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Optimization of microclonal propagation conditions for increasing the multiplication
factor of poplar microshoots

Abstract: Representatives of the genus poplar — Populus L. (kind Salicaceae) are widely used for
landscape gardening residential areas and creating different types of protective plantings. Difficulties
of propagation for some types of poplars by traditional methods is their weak rooting, as well as a high
level of bacterial and fungal infection rate. Therefore using such methods as clonal micropropagation
of plants in aseptic conditions on artificial nutrient medium is relevant for valuable forms of poplar.
The purpose of this work is optimization of the conditions of microclonal propagation for increasing
the coefficient of propagation of microshoots of Populus alba L. and Populus bolleana L. from axillary
shoots introduced into an in vitro culture. The main objective set for solving this purpose were the
regeneration of plants on the basis of direct proliferation of axillary meristem, their rooting and
multiplication of the microshoots. High regeneration of axillary basic shoots of two types of poplars
occurred on a WPM nutrient medium with the addition of the hormones BA (0.5 mg/l) and GA
0.2 mg/l. The WPM nutrient medium with the addition of BA hormones of 0.2 mg/1 and 0.2 mg/1
appropriate for increasing the quantity of shoots from axillary shoots. More optimal for rooting and
growth of microshoots of Populus alba L. and Populus bolleana L. is S WPM nutrient medium for
woody cultural with the addition of the hormone IBA 0.01 mg/1l. Thereby, conditions of microclonal
propagation was been optimized for increasing the coefficient of propagation of poplar microshoots.

Keywords: Populus alba L., Populus bolleana L., axillary shoods, cultivation medium, in vitro.

DOI: https://doi.org/10.32523/2616-7034-2019-126-1-57-65

Abbreviations: WPM — Woody plant medium; BA — 6-benzylaminopurine; IBA — indole-3-
butyric acid; GA — gibberellic acid; NA — nicotinic acid; medium MS.

Introduction. The success of landscape gardening in large amount depends on the correct
selection of decorative trees. Knowledge of the morphological and decorative features of woody
plants and their relationship to the adverse conditions to the city environment allows to improve the
landscape of the city [1].

The genus Populus become an important component of the world’s potential renewable resources
for the XXI century. The genus Populus has many commercially important components like hybrids
and species, and is the most highly distributed woody plant worldwide [2, 3|. Poplar one of the
fastest growing species used in plantation cultivation for various aims [4]. In altogether, here are
around 110 poplar speciesin the world that widely distributedin the northern hemisphere [5].

In the list of the Royal Botanic Garden Kew were numbered 199 scientific names of Populus genus,
which only 87 were recognized as specific names [6].

Forgardening the cities and region with severeclimatic conditions, landscapers provide planting
and reproduction of Populus alba L. and Populus bolleana L. |7]. Valuable quality of two types
of decorative poplar is sufficient stability against smoke and gas, the ability to enrich the air with
volatile production and kill pathogenic microbes. They are winterhardy, relatively drought and
gas-resistant, light-requiring, heat-resistant, and wind-resistant [8].

Despite the advantage of two types of poplar, there are limitations when cultivation for gardening
ecologically unfavorable territories [9]. There exist a problem, which connects with surviving per-
centage of Populus alba L., which relateswith effect of fungal and viral diseases Populus bolleana L.
rooting process is difficult [10]. For reproduction of Populus alba L. and Populus bolleana L.with the
most appropriate and optimal method is microclonal reproduction by axillary buds, since it achieves
the highest genetic stability and uniformity [11].
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By the researchers were selected and optimized nutrient medium, determined the significance of
auxins and cytokines for shoot growth, to induce root formation under conditions in vitro |12, 13,
14].

Poplars were one of the first objectives of propagation trials, where Cambial tissues were use
dasbasicmaterial [15, 16]. Initially, callus improvement, following shoot or root development was
generated on the callus surface. Sometimes it occurred without any outside effect. The link between
the regenerated shoots and roots was sometimes unclear. Gathered opinions established the vegeta-
tive propagation founded from a single bud and different originated callus based plant regeneration
[17].

Several researchers’ micropropagated sterile bud originated plantlets of poplars for the first time
[18, 19]. They presented in their results about difficulties of culture establishment and genetically
determined differences between the species. It was identified that the success of establishment also
depends onthe age of the mother plants [17].

Another research aimed to develop micropropagation methods of poplars for commercial purposes
[20]. Thus, that research improved the micropropagation method of the tetraploid clone ‘Ta — 10’
for the substitution of vegetative propagation by grafting. Research around the development of the
micropropagation procedure for different poplar species continues today [21]. Many scientists sum-
marized the multiplication procedure of several poplar species that were inoculated or not inoculated
with ectomycorrhizal fungus for different experimental purposes [13, 22, 23].

The aim of the study was to optimize the conditions of micropropagation to increase the multipli-
cation factor of poplar microshoots of Populus alba L. and Populus bolleana L. from axillary shoots
introduced into the culture n vitro.

Material and Methods

Sterilization of shoots . The cut annual shoots of poplar about 6 cm in size were thoroughly
washed with running war water and sterilized. Sterilization consisted of two stages: 1 — preliminary
sterilization, which took place in non-sterile conditions (surface sterilization), 2 — basic sterilization
in aseptic conditions (in laminar-flow box conditions).

Introduction of azillary buds into in vitro culture

In laminar-box in axillary buds removed cover scales and leaves, leaving the two most deeply
located leaves, which were isolated and placed in a nutrient medium WPM (Woody plant medium)
with the addition of 0.5 mg/l BA (6-benzylaminopurine), 0.2 mg/l GA (gibberellic acid) for the
growth of axillary buds. Axillary shoots were cultivated in the climatic chamber "BINDER KBWF
720" with a 16-hour light mode, illumination — 2-3 kilolux, temperature 24-26 © C, the humidity level
of 70%.

Regeneration and rooting of test-tube plants. Regeneration of meristem plants consisted of the
following stages — induction of shoot formation, their elongation and rooting. To increase the number
of shoots of poplar species of Populus alba L. and Populus bolleana L., nutrient media WPM and
MS with BA growth hormones in concentration - 0.2 mg/1; 0.5 mg/1; 1.0 mg/l and GA — 0.2 mg/1
were used. Rooting of in vitro shoots of two species of poplar was conducted on WPM medium with
half the content of macrosalts (S WPM), growth hormone IBA (indole-3-butyric acid) 0.01 mg/I;
0.5 mg/l or nutrient medium free of hormones.

Results and discussion

Regeneration of poplar axillary shoots. The regeneration of axillary shoots is a particularly impor-
tant step in the development of poplar micropropagation technology. The main purpose of this stage
is the regeneration of plants on the basis of direct proliferation of axillary meristems, their rooting
and animation of the obtained microshoots. Annual non-woody shoots of Populus alba L and Popu-
lus bolleana L. poplar with axillary vegetative buds were used to regenerate the main axillary shoots.
The researchers of poplar cultivation using MS and WPM with the addition of phytohormones, such
as 6-benzylaminopurine (BA) [21].

We optimized the composition of the nutrient medium WPM benefits for the growth and devel-
opment of axillary shoots of two species of poplars from explant. The influence of phytohormones
(BA and GA) was studied. Following variants of the WPM medium were studied: 1) BA 0.2 mg/1,
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GA 0.2 mg/l; 2) BA 0.5 mg/1, GA 0.2 mg/l. Sterilized shoots were cut under aseptic conditions into
segments of size 0.5-2 cm with one axillary bud (Figure 1).

f

Ficure 1 — Obtaining poplar seedlings through micropropagation
a) sterile axillary shoots of Populus alba L; b) development of the main axillary shoot; ¢) rooted of
microshoots; d) growing microshoots in light room; e) reproduction of induced shoots of Populus
alba L; f) microshoots planted in the soil

After 30 days of cultivation, the results of the experiment were analyzed and it was found that
high regeneration of axillary main shoots of two poplar species occurred in the second variant of
the nutrient medium WPM with the addition of hormones (BA 0.5 mg/l and GA 0.2 mg/1). The
highest percentage of well-developed axillary main shoots was obtained by cultivating explants on
the nutrient medium WPM with BA 0.5 mg/l and GA 0.2 mg/l in Populus alba L — 70.2%, in
Populus bolleana L.— 57.3% (Figure 2).
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Ficure 2 — Regeneration of axillary shoots depending onthe hormonal medium composition WPM

The percentage of regeneration of axillary shoots in Populus alba L. is higher than that of Populus
bolleana L. This is due to the fact that Populus alba L. has a high intensity of vital and rapid
growth in culture in vitro and natural conditions, compared with Populus bolleana L.[19]. Thus, for
regeneration of axillary shoot of Populus alba L. and Populus bolleana L. the environment of WPM
with the addition of hormones BA 0,5 mg/1 and GA 0,2 mg/1 is better suited.
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Clonal micropropagation of poplar microshoots

In the literature, there are data on the use of different nutrient media with hormones to increase
the number of induced shoots [13, 14, 25|. It is shown that the best growth in the proliferation of
shoots in poplar was on the medium WPM for tree crops with BA in the concentration of 0.1 and
0.2 mg/l, and the increase in the concentration of BA did not have a positive effect on the increase
of the shoots number [14].

We have optimized the composition of the nutrient medium to increase the number of induced
shoots. The effect of concentration of BA and GA phytohormones were studied. The following
WPM medium variants were tested: 1) BA 1.0 mg/l, GA 0.2 mg/l; 2) BA 0.5 mg/l, GA 0.2 mg/1; 3)
BA 0.2 mg/l, GA 0.2 mg/l; 4) BA 0.5 mg/l; MS medium: 5) BA 1.0 mg/1, GA 0.2 mg/1; 6) BA 0.5
mg/l, GA 0.2 mg/1; 7) BA 0.2 mg/1, GA 0.2 mg/l; 8) BA 0.5 mg/l (Figure 3, table 2). Experiments
were carried out on Populus alba L. the primary explant with a cut axillary shoot was used.

Table 1 — Indicators of increase in the number of induced shoots in Populus alba L.

Options

1 day

15 days

30 days

50 days

Shoots
units

Shoot
length
(cm)

Shoots
units

Shoot
length
(cm)

Shoots
units

Shoot
length
(cm)

Shoots
units

Shoot
length
(cm)

I - WPM
with BA 1,0
and GA 0,2

mg/1

1

1.5+0.1

2.0£0.1

1.8+0.1

3.0£0.2

2.1£0.1

5.44+0.3

2.3£0.1

I - WPM
with BA 0,5
and GA 0,2

mg/1

2.24+0.1

2.0£0.1

2.44+0.1

3.2+0.2

2.5+0.1

5.4+0.3

2.7£0.1

Il - WPM
with BA 0,2
andGA 0,2

mg/1

3.240.2

3.240.2

3.44+0.2

7.0+£0.4

9.3£0.3

11.240.6

5.5£0.3

IV - WPM
with BA 0,5

mg/1

1.4£0.1

1.240.1

1.5+0.1

2.24+0.1

1.7+0.1

3.6+0.2

1.8£0.1

V — MCwith
BA 1,0 and
GA 0,2
mg/1

1.3+0.1

1.0+0.1

1.5+0.1

1.2+0.1

1.6+0.1

1.8+0.1

1.7£0.1

VI -
MCwith

BA 0,5 and
GA 0,2
mg/1

1.8£0.1

1.0£0.1

2.1+0.1

1.0£0.1

2.1+0.1

1.4£0.1

2.1+0.1

VII -
MCwith

BA 0,2 and
GA 0,2
mg/1

2.240.1

2.6£0.1

2.4£0.1

5.0£0.3

3.240.2

7.8+0.4

3.3£0.2

VIII -
MCwith
BA

mg/1

0,5

1.6£0.1

1.84+0.1

1.8+0.1

3.0+0.2

20+0.1

5.4+0.3

2.6+0.1

After 15, 30 and 50 days of cultivation, the results of the experiment were analyzed and it was
found that the high number of poplar shoots occurred in the third options of the nutrient medium
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a

Ficure 3 — Propagation of induced shoots of poplar

induced shoots on the WPM medium with BA 0.2 mg/1, GA 0.2 mg/];
b) propagation of induced shoots after 30 days

WPM with the addition of hormones (BA 0.2 mg/l and GA 0.2 mg/1). Thus, the average number
of shoots of white species was 11.2 units; shoots length — 5.5 cm.

The slowest development of shoots was observed in the sixth variant of the medium (MS with
BA 0.5 and GA 0.2 mg/l): the average number of shoots wasonly 1.4 units, the length of shoots —
2.1cm. There was no positive effect of BA 1.0 mg/l and GA 0.2 mg/] on the increase in the number
of shoots. Thus, to increase the number of shoots from axillary shoots solid medium MS with of
hormones the addition BA 0.2 mg/1 and GA 0.2 mg/l was more applicable.

Rooting of poplar microshoots. One of the important stages of obtaining seedlings in the culture
of in wvitro male specimens of Populus alba L. and Populus bolleana L. is the induction of root
formation. For obtaining poplar seedlings of Populus alba L. and Populus bolleana L. from the
test-tube, it is initially necessary to choose a nutrient medium with hormones, there will be normal
growth and development of the roots. In the literature as the medium for induction of root formation
microshoots four poplar species used nutrient medium Schenk Hildebrandt (SH) and Woody Plant
Medium (WPM) supplemented with 5 mg/1 nicotinic acid (NA) WPM or SWPM (with a reduced
content of macrosalts) without hormones [26]. WPM with the auxin, indole-3-butyric acid (IBA)
0.5 mg/1.

We have optimized the composition of the nutrient medium WPM for the induction of root
formation and rooting of microshoots of two types of poplars. It was studied the influence of without
hormonal environment and WPM supplemented with auxin is indole-3-butyric acid (IBA). Tested
the following mediums WPM: 1) no hormone; 2) SWPM (reduced content of macrosalts); 3) SWPM,
IBA 0.5 mg/l; 4) SWPM, IBA 0.01 mg/l was added auxin, IBA at a concentration of 0.01 mg/1
and 0.5 mg/l in the medium to determine the required amount of exogenous hormones to receive
microshootson the basis of proliferation of axillary meristems (direct distillation axillary shoots) and
the induction of root formation, except for the stage of callus formation. The increased concentration
of auxins in the medium contributes to the formation of callus tissue, which is confirmed by literature
data [13, 25].The experiments were carried out on two types of poplar, 30 test-tube microshoots
were analyzed for each variant. To obtain whole microshoots, the formed shoots were isolated and
transferred to the rooting medium (Table 2).

Table 2 — Induction of roots formation of microshoots in culture in vitro

Genotype Option of | Amount of microshoots Length | Callus
mediums of induc-
shoots, | tion
cm
total rooted | %
Populus alba L. | 1 — WPM 30+1.5 16£0.8 | 53.3+£2.7 | 4.1£0.2 | —
2-S WPM 30+1.5 20£1.0 | 66.7£3.3 | 6.8£0.3 | —
3 -S WPM + | 30+1.5 9+0.5 | 30.0£1.5 | 5.1+£0.3 | +
IBA 0,5
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4 -S WPM + | 30+1.5 24+1.2 | 80.0£3.2 | 7.24+04 | —
IBA 0,01
Populus  bol- | 1 — WPM 30+1.5 104+0.5 | 33.3£1.7 | 5.0+£0.3 | —
leana L.

2-S WPM 30+1.5 16£0.8 | 53.3+£2.7 | 7.7£0.4 | —
3-S WPM + | 30£1.5 8+0.4 |26.7+1.3 | 5.6+0.3 | +
IBA 0,5
4 - S WPM + | 30£1.5 17£0.9 | 56.7£2.8 | 6.4+£0.3 | -
IBA 0,01
Notes: 1 — «+» induced callus; 2 — «—» callus is not formed

After 30 days of cultivation, the results of the experiment were analyzed and it was found that
the best rooting of poplar microshoots occurred in the fourth variant with a reduced content of
macrosalts — SWPM with the addition of IBA 0.01 mg/1, which was 80% for Populus alba L. 56.7%
for Populus bolleana L. Also, the best results were obtained in the second option of the medium
- SWPM without hormone, Populus alba L. - 66.7%, Populus bolleana L. - 53.3%. Two types of
poplars at the option of SWPM medium with auxin, IBA 0.5 mg/l was observed the formation of
callus tissue.

The percentage of rooted plants in two poplar species is different, this is due to different levels
and a set of own hormones, because of this, they can exhibit different morphogeneticactivity and
the ability to regenerate whole plants in vitro culture (Figure 4). By rooting microshoots obtained
rapid growth in their height. After a month of cultivation, shoots reached a length of 4.1 to 7.7 cm.

a b c

Ficure 4 — Rooting of microshoots of two species of poplars
a) rooting of Populus alba L. microshoots; b) induced roots of Populus bolleana L. on nutrient
medium SWPM; ¢) induction of callus formation of microshoots on nutrient medium SWPM with
IBA 0.5 mg/1

Consequently, the nutrient medium SWPM for woody crops with the addition of the hormone
IBA 0.01 mg/1 is the most optimal for rooting and growth of microshoots of Populus alba L. and
Populus bolleana L. Thus, the optimized conditions of micropropagation in tractable traditional
method of Populus alba L. and Populus bolleana L. for mass production and receiving improved
planting material.

Conclusion. Research of the conditions clonal micropropagation of plants in aseptic conditions
on artificial nutrient medium which are difficult to root by the traditional method of Populus alba
L. and Populus bolleana L. showed that the use of this method is optimal at all stages of the pro-
duction of regenerated plants. High-level regeneration of the axillary main shoots of two species of
poplars occurred on a WPM nutrient mediumwith the addition of the hormones BA 0.5 mg/1 and
GA 0.2 mg/l. To increase the quantity of shoots from axillary shoots better suits the WPM nutrient
medium with the addition of hormones BA 0.2 mg/1 and GA 0.2 mg/l. The most optimal for rooting
and growth of microshoots of Populus alba L. and Populus bolleana L. is S WPM nutrient medium
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for woody plant culture with the addition of the hormone IBA 0.01 mg/l. Thereby, the conditions
for isolating explants, sterilization modes, cultivation conditions and composition of nutrient medi-
umwere selected. The obtained microplants of Populus alba L. and Populus bolleana L. are suitable
for further industrial use in urban landscape gardening.
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TepekTiH MUKPO epkeAepiH KebelTyaiH KO3(dduueHTTEepiH apThipy YIIIH MUKPOKJIOHAbI KOTEHUTYiH,
>KarJanjapblH OHTANJIAHABIPY

Angnarna Populus L. (tykpivpac. Salicaceae) Tepek TYKbIMIACTAPHBIH, OKLIZEP] el MeKeHIepAl KOraiqaHIbIpMeH opTypJIl
TUNTEri KOPFaJaThIH KOIIETTEP/l »Kacay MaKCaTbIHIa KEHIHEH KOJIJaHbLIabl. Keiibip Tepek TypJiepiH mocTypJii >KOJIMEH
KOOEUTYIIH KUBIHJBIKTAPhl, OJIAD/IBIH OJICI3 TaMbIPJIAHYbI, COHJAl-aK OAKTEPUSJIBIK, YKOHE CaHbIPAYKYJIAK »KYKIIAJapbIHbBIH,
2KOFaphl JieHreiie »Kyrybl 60bin Tabbuianbl. Coui cebenti, acenTUKAJIBIK *Karmaiifja »KacaHbl KOPEKTIK OpTaja KJIOHAJIIbI
MHKPO KOOEHTymiH OCBI OOiCTepiH KOJIJaHy, TePeKTiy Oarajbl Typsepi yimH e3exkTi OGOJIbII TaObLIagbI. 2KymMbIcThIH
HEri3ri MakcaTbl-KyJIbTypara €HrI31JIreH KOJITHIK OYPIIIKTEPJAEH IIBIKKAH akK KoHe bBoJjuie TepeKTep/iH MHUKPOOPKEHIEPIHIH
KebeiTy KO3(MDUIMEHTIH >KOFapJiaTy VIIiH MUKDPOKJIOHJbI KOOEHUTY/iH KarJaijlapblH OHTAWIAHIALIPY OOJIBIIT TaOBbLIAIb.
Bepinren makcaTThiy memniiMi yiriH eciMiK pereHeparuschl KOJITBIK, OypPIIKTEP/iH Typa Ipoudepalusichbl HEri3iHe ajbIHFaH
MHKDPOOPKEHIEPAIH MyJIbTUILINKAIIAICH] 2KOHE OHBIH TaMBIPJIaHybl 0acThl MiHAeT 60bin Tabbutansl. TepekTin exi Typinin Herisri
epKeHJepinin »Korapbl pereHepanusicel WPM kopekrik opraceina BAIT 0,5 mr/m kene 'K 0,2 Mr/n ropMoHzapsl KOCBUIFAH
opraceiHga Gosabl. OpKeHJep CaHBIH apTThIpyJa KOATHIK Oypmikrep ymin BAIT (BA) 0,2 mr/a xeme 'K(GA) 0,2 mr/n
ropMoH1apbl Kocklran WPM KOpekTik opTachlia ecipreH eTe OHTaiIbl. AFall eciMIiKTepi yIIiH ak >koHe BoJiie TepekTepiHin
MUKDPOOPKeHIepiniH ecyimen Tambipianybiaga (MMK) 0,01 mr/s ropmonst Kocburran S WPM KOpeKTiK opTachl OHTaNIBI GOJIBIIT
Tabbutagpl. OcpbLiaiina, TEPeKTiH MHUKPOOPKEHIEPIHIH KOOeHTy KO3(DMUIMEHTIH *KOFapiaTyla MUKPOKJIOHAJALI KOOEHTYIiH
2Karaaiiyiapbl OHTaNIaHIBIPBIIIbL.

Tyiin cesaep: Ak Tepek, BoJuie Teperi, KONTBIK OYpIIiK, KOPEKTIK OpTa, in vitro.

Kpeickaprynap: WPM — Woody plant medium; BAIIl — 6-6ensunamunonypun; UMK — wnmonun mak Kpiukpiis;; K —
rubbepennn KpimkbUibl; HK — aukorusa kpinkeuais; MC — Mypacure-CKyr KOPEKTiK OpTachl.

A.A. Kakum>kanosa ! , ®.C. YKarumnap ! , ®. Hasupan 2, B.K. Kapumosa !, A.C. Hyprasa !

1 Hayuonasvnoti yenmp 6uomexnorozuu, Acmana, Kasaxcman
2 Espasutickutl nayuorarsrol yrusepcumem umena JI.H Dymunesa, Acmana, Kaszaxcman

OnrTuMu3anus ycJjIOBUII MUKPOKJIOHAJIBHOIO PAa3MHOXKEHUsI IJIsI OBBIINEHNsI KO3 PUINEeHTa PA3MHOXKEHUSA
MUKPOIIOOETOB TOIIOJISI

Annoranus: Ilpencrasurenu poga Tononb — Populus L. (cem. Salicaceae) mMHMPOKO HMCHONMB3YIOTCH ISl O3€JIEHEHUS
HACEJICHHBIX MECT ¥ CO3JAHUs PA3JINIHOTO TUIIA 3AIUTHBIX HacaXKAeHuil. TpyIHOCTBIO pa3MHOKEHISI HEKOTOPBIX BH/OB TOIOJIEH
TPaJUIMOHHBIMU CIOCODAMMY SIBJISIETCH UX Cjiabasi YKOPEHSeMOCThb, a TaK»Ke BBICOKUU yPOBEHb 3apPaKEHHOCTU OaKTepUaIbHON
u rpubHOi nHdeknuei. ITosToMy mpruMeHeHHE TAKOrO METOAA KaK KJIOHAJIBHOE MHUKPOPA3MHOXKEHHUE PACTEHHI B aCEITHIECKUX
YCJIOBUSIX HA WMCKYCCTBEHHBIX IUTATEJBHBIX CPEJaX sIBJISETCs aKTyaJIbHbIM JJIsi IEHHbIX (GOpM Tomojisi. llesibio HacTosie
paboThl SABJISETCS ONTHMHU3AIUs YCIOBHH MHUKPOKJIOHAJIBLHOTO Pa3MHOXKEHHS JJIsl MOBBINIEHHS KO3(P@MUIMEHTa Pa3MHOYKEHUS
MHUKPOIIOOErOB TOIOJIsI CepebpUCTOro U TOMOJsi BoJule M3 ma3yliHbIX IIOYeK, BBEJEHHBIX B KYJbTYypy in vitro. (OCHOBHBIMU
3aJ@4aMy, I[TOCTABJICHHBIMH JJIsl PEIIeHUs] JAHHON Ieu, ObLIN pereHepalys PACTEHHIl Ha OCHOBE MpPsIMOi Nposudeparu
Ma3ylIHBbIX MEPUCTEM, UX yKOPDEHEHHWE U MYJIbTUILIUKAIUS IIOJIyYEeHHBbIX MUKPOIoOOeroB. Brwicokasi pereHeparysi OCHOBHBIX
Ma3yIIHbIX T0GEroB ABYX BUJIOB TOMOJIEl IPOMCXOIUIIO Ha nuTareiabHol cpene WPM ¢ nobasienuem ropmonos BAII 0,5 mr/n
u 'K 0,2 mr/mn. s yBesmdenus: KOIm4IecTBa MOGErOB M3 Ia3yIIHBIX MOOErOB JIydlle MOAXOAUT IHUTaTeabHas cpega WPM c
no6asnenneM ropmonoB BAIT 0,2 mr/s u 'K 0,2 mr/n. HanGousiee onrnMasbHO# /1Sl yKOPEHEHUS] U POCTa MUKPOIIOGErOB TOIIOJIS
cepebpucroro u tomoss bosute siBisiercst nurarensHas cpega S WPM gas gpesecubix KyabTyp ¢ gobasieruem ropmona MK
0,01 mr/su. Takum 06pa3oM, ONTHMUIUPOBAHBI YCJIOBUsS MUKDPOKJIOHAJBLHOIO Pa3MHOXKEHUsl JJIsl MOBbIIeHus: Koadduimenra
Pa3MHOXKEHUSI MUKPOIIOOErOB TOIOJIS.

KurrogyeBble cjioBa: TONOJbL CepeOPUCTHIi, Tonoab Bosute, masymnble MOYKY, TUTATEIbHAS CPEa, N Vitro.

Cokparenus u o6oznadenusi: WPM — Woody plant medium; BAII — 6-6enzunamunonypus; UMK — unnonunvacisasas
kuciaora; 'K — rubbepesioBas kuciora; HK — Hukorunosast kuciora; MC — cpena Mypacure-Ckyra
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«JI.H. 'ymunaeB arpiHmarsl Eypa3susi yaTTeIK yHUBepcuTeTiHiH, Xabapmibicbl. BuosiorussbiK, FeIIBIMAAP
CepUusiChI» >KYPHAJIBIH/IA MaKaJja >Kapusijiay epexkeci

1. 2KypuaJsa makcaTsl. Buoxumust, MoJieKyJ1aabiK 610I0rus, GMOTEXHOJIOrUs, OMOMHMOPMATHUKA, BUPYCOJIOrHsI, buodu3nkKa,
OuouH>KeHepusi, usnosorusi, OOTAaHUKA, 300JIOTUS, 3SBOJIIOIUSJIBIK, OWUOJIOTHS, T'€HETUKa, MUKPOOHOJIOrusi, OHOMEIUIIHA
caJjiajapbl OOMBIHIIIA MYKUSIT TEKCEPY/IEH O©TKEH FBIIBIMHU KYH/BLIBIFBI Oap MakaJjaJjap »Kapusjay.

2. 2KypHanga makaja »Kapusijlaylibl aBTOP MaKaJIaHBIH KOJI KOWbLIFaH 1 jjaHa Kara3 HYCKACBIH I'blabiMu GachLIbIMIap
Gesimine (pemakuusra, mekemkaiibl: 010008, Kazakcran Pecny6inkacel, Acrana kanacsl, K. Corbaes kemeci, 2, JI.H. I'ymunes
aTblHgarbl Eypasua yaTTelK yHuBepcureri, Bac rumapar, 408 xabumner) xkoHe eurjourbio@enu.kz 3JeKTPOHIBIK, IIOIITACHIHA
PDF, Tex ¢dpopmarTapbiHgarsl HyCKaJapbiH 2Kibepy KakeT. MakasianyH MOTIHIHIH Kara3 HYCKaChl MEH 3JIEKTPOH/IbI HYCKACYMeH
Oipmeit Gosrynmapel KaxkeT. Makasiamap Kasak, OPbIC, aFbUINIBIH Tiepinge Kabbuimanaabl. MakasianblH TexX (apMaTbIHIAFb
yarici bulbio.enu.kz »xypnas caiibiTeinga 6epinren. ConbiMeH KaTap, aBTop(J1ap) iecme XaT yCbIHYbI KEPeK.

3. ABTOpAbIH KoJI>ka30aHbl penaknusira >kibepyi makasaubiy, JI.H. 'ymuniaeB arsiagarsl Eypasusi YIITTBHIK
yHuBepcuTeTiHiH XabGapumbIcblHAa Gacyra KeJjiiciMiH, mieres TijliHe ayaapbuibin KaiiTa GachblilyblHA KeJliciMin
6ingipeni. ABTop MakasaHbl peJaKIUAFa >Kibepy apKbLIbl aBTOP TypaJibl MOJIIMeTTiH AYPBICTHIFBIHA, MaKaJa
KellipisiMereHnirine (miarnarThlH >KOKTBIFBIHA) >»KOHe GacKa Ja 3aHCBI3 KelllipMeJepAil »KOKTBHIFbIHA KellijgemMe
Gepesi.

4. Maxkasanbig Kesiemi 18 6erren acnayra Tuic (6 6erren 6acran).

5. MakaJjiaHbIH, KYPbIJIbIMbI

FTAMPK http://grnti.ru/

Aemop(nap)deiy, amui-stcomni

Mexemenin, moavix, amayst, Karacvl, memaexemi (erep aBTopJsap opTYypJli MeKeMeJie KYMbBIC KacaiTelH 60sica, OHJa
op aBTOP MEH OHBIH ’KYMBIC MEKEMeCI KachbiHaa Oipaeil Gesri KOHBIITY Kepek)

Aemop(nap)dvr, E-mail-vt

Maxana amaywe

Andamna (100-200 ces; dopmysnacels, MakalaHbIH aTayblH MeHiHIIe KafiTasaMmaybl Kaxker; onebuerrepre ciiaremesep
GoMaybl KaykeT; MaKaJaHbH KyPbUIBICHIH (Kipiclle /MaKaJIaHbIH MaKCaTbl/ MiHIETTepl /KapacThIPBUILII OTBIPFAH CYPAKTHIH
TapuXbl, 3ePTTEY OAIiCTEpPl, HOTUKEJIEP/TAJKbLIAY, KOPBITHIHIBI) CAKTail OTBHIPHIN, MaKAJAHBIH KBICKAIIA Ma3MyHbI Gepiayi
KaKeT).

Tydin ceadep (6-8 ces me ce3 ripkeci. Tyilin cesmep Makasa Ma3MYHBIH KODCETIN, MeHJIHIIE MaKajJa aTaybl MEH
AHHOTAIMSIAFBl CO3/EP/l KaliTajmamail, Makajia Ma3sMyHBIHJAFbl ce3/epii KoJijgaHy kKaxkeT. COHBIMEH KaTap, aKIapaTThbIK-
i3mectipy »Kyitesiepinjie MakaJIaHbl KeHia Tabyra MYMKIH/IIK GepeTiH FhUIBIM CaslaapblHbIH TEPMHUH/EPIH KOJIJAAHY KAXKeT).

Heeiz2i Mmomin MakaJaHbH MakcaTbl/ MiHJIeTTepi/ KapacTbIPBUIBII OTBIPFAH CYPaKThIH TapuXbl, 3epTTey
o/1icTepi, HoTHKEIED / TATIKBLIAY, KOPBITBIHIBI GOIIMAEPIH KAMTYbI KAXKeT.

Tabauua, cypemmep — aTagraHHAH KeHiH OpHAJIACTHIPBIIAALI. Op TabJIHIA, CyPeT KAChIHIa OHBIH aTajIybl OOIybl KarKeT.
Cyper aflKpIH, CKAaHEDJEH OTIIEreH OOJIybl KEPEK.

Maxkasagarbl popmy.aaaap TEK MITIHJE OJlapFa ciireMe Gepijice FaHa HOMIpJIEHEI].

2Kanmer kosganeicTa 6ap abbpesuamypaaap MeH KwvicKapmyaapdar Gackajaapbl MiHIETTI Typ/ie ajFall KOJITaHFaH1a
Tycinaipinyi 6epinyi Kaxker. Kapotcoinall kemerx mypaast aknapar OipiHini 6Gerre Kepceriei.

ddebuemmep Mizimi

Morinie o1ibuerTepre ciaremMesep TiKXKakIIara ajJblHaabl. MoTiHeri oiebuerrep TisiMiHe ciaTemesnep/in HOMepJIeHy1 MaTiH e
KOJIJJAHBLILYbIHA KATBICTBI »KYPrisiiige: MoTiHIe Ke3/ieckeH onebuerke aramkel ciareme [1] apkpuibl, exinmi cisrreme [2] apKpLibt
T.c.c. kyprisimeni. Kiranka »KacasaTbelH ciiaTeMesepie KOJJaHbUIFAH Gerrep e KeopceTiayi kepek (mbicasbi, [1, 45 Ger]).
?Kapustanbaran enoexrepre cinremesnep xkacanmMaiinsl. COHBIMEH KaTap, PeleH3usAnaH OTIeHTiH 6achlIbIMAapra Ja cliremesnep
>KacasIMaiipl (omebuerTep Ti3iMiHiH o3ipJey yirisepin TeMeHzeri MakajJaHbl POCiMey YITiCiHEH KapaHbi3).

MaxkaJsia COHBIHIAFBI debuerTep TiziMiHeH Keitin 6ubauozpaPuaibiy, Maaimemmep OpbIC XKoHE arbLIIbIH TiiHge (erep
Makaja Kasak TITiHJe »Ka3blica), Kasak, *KOHe arbUIIbIH TidiHge (erep MakaJja OpBIC TiTiHJIE »Ka3blIca), OPLIC YKOHE Ka3ak,
Tiniage (erep MakaJsia arbUIIBIH TLTiHIE Ka3buiran Gosica) 6epirtei.

Asmopaap mypaasvt MaATMeM: ABTOPJbIH ATbI-?KOHI, FHIJIBIMA aTarbl, KbI3METI, YKYMBIC OPHBI, >KYMBIC OPHBIHBIH MEKEH-
2Kaibl, TesedoH, e-mail — Ka3ak, OpPbIC XKOHE AFBLIIIBIH TLIIAEPIHIE TOITHIPHLIAIbI.

6. Koirkazba MyKHAT TekcepijireH 6oJiybl KaykeT. TeXHUKaJIbIK TajalTapra cail KeJIMereH KoJKaszbajap KaiiTa eHJeyre
Kafitapsutagsl. Kosmkas6anbln KalTapblIybl OHBIH 2KypHaJILa OachlIybiHa XKibepityin 6inaipmeiisi.

7. Penaknusra TycKeH Makaja KaOblk (aHOHMMI) Tekcepyre »kibepineni. Bapublk perensusiiap aBropJapra »Kibepinesi.
ABTOD (peneHseHT MaKaJaHbl TY3eTyre YChIHBIC GEepreH YKaraiia) yiil KyH apaJibIFbIHIA KalTa Kapall, KOJKa3OaHbIH TY3eTiIreH
HYCKACBIH DpeJlaKIusra KaiTa >Kibepyi kepek. PeleHseHT »kapaMchl3 Jlell TaHbIFaH MakaJja KaiiTapa KapaCThIPbLIMAaliIbl.
MakaJjiaHblH, TY3€TiINeH HYCKAChl MEH aBTOP/IbIH PEIeH3eHTKe »KayaObl pelakiusira, »Kibepinei.

8. Tenemakpi. BacbuibiMra pyKcaT eTijireH MakaJia aBTOpJIapblHa TOJIEM 2Kacay TypaJibl eckeprisieni. Tesmem kememi 4500
Tenre — EYY kbiamerkepJiepi yiin »xone 5500 Tenre 6acka yHbIM KbI3METKepJepiHe.

PexBusursr:

PT'II ITXB "Espa3suiickuii Hannonanbubiii yausepcurer uMenu JI.H. I'ymuiesa MOH PK
AO "Bank IlearpKpemur"

BUK 6anka: KCJBKZKX

NNK: KZ978562203105747338

Ko6e 16

Kmu 859- 3a crarsio

PT'II ITXB "Espasuiickuit Hannonanbubii yausepcurer uMenu JI.H. I'ymuiesa MOH PK AO "Bank RBK"
Buxk 6anka: KINCKZKA

NNK: KZ498210439858161073

Kb6e 16

Kunu 859 - 3a crarbio
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PT'II ITXB "Espa3suiickuii nannonasibHelii yausepcurer uMmenu JI.H. I'ymuiesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NHK: KZ599650000040502847

Ko6e 16

Kmu 859 - 3a crarbio

PI'II ITXB "EBpaguiickuii Harmonanbubiit yausepcurer nmenu JI.H. I'ymumesa MOH PK AO "Hapogusiit Bank Kazaxcran"
BUK Banka: HSBKKZKX

NNK: KZ946010111000382181

K6e 16

Kun 859.

ozt corpynuukos EHY - 4500 Tenre, st cropoHHuX opranusanunii - 5500 Tenre

"3a nmybaukamnuio B Becrauke EHY ®UO asropa"
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
BIOSCIENCE Series"

1.Purpose of the journal. Publication of carefully selected original scientific works in the fields of Biochemistry, Molecular
Biology, Biotechnology, Bioinformatics, Virology, Biophysics, Bioengineering, Physiology, Botany, Zoology, Evolutionary Biology,
Genetics, Microbiology, Biomedicine.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version) in one copy,
signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan, Astana, Satpayev St.,
2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail eurjourbio@enu.kz in Word, PDF
and Tex format. At the same time, the correspondence between Tex-version, PDF-version and the hard copy must be strictly
maintained. Article template in tex-format you can find on the journal web-site bulbio.enu.kz. And you also need to provide
the cover letter of the author(s).

Language of publications: Kazakh, Russian, English.

3. Submission of articles to the scientific publication office means the authors’ consent to the right of the
Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and the re-publication
of it in any foreign language. Submitting the text of the work for publication in the journal, the author
guarantees the correctness of all information about himself, the lack of plagiarism and other forms of improper
borrowing in the article, the proper formulation of all borrowings of text, tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article

GRNTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put the same
icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a formula, the article title should not repeat in the content, it should not
contain bibliographic references, it should reflect the summary of the article, preserving the structure of the article - introduction/
problem statement /goals/ history, research methods, results /discussion, conclusion).

Keywords (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from the article,
as well as terms that define the subject area and include other important concepts that make it easier and more convenient to
find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research methods,
results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should be followed by an
inscription. Figures should be clear, clean, not scanned.

In the article, only those formulas are numbered, to which the text has references.

All abbreviations, with the exception of those known to be generally known, must be deciphered when first used in the
text.

Information on the financial support of the article is indicated on the first page in the form of a footnote.

References

In the text references are indicated in square brackets. References should be numbered strictly in the order of the mention
in the text. The first reference in the text to the literature should have the number [1], the second - [2], etc. The reference
to the book in the main text of the article should be accompanied by an indication of the pages used (for example, [1, 45
p.]). References to unpublished works are not allowed. Unreasonable references to unreviewed publications (examples of the
description of the list of literature, descriptions of the list of literature in English, see below in the sample of article design).

At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and English
(if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh languages (if the
article is English language).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work address,
telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for revision.
Returning for revision does not mean that the article has been accepted for publication.

7. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial office)
are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the proof of the article
within three days. Articles that receive a negative review for a second review are not accepted. Corrected versions of articles
and the author’s response to the reviewer are sent to the editorial office. Articles that have positive reviews are submitted to
the editorial boards of the journal for discussion and approval for publication.

Periodicity of the journal: 4 times a year.

8. Payment. Authors who have received a positive conclusion for publication should make payment (for ENU employees -
4,500 tenge, for outside organizations - 5,500 tenge).
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P.M. YanuneBa, K.K. AxmeroB, C.B. 2Kanra3zux

ITosoxkeHne 0 PyKONUCSX, IPECTABIsIeMbIX B >KypHaJ «BectHuk EBpasmuiickoro HaigmoHaJIbHOIO YHUBEPCUTETA
umenn JI.H.I'ymuneBa. Cepusi Buosiornvueckue Hayku»

1. Iens >xkypHaJa. [ly6Gaukarust TIIATEJBHO OTOOPAHHBIX OPUIHMHAJIBHBIX HAyIHBIX paboT IO CJIEAYIONNM
HallpaBJIEHUsIM:  OHOXUMMHSI, MOJIEKYyJIApHAs OwuoJiorusi, OHoTexHOJOrusl, OnomHdOPMATUKA, BUPYCOJIOTHsI, OMOPU3UKA,
OnonHxKeHepusi, (HGU3NOJIOTHsI, GOTAHUKA, 300JIOTH, SBOJIOIHOHHAS OHOJIOTHS, TeHETHKA, MUKPOOUOJIOT ST, OHOMEIUIINHA.

2. ABTOpy, K€JAIIEMYy OILyOJIMKOBATH CTATHIO B KypHaje HEOOXOAUMO IIPEJICTABUTH PYKOIUCh B TBEPAOH KoIuu
(pacnedyaraHHOM BapHaHTE) B OJHOM 3K3EMIUISpE, IMOANMCAHHOM aBropoM B OtTies HaydHbIX u3faHuii (mo agpecy: 010008,
Kazaxcran, r.Acrana, yi. Carnaesa, 2, EBpasuiickuii HAIMOHAJILHBIA YHUBEPCUTET WM. JI.LH.I'ymusieBa, YuebHO-
aJIMMHUCTPATUBHBIN KopIryc, kab. 408) u o e-mail eurjourbio@enu.kz B dopmare Tex u PDF . IIpu 3TOM J10J12KHO GBITH CTPOro
BBIJIEPXKAHO COOTBETCTBHE MexKAy Tex-daitsiom, PDF-daitiom u TBepmoit konueit. [1labiaon crareu B (popmare tex npuBeseH HA
caiite >KypnaJsia bulbio.enu.kz. ABrop A Tak:ke aBrOpy(aMm) HEOOXOAUMO NPEJIOCTABATH CONPOBOJUTENBHOE MICHMO.

S3bIK MyGaMKAUi: Ka3aXCKUuil, pyCCKuil, aHTJIMACKAN.

3. OrnopasiieHme crtaTeil B peJaKIyio O3HAYaeT coIjlacue aBTOpoB Ha mnpaso Msnarensi, EBpasmuiickoro
HanUoHaJbHOro yHuBepcurera umenum JI.H. I'ymuneBa, usgaHusi crateil B >KypHaJjle U NEepEeU3JaHUs UX HA
sgr06oM mHOCTpaHHOM #s3bike. IIpeacraBisisi TeKcT paborshl aJs nyGauKamuyu B >KypHaJie, aBTOpP rapaHTUpyeT
NpPaBUJIBLHOCTH BCEX CBEAEHUI O cebe, OTCyTCTBHE ILIATAATA U APYTruX (POPM HENPABOMEPHOrO 3aMCTBOBAHUS B
pykomnucu, Hajiexkainee opopmiieHrne BCEX 3aMMCTBOBAHMI TEKCTa, TAabGJIUL], CXE€M, UJIJIIOCTPALMNA.

4. O6beM cTaTby HE JIOJIZKEH IIPeBbIIaTh 18 crpanury (0T 6 cTpaHui).

5. CxeMa IOCTPOEHUs CTATbU

I'PHTMH http://grnti.ru/

Hnuyuanst u Pamuaurto asmopa(os)

IToarnoe HaumenosaHue opzanudayuu, 20pod, cmpara (ecau aBTopbl paboTAIOT B PA3HBIX OPraHU3ALUAX, HEOOXOIUMO
[IOCTABUTH OJIMHAKOBBIIl 3HAYOK OKOJIO (haMHJIMKM aBTOPA ¥ COOTBETCTBYIOIIEH OpraHn3alyn)

E-mail asropa(os)

Haseanue cmamovpu

Annomayus (100-200 cnoB; HE AOMKHA COmep:KaThb (OPMyJbI, HE [OJDKHA IOBTOPATH IO COAEPYKAHHWIO HA3BAHHE
cTaThby; He JOJIKHA COAEp:KaThb Oubinorpaduveckue CCbUIKH; JOJIXKHA OTPayKaTb KPATKOE COJEPXKAHUE CTATbH, COXPAHSIS
CTPYKTypy CTaTbU — BBEJEHHE,/ INOCTAHOBKa 3aJadd/ Ieau,/ WCTOPHs, METOABl HCCJICJOBAHUS, DPE3YJILTAThI/00CYKICHUS,
3aKJII0UEHHE / BBIBOJIbI ).

Karowesvie caosa (6-8 cnos/cnosocoderanuii. KiodeBble €10Ba JO/DKHBI OTParkaTh OCHOBHOE COJEP’KAHUE CTATHH,
KCIIOJIb30BATH TEPMUHBI M3 TEKCTA CTATBHH, & TAKXKE TEPMUHBI, ONPEIEJISIONNE IPEIMETHYIO 00IaCTh U BKJIIOYAIONINE JIPyTHe
BasKHBIE TIOHATHS, TO3BOJIAIONMME OOJIErYUTh M PACIINPUTH BO3MOXKHOCTH HAXOXKICHWUSA CTATHU CPEICTBAMH HH(MOPMAIUOHHO-
[IOUCKOBOW CHUCTEMBI).

OchoeHol mexem cmamubu JOJKEH COJEPKATh BBEJIEHHE,/ MOCTAHOBKY 3a/a49u,/ [eJin/ HCTOPHIO, METO/IbI UCCIIEOBAHUS,
pe3yabTaThl/06Cy XK IeHNE, 3aKIIOYeHUE / BBIBOJIBI.

Tabauudbt, pucyrKy HEOOXOAMMO PACIIOAraTh MOCJe YIIOMUHAHMS. KarkI0i WITIOCTPAIUN JOJKHA CJIEI0BATh HAIIINCh.
Pucynku nosKHbI 6BITH Y€TKUMU, YUCTBHIMUA, HECKAHHPOBAHHBIMU.

B crarbe mymepytorcs smmb e POPMYADBL, Ha KOTOPLIE IO TEKCTY €CTh CCHLIKU.

Bce abbpesuamypst u coxkpauierust, 3a UCKIIOUYEHUEM 3aBEIOMO ODLIEU3BECTHBIX, JOJIXKHBI OBITH PACIIU(pPOBAHBI [IpU
[IEPBOM YIIOTPEOJICHUH B TEKCTE.

Ceenenus 0 purarcosoti noddepotcke pabOThl YKA3BIBAIOTC HA IEPBOI CTPAHUIE B BUJE CHOCKH.

Cnucox aumepamyput

B Texcre ccbuikm 0GO3HAYAIOTCA B KBAJAPATHBIX CKOOKax. CChUIKM JOJIKHBI ObITh POHYMEPOBAHBI CTPOrO IO IMOPSAKY
YIOMUHAHUSA B TeKCTe. [lepBast CChIIKa B TEKCTE Ha JINTEPATYPY JOJKHA MMeTb HoMep [1], Bropas - [2] u T.n. Cchuika Ha KHATY
B OCHOBHOM TEKCT€ CTATbH JIOJKHA COINPOBOXKJATHCS yKa3aHHEeM HMCIOJIb30BaHHbIX cTpaHul (Hampumep, [1, 45 crp.]). Ccebuikn
Ha HeollyOJIMKOBaHHbIE pabOTHI He JIOIyCKaloTCsl. HerkesaTebHbl CCHUIKM Ha HEpeleH3upyeMble u31aHns (IpUMepbl ONUCAHUS
CIIMCKA JIUTEPATYPbI, OUCAHUS CIINCKA JIUTEPATYPbI CM. HUXKe B obpasue odOPMIICHUsI CTATBH ).

B koHIIe cTaThK, TIOCIIE CIIMCKA JINTEPATY PbI, HEOOXOIUMO yKa3aTh bubauoepapuueckue daHHble Ha PYCCKOM U aHTJIMIACKOM
a3blkax (ecau craTba 0dOPMIICHA Ha KA3aXCKOM fA3bIKE), Ha KA3aXCKOM M AHIVIMICKOM s3bIKax (ecam crarbsa odopMiieHa Ha
PYCCKOM $I3BIKE) U Ha PYCCKOM M Ka3aXCKOM si3bIKax (eciu craTbs oOPMIIEHA Ha aHTVIMACKOM SI3BIKE).

Ceedenus 06 aemopax: damunus, UMs, OTIYECTBO, HAy4IHAs CTENEH, JOJKHOCTb, MECTO PabOTHI, MOJHBIA CJIyKeOHBIN
azapec, TesrledoH, e-mail — Ha Ka3aXCKOM, PYCCKOM U AHIVIMICKOM SI3BIKaX.

6. Pykonuce no/nkHa ObITh TIATEJBHO BBIBEpEHA. Pykonucu, HE COOTBETCTBYIOIME TEXHUYECKUM TPeOOBaHUAM, OyIyT
BO3BpaIlleHbl Ha JopaboTky. BosBpamenne Ha qopaboTKy He O3HAYAET, YTO PYKOIUCH IPUHATA K OIIyOJIMKOBAHUIO.

7. Pabora ¢ 3JIeKTPOHHOII KOPPEKTYPOIi. Crarpu, nocrynupimme B OThes HaydHBIX H3ZaHUN (perakims),
OTHPABJIAIOTCS Ha AaHOHUMHOE PEIeH3NPOBaHIe. Bce pereHsnn no craTbe OTIPaBIIAOTCA aBTOPY. ABTOpaM B TeUYeHHE TpexX JHei
HEOOXO/IMMO OTIPABUTH KOPPEKTYpy craTbu. CTaTbu, MOJIyYUBIINE OTPULATEIBHYIO PEIEH3UI0, K MOBTOPHOMY DAaCCMOTPEHUIO
He IPUHUMAIOTCs. VcnpaBiieHHbIEe BADUAHTHL CTaTell 1 OTBET aBTOPa PELEH3EHTY IPUCHIIAIOTCA B pefaknuio. CTaTby, MMEIONe
[IOJIOYKUTEJILHBIE PEIECH3UH, [IPEICTABIAIOTCA PEIKOJUIETHN YKy PHAJIA JIJIsi OOCYKICHUsI U yTBEPXKICHUS JJIsl IIyOJIUKAIUH.

ITepuomuyHOCTs >KypHaJja: 4 pa3a B rof.

8.Omutara. ABropaMm, HOJIYYUBIIUM I[IOJOXKUTEIHHOE 3aKJII0UEHUE K ONyOINKOBAHUIO HEOOXOIUMO NIPOU3BECTH OIIaTy (s
corpynuaukoB EHY — 4500 renre, ajis1 croporHux opranusanuii — 5500 Tenre).
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Tbsv encoded capcid protein p41 triggers resistance in solanum lycopersicum

Abstract: Efficient infection of Nicotiana benthamiana plants with wild type Tomato bushy
stunt virus (TBSV) is influenced by expression of protein P19, which is a potent RNAi suppressor.
The capsid protein (CP) P41 is required for virion formation and facilitates long distance movement
of the virus. Along with RNAi suppression, P19 protein is involved in the development of severe
disease symptoms in N. benthamiana and elicitation of Hypersensitive Response (HR) in tobacco.
Our results show that wild type TBSV infection of Solanum lycopersicum (cv. Money maker) triggers
resistance to the virus. Despite detectable accumulation levels of P19 protein in leaf and root tissues,
the infection was not accompanied with obvious disease symptoms. Contrastingly, inoculation with
TBSV mutant, lacking capsid protein P41 demonstrated susceptibility to TBSV. Moreover, Chl-FI
analysis of plants infected with virus exhibited significant changes in metabolism. Our data suggests
that in response to CP expression tomato plants have evolved defense mechanisms to resist viral
infection.

Key words: Tomato bushy stunt virus, capsid protein, virions, resistance, Solanum lycopersicum.
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1.Introduction should supply the rational of the investigation and its relation to other works in
the same scope.

2. Materials and methods should be detailed to enable the experiments to be repeated. Do
not include extensive details, unless they present a substantially new modification.

3. Results section may be organized into subheadings. In this section, describe only the results
of the experiments. Reserve extensive interpretation for the Discussion section. Avoid combining
Results and Discussion sections.

4. Discussion should provide an interpretation of the results in relation to previously published
works.

5. Conclusion The main conclusions of the study can be presented in a short section "Conclu-
sions".

6.Author contributions should indicate the individual contribution of authors to the manu-
script.

7.Acknowledgments should be brief and should precede the References.

8.Funding the source of any financial support received for the work being published must be
indicated.

Ethics approval Manuscripts reporting animals and /or human studies must that relevant Ethics
Committee or Institutional Review Board include provided or waived approval.

Tables

Tables must be placed next to the relevant text in the article. Number tables consecutively in
accordance with their appearance in the text and place any table notes above the table body.

100



G.S. Mukiyanova' , A.Zh. Akbassova'l, J. Maria Pozo?, R.T. Omarov !

Tasnuna 1 — Title of table

Prime Nonprime numbers

2,3,5,7,11, 13,17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

Figures

Figures must be saved individually and separate to text. All figures must be numbered in the order
in which they appear in the article (e.g. figure 1, figure 2). In multi-part figures, each part should
be labeled (e.g. figure 1(a), figure 1(b)). Figures must be of sufficiently high resolution (minimum
600 dpi). It is preferable to prepare figures in black-and-white or grey color scale. Figures should
be clear, clean, not scanned (PS, PDF, TIFF, GIF, JPEG, BMP, PCX).

1

Pucynok 1 — Title of figure

References

1 Alazem M., Lin N. Roles of plant hormones in the regulation of host-virus interactions // Mol Plant Pathol. - 2015.
- V. 16, Ne 5. - P. 529-40. doi: ... (if available) - Journal article

2 Abimuldina ST, Sydykova GE, Orazbaeva LA Functioning and development of the infrastructure of sugar production
// Innovation in the agricultural sector of Kazakhstan: Mater. Intern. Conf., Vienna, Austria, 2009. - Almaty, 2010.
- P. 10-13 - Proceedings of the conferences

3 Kurmukov A.A. Angioprotective and lipid-lowering activity of leukomycin. - Almaty: Bastau, 2007. - S. 3-5 -
newspaper articles

4 Sokolovsky D.V. The theory of synthesis of self-aligning cam mechanisms of drives [Elektron.resurs|. - 2006. - URL:
http://bookchamber.kz/stst-2006.htm (reference date: 12.03.2009) - Internet sources

5 Petushkova G.I. Costume Design: Textbook. for universities / G.I. Petushkova. - Moscow: Academy, 2004. - 416 p.
- the book

6 Kycamnosa A.A., Bynrakosa O.B., Bepcumbaes P.J1. Poias miR125b B narorenese paxa serkoro // Ilpukiaanbie
naOPMAIMOHHBIE acleKThl Meguiuabl. - 2017. -T. 20. - Ne4. -C. 86-92. - Journal article

I.C. MykusinoBa !, A.2K. Ak6acosa ', M.X. ITozo?, P.T. Omapos !

L JLH. Dymunes amuvimdazo, Bypasus yammok yrueepcumemi, Acmana, Kasaxcman
2 Hcnanusanvs yammows sepmmey unemumymot, 1'panada, Hcenanus

Solanum lycopersicum ecimzairinge pe3ucTeHTTiNIIK »kayanTbiH tomato bushy stunt
virus (tbsv) BupyceiabiH p4l KancuAaTiK akybI3bIMEH GesiceHaipinyi

Annoramust.  Tomato bushy stunt virus (TBSV) supyceiven kogramarsin P19 akybisst
PHK wunaTepdepennusauniy, KyaTThl CyHIpeccopbl O0JbIn TabbLaaabl koHe Nicotiana benthami-
ana eCiMIIKTepiHiH BUpPYCIEeH KYKTBIPBLIYBIHIA MaHBI3IbI peJl aTKapaibl. P19 akybI3bIHBIH
9KCIIPECCUSICHI BUPYCIIEH 3aKbIMJIaHybl aflkblH Kepinic Oepemi i€, ©CIMIIKTIH TOJBIK, KOJIJIAIICHIHA
okesrin coKThipasbl. CoHbIMEH Karap cympeccopdiblk P19 akybiser Nicotiana tabacum ecimiriame
TUTIEPCe3iMTANIBIK, PEAKITUICHIH Oesicenaipyre xKkayanTtol. Bupycroin P41 kancuaTik akyb3bl BUPUOH
KYPBLIBIMBIH KAJIBIITACTBIPBII, OCIMIIK OOMBIMEH TapaJiayblH KAMTaMAChI3 eTeli. AJIBIHFaH 3epTTey
wormkesiepi TBSV Bupycbinbiy xabaiibl Tuninig nadeknuscer Solanum lycopersicum (Money maker
cypbIObl) KbI3aHAK OCIMJIriH/E BUPYCKA KAPChl TO3IMILIK KayaOblH TYJLIPATHIHBIH AHBIKTAIBI.
OCIMIIKTIH TaMbIp »KOHE >KAIBIpaK, yJrnackiHga P19 akybI3bIHBIH KUHAKTAJIYBIHA KapaMaCcTaH
BUPYCIIEH 3aKbIMJIAJIYIbIH, CBHIPTKbI Kepiici Hamap Oaiikaygbl.  Agaiiga, Chlorophyll Fluores-
cence Imaging system (Chl-FI) capanramackl BUpyciieH 3akbIMJIaFal ©CIMIIKTEP/IE YKacy Iainmiiik
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MeTabOIIM3MIHIH ©3repyiH aHBIKTaAbl. AJI BUPYCTBIH KAICHJITIK aKybI3bl 9KCIPECCUTIAHOANTHIH
MyTaHTIIEH UH(MEKIUS TYAbIPFaHIa, KbI3aHAK OCIM/IIKTEpl KOFApbhl Ce3IMTaJIIbIK, KOPCETil, Kyhemik
HEKPO3Fa YIIbIPa/Ibl. 3epTTey HoTHKeIepi KbizanakTblH Money maker cypeiobiaia TBSV Bupycoina
KapChl KOPFAHBIC MEXaHU3M/IEP] BUPYCTHIK, KAIICUATIK aKybl3 P41-7i Tamy apKbLIbl OeIceHIipiieTiHin
KopceTe/i.

Tyitia ce3aep: Tomato bushy stunt virus (TBSV), Bupyc, kamncuarik akysr3, BUpuoH, Solanum
lycopersicum, pesucrentrinik, PHK-untepdepentus.

I.C. Mykusinosa ', A.2K. Ak6acosa ', M.X. ITozo?, P.T. Omapos !
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Kanicuguasriii 6e1ok p41 Bupyca tomato bushy stunt virus (tbsv) akrTuBupyer
PE3UCTEHTHOCTh Y pacTeHwuii Buja solanum lycopersicum

Awnnoranms. Kosgupyewmsiit Bupycom Tomato bushy stunt virus (TBSV), 6enok P19 siBisiercs
MotabiM cytipeccopom PHK waTepdepeniiny u urpaer BaXKHYIO POJib P UHMEKITUH PACTEHUIT
Nicotiana benthamiana, Koropasi xapakTepusyercsi SpKO BBIPAYKEHHBIMU CHMITOMAME 3200/ I€BaAHUS
U CHCTeMHBIM KoJutanicoM. Kpowme Toro, 6emok P19 siBisiercss /ucuTOpOM THIIEPYYBCTBUTEIHLHOTO
orBeta y Nicotiana tabacum. Kamcugasriit 6esiok Bupyca P41 ¢popmupyer BUPHOHBI U CIIOCOOCTBYET
pasBUTHIO cucTeMHOI uHpeknuu. llosydeHHble HaMU JaHHBIE [TOKA3AJU, 9TO TPU HUHQMEKITUH
nukuM tuiom TBSV y pacrennit Buga Solanum lycopersicum (copr Money maker) akruBupyercst
pe3ucTeHTHBIN oTBeT. HecMmoTpsi HA CHCTEMHYIO aKKyMyJsiuio Oefika cymnpeccopa P19 B smmcrbsix
U KODHSIX, Y PACTEHHIl He IPOSBJISIOTCS BUJIUMBIE CUMIITOMbBI 3abosieBanus. OJHAKO aHAIU3
Chlorophyll Fluorescence Imaging system (Chl-FI) mokasas, 4uro B wHHUINPOBAHHBIX BHPYCOM
PACTEHUSIX TTPOUCXOIAT SHATUTEIbHbIE U3MEeHeHnsT MeTabom3Ma. Bostee Toro, mHbEKINsT pacTeHmi
myrantoMm TBSV mno kancugaomy OejKy HNPUBOJIUT K CHCTEMHOMY HEKPO3y TI'ubesin pacTeHWUil.
[Tonyuernbre JaHHbIE YKA3BIBAIOT HA TO, YTO ¥ TOMATOB BHIPAOOTAHBI 3AIMUTHBIE MEXAHU3MBI B OTBET
Ha KCIIpeccrio Karcuaaoro 6eiaka P41 supyca TBSV.

KumroueBbie cioBa: Tomato bushy stunt virus (TBSV), kancuausiit 6esok, Bupnon, Solanum
lycopersicum, pesucrenrnoctsb, PHK-unTepdepentms.
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