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ABSTRACT

The conservation of biological diversity is one of the most important tasks at present given the
strong association of biodiversity with food security and improving nutrition. Currently, 387 plant
species are listed in the Red Book of Kazakhstan, including the rare, endemic, and endangered
species Malus niedzwetzkyana, which is also included on the International Red List. Biotechnology
methods are currently widely applied to preserve such rare plant species, which allows for the long-
term preservation of genetic material, enabling their large-scale reproduction and propagation.
One of the most effective methods for this purpose is microclonal propagation, which is similar
to the vegetative method of reproduction except that the entire process proceeds with am vitro
culture system. The resulting clones are healthy and genetically stable. In this study, we optimized
the microclonal propagation technique forMalus niedzwetzkyana. Axillary buds of annual shoots
were used as the initial material. The mode of sterilization of the axillary buds, composition of
the nutrient medium for establishment of in vitro culture, and the multiplication and rooting of
microshoots were optimized. The data obtained provide an essential resource for sustaining the

reproduction and propagation of this rare and endangered species of apple trees.
Keywords: Malus niedzwetzkyana, in vitro culture, micropropagation, shoot multiplication,

rooting

INTRODUCTION

Biodiversity plays a significant role in life-sup
porting biosphere systems and affects the survival of
other species [1]. Thus, the government is responst
ble for the conservation of biological diversity and
the sustainable use of natural resources, including
plant diversity. The scope and use of plants is very
extensive. Many species of plants are valuable from
the point of view of medicine, agriculture, food in
dustry, cosmetology, pulp, paper and furniture pre
duction, and decorative landscaping [1, 2, 3]. How
ever, due to climate change and human activities,
many plant species are threatened with extinction.
Moreover, 50% of the plants of the world are endem -
ic and non-rational using can lead to the complete
extinction of the species [4].

The international convention on conservation of
biodiversity, signed by 145 countries, emphasizes the
need to anticipate, prevent and eliminate the causes
of reduction or loss of biological diversity. And also
develop national strategies, plans or programs for
conservation, maintenance and restoration of natu
ral resources in natural habitats (in situ) and outside
their natural habitat (ex situ) [5, 6]. So, around the
world, various methods are using to preserve and re -
store plant material [7].

To conserve plants biodiversity bin situ  ap-
proaches, special setting (natural parks, reserves and
botanical gardens) are organized. Thus, it creates fa-
vorable conditions for the growth and reproduction
of plants in natural places of origin [8, 9, 10].

Conservation components of biodiversity by ex
situ approaches include the conservation of biologi
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cal resources outside natural habitats. This process is
carried out by using the introduction of rare and en -
dangered species beyond the natural habitat or using
biotechnological methods. However, using the intro -
duction method have risks when plants are acclima-
tized in new natural conditions (climate, soil, envi
ronmental factors). Moreover, natural reproduction
takes a long time, and getting a new plant population
will take years. Thus, the conservation, reproduction
and propagation of rare and endangered plant spe
cies under natural conditions is a laborious and risky
process [11, 12].

However, today, scientists use biotechnology
methods to preserve and restore plants. Such as the
creation of seed banks, cryopreservation, the creation
of in vitro collections of cells, tissues, organs and mi
cropropagation. All these methods are carried out un -
der aseptic conditions, which makes it possible to heal
the material from infection and diseases [10, 13].

So, the scientists of Malaysia use in vitromethods
of conservation of biological diversity. For this, arti
ficial conditions are created in which plant growth is
very slow. Also, liquid nitrogen is used to store plant
material and seeds [14]. In Brazil, scientists use sev
eral methods to preserve plant biodiversity. To pre
serve endemic and endangered plant species, they use
methods of creating seed banks and cryobanks for
long-term storage of genetic material. Also, the meth-
od of micropropagation is used to obtain seedlings for
planting in the natural habitat. Such an integrated ap-
proach allows to save genetic material for a long time
and reproduce identical clones to restore natural pop -
ulations in nature [15].

Thus, for reproduction and propagation of plant
material, micropropagation is an urgent method.
This method allows to propagate the material on a
large scale throughout the year and obtained clones
are identical to the original material. Moreover, using
artificial conditions becomes possible to control the
process of plant development, depending on the tasks.
For this, cultivation conditions are optimized, such as:
the composition of the nutrient medium, exogenous
hormones, temperature, lighting and humidity [16,
17].

Many researches use the method of microprop
agation to preserve and reproduce rare and endan
gered species of woody plants [18, 19, 20, 21, 22]. One
of such rare, endangered and endemic plants in Ka
zakhstan is the Malus niedzwetzkyana.

Malus niedzwetzkyana is a wild type of apple tree,
which is considered the ancestor of many cultivated
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species of fruit apple trees and is resistant to high and
low temperatures, diseases, gas contamination and
dusty air [23, 24]Malus niedzwetzkyana is a dece
rative species of small-fronted apple tree belonging
to the genusMalus of the familyRosaceae [25]. The
height of the tree is about 6 meters, the crown is wide,
raised, with a diameter of up to 4 meters. The flowers
are collected in a small-flowered umbrella, the buds
are purple-red. Autumn color of leaves brown-red
with purple [26].

The chemical composition of the fruits of the Ma-
lus niedzwetzkyana is rich for vitamins. A distinctive
feature is the formation of anthocyanin pigment in
many parts of the plant, which is synthesized through -
out the growing season: fruits with red coloration of
the skin, pulp and seeds, flowers - red (pink), leaves
(especially young) - purple-reddish, even young bark
and wood have a reddish tint [27]. In Chinddalus
niedzwetzkyana is propagated for commercial pur-
poses, in order to obtain large quantities of anthocya-
nins. This natural antioxidant is used to treat cardie
vascular and oncological diseases [28, 29, 30].

Under natural conditions, the apple tree propa
gates by seeds and root shoots [31]. In orchards, the
apple tree is propagated by rootstocks. They are seed-
ling (grown from seeds) and clonal (obtained vege
tatively from layering) [32]. However, when growing
from seeds, the parental traits are split, so only some
part of the seedlings retain the characteristic purple
color of the leaves [33]. Nowadays, Malus niedzwetzk -
yana is a species listed in the Red Book of Kazakhstan
[34] and the International Red List in the status of en -
dangered species [35].

Micropropagation of apple inin vitro culture is
carried out through the growth of the main micro
shoot from axillary buds [36]. For this, artificial cul
tivation conditions for each species are optimized in-
dividually. A group of scientists from Hungary, Japan
and New Zealand describe the effectiveness of adding
cytokinins to the nutrition media at the microshoot
multiplication stage. The optimal composition of the
medium provides getting a large number of additional
microshoots per explant [37].

An important stage of micropropagation is eb
taining adapted plants in the soil after in vitro culture.
But, transferring plants from anin vitro culture to ex
vitro conditions is a complex process. Plants undergo
severe stress, adapting to new non-sterile conditions.
At this stage, success depends on the quality of the
roots. Thus, a developed root system is a key factor for
the adaptation of microshoots for further growth and
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development in a greenhouse and open ground [38].

Researchers from Japan and India describe in
their work that active root growth is achieved by re
ducing the composition of macrosalts to 50% and
75% and adding auxins IAA or IBA to nutrition me
dia, which allowed to increase the survival of clones
up to 85% [7]. Thus, micropropagation is an actual
method for propagation, preservation, and reproduc-
tion of tree crops.

Materials and methods

The annual shoots of Malus niedzwetzkyana were

used as the object of study (figure 1). The investigated
microshoots were obtained from one initial line (line
1). Samples were collected in the dendrological gar-
den in Nur-Sultan. For micropropagation of the rare
and endangered Malus niedzwetzkyana establishment
of in vitro culture, multiplication, and rhizogenesis of
microshoots methods were used.

To induce root formation, microshoots 1.5¢2.0
cm high with several leaves were used. QL nutrition
medium Quoiriné»Lepoivre ) [39] containing 30
grams of sucrose and 7 grams of agar per liter was
used as basal medium.

//—"'—\-\l

a - Annual shoots

A

b - Axillary buds

Fig. 1. The initial material of the Malus niedzwetzkyana for micropropagation

Establishment of in vitro culture. Sterilization
conditions were optimized for introducing axillary
buds of thdlalus niedzwetzkyana intoin vitro
culture. To do this, axillary buds were cut 1.0¢1.5 cm
long and thoroughly washed on a magnetic stirrer
in a solution of commercial washing powder. This
procedure was repeated until complete removal of
external dust and dirt. Further, for sterilization us
ing detergents, 6 sterilization modes were studied,
which differed in sterilizing reagents and their con
centration (table 1).

Modes 1, 2, 3, 4 consisted of a 2-step steriliza
tion. For this, at the 1st stage, the axillary buds of
the Malus niedzwetzkyana were washed in a solution
of 0.1%, 0.5%, 0.7% and 1.0% flDomestosfhi (5% so
dium hypochlorite) with the addition of 2 drops of
fiITwin 20fh (Tween 20, viscous liquid, monolaurate
polyoxyethylene sorbitan, Sigma-Aldrich) for 8-10
minutes, followed by washing in running water for

at least 20 minutes. The 2nd stage of sterilization was
carried out in a laminar box by a solution of 0.1%,
0.5%, 0.8% and 1.0% flBleachffi (5.0% chlorine) for
8-10 minutes.

Also, the effectiveness of using hydrogen per-
oxide for sterilizing the axillary buds of Malus nied -
zwetzkyana was studied. Since hydrogen peroxide
least damages the material and does not require
long-term washing [40]. For this, 1 step sterilization
was used. That is, a preliminary washing in running
water and further sterilization in a laminar box us
ing a solution of hydrogen peroxide (H,0,) 6.0% and
12% for 4 minutes.

Next, the axillary buds were washed several
times with sterile distilled water and dried on ster-
ile filter paper. Sterilized axillary buds were cultivat-
ed on nutrient medium, but previously updated the
slice and cleaned of external scales without damag
ing the apical meristem.

Table 1. Modes of sterilization of axillary buds of Malus niedzwetzkyana

Stage Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6
fIDomestostfi  0,1% flDomestosffi 0,5% flDomestosffi 0,7% flDomestosffi 1,0% H,0, 6,0% H,0,12%

1 stage with flTwin 20ffi with fITwin 20fi | with fITwin 20fff with fITwin 20ffj (4 min.) (4 min.)
(10 min.) (10 min.) (10 min.) (10 min.)
fiBleachffi 0,1% (1(Q flBleachffi 0,5% (10 flBleachffi 0,8% flBleachffi 1,0% (1(

2stage | mip) min.) (10 min.) min.)
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To obtain the main microshoot in in vitrocul-
ture, the sterile axillary buds of Malus niedzwetz
kyana were cultured on QL medium. To select the
composition of the nutrient medium, the effects
of the hormones BAP (6-benzylaminopurin), GA
(gibberelic acid), IBA (indolylbutyric acid) in 3
variants were studied: Variant 1 is QL with the ad-
dition of BAP 1.0 mg/l1 and IBA 0, 2 mg/l; Variant
2 is QL with the addition of a BAP of 0.5 mg/l, GA
1.0 mg/l and a IBA of 0.01 mg/l; Variant 3 is QL
with the addition of BAP 1.0 mg/l and kinetin 3.0
mg/l.

Microshoot multiplication. The next step after
obtaining the main microshoot is the multiplication
of microshoot, which allows you to propagate plant
material on a large scale. For this purpose, the apex
buds were cut off from the formed main shoots to
remove apical dominance, which stimulates the re-
production of additional buds.

In order to optimize a nutrient medium that
induces the multiplication of microshoots ofMa -
lus niedzwetzkyana in in vitro culture, QL medium
with the addition of hormones BAP, GA, IBA and
kinetin were used. The following variants of nu
trition media were studied: I-BAP 0.5 mg/l, GA
1.0 mg/l and IBA 0.01 mg/I; IT - BAP 0.5 mg/l; III
- BAP 1.0 mg/l, kinetin 3.0 mg/l and GA 0.5 mg/L

Rooting of microshootsThe final step in
micropropagation in vitro culture is the rooting of
microshoots. For this, the mineral composition of
the nutrient medium is reduced, in particular the
content of macrosalts, and auxins (IBA, IAA) are
added. At this stage, microshoots with a height of
1.5-2.0 cm., without additional microshoots and
with several leaves, were cultivated on a nutrient
medium inducing root formation.

Thus, the culture medium QL was studied
without and with the addition of hormones. The
following nutrient medium variants were studied
for inducing root growth inMalus niedzwetzkya-
na microshoots: I - QL with IBA of 1.5 mg/l; I
- QL with IBA of 1.0 mg/l; III -@L  without
hormones.

At all stages of micropropagation, the pH of
the nutrient medium was adjusted to 5.8 before
autoclaving, hormones were added after autoclav-
ing. The hormones were sterilized using syringe
sterilizers from polyethersulfone with a hydro
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philic membrane (pore size 0.20 um). All sterile
work was carried out in a laminar box. Cultured
microshoots were grown in a light room with a
16-hour light regime, a temperature of 24-26°C,
a humidity of 60-70%. During the study, we eb
served the quantitative changes in plant develop
ment over 50 days.

RESULTS AND DISCUSSION

Sterilization is an important step; it depends
on the plant species. For example, for microprop-
agation researchers from Hungary in their review
work about Malus micropropagation described ef-
fective sterilization modes for various species of
Malus, where explant viability ranged from 70% to
90%. To sterilize the axillary buds of dwarf root
stocks of apple trees, a solution of sodium hype
chlorite (NaOCIl) (15%) and a solution of mercury
chloride (HgCl,) were effectively used. Steriliza
tion with a NaOCI solution (10%) with the addi
tion of Tween 20 for 20 minutes was effective for
stock MM111 and M9 [36]. Also, researchers used
70% ethanol and 0.1% mercury chloride, 5.0% and
10% commercial flBleachfhi solution, 6.0% and 12%
hydrogen peroxide (H,0,) to sterilize the axillary
buds of apple trees. Depending on the species of
apple tree, the use of these sterilizers made it pos-
sible to obtain sterile and viable explants [41, 42,
43]. Thus, individual selection of sterilization for
each species of plant is a necessary task.

As a result of a comparative analysis on the
sterilization of the axillary buds of an apple tree,
6 modes were studied that differed from each oth -
er (Table 1). The results of the study showed that
one-step sterilization with hydrogen peroxide is
optimal for obtaining sterile viable axillary buds
of Malus niedzwetzkyana. Sterilization with a 6.0%
hydrogen peroxide solution showed 60% of viable
axillary buds while using a 12% hydrogen perox
ide solution provided 80% (Table 2). In variants 3
and 4, a burn was observed, as a result of which,
the axillary buds completely lost viability. Tissue
necrosis reached 80% (Mode 3) when flDomestosth
0.7% and flBleachfhi 0.8% were used. The increase
in the concentration of flDomestosfli and flBleachffi
to 1.0% led to almost complete death of the ex
plant. At a low concentration of detergents, plant
material became infected with infections (table 2,
tigure 2).
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Table 2. Optimization of the sterilization conditions of axillary buds of Malus niedzwetzkyana

Variant Sterile viable explants Explant necrosis Infected explants
1 - 40% 60%
2 - 60% 40%
3 - 80% 20%
4 - 90% 10%
5 60% - 40%
6 80% 10% 10%
L] ==

a - Axillary buds sterilized by
variant 1 (flDomestosfli 0.1% with
flTwin 20ffi and flBleachffi 0.1%)

b - Axillary buds sterilized
by variant 2 (flDomestosth
0.5% with flTwin 20ffi and

¢ - Axillary buds sterilized by
variant 6 (12% H202)

flBleachfti 0.5%)

Fig. 2. Optimization of the conditions for sterilization of axillary buds of Malus niedzwetzkyana

Thus, the best option for sterilizing the axillary
buds of Malus niedzwetzkyana is a 12% hydrogen
peroxide solution for 4 minutes (Variant 6). Using
this sterilization provides 80% of sterile and viable
explants.

After receiving sterile and viable axillary buds,
it is necessary to select a nutrient medium for their
cultivation in order to get the main shoot inin vitro
culture. The literature contains data about nutrient
media used for tree cropsMiurashige-Skoog, Qu
oirinéLepoivre (QL), Woody Plant Medium, DKW).
They differ in the content and concentration of mac -
rosalts, microsalts and vitamins [44].

Analysis of studies about micropropagation of
apple trees showed that the culture mediur@L is
most effective at all stages of micropropagation for
different species of apple trees [36, 45]. And also, to
achieve a more effective result, the researchers add

hormones IBA, BAP to the nutrient medium, which
made it possible to obtain up to 97-100% regenera
tion of the main microshoot from callus in the Fuji,
Gala, low apple and domestic apple [37, 46].

Based on the above results, for introducing the
axillary buds of Malus niedzwetzkyana into thein vi-
tro culture, Qe»L with the addition of the hormones
BAP, GA, and IBA in three variants were used. So,
on QL nutrient medium (Variant 1) with the addi
tion of a BAP of 1.0 mg/l and IBA of 0.2 mg/l from
20 axillary buds 5 microshoots were formed and at
the variant 2 QL with a BAP of 0.5 mg/l and GA
1.0 mg/1) 12 axillary buds formed main microshoots
from 20 buds. As studies showed, the most optimal
composition of the nutrient medium isQL with the
addition of BAP 1.0 mg/l and kinetin 3.0 mg/l. On
this nutrient medium, 18 explants formed the main
microshoots, it was highest rate (table 3, figure 3).

Table 3. Optimization of the QL medium composition for introduction into the culture in vitro of axillary buds of Malus niedzwetzkyana

Variant Nutrition media Initial explants, pcs Regenerated Regeneration in %
explants, pcs
1 QL with BAP 1,0 mg/l and IBA 0,2 mg/l 20 5 25
2 QL with BAP 0,5 mg/l and GA 1,0 mg/1 20 12 60
QL with BAP 1,0 mg/l and kinetin 3,0 mg/l 20 18 90
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Fig.3. Regenerated main microshoots of Malus niedzwetzkyana on nutrient medium
QL with BAP 1.0 mg/l and kinetin 3.0 mg/1

Thus, QL with the addition of BAP 1.0 mg/l and
kinetin 3.0 mg/l, where the percentage of regenera
tion was 90%, is an effective nutrient medium for the
growth of the main microshoots fromMalus nied -
zwetzkyana axillary buds.

The next stage of micropropagation after receiv-
ing the main shoot is the propagation of additional
shoots inin vitro culture. This allows propagating
plants in large volumes and the success of prepa
gation depends on the composition of the nutri
ent medium. Optimized nutrient medium makes it
possible to obtain additional shoots from the main
microshoots and cultivate them on a fresh nutrient
medium, having previously divided each micro
shoots separately. According to the published data,
the addition of the hormones BAP and IBA to the
QL nutrient medium is effective for multiplication
of microshoots of an apple tree. Thus, the authors
studied the effect of BAP at a concentration of 0.5
mg/l, where 13 additional microshoots were formed

ficient of microshoots propagation was achieved (up
to 5.5 additional microshoots per explant) with the
addition of BAP and IBA hormones for Domestic
apple [41, 47].

Based on these results, the effect of the hormones
BAP, IBA, and GA in 3 variants for the multiplication
of microshoots of Malus niedzwetzkyana in vitro cul-
ture was studied. As shown by the results of phenolog -
ical observations, the optimal variant for increasing
the number of microshoots is QL with the addition of
BAP 0, 5 mg/l, GA 1.0 mg/l, IBA 0.01 mg/1. So, on the
50th day of cultivation, the number of microshoots
per explant averaged 24.8 pcs. Microshoots were
green and had developed leaves. At variants 2 and 3,
the number of microshoots was the same (on average
4.4 pcs per explant). The microshoots were weak and
had a pale green color; moreover, on variants 2 and 3,
the microshoots height was significantly lower than at
variant 1. On the 50th day of cultivation, blackening
of the leaves was observed and the leaves fell off after

to explant for Zumi apple tree [40]. Also, a high coef - repeated cultivation (table 4, figure 4).

Table 4. Optimization of the nutrient medium for the multiplication of Malus niedzwetzkyana microshoots in in vitro culture

Variants The number of microshoots, pieces
Day 1 Day 10 Day 25 Day 40 Day 50
1 - QL with BAP 0,5 mg/], GA 1,0 mg/l, IBA 0,01 mg/1 1,0 4,6+1,14 9,0+4,58 16,2+8,34 24,8+7,94
2 - QL with BAP 1,0 mg/l, IBA 0,2 mg/] 1,0 1,0 2,6x1,14 3,6x1,14 4,4+1,14
3 - QL with BAP 1,0 mg/l, kinetin 3,0 mg/1 1,0 1,0 2,6+1,14 2,8+1,78 4,4+0,54

a ¢ Variant 1 (QL with BAP 0,5
mg/l, GA 1,0 mg/l, IBA 0,01 mg/l)

B
Py

b ¢ Variant 2 (QL with BAP 1,0
mg/l, IBA 0,2 mg/l)

¢ ¢ Variant 3 (QL with BAP 1,0
mg/l, kinetin 3,0 mg/l)

Fig. 4. Microshoots of Malus niedzwetzkyana on the 50th day of cultivation on 3 variants
of culture media for the multiplication of microshoots
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Thus, as shown study results, the optimal nutri-
ent medium for the multiplication of microshoots
shoots of Malus niedzwetzkyana is QL with the ad
dition of a BAP of 0.5 mg/l, GA 1.0 mg/l, and IBA
0.01 mg/1. On this nutrient medium, the 50th day of
cultivation is observed in the propagation of micro-
shoots (an average of 24.8 per explant).

The last stage of micropropagation iin vitro
culture is to obtain microshoots with a developed
root system. As the analysis of the literature about
rooting of apple shoots showed, scientists use the
hormones IBA and NAA (Alpha-Naphthylacetic
Acid) based on QL nutrient medium with a reduced
content of macrosalts (*2QL) to induce root growth
in the Jork 9 apple tree. Thus, the authors obtained,
on average, 15 roots per explant when IBA was add-

ed and 8 roots when the NAA was added [48].

Thus, we studied non-hormonal nutrient medi-
um 1/2QL and supplemented with the IBA hormone
to induce root growth in microshoots of Malus nied-
zwetzkyana in in vitro culture. As shown by the re
sults (Table 5), on the 1st variant of the nutrient me-
dium (2QL with IBA 1, 5 mg/1) the number of roots,
on average, was 11.6 pcs. for microshoots on the
50th day of cultivation. The length of the roots was
2.88 cm, which is significantly more than the other
2 variants. On variant 2 (2QL with IBA 1.0 mg/l),
the number of roots was 3.0 pcs. per explant, root
length on average 0.42 cm. Variant 3 (2QL without
hormones) showed the worst result. On this medi
um, on average, 2.0 pcs. root on the explant, whose
length was 0.24 cm (table 5, figure 5).

Table 5. Optimization of the nutrient medium for the induction of rhizogenesis of Malus niedzwetzkyana in in vitro culture

The number of formed roots of microshoots and their length
Variant Day 1 Day 25 Day 50
Roots, pcs | Length,cm | Roots, pcs | Length, cm Roots, pcs Length, cm
1 - QL with IBA 1,5 mg/1 - 7,2+4,26 0,66+0,04 11,6+7,60 2,88+0,92
2 - ,QL with IBA 1,0 mg/1 - 3,0+1,41 0,42+0,16
3 - QL without hormones - 2,0+0,70 0,24+0,11

P

a ¢ Variant 1 (“2QL with IBA
1,5 mg/1)
Fig. 5. Microshoots of Malus niedzwetzkyana on the 50th day of cultivation on 3 variants of culture
media for the induction of rhizogenesis

Thus, from the studied variants of the nutri
ent medium for inducing root growth, the optimal
medium is %2QL with IBA of 1.5 mg/l. On this vari
ant, a positive dynamics of root growth is observed
throughout the entire cultivation period. Thus, a suf -
ficient number of roots will increase the percentage
of survival of microshoots during adaptation in ex
vitro conditions.

CONCLUSION

The results of the studies made it possible to
conclude that, an individual approach to optimizing

b ¢ Variant 2 (%2QL with IBA
1,0 mg/1)

¢ ¢ Variant 3 (2QL without
hormones)

cultivation conditions of micropropagation is neces-
sary for each crop separately. Thus, as a result of ex
periments on the micropropagation ofMalus nied -
zwetzkyana, the conditions for the sterilization of
axillary buds, the composition of nutrient media for
inducing the growth of the main shoot, the multipli-
cation and rooting of the microshoots of theMalus
niedzwetzkyana in in vitro culture were optimized.
Thus, to sterilize the axillary budsMbtlus
niedzwetzkyana, it is effective to use a 12% hydro
gen peroxide solution for 4 minutes. In this mode,
80% of explants are viable for further propagation.
To obtain the main microshoot inn vitro  culture,
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we recommend culturing the axillary buds on aQL
culture medium with the addition of BAP 1.0 mg/l
and kinetin 3.0 mg/l, where the percentage of regen-
eration reaches 90%. For the multiplication of mi
croshoots, it is effective to transfer the main shoots
to QL nutrient medium with the addition of a BAP
of 0.5 mg/l, GA 1.0 mg/l, and IBA 0.01 mg/1. On this
nutrient medium, on the 50th day of cultivation, the
number of microshoots per explant is 24.8 pcs. The
rooting of Malus niedzwetzkyana microshoots takes
place best of all on nutrient medium QL with IBA
of 1.5 mg/l, where the number of roots was 11.6 pcs.
per explant.

Thus, optimized technology of micropropaga
tion will allow to preserve and reproduce the rare
and endangered species of Malus niedzwetzkyana.
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TYUIH

BuonorusinbiK aayaHTYPJLIIKTI caKkTay - TAOMFATTHI KOPFaylarbl MaHbI3AbI MiHAEeTTEPiH 0ipi,
OliTKeHi OMOJIOTHAJIBIK AJYaHTYPJILIIK a3bIK-TYIK Kayinci3airine KoJ1 sxeTKi3y skoHe TAMaKTaHYbl
JKAKCAPTYAbIH MAHBbI3bI GaKkTOpPbI 00/1b611 TA0bLIAABI. CoHbIMeH, KazakcTanubIH KbI3bL1 KiTA0BIHA
ecimaikTepain 387 Typi enren. OcbIHAal CHPEK Ke3/AeceTiH, JHAEeMHUKAJBIK KoHe KYPbIN KeTy KayIi
TOHIeH TypJepaiH 0ipi - Kazakcrannbin KbI3bL1 KiTa0bIHa koHe XaabiKapaiabiK KbI3bLa TiziMre
eHreH Malus niedzwetzkyana.Byrinri KyHi eciMIiKTepAiH OCBhIHAAll CHPEK Ke3JdeceTiH TypJepiH
CaKTay YIIiH FeHeTHKAJIBIK MaTepHAaJAbl Y3aK YAaKBIT CAKTAyFa, COHBIMEH KaTap KeleliTyre xoHe
KOII KeJieM/le Ko0elTyre MyMKIiHAIK OepeTiH 0MOTEeXHOJOTUAJIBIK dicTep OeJICeHi KOJIaHbLIAAbI.
Ocpiaaai TuimMai agicrepain 0ipi — MEUKPOKJIOHABIK KoOeiiTy. By aic keOeronin BereraTuBTi 9fticine
yKcac skoHe OYKiJ mpouecc in vitro xaraaina skypeTiHAIriMeH epekmie/ieHedl. AJIBIHFAH KJIOHAAP
aypy/japaaH 00CATBUIFAH K9HE ICHETHKAJBIK OipTeKTiMIKTI cakraiabl. ¥CBIHBLIFAH JKYMBICTA
Hen3penkmiiain ajiMa aFalibIHbIH MHKPOKJIOHAJIABI KOOCHTY TEXHOJIOTMSICHIH OHTAWJIAHIABIPY
HOTHIKECIH/Ie AJIBIHFAH HITHKeJIep cunarraarad. bacrankesl marepuad peringe Heazpeukuii aama
aFalIbIHbIH OipPKBLIBIK 6 CIHALTEPiHIH KOJATBIK OypuIikTepi maiaananbliabl. Koarsik Oypmikrepai
3aJ1aJICBI3AAHABIPY PEKHUMI, Heri3ri GpKeHHIH 6CyiHe, MUKPO 6PKeHepAiH MYJIbTHIIMKALUSACHIHA
MeH TaMbIPJAHYbIHA BIKNAJ €TeTiH KOPEKTIK OPTAHbIH KYPaMbl OHTAWJIAHABIPbLIAbI. AJIBIHFAH
MJJIIMETTep CHPEK Ke3JeCeTiH ’KIHe KyphIll KeTy Kayni ToHreH Heaspenknii aiaMa aralibiH KOOCHTY
YUiH 63eKTi 00JbIN Ta0bLIAABI.

Herisri ce3nep: Malus niedzwetzkyana, in vifkynbrypacbl, MHKPOKJOHIBIK KOOCHTY,
OPKEeHACPAIH MYJbTHINIHKANUSICHI, TAMBIPJIAHABIPY.
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ABCTAKT

CoxpaHeHMe OMOTOTMYECKOTO Pa3sHOOOpasNsA - OgHA M3 BaXKHEIIINX 3aJa4 B OXpaHe NPUPONHI,
TaK KaK OmopasHooOpasme ABIAETCA BaKHBIM (PAKTOPOM B JOCTIDKEHUN IPOJFOBOIbCTBEHHON
6esomacHocTy M ymyuymeHuy mutanua. Tak, B Kpacuyio kuury Kasaxcrana saneceHo 387 Bupmos
pactenmit. OMHMM M3 TaKMX pegKNX, SHAEMMYHBIX ¥ MCYe3alUIMX BHUOB, ABLAeTcA S67m0HA
Hepzsenxoro (Malusniedzwetzkyana) ,3anecennas B Kpacnyro kaury Kazaxcranau B Me)XgyHap OHBIN
KpacHbiii 1uct.

Ha ceropHAIHMII AeHb, I/Is1 COXPaHEHN TAKNX PEeIKNX BUIOB PACTEeHNII aKTMBHO IPUMEHAIOTCSA
MeTOABI OMOTEXHOIOTHM, KOTOpPbIe MO3BO/IAI0T COXPAaHUTDh TeHeTUYeCKNII MaTepyall Ha UINTeTbHBIN
CPOK, a TAK)Ke BOCIIPOU3BECTH ¥ Pa3MHOKUTH B 0071b1IoM MacmTabe. OmHUM U3 TaKuX 3P PeKTUBHBIX
METOJIOB - METOJ, MMKPOK/IOHA/TbHOTO Pa3MHOXKEHNA. DTOT METOJN AaHATIOTYeH BeTreTaTUBHOMY CIOCO0Y
Pa3MHOKEHVA Y pasIidalo TCA IVIb TeM, YTO BeCh IpollecCIpoTeKaeT BycmoBuaAxinvitro. Ilomyuennsre
K/IOHBI ABNIAIOTCA 03T0POBIEHHBIMY VI COXPAHSIOT TeHETMYECKYI0 OTHOPOXHOCTD. B pencTaBieHHON
paboTe ONMICHIBAIOTCA Pe3yIbTaThl O ONTIMU3ANNN TEXHOTOTUN MUKPOKIOHATBHOTO Pa3MHOMKEHVIA
s6monn HepsBenkoro. B KavecTBe MCXOHOTO MaTepuan ObIIM MCIOMb30BAHbI Ma3yHIHbIE MOYKN
OTHONETHUX M06eroB. ONTUMNU3NPOBAH PEXKNUM CTEPIIN3AIVIN TA3yIIHBIX HOYeK, COCTAaB MUTATETbHOMI
Cpensl LA MHAYKIVIM POCTAa OCHOBHOTO Mo6era, MyIbTUIUIMKAINNM Y YKOPEHEHNA MMKPOMOOeros.
ITonryyeHHbIe JaHHBIE AB/IAIOTCA CYyLIeCTBEHHBIMMN /IS Pa3MHO)KEHNA M BOCIIPOU3BOJICTBA PEIKOTO 1
VICYe3aI0Iero BUAA A0IOHN.

Kniouesblie cnoBa: Malus niedzwetzkyana, Kynbrypain vitro, MUKpOKIOHaTbHOE Pa3MHOXKEHIE,
MY/IBTUIUIMKAIVA MUKPOIO0eroB, yKOpeHeHme.
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