteins HA and NA are particularly interesting in
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this regard. Over time, changes in them are summarized in serologically determined antigenic differences
between isolates [42, 36, 37].

At the same time, influenza A virus has a segmented genome, which allows their reassortment in the
event that two differentviruses infect a single host cell resulting in generation of progeny with genes from
both parents. This process is called antigenic shift, as a result of which pathogens of human influenza
pandemics can occur. Ultimately, reassortment of gene segments provides the possibility of the rapid
emergence of new viruses with unique phenotypic characteristics [42].

It is believed that avian influenza viruses easily infect other organisms, but rarely reproduce well in
changing conditions in order to maintain the infection and subsequently become endemic to them [42, 38].
The transition to a new host is facilitated by the fact that they use the surface protein HA to attach to sialic
acid as part of the receptor on the surface of the host cell. Sialic acid is the final sugar of N- and O-linked
glycoproteins that are present in most host cell receptors in birds and mammals, which allows viruses to
use this universal structure. There are many types of sialic acid, and the relative affinity of HA varies
depending on its type, which is one of the factors of host specificity. The majority of influenza A viruses
interact with receptors containing o-2,3-linked sialic acid (0-2,3-SA) found in the respiratory and
gastrointestinal tracts of birds [35, 42, 43]. In most people, the upper respiratory tract receptors contain o-
2,6-SA, with which pathogens adapted to humans form a stronger connection. Many currently circulating
isolates of the HON2 G1 and Y280 lines have mutations that lead to a high affinity for the a-2,6-SA
receptor [21, 37, 42, 39]. These changes in HA viruses of the G1 and Y280 lines increase the likelihood of
their transmission to humans or other mammals without any additional modification [21]. In turn, the
ability of serotype HIN2 viruses to infect people without changing the binding affinity for the receptor
increases the likelihood of genetic reassortment between avian and human influenza viruses. In addition, a
study of the type and prevalence of various conformations of sialic acid receptors showed that poultry of
some species have receptors in the respiratorytract with both a-2,6-SA and a-2,3-SA molecules [42].
These include quails, turkeys and pheasants, which are often found in the live poultry markets, where the
HON2 viruses can thus be transmitted to other species, including humans [40]. Monitoring of avian
markets with a high frequency of detection of influenza A viruses of many subtypes is of particular
interest, as close contact between people and birds provides ample opportunities for their zoonotic
transmission [41].

It was previously shown that influenza A viruses adapted to birds contain glutamine (Q) at position
226 of HA, while pathogens that infect humans carry leucine (L). Analysis of the amino acid sequence
variations of the HON2 viruses from the GenBank database showed that almost all avian, human and
porcine viruses at position 228 contain glycine, which is characteristic of binding to receptors of birds
with 0-2,3-SA. In position 226, with rare exceptions, only Q or L was found. Thus, all HON2 viruses from
North America and Korea had Q. Representatives of the Y280 and G1 lines possessed Q until 2000, but
already after 2000 most of them carried Lat this locus [42]. It is believed that the presence of L at position
226 is a factor contributing to the transition of viruses from birds to humans. The reason for the change
for L in this position in poultry viruses is unclear, but a similar modification is seen in a significant
percentage of Chinese avian H7N9 viruses and in an even larger proportion of human H7N9 viruses [43].
The effect of the selective pressure of the human immune system on infectious viruses with an L
preference in this position is assumed. Thus, 91.3% of the HON2 isolates isolated from 1998 to 2016 were
characterized by the presence of 226L [49].

Another potential source of antigenic drift in avian HON2 viruses is vaccination, carried out in many
countries where this pathogen is endemic in poultry. Vaccine-induced antibodies exert strong immu-
nological pressure, promoting the appearance of various viruses. Thus, vaccination against HON2 viruses
in Korea reduced their genetic diversity, effectively excluding one of the two lines from the circulation
(clade A). As a result of this genetically distinct from vaccine strainco-circulating clade B increased its
antigenic diversity and became dominant [44].

Reassortingof gene segments is often observed between endemic H9N2influenza viruses. The map-
ping of phylogenetic relationships of HON2 isolates from chickens revealed three main variants. Genotype
A, common in the 1990s, was replaced with H better adapted to poultry, and dominating until the mid-
2000s. Then in 2007, it was replaced by genotype S viruses, which included G1-like segments of PB2, M
and the genetic basis of F/98-like viruses (A/chicken/Shanghai/F/1998) [45].
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The genotype S is characterized by increased infectivity, isolation rate, titers, preference for the
2,6-linked sialic acid receptor prevalent in humans and large economic losses, it was he who donated to
the internal genes of the HS and H7 viruses [52, 46-48]. The 2013 A/H7N9 influenza outbreak causative
agent in China had all six internal genes derived from the HIN2 viruses, and this new virus line infected
both birds and humans [50].

Phylogenetic analysis indicated a distinct genetic diversity of HON2 viruses and the presence of at
least four lines of viruses adapted to domestic birds. When comparing human viruses and poultry viruses,
it turned out that all human viruses sequenced belong to the Y280 or G1 lines. No human cases caused by
wild bird viruses, or Korean and European lines, have been reported. At the same time, Y280 viruses
compared with the G1 line were recorded more often, it is not clear, however, whether this reflected their
increased zoonotic potential; perhaps the reason lies in greater isolation rate. The last G1 virus was
isolated from humans in 2011, while the Y280 viruses are registered in 2017 [49].

Placed in GenBank and GISAID 24 sequences of the human influenza virus HON2, which until
recently had been available, allowed for comparative genetic analysis. As mentioned earlier, most human
viruses contain L at position 226 HA, which corresponds to human-adapted viruses. Other adaptation
markers are identified in the PB2 and PB1 polymerase genes. The marker in position 627 PB2 is one of
the most well characterized; most strains of birds contain glutamic acid in this site, and adapted human
viruses - L. One of the selective advantages of L in this position is increased polymerase activity at low
temperature. At a higher temperature typical for birds, glutamic acid at position 627 performs better.
Human virus replication mainly occurs in the upper respiratory tract, where the temperature is lower, and
L provides a more efficient polymerase activity. When analyzing avian and human isolates of the HON2
influenza virus in PB2 protein, 4 positions were found, where human isolates had the highest percentage
of adaptive changes compared to avian viruses. It should be noted that all adaptive mutations charac-
teristic for human viruses are found in at least some avian strains. Over 11% of avian isolates had valine
at position 588, which is considered an adaptive amino acid in humans. This change is also associated
with polymerase activity [S0]. Although the percentage of most of these human-adapted markers appears
to be low in viruses in poultry populations, their presence seems to increase the likelihood of viruses that
can be transmitted to humans.

In the Republic of Kazakhstan, ecological-virological studies of avifauna were first undertaken in
1979 at the Institute of Microbiology and Virology of the Academy of Sciences of the Kazakh SSR. Since
then, up to now, important data have been obtained on various aspects of influenza in wild and domestic
birds, and extensive research experience has been gained using the latest molecular genetic research
methods. Over the past period, many influenza A viruses have been isolated with various combinations of
surface glycoproteins, but no influenza A (HIN2) viruses have been identified [51-57]. In 2014, during
the screening of biological materials collected in North-Kazakhstan oblast from wild waterfowl, three
viruses of influenza A/H9 were detected by the staff of the laboratory of the ecology of viruses of the LLP
«SPC Microbiology and Virology». At present, they are carried out on their full genomic sequencing with
a target for a detailed study of phylogenetic characteristics.

In general, literature data indicate the importance of influenza A (HIN2) viruses as a donor in the
process of reassorting and exchanging genetic information between influenza A viruses of various
subtypes and the emergence of new, epidemically relevant variants. There is an obvious need to limit its
distribution among poultry and further transferring to humans and other species, for which vaccination
programs, biosafety at poultry farms, and control of live poultry markets are necessary.

K. X. ’Kymaros, A. U. Kpiapipmanos, M. X. CasiToB

«Muxkpobmnonorusxone Bupyconorus F30» XKILIC, Anvatsl, Kazakctan

A/H 9 TOBBIHIATBI BUPYCTAP — JKABAWBI KYCTAP,
CYTKOPEKTIJIEP MEH ATAMJAP/IbIH O3EKTI HHOEKIUSJIBIK ATEHTTEPI

AnHotanusi. Tymay, S5KOHOMHKAJBIK JKOHE 9JIEyMETTIK MaHbI3bI Oap FajaMIbIK TapalyMeH CHIaTTajaThlH
WHQEKIVSUTBIK, IHASTTEPIIH iIIiHAe OMOJIOTHSIIBIK TYPIHIH KONTiriHe OaiIaHBICTHI AFAIIKEI OPBIHAAPIBIH OipiHe He.
TyMay A BHPYCBIHBIH Xep-KepJIeTi xKoHe 0aKpIIaHOANTHIH alHAIBIMEL, eH angsiMeH oiapabiH PHK-6ap Bupycrapra
TOH HaKTHl MyTallWsjIap HETi3iHAET1 TYPJEHTIIITIriHAe, COHBIMEH KaTap TeHAEPIiH PEeKOMOMHAIMACH JKOHE peac-
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copranmsiceiMeH Tycinaipineni. [IlompMasik Makanama TyMay KO3IBIPFBIIITAPBIHEIH O6JiHY Ke3ZepiMeH 3aMaHayn
JKIKTENYiHIH KYpBUIBIMIBIK epeKmemikrepi cunarranagsl. 1Isiry Teri op-typai tymay A/H9 BupycTapbIHBIH KYPHI-
JIBIMBI, SKOJIOTHSICHI, MTATOTCHIIT] YKOHE SBOJIOMUSUIIBIK ©3TEpPTillTiTi XKOHIHAE dPTYPIl CypaKTapIbl KAMTUTHIH oJie-
OueTTepiH COHFbI JepekTepi KamThuiraH. JKabaiibl opHHTO(dAyHAIa, CYTKOPEKTI KaHyapiiap IMOIyJISIHICBIMEH
TYPFBIHIAP apachblHAA aifHaJbIMIa OOJIATHIH aTajfaH TONTAarbl BUPYCTAPABIH 3BOJIOLMSIIBIK ©3IeprillTiri )XeHiHae
MmonimerTep Kentipineai. Typrapmakrapbl opTypili TyMay A BHPYCTaphl JKoHE Iaiaa OOJFaH kKaHa, SMHICMHUSIIBIK
©3€KTi HYCKaJlap/IblH apachlHAa T'eHETUKAIBIK aKIapaTThIH aIMacybIMEH peaccopTalysl Ke3eHIH/Ier! JOHOp peTiHzae
tymay (HON2) BupycTapblHBIH MaHBI3ABIIBIFBIHA KOPBITHIHIABI JKacajaabl. 3aKpIMAAIFaH >KaHyapiapAblH axam-
MeH OalJIaHBICYbIH KOHE JMMIAEMUSUIBIK INTaMIaplblH Maiiia 00y MYMKIHAIrIH OonablpMay MakcaTbhlHAA TyMay
A (H9N2) BupycChIHBIH aifHaJIBIMBIH KaJarajay KaXeTTUliriHe MoH Oepei.

Tyiiin ce3nep: Tymay Bupycsl, A/H9 Typrapmak, Kyc, reHOM, ©3reprillTiK, GpuioreHes, reMarrioTHHAH, aHTH-
TeHITIK Jpeid.

K. X. Kymartos, A. . Keiagpipmanos, M. X. CasToB
TOO «HIIL] mukpobuonoruu u BUpycosiorum», Anmarsl, Kazaxcran

BUPYCBHI I'PUIIIIA A/H9 — AKTYAJIBHBIE HTHOEKIIMOHHBIE A'EHTBI JIMKUX IITHUII,
MJUIEKOIIUTAIOINHUX )KUBOTHBIX U YEJIOBEKA

AnHoTanus. ['punm 3aHIMaeT OgHO U3 MEPBBIX MECT cpeau MH(PEKIIHMOHHBIX 00Je3HEH Mo KOJIMYECTBY OHOIIO-
TUYECKUX BHUJIOB, BOBJIEKACMBIX B WH(EKIIMOHHBIN MPOIECC, XapaKTepu3yeTcsl ro0ANbHBIM pacIpoOCTpaHEHHEM H
60JIBIION SKOHOMHYECKOW W COIMAIBHON 3HAYMMOCTHIO. [loBCeMecTHas! 1 HEKOHTPOJIUPYEMASIIUPKYIISALUSI BUPYCOB
rpunma A oOBSICHIETCS, PEXIE BCETO, MX YHUKAIBHON BapnabeIbHOCThIO, B OCHOBE KOTOPOH JIeKaT KaKk TOUCUHBIE
MyTarun, xapaktepasie 1 PHK-comepkamux BHPYcoB, Tak U PEKOMOHWHAIIMY U PEacCOPTAIlUH TeHOB. B 0030pHOM
CTaTb€ ONHMCBIBAIOTCA CTPYKTYPHbBIC OCO6eHHOCTl/I, HUCTOYHHKHN BBIACJICHUA W COBPEMCHHAs KHaCCl/I(l)I/IKaHI/ISI BO3-
Oyauteneii rpunmna. OOOOIIEHBI MOCIEIHHE NaHHBIE JIUTEPATYPHI M0 PA3IMUHBIM BOIPOCAM CTPOEHHS, YKOJIOTUH,
MaTOr€HHOCTH W 3BOJIIOLMOHHOW M3MEHYMBOCTH BUpPYcoB rpunmna A/H9 pa3nuyHOro BHAOBOTO MPOUCXOXKICHUS.
[MpuBoxsitcst cBeneHus: 00 IBONIOLMOHHON M3MEHUYNBOCTH BUPYCOB 3TOW IPYMIIBI HUPKYJIUPYIONIUX B IUKOW OpHU-
TohayHe, TOMyJISAKSIX MIIEKONUTAIONINX XKUBOTHBIX M Cpely HaceleHus. JlemaeTcst BHIBOX O Ba)KHOCTH BUPYCOB
rpunma A (HIN2) kak moHopa B mporeccax peaccopTanud M oOMeHa reHeTHYecKOoW MH(popMaleld MexX.Iy Bo3-
OyIOuWTeIsIMH TPHIMA A pa3IMYHBIX MOATHIIOB U BO3HUKHOBEHHUS HOBBIX, SMUAEMHUYECKHA AKTYallbHBIX BapHaHTOB.
[MomuepkuBaeTcss HEOOXOAMMOCTE KOHTPOJISA IHUPKyJsuu BupycoB rpunma A (HIN2) ¢ menpio mpenoTBpamieHus
KOHTAKTOB HH(UITUPOBAHHOTO ITOTOJIOBSA C JIFOJBMH U BO3MOXKHOTO TTOSIBIICHHS STTHIEMITYECKUX IITAMMOB.

KiroueBble ciioBa: Bupyc rpumnma, moatun A/H9, ntuma, reHoM, N3MEHYHBOCTh, (DMIIOTE€HE3, TeMarrIOTHHIH,
AHTHTCHHBIH Apeid.
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ISOLATION AND STUDY OF THERMOTOLERANT
OIL-OXIDIZING MICROORGANISMS

Abstract. Climatic conditions limit the effectiveness of the use of the most known remediation methods in
regions with hot climates. In the oil-producing regions of Kazakhstan, the climate is characterized by seasonal and
daily temperature differences, high rates of water evaporation, salinity and low soil moisture. In this regard, the
problem of the development and application of technologies adapted to the above conditions is relevant for Ka-
zakhstan and other countries. Thermotolerant hydrocarbon-oxidizing microorganisms, adapted to extreme climatic
conditions, are capable of oxidizing petroleum hydrocarbons at elevated temperatures.

The purpose of the research was isolation and selection of cultures of thermotolerant oil-oxidizing micro-
organisms, as well as the study of their activity.

From the contaminated soil of the Zhanatalap field (Atyrau region), 72 cultures were isolated by the method of
enrichment cultures. Among them 15 cultures showing good and moderate growth at 35°C were selected, 7 cultu-
res — at 40°C and 12 cultures — at 50°C. Their oil oxidizing activity was studied. It was shown that during the
cultivation of isolates in a liquid mineral medium with oil, the degree of its destruction at 35°C was 18.7-52.0%, at
40°C —22.7-31.5%, and at 50°C — 17.7-33.8 %.

Keywords: oil, oil pollution, thermotolerant oil-oxidizing microorganisms, oil destruction.

Numerous disturbances of the ecological balance in nature ultimately lead to environmental disasters.
Currently, among the various man-made disturbances of nature, one of the most serious and difficult to
repair is oil pollution. Oil and its components (aromatic, naphthenic and paraffinic hydrocarbons) are
among the most dangerous pollutants entering the soil in the processes of extraction, transportation,
processing and storage. Increasing environmental pollution with oil and petroleum products leads to
serious disturbances in natural ecosystems, biological balance and biodiversity. In areas of oil production,
the anthropogenic impact on land resources is increasing, which leads to the emergence of man-made
changes in the state of the soil. Oil and petroleum products cause almost complete depression of the
functional activity of flora and fauna, adversely affecting the links of the biological chain [1, 2]. In the oil-
producing regions of Kazakhstan, environmental problems are aggravated by the intensive development
of the gas and oil refining industry, which has a negative impact on public health. Allergic diseases such
as dermatitis, bronchial asthma and the like are widespread [3].

According to estimates by the United States Environmental Protection Agency (EPA USA), the
volume of contaminated soil by oil and oil products exceeds 1 billion cubic meters. Only in the EU there
are more than one and a half million polluted areas, for the cleaning of which more than 85 billion euros
are needed [4, 5]. In Kazakhstan, in the areas of oil production, the presence of more than 200 thousand
hectares of oil-contaminated land has been established [6].

The main risk of pollution by oil and oil products are the regions where the deposits are located and
oil is being produced. About 60% of the world's oil reserves are located in countries with hot climates.
Temperature conditions are the limiting factor in the remediation of oil-polluted soils and suggest a
careful approach to the choice of methods for cleaning contaminated land [7, 8].
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One of the main problems of remediation of territories in a hot climate is the fact that high tempe-
ratures reduce the viscosity of oil and, thus, accelerate its diffusion deep into the soil. In addition, the
evaporation of light fractions of oil at elevated temperatures leads to air pollution by toxic products, while
the remaining non-volatile components with high molecular weight form films that are poorly bio-
degradable. At the same time, elevated average daily temperatures are responsible for the rapid evapora-
tion of water from the soil and from the surface of water reservoirs, which leads to their salinization [9].

A significant contribution to the process of biological destruction of oil is made by hydrocarbon-
oxidizing microorganisms, which are a permanent component of soil biocenoses [10]. Promising reme-
diation agents for oil-polluted areas in regions with high temperatures are thermotolerant microorganisms
that are resistant and adapted to the lack of water in the soil and the elevated salt content in the area being
treated.

Depending on the temperature, bacterial activity and rates of biodegradation may vary seasonally.
The effect of temperature on the growth of microorganisms is due to its effect on the rate of chemical
reactions in the cell and the state of cellular macromolecules (membrane viscosity, protein conformation,
etc.).

In relation to temperature, microorganisms are divided into the following groups: psychrophilic
(minimum — about 0°C, maximum — below 20°C); psychroactive / psychrotrophic (minimum — about 0°C,
optimum and maximum — above 20°C); mesophilic (minimum — above 0°C, maximum — up to 45°C);
thermophilic (maximum above 45°C).

Thermophilic microorganisms, in turn, depending on the temperature range, are divided into 5 groups:

1. Thermotolerant (minimum - + 10°C; optimum - + 35-40°C, as in mesophiles; maximum -
+55-60°C);

2. Facultative thermophiles (minimum - below + 20°C; maximum - + 55-65°C);

3. Obligate thermophiles (minimum - + 40°C; optimum - adjacent to the upper limit (+ 65-70°C);
maximum - above + 70°C);

4. Extreme thermophiles (minimum - above + 40°C; optimum - + 70-75°C; maximum - above
+90°C);

5. Hyperthermophiles (minimum - about + 70°C; optimum - above + 80°C; maximum - above
+100°C) [11].

The enzymes used by thermotolerant bacteria to destroy hydrocarbons operate at higher temperatures
than the enzymes of common mesophilic destructors. Therefore, thermotolerant microorganisms can and
should be used in the remediation of oil-contaminated soils and waters under conditions of high ambient
temperatures. However, the diversity of thermotolerant bacteria, their metabolic pathways of degradation
and transformation of hydrocarbons are poorly studied.

In this connection, the isolation and study of thermotolerant microorganisms-destructors of petroleum
hydrocarbons is current.

The purpose of this work was isolation and selection of cultures of thermotolerant oil-oxidizing
microorganisms, as well as the study of their activity.

Materials and methods. The isolation of new thermotolerant oil-oxidizing microorganisms was
carried out by the method of enrichment cultures. In Erlenmeyer flasks with 200 ml of Voroshilova-
Dianova (VD) mineral medium, 20 g of oil-contaminated soil and 10 ml of Zhanatalap field oil were
added. The flasks were placed in thermostatic shakers at temperatures of 35°C, 40°C, 50°C. After 14 days,
the first passage was conducted on a fresh medium with oil, another 14 days later - the second passage.

Isolation of oil-oxidizing microorganisms was carried out by seeding the culture liquid in Petri dishes
with nutrient agar. Grown up individual colonies were seeded with streak plating to check purity. Pure
cultures were re-seeded on slant nutrient agar.

The ability of the isolated cultures to grow on oil was studied in a liquid mineral VD medium. 5 ml
of the cell suspension of each strain studied and 1 ml of Zhanatalap oil (Atyrau region) were added in
flasks with 100 ml of medium. The flasks were incubated in thermostatic shakers (120 rpm) at appropriate
temperatures for 7 days. The destruction of oil was judged visually by the change in oil slick and biomass
accumulation.

Quantitative oil consumption was determined by gravimetric [12], and the component composition —
by gas chromatographic methods [13]. In flasks with 100 ml of mineral medium, 2% of oil was added.
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Then 5 ml of suspension of the studied cultures was added. Cultivation was carried out in thermostatic
shakers at appropriate temperatures for 14 days. The residual oil was extracted with chloroform.

All experiments were performed in 3 replicates.

Statistical processing of the research results was carried out according to generally accepted criteria
of variation statistical analysis with the calculation of average values (M), arithmetic average error (m)
using the computer package Microsoft Excel, 2010. The statistical significance of differences in average
values was estimated using the standard method [14]. The differences with p <0.05 were considered
statistically significant.

Results and discussion. Oil-oxidizing microorganisms growing at elevated temperatures were
isolated from oil-contaminated soils of Western Kazakhstan by the method of enrichment cultures. In
total, 34 cultures were isolated from the initial enrichment cultures and two subsequent passages at a
temperature of 35°C, 24 isolates — at 40°C, and 14 isolates — at 50°C. Bacterial cultures differed in shape,
size, and surface of colonies. Non-pigmented colonies were met mostly.

Selected cultures were tested for the ability to grow in a liquid mineral medium in the presence of 1%
oil (table). Their growth was evaluated visually by changes in the oil slick and biomass accumulation.

The number of thermotolerant microorganism cultures growing in mineral medium with oil

Growth intensity
Temperature Total cultures
moderate good
35°C 34 10 4
40°C 24 7 -
50°C 14 4 8

At 35°C, 4 cultures showed good growth in oil. At the same time, there was no oil film on the surface
of the medium, the oil itself was either converted into a homogeneous emulsion, or was in the form of
small suspended particles. There was a significant increase in biomass. 10 cultures showed moderate
growth. The remaining isolates showed no significant activity.

At 40°C, none of the studied cultures showed good growth. 7 cultures grew moderately in these con-
ditions. A suspension of small particles of oil with biomass was observed in the culture liquid; oil on the
surface of the medium was partially preserved as a thin film.

At 50°C from the 14 tested cultures, 8 showed a good growth, 4 cultures showed moderate growth
and only 2 cultures grew poorly.

Thus, 15 cultures that showed good and moderate growth at 35°C, 7 cultures at 40°C and 12 cultures
at 50°C were selected for further research.

Studying the ability of selected cultures of thermotolerant oil-oxidizing microorganisms to utilize oil
at 35°C showed that when they grew in a liquid mineral medium with oil, the degree of its destruction was
18.7-52.0% (figure 1). In most of the cultures tested, oil utilization did not exceed 28%. Three cultures
consumed over 35% of oil. The most active were the cultures of P1-35-14 and P2-35-9. When incubated,
the destruction of oil was more than 50%.

At 40°C, in most of the studied cultures, the degree of oil destruction was 22.7-25.3% (figure 2).
Only in two isolates [P-40-4 and P1-40-8 it exceeded 30%.

At 50°C, the destruction of oil was about the same. The three most active isolates IP-50-3/1, P2-50-5
and P2-50-2 utilized 29.4-33.8% of oil (figure 3). Abiotic losses of oil were 10.1% and 10.8% at 40°C and
50°C, respectively.

Gas chromatographic analysis of oil after cultivation of selected strains of microorganisms showed
that, during the experiment, at all temperatures studied, reactions occur, as a result of which the content of
the main components of oil changes. According to the data obtained in the experimental samples, a
decrease in the number of n-alkanes occurred. Also it was noted a decrease in basic aromatic hydro-
carbons. Figure 4 shows the chromatograms of the oil of the control and the test sample after 14 days of
cultivation with culture P2-35-9.




ISSN 2224-5308

Series of biological and medical. 2. 2019

The degree of oil destruction, %

20 -

o

IP-35-1
IP-35-2
1P-35-3/2

IP-35-4
P1-35-1

N o0
) < in
[ BT O A S -
o un ~ o
B S B B G
o g4 N wn n n L9 3
e a g o d @@ o 2
HD-H'NI'm“
o & g e & g & 5
o a
a o
Cultures

Figure 1 — The destruction of oil by new cultures of thermotolerant oil-oxidizing microorganisms at 35°C

The degree of oil destruction, %

Cultures

Figure 2 — The destruction of oil by new cultures of thermotolerant oil-oxidizing microorganisms at 40°C
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Figure 3 — The destruction of oil by new cultures of thermotolerant oil-oxidizing microorganisms at 50°C
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Pucynok 4 — Chromatogram of the total content of petroleum hydrocarbons
in the control (a) and after cultivation of the strain P2-35-9 (b)

Thus, temperature plays a vital role in the bioremediation of oil pollution. This effect is due to its
effect on the metabolic rate of bacteria. Temperature affects both the physical state of the hydrocarbons
present in the contaminated area and the microorganisms present in the soil. Research related to the search
and study of thermotolerant microorganisms-destructors of oil, is very actual, because they are promising
agents for remediation of oil-polluted areas in regions with a predominance of elevated temperatures.

From oil-polluted soils of Western Kazakhstan, thermotolerant oil-oxidizing microorganisms have
been isolated. Their oil oxidizing activity was studied. It was shown that during the cultivation of isolates
in a liquid mineral medium with oil, the degree of its destruction at 35°C was 18.7-52.0%, at 40°C —
22.7-31.5%, and at 50°C — 17.7-33.8 %.

All selected active thermotolerant strains of oil-oxidizing microorganisms can be further used as part
of a consortium for cleaning oil-contaminated soils in regions with a hot arid climate.

The work was carried out within the framework of the project No AP05132128 with the financing of
the Ministry of Education and Science of the Republic of Kazakhstan.
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KUIC «MuKpoOHOIOTHsl )KIHE BUPYCOJIOTHS FBUTBIMH-OHAIPICTIK OpTaNbIFby, AnMaThl, Kazakcran

TEPMOTOJEPAHTTBHI MYHAUTOTBIKTHIPFBIILII
MHUKPOOPIAHU3M/JEPAI BOJIIII AJTY )KOHE 3EPTTEY

AnnoTtanusi. KimmmarTeIK KaFnaiinap bICTBIK aya paiiibl aiiMakTap/ia KOINIIIIKKe TaHbIMal peMeIHalysIbIK
omicTepimiy TUIMALIIriH mekTewai. KasakcTaHHBIH MyHall ©HIIpEeTiH aiMaKTapblHIA KIMMAT MayCHIMIBIK YXOHE
TOYJIKTIK TeMIIepaTypa albIpMaIlIbUIbIFBIMEH, CYIbIH OYJIaHYBIHBIH JKOFaphl A€HIeiliMeH, Ty3JaHybIMEH JKOHE TOIIbI-
PaKThIH TOMEH BUIFAJIBIFBIMEH cunarTaiaasl. OcblFaH OailylaHBICTBI XKOFaphllia aTalFaH >Karaaiiapra OeifliMaenrex
TEXHOJIOTHSUTIAPIBI d3ipIiey KoHE KONJaHy Macereci KasakcTaH MEH anbic IIET eNjep YIIiH ©3eKTi OB TaObUIaab!.
TeTeHIIe KIMMATTHIK JKaFrAaiyiapra OeHiMAENITeH TePMOTOIEPAHTTHl KOMIPCYTEKTOTBIKTHIPFBIII MUKPOOPTaHU3MIED
JKOFaphl TEMITEpPaTypaaa KeMipCyTeKTep i TOTBIKTRIPYFa KaOUIeTTi.

3epTTeyAiH MaKcaThl TEPMOTOJIEPAHTTHl MYHaHTOTBIKTBIPFBII MUKPOOPTaHU3MIECPAIH KyJIbTypaaapbH Oein
aiy *oHe ipiKTey, COH/Ial-aK oJapAbIH OEICEH IUIITIH 3epTTey OOJIBI TaObLIa b

Kanartanan (Ateipay 0OJBICEI) KEH OPHBIHBIH JIACTAHFAH TOIBIPAFbIHAH )KUHAKTAY OJICi apKbUIbl 72 H30JIAT
OeuniHin anpiHAbL. OnapiblH IIIHEH JKaKChl oHE KaJBINThl ocyiH kepceTkeH 35°C Temneparypana 15 xynbrypa,
40°C Temneparypana 7 kyiabrypa xaHe 50°C temneparypana 12 xynbrypa ipikrenin anbiHbl. OnapabiH MyHan bl
TOTBIKTBIPY OerceHnimiri 3eprrengi. M3omaTrapasl CyWbIK MUHEpaiibl KOPEKTIK OpTana MyHaiiMeH Oipre ecipy
Ke3iHze onapAblH bIabIpaTy aeHreiti 35°C Temneparypana 18.7-52.0%, 40°C - 22.7-31.5% , an 50 °C - 17.7-33.8 %
Kypapl.

Tyiiin ce3aep: MyHall, MYHAIITBI TacTayIIbIIAP, TEPMOTOICPAHTTH MYHAUTOTHIKTHIPFBIII MUKPOOPTaHU3MIED,
MYHaMb! BIIBIPATY.

C. A. AiiTkenbauesa, J. P. Maiizyauna,
O. H. Ay330Ba, JI. I'. Tatapkuna, I'. A. CnnankynoBa

TOO «HayuHO-IpOU3BOJCTBEHHBIN LIEHTP MUKPOOUOJIOTUH U BUpyCOJIOTHWY», AnMatsl, Kazaxcran

BBIIEJIEHUE U U3YYEHUE TEPMOTOJIEPAHTHBIX
HEOTEOKHUC/IAIOINX MUKPOOPTAHU3MOB

AnHoTanus. Kinumarnueckne ycnoBusi orpaHuumBaroT 3(Pp(EeKTHBHOCTh NMPUMEHEHHS OOJIBIIMHCTBA N3BECT-
HBIX PEMEIMAIMOHHBIX METOJOB B PETHOHAX C XapKMM KinMaToM. B HedremoOmBatomux pernonax Kaszaxcrana
KIMMaT XapaKTepHU3yeTCsl CE30HHBIMU M CYTOYHBIMH MEpenajaMH TEMIIEpaTyp, BBICOKMMH TEMIIaMH HCIIAPEHHS
BOJIbl, 3aCOJIEHHOCTBIO M HU3KOHM BIIQXXKHOCTBIO IPyHTa. B cBA3M ¢ 3TMM npobiema pa3pabOTKH ¥ IPUMEHEHUS TeX-
HOJIOTHUH, aJanTHPOBAaHHBIX K BBIIICIIEPEIUCICHHBIM YCIOBUSAM, SIBIISIETCS aKTyalnbHOH a1 KasaxcraHa u nanpHero
3apy0exbsi. TepMoTosIepaHTHbIE YIIIEBOJOPOIOKHUCIISIONINE MUKPOOPTaHU3MBI, a/IallTUPOBAHHbBIE K SKCTPEMAIbHBIM
KIIMMaTU4YC€CKUM YCJIOBUSAM, CHOCO6HI)I OKHCJIATH YIJI€BOOOPOAbL He(l)Tl/I IpY NMOBLIICHHBIX TEMIICPATypax.

Llenbto mccnenoBaHuid ObIIO BBIIEIICHHE M OTOOP KYJIBTYP TEPMOTOJIEPAHTHBIX HEPTEOKUCISIOIINX MHKPO-
OPTraHU3MOB, a TAK)KE U3YUYEHHE X aKTHBHOCTH.

W3 Hedresarps3HeHHOM 1OYBBI MecToposkaeHus JKanaTanamn (ATbeIpayckas 00JacTh) METOJIOM HAKOIMTEIBHBIX
KyJIBTYp BbIienieHO 72 u3oisita. M3 Hux otobpano 15 KyJabTyp, OKa3aBUIMX XOPOIIKI U yMepeHHbIi poct mpu 35°C,
7 xymeTyp — 1iprt 40 °C u 12 xyneTyp — tiput 50°C. MzydeHa ux HeTEOKHUCIAIOMAsS aKTUBHOCTE. [10Ka3aHo, uTo Tpu
KyJbTHBUPOBAHWH H30JIATOB B JKHAKOW MHHEPAIBHOW cpele ¢ He(pThIO CTemeHb ee aecTpykumu npu 35°C
cocrasmsa 18,7-52,0%, ipu 40°C — 22,7-31,5%, a ipu 50°C — 17,7-33,8%.

KinioueBble cioBa: HedTb, He(TsSHOE 3arps3HEHHE, TEPMOTOJIEPAHTHBIE HE(DTEOKHCIAIONME MHKPOOpra-
HHU3MBI, JeCTPyKuus HedTH
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OPTIMIZATION OF PHOTOSYNTHETIC ACTIVITY AND
YIELDING CAPACITY OF RICE CULTIVARS DEPENDING
ON METHODS OF APPLICATION OF NITROGENOUS
FERTILIZERS AND SEED APPLICATION RATES

Structural abstract. In case of application of increasing rates of mineral amendments, in particular of nitrogen
fertilizers in medium-grown cultivars, the first effect of increasing of grain yield enhancement has been observed at
a rate of N120P90-120 kg/ha of rate of application. In the circumstances, in agrocoenosis of medium-grown rice-
cultivars cenotic mutual influence has not been conductive to reduction of net photosynthesis of photosynthesis
(Ph.n.pr., g/m” per day). At high-yielding seedings, in case of application of optimal rate (N160-180R 120 kg/ha) of
fertilizers, large CA, FP, Ubiol are formed in medium-grown cultivars. However, the level of average net produc-
tivity of photosynthesis (Ph.n.pr., g/m*per day), in particular after heading phase it has not decreased. This effected
the formation of high crop yield of grain (72-78 c/ha) that is the second effect of increasing of grain yield enhan-
cement of rice cultivars. At high-yielding seedings of narrow-leaved cultivars with vertical phylotaxy of Kuban 3,
Krasnodar 424, Aru, the highest yielding capacity has been obtained in case of application of 25-33% of annual rate
of nitrogenous fertilizers before seeding, and 67-75% in the form of two fertilizations at crop stages 6-7 and 8-9. At
seedings of large-leaved cultivar of Marzhan, Aral 202, Togusken 1, the largest grain yield has been formed upon
application of 60-70% of annual rate of nitrogenous fertilizers before seeding, and application of other 30-40% in the
form of fertilization at crop stage 6-7.

Key words: rice, cultivars, methods of application of mineral fertilizers, optimization of photosynthetic acti-
vity, formation of optimal leaf area and the largest grain yield.

Nitrogenous fertilizers promotes a significant increase in crop area (CA) of rice croppers [Hill Jt
et al.,2001, 491-500; Tuong T.P., et al., 2000, 3-18; Zhailybay K.N., 2018, 63-70; Zhailybay K.N., 2018,
103-109; Olzhabayeva A.O., 2018, 9-20]. Provided that, leading role in grain formation belongs to upper,
in particular upper leaves 2-5 of main stem, and stem shoots, length and width of leaf blades [Li-
zandr A.A., 391-397]. In connection therewith, the effect of methods of application of optimal rate of
nitrogenous fertilizer - N180 kg / ha (compared to P120 kg / ha) and seed application rates on assimilative
apparatus formation and rice grain yield have been researched. Cultivars of rice varieties varying in
architectonics: Kuban 3, medium-grown, with narrow vertical phylotaxy; Marzhan is medium-grown,
large-leaved. Plot area in dummy experiments is 5 m’ at large-plot experiments - 100-120 m’, replication
of experiment - four times, agrotechnics is universal for Kyzylordin region (Kazakhstan) [Sistem of
agroculral., 380-410]. Research of effect of optimal rate of nitrogenous fertilizer (N160-180 kg/ha of rate
of application) against phosphate fertilizer (P 120 kg/ha of rate of application) has been carried out
according to the following pattern:

Block 1. N180P120 kg/ha of rate of application, the annual rate of fertilizers has been applied
before seeding.

Block 2 -N180P120 kg/ha, 70% of the annual rate of nitrogenous fertilizer (N120 kg/ha) have been
applied before seeding, the remaining 30%, or N60 in the form of fertilizations at crop stage 6-7;
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Block 3 -N180P120 kg/ha, 50% of the annual rate of nitrogenous fertilizer (N90) and two fertili-
zations, 25% each, have been applied before seeding: N45 at crop stage 4-5 and N45 - at crop stage 6-8 -
method developed by the laboratory of mineral nutrition of Institute of Botanics of the Academy of
Sciences of the Republic of Kazakhstan [Gostenko G.P.,12-36; Starkova A.V.,9-12];

Block 4 -NI180R120 kg/ha, 1/3 (33% or N90) of the annual rate of nitrogenous fertilizer and two
fertilizations have been applied before seeding: N90 at crop stage 6-7 (at the beginning of 3 phase of
organogenesis), and N30 - at stem clongation phase (8-9 leaves) - method developed by Laboratory of
Plant Physiology of Kazakh Research and Development Institute of rice [Ramazanova S.B.,18-20];

Block 5 -NI80RI120 kg/ha, 25% (N45) of the annual rate of nitrogenous fertilizer and two fertiliza-
tions have been applied before seeding: 50% (N90) at crop stage 3-6, and 25% (N45) - at crop stage 8-9 -
method developed by Russian Research and Development Institute of rice [Aliyezhin Ye.P.,25-27].

Background - phosphate fertilizer (P120 kg/ha of rate of application) have been applied before
seeding. At large-plot and farm scale trials, blocks 4 and 5 are combined, as effect of these variations
turned out to be the same.

At dummy experiments, rice seeds have been sown manually using narrow-rowed method in the
steps of markers in quantities of 100, 300, 500, 700, 900 pcs/m” and covered with soil. At large-plot
experiments, seeds have been sown by drill-machine SZ-3.6 in the following norms: Marzhan cultivar -
130 kg/ha (3 million of viable grains), 230 (6 million), 280 (7.5 million), 320 kg/ha (9.5 million of seeds);
Kuban 3 cultivar - 100 kg/ha (3 million), 200 (6 million), 250 (7.5 million), 300 kg/ha (9.5 million of
viable grains). Crop area has been determined using method of V.V.Anikiev, F.F. Kutuzov, usability of
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Figure 1 — Change of length and width of main stem leaves of Marzhan and Kuban 3 cultivars depending
on seeding rate of seeds (A, b, B, I, /I, E) and methods of nitrogenous fertilizer application (A, by, By, I'y, [, Ey).
_Block 1; ___ Block2;...... Block 3; _x_x x Block 4.

1,2, 3, 4, 5 - Blocks with relative numbers; a - length and b - width of leaf
(averaged values by block - methods of nitrogenous fertilizer application)
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which has been checked by experience [Anikiev V.V.,375-377]. Agrotechnics is universal for PreAral
zone. Change of degree of density of rice croppers in agrocoenosis and methods of nitrogenous fertilizer
application has a significant impact on formation and size of assimilative apparatus (figures 1-7).

Marzhan cultivar in Block 1 (application of full rate of nitrogenous fertilizer before seeding) have
length of the first leaf (from top) of main stem that increases in case of seeding of 500 pcs/m” of seeds,
and it reduces with seeding overcrowding. In Block 1, the length of main stem flag of Marzhan cultivar is
30.5-36.9 cm, the width is 1.25-1.43 cm depending on population (of the 2™, in consequence, the length
of 2" and 3" leaves of main stem is more than the flag but the width is smaller. In case of split application
of nitrogenous fertilizer (Blocks 2, 3, 4, 5), the length and width of leaves increase, the largest of their
values is noted in Block 4 (figure 1, A;, b;, B;). Thus, in the Block 4, the length of flag is 41.0-45.8 cm,
the width is 1.50 -1.70 cm, the 2™ leaf, respectively, - 52.0-63.2, and 1.2-1.6 cm, the 3™ - 51.0-55.2 and
1.0-1.4 cm (figure 1).

Sizes (length and width) of leaves of the average stem shoot is less than those of leaves of main stem.
Provided that, dependency of length and width change of stem shoot leaves depending on grain seeding
rate and methods of nitrogenous fertilization are similar to the leaves of main stem (figure 2; A,, A;, by,
Bs, By, By).
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Figure 2 — Change of length and width of stem shoot leaves of Marzhan and Kuban 3 cultivars depending
on seed application rate (A,, b,, By, 'y, [, E>) and methods of nitrogenous fertilizer application (As, b3, B, I's, 13, E3).
_Block1; ___ Block2;...... Block 3; _x x x_ Block 4.
1,2, 3,4, 5 - Blocks with relative numbers; a - length, and b - width of leaf
(averaged values by block - methods of nitrogenous fertilizer application)
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In case of application of full rate of nitrogenous fertilizer before seeding (Block 1), the area (cm?) of
main stem flag of Marzhan cultivar increases gradually depending on seeding rate reaching a maximum at
high-yielding seedings (seeding of 500 pcs/m” of seeds), and then decreases with overcrowding. Area of
the 2™ and the 3™ leaves also increases, maximum is reached with seeding of 700 pcs/m” of seeds, and at
heavy seedings (seeding of 900 pcs/m” of seeds) decreases (figure 3; A4, By, By).
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Figure 3 — Change of cropper (cm?) area of main stem of Marzhan and Kuban 3 cultivars depending
on seed application rates (A4, by, By, 'y, 4, E4), methods of nitrogenous fertilizer application (As, Bs, Bs, I's, s, Es).
Block 1; Block 2;...... Block 3; x x x_ Block 4.

1,2, 3,4, 5 - Blocks with relative numbers; a - length, and b - width of leaf
(averaged values by block - methods of nitrogenous fertilizer application)

In case of split application of nitrogenous fertilizer (Blocks 2, 3, 4, 5), increasing in crop area is
principally observed at thinned out (seeding of 100 pcs/m* of seeds) and moderate (300 pcs/m® of seeds)
seedings (figure 3; A,). Averaged according to seeding rates, the area of flag and bracing leaves of the
main stem were the largest in Block 4, and the 3" Jeaf - in Blocks 3, 4, 5 (figure 3; As, Bs, Bs). Similar
dependency of crop area change has been observed related to stem shoots (figure 4; A, A7, Bg, b7, Bs, B7).

Formation of assimilative apparatus of leaves of Kuban 3 rice cultivar differs from Marzhan
cultivar. Thus, in Block 1 the length of main stem leaves on a practical level has been unchanged depen-
ding on seed application rate. Provided that, the length of the 2™ leaf is more than the 1%, the 3™ is more
than the 2™ but the width. In case of split application of nitrogenousfertilizer (Blocks 2-5), the length of
the flag and the 2™ leaf of main stem increases with seeding of 300 pcs/m?, the 3™ - with seeding of
500 pcs/m’, and then it gradually decreases. Overall length and width of leaves are noted in Blocks 4.5
(figure 1; I, 11, E).

Leaf sizes of mid stem shoot of Kuban 3 cultivar are less than those of main stem leaves. Provided
that, dependency of change of length and width of stem shoot leaves depending on seeding rate are similar
to those of leaves of main stem (figure 2; I'5, /I, E;). Kuban 3 cultivar crop area of main stem and stem
shoots in Block 1 is larger with seeding of 100 pcs/m” of seeds, then it gradually decreases with over-
crowding of seedings. In case of split application of nitrogenous fertilizer (Blocks 2-5), in particular, in
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Block 4, area of flag and the 2™ leaves of main stem is more with seeding of 300 pcs/m® of seeds, and the
3" Jeave - with seeding of 500 pes/m” of seeds, then it gradually decreased (figure 3; I's, 4, Es). Areas of
stem shoot flag is more in Blocks 4.5; the 2" and the 3™ leaves - in Blocks 3, 4, 5 (figure 4; T'¢, I'7, H,
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Figure 4 — Change of length and width of stem shoot leaves of Marzhan and Kuban 3 cultivars depending
on seed application rate (Ag, Be, Bg, I's, s, E¢) and methods of nitrogenous fertilizer application (A;, b4, B, I'7, 17, E7)

Particulars of assimilative apparatus formation of Kuban 3 and Marzhan cultivars have had definitive
impact on formation of grain yield structure elements. Thus, number of spikelets in main stem head and
stem shoots significantly decreases with overcrowding of seedings (figure 5; X, 3, U, K). The biggest
number of spikelets in main stem head and stem shoots of Kuban 3 cultivar are noted in Blocks 4.5
(figure 5; U, K;). Other dependency is observed in Marzhan cultivar. Thus, larger number of spikelets on
main head is noted in Blocks 2, 4, 5. With increasing of rate and number of fertilizations (Blocks 4.5), the
number of stem shoots, length, width and size of crop area increase, but this does not lead to increase in
number of spikelets on main head compared with Block 2, and it decreases on stem shoot head. The
biggest number of spikelets on stem shoot head of Marzhan cultivar is noted in Block 2 (figure 5; 3;).

As a consequence of this, grain yield of Kuban 3 cultivar in Block 1 increases with overcrowding of
seedings. In case of split application of nitrogenous fertilizer (Blocks 2-5), the yield is increased, however,
the highest level has been noted at high-yielding seedings (seeding of 500, 700 pcs/m® of seeds) and in
Blocks 3, 4, 5 (figure 6; U,, U3). Marzhan cultivar has turned out to be the most yielding at high-yielding
seedings (seeding of 500, 700 pcs/m’ of seeds), and upon application of 60-70% of annual rate of
nitrogenous fertilizer before seeding, and 30-40% - in the form of fertilization at crop stage 6-7 (figure 6;
K,, XK3). This is confirmed by results of large-spot experiments. Thus, the largest grain output yield of
Kuban 3 cultivar was being formed when seeding of 7.5 million of viable seeds, and application of
25-33% of annual rate of nitrogenous fertilizer before seeding, and 67-75% in the form of fertilization at
crop stages 6-7 and 8-9 (Block 4, figure 6; K, K3), and Marzhan cultivar - in Block 2 (figure 6; 3,, 33).
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Thus, in medium-grown Kuban 3 rice cultivar with narrow and vertical phylotaxy, the optimization
of formation of assimilative apparatus — leaves in length, width and area, as well as degree of density of
yielding stem in agrocoenosis occurs upon application of 25-33% of annual rate (N180P120 kg/ha) of
nitrogenous fertilizer before seeding, 65-75% - in the form of two fertilizations at crop stages 6-7 and 8-9,
and in medium-grown, large-leaved Marzhan cultivar - upon application of 60-70% of nitrogen before
seeding, 30-40% - in the form of single fertilization at crop stage 6-8, and when performing all techno-
logical processes in due time and qualitatively. On the basis of interconnection of photosynthetic activity
indicators, vertical allocation of crop area (CA) and optimal progress of formation of assimilative appa-
ratus - leaves, we have established types of productive process of high-producing agrocoenosis of
medium-grown and low-grown cultivars, and rice exponents at optimal rate (N180P120 kg/ha) of
fertilizers. Thus, the largest grain yield of medium-grown, narrow-leaved rice cultivars (65-75 c/ha)
has been received at optimal progress of formation of assimilative surface at maximum level of CA -
68-72 thous. m*/ha (LAL - 6.8-7.2 m*/m?), FP - 2.8-3.5 million of m” days/ha, Ph.n.pr. - 6.6 g/m*/day (average
for the vegetation period), Ph.n.pr. - average after heading phase - 8.0 g/m*/day, EEP - 48-51% (figure 7).

In case of vertical allocation, the main CA at grain filling phase is concentrated in upper layer - 60-90
cm. Yield of medium-grown large-leaved cultivars and rice exponents equal to 62-73 kg/ha has been
established in the course of formation of CA 78-88 thousand of m*/ha (LAI, 7.8 - 8.8 m*m?), FP 3.5-3.8
million m*days/ha upon average for the vegetation period of Ph.n.pr. - 6.3 g/m*/day, Ph.n.pr. after heading
phase - 7.0 g/m*/day, EEP - 46-49%. The main CA is concentrated in layers 50-100 cm (figure 7).

In case of application of heavy rate (N240R 180 kg/ha) of fertilizers for rice seedings of Kuban 3 cul-
tivator, vast crop area is formed (CA) - 82.0-86.8 thousand of m*/ha, and for seedings of Krasnodar-skiy
424, Marzhan, Aral 202 cultivars - level of CA reaches 90.8 thousand of m*/ha, photosynthetic potential
(PP) - 3.85-4.02 million of m? days/ha, however, net productivity of photosynthesis (Ph.n.pr. g/m*/day)
decreases. In such agrocoenosis, leaves of rice cultivars shade each other reciprocally, adverse, negative
coenotic interactions increase that leads to reduction in grain yields (figure 7).

Therefore, the main cause of reduction in yields upon application of heavy rate (N240R 180 kg/ha) of
fertilizers is forming of adverse agrocoenosis architectonics and decrease in net productivity of
photosynthesis (Ph.n.pr, g/m*/day). In such agrocoenosis, leaf area index (LAI, 8-10 m*/m?), powerful
photosynthetic potential (PP, 4.02 million of m’days/ha) and heavy yield of biomass (Ubiol, c/ha) are
formed. In the above seedings, the main part of crop area (CA) in vertical direction is located in relatively
low layers - 30-60 cm. In such cases, the leaves of joining rice croppers shade each other reciprocally
resulting in significant reduction in intensity value and net productivity of photosynthesis that leads to a
decrease in synthesis of organic substances (assimilates) by these leaves. In addition, upon application of
heavy rate (N240P180 kg/ha) of fertilizers, at seedings rice grow high (135-145 cm) and lodge earlier at
grain filling phase resulting in increasing of number of feeble and fistular grains. In such cases, huge total
biomass is formed but grain yield and its quality decrease.

High productiveness of agrocoenosis of rice cultivars is connected to a certain extent with vertically
location of leaves, and in spacing. Inconditions of the Kazakh PreAral, location of main crop area in 60-
90 cm layers of medium-grown cultivars is positive, as it improves agrocoenosis architectonics. Such
seedings absorb more photosynthetic active radiation (PAR), grain yield and its quality increase shortly.
Interconnections of photosynthetic activity indicators of rice cultivars improve varying in height,
architectonics and early ripening (figure 7).

Study results show (figure 7) that net productivity of photosynthesis (Ph.n.pr., g/m*/day) of rice
croppers is a complex integrated physiological process. Therefore, Ph.n.pr. has complex functional
interdependence with leaf area index (LAI, m*/m®), photosynthetic potential (PP, million of m* days/ha),
growth and development of rice croppers during vegetation period, huge total biomass formation (Ubiol).
These indicators and processes are subject to significant impact of environmental (temperature, soil
conditions, its salinity, salinity of agricultural and underground water) and technological and agri-
environmental (land-clearing, rates, methods, time of fertilizer application, spacing and degree of density
of croppers in seedings, etc.) factors. With a favorable agricultural background (application of N160-
180P120 kg/ha of fertilizers), optimum level of crop area (CA, thousand of m*/ha), photosynthetic poten-
tial (PP, mIn. of m* days/ha) and total biomass (Ubiol) are formed. In such circumstances, high level of
net productivity of photosynthesis (Ph.n.pr., g/m” day) contributes to a shortly increase in grain yield and
its quality improvement (figure 7).
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Figure 7 — Typesofphotosyntheticactivityofmedium-grown narrow-leaved and large-leaved rice cultivars
at high-producing agrocoenosis and optimal rate of mineral fertilizers.
Designations: 1 - intensity value of crop area formation (CA, thousands of m*ha); 2 - intensity value of photosynthetic potential
formation (PP, thousand of m”days/ha); 3 - location of crop area in height at grain filling stage (CA, cm?);

4 - formation of biomass (Ubiol, t/ha); 5 - grain yield formation (EEY, t/ha); 6 - change of lighting intensity inside the seeding;
7 - average net productivity of photosynthesis for the vegetation period (Ph.n.pr., g/m*/day); 8 - average Ph.n.pr. after heading
phase (Ph.n.pr., g/m%day); 9 - economical effectiveness of photosynthesis (EEP,%): 10 - grain yield, t/ha.;

A, B, B — length (cm), width (mm) of the flag, length (a, cm), width (b, mm) of the 2nd and 3rd main stem leaves;

I, [, E — length (a, cm), width (b, mm) of the flag, length (a, cm), width (b, mm) of the 2nd and 3rd stem shoot leaves

To improve grain yield of rice cultivars, it is necessary to increase net productivity of photosynthesis
(Ph.n.pr., g/m® day). Study results show [2, 3] that at high-producing agrocoenosis, and in case of
application of N120R120 kg / ha fertilizer rate at seedings of Kuban 3, Aru, Marzhan, Aral 202, Togus-
ken 1 rice cultivars, level of average Ph.n.pr. (g/m’ day) for the vegetation period does not decrease that
contributed to formation of a sufficiently heavy grain yield (e.g., at seedings of Kuban 3 cultivar,
58.1 c/ha of grain has been obtained, Marzhan - 53.4-61.5 c/ha, Aral 202-50.1 c/ha,- Togusken
1-52.6 c/ha). Therefore, the first effect of grain yield increasing has been noted in case of N120P120
kg/ha rate of fertilizer application, as no adverse coenotic interinfluences in agrocoenosis have been
observed, level of Ph.n.pr. indicator is high, and they do not come into conflict with CA, PP, total biomass
(Ubiol) indicators.

At high-producing agrocoenosis and in case of N180P120 kg / ha rate of fertilizer application at
seedings of Kuban 3, Aru cultivars, and in case of application of N160-180P120 kg/ha at seedings of
Marzan, Aral 202, Togusken 1, negative coenotic interinfluences are increased. Nevertheless, level of net
productivity of photosynthesis (Ph.n.pr., g/m*/day) has been turned out to be sufficiently high (not lower
than 6.5 g/m?/day), as great amount of photosynthetically active radiation had impact on agrocoenosis
(PAR) - 2.5-3.2 billion of kcal/ha. Due to better architectonics of high-producing agrocoenosis of
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mentioned cultivars, 80-90% of PAR are absorbed by seedings resulting in heavy yield formation (Kuban
3 cultivar - 78.0 c/ha, Marzhan cultivar - 70.1-72.8 c/ha). This is the second effect of heavy yield
formation in case of application of optimal (N150-180R 120 kg/ha) rate of fertilizers (figure 7).

At densedagrocoenosis (seeding of 900 pcs/m” of seeds), and when application of heavy rate
(N240P180 kg/ha) of fertilizer, high CA, PP and total biomass (Ubiol) are formed in cultivars above
mentioned, but this has led to a decrease in net productivity of photosynthesis (Ph.n.pr., g/m’ day),
coefficient of economical efficiency of photosynthesis (EEP, %). At such seedings, rice croppers grew
high (135-145 cm), however, the main part of crop area (CA) was located in vertical direction relatively
lower than 30-50 cm layers, and leaves were shaded reciprocally, and adverse coenotic interinfluences
increased. As a consequence of this, although huge total biomass was formed but grain yield decreased.

Under production conditions, formation of high-producing agrocoenosis and CA, PP, total biomass
(Ubiol), Ph.n.pr. and EEP relative to these seedings of medium-grown narrow-leaved Kuban 3, Kras-
nodarskiy 424, Aru cultivars with vertical phylotaxy has been obtained in case of seeding of 7.5 million of
viable grains (250 kg/ha), and in case of N180R 120 kg/ha rate of fertilizer application.

Under production conditions, formation of high-producing agrocoenosis and photosynthetic activity
indicators relative to these seedings of medium-grown large-leaved Marzhan, Togusken 1, Aral 202
cultivars has been obtained in case of seeding of 7.5 million of viable grains (280 kg/ha), and in case of
N160-180P120 kg / ha rate of fertilizer application.

So, optimum morphotype of croppers forming maximum grain yield at high-yielding seedings has
turned out to be obtaining of type (exponents) of rice with relatively large flag, with longer 2nd, 3rd and
4th leaves, relatively short the 5th leaves. Orientation of leaves in spacing: flag - horizontal after heading
phase, the 2nd and 3rd leaves - vertical, the 4th and the 5th leaves - with increasing angle of deflection
(figure 7). This is the optimal type of production process of agrocoenosis of medium-grown narrow-
leaved and large-leaved cultivars and exponents of rice in Kazakhstan PreAral conditions conducive to
formation of the heaviest grain yield.

According to the results of experimental studies, the following conclusions have been formed:

1. In case of application of optimum (N180P120 kg/ha) rate of fertilizers at high-yielding seedings,
low-grown, short and narrow-leaved cultivators, and medium-grown but early ripening rice exponents
formed relatively smaller crop area (CA, thousand of m?/ha), photosynthetic potential (PP, million of m>
days/ha), total biomass (Ubiol, c¢/ha). Therefore, when application of heavy (N240P120-180 kg/ha) rate of
fertilizers, CA, PP, Ubiol indicators of above mentioned cultivars and rice exponents increased resulting
in formation of the heaviest grain yield.

2. When application of optimal (N160-180P120 kg/ha) rate at high-producing agrocoenosis, medium-
grown cultivars (Kuban 3, Krasnodarskiy 424, Marzhan, Aral 202, Togusken 1) formed the heaviest grain
yield, and when application of heavy (N240P120-180 kg/ha) rate, grain yields decreased.

3. At high-yielding seedings, and when application of optimal (N160-180P120 kg/ha) rate of
fertilizers, medium-grown cultivars formed large CA, PP and Ubiol, and net productivity value of photo-
synthesis (Ph.n.pr., g/m*/day) did not decrease but was at relatively high level. This had an impact on
formation of heavier grain yield of medium-grown cultivars (Kuban 3, Krasnodarskiy 424, Marzhan, Aral
202, Togusken 1) compared to tiny, low-grown and medium-grown but early-ripening cultivars and rice
exponents. In making an assessment of rice cultivars in breeding nursery, relatively high level of Ph.n.pr.
in process of formation of larger CA, PP and Ubiol is positive event, i.e. refers to good indicators.

4. In case of application of increasing rates of mineral amendments, in particular of nitrogen ferti-
lizers in medium-grown cultivars, the first effect of increasing of grain yield enhancement has been
observed at a rate of N120P90-120 kg/ha of rate of application. In the circumstances, in agrocoenosis of
medium-grown ricecultivars cenotic mutual influence has not been conductive to reduction of net
photosynthesis of photosynthesis (Ph.n.pr., g/m*per day).

5. At high-yielding seedings, in case of optimal (N160-180P120 kg/ha) rate application, large CA,
PP, Ubiol are formed in medium-grown cultivators, however, level of net productivity of photosynthesis
(Pn.n.pr., g/m*day), in particular after heading phase, did not decrease. This effected the formation of high
crop yield of grain (72-78 c/ha) that is the second effect of increasing of grain yield enhancement of rice
cultivars.
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F. /K. MeneyoBa
Kazak MeMiekeTTik KbI3Aap IMeAarorHKalblK YHIBEpCHTETI, AnMatel, Kazakctan

A30T THIHAUTKBIIIBIH EHTI3Y TOCLUIJIEPIHE ’)KOHE TYKBIM CEBY HOPMACBIHA
BAWJIAHBICTBI KYPIII COPTTAPBIHBIH ®OTOCUHTETHUKAJIBIK KbI3METIHIH,
OIITUMM3AIUSIAHYBI )KOHE /IoH OHIMIHIH KAJIBIIITACYbI

AHHOTanMsl. OPTYpJl [103aJarbl MHHEpPAJIbJbI, dCipece a30T THIHAWTKBIIITAPBIH €HII3y TociijepiHe Oaii-
JIAHBICTBHI IoH OHIMI apTybIHBIH Oipinimi 3¢dexTi azot ThiHANTKEIIBIH N120P90-120 kr/ra Memnmepinae Oepiiarene
Oaiikamanbl. MyHnail skarmaiina opra OOMIBI Kypilll COPTTAaphl arpoleHO3BIHIA ICHOTHKAIBIK ©3apa dcepliecy
doTocuHTe3/iH Ta3a eHiMaiiriH (DT.0., r/MToyNiK) TeMeHeTHeii. Xorapsl OHIMII ericTepe MUHEPAIbIbI Thi-
HANTKBIIITApIBIH onTHMaNbIs! 1o3ackH (N160-180P120 kr/ra) eHrisrenae opra OOWMIBI COPTTAP KOFAPHI IEHT el Ie
xanbipak amansl OKA, MbIH M>/ra), poTocuHTeTHKAIBIK noTenmuan (DI, Min. M>Toyiik/ra), Guomacca (OGO Ka-
meImTacTeIpaabl. bipak, ¢ortocuHTe3miH Ta3a eHiMaumiriHig (Dr.e., I‘/M2TQYJIiK) opTama JeHreii jkoHe MacakTaHy
(hazacpiHaH KeliHri opTaiia Meninepi TeMeHnemenai. bys ete sxorapsl 1oH eHiMiHiH (72-78 11/ra) KypanyblHa acep
©TTi, J)KOHEe OYJI )KOFaphl I0H OHIMI KalbINTacybIHBIH eKiHwmi 3¢gexTi. OpTa 60itnel, Tik xameipakTel Ky6anp 3,
Kpacuomapckwmii 424, Apy cOpTTapBIHBIH JKOFaphl OHIMAL €TICTITiHE a30T THIHANTKBIIIBIHBIH KBUIIBIK HOPMACHIHBIH
25-33%-b1H ceOy anapinaa, 67-75%-bIH eki petr: 6-7 xoHe 8-9 KalbIPaKThl KE3CHIC YCTeMe KOPEKTEHAIPY peTiHje
OepinreHzie eH JKOFaphl JIOH OHIMi anbHABL. Ipi xambipakTel Mapikan, Apan 202, TyrickeH cOpTTapbIHBIH KOFapbl
OHIMJIi €TICIHEe a30T THIHAUTKBIIIBIHBIH KBUIIBIK HOpMachiHBIH 60-70%-b1H ceOy amasiaaa, 30-40%-bI1H ycTEME KO-
PEKTEHIIIPY peTiHge 6-7 jKambIpaKThl Ke3eH e OepUIreH e H XKOFaphl OHIM aJIbIHIBL.

Tyiiin ce3mep: Kypill, cOpTTap, MHHEPAJIBIbI THIHAUTKBIITAPILI €HT13y TOCUIAEpi, (POTOCHHTETUKAIBIK KBI3-
METIH OHTaHIaHABIPY, KalbIpaKTapIblH ONTHMANBIBI MOJIIEPiHIH jKOHE €H JKOFaphl iH OHIMIHIH KaJIbIITACYHI.

I'. K. MeneyoBa
Kazaxckuii rocynapcTBEHHBIH KEHCKHN Telarornieckuii yHuBepcutet, Anmarsl, Kazaxcran

ONTUMM3AIIUA POTOCUHTETHYECKOM JEATEJILHOCTA U ®OPMUPOBAHUE
BBICOKOM YPOXAWHOCTH COPTOB PACA B 3ABUCHUMOCTH OT CIIOCOBOB BHECEHMSI
A30THBIX YIOBPEHNU 1 HOPMbI BBICEBA CEMSIH

Annotanus. [Ipu BHeceHMIi BO3pacTalomMX 03 MHHEPAIBHBIX, OCOOEHHO a30THBIX yIOOpEHHMH y cpenHe-
POCIIBIX COPTOB nepeblii Ihghekm TIOBBIICHUS YPOKAMHOCTH 3epHA Habronanock mpu mo3e N120P90-120 kr/ra 1.B.
B 3Tux ycnoBusX B arponeHo3ax CpeAHEpPOCHIBIX COPTOB pHca HEHOTHYECKOE B3aUMOBIMSIHUE HE CIIOCOOCTBOBAJIO
CHIDKEHHIO YHCTO# IPOILyKTHBHOCTH (poTocuuTes (Du.mp., r/M’cyTku). Ha BBICOKONPOIYKTHBHBIX TI0CEBAX MPH BHE-
ceHnu ontumaibHOU 1036l (N160-180P120 kr/ra) ynoOpeHuit y cpeaHepocibiXx copToB (OpMHUPYIOTCS OOJIbliast
[JI,®I1, Y6uon. OnHako ypoBeHb CpejiHei YUCTOW MpoayKTuBHOCTU (porocuHTe3a (Du.mp., F/MZCyT.), 0COOEHHO
nocie (a3bl BHIMETHIBAHUSI HE CHM)KAJIOCh. JTO OKa3aJio BIMSHUE Ha (JOPMHUPOBAHKE BBICOKOH YPOXKaifHOCTH 3epHa
(72-78 w/ra), 4TO SBISACTCS 6MOPbLIM IhheKmom TOBBILICHUS YPOXKANHOCTH 3epHA y COPTOB prca. Ha BBICOKOIPO-
JIYKTUBHBIX IOCEBAaX Y3KOJHCTHBIX, C BEPTHKaIbHBIM pPAacHoJIOKeHHueM JinctbeB coproB KybOaus 3, KpacHonap-
ckuit 424, Apy HauOoJbIIas ypOXKaWHOCTH ITOJIy4eHO IpH BHeCeHNH 25-33% rom1oBoil HOpMBI a30THBIX YAOOpEeHUH
Jo moceBa u 67-75% B Buae IBYX NOAKOPMOK B (azax 6-7 u 8-9 mucrheB. Ha moceBax KpyHHOJMCTHOTO copra
Mapikan, Apan 202, Torycken 1 nHamOombimii ypokail 3epHa chopmupoBano npu BHeceHun 60-70% romoBoii
HOPMBI 230THOTO yIOOpEHHMs 10 MOCeBa U BHECEHHH OCTaIbHBIX — 30-40% B BuIe NMOAKOPMKH B (haze 6-7 IHUCTHEB.

Ki1roueBble cjIoBa: pHc, COpTa, CIOCOObI BHECEHUS] MUHEPAIBHBIX yJ0OpeHNH, onTuMu3anus (poTocuHTeTH-
YECKOU AEATEIHOCTH, (POPMUPOBAHHE ONTHMAIHHOH IJIOIIAIN IUCTHEB M HAUOOIBIIEH YPOXKAWHOCTH 3epHA.

Information about author:
Medeuova Galiya Jumakanovna, Candidate of Agricultural Sciences, Acting Professor; Kazakh state women's
pedagogical university, Almaty, Kazakhstan; medeuova.galiya96gmail.com
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BIODIVERSITY OF BLUE-GREEN (Cyanophyta)
ALGAE OF ALAKOL LAKE AND ITS SYSTEMATICS

Abstract. In Kazakhstan there are many specially protected natural territories: nurseries, national parks,
reserves, sanctuaries, wildlife areas, natural monuments, botanical gardens established for the preservation of
biological diversity of the state. In many of those areas the scientists-florists conducted scientific research related to
the inventory of vascular plants. Despite the substantial interest for the study of flora, the research into their diversity
in various nature communities are insufficient, especially the flora of water reservoirs. The algae of water reservoirs
remain studied to a small extent. Nevertheless recently we have conducted the study of algae flora in the specially
protected natural territories of various regions of Kazakhstan.Earlier we published systematics and species diversity
of diatoms of Lake Alakol.In the article, the authors provide research data’s for the first time investigate of the algal
flora of Alakol lake, which flows through 15 rivers (The Urzhar, the Katynsu, the Emelkuisa, the Yrgaity, the
Zhamanty, the Zhamanotkel, the Tastu etc.). The found seaweeds were divided into: 1-systematic division, 1-clas,
S-orders, 9-families, 22-species and species belonging to 11-genures. Biodiversity of specially established types of
seaweed has developed and modern taxonomy has been created. In the studied lake of the algae are found cosmo-
politan species in different areas Most of the species listed here are of the plankton bacterial species and some
species are of benthos.

Key words: algae, plankton, benthos, systematics, lake Alakol.

Introduction. Lake Alakol is a saline drainage lake located on the Balkhash-Alakol lowland, which
is located on the border of the Almaty and East Kazakhstan regions, in the eastern part of the Balkhash-
Alakol Basin.More than 15 tributaries flow into the lake, of which the main are the rivers Urzhar,
Katynsu, Emelkysa, Ygrajty, Zhamanty, Zhamanotkel, Tasty.The area of the lake (with islands) is 2696
square kilometers. The volume of water is 58.56 cubic km. Length-104 km. Width-52 km. Average depth-
22 m. The greatest depth is 54 m.The length of the coastline is 348 km.Together with the lakes Sasykkol,
Uyaly, Zhalanashkol and others, smaller, forms the Alakol lake system.In the center of Alakol there are
islands: Ulken, Kishkeni Araltobe, Belkuduk, etc. The climate of the coast is sharply continental. A
complex wind regime is observed above the lake. The maximum wind speed over the northern parts of the
lake reaches 40-50 m/s, over the southeastern and central 50-60 m/s. The most active winds in the
autumn-winter period, when the wave height can be up to 2-2,5 m.

The duration of freeze-up is about 2 months (February-March). The largest thickness of ice is 0.8 m
(in February). Melting ice-April-early May. The water temperature reaches +7+ 15°C in late May. Mine-
ralization of water in the water varies from 1.2 to 11.6 g/l. The composition of water is chloride-sodium
and chloride-sulfate-sodium. In the waters of Lake Alakol, the high content of fluorine and bromine.In
1994, the Parliament of Kazakhstan ratified the Convention on Biological Diversity, thus affirming its
desire to preserve the unique richness of nature. A real step towards the implementation of these
documents was the creation in 1998 of the Alakol State Reserve(http://almatyregion-tour.kz).

In 2013-2015 we studied the algae flora of one of the barely studied high mountainous reservoir - the
Rakhmanovskoye lake in the Katon Karagay state National natural park of the East Kazakhstan oblast for
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he purposes of identification of their species diversity. As a result of research the algae composition of the
lake Rakhmanovskoye was determined in which there are 249 species, varieties and forms of algae
referred to four types 10 phyla, 25 orders, 45 families and 71 genera. Cyanoprokaryota-14, Chlorophyta-
63, Bacillariophyta -1 7 1 , Charopyta — 1 [1-3].

The Lake Markakol is a large water reservoir of Altay located in the mountainous gap (at the altitude
of 1500 m above the sea level) in the territory of Markakol state natural reserve. The Markakol hollow is
surrounded by the mountain peaks of Kurchumskiy and Azutau. As a result of algae related research in
Markakol lake there were discovered 129 types of algae, referred to 3 orders: Bacillariophyta - 85,
Chlorophvta -41, Cyanoprokaryota - 3. The basis of algae flora of Markakol lake create the diatomic algae
(Bacillariophyta) represented by 85 species from 28 genera, 18 families, 12 orders and 3 phyla [4-9].

In 2013 we conducted algae research from rivers of Zhongar Alatau of Almaty region. As a result of
processing algae samples in 2013 for Baskan river in the Zhongar Alatau of the State national natural park
of the Almaty region there were discovered 37 species and types of algae referred to 3 orders: diatomic -
32, the green ones -3 and blue-green ones - 2. The basis of Baskan river is created by diatomic algae
(Bacillariophyta), represented by 32 speices from 11 genuses, 7 families, 6 orders and 2 phyla. The
genuses of Navicula (9), Cymbella (4), Gomphonema (4), Synedra (3), Fragilaria (3) are characterized as
being most abundant in genuses [10-13].

The Big Chubachye Lake is the largest of the lakes of the State National Natural Park “Burabay” in
the North of Kazakhstan. The average depth of the lake is 11.1 m, the maximal 33.3 m. At the lake there
is a number of small islands. The lake is drain free. The water is used for the purposes for drinking po-
table water, for water supply for cattle and for various economic needs of Burab settlement. As a result of
processing of collected samples of alg from the considered drain water reservoir in 2012-20 there were
discovered 146 species and types of alg from diatomic division - 117 species, the green ones 11, the blue-
green ones - 10; euglena - 2; dinophyta charophyta algae - 3 species [14-16].

Material and methods. The material of this article is elected 2016-2017. During the summer
expedition time a species was collected from different points of the Alakol lake.Along the collection of
algae, meteorological conditions of the water, air and water temperature were determined. The water
depth is determined by the Sekki disk, water ph- universal indicator paper. The water temperature showed
the sample at 22°C, and the water was Ph-7.5.In the course of the work, commonly known classical
methods of hydrobotanics and algae were used (Jiyenbekov et al.). To determined of phytoplankton
samples is a specific examination by M. Gollerbach and B. N. Polyansky, also by the method of N. P. Ma-
siuk and others use Apshtain netting with diameter 45 cm is filtered by plankton grid number 76.The
collected material was fixed there in 4% solution of formalin and 96% etanol [17-19]. During harvesting,
the algae type, color, colony, etc. p. signs are logged. 26 algae samples from plankton, periphyton, and
benthos were collected from the lake. Diatomic algae preparations are investigated by heating. Formalin-
treated material is coated with glass and heated in the electric cooker. Organic cleaning of algae piglets is
carried out by firing in strong acids [20-24].

In the identification of species, light microscope MBI-3 and binoculars were produced using a
computer program with the binoculars Motic BA 400 microscope, and the size of the cells was obtained
by using an ocular micrometer.

Results and discussion. As a result of processing algae samples collected from Lake Alakol, ana-
lysis of algae obtained from the lake was investigated and modern systematic groups were identified.
They are as follows:

1-division (cyanoprokaryota), 1-klass (Cyanophyceae), S5—order (Nostocales, Oscillatoriales,
Chroococcales, Synechococcales, Spirulinales) [25-26],9-family (Nostocaceae, Microcoleaceae,
Chroococcaceae, Microcystaceae, Gloeotrichiaceae, Merismopediaceae, Aphanizomenonaceae,
Oscillatoriaceae, Spirulinaceae), 11- genius (Anabaena, Arthrospira, Chroococcus, Gloeocapsa,
Gloeotrichia, Merismopedia, Nodularia, Trichodesmium, Oscillatoria, Spirulina, Nostoc)the species
belong to interdisciplinary forms with the following [27-28], 22 - species (Anagnostidis, 2001: 359-375;
Berg, 1987: 97-103; Bourrelly, 1966: 551; Bruno, 1994: 369-373; Carmichael, 1990: 87-106; Edwards,
1992: 1165-1175; Gibson, 1982: 463-489; Gromov, 2000: 79) [29-31].
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Type of Alakol lake algae

# Name of species # Name of species

1 Anabaena cylindrica Lemmermann 12 NodulariaharveyanaTh. ex Bornet&Flahault
2 A. oscillarioides Bory ex Bornet & Flahault 13 N. spumigenaMertens ex Bornet&Flahault

3 Arthrospirajenneri Stizenberger ex Gomont 14 Nostoc linckia Bornet ex Bornet&Flahault

4 Chroococcus minutus (Kiitzing) Nageli 15 N. zetterstedtii Areschoug ex Bornet&Flahault
5 C. tenax (Kirchner) Hieronymus 16 Oscillatoria princeps Vaucher ex Gomont

6 C. turgidus (Kiitzing) Nageli 17 0. sancta Kiitzing ex Gomont

7 Gloeocapsa turgida f. subnuda (H.)Hollerbach 18 Spirulina labyrinthiformis Gomont

8 G. violacea Kiitzing 19 S. major Kiitzing ex Gomont

9 Gloeotrichia intermedia (Lemmermann) Geitler 20 S.subsalsa Oersted ex Gomont

10 Merismopedia glauca (Ehrenberg) Kiitzing 21 Trichodesmium lacustre Klebahn

11 M. punctata Meyen 22 Trichormus variabilis (Kiitz.Bor.&F1.) Kom. & Anag.

Figure 1 — Oscillatoria princeps Vauch

Figuure 2 — Chroococcus tenax (Kirch.) Hier

Figuure 3 — Gloeotrichia intermedia (Lemm.) Geit
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Conclusion. Discussing the results, many water reservoirs, alga flora of river lakes in our country have
been studied, including the Caspian Sea, Syrdarya, Ili, Baskan and Sarkand, Shar and Kokpekty rivers and
algal flora and algal biological diversity of the Alakol lake were not investigated by the country's algal
specialists. One of the main objectives of the UN Conference on Biodiversity Conservation, adopted in
1992 in Rio de Janeiro is to preserve biodiversity in the environment and prevent the disappearance of
species. The algal diversity of the lake is the basis for this goal. The Kazakh Fisheries Research Institute
and the Zoology Research Institute have not studied of Alakol Lake Algapholics by hydrobiotes and
ichthyofauna.

During our special algaeological investigations, several times this scientific expedition was built.
Algae samples from the northern, southern and south-western parts of the lake were removed and the
second part was mixed with 4% solution of formalin and 96% solution of ethanol. A microscopic analysis
was carried out to determine the types obtained in the laboratory and the study revealed the varieties of
diatomaceous algae and its modern taxonomy. Moreover, we have seen in the study that the Alcohol
content of some parts of Lake Alacol Lake is very rich. But in recent years, it can be seen that anthro-
pogenic impact on the stability of lake ecosystems and biodiversity linked to the transformation of the
lake into a tourist destination. In this article, the authors regulate the stability of the lake water biota,
which is the wealth of algaflora. Consequently, it saves the gaseous, salinity of the water, Ph-levels,
mineral composition, and biotic content.

C.b. Hypamonl, A. K. ikuendexos, J. C. CameroBa’

'PMK «BoTanuKa xoHe (UTOMHTPOLYKLUS HHCTUTYTh», AlMaThl, Kasakcran,
28n—d>apa6n aTeiHarel Kasak YITTHIK yHHBEpCcHTETI, Animatel, Kazakcran

AJIAKOJI KOJIIHIH KOK-KACBLJ (Cyanophyta) BAJIJIBIPJIAPBIHBIH
AJTYAHTYPJILJITT 2)KOHE OHBIH CUCTEMATUKACBI

Annortanus. Kasakcranga KenTereH epekile Koprayra ajblHFaH TaOWFH aiiMaKTap Ke3jeceni: MUTOMHHKTED,
VITTBIK casibaKkrap, KOpBIKTap, »abaiibl TaOuFu aiMakrap, TaOUFaT ecKepTKillTepi, OOTaHUKAIBIK OaKTap MeM-
JICKETTiH OHWOJOTHSJIBIK OPTYPJUNriH cakray yuriH KypsuiraH. Ocbl canaiapiblH KeOiHae (IIOpUCT FaiabIMaap
TaMBIPJIBI OCIMAIKTEPAl TYT€HIEYre KaTBICHIN, FBUIBIMH 3€pTTEYJep XYPrizai. OcCIMAIKTepHai 3epTIeyre YiKeH
KBI3BIFYIIBUTBIK OOJIcazma Aa, opTYpii TaOWFATTHl KOpFay KaybIMIACTHIKTApPBIHAA OJAPABIH allyaH TYPIIUIriHe Oaii-
JAHBICTHI 3epTTEYIep, acipece, cy 0ObEKTiepiHiH (ropackH 3epTTey keTkimikci3. Cy OanasIpIapbIHBIH KYpPaMbIH
3epTTey TOMEHI1 JAeHrei e Kaubin oTeIp. JlereHMeH anbrosor rajasivaap KasakcTaHHBIH TYpIll ©HIpJIEpiHiH epekIe
KOprajiaThlH TaOWFM ayMakTapbiHIa Oanueipiap (iaopacblH 3epTTey KyYMbICTapblH JKYpri3ai. OcblFaH JeiiHri
MakajiambI3/ia AJIakesl KeJNiHIH JAMaTOMJbl OalJbIpiIapbIHbIH alyaHTYpJLUIIT MEH CHCTEMaTHKACBIH JKapHsiaraH
6onaTeiHOBI3. bynm makamana aBtopiap 15 esenmep kemin KydaTteiH (Ypxkap, Karemcy, Emenkyiica, blpraiter,
JKamantsl, XKXamanetkensb, TacTeiT.0) ANaken KeNiHIH ambroQopachlHa aNFaml peT MONIMETTep OepuTim OTHIp.
TaObuteIn, aHBIKTaNFaH Oanapipiap 1 Gemimre, 1 kmacka, 5 katapra, 9 TykeIMaacka, 11 Tysicka xataTeiH 17 Typiepi
MEH TYp apajiblK (opManapbl eKeHJIri aHBIKTaIAbl. AHBIKTaJIFaH OanipIpiap TYpJepiHiH OMOJOTHSUIBIK CHIIAT-
TaMacCbl JKacCaliblll, 3aMaHayh CHUCTEMATHKaChbl KacCaJlbIHABbI. 3epTreﬂy1ui KOJIICH aHbIKTAJIFaH 6anublpnap)1mﬂ
KOIMIILTIr opTypiii Ccy aijbIHIapbIHIAa KEHIHCH TapalifaH — KOCMOIIOJUT TypJyiep Ooubin caHanansl. Kepcerimim
OTBIPFaH TYPJIEPAiH KOIIIIIr TUIAHKTOHBIK, a31aFaH TypJepi OEHTOCTBIK TypJepre )KaTabl.

Tyiiin ce3aep: Oanapipiap, IIAHKTOH, OEHTOC, CHCTEMAaTHKa, AJTaKeI KoJIi.
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C. b. Hypamos', A. K. :xuen6exos’, J. C. Cameropa’

'PI'TI «MHCTHTYT GOTAaHMKH U QUTOMHTPOIYKIMIY, AnMaThl, Kazaxcran,
Ka3axCKuil HAMOHATBHBIN yHHuBepcuTeT uM. anb-Dapadu, Anmarsl, Kazaxcran

BUOPA3HOOBPA3US CUHE3EJEHBIX (Cyanophyta) BOTOPOCJIEN
O3EPA AJIAKOJIb U EE CUCTEMATHUKHN

Annoranusi. B Kazaxcrane cymectByeT MHOro 0co00 OXpaHSIEMBIX MPUPOIHBIX TEPPUTOPHH: MHTOMHHKH,
HalMOHAJIBHBIE TMApKH, 3allOBEIHUKH, PAiOHBI JUKOM NMPHUPOABI, MaMATHUKU NPHPOIBI, OOTAHUYECKHE Calbl, CO-
3JaHHBIC JUIS COXpaHEHUs OMOJIOTMUECKMX MHOrooOpasue pacTeHunil. Bo MHOrmx u3 stux obsacteil ydeHble-
(hTopuCTHI IPOBENM HAay4YHBIE UCCIIEIOBAHMS, CBSI3aHHBIC C MHBEHTApU3allMi COCYIUCTHIX pacTteHnil. HecMoTps Ha
CYyIIIECTBEHHBIE MHTEPECHl K M3YUYeHHIO (DIIOPHI, MCCIeNOBaHNE MX PAa3HOOOpaszne B Pa3MUYHBIX IPHUPOTOOXPAHHBIX
co00IIecTBax SIBISIETCSI HEJOCTATOYHBIM, 0COOEHHO (IIOpBI BOJOEMOB. BBOmOpOCTH B BOIOEMax OCTAIOTCS H3Y-
YEHHBIMH B HE3HAYMTENBHON CTeleHW. TeM He MEeHee HEeJaBHO HAIM CIICIHANIMCTHI ajJblOJIOTH IIPOBEIH HCCIIe-
noBaHue (IIopsl BOAOpOCed B 0000 OXpaHsSeMbIX MPUPOIHBIX TEPPUTOPUSX Pa3IUUHbIX peruoHoB KazaxcraHa.
Panee mamu OpuTa OomyOIMKOBaHA CHCTEMAaTHKA U BUIOBOE pa3HOOOpas3ne THaTOMOBBIX BOJIOPOCTEH 03epa AaKoib.
B craTtse aBTOpHI BIIepBHIE IPUBOIAT JaHHBIC IO U3y4YeHHIO anbroduiopsr 15 pek (Ypmxap, Kateiacy, Omenbkyiica,
blpraiitel, XKamantsl, XKamanytkenb, TacTel u. T. 11.) Brekatomue B 03epo Anakon. Ciucok oOHapy»XEHHbBIX BHJIOB
BOJIOPOCIICH BKIOYAET: 22 BHUIOB, PA3HOBUIHOCTEH M (POPMBI BOJOPOCIH, OTHOCsAIHECS K 11 pomgam, 9 ceMelcTRy,
5 nopsakam, 1 knaccam u 1 otnenry. CocraBiieH KOHCIIEKT U OHOJIOTMYECKOe ONHMCaHNEe OOHAPYKEHHBIX BUIOB BOJO-
pocieit u nmpoBeJieHa COBPEMEHHAsl CHCTEMaTHKa. BOJBIIMHCTBO BHIOB BOJOPOCIEH, OOHApY)KEHHBIE B HCCIEIye-
MBIX 03€pax OTHOCATCSI K KOCMOIIOJMTHBIM (popMaM, IIUPOKO PacIpoOCTPaHEHHBIM B Pa3IMYHBIX THIIAX BOJOEMOB.
[Momansromee GOMBPITUHCTBO OOHAPYKEHHBIX BUJIOB OTHOCATCS K INIAHKTOHHBIM, MaJasi 9aCTh BUJOB — OCHTOCHEIE.

KiroueBsble cjioBa: BOJOPOCIH, IITAHKTOH, OEHTOC, CHCTEMATHKA, 03epa AJIaKOIIb.
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