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PHOTODYNAMIC THERAPY IN THE TREATMENT
OF PATIENTS WITH PURULENT WOUNDS

Abstract. Nowadays, a relatively new medical technology, photodynamic therapy, is being actively developed
and introduced into clinical practice. The method is based on the ability of many biological objects (tumor, microbial
cells) to accumulate chemicals - photosensitizers, after which they become sensitive to sunlight, as well as to laser
radiation of a certain wavelength. In cells that have absorbed a photosensitizer, a photochemical process is launched
with the generation of singlet forms of oxygen, which has a destructive effect on biological systems. The review
presents information on the use of photodynamic therapy, based on the integrated use of light and chemical com-
pounds - photosensitizers, which is one of the areas of laser medicine. The relevance of the review of the existing
capabilities of PDT is due to the great interest of surgeons in the use of this method in the treatment of purulent
wounds. The article provides a brief historical background on the development of this method of treatment, covers
the principles and mechanisms of its action. The possibilities of using photodynamic therapy in surgical practice are
analyzed. The prospects of further development of the method for the treatment of purulent-necrotic wounds are
substantiated.

Key words: laser medicine, photodynamic therapy, photosensitizer, purulent wound.

The treatment of purulent wounds of various etiologies is an urgent problem of surgery up to the
present time and has a tendency to grow, has a long history [1]. One of the principles of treatment of
purulent wounds of various origins is the use of antibacterial drugs of various groups that cannot gua-
rantee reliable prevention of infectious complications, due to the rapid adaptation of wound microflora, as
a result of which the formation of antibiotic-resistant microorganisms occurs. It is necessary to take into
account the decrease in the immunological response of the body after the use of drugs in this group, a
violation of intestinal flora [1-3]. Despite the success of surgery over the past decades, it should be noted
that the frequency of purulent complications remains almost unchanged. For a long time, mankind has
been searching for methods of treating wound infections, there have been promising achievements - this is
largely due to the discovery and the beginning of the use of antibacterial agents in the first half of the
20th century, and subsequently with the use of proteolytic enzymes. However, these methods did not have
a universal effect on the wound process, needing further development [1, 2]. To date, the principle of
treatment of purulent wounds involves a wide disclosure of the suppurative focus, followed by open
wound management [1-3]. The disadvantages inherent in this method are the impossibility of carrying out
a frequent change of gauze dressings during the day, damage to the forming granulation tissue when
changing the dressing [3]. This creates prerequisites for increasing the duration of treatment, creating
economic losses for the patient and for the state due to the long disability time. The most important
condition for the local treatment of wounds in the postoperative period is drainage, the task of which is to
remove wound exudates and products of wound exudates, the application of modern wound coatings, such
as sorption, protective, containing drugs, atraumatic is also important [3]. Treatment of purulent wounds
should be complex, taking into account the clinical manifestations of the disease of a single patient, the
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presence of background pathology, indications and contraindications for the appointment of surgical and
medical treatment [3].

Photodynamic therapy (PDT) seems to be a promising method in the treatment of purulent wounds as
part of complex treatment, which uses a combination of low-frequency laser radiation with a wavelength
of 630 - 1300 nm in combination with photosensitizers, leading to the development of a photochemical
reaction in the presence of interstitial oxygen, which has a destructive effect on intracellular structures [4].
PDT is a relatively new trend in the treatment of purulent wounds; by now, sufficient clinical experience
has been gained in using this technology, which is reflected in many papers [5, 15]. The launch of a
photodynamic reaction is possible in the presence of a special chemical - a photosensitizer and light. The
main active substrate is the photosensitizer, the latter is absorbed by the target cell, the inactive photo-
sensitizer is inert and has no effect [6]. Absorbed quantum of light of a certain wavelength can lead to the
activation of a substance molecule [5, 18]. The light source must have the necessary power, which will
allow to deliver the radiation energy to the target cell and the molecular oxygen present in it, which is in a
stable state and is characterized by the lowest level of molecular energy [5, 22]. Under the action of a
photosensitizer in the presence of light, the oxygen molecule passes into a singlet form, which has a high
chemical activity, with subsequent damage to the cell structures. Damage to biological structures, necrotic
and apoptotic changes are the result of the launch of free radical reactions. The oxidation of biologically
important molecules under the influence of visible light in the presence of molecular oxygen and a
photosensitizer is called the photodynamic effect [5].

Currently, PDT is actively used in many countries and has such advantages as low invasiveness,
selectivity of effects on the pathological focus, the ability to repeat courses of PDT, low systemic toxicity.
[7-10]. The method has advantages over antimicrobial treatment, since the effectiveness of PDT is not
related to the spectrum of sensitivity of microorganisms to antibiotics, it is successful even in the treat-
ment of antibiotic-resistant strains of Staphylococcus aureus, Escherichia coli and other microorganisms
that do not develop resistance to PDT, unlike exposure to antibiotics. Tissue damage in PDT is local, the
bactericidal effect is limited to the area of laser irradiation of photosensitized tissue, thus avoiding the side
effect that occurs when using antibacterial drugs for the treatment of surgical infection with local PDT.
The method has found widespread clinical application in oncology, due to the selective accumulation of
the photosensitizer in tumor tissue. Activation of the drug occurs when a local light exposure to the wave-
length corresponding to the maximum absorption, leading to the generation of singlet oxygen, which leads
to damage to the intracellular structures of the tumor cell [12, 14, 17, 20].

Nowadays PDT has found extensive use in many fields of medicine, the method is used to treat
tumors of the skin, breast, lungs, bladder, infectious diseases, certain diseases of the skin and eyes, ENT
organs, oral cavity. The effectiveness of such treatment is high with minimal load on the body [11, 13,
22, 23].

To date, there are more than 400 substances that have a photosensitizing effect. Derivatives of hema-
toporphyrin, chlorine, 5-aminolevulenic acid, phthalocyanine are most common in the manufacture of
medical drugs [16, 18, 19, 26].

The use of photochemical reaction energy for treatment has been known for over 6000 years, when
light-sensitive substances of some plants were used to treat skin diseases, in particular, for the treatment
of vitiligo, a powder of dried parsley leaves, St. John's wort, parsnip was used, which was applied to
depigmented areas of the skin and insolated with sunlight before the appearance of pigmentation by the
type of tan [5, 21]. For the treatment of the same pathology, Ammimajus plant powder (large Ammi or
Chinese cumin) was later used, the phototherapeutic effect was due to the content of photocoumarins,
which have a pronounced phototherapeutic effect, and in the twentieth century, Ammimajus was used to
synthesize the medical drug Ammifurin, used to treat vitiligo, psoriasis, lichen planus, neurodermatitis
[18,21].

0. Raab discovered the photochemical oxygen-dependent reaction for the first time in 1897. As a
student at the University of Munich Pharmacological Institute, he studied the effects of dyes on para-
mecium microorganisms (Paramecium) [21, 28, 32, 33]. He noticed that these microorganisms that are in
a solution of acridine orange die when they hit the light, but when they are in the dark they can move
freely [21, 26, 28]. Further studies conducted under the guidance of Professor H. Tappeiner suggested that
fluorescent substrates like acridine dye transform light energy into an active chemical reaction that leads

— §f —



ISSN 2224-5308 Series of biological and medical. 4. 2019

to the death of microorganisms [21, 29, 31]. Based on the results of a study by H. Tappeiner and X.
Jesionek, in 1903, the first PDT session was performed for a patient with skin cancer, using eosin as a
photosensitizer [34]. In 1905, they described the results of treatment of 6 patients with basal cell
carcinoma of the face skin by local application of 1% eosin solution and prolonged exposure to sunlight or
artificial radiation of an arc lamp [21, 30]. They managed to achieve complete resorption of foci in 4 pa-
tients with a duration of 1 year without a recurrent period. At the same time, H.Tappeiner and A. JodlI-
bauer coined the term “photodynamic action” [35]. In 1908 W.H. Hausmann makes a report on the photo-
toxicity of hematoporphyrin and concludes that hematoporphyrin is an active sensitizer for paramecium
and red blood cells [36].

For the first time in 1912 F. Meyer-Betz experimentally demonstrated the effect of hematoporphyrin
on the human body on itself [37]. After intravenous administration of 0.2 g of hematoporphyrin, solar
photosensitivity is observed, manifested as edema and hyperpigmentation, lasting up to 2 months [21, 37].

The development of photodynamic therapy was promoted by the discovery of a new photosensitizer,
hematoporphyrin, which showed higher efficiency compared to previous analogues. After some time, a
derivative of hematoporphyrin (HGP, Hematoporpherinederivate - HpD) was synthesized, which turned
out to be 2 times more effective than the original compound, but its toxicity declined higher [5, 38]. This
drug was obtained by S. Schwartz by acting hematoporphyrin with concentrated solutions of sulfuric and
acetic acids, HpD was used in the USA in 1960 for the diagnosis of neoplastic diseases [39].

The use of lasers in medical practice contributed to the further development of the method (the first
half of the 1960s), since the laser was monochromatic, using the most optimal wavelength for a particular
photosensitizer, leading to a higher intensity of the photochemical reaction [26], it also became possible to
transfer the light flux through fiber-optic systems with targeted impact on the organs and tissues of the
body containing a photosensitizer, which certainly led to the intensive use of the method in various fields
of clinical practice [5, 26].

In PDT with photosensitizers of the first generation, positive results were obtained in the treatment of
patients with purulent wounds, acceleration of wound cleansing from purulent necrotic detritus, stimu-
lation of tissue regeneration processes was noted. At the same time, the use of photochemical preparations
of the first generation was also marked by significant shortcomings, such as a long half-life from the
body, often enough allergic reactions and a significant increase in the photosensitivity of the whole body
for a long period of time [23].

The drug Photofrin II is used most often today, it is called the “workhorse” of PDT [21], cumulated
in all tissues and organs of the reticuloendothelial system [16]. The longer delay of Photoftin II is noted in
the tumor tissue, however, the prolonged delay in the skin cells (even at minimum concentration) of the
photosensitizer dictates the need to limit the light regimen by patients for 4-6 weeks, to prevent skin burn
like sunburn [5, 10, 21]. In Russia, the analogue of Photofrin II is a drug Photogem, synthesized under the
guidance of Professor A.F. Mironov in 1990. Photohem is fluorescent in the red region of the spectrum,
which also allows it to be used to verify the tumor process of determining its boundaries [5, 7, 21].

In the mid-1990s, clinical trials of a second-generation photosensitizer, Photosens, began in Russia.
The drug has an intense absorption band in the red region of the spectrum 665-675 nm. High photo-
chemical activity in the red region of the spectrum, higher transparency of the tissue for laser radiation,
which allows to affect deeper tissues are the advantages of second-generation photosensitizers over the
first, since the main limitation of the PDT method is the depth of penetration of laser radiation into the
tissue [5, 21]. From the point of view of the methodology, the development of algorithms for the indi-
vidual selection of parameters of light exposure in PDT seems promising. For example, of great interest is
the possibility of selecting the density and dose rate of laser irradiation based on the data of fluorescent
diagnostics [40].

The parameters to which the optimal photosensitizer must correspond, including biological, pho-
tophysical and chemical-technological criteria, were determined as a result of years of research. They are
low toxicity, high elimination, high absorption in the spectral range, high selectivity of drug absorption
by tumor cells [5, 7, 20]. The creation and introduction of photosensitizers with the ability to accumulate
at a high rate in the tumor tissue and to quickly decay is of particular interest [5, 24]. One of the most
significant factors limiting the possibilities of the method is the depth of penetration of the laser flux
[5,7].
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Contraindications to laser PDT are the presence of malignant neoplasms, decompensation of cardio-
vascular activity, acute impairment of the cerebral circulation, hepatic and renal failure [41].

In the study of professors A.V. Geinitz, P.I. Tolstykh, V.A. Derbenyov et al. demonstrate a positive
clinical effect of PDT in 80 patients with purulent wounds of soft tissues, the majority of patients were
operated on with phlegmon and abscesses of various localization. The application of gel "Photoditazine"
0.1% on the wound was carried out, the exposure of the drug on the wound was not less than 2 hours.
When exposed to PDT, researchers recorded an acceleration in the rate of wound cleansing from necrotic
masses (within 2-3 days), allergic reaction to the photosensitizer was not registered. Evaluation of the
results of treatment of patients with nonhealing wounds shows faster cleansing of the wound from nec-
rotic masses, early appearance of granulation and marginal epithelization in patients of the main group,
which was carried out photodynamic therapy, a decrease in the microbial contamination of wounds was
recorded, this is due to the high level of accumulation of exogenous photosensitizer by microbial cells,
and their own cells located in the area of the wound defect accumulate photosensitizer in a much smaller
volume compared to bacteria. When studying local microcirculation, a decrease in edema in the area of a
nonhealing wound, improvement of blood flow in the capillary bed, formation of a microcirculatory
network, reduction of vascular resistance were noted. The expressed bactericidal effect of PDT on the
basis of cytological data, rapid wound cleansing (3-5 days for the first or second session of photoche-
motherapy) was shown. Activation of the macrophage reaction leads to the stimulation of the wound
process. After 1-2 weeks, the number of macrophages in the tissue increases significantly, mature mac-
rophages with active phagocytic function prevail. In the main group, a more rapid transition of the wound
process from the inflammatory to the reparative phase, maturation by the end of the second week of full-
fledged granulation tissue, the transformation of the latter by the end of the third week into fibro-cica-
tricial, epidermis regeneration takes place, the wound size decreases due to epithelialization and contrac-
tion of the scar tissue. PDT in the treatment of nonhealing wounds contributes to the acceleration of the
torpid wound process consistently leading to a reduction in the time of all phases of wound or ulcer
healing. The method developed by the authors showed high efficacy compared with traditional treatment,
allows to reduce the time of epithelialization of the wound 1.7 times while providing a good functional
and cosmetic effect [25].

The advantages of antibacterial PDT include the same efficacy in acute and chronic infection, the
method is also effective against bacteria, protozoa, fungi and viruses, photosensitizer does not have toxic
and mutagenic effects; PDT does not depend on the spectrum of sensitivity of microorganisms to anti-
biotics; PDT's bactericidal effect is local, limited to the laser irradiation zone of sensitized tissues, which
avoids microflora damage typical for antibiotics in areas not subject to irradiation, the possibility of
repeated courses of treatment and combination in one diagnostic and treatment procedure [26, 27]. An
additional advantage of PDT is its relative painlessness and the possibility of repetition in an outpatient
basis.

As for the efficacy of PDT in patients with purulent-necrotic wounds, V.S. Panteleev in his study
[42], demonstrated the effectiveness of skin graft engraftment by photodynamic effect “Photoditazine” in
combination with laser antibiotic therapy. The authors provide information that as a result of the
treatment, namely: patients with purulent necrotic wounds in the first study group, the removal of necrotic
masses were removed using a low-frequency ultrasonic cavitator "SONOCA — 180" (Germany). In the
second main group necrectomy was performed using carbon dioxide surgical laser "Lancet" (Russia), the
third group was the control group. After the necrectomy stage, all patients of both main groups were
subjected to a photodynamic effect with the second generation of photosensitizer “Photoditazine” in the
form of 0.5% penetrator gel at the rate of 1 ml of gel per 45 cm” of the irradiated surface. After 2 hours
from the moment of applying the FS, laser irradiation of the wound was performed using the Atkus-2
laser apparatus (Russia) in continuous mode with a power density of 1 W/cm® and a wavelength of
661 nm. In both major groups, antibiotics were activated by intravenous laser irradiation of blood (ILBL).
As a result of the technique, the authors managed to reduce the time of preparing the wound surface for
autodermoplasty by an average of 3 days, reduce antibiotic therapy by 1.3 times, and improve the
effectiveness of skin graft engraftment by 24%.

Prof. Tolstykh P. L., Derbenev V. A. et al. [43] demonstrate the results of treatment of 129 patients
with purulent wounds of different localization on the background of the use of a photosensitizer of the
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chlorin series (photoditazine) in patients of the main group, the reduction of the time required for
cleansing wounds and the earlier beginning of epithelialization in patients of the main group was shown
on the background of a more rapid decrease in bacterial contamination of the wound. A morphological
study proved more rapid relief of inflammation, reduction of microcirculatory disorders, increased
phagocytic activity of neutrophils, accelerated maturation of granulation tissue during photodynamic
therapy, and an elastic scar was formed in the main group of patients in a shorter time.

As a result of the research, the list of diseases, including surgical profile, for the treatment of which
photodynamic therapy can be used, is constantly expanding. The possibilities of using this method are
constantly expanding and photodynamic therapy is an alternative to the already existing methods and
approaches in the treatment of purulent surgical diseases.

B. Beﬂﬁepmll, H. H.[ana3ap0131’2 , P. Paxumikanosa’,
P. AXMeT3aKI/Ip0B2, . Typ)RaHOBa2

'Kazakcran Pecmry6nukacst [pesnnenti Ic backapmacsl MeaummHaNbIK OpTaIbIFBIHBIH aypyXaHachl,
Acrana, Kazakcras,
?Acrana Menmnuna yansepenteri KeAK, Acrana, Kasakcran

IPIHAI ZKAPAMEH ITAIIMEHTTEPAI EMJIEY KE3IHJEI'T
OOTOANHAMMUKAJIBIK TEPAIIUA

Annotanus. Ka3ipri yakpITTa %aHa MEAMIHUHAIBIK TEXHOJIOTUS — (POTOMMHAMUKAIBIK TEPANus KINMHUKAIBIK
MpaKTUKara OCIICEHI TYpHAEe JaMBII, CHTI3LTyAe. OMic KONTereH OHONOTHAIBIK OO0BbeKTinepaiH (icik, MHKPOOTHIK
JKacyIrajgap) XUMHSIIBIK 3aTTapabl — (POTOCEHCHOMIM3AaTOPIapAbl KyMyIH3ausiay KabiieTiHe Heri3aeNreH, Coaan
KEeHiH oJlap KyH coyJieciHe, COH/Iaii-aK TOJKBIHHBIH OeNrisli 0ip Y3bIH/BIFBIHBIH JIA3EPIIiK coyJIeeHyiHe ce3iMrai 0o-
nmanpl. PoToceHCMOMNMHM3aTOp CIHAIPUITeH JKacylmaigapaa OHONOTHSIBIK JKyHenepre AEeCTPYKTHBTI ocep €TeTiH
OTTETiHIH CHHIJIETTI (hopMaslapbIHBIH TeHEepanuschMeH Oipre (GpOTOXMMUSIIBIK mporecc icke Kocwutansl. Lllomyna
Ja3epilik MeJULUUHAHBIH Oip OarbIThl OOJBINT TAOBUIATHIH KAPBIKTHI XKOHE XMUMUSIIBIK KOCBLIBICTAPBI — (POTOCEHCH-
OmTu3aTOpIApP/Ibl KEIICHI KOJJaHyFa Heri3aereH (OTOMMHAMUKAIIBIK TEPAUSHBI KOJIaHy Mocesesepi OONbIHIIA
manimertep Oepinren. ®JAT-HbIH Ka3ipri MyMKIHIIKTEPiH IIONYIBIH ©3EKTLIIr ipiHAi *Kapajapabl eMJIeyAe OChI
OMICTI KONJaHyFa XUPYpPr MaMaHAAP.IbIH YIKSH KBI3BIFYIIBUIBIFBIH TYIBIPABL. Makanaia eMHIH OCHI 9fICiH 93ipiey
Typasbl KbICKAIIa TAPUXU OH YKAFBIHAA KEITIPUITCH, OHBIH OPEKET €Ty MPUHIMITEPI MECH MEXaHU3MIEpi KOpPCETil-
reH. XUpyprusuiblK ToxKipuOeae (oToArnHAMUKAIBIK TEPAUsHBI KOJIIaHy MYMKIHIIKTEpl TangaHa sl [piHai-HeKpo3-
JITBI JKapaiapsl eMIey YIIiH 9IICTi 0J1aH 9pi 93ipIieyiH MepCIeKTUBACH HEeTi3eNe .

Tyiiin ce3aep: masepiik MeIuIHHA, (HOTOAMHAMHUKAIBIK Tepamnus, (oToCeHCHOMIN3aTop, GOTOTMHAMUKAIBIK
Tepamus, ipiHmi kapa.

B. BenﬁeanI,H. IHaHa:mp()Bl’2 , P. PangmaHOBaz,
P. Axmer3akupos’, JI. Typ:xanosa’

'BonpHuia MeHIMHECKOro 1eHTpa Ypapienus nenamu Ipesunenta Pecry6uku Kasaxcran,
Acrana, Kazaxcras,
HAO «MenuuuHckui yHUBepcuTeT ActaHa», Acrana, Kazaxcran

OOTOAUHAMMUNYECKAS TEPAIIUA
MPU JJEYEHUU MAIIMEHTOB C THOMHBIMU PAHAMM

AHHOTanMsl. B Hamy 1HW aKTHBHO Pa3BHBACTCS U BHEAPSIETCS B KIMHUYECKYIO PAKTHKY OTHOCHTEIBHO HO-
Bas MEIMIMHCKASI TEXHOJIOTHUS — (hOTOMMHAMHYECKAs Teparis. MeTox OCHOBaH Ha CIIOCOOHOCTH MHOTHX OHOJIOTH-
YeCKUX 0OBEKTOB (OIMyXOJIeBbIe, MUKPOOHBIC KIIETKH) KyMYJIHPOBATh XHUMHUYECKHE BemiecTBa — (HOTOCEHCHOMITN3a-
TOPBI, TIOCJIE YETO OHU CTAHOBATCS UYBCTBUTEIBHBIMU K COJIHEUHOMY CBETY, & TAKXeE JIA3€pHOMY H3JIyUYEHUIO OIpe-
JIenéHHOW JUIMHBI BOJIHBI. B KileTkax, kotopbie abcopOupoBaiu (oroceHcHOMIM3aTop 3amyckaercs (OTOXHMH-
YECKHd MpoLece ¢ TeHepalyeld CHHIIETHBIX (OpM KHCIOpOHa, KOTOPBI oflanaeT ASCTPYKTUBHBIM BIHSHHEM Ha
Ouosornyeckue cucteMsl. B 0030pe mpencraBieHsl CBEACHHUS 10 BOIPOCaM NPHUMEHEHUST (POTOANHAMHIECKOI Tepa-
MMM, OCHOBAaHHOM HAa KOMIUIEKCHOM MPUMEHEHHH CBETa W XMMHUYECKUX COCNUHEHUH — (HOTOCCHCHOMIN3ATOPOB,
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SIBIISTIOIIIMMCST OHUM W3 HAIPaBICHUH JIa3epHON MEIUIUHBL. AKTyallbHOCTh 0030pa CYIIECTBYIOIINX BO3ZMOKHOCTEH
@O/IT obycnosneHa OONBIINM MHTEPECOM CHENNATNUCTOB-XUPYPTOB K MPUMEHEHUIO TAHHOTO METOJA MPH JICUCHUH
THOMHBIX paH. B crarbe mpuBeneHa KpaTkasi HCTOPHYECKas CIIpaBa O pa3paboTKe JaHHOTO CIOoco0a JICYeHus], OCBe-
II€Hbl IPUHIUIBI 1 MEXaHU3MBI €r0 ACHCTBHSA. AHAIM3HPYIOTCS BO3MOKHOCTH NpPUMEHEHHs (OTOXMHAMHUYECKOH
Tepanuu B XUPyprudeckoi mpaxtuke. OOOCHOBBIBACTCS MEPCIEKTUBHOCTD JAlbHEHIICH pa3pabOTKH MeTona s
JIeYEeHNUsI THOMHO-HEKPOTHYECKUX PaH.

KoaioueBble ciioBa: jasepHas MeAuluHa, GoTogrHaMu4eckas Tepanus, GoToceHCHOMII3aTop, HOTONNHAMHU-
4yecKas Tepanus, THOMHasl paHa.
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INTRACORPOREAL RESECTION OF THE KIDNEY
IN COLD ISCHEMIA WITH REGIONAL PERFUSION

Abstract. Renal cell carcinoma (RCC) is one of the most important problems of oncourology, due to the an-
nually increasing morbidity and high mortality rate. According to the cancer registry, the incidence of renal cell
cancer in the Republic of Kazakhstan (RK) occupies 12-13 rank places in the frequency of occurrence among all
oncopathologies, on average, equally often affecting both sexes.

Keywords: carcinoma, oncourology, renal, cell.

Renal cell carcinoma (RCC) is one of the most important problems of oncourology, due to the
annually increasing morbidity and high mortality rate. According to the cancer registry, the incidence of
renal cell cancer in the Republic of Kazakhstan (RK) occupies 12-13 rank places in the frequency of
occurrence among all oncopathologies, on average, equally often affecting both sexes [1]. Among the
malignant neoplasms of the genitourinary system in the RK, RCC ranks 2nd after prostate cancer [1]. As
is known, the main method of treatment of RCC is surgical and until recently the standard of treatment
was radical nephrectomy. However, in recent years, with the improvement of diagnosis, early stages of
kidney cancer have begun to be detected and the advantage of organ-preserving methods of treatment has
been proved. According to the latest protocols of diagnosis and treatment of RCC, tumors of category Tla
(up to 4 cm) are subject to partial nephrectomy (ie, resection of the kidney), and in tumors of category
T1b (4 to 7 cm) - should be an individual approach based on the experience of the surgeon, the possi-
bilities of the clinic and localization of the process in the kidney. This, as a rule, refers to the choice of
resection methods for elective (electoral) indications. Quite a difficult situation arises with relative, and
even more difficult with absolute indications, when it is necessary to decide on the feasibility and techni-
cally possible implementation of organ-sparing intervention in patients with cancer of the only / only
functioning kidney with a large or centrally located formation, or with multifocal tumor growth. Current-
ly, in this group of patients, the treatment strategy is reduced to nephrectomy with the introduction of the
patient into the renoprival state with subsequent hemodialysis, or extracorporeal resection of the kidney
with its subsequent autotransplantation. And if nephrectomy followed by hemodialysis dramatically
worsens the quality of life of patients, extracorporeal resection of the kidney has many disadvantages and
is accompanied by a large number of complications (risk of damage to the renal vessels, the risk of rejec-
tion of autograft, volemic, metabolic and hypothermic complications). As can be seen from the above, this
category of patients is extremely difficult, both in the choice of treatment tactics and subsequent
management and requires hemodialysis machines or other methods of detoxification. All of the above
requires careful selection of patients and the choice of optimal treatment tactics, the search for alternative
therapies.

The aim of the study was to improve the results of organ-preserving treatment of the only / only
functioning kidney.

Material and methods. This method of surgical treatment was used in 4 patients with cancer of the
only or only functioning kidney: in 2 cases, the right and in 2 cases, the left kidney. After median lapa-
rotomy, complete mobilization of the kidney and infrarenal aorta was performed. After preliminary bolus
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heparinization, renal artery cannulation was performed punctually through the aorta. Blood flow to the
kidney was isolated by clamping an artery over the cannula and renal vein at the confluence of the IVC.
Then there was the regional perfusion of chilled (5-8° C) Custodial saline through a cannula in the renal
artery. To prevent the ingress of this solution into the systemic circulation, the gonadal vein was crossed
on the left, the lumen of the renal vein was opened on the right, through which the perfusion fluid was
evacuated and the complete washing of the kidney from the blood to the pure solution was carried out
(picture 1 A and B). Additionally, the kidney was covered with ice outside. Then resection of the kidney
was carried out with the removal of the tumor and followed by suturing the cups, vessels and parenchyma
of the kidney. After the resection was completed, the defect in the venous wall was sutured, the cannula
was removed, the kidney was connected to the systemic blood flow and the defect in the aorta was
sutured.

A B

Picture 1 — a schematic view of kanalirovaniya renal artery (A — left, B —right)
with irrigation of perfusion solution into the kidney and its isolation

Results. The average time of ischemia was 100 minutes (minimum 60 minutes, maximum 117 mi-
nutes). The average volume of blood loss is 345 ml (maximum — 500 ml). The maximum volume of
formation is 10.5 cm. In three cases, a single tumor, in one - two tumors. In no case did not require addi-
tional appointment of extracorporeal detoxification methods. All patients before the operation, the value
of creatinine was not greatly exaggerated, the highest level was in the range of 125 umol/l. In the early
postoperative period, the maximum value was in the range of 230 umol/l, the rise was observed on
2-3 days after surgery. After the restoration of gastrointestinal function, there was a decrease in creatinine
to preoperative levels. In 3 cases, kidney cancer was detected, in one — angiomyolipoma. Among the three
cases of kidney cancer during the follow-up period (2 years), remission was observed in 2 cases, in one —
progression after 6 months with the appearance of liver metastases.

The following figures show a case study. Patient, N. 63 years old, Diagnosis: Carcinoma of the right
kidney, condition after nephrectomy (2012), progression, metastasis to the only remaining left kidney the
size of 9,5x6,0x5,0 cm, sprouting into the sinus of the kidney and the upper group of cups. Resection
of the only remaining left kidney was performed according to the above procedure. The following
pictures show the results of MSCT before surgery, intraoperative view, MSCT results in 2 years after

surgery.
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Picture 2 — Picture 3 —
The results of the MSCT with bolus amplification carried The left kidney is mobilized, the formation located
out before surgery in the upper pole is seen, mainly along the lateral edge

with the transition to the back surface

Picture 4 — Picture 5 —
View of kidney after resection and suturing The final view of the kidney after resection —
of the abdominal system, the sinus of the kidney, blood vessels. the kidney is connected to the systemic circulation

Kidney of "white" color is a result of laundering
it from formed elements

—— |4 ——
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C D

Picture 6 (A,B,C,D)- the result of MSCT of abdominal and retroperitoneal organs
in different scanning planes — without signs of recurrence (2 years after resection)

Discussion. This technique was developed by a team of authors on the basis of the Kazakh Research
Institute of Oncology and Radiology, when we were forced to go for extracorporeal resection of the only
remaining left kidney with a 9 cm tumor growing into the sinus and the upper cup. However, intra-
operatively, we faced certain difficulties and had to change tactics, in addition, the lack of "artificial
kidney" devices in the clinic increased the risk of possible complications. To increase the tolerance of
renal tissue to ischemia, local hypothermia with icing on the kidney, perfusion therapy with cardioplegic
solutions, which is used for extracorporeal resection and sometimes for resection in vivo, can be used.
From the literature it is known that in the latter case, the perfusion of the renal vessels (artery) was perfor-
med by puncture with a syringe needle or opening of the lumen of the artery with subsequent irrigation
solution [2,3]. Our technique was characterized by the fact that we cannulated the renal artery through the
aorta, which is a great advantage due to the fact that the intima is not damaged and does not develop in the
subsequent narrowing of the renal artery. And the second, irrigation is carried out with the necessary
volume and creates sufficient pressure in the vessels and capillaries of the kidney, contributing to ade-
quate washing them from the blood elements. It turned out that a similar technique has already been
carried out by colleagues from St. Petersburg, which was published in the journal «Yponoruyeckue
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Begomoctm» (2015, Nel) [4]. This technique was used to treat cancer of the left kidney, but the article
States that in such situations on the right side they performed an autopsy of the renal artery with its
cannulation, which in our opinion is impractical.

Conclusion. Thus, this method of operation has obvious advantages, low risk of postoperative
complications, good results with careful selection of patients and in some situations can serve as an
alternative to extracorporeal resection of the kidney.

H. C. Hypraaues, E. P. BypymkyJaos, H. C. Ten, b. T. Onrap6aeB

Kazak OHKOJIOTHS JKOHE PaJNOJIOTHS FHUIBIMU-3€PTTEY HHCTUTYThI, OHKOYPOJIOTHSI OPTaJIbIFbI;
«Almaty SEMA Hospital» MenuiuHanbk opTanbirsl, AnMarsl, Kazakcran

PETMOHAPJIBIK TEP®Y3USChl MEH BYHPEKTIH CYBIK HIIEMUAS KE3IH/IET'T
HNHTPAKOPIIOPAJIJBIK PESEKIIUSICHI

Annoranus. byiipex xacymanapsiabie kapuuHomackl (CRP) oHKOIOTHSIHBIH MaHBI3AbI MacenenepiHiy Oipi
Goubin TabbLTaabl, ce0ebi XKbUT CaliblH aypy/blH KeOeroi )koHe eJIIM-XKITIMHIH KeIl 00iybl. OYHPEeKTIK JKacyIIaiblK
KapLUHOMa aypybl aypyZAblH OapibIK IaTOJOTHsUIAphl apachblHAa Haiaa 0oty xwuimiri GobiHma 12-13 Kypaimpl,
OpTa ecemIeH eKi JKbIHBICKA Ja Oipaeit acep etei.

H. C. Hypraaues, E. P. Bypymkyaos, H. C. Ten, b. T. Ourap6aesn

Kazaxckuit HUM Onxonoruu u paanoaoriy, IEHTP OHKOYPOJIOTHH;
Menmnnuncknit neHTp «Almaty SEMA Hospital», Anmarsl, Kasaxcran

HHTPAKOPIIOPAJIBHASI PE3EKIIMSI HOYKH .
B YCJIOBHUSAX X0JI0J0OBOU NHIEMHUU C PETHOHAPHOMU INEP®Y3UEU

Annoranus. [Toueuno-knerounsnii pak (I[IKP) otHocuTcs k omHO¥M W3 Hambojiee BaKHBIX MPOOIEM OHKO-
YPOJIOTHH, B CBSI3U C €KEroJHO BO3pacTarolleil 3a00JIeBaeMOCThIO U BBICOKUM YPOBHEM cMepTHOCTH. [1o JaHHbIM
KaHIep-peructpa 3abomeBaemocts B Pecrmybmmke Kazaxcran (PK) mouednHo-kiIeTOYHBIM pakoM 3aHHMaer 12-
13 paHroBbie MecTa 10 4aCTOTE BCTPEUAEMOCTH CPE/M BCEX OHKOIMATOJIOTHIL, B CPEAHEM OAMHAKOBO YacTO MOpaxast
o0a rona.
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DOUBLE-STRANDED DNA VIROME OF THE SMALL ARAL SEA

Abstract. The study of environmental biodiversity is the most important direction of research in biological
disciplines. Particularly relevant is the study of degrading ecosystems, because this may indicate the direction in
restoring the equilibrium in the ecosystem. The taxonomic diversity of double-stranded DNA (dsDNA) virome in the
Small Aral Sea is dealt with the article. The choice of the research object is primarily due to the fact that dsDNA
virome is the most numerous component of any ecosystem. Virome of the research sample was studied by multiple
parallel sequencing method. As a result of the sequencing data processing, 43009 viral sequences were obtained. A
comparative study of viral sequences showed that most viruses possess with dSDNA genome. It was found that
among dsDNA virome both autochthonous and allochthonous viruses are present. The most numerous were
autochthonous viruses that infect organisms of three evolutionary domains and belong to the Caudovirales order and
nucleocytoplasmic viruses of the Iridoviridae, Mimiviridae and Phycodnaviridae families. Despite the small number
(3%), among the allochthonous viruses, strains of 13 different families that can cause infections in humans and
animals were detected, which indicates an anthropogenic impact on the Aral Sea. Studies show a large genotypic
diversity of the Aral Sea viruses, and emphasize the need for more comprehensive analysis of those viruses that
occur in one of the world's largest saline water ecosystems.

Key words: the Aral Sea, virome, bacteriophages.

Introduction. For the first time, aquatic viruses were recognized as pathogens of fish diseases such
as pancreatic infection, necrosis and Oregon sockeye disease in the early 60s of the 20th century [1].
Since then, it has been proven that viruses affect absolutely all representatives of marine life from bacteria
to protozoa, mollusks, crustaceans, fish and mammals [2]. Since the early 1990s, aquatic viruses have
begun to be perceived not only as plant and animal pathogens, but also as one of the key factors in
regulating interspecific interactions in ecosystems and the circulation of nutrients.

Viruses have a significant impact on the species and numerical composition of the main producers
and decomposers of pyramid of numbers. Since Karl-Heinz Moebus’ pioneering work on bacteriophages
isolating from the waters of the North Atlantic [3, 4], research in marine viruses has developed into sig-
nificant and independent direction of marine biology. Increasing interest in aquatic viruses is caused by an
understanding of their key role in the balance and functioning of marine and freshwater ecosystems [5-7].
The invention of new methods and their technical improvement in detection and enumeration of marine
viruses contributed to more detailed studies of their numbers and diversity [8]. It was found that viruses
are the most abundant biological entities in the oceanic and marine environment [9]; reaching up to 10° vi-
ral particles in ml. Studies of aquatic viruses have become widespread, viruses of coral reefs [10], bottom
sediments [11, 12], deep-sea biosphere [13], freshwater bodies [14] and others have been identified and
studied. It has been proven that viruses are integrated inhabitants of all aquatic environments. Studies of
recent decades confirm the key role of viruses in the regulation bacterial and algal mortality, in direction
of their evolution, which in turn proves the indirect effect of viruses on both biogeocenosis and global
biochemical cycles of oceans. The use of modern tools of molecular biology and next generation
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sequencing in research of viruses and the genetic mechanisms of virus-host interaction has opened-up a
huge amount of metagenomic data that showed a significant variety of aquatic viruses. Virome of aquatic
ecosystems is considered the largest pool of unexplored genetic diversity on the globe, about 93% of the
sequences not represented in the public databases [15]. Recently conducted metagenomic studies of
43 ocean sites identified 5,500 populations of only double-stranded DNA viruses [16]. Studies have
shown that Flaviani et al found 254 unique viral phylotypes in a 250 ml sample of ocean water, even at
very small scale, viral diversity can be significantly high, which confirms the difference between viruses
in the world's oceans [17].

Of particular interest are studies of viral diversity in reservoirs with high salt content, one of which is
the Aral Sea. In such environments, the distribution of viruses occurs along the gradient of salinity, and
when the salinity level of the reservoir is above 20%, the level of the bacterial flora decreases rapidly. In
this case, the number of heterotrophic nanoflagellates and infusorians decreases by approximately 25%, as
a result the role of bacteriophages in the control of the number and species diversity of halophilic
microbial communities increases frequently [18].

The aim of our research is to study the biodiversity of bacteriophages in the ecologically adverse
region of the Aral Sea, which is the extreme salinity as soil and water. In our work, a metagenomic study
of viral communities from the Bolshoi Saryshyganak Bay of the Small Aral Sea was conducted. The
choice of location was due to a sharp increase the salinity of the region, which led to decrease the lake
biodiversity. Critical morphological changes and progressive salinization have led to a profound change in
the biological system of the sea. There has been a replacement of freshwater and brackish-water biological
communities by broadly euryhaline species of marine and freshwater origin [19]. This makes it necessary
to expand the research of the virome of the Small Aral Sea water basin, which is of interest from a
theoretical and practical view.

Materials and methods. Virus containing water samples collecting. Water samples (10 liters) were
collected into sterile containers. Samples were collected from surface of the Small Aral Sea at 1 week
interval during the June 2018. The coordinates of the sampling point are 46 © 37'22.6 "N 61 © 2825.6" E

(figure 1).

Figure 1 — Place of the sampling point

Concentration of virus-containing samples. The seawater samples (300 L) were immediately filtered
using a 300mm diameter cellulose membrane with a 3um pore size and then filtered through a 0.22pm
membrane, to remove the large organisms, such as zooplankton, phytoplankton, and bacteria. Next, the
filtrate was concentrated to a volume of 500 ml using a tangential flow filtration (Vivaflow 200, Sartorius,
with a total surface area 200 cm® of polyethersulfone membrane). To precipitate the virus particles,
the concentrate was centrifuged using Beckman Coulter ultracentrifuge, Avanti J30I, at a speed of
29,000 rpm.
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Isolation of nucleic acids. Nucleic acid was isolated from the obtained samples using the
PureLinkViral DNA / RNA Mini extraction kit (“Invitrogen”, USA) according to the manufacturer’s pro-
tocol. A fluorescent dye specifically binding to a specific type of nucleic acid (double-stranded DNA,
single-stranded DNA, RNA) was used to measure the concentration of nucleic acids. Quantitative measu-
rements were performed using a Qubit dsDNA HS kit (High Sensitivity, Invitrogen, USA) according to
the instructions for a Qubit 3.0 fluorimeter.

Virome libraries construction and sequencing. DNA libraries were designed using the Nextera XT
DNA Sample Preparation Kit (Ilumina, USA) according to the manufacturer's protocol, which included
the following steps: enzymatic DNA fragmentation, ligation of sequence adapters, pre-amplification of
the library, selection of fractions of the desired length, clonal amplification of the selected library.

The amplified libraries were purifed with AMPure XP beads, the library’s insert size was verified by
Agilent 2100 Bioanalyzer and quantified using real-time PCR. Sequencing was performed on the MiSeq
"Illumina" using the Kit v3 kit (300bp, paired-end read).

Metagenomic analyses. Sequencing data was analyzed using the Kaiju software, which allows for
sensitive taxonomic classification of high-throughput sequencing of metagenomic or metatranscriptome
samples [20].

Results and discussion. The multiple parallel sequencing of the genomic library isolated from the
sample allowed to obtain a database of paired-end reads, each of which contained about 300 nucleotides.
After bioinformatic processing of sequencing data, a database consisting of 658378 sequences belonging
to three cellular domains and viruses was obtained. So, 75% of the sequences belonged to bacteria, 16%
belonged to eukaryotes, and only 1% belonged to archaea. Viral sequences in investigated sample were
identified in the amount of 7% (43009) (figure 2).

Unassigned; 0,94%

Viruses; 6,53% Archaea; 1,23%

Eukaryota; 15,94%__— “

Figure 2 — The ratio of the number of sequences of the main domains

Bacteria; 75,35%

Of the 43009 viral sequences, viruses with different types of nucleic acid were identified, of which
65% were non-cultured phages and 26% were viruses with dsDNA genome (figure 3).

A comparative study of viral sequences and their belonging to host organisms showed that the
dsDNA virome contains viruses of three large evolutionary domains: archaea, bacteria and eukaryotes,
and consist of 3 orders, 19 families and a group of unclassified viruses (figure 4).

The dominant group of dsDNA virome were autochthonous prokaryotic viruses of the Caudovirales
order (76%), as well as families of large nucleocytoplasmic DNA viruses, such as Phycodnaviridae
(4.79%) and Mimiviridae (1.17%). Despite the apparently small number of viruses among the allochtho-
nous viruses, 13 different families that can cause human and animal infections were detected, 2.5% of
them were represented by the Herpesvirales order, Iridoviridae sequences were identified in the amount
of 1%. Also there were sequences of unclassified dsDNA viruses in the amount of 11% in investigated
sample (figure 4A) The remaining families capable of causing infections of humans, animals and plants
were present in the water sample in an amount less than 1% (figure 4B).
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Figure 3 — The number of viral sequences with different types of nucleic acid
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Figure 4 — Taxonomic composition of dSDNA virome

— 20 ——




ISSN 2224-5308 Series of biological and medical. 4. 2019

Among dsDNA viruses, tailed bacteriophages of the Caudovirales order, which contains the
Mpyoviridae, Siphoviridae and Podoviridae families, were the dominant group (76%) in the surface waters
of the Aral Sea. This result is similar to the findings of other marine viral metagenomic studies, such as
Monterey Bay (65%), the Indian Ocean (95.3%), the Baltic Sea and the Antarctic Peninsula region of the
Southern Ocean (~80%) in which these phages were numerically the dominant group [21-24]. Caudo-
virales were reported to infect a wide range of microbial hosts, including Proteobacteria and Bacte-
roidetes, which are dominant bacterial phyla in marine environments and therefore bacterial viruses (Cau-
dovirales bacteriophages) are the most numerous in dsDNA virome in surface sample of the Small Aral
Sea.

The percentage distribution of Caudovirales viruses in the studied sample was as follows: the Podo-
viridae family around 32.41%, Siphoviridae family around 25.38%, Myoviridae family 33.75% (figure 5).
9% were viruses not classified to the dsDNA family.

unclassified
Caudovirales; 8,46 %

Myoviridae; 33,75 %

Siphoviridae; 25,38 % __

Podoviridae; 32,41 %

Figure 5 — Correlation of viral families of the Caudovirales order

Nucleocytoplasmic DNA viruses were represented by Phycodnaviridae and Mimiviridae families.

Representatives of the Phycodnaviridae family that infect eukaryotic algae include the following
virus genera: Chlorovirus, Coccolithovirus, Phaeovirus, Prasinovirus, Prymnesiovirus, and Raphidovirus
[25]. Phylogenetic relationships between these genera are difficult to establish due to the lack of genetic
data and a small number of characterized viruses in the family, which are less than three for each genus,
except for Chloroviruses.

As a result of bioinformatic processing of sequencing data, the number of the Phycodnaviridae
family representatives was about 5% of the total number of detected dsDNA viruses. In our sample, the
sequences of all 6 genera of this family were identified, the most numerous were Chlorovirus genus
(36.67%), Prasinovirus (32.70%), and representatives of unclassified Phycodnaviridae (25.71%). The
remaining genera of this family were present in an amount of less than 1%: Prymnesiovirus (0.19%),
Phaeovirus (0.57%), Coccolithovirus (3.59), Raphidovirus (0.57%) (figure 6).

In addition, sequences of viruses infecting protozoa and belonging to the Mimiviridae family were
identified. Recently, it was proposed to cluster mimiviruses into two genera: (1) Mimivirus: sub-divided
into three non-taxonomical groups based on polB sequences: Group A (APMV and Mamavirus), Group B
(Moumouvirus), Group C (Megavirus chilensis); and (2) Cafeteriavirus, which is a distant relation of the
family Mimiviridae [26, 27]. In our sample, the Mimiviridae family was represented by Cafeteriavirus
viruses (11.63%), Mimivirus (13.95%) and unclassified Mimiviridae (74.42%) (figure 7).

Unclassified viruses of the Mimiviridae family included representatives such as Megavirus chiliensis,
Moumouvirus, Niemeyer virus and Yellowstone lake mimivirus in our sample.
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Coccolithovirus Phaeovirus

3,59% 0,57% .
! Prymnesiovirus
( 0,19%
Chlorovirus
37%

Raphidovirus
0,57%

unclassified
Phycodnaviridae
26%

Prasinovirus
33%

Note. Data are given in% of the Phycodnaviridae family.

Figure 6 — Diversity of the Phycodnaviridae Family

Cafeteriavirus;
11,63%

Mimivirus;
13,95%

unclassified
Mimiviridae;
74,42%

Note. Data are given in% of the Mimiviridae family.

Figure 7 — Diversity of the Mimiviridae family

In the studied reservoir, allochthonous viruses were represented by 10 families, the most numerous

belonged to the Herpesvirales order and the Iridoviridae family.

Herpesvirales is the order of DNA-containing viruses that cause a variety of diseases not only in
humans and other mammals, but also in birds, reptiles, amphibians, fish. In the studied samples, this order
was included two subfamilies Herpesviridae (93%) and Alloherpesviridae (7%) (figure 8).

Also, as a result of bioinformatics processing of metagenomic data, sequences of Iridoviridae viruses
were identified, representing large icosahedral double-stranded DNA viruses that infect a wide range of

both vertebrates and invertebrates (figure 9).
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6,64%
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Note. Data are given in % of the Herpesvirales order.

Figure 8 — Representatives of the Herpesvirales order
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Note. Data are given in % of the Iridoviridae family.

Figure 8 — Representatives of the [ridoviridae family

It was found that in the investigated samples identified [ridoviridae family consist of Ranavirus
(40%), affecting amphibians; Iridovirus (30%), infecting mainly insects; Lymphocystivirus (15%) and
Megalocytivirus (6%), whose host cells are fish, Chloriridovirus (2%), causing diseases of dipterous
insects. In addition, Scale drop disease virus and Anopheles minimus irodovirus sequences related to
unclassified viruses (7%) were present in the sample.

Conclusion. As a result of the research, the diversity of viral communities in the coastal waters of the
Small Aral Sea was studied. It was shown that the double-stranded DNA virome of the sample contains
viruses of three large evolutionary domains: archaea, bacteria, eukaryotes, and combines 3 orders, 19
families and a group of unclassified DNA viruses. It was also established that the dominant group of
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dsDNA virome were autochthonous prokaryotic viruses of the Caudovirales order (76%), and families of
large nucleocytoplasmic DNA of viruses, such as Phycodnaviridae (4.79%) and Mimiviridae (1.17%).
Among the allochthonous viruses, 13 different viral families were detected, which accounted for
approximately 4% of the total number of dSDNA sequences.

Thus, it was shown that autochthonous bacterial viruses represent the main virome of the sample,
which indicates a rather diverse and developed population of prokaryotes in the Bolshoi Saryshyganak
Bay of the Small Aral Sea. Such a population that has adapted to habitat conditions with a high salt
content is the basis for the stable functioning of the local ecosystem.
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«MuKpOoOHOIOTHS KOHE BUPYCOJIOTHS FRUIBIME OHIIpicTiK opTansirsn JKIIC,
Anmarsl, Kazakcran

KIIII APAJI TEHI3IHIH EKI TI3BEKTI JTHK BUPOMbI

Annotanusi. Kopiiaran opraHblH OHOQTyaHTYPIUIriH 3€pTTey OWOJOTHSUIBIK IISHAEPICTi 3epTTeylepaiH
MaHBI3/1bl OAFBITHI OOJIBIN TA0BUIAABL. Ocipece, TO3FaH IKOXKYHeIepi 3epTTey ©3eKTi O0JIbIN TaOblIa bl, OUTKEHI OyII
9KOKYHEHIH Tere-TeH/ITiH KalIbIHA KeNTipy KOHIH/IEeTi icC-KIMBIT OaFbITBIH KopceTe ananbl. Makanama Apai TeHi-
sirgeri exi Ti36ekti JHK (auIHK) BUpOMHBIH TaKCOHOMISUTBIK, SPTYPIIIITI KapacThIPBIIaNbl. 3epTTey OOBEKTiCiH
tagnay e angeiMer An/IHK BupoMmBI Ke3 KenreH 3KOXYHEHIH eH Kem Kypammac Oeiiri 0onbin TaObuiamel. 3epT-
TENTeH YIATiAETi BUPOM KeTIllle Mapajliesb CeKBEHUpIIEY diciMeH 3epTTenai. CeKBeHHpIIey IepeKTepiH oHAey HOTH-
xeciage 43009 BupycTHI Ti30eKTep anbIHABL. BUPYCTHI Ti30€KTepi CaIbICTRIPMAIIB 3epTTeY KONTEreH BUPYCTAPAbIH
nu/IHK — renoms! 6ap exenin kepcerti. Bupom nu/[HK apaceiana aBTOXTOHABIK KOHE alJIOXTOHMABIK BUpYyCTap 6ap
ekeHi anbIkTanAbl. Ex ken 6onbin Caudovirales sxoue Iridoviridae, Mimivridae xoue Phycodnaviridae Tykpimaacta-
PBIHBIH HYKJIEOLUTOIUIa3MaJIbIK BUPYCTAPbIHA XKAaTaThIH YII ABOJIOLMSIIBIK JTOMEHIEPAiH aF3ajapblH 3aKbIMIalThIH
aBTOXTOHJIbI BUpycTap 0oapl. CaHBIHBIH a3/bIFbIHA KapamacTaH (3%) a/iIoXTOH BHPYCTApBIHBIH apachlHIa ajaM
MEH jKaHyapJiapJIblH HHQEKIUACHH TyIbIpyFa KabuterTi 13 Typii TYKpIMIacTapblH IITaAMMIAPBl JHATHOCTHKA-
JaHmpl, OyJ1 Apaj TeHi3iHe aHTPOIOTEH IIK aCep €TeTiHIH KepceTei. 3epTTeyiep Apajl TeHi3l BUPYCTAphIHBIH YIKEH
TEHOTHIITIK OPTYPJILIIriH KepCceTei,0y1 alleM/Ieri eH KOHE TY3/bl Cy IKOKYHeIepiHiH OipiHae eMip CypeTiH BUPYC-
Tap.Ibl KaH-)KaKThl TAIJay KKETTUTITiHe OKeleTi.

Tyiiin ce3aep: Apai TeHi3i, BUpoM, OakTeprodarrap.

M. C. Anekcwk, A. Il. borosiBnenckuii, Il. I'.Anekciok,
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TOO «Hay4HO-IpON3BOICTBEHHBIN IIEHTP MUKPOOUOJIOT MU U BUPYCOJIOTUI»,
Anmartsl, Kazaxcran

JIBYHEIMOYEYHBIN THK BUPOM MAJIOTO APAJIBCKOI'O MOPS

AnHoTanus. V3ydeHne 6MOpa3HOOOpas3ns OKPYKAFOMIEH Cpepl ABISCTCS BaXKHEHITUM HalpaBICHUEM HCCIIe-
JTIOBaHWH OMONOTHYECKUX AUCIUILTHH. OCOOCHHO aKTyallbHBIM SIBIISIETCS H3YUCHUE NETPaAuPYIOMINX SKOCHCTEM, TaK
KaK 3TO MOXET yKa3aTh HaIpaBJICHHE ICWCTBUI IO BOCCTAHOBJICHHWIO PAaBHOBECHS SKOCHCTEMBI. B crartbe pac-
CMaTpUBaeTcs TaKCOHOMHYecKoe paszHoobOpasme aBynenodeunoro JHK (aun/IHK) Bupoma B Apaibsckom Mope.
Bribop o0bekra mccnenoBaHuii o0ycioBieH B mepByro odepenb Tem, uro An/IHK BupoM mo60H 3KOCHCTEMBI
SIBIIICTCSI CAMON MHOTOUYHMCIICHHON COCTaBIISIOIIEH dKOocHcTeMbl. BrupoM ucciaemyeMoro odpasiia u3ydaid METOI0M
MHOKECTBEHHOI'O IMapauIe]IbHOTO CEKBEHHPOBaHUsA. B pesynbraTe OOpaOOTKH IaHHBIX CEKBEHHUPOBAHHUS OBLIO
nosydaeno 43 009 BupycHbIX nocienoBarenbHocTeld. CpaBHUTEIBHOE U3YYEHHUE BUPYCHBIX MOCIEI0BATENILHOCTEH
MoKa3alio, 4yTo 0ONBIUHCTBO BUpPYycoB obmanaetr mi/JIHK — remomom. Beuto ycranosneno, uto cpequ au/IHK Bu-
pOMa MPUCYTCTBYIOT KaK aBTOXTOHHBIC, TAK U AJULIOXTOHHBIC BUPYChl. CaMBIMH MHOTOYHCICHHBIMHA OBUTH aBTOXTOH-
HBIC BHPYCHI, TIOPAXKAIOIINE OPTaHU3MBI TPEX 3BOJIOIMOHHEBIX JIOMEHOB W MpHHAIeKame K otpsany Caudovirales
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U HYKJICOIUTOIUTA3MAaTHIECCKAM BUpycaM ceMeHcTB [ridoviridae, Mimiviridae n Phycodnaviridae. HecmoTps Ha
Ka)XXyIIYIOCS MaJIOYHCIEHHOCTh, (3%), cpenyu angoXTOHHBIX BHPYCOB IHATHOCTUPOBAHBI IITAMMBI 13 pasiMuHBIX
CEMEHCTB, CIIOCOOHBIX BBHI3BIBATh MH(EKLMH YEJIOBEKA M )KUBOTHBIX, YTO TOBOPHUT 00 aHTPOIIOTCHHOM BIIMSHHH Ha
Apansckoe Mope. MccnenoBaHus MOKa3bIBAlOT OOJBIIOE TEHOTHIIMYECKOE pPa3sHOOOpasue BHPYCOB ApAJILCKOTO
MOp$I, YTO MOJYEPKMBACT HEOOXOAUMOCTh BCECTOPOHHETO aHAJM3a TeX BHUPYCOB, KOTOpbIe OOMTAlOT B OJHOH U3
JPEBHEHIINX B MUPE COJICHBIX BOAHBIX 3KOCHUCTEM.

KiroueBble ci10Ba: Apaibckoe MOpe, BUPOM, OakTeprodaru.
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FEATURES OF THE BINDING OF miR-1322 WITH mRNAs
OF GENES ENCODING POLYGLUTAMINE-CONTAINING PROTEINS

Abstract. Many genes encode proteins containing polyglutamine tract, which function is not studied well. It
has been established that polyglutamine expansion causes some diseases. Using the MirTarget program, we found
that nucleotide sequences in the mRNA of ATXNI, ATXN2, ATXN7, KCNN3, MEF2A and POLG genes are miR-
1322 binding sites. This miRNA can bind with the sites in mRNA and suppress genes expression. There are 22, 16,
8, 17, 9 and 9 miR-1322 binding sites in mRNAs of ATXNI, ATXN2, ATXN7, KCNN3, MEF2A4, POLG genes, res-
+pectively. These polysites encode polyglutamine from 10 to 29 amino acid residues in length. Most of the studied
proteins are transcription factors and inhibition of their synthesis can cause neurodegenerative, cardiovascular and
oncological diseases. MiRNA binding sites in mRNAs of orthologues genes indicate the emergence of regulation of
the studied genes expression by miR-1322 many millions of years ago. Animals containing miR-1322 target genes
can serve as experimental models to study the role of polyglutamine in the development of diseases.

Keywords: miR-1322, mRNA, gene, polyglutamine, disease.

Introduction. miRNAs are small non-coding RNAs that are able to regulate gene expression at post
transcription level by binding with mRNAs. The role of miRNAs in different biological processes is
actively being investigated. It has been shown that these molecules can act as intracellular and
intercellular signaling regulators. It has been established that miRNAs bind to mRNAs in 3'-untranslated
regions (3'UTRs), 5'-untranslated regions (5'UTRs) and coding domain sequences (CDSs) [1, 2].
Moreover, some miRNAs have binding sites (BS) in 5'UTRs, CDSs, and 3'UTRs [3]. The efficacy of
miRNA-mediated repression increased with the number of sites [4]. It is assumed that miRNA binding to
mRNA can be significant if the gene contains repeats of site sequences in coding region. Bioinformatics is
actively used to fully understand, manage and analyze biological data [5]. It is possible to predict inter-
actions between miRNAs and mRNAs and their properties by using different programs [6]. It has been
shown that among 17,494 mRNA sequences of human genes miR-1322 has BS in 1,058 genes [7]. Most
of them are located in repeat-rich coding regions of mRNAs. Depending on reading frames these BS
encode polyGlu, polyAla or polySer. The objective of this study is to research the properties of miR-1322
BS in mRNAs of ATXNI, ATXN2, ATXN7, KCNN3, MEF2A and POLG and their orthologues. These
genes are involved in several diseases. Cytosine-adenine-guanine (CAG) repeat expansions in the coding
regions of ATXNI, ATXN2, and ATXN7 are the cause of spinocerebellar ataxias (SCAs) [8]. It has been
shown that KCNN3 may play an important role in the pathogenesis of atrial fibrillation [9]. In other study
the KCNN3 and other small conductance calcium-activated potassium channels are proposed as promising
therapeutic targets for neurodegenerative disorders such as Parkinson's disease [10] It has been shown that
MEF2A4 might be involved in myocardial infarction, neurodegenerative disorders and in hepatocellular
carcinoma development [11, 12]. It has been shown that POLG can play a significant role in Parkinson's
disease and tumor promotion [13, 14]. Studying of regulation mechanisms of these genes expression is a
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promising area for detection and treatment of some neurodegenerative, cardiovascular and oncological
diseases.

Materials and methods. The nucleotide sequences of mRNAs of ATXNI, ATXN2, ATXN7, KCNN3,
MEF2A and POLG human genes (Homo sapience — Hsa) and their orthologous genes (4Acinonyx jubatus —
Aju, Ailuropoda melanoleuca — Ame, Balaenoptera acutorostrata scammoni — Bac, Bos mutus — Bmu, Bos
taurus — Bta, Castor Canadensis — cca, Callithrix jacchus— Cja, Canis familiaris — Cfa, Capra hircus —
Chi, Chlorocebus sabaeus — Csa, Cricetulus griseus — Cgr, Equus caballus — Eca, Felis catus — Fca,
Gorilla gorilla — Ggo, Loxodonta africana — Laf, Lipotes vexillifer — Lve, Macaca fascicularis — Mfa,
Macaca mulatta — Mml, Monodelphis domestica — Mdo, Mus musculus — Mmu, Nannospalax galili — Nga,
Nomascus leucogenys — Nle, Ornithorhynchus anatinus — oan, Oryctolagus cuniculus — Ocu, Ovis aries —
Oar, Pan paniscus — Ppa, Pan troglodytes — Ptr, Pteropus alecto — Pal, Pongo abelii — Pab, Pantholops
hodgsonii — Pho, Rhinopithecus bieti — Rbi, Rhinopithecus roxellana— Rro, Rattus norvegicus — Rno,
Saimiri boliviensis boliviensis — Sbo, Sarcophilus harrisii — sha, Sus scrofa — Ssc) were downloaded from
NCBI GenBank (http://www.ncbi.nlm.nih.gov). Nucleotide sequence of human mature miR-1322 was
downloaded from the miRBase database (http://mir-base.org). The miR-1322 binding sites in CDS region
of mRNAs of ATXNI, ATXN2, ATXN7, KCNN3, MEF2A4, POLG genes were predicted using the MirTar-
get program. This program defines the features of binding: a) the localization of miRNA BS in 5’UTR,
CDS and 3’UTR of mRNAs; b) the free energy of hybridization (AG, kJ/mole); c) schemes of nucleotide
interactions between miRNAs and mRNA. The ratio AG/AGm (%) was determined for each site (AGm
equals the free energy of miRNA binding with its perfect complementary nucleotide sequence). miRNA
BS interacting with mRNAs with AG/AGm ratio of 85% or more were considered. Described BS are
polysites arranged in series. The program determines position of BS beginning from the first nucleotide of
5’UTR mRNA. The MirTarget program also takes into account the hydrogen bonds between adenine (A)
and uracil (U), guanine (G) and cytosine (C), G and U; A and C [3].

Results and discussion. Using MirTarget program, miR-1322 binding polysites in CDS region of
mRNAs of ATXNI, ATXN2, ATXN7, KCNN3, MEF24, POLG genes were detected. mRNAs and
miR-1322 interaction characteristics are given in the table 1. Free energy of hybridization (AG) of miR-
1322 with mRNAs of ATXN1, ATXN2, ATXN7, KCNN3, MEF2A4, POLG genes is within -87+-93 kJ/mole.
Probability of the interaction between mRNA and miRNA is increases with the increase in length of poly-
sites. AG/AGm of miR-1322 binding polysites ranged from 85 to 92%.

Table 1 — Characteristics of miR-1322 polysites in mRNAs of ATXN1, ATXN2, ATXN7, KCNN3, MEF24, POLG genes

G The position of the beginning AG/AGm, Oligopeptides
ene of binding site, nt %
ATXNI 1559 - 1592 (12) 1604 - 1631 (10) 8.4 : Zéé 87.5 Qggggggggggggggg()
ATXN2 657 - 714 (16) 87.5+89.6 QQQQQQQQQAQQAQQQAQQAQQRQQQQQPP
ATXN7 637 - 658 (8) 85.4 +89.6 QQQQQQQQQQPP
KCNN3 401- 425 (7) 87.5+91.7 QQQQRRRRQQQQQPP
512 -539(10) 87.5+91.7 QQQQQQVQQQQQQQP
MEF24 1836 - 1860 (9) 85.4+89.6 GFQQQQQQQQQQQP
POLG 405 - 428 (9) 85.4+ 875 RQQQQQQQQQQQQQPQ

Expansion of a polyglutamine tract within the ATXNI1 causes lethal neurodegenerative disorder
SCA1 [15]. Understanding the normal function of ATXNI is essential to decipher the pathogenesis
mechanisms in SCA1. Normal alleles of ATXNI have a size range of 19-36 repeats, whereas pathological
alleles have 39-82 repeats. Two clusters of miR-1322 polysites have been predicted in CDS of mRNA
of ATXNI: 12 BS for miR-1322 at the position from 1559 to 1611 and 10 miR-1322 BS from 1604 to
1650 nucleotides, respectively. The region of ATXNI1, which contains miR-1322 binding is flanked by
conserved oligopeptides in a number of orthologs (table 2). AG/AGm value of miR-1322 interaction with
the mRNA BS of ATXNI is in the range of 85 to 92%. All orthologs in mRNA of A7XNI have a decrease
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Table 2 — Oligopeptides of orthologous ATXN1 proteins encoded by miR-1322 binding sites

LSQT PGHKAEQQOOO0000000HOHOOO00000000000HL.SRAPGLITP | Hsa
LSQTPGHKAEQQQQQQQQQQQQHQHOQQOQQQQQQQH. . . LSRAPGLITP Ppa
LSQTPGHKAEQQQQQOHQQOOQQQQOHQQOOOOOQOQOH . . . . . LLSRAPGLITP | Pab
LSQOTPGHKAEQQQOQOQOOOOQOHOHOOQOOOOOQ0QH . - . . . . LSRAPGLITP | Ptr
LSOTPGHKAEQQQOQOOOQOQQOQOQQ0OHH . . .. ......... LSRAPGLITP Mrfa
LSQTPGHKAEQQQQOOQOQQOQO0QO000HH . . . . . . . . ..... LSRAPGLITP | Mml
LSQTPGHKAEQQQOQQOOOQ00000H . . - .« -« o v oo e e ... LSRAPGLITP | Nle
LSQTPGHKAEQQQQQOQQQOQQQOHHH . . + o v v v v e e v .. LSRAPGLITP | Rro
LSQOTPGHKAEQQOQQOOQO00000H - - - - - v - v v o e e e m .. LSRAPGLITP | Ggo
LSQTPGHKAEQQQQOQQQOOQQOHH . . . . . ... ..o, LSRAPGLITP | Csa
Note: in the Table 2 and hereinafter the bold type indicates amino acids encoded by miR-1322
binding sites

in the number of miR-1322 BS (table 2). Most orthologues mRNAs containing miR-1322 BS were
revealed among primates and contained only first set of two miR-1322 polysites.

The protein encoded by the ATXN2, contains a polyglutamine tract, long expansion (greater than
33 repeats) of which result in SCA2. Intermediate-length expansions (27-33 glutamines) contribute to
susceptibility to amyotrophic lateral sclerosis [16]. In CDS mRNA of ATXN2 gene, 16 miR-1322 BS were
identified in the region from 657 to 733 nucleotides of mRNA with an interaction value AG/AGm of
87.5-89.6%. The region of mRNA of ATXN2, which contains miR-1322 BS in CDS, encodes polyGlu.
For the group of orthologues, polygGlu in ATXN2 protein is flanked by conservative decapeptides
(table 3). Most species of ATXN2 gene orthologs in mRNA contains decrease in the number of miR-1322
BS, except P. troglodytes containing 19 miR-1322 BS. F. catus, N. leucogenys have only five amino acids
in ATXN2 protein sequences before polyglutamine tract. While studying the regulation of ATXN2 expres-
sion by miR-1322 in mammals, difference in the number of miR-1322 polysites in mRNA of ATXN2 gene
orthologs should be taken into account.

Table 3 — Oligopeptides of orthologous ATXN2 proteins encoded by miR-1322 binding sites

YGPLTMSLKPQOOQQOOOQQQ0Q0Q0Q00Q00Q0QQ0QQPPPAAANVRKPG | Ptr
YGPLTMSLKPQQOQQ000000000000000000PP . . . PAAANVRKPG | Hsa
..... MS LK PQQOO0O0Q0000000Q00000PP . . . . . . PPAAANVRKPG | Nle
YGPLTMSLKPQQQOOOQ000000000Q0QQFP. . . . . . . . PPAAANVRKPG | Csa
YGPLTMSLKPQQQQOQO000Q000000QPP . . . . ... .... AAANVRKPG | Mml,Mfa
YGPLTMS LK PQOQOOQOQQ0Q0000QPQPP . . . . .. .. ... AAANVRKPG | Cja
YGPLTMSLKPQQQOQQQQQOPQPQP. . . . .. ... ov. ... AAANARKPG | Bta
YGPLTMSLKPQQQQQQQQOQPQP. . . .o v v e e enn.. AAANARKPG | Chi
..... MSLKPQQQQQQQQOQPP. . ................AAANARKPG | Fca
YGPLTMSLKPQQOQQOQQOOOPP. . . ..o v v v enn... AAANARKPG | Aju

ATXNT7 is a transcription factor that appears to be critically important for chromatin remodeling at
the level of histone acetylation and deubiquitination [17]. It has been determined that the diseased allele
associated with SCA7 contains 37-306 CAG, compared to 4-35 in the normal allele [18]. MRNA of
ATXN7 contains eight miR-1322 BS with AG/AGm ratio of 85 to 90%. miR-1322 BS are found in
12 mammalian species mRNAs of ATXN7 orthologs (table 4). mRNA of human A7XN7 contains the
greatest number of miR-1322 BS. A decrease in the number of miR-1322 BS in mRNAs of orthologs was
observed. So, there are seven miR-1322 BS in mRNA of O. cuniculus, six miR-1322 BS in mRNA of
P. abelii and Ch. sabaeus, Five miR-1322 BS are predicted in mRNA of M. musculus, Variable in lenghth
polyalanine sequence flanks polyGlu from the N-terminal in ATXN7 protein. Amino acid sequence
flanking the BS from C-terminus of ATXN?7 is also variable in orthologous proteins.
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Table 4 — Oligopeptides of orthologous ATXN?7 proteins encoded by miR-1322 binding sites

RAAAA . GGAAAAAARQQQQQQOQOQQQPPPPOPQRQQOHPPPPPRR Hsa
RAAAAAGGAAAA . . ROPQOOOQQQPP. . .QPORQQ. . . PPPRR Ocu
RAAAAAGGAAAAAARQQQQQQQQPP. . . SQPQRQPPPPPPPPPPPRR | Cfa
RAAAAAGGAAAAAARRQQOOOQQP. . . . SQPQRQHSPPPPPRR Cja
RAAAAAGGAAAAAARQQQQQQQPP. . . . . QPQRQQQPPPPPRR Pab
RAAAA . GGAAAAAARQQQQQQQPP. . . . . QPQRQQQPPPPPPR Csa
RRAA. .GGAAAA . .RQQQQQPQP. . . .. LOPQRQHPPT.. . .RR Mmu
RAAAAAGGAAAAAGRQQQQQPP. . . .... OSQRQQQPPPPPRR Nle
RAAAAGGAAAAAARRQQQQQPP. . . .... QPQRQQQPPPPPPR Mml
RAAAAAGGAAAAAARQQQQQPP. . ..... QPQRQ. . PPPP.RR Chi
RAAAA .GGAAAAAARQQQQQPP. . ..... QPPQPQRQPPP.RR Ssc
RRAA. .GGAAAA. .RQQQQPQP. . . ... LOLORQ. .HPPP.RR Rno

KCNN3 belongs to the KCNN family of potassium channels and contains two CAG repeat regions in
CDS. It has been shown that KCNN3 SNP polymorphism significantly increases the risk of atrial fibril-
lation [19]. SK channels are promising therapeutic targets for Parkinson's disease [9]. It has been
established that both polyGlu regions are encoded by miR-1322 BS. These two sets of polysites consist of
seven and ten BS (AG/AGm is equal to 87.5 — 91.7%) located in KCNN3 mRNA from 401 to 444 nt and
from 512 to 558 nt, respectively (table 5, 6).

Table 5 — Oligopeptides of orthologous KCNN3 proteins encoded
by miR-1322 binding sites located from 401 to 444 nt

KCPCPSSGDEQQQQOQ00000000000QPPPPPAPPATPQQPPGPPL | Laf
KCPCPSSGDEQQQQQQQ000000000QPP . . PPAPPAAPQOPLGPSL | Ggo
KCPCPSSGDEQQQQQOQ0Q000Q0QQQPP. . . . PPAPPAAPQQPLGPSL | Ptr
KCPCPSSGDEQQOQQOQQ0QQ0PP. . . . . . . PPAPPAAPQQPLGPSL | Hsa
KCPCPSSGDEQQQQQOOQQO0Q0QPP. . . . . . . PPAPPAAPQQPLGPSL | Pab
KCPCPSSGDEQQQQOQQQQQQQPP. . . .. ... PPAPPAAPQQPLGPSL | Mml
KCPCPSSGDEQQQOOQOQ0QQPP. . . . . . .. PPAPPAAPQQPLGPSL | Mfa
KCPCPSSGDEQQQQQQQQQQQPP. . . . . . .. PPAPPAAPQQPLGPSL | Csa
KCPCPSSGDEQQQQQOQQQ0QQPP. . ... ... PPAPPAAPQQPLGPSL | Nle
KCPCPSSGDEQQQQOQOQQOQQQPP. . . . . . PPPPPAPPAAPQQPPGPPQ | Eca
KCPCPSSGDEQQQQQOQQQQQPP. . . .. .. PPPPAPPAAPQQPPGPSL | Sho
KCPCPSSGDEQQQQQQQQQPP. . .. . ... PPPPAPPAAPQQPPGPSL | Cja
KCPCPSSGDEQQQQQQQPP. .. ....... PPPPAPPAAPQQPPGPPL | Bta
KCPCPSSGDEQQQQQQPP. . ... ....... PPPAPPAAPQQPPGPLL | Nga
KCPCPSSGDEQQQQQQPP. . .......... PPSAPPAVPQQPPGPLL | Rno
KCPCPSSGDEQQQQQQPP. . ... ....... PPPAPPAVPQQPPGPLL | Mmu

The change in the number of miR-1322 BS was identified in both GAU repeat-rich sequences of
KCNN3 mRNA. The increase in the first miR-1322 binding polysites was revealed in orthologues KCNN3
mRNAs of L. africana, G. gorilla. P. troglodytes. The identical number of miR-1322 BS has been found
in mRNAs of P. abelii and H. sapiens. The greatest number of second miR-1322 binding polysites among
orthologs was found in mRNAs of N. galili and P. troglodytes. Oligopeptides flanking polyGlu sequence
encoded by miRNA BS are quite conserved in many mammalian species; however, there are changes in
length of polyproline sequences flanking first set of polyGlu from C-terminus of KCNN3.
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Table 6 — Oligopeptides of orthologous KCNN3 proteins encoded

by miR-1322 binding sites located from 512 to 558 nt

GPLLOPQPPOTL.OQOT.Q0000000QQQ00000000QPPHPTL.SQTLAQL | Nga
GPSLQPQPPOLQOOOOQQQQO0QQOQO00Q00000P. . PHPLSQLAQL | Ptr
GPSLQPOPPOLOQQQQQO0QQQ00QQ0Q00P . . . . PHPLSQLAQL | Mml, Mfa
GPLLOPQPPOLQQQQQQQQQQQQQQQQ000Q . . . APLHPLPQLAQL | Rno
GPLLQPQPPQOPQQQQSQ000000SQ00000Q. . . APLHPLPQLAQL | Mmu
GPSLOPOPPOLOQQQQQQQ00000QQP. . . . . . . . PHPLSQLAQL | Ggo
GPSLOPOPPOLOQQQQQQQ000000QP . . . . . . . . . PHPLSQLAQL | Hsa
GPSLOPQPPOLOQQQQQQ000000P. « . v v v .. PHPLSQLAQL | Pab
GPPLOPQPPOLOQOQQO00000P. - . o oo e e e . .. HPLSQLAQL | Lve
GPSLOPOPPOLOQOQQQQQQQQP. . . . ..o vuvw. .. PHPLSQLAQL | Csa
GPPLOPQOPLOLQOQQQOQQQOQ000P . . . . v v n e .. .. PHPLSQLAQL | Ssc
GPPLQOPQPPOLQQQQOQQQ0P . « v v v v v v e e nnn. PHPLSQLAQL | Bac, Eca
GPPLQPQPPOLOQOOQQOOOPO . « v v v v v e v eeennnn HPLSQLTQL | Bmu
GPSLOPQPPOLOQQOOOOOXP . « v v v v v e e e nnn. PHPLSQLAQL | Sho
GPPLQPOPPOLOQOQOQQOP . . . o v v v v v nn .. PHPLSQLTQL | Oar, Bta, Chi
GPSTLOPOPPOLOQOQQQQQP . - - « v v v v o n e e .. PHPLSQLAQL | Nle, Cja
GPPLOPQPPQOLPOOQOOOOP . . . v v v v v e e PHPLSQLQSQ | Laf

The protein encoded by MEF2A4 gene is a DNA-binding transcription factor of MEF2 family.
MEF2A protects primary neurons from oxidative stress-induced cell damage and may be involved in
various neurodegenerative-related diseases [20]. MEF2A is associated with myocardial infarction [21].
Overexpression of MEF2A is associated with hepatocellular carcinoma [22]. There are nine miR-1322 BS
located in CDS of mRNA of MEF2A4 with AG/AGm of 85.4 to 89.6%. polyGlu encoded by miR-1322 BS
are flanking by conserved olygopeptides PRDRMTPS from N-terminus and RQEMGRSPVDS from
C-terminus of MEF2A (table 7).

Table 7 — Oligopeptides of orthologous MEF2A proteins encoded by miR-1322 binding sites

PRDRMT PSGFSQQQQQ0000000000000000000 . . . . . . ... ARQEMGRSPVDS | Sha
PRDRMT PSGFPQQOQQ00000000000000PQ000 - - - - - - - - SSRQEIGRSPVDS | Oan
PRDRMTPSGFPQQQOQQ000000000000000000 . . . . . ... .. ARQEMGRSPVDS | Mdo
PRDRMTPSGFQQ0000000000000000QPPQPPPPPPQPPQPQPRQEMGRSPVDS | Nga
PRDRMTPSGFQQQQQO0Q00Q00QP. . . . PPQPPPQPQPQOPPQPQPROEMGRSPVDS | Rro
PRDRMTPSGFQQQQPQOQOQQOQQP. . . . . . PPPPQPQPQPPQPQPRQEMGRSPVDS | Nle
PRDRMTPSGFQQOQO000000S0OP . - . . . ..o o ... POPQPQPOPROEMGRSPVDS | Eca
PRDRMTPSGFQQOQQQQQ00Q0P . . . . . . . . PPPPQPQPQPPQPQOPRQOEMGRSPVDS | Hsa
PRDRMTPSGFQQOQQ0000000P . . . . . .. .... PPPPPQPPQPQPRQEMGRSPVDS | Cgr
PRDRMTPSGFQQQQ000000P. . . . ..o ... PQPQPQAQQPOPROEMGRSPVDS | Sbo
PRDRMTPSGFQQOQQOPOQOP. . . « o v v v v v v ... PPQPPQPQPRQEMGRSPVDS | Mmu

However, there are variable amino acid sequences containing proline and glutamine residues between
polyGlu and RQEMGRSPVDSL. The maximum number of miR-1322 BS among MEF24 orthologues
were found in S. harrisii (22), O. anatinus (22), M. domestica (21). M. musculus has 8 BS for miR-1322
in mRNA of MEF24 that should be taken into account while studying the regulation of MEF2A4 expres-
sion by miR-1322 using M. musculus.

The protein encoded by POLG is the catalytic subunit of mitochondrial DNA polymerase. POLG
contains a polyglutamine tract. Nine miR-1322 BS were found in mRNA of POLG. This region encodes
polyGlu sequence in the protein. The miR-1322 BS are located from 205 to 227 nt in POLG mRNA,
AG/AGm is equal to 85.4 —87.5%. There is a decrease in number of miR-1322 polysites among POLG
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Table 8 — Oligopeptides of orthologous POLG proteins encoded
by miR-1322 binding sites

SSSVPASDPSDGQRR . RQQQQOQ0000000PQOPQVLSSEGGQL | Hsa
SSSVPASDPSDGQRRRROQQQOQQOQOPOQPQ . QPOVLSSEGGQL | Ggo
SSSVPASDPSDGORRRRQQQQOQQPQQPQ. . . QPQVL.SSEGGQP | Ptr
SSSVPASDPSDG. RR. RQQQQOQOQQQPQ. . . .QPQVPSSEGGQL | Nle

SSSVPASDPSDGORR . RQQQOQOQQQPQ. . . . . QPQVLSSEGGQL | Ppa
SSSVPASDPSDEQRRRRQQQOQQOQOPQ. . . . . OPQVPSSEGGQL | Pab
SSSVPASDPSDG . RRRRQQQQOQQPQ. . . . . QQPQVPSSEDGQL | Rbi
SSSVPASDPSDG.RRRRQQQOPOQOQOPQ. . ... .... VPSSEDGQL | Rro

orthologues. It was identified that miR-1322 polysites exist in POLG mRNA in G. gorilla, P. troglodytes,
N. leucogenys, P. paniscus, P. abelii, R. bieti and R. roxellana. Therefore, in further studying of regu-
lation of POLG expression by miR-1322 only some animals could be used as experimental model.

Conclusion. miR-1322 BS were found in mRNAs of ATXNI, ATXN2, ATXN7, KCNN3, MEF2A4 and
POLG. These binding sites are identified to encode polyGlu. in the orthologous proteins of studied animal
species. The number of polyGlu amino acid residues varies during the evolution of species and it was
established a tendency of increasing in the length of polyGlu sequence in the proteins during evolution. /n
vitro experiments and clinical research are needed to be conducted for further validation of the interaction
between miR-1322 and mRNAs of ATXNI, ATXN2, ATXN7, KCNN3, MEF2A4 and POLG. The obtained
results demonstrate the possibility of an involvement of miR-1322 in diseases caused by these genes. Our
analysis of physicochemical properties of BS allows us to propose an adequate experimental animal for
study of regulation of ATXN1, ATXN2, ATXN7, KCNN3, MEF2A and POLG expression by miR-1322.

Funding. The study was carried out with financial support of the Ministry of Education and Science
of the Republic of Kazakhstan within the framework of grant.

0. 0. IOpuxogra', I1I. A. AtambaeBa’, A. A. Boabmoii’, A. T. UBamenko'

'Brosorus koHe GHOTEXHOIOTHs MoCeIeNepiHiH FhUIBIMU-3ePTTeY HHCTHTYTHI,
on-Dapabu areiHnarsl Kazak yiTTeIK yHEBEpCcHTeTi, AnMaTsl, KazakcTaH,
*Xaiida YHHUBEPCHUTETIHIH BOJIOIUIBIK KOHE YKOJIOTISUIBIK OMoorus kadeapacsl, Xaiida, U3panns

MIR-1322 KOHE ITIOJIMI'TY TAMHHI BAP AKYBI3JIAP/IbI KOJATAUTHIH
TEHJAEPAIH APACBIHIATBI BAUJIAHBICY CAUTTAP/IbIH EPEKIIEJIIKTEPI

AnHoTanusi. KenTereH reHuep NOJMITyTAaMUHIIK TPakTi Oap aKybl3napabl KOATAWABI, ONapIblH KbI3METI
TOJIBIK aHBIKTAJIMAaraH. ¥3bIH MOJIHUTITyTAMIHIK Ti30eKTiH CHHTE31 KelOip aypyrnapabiH ce06ebi OOIBI TaObUTATEHIHBIH
kepcerinren. MirTarget GarmapmamacelH maiinamana oteipeit, ATXNI, ATXN2, ATXN7, KCNN3, MEF2A4 xone
POLG renpepinin mRNA-pHIarel HYKICOTHATIK Ti30ekrep miR-1322-HpIH OaifimaHBICy CcaWTTaphl EKEHMIT1
anbIKTaIIEL. bym miRNA mRNA-priven OaitnaHpica ananbl )oHe TEHHIH dKCIPecCHsICHH Texeini. ATXNI, ATXN2,
ATXN7, KCNN3, MEF2A, POLG reanepais mRNA-ceHzna 22, 16, 8, 17, 9 xone 9 miR-1322 6aiinansicy caliTrapsl
Oap. byn mosmcaiitrap, y3piHABIFE 10-29 aMHMH KBIIKBULABIK KAJTIBIKTapbIHAH TYPaThIH, MOJUITYTAMHUHII KOA-
Taiapl. 3epTTenreH aKybI3IapIblH KOIMIUITi TPaHCKPHIIUUIEIK (QakTopiap OONBIT TaOBIIANBL, JKOHE OJAPIbIH
CHHTE3iHIH TeXeyl HeHpOoAeTeHepaTHBTI, )KYPEK-TaMbIp KOHE OHKOJOTHSIBIK aypyJlapFa ajbl Kelxyi MyMkid. OpTo-
normsutslK rernepaiy MPHK-na miR-1322 Gaitnanrpicy caifiTTapasiH OONyBI, 3epTTENTEH TEHACPAIH YKCIPECCHACHH
peTTeyiHiH MWUTHOHAAFaH JKbUIAap OYphIH maiiga OonraHblH Kepcereni. MuP-1322-HeIH HbIcaHa-TeHIEpi Oap
JKaHyapiap, aypylapAblH NaMYBIHIAFbl TONMHIIyTAMUHHIH POJiH 3epTTey YVIIiH, TOKIPHOENiK MOIENb peTiHae
0OJTyBI MYMKIH.

Tyiiin ce3aep: miR-1322, mRNA, reH, momuriyTamuH, aypy.
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0. 10. IOpI/IKOBal, II. A. ATaMﬁaeBal, AL A. Bﬂﬂblﬂoﬁz, A. T. UBamenxo

'HUU T1po6iem GHOTOrHH 1 GHOTEXHOIOTHH
Kazaxckoro HanmoHaIRHOTO YHHBEpCUTETa UM. anb-Papadbu, Anmatel, Kasaxcras,
*Kacepa BOITIOLHOHHOI 1 9KOIOTHYECKOH GHomoriu, Xainhekuit yYHHUBEpCHTET, Xaiida, U3panin

OCOBEHHOCTH CAUTOB CBS3bIBAHMS miR -1322 C TEHAMM,
KOANPYIOIUMMH MMOJUTJTYTAMHUH-COAEPKAINUE BEJIKHN

AnHoOTanus. MHOTHE TeHBI KOTUPYIOT OSJIKH, COAep KaIllie MOIUTITyTAMUHOBEIN TPAKT, GYHKIUS KOTOPOTO 10
KOHIIa He M3y4YeHa. bruTo moka3aHo, 9YTO CHHTE3 YIUIMHEHHOW TOCIIeOBATENIEHOCTH MOJMUIITyTAMUHA SIBISETCS TIPH-
YUHON HEKOTOpHIX 3aboneBanmii. C momomipio nporpammsl MirTarget Hamu ObITO0 0OHAPY)KEHO, YTO HYKJICOTHIHBIC
nocinenosarenbaoctd B MPHK renoB ATXNI, ATXN2, ATXN7, KCNN3, MEF24A n POLG saBaAr0OTCA calTaMHu
cBs3pIBaHlA MiR-1322. Ota miRNA moxer cBs3piBaThes ¢ caiiTamu B mRNA ¥ MOJABIATE SKCIPECCHIO TeHOB. B
mRNAs renoB ATXNI, ATXN2, ATXN7, KCNN3, MEF2A4, POLG cognep>katcsi cooTBeTCTBeHHO 22, 16, 8, 17, 9 u
9 caiitoB cBs3pIBaHMSI MiR-1322. DTH monucalThl KOAUPYIOT NOJIUTITYTaMUH JIHHOHN OT 10 10 29 aMHHOKHCIIOTHBIX
OCTaTKOB. BONBIIMHCTBO M3yYeHHBIX OEIKOB SBISIOTCS TPAHCKPHUIIIIMOHHBIMU (PAKTOpaMH, U MHTHOWPOBAHHE WX
CHHTE3a MOJKET BBI3BIBATH HEHPOETeHEPATHBHEIC, CEPCUYHO-COCYIUCTEIE U OHKOJIOTHYeCcKHe 3a0oneBanus. Hamu-
gue caToB cBs3pBaHUA MiR-1322 B mRNA OpTOIIOTHYHBIX T€HOB YKA3bIBAIOT HA BOSHUKHOBEHHE PETYIIALINU JKC-
MIPECCUH W3YyYEHHBIX T€HOB MHOTO MIUUTHOHOB JIeT Ha3ad. JKUBOTHEIE, cofepiKamiue TeHbl-MumeHn miR-1322, mo-
TYT CIIy’)KUTh B Ka4eCTBE IKCIIEPHUMEHTAILHBIX MOJAEJCH U1 N3yYeHHs PONU IOJHUIITyTaMHHA B pa3BUTHH 3aboIe-
BaHHM.

KaroueBsie ciioBa: miR-1322, mRNA, reH, monuriyramuH, 3a001eBaHUe
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BIODIVERSITYOF GREEN (Chlorophyta) 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 and blue greenalgacof Lake Alakol.In the article, the authors provide research data’s for the first
timeinvestigate of the algal flora of Alakol lake, which flows through 15 rivers (The Urzhar, the Katynsu, the Emel-
kuisa, the Yrgaity, the Zhamanty, the Zhamanotkel, the Tastu etc.). The found seaweeds were divided into: 1-syste-
matic division, 3-clas, 7-orders, 7-families, 15-species and species belonging to 13-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 cosmopolitan 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.
Mineralization 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
he purposes of identification of their species diversity. As a result of research the algae composition of the
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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 potable 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 2015-2017. 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. Masiuk 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, peri-
phyton, 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 algaec samples collected from Lake Alakol,
analysis of algae obtained from the lake was investigated and modern systematic groups were iden-
tified. They are as follows:

1-division (Chlorophyta), 3-klass (Chlorophyceae, Trebouxiophyceae, Ulvophyceae), 7—order’s
(Sphaeropleales, Trebouxiales, QOedogoniales, Chlamydomonadales, Cladophorales, Chlorellales,
Chlamydomonadales) [25, 26], 7-family (Botryococcaceae, Cladophoraceae, Chlorellaceae,
Oedogoniaceae, Selenastraceae, Scenedesmaceae, Sphaerocystidaceae), 13 genus (Ankistrodesmus,
Botryococcus, Bulbochaete, Chlorococcum, Cladophora, Coelastrum, Scenedesmus, Geminella,
Messastrum, Oedogonium, Raphidocelis, Scenedesmus, Planctococcus)the species belong to interdis-
ciplinary forms with the following [27, 28], 15 - 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, 30].
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Type of Alakol lake algae

Ne Name of species Ne Name of species

1 Ankistrodesmus spiralis (W.B.Turner) Lem. 9 Geminella ellipsoidea (Prescott) G.M.Smith

2 Botryococcus braunii Kiitzing 10 Messastrum gracile (Rein.) T.S.Gar. in T.S.Gar. et al.
3 Bulbochaete intermedia De Bary ex Hirn 11 Oedogonium obtruncatum Wittrock ex Hirn

4 Bulbochaete nana Wittrock ex Hirn 12 Raphidocelis subcapitata (Korshikov) Nygaard.

5 Chlorococcum infusionum (Schrank) Meneghini 13 Scenedesmus armatus (Chodat) Chodat

6 Cladophora glomerata (Linnaeus) Kiitzing 14 Scenedesmus quadrispina Chodat

7 Coelastrum microporum Niégeli in A.Braun 15 Volvox aureus Ehrenberg

8 Desmodesmus tropicus (W.B.Crow) E.Hegewald

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 Conser-
vation, 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.

A. K. [I:kuendexonB
PMK «boTaHuka »oHe PUTOMHTPOLYKINS HHCTUTYTB, AnMaTsl, Kazakcran

AJIAKOJI KOJITHIH, ’KACBLJ (Chlorophyta) BAJIABIPJIAPBIHBIH
AJIYAHTYPJIUIIT'T ’KOHE OHbIH CUCTEMATHUKACBI

Annotanus. Kasakcranga KenTereH epekile Koprayra ajblHFaH TaOWFH ailMaKTap Ke3jeceni: TMTOMHHKTED,
VITTHIK casibaKTap, KOpBIKTap, *adaibl Tabury aitmMakrap, TaOMFaT ecKepTKilTepi, OOTaHUKAJIBIK OaKTap Memiie-
KETTIH OMOJIOTHSIBIK OPTYPIILIITiH CaKTay YIIiH KypeutraH. OChI cananapablH KeOiHae GIoprcT FaapIMaap TaMbIPIIbI
OCIMIIKTEP/Ii TYTCHACYTe KATBICHII, FRUIBIMH 3€pTTEYJICp XKYPTi3ai. OCIMIIKTEPIi 3epTTeyre YIKSH KbI3BIFYIIBIIBIK
OoJyicama ;a, opTYpJi TaOWUFATTHI KOpFay KaybIMIACTBHIKTApPBIHIA OJIAPMABIH alyaH TYPJIUIIriHe OailaHbICTHI 3epT-
TeyIep, acipece, cy 00beKTLIepiHiH (ropackH 3epTTey KeTKutikci3. Cy OanmpIpinapblHBIH KypaMbIH 3epTTEy TOMEH-
ri aeHreiine Kanbin oTeIp. JlereHMeH anbroiior ranbiMaap KasakcTaHHBIH TYpIIi ©HIpIepiHiH epeKIle KOPFaIaThiH Ta-
Oury aymakTapbiHaa Oanasipiaap GpaopacsiH 3epTTey )KYMbICTapbiH XKYpri3ai. OckiFaH JeiliHri MaKaiambI3ia Ajake
KOJIHIH JHAaTOMbI JKOHE KOK)KaChUl Oal/IbIPJIapbIHbIH alyaHTYPJILIrT MEH CHCTEeMaTHKACBhIH JKapusularaH Ooa-
ThIHOBI3. Byt Makanana asropiap 15 e3ennep kenin kyitarsin (Ypixap, Karsiacy, Emenkyiica, blpraiitel, XKamaHTbl,
Kamanetkenb, TacTbiT.0) Ajnakes KexiHiH anbrodiiopachlHa anfanr peT Malimertep Oepiyin oTeip. TaObuibm,
aHbpIKTa]IFaH Oanpipiap 1 Gemimre, 3 kiacka,75 Karapra, 7 TYKbIMAAcKa, 13 TybICKa jKaTaThlH 15 Typiiepi MeH Typ
apanblK (hopManapbl eKeHJIT1 aHbIKTAIABl. AHBIKTAIFaH OalAbIpiiap TYpIIEpiHiH OMOJIOTHSIIBIK CHUITATTaMachl Xkaca-
JIBIT, 3aMaHayn CHCTEMAaTHKAChl JKacaJbIHJIbl. 3epTTENyI KOJJIeH aHBIKTaJIFaH OaAbIpJIapAbIH KOIIIUIri apTypil
Cy aiipIHAAphIHAA KEHIHEH TapairaH — KOCMOIIOJIMT Typsep Ooubin caHanaabl. Kepcerinin OThIpraH TypliepaiH
KOIIIIUIIr TUTAHKTOHABIK, a3/laFaH Typiepi OCHTOCTBIK TypJIepre KaTapbl.

Tyiiin ce3aep: Oanapipiap, IIAHKTOH, OEHTOC, CHCTEMAaTHKa, AJTaKeI KoJIi.
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A. K. I’'xuenoexon
PI'TI «MHCTHTYT OOTAaHUKY U GUTOMHTPOAYKINI», AnMathl, Kazaxcran

BUOPA3HOOBPA3US 3EJEHBIX (Chlorophyta) BOJOPOCJIEN
O3EPA AJTAKOJIb U EE CUCTEMATHUKH

Annoranusi. B Kazaxcrane cymiectByeT MHOro 0co00 OXpaHSIEMBIX MPUPOIHBIX TEPPUTOPHH: MHTOMHHKH,
HallMOHAJIbHBIC IMMapKU, 3alIOBEAHUKHU, paﬁOHbI JII/IKOﬁ pUupoabl, MaMATHUKU ITPUPOLIL, 6OTaHI/l‘leCKI/Ie caabl, CO3aaH-
HBIE JUIsSl COXPAaHEHUs! OMOJIOTMYECKHX MHOrooOpasue pacTeHuid. Bo MHOrMX U3 3THX obnacTell yueHble-(hIOpUCTHI
NIPOBEJIHM HAYYHBIEC UCCIIEOBAHMS, CBSI3aHHbIE C MHBEHTapU3alMi COCYANCTHIX pacTeHuil. HecMoTps Ha cylecTBeH-
HBIE MHTEPECH K M3YyUCHHIO (IJIOPHI, UCCIENOBAaHNE UX Pa3HOOOpasne B PazIMYHBIX MPHUPOTOOXPAHHBIX COOOIIECT-
BaX SIBIISICTCS HEJOCTATOYHBIM, OCOOCHHO (HJIOphI BOAOEMOB. BBOJOpPOCIM B BOIOEMAax OCTAOTCS M3yYCHHBIMH B
HEe3HAYHUTENbHOM crerneHu. TeM He MeHee HEIaBHO HAIU CIEIUAIMCThI alTbrOJIOTH MPOBEIU HCCIIeN0BaHUE (IOPHI
BOJIOPOCIIEH B 0CO00 OXpaHSEMbIX MPUPOAHBIX TEPPUTOPHUSIX PA3TUUHBIX pernoHOB Ka3zaxcrana. Panee Hamu ObLia
oryOJIMKOBaHa CUCTEMATHKA U BUJIOBOE pa3HOOOpa3ue IMaTOMOBBIX U CHHE-3eJIeHbIX BOJOpOCIiei o3epa Aakoib. B
CTaThe aBTOPHI BIEPBbIC NMPHUBOMAT JaHHbIE MO M3y4deHUto anbroduopsr 15 pek (Ypmxap, Karsincy, DMenbkyiica,
blpraiitel, XKamantsl, JKamanytkenb, TacTsl u. T. 11.) Brekatoume B 03epo Anakon. CMCOK 0OHapyKEHHbIX BHJOB
BOJIOPOCIICH BKIFOYAET: 15 BUIIOB, Pa3HOBUAHOCTEH U (hOPMBI BOJOPOCIH, OTHOCSIIKECS K 13 pomam, 7 ceMeicTBy,
7 nopsakam, 3 kiaaccam U 1 otneny. CocraBiieH KOHCIIEKT U OMOJIOrMYECcKOe ONHCaHue OOHAPYKEHHBIX BUIOB BOJIO-
pocieil u nmpoBeJieHa COBPEMEHHAsl CHCTEMaTHKa. BOoJBIIMHCTBO BHIOB BOJOPOCIEH, OOHApY)KEHHBIE B HCCIEIye-
MBIX 03€pax OTHOCATCSI K KOCMOIIOJMTHBIM (popMaM, IIUPOKO PacIpOCTPaHEHHBIM B Pa3IMYHBIX THIIAX BOJOEMOB.
[MTonasnsromiee OOIBIIMHCTBO OOHAPYKEHHBIX BUIOB OTHOCSTCS K IUTAHKTOHHBIM, MaJasi 4acTh BUJOB — OCHTOCHBIE.

KJ1oueBble ¢j10Ba: BOAOPOCIIH, IUTAHKTOH, OSHTOC, CUCTEMATHKa, 03epa AJIaKoJIb.
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CREATING A PHENOLOGICAL DATABASE FOR COLLECTIBLE
GENE POND OF MANGYSHLAK EXPERIMENTAL BOTANICAL
GARDEN WITH USE OF SPECIAL COMPUTER «Feno-S» PROGRAMS

Abstract. The characteristic of the special computer program “Feno-S” created in the MEBS is intended to
enter phyto-phenological information into the computer’s memory for further operative search, mathematical
processing, identification of pheno-indicators of plants, printing, building histograms and phenospectra, exporting to
various text and graphic formats, compiling reports and lists for given taxonomic, bioecological, decorative and
phenological parameters. A description of a simplified method of collecting, systematizing and preparing pheno-
logical studies for importing into electronic databases is given. Information is presented on the composition and
structure of the database formed to date, including 130 information fields of symbolic, numerical, logical and tempo-
rary type and 3919 records by year for 533 taxa from 5 systematic departments, 8 classes, 11 subclasses, 24 super-
orders, 49 orders, 8 suborders, 52 families and 108 genera. Lists of the quantitative distribution of plants by morpho-
logic and systematic groups, the most representative families and genus complexes are given.

Key words: phenology, databases, computer program, statistics of series of observations, correlation, histo-
grams.

Introduction. Phenology, as a science,was based in the second half of the 18th century by the French
scientist R. Reaumur and the Swedish scientist K. Linnem; it represents the system of knowledge of
seasonal natural phenomena, terms of their beginning and the reasons, defining them [1]. Present days
there are many interpretations of phenology, but the most objective definition was given last century by
the famous Russian phenologist A.I. Rudenko at the first All-Union Phenological Meeting: "phenology is
the science which studying regularities of seasonal development of a plant and animal life, and also the
phenomena of the inorganic nature in their interrelation and interaction" [1, 2].

According with V.A. Batmanov [2] classification all researches of seasonal development of the most
different objects can be subdivided into theoretical and applied phenology. Depending on objectives and
the industry of the national economy the author includes agricultural, forest, hunting and transport
phenology in the list of the 2™ type of phenology. According to sections of knowledge it is usually
selected landscape, meteo,- zoo-, hydro- and plant phenology (phytophenology).

For botanical gardens the phenological observations are one of the principal directions the intro-
duction test which have crucial scientific and practical importance for selection economic, valuable and
adapting to a local conditions assortment; diagnostics of prospects, terms of the beginning and the end of
vegetation period, blossoming and fructification; creation beautiful and constantly blossoming compo-
sitions of plants for purposes of the green buildings. Many scientists-botanists coordinate such major
indicators of biological stability as winter hardiness, drought resistance, morphologic isomers of elevated
bodies, qualitative and quantitative indices of the generative sphere with thephenological characteristics of
introduced species [3-10]. The main criterion of introduction value of taxa is recognizing degree of
compliance of dynamics of seasonal development to meteorological conditions of the area of cultivation
in comparison with areas of natural origin. In this time collecting of phenological materials represents

— 4) ——
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very difficult research process caused by coverage of a large number of taxa, variety of the used concepts
and terms; execution of a number of field and laboratory actions: visual observation, fixing of pheno-
phases (until 22), filling of pivot tables, creation of phenoranges, the analysis of collected materials in
connection with meteorological factors of specific year of researches and places of natural growth, etc.
The most complex problem for an introductory is mathematical processing of phenological materials as
all seasonal phenomena should be transferred to sequence number of day in a year, beginning from 1* of
January (1% of March), and after calculation of statistical parameters to return back in a date format.

Due to the intensive development of IT-technologies in practice of plant introduction for the purpose
of decrease in labor input need of translation of phytophenological researches into the modern electronic
programming languages containing tens of special commands and functions of work with dates and
allowing not only to create the full database (BD), but also to make different graphic and text reports, to
carry out statistical processing of research material and to export it to different file formats, and also to
make exchange of phenological information through Internet. Therefore, since 2018, on the base of
Mangyshlak Experimental Botanical Garden (MEBG) within execution of the special grant project
"Development of Scientific-Methodical and Computer-Information Bases of Carrying Out Phenological
Observations in Botanical Gardens of Kazakhstan for the Forecast of Prospects of Plant Introduction,
Effective Saving and Use of Their Biodiversity" (2018-2020), it carries out works on creation the multi-
function phenological computer program, called "Feno-S", which would be compatible to modern
operating systems, graphics and text editors and containing necessary Web-applications.

Materials and methodology. Subjects of thephenological observations were species, varieties and
forms of plants of the MEBG collection fund, including 1270 taxa from 250 genera and88 families [11].
Researches of seasonal rhythms of development were based on the standard concepts and terms applied
in phenology [1-2, 6-8, 12-16]: 1) subject of observation; 2) seasonal phenomenon; 3) phenological date;
4) phenological phase; 5) interphase period; 6) phenological interval and 7) phenological indicator.

In the botanical centers of Kazakhstan as the main recommendation "The technique of phenological
observations in botanical gardens of the USSR" is accepted [17], which was included in 1987 in structure
of the book "Techniques of the introduction researches in Kazakhstan" [18] and assumed fixing of
seasonal rhythms of development separately in three morphological and systematic groups of plants:
grassy, deciduous and coniferous woody plants. On this system of observations for each vegetative and
generative body of introduced species during vegetation was registered data with a frequency at least two
weekly; and within not less than 5 years the phenological formula is fixed which reflected a plant status.
All phenophases which are observed at the moment time were fixed and quantitative parameters were
noted by means of a mark by digits before designations of a phenophase: I - in case of the introduction in
a phenophase less than 50% of samples; 2 — more than 50%. For researches, according to "A technique of

phenological observations ..." [17-18], was selected not less 5 model samples of each species. Studying of
plants of different age and origin was carried out separately for reflection of intraspecific phenological
heterogeneity.

Complication the algorithms of mathematical processing of research material was based on
G.F. Lakin's techniques [19] and B. A. Dospekhov [20]. For development of the computer program are
used 4 programming languages: Microsoft Visual FoxPro 9 SP2, Visual Basic For Applications 7.0,
HTML 4.0 and JavaScript API 2.1. At structure formation of DB saving of phenomaterials was provided
in two formats: actually dates in 10 symbols (for example, 17.04.2019) and in numerical - as the number
of calendar days before aphenophase from a reference point — (for example — 1* of January every year
(98). It considerably simplified the procedure of a statistic treatment of material of researches. Correlation
coefficients were calculated as the data between terms of approach of phenophases of the same plant in
different years of observations, and with meteo-factors of point of an introduction.

In phenological databases taxonomical and registration information about plant was initially entered
as the indication of Latin, Russian, Kazakh names, arrangements in the Garden, numbers of registration,
the donor-organization, a type of initial reproductive material, etc. For simplification of input of
taxonomical units in the computer program lists of genera according to R.K. Brummitt are used [21]. The
phylogenetic system is used according to A.L. Takhtadzhyan’s systematics [22].

Results of researches and discussion. During developing the computer program “Feno-S” two basic
principles were strictly observed: 1) The phenological DB would be closely connected by identification
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indicators with collection; 2) In all algorithms of program modules information processing on seasonal
development would be conducted separately for three groups of plants (deciduous and coniferous woody,
grassy) owing to distinction of their morphological, ecological and biological properties. For the purpose
of the solution of objectives of account, registration and mathematical processing of phenodates the
structure of the main menu of the program included 11 points: "File", "Editing", "Input", "Search",
"Viewing", "Lists", "Phenology", "Range", "Databases", "Service" and "Reference" (figure 1).
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Figure 1 —The main menu of program «Feno-S»

The paragraph of Main Menu (MM) “File” includes a standard set of subparagraphs: "Open...", "My
computer", "Printing", “Filer”, "Search of files", "Server", “Internet”, "Mail" and "Exit" is also intended
for creation new and works with the available files, seals of information, sending it on the server and by e-
mail and also an exit from the program.

The paragraph “Editing” is necessary for editing active text boxes of entry forms and viewing of
information, and also for searching and replacement of words and expressions, setup of their font, color of
letters and a background. From paragraph “Input” forms of filling of DB by new and editing already in-
fed information are launched. "Search" allows looking for plants in DB in different options, including by
any word or a fragment of a word from names.

"Viewing" is used for work with already in-fed information about plant with opportunities of its
printing and export in external editors and programs in different formats - doc, docx, rtf, txt, pdf, xml, etc.
Using the paragraph “Lists”, it is possible to create the most different reports about plants by taxonomical,
morphological and other characteristics.

Actually four commands as "Input and Viewing", "Search", "Export" and "Lists" of point of MM
“Phenology” realize a possibility of full work with information on seasonal rhythms of growth of plants as
to the main objective of the “Feno-S program” (figure 1).

The paragraph of the Main Menu “Assortment” is included by three subparagraphs "On signs" "On
value" and "On systematization" and is necessary for a conclusion from a DB some information on
predetermined conditions. Point of MM “Data Base” is intended for implementation of the following
commands: "Copying", "Restoration", "Export", "Import", “Re-indexing”, "Repair of indexes" and "Infor-
mation about DB". In "Service" additional opportunities of "Feno-S" for its registration and a general
setting, viewing of graphic materials and work with interactive maps on the Internet are collected.

The main entry form and viewing of phenological information is displayed in "Feno-S" at the same
time with the list of Latin and Russian names of collection plants in alphabetical order (figure 2). During
choosing the any taxa all information on a form is automatically updated. In the right part it is placed the
list of years of the period of observations and control buttons intended for adding, copying and removal of
the current year. In the lower part of a form a set of buttons for movement between years, export of
information, permission of editing and saving of changes in the database is located. All phenoinforma-
tion as entered and estimated on this form is divided into 8 groups (pages): "Deciduous", "Coniferous",

— 4y ——
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Figure 2 — Type of a form of input, viewing and processing of the phenological information (“Deciduous” page)
with the list of names of plants

"Grassy", "Statistics", "Correlation", Meteodata”, "In addition" and "Diagrams". On the first three pages it
is implemented the opportunity for entering and editing information for each morphological and syste-
matic group of plants.

On the fourth page (figure 3A) introduced in an electron shell algorithms allow to count sizes of
duration of phenophases (leaf opening, blossoming, growth and lignification of shoots, maturing and
subsidence of fruits, etc.) and also the main statisticians for the chosen phenological phase.
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Figure 3 — Theviewofsome pages of form input and viewing

Data on multiple statistical calculations can be obtained after pressing the corresponding buttons on
the lower push-button menu. At the same time at choice in Microsoft Excel or Word the table containing
the following indicators (table 1) will be created: number of observations (N, years); average date in
numerical (X, days) and temporary formats (X, date); standard deviation (S); coefficient of a variation
(Cv); error of an average (Sx); accuracy of definition of an average (p, %), minimum (Xmin) and
maximum (Xmax) date and duration of phenophases and rank of a variation (Rv, days).

The page “Correlation” (figure 3B) is intended for establishment of correlation of communication
between various phenophases and meteorological factors. Here it is possible to set 5 options of correlation
calculations: 1) the chosen phenodates with the others during observations; 2) between all phenodates (a
correlation matrix); 3) between years of the period of observations for all phenodates; 4) all phenodates
with meteorological factors (a correlation matrix) and 5) durations of phenophases with meteofactors.

The computer program in the automatic mode carries out all necessary calculations and can send at
the same time the tabular report in editors of Microsoft Excel or Word with granting the following
parameters (table 2): coefficients of correlation (R) and determination (Dy); error of coefficient of
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Table 1 — Statistics of terms of approach and duration of phenophases
for Henry's maple (Acer henryiPax.) during period of observation - 2004 - 2018

(N — 15 years, T05 =2.16)

Phenophases, duration dzf}’/s d%:t’e S C, Sy p Kinin Kinax R,
Phenological phases
Vegetative organs
TTul-swelling of buds 94 04.04 | 6,9 7,4 1,8 1,9 | 25.03 | 18.04 24
ITu2—opening of buds 99 09.04 | 7,0 7,1 1,8 1,8 | 02.04 | 24.04 22
JI1-opening of leaves 104 14.04 | 7,3 7,0 1,9 1,8 | 06.04 | 30.04 24
JI2 - leaves have the form peculiar to them 109 19.04 | 6,7 6,1 1,7 1,6 10.04 | 03.05 23
gzv-ecsompletion of growth and maturation of 140 2005 | 5.6 40 1.4 1.0 1205 | 3105 19
JI4—coloring of dying leaves 244 01.09 7,7 3,1 2,0 0,8 24.08 11.09 18
JI5 —beginning of fall of leaves 270 27.09 5,4 2,0 1,4 0,5 20.09 13.10 23
JI55 —full fall of leaves 315 11.11 | 8,6 2,7 2,2 0,7 | 25.10 | 19.11 25
I161-beginning of linear growth of shoots 111 21.04 7,9 7,2 2,1 1,9 11.04 | 07.05 26
[162—endoflinear growth of shoots 178 27.06 | 154 | 8,7 4,0 2,3 12.06 | 28.07 46
Ol-—partial lignification of shoots 201 20.07 | 16,5 8,3 43 2,2 07.07 | 20.08 44
02-total lignification of shoots 242 30.08 | 12,0 | 5,0 3,1 1,3 | 20.08 | 23.09 34
Generative organs
[[1-swelling of generative buds 95 05.04 7,2 7,6 1,9 2,0 27.03 20.04 24
I12—opening of generative buds 102 12.04 7,2 7,2 1,9 1,9 05.04 | 27.04 22
13 — blossoming 111 21.04 | 8,6 7,7 2,2 2,0 | 16.04 | 13.05 27
1[4-beginning of flowering 126 06.05 7,4 5,9 1,9 1,5 26.04 | 20.05 24
1145 —mass flowering 130 10.05 | 7,5 5,8 1,9 1,5 | 28.04 | 22.05 24
115 —end of flowering 139 19.05 | 84 6,1 2,2 1,6 | 03.05 | 28.05 25
ITnl-infructescence 144 24.05 4.9 34 1,3 0,9 16.05 31.05 15
IIn2 - unripe fruits reached the size of mature 207 26.07 2,0 0,9 0,5 0,2 22.07 30.07 8
[In3 —beginning of maturing of fruits 237 25.08 1,9 0,8 0,5 0,2 23.08 | 29.08 6
1134 —end of maturing of fruits 250 07.09 4.4 1,7 1,1 0,4 02.09 16.09 14
g‘igls;lggfinning of subsidence of mature fruits 254 11.09 | 5.1 2.0 13 0.5 | 04.09 | 21.09 17
g:(liz - end of subsidence of mature fruits and 335 01.12 | 86 2.6 22 07 | 1411 | 09.12 25
Duration:
- opening of leaves 35,7 33 9,2 0,8 2,2 31 41 10
- flowering 13,1 3,8 | 28,9 1,0 7,6 7 18 11
- growth of shoots 67,3 8,7 12,9 2.2 3,3 55 82 27
- lignification of shoots 41,4 48 | 11,7 1,2 2,9 32 46 14
- subsidenceofleaves 44,6 6,9 15,6 1,8 4.0 30 52 22
- maturing of fruits 13,2 3,8 | 28,6 1,0 7,6 8 22 14
- subsidence of fruits 80,9 12,1 | 15,0 3,1 3,8 61 96 35
- vegetation 210,8 | 13,7 | 6,5 3,5 1,7 189 227 38

—— Y4 ——
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Table 2 — Correlation communications of a phenophase of opening of buds (Pch2, X) of Henry's maple (Acer henryiPax.)
with other phenodates during observations - 2004 - 2018 (N — 15 years, T05 = 2.16)

Phenophases - Y R Dy S, T, By Sp Syx Ty

Vegetative organs

Tul - swelling of buds 0,959 | 0,920 | 0,078 | 12,24 | 0,942 | 0,077 | 2,1 | 12,24
JI1-opening of leaves 0,988 | 0,975 | 0,044 | 22,66 | 1,018 | 0,045 | 1,2 | 22,66
J12 - leaves have the form peculiar to them 0,948 | 0,898 | 0,089 10,71 0,896 | 0,084 | 2,3 | 10,71
JI3 - completion of growth and ripening of leaves 0,851 | 0,724 | 0,146 5,84 0,673 | 0,115 | 3,1 5,84
JI4—coloring of dying leaves -0,685 | 0,469 | 0,202 3,39 -0,747 | 0,220 | 6,0 3,39
JI5 - beginning of subsidence of leaves -0,331 | 0,109 | 0,262 1,26 | -0,253 | 0,200 | 5,5 1,26
JI55 —endofsubsidence of leaves -0,466 | 0,217 | 0,245 1,90 -0,571 | 0,301 8,2 1,90
[161-beginning of linear growth of shoots 0,911 | 0,831 | 0,114 7,99 1,028 | 0,129 | 3,5 7,99
[162—end of linear growth of leaves 0,818 | 0,669 | 0,160 5,12 1,793 | 0,350 | 9,5 5,12
O1 — partial lignification of shoots 0,755 | 0,571 0,182 4,16 1,775 | 0,427 | 11,6 | 4,16
02 — total lignification of shoots 0,760 | 0,578 | 0,180 4,22 1,299 | 0,308 | 84 | 4,22
Generative organs

I11 — swelling of generative buds 0,970 | 0,941 | 0,067 | 14,38 | 0,988 | 0,069 | 1,9 | 14,38
I12 — opening of generative buds 0,998 | 0,996 | 0,018 | 56,34 | 1,027 | 0,018 | 0,5 | 56,34
13 — blossoming 0,877 | 0,769 | 0,133 6,58 1,067 | 0,162 | 44 | 6,58
[14-beginning of flowering 0,354 | 0,125 | 0,259 1,37 0,372 | 0,273 | 7,4 1,37
1145 —mass flowering 0,206 | 0,042 | 0,271 0,76 0,219 | 0,289 | 7,9 | 0,76
115 —end of flowering -0,006 | 0,000 | 0,277 0,02 | -0,007 | 0,330 | 9,0 | 0,02
ITnl-infructescence 0,170 | 0,029 | 0,273 0,62 0,119 0,191 5,2 0,62
I1n2 - unripe fruits reached the size of mature 0,327 | 0,107 | 0,262 1,25 0,091 | 0,073 | 2,0 1,25
[In3 — beginning of maturing of fruits -0,082 | 0,007 | 0,276 0,30 -0,022 | 0,074 | 2,0 0,30
T34 — end of maturing of fruits 0,675 | 0,455 | 0,205 3,30 0,418 | 0,127 | 3,5 | 3,30
i);é(‘;s- beginning of subsidence of mature fruits and 0711 | 0.506 | 0,195 3.65 0513 | 0141 | 38 | 3.65
I1:145 - end of subsidence of mature fruits and seeds -0,438 | 0,192 | 0,249 1,76 | -0,532 | 0,303 | 8,3 1,76

correlation (S,); criterion of importance of coefficient of correlation (T,); coefficient of regression (Byy);
errors of coefficient of regression (S,) and a deviation from regression (Sy); criteria of importance of
coefficient of regression (T,) and Student on significance value of 5% (Ts). Besides, in case of use of
option of calculation "Chosen the phenodates with the others" along with the correlation analysis of
"Feno-S" carries out removal of the equation of regression between phenodates which can be used in the
future for the forecast of their approach.

The tables created as a result of export quite will approach after insignificant editing for writing of
scientific articles and reports. As we see on Table 2 materials, even on the example of one species of
wood plants (Henry maple - Acer henryiPax.) and one type of correlation (chosen the phenodates with the
others) the computer program provides to researcher considerable material for the scientific analysis.

In case of correlation calculations between all phenodates data are exported in the form of a matrix
(figure 4A), and for assessment of importance of coefficients on the importance of 5% the critical value
(RO5) is removed them.

During calculating correlation of phenodateswith meteorological factors the program issues the
tabular report on correlation communications with all 85 meteofactors in seasonal aspect, grouping them
in lines on the average, minimum and maximum air temperature, relative humidity and an amount of
precipitation. The report fragment in Microsoft Word on correlation of dates of approach of phenophases
with average and minimum air temperature is given in figure 4B.
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Figure 4 — Reports in format WinWordabout correlative bond between
all phanodates and meteo-factors of AcerhenryiPax. forperiod from 2004 to 2018 (N — 15 years)

The group of signs “Meteodates”, forms of input and viewing serves for input of sizes of tempe-
rature, humidity of air, an amount of precipitation, etc. On the page “Addition” there are fields of indica-
tors of introduction value of plants, notes, names of the organization-user and performers. Points of
prospects are required for establishment of correlation communications with phenological indicators of
value of introduced species. On the last page of a form (figure 5) automatic creation of Gant Diagram and
histograms of duration of 8 phenophases with simultaneous graphical representation in a special container
is made.
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Figure 5 — Page «Diagram»

On the page “Diagram” is realized also the possibility of copying of graphic reports in a clipboard of
Windows, viewing in the external editor and a conclusion in Microsoft Excel and Word.

Depending on belonging taxon groups of coniferous, deciduous or grassy plants the program can
create till 17-19 graphic reports on duration of seasonal rhythms of development: leaf ability, growth and
lignification of shoots, blossoming, leaf fall, maturing and subsidence of fruits, vegetative period and all
phenophases (fig. 6A-6B). Here by means of button “Choice of Histograms” it is possible to start special
subject to creation of chartof "FoxCharts" which allows, without leaving the program to adjust style, type
of figures, color and fonts of graphic reports on phenology and also to keep them in different formats of
files, including web-focused — ".html" (figure 7).

Along with drawing up a program algorithm the work on collecting, systematization and preparation
for input were carried out to the spreadsheets Microsoft Excel of the long-term material of phenological
researches which is saved up for the last 20 years (1999-2018) for 710 species, varieties and forms of
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collection plants of a botanical garden from 58 families and 131 genera. The maximum quantity of the
processed information on phenology is the share of non-local deciduous plants (dendrology department) —
417 taxa (58.7%), including 398 species, 1 variety, 12 forms and 6 hybrids. Many phenodata are systema-
tized and prepared for a rosary (100 species and varieties, 14.1%) and department of fruit plants (83 spe-
cies and varieties, 11.7%). Among families prepared for input in the editor by Excel are considerably
prevailed Aceraceaeluss. (17 taxa), Berberidaceaeluss. (28), Caprifoliaceaeluss. (52), Fabaceaelindl.
(42), OleaceaeHoftm. (39), Ranunculaceaeluss. (19), Rosaceaeluss. (326) andVitaceaeluss. (28).

MpogoNHUTENBHOCTD ONANEHMA NNOL0E
KneH leHpu

Latoi HabnrogeHnin

A — Histogram of duration of leaf opening B — Gant diagram of duration of subsidence of fruits

Figure 6 — Examplesofbuildingofgraphicreportsfor duration of phenophases of AcerhenryiPax.

The structure of a phenological DB was developed from the used special SQL commands of the
Microsoft Visual FoxPro 9 SP2 programming language and was combined with simultaneous import of
the phenodata entered into the tables Excel. Initially complicated algorithm assumes selection of
necessary taxonomical and registration fields from the collection database, further there is a combination
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Figure7 — Form with an objects «FoxCharts» for work with histograms
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of the intermediate cursor with the completed data sheet from Excel and at the last stages by a command
way fields of duration of phenophases and validation of their input are added. As a result in structure of
DB on phenology are created 130 fields of information of character, numerical, logical and temporary
types with a total length of 2290 signs, including 6 — identification, 12 — registration, 8 — taxonomical,
33 — statistical and 60 — phenological. 11 fields are intended for characteristic of introduction value of
plants on a regional complex scale. In DB for deciduous wood plants is provided storage of phenological
information for 26 vegetative and generative phenophases, coniferous woody plants — 21 and grassy
plants — 12. The accepted names by fields on phenophasesare corresponding to their abbreviated names
according to technique of observations (the beginning of blossoming — "114").

Nowadays the database contains 3919 records of phenological information by years for 533 taxa(for
the period from 1 to 18 years), including 267 representatives of a dendrology department, 21 - department
of Gymnospermous plants, 10 - local flora, 83 — fruit department, 100 — rosary, 31 - section of climbers
and 21 — flower-decorative plants. They include 5 systematic departments, 8 classes, 11 subclasses,
24 super orders, 49 orders, 8 suborders, 52 families and 108 genera. The overwhelming quantity of taxa
are species (374 - 70.2%) and varieties (138 - 25.9%). From other intraspecific ranks there are 1 sub-
species, 11 forms and 9 hybrids.

The most widely taxa in the phenological database are representatives of the following families:
Aceraceaeluss (11), Berberidaceae Juss. (27), Caprifoliaceae Juss. (32), Fabaceae Lindl. (15), Oleaceae
Hoffm. (16), Rosaceaeluss. (291) and Vitaceae Juss. (24). The most numerous genera are Acer L. (11),
Amygdalus L. (7), Armeniaca Mill. (18), Berberis L. (27), Cotoneaster Medik. (39), Crataegus L. (30),
Juniperus L. (8), Lonicera L. (19), Malus Mill. (38), PyrusL. (12), RosaL. (111) and Vitis L. (18).

For carrying out correlative calculations also meteorological database is created which structure
consists of 103 fields of information, 85from them are intended for data storage on meteofactors, one —
actually for a year of observations and 17 - for registration and geographical indicators of the organi-
zation-user and the region of an introduction. Variables for the minimum, maximum, average temperature,
relative air humidity and an amount of precipitation, as on months, and quarters and on average for a year
of meteorological observations are provided in the database.

At present day works on creation of programming modules of "Feno-S" are carried out. BD is
intended for identification of phenoindicators of prospects of plants, creation of phenoranges and classi-
fication of introduced species by phenorhythm type, complication of reports with multiple mathematical
processing on large taxonomical units.

Conclusion. Further improvement and implementation of the phenological computer program in
practice of the botanical researches considerably will simplify creation of informative databases and
mathematical processing of seasonal rthythm of plant development, will allow quickly to carry out search
of taxa and also will lower costs of selection of the most decorative and biologically steady range of
introduced species differentiated by types of green buildings.

A. A. Uman6aeBa, U. ®. Beno3zepos

MaHFbIIUIaK KCIIEPUMEHTAJIb/IbIK OOTATUKANIBIK OaFbl,
Axray, Kazakcran

OEHOJIOTUAJIBIK JEPEKTEP BA3SACBIH KY¥PY
MAHTI'BIIIJIAK )KNHATBI TPAHTTBIK OPTAJIBIF bl BAPBICBIH/JIATBI
3KCHEPUMEHTTIK BOTA BACKAPMACDHI APHAMDI
KOMIIBIOTEP]II TAMJIAJIAHY «Feno-S» BAFJIAPJIAMAJIAPBI

Annorauusi. MEBS-ne xacanranapHaitel «Feno-S» KOMITBIOTEpIIIK OargapiaMachlHBIH CHIIATTAMAachl KOM-
TBIOTEPIiH KaasHAa (GUTOGEHOJIOTHAIBIK aKMapaTTHl OJaH opi JKEeNemi3AecTipy, MaTeMaTHKAJBIK OHILY, OCIM-
JIKTepAiH oneyerTi (EeHOWHAAIMTHKTEPIH aHbIKTay, OacChINIIbIFApy, THCTOrpaMmanap MeH (eHOCKpaTTapibl
aHBIKTAY, OPTYPJIi MOTIHIK JKoHE rpadUKaIbIK MIIMIACPIl, €CeNTepal XKoHe OepiireH TAKCOHOMHUKAIIBIK, OMO3KO0JIO-
THSUTBIK, COHJIIK JKOHE (DEHOJIOTHSIIBIK MapaMeTpiiepi YIIiH TiziMaepai KypacTeipaabl. JepekTep 6a3zachiHa UMIIOPT-
Tay YIIiH ()EHOJOTHSUIBIK 3epTTeyJIep/i KUHAY, JKyHeney jkoHe NalbIHAayIblH KEHULAETUITeH o/iCi CHIaTTaJFaH.
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5 xy#ieni OenimMHEH, 8 chHBINTaH, 11 Kimi ceiHBINTaH, 24 cyniepapTpaHHaH, 49 TarcelpMagaH, 8§ ceMecTpAeH OacTam
533 rtakcara apHaJFaH CMMBOJMKAJIBIK, CAHIBIK, JIOTUKAIIBIK JKOHE yakpITiia ThnTeri 130 akmapaTThiK caaHbl Koca
anFraHjia, OYriHri TaHaa KalbITacKaH JepeKTep 0a3achIHBIH KYPaMbl MEH KYPBUIBIMBI Typalibl akiapar YChIHBLUIFaH.
xybOaitnap, 52 ordacepkoHe 108 renepan. Mopdo-xkyiienik TonTap OOHbIHINA ©CIMAIKTEPIH CAHIBIK YJIECTipily
Ti3IMIEpi, €H OKLIETTI 0TOachUIap MEH TYKBIMIBIK KEUICHIEP Ti3iMi OepiiareH.

Tyiiin ce3nep: deHosorHs, AEPEKKOP, KOMIIBIOTEPIIK Oarmapiama, Oakbliay CepusiChl CTAaTUCTHKACHI, KOppe-
i, ructorpaMmma.

A. A. Hman6aeBa, . @. Besozepon

MaHTBIIIAKCKAN 3KCTIEPUMEHTAIBHBIN 00TaHUYECKUH caj,
Axray, Kazaxcran

CO3JJAHUE ®EHOJIOI MUECKOM BA3bI JAHHBIX
JJIA KOJUVIEKIITMOHHOI'O TEHO®OHJJA
MAHI'BIIINTAKCKOT' O 9KCIIEPUMEHTAJIBHOI'O BOTAHUYECKOI'O CAJIA
C UCIIOJIb30BAHUEM CIIEHUAJIBHOM KOMITBIOTEPHOM ITPOT' PAMMBI «Feno-S»

AHHoTanusa. JlaeTcsa xapakTepucTtuka co3faHHod B MOBC cnenuanbHOH KOMIBIOTEPHONW IPOTrpaMMBI
«Feno-Sy», npenHazHaueHHas JJIsl BBOAA M XpaHEHHs B MaMATH KoMIlbloTepa ¢urodeHonornueckoil nHpopmaun
JUIsl abHEWIIEro ee ONEepaTHBHOIO IOMCKA, MaTeMaTH4ecKod oOpabOTKH, BbIABIEHHE (DEHOMHAMKATOPOB IEpc-
NEeKTHBHOCTH PAacTEHHH, BBIBOJA Ha I€4aTh, IIOCTPOCHUSI TMCTOTpaMM M (PEHOCHEKTPOB, HKCIIOpTa B Pa3IM4HbIE
TEKCTOBBIE U rpaduueckue GopMaThl, COCTABICHHUS OTYETOB M CIIMCKOB MO 33/laHHBIM TaKCOHOMHYECKHM, OHO3KO-
JIOTUYECKUM, JICKOPATUBHBIM M ()EHOJOTMYeCKUM IapamerpaM. [IpuBOOMTCS ONMMCaHWE YIPOUIEHHOH METOIUKH
cOopa, cucTeMaTH3allMM M TOATOTOBKE JUIl MMIIOpTa B 3JEKTPOHHBIE 0a3bl NaHHBIX MHOTOJIETHETO MaTepHaja
(enonornueckux nccienosanuii. [Ipeacrasnena nHpoOpMaIHs O COCTaBY U CTPYKType c(hOPMHUPOBAHHON K HACTOS-
memy Bpemenn bJl, Bkmouatomeii 130 mosnel nHpopManny CUMBOJIBHOTO, YHCIOBOT'0, JIOTHYECKOTO U BPEMEHHOTO
tina u 3919 3ammceii mo rojgaMm s 533 TaKCOHOB U3 5 CHCTEMaTHYECKHX OTACIOB, 8 KiIaccoB, 11 moaKiIaccos,
24 Haanopsankos, 49 nopsakos, 8 noamnopsaakos, 52 cemeiictea u 108 ponos.IlpuBeaeHs! CIUCKU KOMUYECTBEHHOIO
pacrpezaeneHus pacTeHui o MopdoIIoro-cucTeMaTiecKiM IpyIiiam, HauboJee NPeICTaBUTEIbHBIM CEMEHCTBAM 1
POJOBBIM KOMILIEKCAM.

KaroueBsbie cioBa:deHonorus, 0a3pl JaHHBIX,KOMITBIOTEPHAsT IPOrpaMMa, CTATHCTHKH PSJOB HAOIOACHUH,
KOppeIsLusl, THCTOTPaMMBI.
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ISOLATION AND MOLEKULAR-GENETIC CHARACTERISTICS
OF THE NOVEL AVIAN PARAMYXOVIRUS APMV-13

Abstract. The article presents the data on the isolation, identification and phylogenetic analysis of the novel
avianparamyxovirus(APMV) serotype. Eighteen positive samples of APMVwere obtained during reverse trans-
cription-polymerase chain reaction screening of 204 samples collected in five regions of Kazakhstan. The sequen-
cing results of the L-gene fragment and BLAST analysis indicated on circulation of previously unknown avian
paramyxovirus novel serotype in the populations of wild birds of Kazakhstan. Full genome sequencing of the isolate
APMV-13/white-fronted goose/North Kazakhstan/5751/2013 was performed on the next generation sequencing
platformHiSeq 3000 (Illumina). The sequence of genes was determined as 3°-NP-P/V/W-M-F-HN-L-5', encoding
eight proteins characteristic to the avian paramyxoviruses. Phylogenetic studies have shown that the avian para-
myxovirus serotype 13is a novel natural variant, significantly different from other serotypes.

Key words: paramyxovirus, APMV-13, polymerase chain reaction, gene, sequencing, phylogenetic analysis.

Introduction. Avian paramyxoviruses (APMV) are RNA-containing viruses that form the Avula-
virus subfamily belonging to the Paramyxoviridae family and can cause diseases with different clinical
manifestations in most species of wild birds. According to the new classification, Avulaviruses on the
basis of phylogenetic differences are divided into three genders —Metaavulavirus, Orthoavulavirus,
Paraavulavirus. Until 2015, twelve serotypes of APMV (APMV-1-12) were known [1-4].

In 2015-2017 the reports were published about the discovery of seven novel serotypes of the APMV:
from wild geese in Japan [5], Kazakhstan [6] and Ukraine[7], threefromducks in Japan [8], Korea [9] and
from sandpiper in Brazil [10]; three more viruses were simultaneously isolated from antarctic penguins
[11]. These data suggest that APMV are actively circulating in the wild avifauna and there is a high
probability of the occurrence of other pathogenic variants.

To date, study of APMVs is widely conducted in various regions of the world, so a large program is
carried out within the framework of the European network of excellence (EPIZONE) with the partici-
pation of many Old World countries.

Isolation and description of novel serotypes in the territory of Kazakhstan will make a significant
contribution to this research.

The aim of the paper is to describe APMVs of novel serotypes circulating in Kazakhstan avian
populations, to study their virological and molecular genetic features.

Materials and methods. For virological studies, samples were collected in the form of cloacal,
tracheal washings from birds of water and near-water complexes. The washes were collected with a sterile
cotton swab, placed in vials of medium 199 containing a complex of antibiotics (penicillin 2000 U/ml,
streptomycin 2 mg/ml, gentamicin 50 pg/ml, nystatin 50 U/ml) and bovine serum albumin (0.5%/ml). For
the droppings and cloacal swabs, the concentration of antibiotics was fivefold increased. Samples before
virological studies were stored in liquid nitrogen (-196 °C).
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Isolation and recovering passages were carried out by inoculation of each sample of the test material
into the allantoic cavity of three 10-11 day embryonated chicken eggs (ECE) and then incubating at 35°C
for 48-72 hours. Allantoic fluids for the presence of the virus were checked in hemagglutination(HA) test
using a 0.75% suspension of chicken red blood cells. The infectious titer was calculated by the Reed-
Muench method [11] and expressed in lg of EIDs¢/2m1.

For removing of non-specific inhibitors of agglutination, the sera were pretreated with a receptor-
destroying enzyme (RDE) from V. Cholerae filtrate (Denka Seiken Co., Ltd. Tokyo, Japan). To 1 part of
undiluted serum 3 volumes of RDE were added at a working dilution of 1:50. The mixture was left at
37°C for 18 hours, then 6 parts of physiological saline was added to obtain the final dilution of the serum
(1:10), and then heated at 56° C for 30 minutes.

The serotypes of APMV isolates were established in the hemagglutination inhibition (HI) test
[12] with a panel of polyclonal diagnostic sera directed to: APMV-1/chicken/La Sota/46;
APMV-2/Chicken/Yucaipa/56; APMV-3/Turkey/Wisconsin/68; APMV-4/duck/Hong Kong/D3/75;
APMV-5/Budgerigar/Japan/Kunitachi/1975; APMV-6/duck/Hong Kong/199/77;
APMV-7/dove/Tennessee/4/75; APMV-8/goose/Delaware/1053/76; APMV-9/duck/New York/22/78
provided by prof. M. Lipkind (Kimron Veterinary Institute, Beit-Dagan, Israel), additionally were updated
from the National Reference Laboratory for the NDV, Friedrich-Loffler Institute, InselRiems, Germany.

RNA isolation was performed using a QIAamp Viral RNA Mini kit (Qiagen GmbH, Hilden) in
accordance with the manufacturer's recommendations. RNA was extracted from 140 pl of clinical samples
and eluted in a final volume of 50 pl.

The ¢cDNA was prepared by reverse transcription reaction using the universal random hexamer
primer.

Analyzes of reverse transcription PCR (RT-PCR) were performed on the basis of a one-step protocol
using the appropriate RT-PCR kit (AccessQuick One-Step RT-PCR Kit, Promega) according to the
manufacturer’s instructions using a Pan-paramyxovirus primer to L-gene [14].

The reaction was carried out in an Eppendorf Gradient thermocycler with the following parameters:
reverse transcription at 48 °C for 45 min, initial 2 min denaturation at 95 °C and amplification in 30 cyc-
les, including denaturation (94 °C, 30 sec), primer annealing (55 °C, 30 sec) and chain extension (72 °C,
30 sec) followed by final elongation at 72 °C, 10 min.

DNA sequencing was performed using termination dideoxynucleotides on an automatic 8-capillary
sequencer ABI 3500 DNA Analyzer (Applied Biosystems, USA).

For the sequencing of viral RNA on a HiSeq device (Illumina, USA), a double-stranded cDNA,
which was synthesized using the RiboClone (Promega, USA) kit, was used as the template. For fragmen-
tation of the cDNA to a size of about 250 b.p. the enzymatic method using transposase from the Nextera
XT Library Preparation Kit (Illumina, USA) was used. In preparing the library of fragmented DNA,
[llumina adapters were used. The quality of the prepared libraries was checked on the Bioanalyzer 2100
(Agilent Technologies, Germany). Sequencing was performed using the MiSeq Reagent v.2 kit (Illumina,
USA). The resulting sequences were collected and analyzed using UGENE 1.20 software (Russia).

A TruSeq Stranded Total RNA kit with Ribo-Zero (Illumina, USA) was used to sequence viral RNA
on a high-performance HiSeq 3000 device (Illumina, USA), according to the manufacturer's recommen-
dations.

Alignment and phylogenetic analysis of sequenced genes with nucleotide sequences from Genebank
was carried out using the computer program MEGA 6.0 by the method of attaching neighbors based on
1000 samples, model Tamura-Nei.

Results. Virological screening of 204 biological samples (cloacal and tracheal swabs) collected
from165 bird individuals of Anatidae, Laridae, Scolopacidae and Charadriidae families of the orders
Anseriformes and Charadriiformesin West, South and Central Kazakhstan in 2013was carried out to
identify APMVserotypes.

APMV isolates were cloned by inoculation of 10-11 day-oldECEwith virusdiluted from 10™" to 107
The titer of virus-containing allantoic fluid in HA test at a dilution of 10 was 1:128 t - 1:512. For further
molecular studies RNA was isolated from the virus suspension purified through a sucrose density
gradient.

— 50 ——
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As a result of primary inoculation of 10-11 day-oldECE with samples, 20 hemagglutinating agents
were isolated. PCR identification with primers to the conserved fragment of the L-geneallowed 15 agents
to be assigned asAPMV.

Table represents the results of HI test of APMYV isolates with homologous and reference diagnostic
sera.

Hemagglutinationassay results of APMV isolates from wild birds with hyperimmunerabbit and reference sera

Immuneserumtostrain:
Isolate o N o < i N 5 N o:
E E E E E E E E E APMV-13/ WFG /North
~ ~ 2 oy > & = = = KZ/5751/2013
< < < < < < < < <
APMV-13/WFG*/ North
Kazakhstan /5750/2013 80 0 0 0 0 0 0 0 40 320
APMV-13/WFG/North
Kazakhstan /5751/2014 80 0 0 0 0 0 0 0 40 320
APMV-13/WFG/North
Kazakhstan/5753/2014 80 0 0 0 0 0 0 0 40 320
APMV-13/pintail/North
Kazakhstan/5759/2014 80 0 0 0 0 0 0 0 40 320
*White fronted goose.

As can be seen from Table, the hemagglutinating activity of the Kazakhstan APMYV isolates,
including APMV-13/white-fronted goose/North Kazakhstan/5751/2013, were inhibited by homologous
immune serum (1: 320),and they did not react or reacted in low titers with reference sera against to viruses
of serotypes 1-9.

As a result of PCR specific 700 b.p.products of paramyxovirus L-gene were amplified in 15 samples.

1253 4°5 & ¥ 8 2 1011

12 13141516 17 18 19 20 M

Note: "M" is the DNA marker; "K +" - positive control; K- »- negative control; No. 1-20 of the sample number.

Figure 1 — Results of PCR with RNA from materials from wild birds of Western Kazakhstan

Sequencing of L-gene amplification products and subsequent BLAST analysis in GenBank indicated
the belonging of four of them to APMV-1, six to APMV-8 and one to APMV-6. Sequence analysis of the
four remaining unidentified APMYV isolates of 2013 showed their significant genetic divergence by
conservative fragment of the L gene with the known serotypes of the APMV (figure 2), suggesting that
novelhither to unidentified APMV circulate in waterfowls of Kazakhstan.
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Sequences producing significant alignments:
Select: All Mone Selected:0

i Alignments o
store sooe cove value 06Tt Accesson
[ Avian paramyxovirus 12 isolate Wigeon/ltalw/3920 1/2005, complete aenome 289 289 91% 3e-74 T3% KC333050.1
[ Mewcastle disease virus isolate chicken/BYP/Pakistan/2010. complete genome 143 143 91% 2e-30 67% JNEB82210.41
[J Newcastle disease virus isolate NDV2K35/CHTNEZO03, complete genome 140 140 %1% 3e-29 67% KF740478.1
[ Mewcastle disease virus strain cormorant/US(WIV 87 19-03(USGSY2003. partial genome 140 140 91% 3e-29 67% GQ288385.2
[ Ppigeon paramyxavirus 1 strain PPMY-1/Belgium/03-05843/2003. partial aenome 138 138 66% 1e-28 T0% JX901118.
[ Mewcastle disease virus isolate chicken/CP/Pakistan/2010, complete genome 134 134 91% 1e-27 67% JNEBS2211.41
[ Mewcastle disease virus isolate 2009 Wali MLOOS, complete aenome 132 132 83% 4de-27 67% JFOG66387.1
[ Mewcastle disease virus strain chicken/Sukoreio/019/10, complete genome 131 131 91% 2e-26 66% HOE97255.1
[ Mewcastle disease virus strain cormorant/US(CAY92-23071/1997, partial genome 131 131 91% 2626 67% GQ288388.2
[ Mewcastle disease virus strain cormarant/Canada/950C2345/1995, partial genome 131 131 $1% 2e-26 67% GQ288384.2

Figure 2 — BLAST-analysis of nucleotide sequences of unidentified Kazakhstan isolate
APMV/White-fronted goose/North Kazakhstan/5751/2013

Analyzing of the L-gene of unidentified isolate APMV/White-fronted goose/North Kazakh-
stan/5751/2013) demonstratetheir most similarity (73%) to the referencestrain of APMYV serotype 12 [13],
with the remaining viruses from Genbank, the divergence index was more than 33%, which presumably
attributed this strain to thenovel serotype.

In bioinformatic analysis, the obtained sequences were preliminarily assembled using the CLC
Assembly Cell software (Qiagen, USA), (figure 3).

Figure 3demonstrates that the nucleotide sequences of all six APMV-13 genes were obtained in the
following order: 3'-NP-P/V/W-M-F-HN-L-5 ', which encode eight proteins: NP (493 amino acids (aa),
P (397 aa), V (241 aa), W (150 aa), M (366 aa), F (545 aa), HN (549 aa), and L (2199 aa).

e [PMs & s oA 2% % S & 4% S S Gk 65 Tk TS B 8% % 98 0k 0% Mk MSK 1k @Stk S M S 1% 1S5 16060
D) Contig3_copy1.fas @ i I i ! | i *oos
% [s] Contig3 a It ] 1 1 I =
) MyDocument.gb =
@ [slAnnotations || [ =
) il
i =
& —r S
1 500 1k 15k i3 25k 3 ‘ Sk 4 4.5k Sk 5.5k Bk .5k Tk 75k 8k Sk Sk 95k 10k 105k 1k 1.5 12k 125 13k 135k 14k 145k 18k 155k 16080 6
82 [1482 bp] ——Y1952 154 bp] ———304048——[1101 bp] ——752: [1638 bp] =Y 367 [1740 bp] ———38637) 6600 bp) 15286 v
v
G N oo N * N
@S VR Y I KIRTINNT F¥TS TGRS * MRS TIUE A E YD R LIS TUT
L * L I M I
i TAGOACGGECAGAAGUECTEECCACCET

g 8 9N 95 100 105 110 s 120 125 130 135 L) 145 150 155 160 165 170 175 180
GACATTCCATGGAATTTTATGCTTAATTATTAACTTGATCGTGCCCGTCTTCGAGAAAGGTGGCACAAGCTCAGGCTTAACCTTCAATAATCAGCCCCTTGT

I L M

* * * I

< 5
Ua Tun Inauenie @

B Gene Misc. Feature ~ 182..1663

B Gene Misc. Feature  1952.3145

ann B Gene Misc. Festure  3404,4504
i Contig3_copy! [ Co.. | B Gene Gene 752,630 v

Figure 3 — View of full sequenced genome
of APMV-13/ white-fronted goose/North Kazakhstan /5751/2013 in UGENE program

Next Generation sequencingof full genome of isolates and subsequent BLAST analysis identified as
novel APMV serotypel3.

The results of phylogenetic analysis of novel Kazakhstan APMV with representatives of serotypes 1-
12 from GenBankare shown in figure 4.
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100 APMV-16/WB/Kr/UP0O216/2014
100 APMV-1/mallard/US(MN)/99-376/1999

100 APMV-9/duck/New York/22/1978

APMV-12/Wigeon/ltaly/3920 1/2005

100 4100: @ APMV-13/goose/K azakhstan/5751/2013 Avian orthoavuaiavius
APMV-19/Antarctic penguin virus C
100 _|:APMV-18/Antarctic penguin virus B
100 APMV-17/Antarctic penguin virus A |

100 APMV-6/duck/Taiwan/Y 1/98
100 L APMV-6/Goose/FarEast/4440/2003
100 APMV-5/budgerigar/Kunitachi/74
APMV14/duck/Japan/110G0352/2011
APMV-11/common snipe/France/100212/2010
100 APMV-7/dove/Tennessee/4/75

100 — APMV-20/great black headed gull/Atyrau/5541/2013
Avian metaavulavirus
9 100 _I: APMV-20/gull/Aktau/5976/2014
APMV-20/black headed gull/Balkhash/5844/2013

APMV-15/calidris fuscicollis/Brazil/RS-1177/2012
APMV-10/penguin/Falkland Islands/324/2007
78| ——  APMV-2/Chicken/California/Yucaipa/56
80 | APMV-8/pintail/Wakuya/20/78
100 | APMV-8/Goose/Delaware/1053/76
APMV-3/PKT/Netherland/449/75

100

100 — APMV-4/duck/Hongkong/D3/75  |Avian paraavulavirus
100 L APMV-4/KR/YJ/06

—
0.2

Figure 4 — Phylogenetic relationship of the novelavian paramyxovirus
APMV-13/White-fronted Goose/Northern Kazakhstan/5751/2013 with other avian paramyxoviruses serotypes

As it can be seen in Figure 4, the Kazakhstan isolate APMV-13, together with the APMVserotypes
1,9,12 and 16, formed a separate monophyletic group, within which the most phylogenetically similar was
APMV-12, isolated in 2012 in Italy.

Thus, as a result of molecular genetic studies, data on the circulation of novel avian paramyxovirus
serotype 13 were confirmed in Kazakhstan (according to the new taxonomic classification from 2017).

M. X. Casros, A. b. Ceiinaauna, K. O. Kapamenaun, A. U. KpinsipmaHnos,
E. T. Kacbimbekos, K. /. [layn16aesa, E. 5I. Xan, C. A. CyaeiimenoBa, K. X. ’Kymartos

KUIC «MuxkpoGuonorust xasne Bupycosorus FOO», Anmarel, Kazakcran

KYC NAPAMUKCOBHUPYCTAPBIHBIH FbBIJIBIMF A ’)KAHA IIMB-13 TYPIH BOJIY
KOHE MOJIEKYJIAJIBI-TEHETHUKAJIBIK CUITATTAY

AHHoTanus. Makanana KycTapIbslH jkKaHa CepOTYPiH 06y, aXKeIpaThiln Oajay MeH (PHIOT€HETHKAIBIK TAIIay
HOTIDKeNepi cunarramanpl. KasakcTaHHBIH Oec OONBICHIHAH >kuHanFaH 204 chlHaMaHBI Kepi TPaHCKPHIIIUS -
oJTMMepa3 bl Ti30eKTi peakuus CKPUHUHTTEY HOTIKECiHAe 15 HycKachl MapaMHKCOBHpYCTapFa OH HOTIDKE Oepii.
L-reninin Oeniria cekBeHaey oficiMeH koHe keneciik BLAST-rangay motmkecinne Ka3zakcTanmarsl TY3 KYCTapsl
nomysiusiceiana [IMB  Genriciz TypiHiH aifHaidpIMAa >KYPreHIH aWFakTaWTBIH MOIiMeTTep anblHABL.  COHFBI
yirigeri  HiSeq 3000 (Illumina) cexBeHatopbiHma Ka3akcTaHABIK APMV-13/white-fronted goose/North
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Kazakhstan/5751/2013 Gemninpici TeHOMBIH TONBIK cekBenzaey kyprizingi. Kyc [IMB toH, ceri3 aKkybl3 KOATaHThIH
3’-NP-P/V/W-M-F-HN-L-5’ renzepinin Ti30eri aHbIKTaibl. DHIOreHETHKAIBIK 3€PTTEY HOTHMIKECI Ka3aKCTaHIbIK
[IMB xana 13-ceporypi TaOufm >kaHa HYCKa OONBIN CaHANAIbl KOHE ©3re CEepPOTYPIEpACH €Idyip albIpMallbl-
JIBIFBI Oap.

Tyiiin ce3mep: mapamukcoBupyc, APMV-13, monumMepa3npITi30eKTi peakius, TeH, CeKBeHIey, (uiioreHe-
TUKAJIBIK TaJI/IAy.

M. X. Casros, A. b. Ceiinaauna, K. O. Kapamenaun, A. . KeiasipMaHoB,
E. T. Kacbimbekos, K. /1. [layn6aesa, E. 5I. Xan, C. A. CyaeiimenoBa, K. X. ’Kymaros

TOO «HIIL] mukpobuonoruu u BUpycosiorum», Anmarel, Kazaxcran

N300 U MOJIEKYJISAIPHO-TEHETUYECKASA XAPAKTEPUCTUKA
HOBOTI'O JIs1 HAYKHN TAPAMUKCOBHUPYCA IITUI] APMV-13

AHHOTanusi. B crarbe mpuBeneHs! pe3yabTaThl N30SINHN, HACHTU(GUKANKA U (PUIOTEHETHYECKOTO aHaIn3a
napamukcosupyca (IIMB) nrumaoBoro ceporuma. [Ipu ckpurmare 204 00pa3roB, COOpaHHBIX B ISTH OONACTIX
Kazaxcrana B 0OpaTHOH TpaHCKPHIINH-NIOINMEPa3HON HEMHON peaknuu, OOHapy>KeHHI 18 IMONOKUTEIhHBIX Ha
[IMB mpo6. Mertogom cekBeHnpoBaHus ¢parmenta L-reHa u mocnenyromero BLAST-ananu3a moka3ana mupKy-
Jsuus B nomyysinusax qukux nrul Kazaxcrana [IMB nTunHOBOro panee HeusBecTHoro ceporuna. Ha cexkBenatope
HoBoro mokoineHus HiSeq 3000 (Illumina) mpoBemeHO TONHOTEHOMHOE CEKBEHHPOBAHHE Ka3aXCTAHCKOTO
m3ositaAPMV-13/white-frontedgoose/NorthKazakhstan/5751/2013. OmpeneneHa mocienoBaTeIbHOCTh TEHOB 3’-
NP-P/V/W-M-F-HN-L-5’, kogupyromiux BoceMb 0eIKoB, XapakTepHbIX st [IMB nrut. @unoreHeTndeckue uccie-
JIOBaHUSl NOKa3alM, 4YTo KazaxcTaHCkuil u3oisaT IIMB ceporuna-13 siBisercs HOBBIM NPUPOIAHBIM BapUAHTOM,
3HAYUTEIHHO OTIINYAIOIINMCS OT JPYTHX CEPOTUIIOB.

KaroueBsblie cioBa: mapamukcoBupyc, APMV-13, nonmMepasHas IemHas peakius, TeH, CEKBCHHPOBaHHE,
(UITOTeHeTHYECKUI aHATIH3.
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SUCCULENT PLANTS
IN THE COLLECTION OF THE INSTITUTE
OF BOTANY AND PHYTOINTRODUCTION IN ALMATY

Abstract. The article “Succulent plants in the collection of the Institute of Botany and Phytointroduction of
Almaty” presents the results of the introduction work with the succulents of our collection. Promising and commer-
cially profitable plants from succulents were chosen, since they are not whimsical in care, and as a result of evo-
lution, they easily adapt to a more or less arid climate and can be widely used. In this publication, we talked about
the birth of succulents, interesting for phytodesign.

Keywords: succulent, introduction, closed ground, collection, phytodesign.

An important step in the introduction of greenery plants is the study of individual taxonomic groups
(genera, species), which allows for introduction on the basis of a careful and comprehensive account of
their biological, morphological and environmental features. As a result, it is possible to predict the possi-
bility of introducing certain species into the culture and to enrich the collection gene pool of greenhouse.

Purpose: The introduction of succulent plants in the collection of the Institute of Botany and
Phytointroduction.

The collection of succulents at the Institute of Botany and Phytointroduction has a long history
beginning in 1932. Most of the plants were grown from seeds and live plants coming from the gardens of
Germany, the Czech Republic, Brazil and other countries. Some of the plants were obtained by exchange
from flower growers. The most active period of increasing the collection was from 1972 to 1982. Thanks
to the peculiar structure of the plant, they are not comparable with any other group. They can exist in
extreme conditions (for example, with a lack of organic matter in the soil, water in the soil and air, as well
as temperature differences). As a result, the evolution of the morphological structure of succulent plants
can adapt to a more or less arid climate. The distribution area of succulent plants: deserts and semi-deserts
of South Africa, Mexico, Central America, mountainous areas of South America [1-3].

Succulent plants are divided, depending on the method of accumulation of water, leaf, stem and root.
In the collection of the greenhouse of the Institute of Botany and Phytointroduction, there are all three
varieties of succulents. Among them there are also “hard-leaved” and “herbaceous” ones.

According to the results of the introduction observations, a group of 125 species of succulents was
collected and taxonomic, consisting of 47 genera belonging to 17 genus: Agavaceae — 17 species,
Aloaceae — 16, Amaryllidaceae — 9, Apocynaceae — 1, Aroliaceae — 1, Asclepiadaceae — 6, Asparaga-
ceae — 4, Asteraceae — 5, Commelinaceae — 2, Crassulaceae — 43, Cucurbitaceae — 1, Draceanaceae — 3,
Euphorbiaceae — 12, Hyacinthaceae — 1, Portulacaceae — 2, Urticaceae — 1, Vitaceae — 1.

The most numerous genus: Crassulaceae, including 43 species and Agavaceae — 19 (table).

For many years, the introduction work has allowed us to choose certain conditions for plants to grow.
Most of the succulent species in our greenhouse grow well, blossom and bear fruit. The microclimate in
the greenery: in winter the temperature reaches 10-12 °C, in spring-summer period it is 40-50 °C, the
illumination on average is 80,000 1x. At low air humidity we produce irrigation with water. Plants grow in
the soil and containers on the shelves in the "dry" exposure of "Arid plants". For them, an appropriate soil
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Family, genus and number of species of succulents of the Institute of Botany and Phytointroduction

Family

Genus

Quantity

Agavaceae

Agave L.

10

Yucca L.

NolinaMichauz.

DasylirionZucc.

TitanopsisSchwantes.

FaucariaSchwantes.

RuschiaSchwantes.

TrichodiademaSchwantes.

CorpusculariaSchwantes.

Aloaceae

Aloe L.

GasteriaDuval.

BowieaHarv. Ex Hook.f.

HawortiaDuval.

Amaryllidaceae

HaemanthusL.

Apocynaceae

PachypodiumLindl.

Aroliaceae

CussoniaThunb.

Asclepiadaceae

Ceropegial..

Stapelial..

SarcostemmaR. Br.

Hoya R. Br.

HuerniaR. Br.

Asparagaceae

Albucal.

DrimiopsisL.

NolinaMichauz.

Asteraceae

Senecio(Tourn.) L.

Commelinaceae

Tradescantial..

CyanotisD.Don.

Crassulaceae

Crassulal.

Cotyledon Thunb.

PachyphytumKlotzschet Otto

Sedum L.
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EcheveriaDC.
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MonanthesHaw.

—_

GraptopetalumRose.

KalanchoeAdans.

SinocrassulaA.Berger.

AdromischusLem.

AeoniumWebb et Berth.

Cucurbitaceae

NeoalsomitraHutch.

Draceanaceae

SansevieriaThunb.

Euphorbiaceae

Euphorbia L.

MonadeniumPax.

SyandeniumBoiss.

Hyacinthaceae

OrnithogalumL.

Portulacaceae

Portulacarial.

AhacampserosL.

Urticaceae

PilealLindl.

Vitaceae

CissusDS.
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composition was selected, consisting of sod-earth, sand, and humus at a ratio of 1:2:0.5. The above
environmental conditions of closed ground allow plants to always remain highly decorative and multiply.

We carry out reproduction work mainly vegetatively, since not all plants under the conditions of the
greenhouse undergo a full cycle. The collection is constantly updated with new species. Due to its unpre-
tentiousness to the content, as well as high ornamental, these plants are popular among the population and
are actively used in design.

When creating a collection of greenhouse, the main task was to present the morphological diversity
of the species of succulents. As a result of many years of work, we selected promising plants for scientific
study, as well as for commercialization. In the course of the selection, we identified the most interesting
succulents according to the above principles from our collection [4].

An extensive family of the of Agave (Agavaceae), which includes 9 genus and is represented by 19
species. Of this family Agave L. is the most numerous genus. These are typical representative succulents
that have rosettes of leaves with spines covered at almost all edges, the stem is very short. The leaves
accumulate and store water in a viscous, colloidal state, which prevents its rapid evaporation in hot
weather. The plant blooms once in a lifetime, then dies, but leaves a lot of "babies." Types of agaves are
widely used in traditional medicine and cosmetology.
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Picture 1 — Agave victoriae-reginae T.Moore Picture 2 — Nolinarecurvata (Lem.) Hemsl

One of the perspective plants, also widely used in design, belongs to the genus nolin (Nolina
Michauz.) Or so-called "bottle tree". This representative of the "hard-leaved" succulents has narrow, long
and hard leaves that are not a water store. The water in these plants is stored in an expanded stem base or
caudex reservoir, and is used in case of drought. In our greenergy, this plant appeared in the 1980s. Today
it grows in the subtropics division, its height reaches about 2 meters, the length of the leaves is 1.5 meters,
and the diameter of the caudex is 1 m. Hats, mats and other items are woven from the leaves of Nolina in
the homeland.

The spurge family (Euphorbiaceae) are stem succulents. Our collection includes 3 genera (Euphorbia
L., Monadenium Pax. And Syandenium Boiss.), 11 species. The leaves of these plants appear exclusively
at a young age, and then they fall off, since photosynthesis occurs directly in the stems. Here they store
water, which, in case of its shortage, is used. The juice of these plants is poisonous, so you need to work
with them carefully.
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Picture 3 — Euphorbiaobesa Hook

Thus, as a result of the introduction work, promising and commercially beneficial plants from the
succulents of our collection were chosen, since they are not whimsical in care, and as a result of evolution
can easily adapt to a more or less arid climate, can be widely used. In this publication, we talked about the
genera of succulents, interesting for phytodesign.

H. A. Toxi6aesa', T. B. Myp3osa®, JI. K. Aiinap6aesa’, A. Karkan6aepa’

' AGaii aTbiaarsr Ka3ak yITTBIK Nearorukaiblk yHHBEpCHTeTi, AnvaTsl, Kasakcran,
*BOTaHMKa %KOHe (DUTOMHTPOMYKIIHS MHCTUTYThI 3ePTXaHACHIHBIH MEHrepyIici, Anvarsl. Kasakcran

CYKKYJIEHTHBIE PACTEHUS B KOJUIEKIITUN
NHCTUTYTA BOTAHUKHU U PUTONHTPOAYKIUU I'. AIMATBI

AHHoOTanMsl. «ANIMaThl KaJachiHbIH boTaHuKa >koHE (UTOMHTPOAYKLMS MHCTUTYTBHIHBIH KUHAFBIHAAFBl CYK-
KYJIEHTTI ©CIMIIKTEep» Makanachl Oi3/[iH KOJUICKIHSHBIH CYKYJICHTTEPIMEH TaHBICTBIPY JKYMBICTAPBIHBIH HOTHIKE-
nepiH ycwiHanabl. bonamarsl 0ap, catyra kosaitnbl CyKKyJEHTTI ©CIMIIKTEp TaHAAJbII ajiblHFaH, OMTKEHI ojap
KYTIMZ1 KaTThl KaXXET eTIEei/Ii KoHEe IBOJIIOLMS HOTIKECIH/IE KYPFaK KIIMMATKa )XEHiJT OeliMIeNTeHaiIKTeH, KeHIHeH
KOJIIaHbICKa ue Oonaapl. byi xapusuiansiMaa 013 pUTOAM3alH YILIIH KBI3BIKTBI 9pi KYHIBI CYKKYJIEHTTEPAIH TybIC-
Tapsl J)KalbIHAA aliTaMBbI3.

Tyiiin ce3aep: CyKKyJIeHT, HHTPOAYKIMS (KEPCIHAIPY), ’KaOBIK IPYHT, KOJUIEKIHS, (GUTOU3aliHa.

H. A. Toxi6aeBa', T. B. Myp3osa®, JI. K. Aiinap6aesa’, A. Karkan6aepa’

'Kazaxckuil HALMOHAIBHBIH [1€1arornYecKHii yauBepcureT uM. Abasi, Anmater, Kazaxcran,
*UucruryT 6oTaHuKN 1 UTOMHTPOAyKIWMH, AnMarsl, Kazaxcram

CYKKYJIEHTHBIE PACTEHHS B KOJUVIEKIINHN
HUHCTUTYTA BOTAHUKU U PUTONHTPOAYKIIUU I'. AIMATBI

Annotanusi. B cratee «CyKKyJI€HTHBIE pacTeHUs B KOJUIEKIMHM VHCTUTYTa OOTaHWMKU M (UTOMHTPOAYKIMU
r.AJMaTb» TPUBOAUTCS PE3yJIbTaThl MHTPOIAYKIHOHHOW pPabOTHI C CYKKyJEHTaMH Halleld KOJUIeKnWH. bbutu
BBIOpAHBI TIEPCIEKTHBHBIE 1 KOMMEPUYECKH BBITOJHBIE PACTEHUS] M3 CYKKYJEHTOB, TaK KaK OHHM HE IPUXOTIMBHI B
YXOJI€, @ B pe3yJIbTaTe IBOIIOLHUH JIETKO aIaNTHPYIOTCS K OoJiee MM MEHee apuIHOMY KIMMaTy, MOTYT IIHPOKO HC-
MIOJIb30BaTHCS. B naHHOM MyONIMKaiy Mbl paccKa3ain O poAax CyKKYJIEHTOB, HHTEPECHBIX Ul (PUTOAM3AHA.

KnroueBble c1oBa: CyKKyJI€HT, HHTPOILYKLHS, 3aKPBITHII TPYHT, KOJUIEKLHU, pUTOAU3alHA.
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For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.com/postingpolicy),
that it is not under consideration for publication elsewhere, that its publication is approved by all authors
and tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other language,
including electronically without the written consent of the copyright-holder. In particular, translations
into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by the
Cross Check originality detection service http:/www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.
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