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Peculiarity of currant and perpetual repair cell culture

Perpetual raspberry is a group of raspberry varieties distinguished by their ability to bear fruit on two-year
and one-year stem shoots. Black currant (Ribes nigrum) is a deciduous shrub, family Gooseberry (Grossulari-
aceae), related to currants (Ribes). The article presents methods of cell selection of perpetual raspberries and
currants. Crop varieties resistant to extreme natural factors, obtaining high harvest, and two harves
were considered. The chemical composition of the used nutrient medium, the content of micr® a
elements, and organic substances were taken into account. The qualitative composition of callusgghoo

Cro-

tracted from plant cells was determined. A strong relationship between the frequency of Sis

black currant and the balance of phytohormones in the nutrient medium has been shown. P i, thesfield
of gene and cell biotechnology is directly related to the development of the basics of t f plant
cells and tissues under in vitro conditions. In addition, it is of particular interest to ¢ e a Sui nutrient

medium, to establish the mode of cultivation in order to determine the species and
tipotency of representatives of different taxonomic groups of plants. At present ility of somatic
cells is found in various cultures, most of which are annual and practical propagating plants.
These are vegetable crops and ornamental plants, the list of which grows aRhua scientific novelty of

of repair raspberry and black
currant using biotechnology methods. Therefore, the study of theoretica ions and development of ap-
plied aspects of cells and tissues of perennial plants, in particular fruiffand ber
nts@re considered relevant.

f explants, the to-

and agricultural crops, their
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hormones.

ency, breeding, cells, callus, phyto-

There are more than 150 species of curgants w de and in Kazakhstan — 11 species of currants.
Currants are an excellent source of flavonoids, vitamin C, proanthocyanidins, and anthocyanins. It consists
of 15-195 fatty acids such as alpha- ma-linolenic acid, anthocyanidins, stearidonic acid, and
flavonoids. It also has an antioxidant g

g amateur gardeners in Kazakhstan. Such varieties effectively
he annual cycle of crop formation and peculiarities of growing

3sis of black currant and raspberry somatic cells by selecting culture media
to develop applied a icropropagation of these cultures.

Due to the ity of these crops, scientific programs to produce new varieties exist in many
scientists are working on resistance to diseases and high-quality fruits, in particular
logically active substances — antioxidants. In the last 5 years, about 30 new varieties
and 20 raspberries were included in the state register of breeding achievements.

- lassical breeding, in which the evaluation of new objects is carried out by external features
(phenotyp®);”is time-consuming and expensive. For example, it takes up to 15 years to produce a new
raspberry variety [3].

Biotechnological methods are widely used primarily in breeding for resistance of fruit crops to
pathogens, where genetically distant species must be used to attract their resistant genes, as well as to study
their biology and conduct artificial infestation to collect a collection of pathogens in the culture of in vitro.

In domestic breeding, there is no purposeful work on the creation of raspberry perpetual varieties.
I.V. Michurin’s perpetual raspberry is known for reason that it gives at least some har vest in the fall if there
are optimal conditions. A number of perpetual varieties have been created abroad that bear fruit mainly on
annual shoots. The best-known of them are September, Heritage, Lulin, Redwing, Zeva, and Ottom. These
varieties require a frost-free period of 150-160 days and an active temperature above 3000 °C for full
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ripening of harvest on one-year shoots. These foreign varieties manage to give only 15-30 % of their
potential harvest before the autumn frosts come. In terms of one bush, it is not more than 300 g of berries.
For this reason, foreign perpetual raspberry varieties for many regions of our country are not of interest [4].
However, new biotechnological methods do not stand still. The development of molecular biology
methods made it possible to introduce into the practice of breeders such a method as the evaluation of plant
material using chains of molecular DNA markers associated with genes encoding valuable traits. They are
able to use for quick test hundreds or thousands of plants and identify whether their genome contains the
genes for the desired traits. With this approach, the breeding process is able to be significantly accelerated
and made cheaper because of molecular markers: conducting an assessment of breeding material at an early
stage (e.g., on shoots), thereby significantly reducing the interval between generations in breeding selection;
complex, costly and phenotypic (e.g., sensitivity to environmental conditions: pests, diseases, drodght, etc.)
long testing and assessment of traits; viral diseases of fruit crops are chronic and systemic: once damaged, a
crop remains incurable for life. As a rule, all its organs become infected. The use of suc
during vegetative reproduction contributes to the mass spreading of diseases [5]. ) 4

Representatives of the Ribes species usually have 2p = 16 chromosomes, and ted varieties are
diploids [6].

The main method of black currant propagation is cuttings, but this not allow obtaining a
large amount of planting material. To solve this problem, the in vitro migrot@nal anethod is promising, which
allows to significantly increase the reproduction coefficient usiqg t etiod of cell and shoot cultivation.

The perpetual variety of the perpetual raspberry Hercules a\ ty of the American black currant

Experimental \
The object of research is black currant (Ribes nigrum L.) and perpetual ras{@.lbus idaeus L.).
ir culi
0

Lia were selected as the studied samples.

These explants from the samples underwent step
magnetic mixer for 10 minutes, rinsing 3 times with di
5 minutes, rinsing again with distilled water, keeping
ethanol for 1 minute and rinsing with distilled w nutes. Then, under aseptic conditions, explants
3-5 mm in size were removed from them in a lamin leaned from the surface film and cut crusts, and
grown in test tubes of 15 mm in diameter forthe induction of callusogenesis. The callus tissue was divided
into 10-15 segments and transplanted into 6-cm diameter jars for induction of morphogenesis after triplicate
transplantation into a new culture p to 300-400 explants were planted in each series of
experiments. A modified nutrient as used to cultivate explants for the purpose of inducing callus
formation and morphogenesi 3 ssues based on the composition proposed by T. Murasi and
F. Skoog. Phytohormones 2,4- dk were used as hormonal additives. The pH of the whole nutrient
medium was 5.6-5.8.

Calluses were obtain induction media (Tab. 1). At the end of the passage (30 + 5 days), the
morphological chakactéFisti e callus were produced and measured by color, consistency, and degree of
tissue necrotization:

ilization-in soapy water washing with a
ter, Yinsing with potassium permanganate for
70/30 for 20 minutes, treating with 70 %

Table 1
e composition of the Murashige and Skoog nutrient medium (MS)

Composition | Doze
Micronutrients, mg/ L
NH,NO; 1650
KNOs 1900
MgS047H-0 370
KH,P04 170
CaCLz. 2H20 440
FeS04. 7H20 27.85
Na;EDTA. 2H,0 37.25
Micronutrients, mg/ L
NazMOO4. 2H20 0.25
H3BO3 6.20
MnS04.4H20 22.30
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ZnS04. 4H,0 8.30
CuS0,. 5H,0 0.025
CoClz. 6H20 0.025

KI 0.83

Organic compounds

Pyridoxine, mg/L 0.50
Ascorbic acid, mg/ L 1.00
Nicotinic acid, mg/ L 0.50

Thiamine HCI, mg/L 0.1
Sucrose, g/L 30.00
Agar, g/L 7.00

The calluses were then placed in an appropriate, fresh nutrient medium and incubate a \26-hour
photoperiod and in diffuse light (1-2 thousand lux) at 22-24/14-16 °C (day/night). Pat e from
each passage was transferred to morphogenic media MS6 and MS7 (Tab. 2).

Table 2
Composition of the modified MS nutrient medium used for the induction of callusog andimorphogenesis,
mg/L
Composition MS 1 MS 2 MS 3 MS 6 MS 7
2,4-D 1.00 2.00 " 4.00 - -
Kinetin 0.05 0.10 0.20 - -
Folicacid 0.50 0.50 0.50 - -
Glycine 1.00 1.00 1.00 . - -
Adenine 1.00 1.00 1.0 1.00 - -
IMA - - - - -
ICA - - - 0.05 0.10
Article-6 - - - 0.20 0.20
Zeatin - - - 0.40 0.40
Mesoinosite 100.0 0.0 .0 100.0 100.0 - -
Casein hydrolysate 100.0 .0 100.0 100.0 100.0 - -
Note: MS 1, MS2, MS3, MS4, MS5 — nutrient me. se the induction of callusogenesis; MS6, MST — nutrient media used in
the induction of morphogenesis; 2,4-D — 2,4-dichlor yacetic acid; IMA- indolemic acid; ICA- indoleacetic acid; 6-BAP —
6-benzoaminopurine

The formation of morphogehic

counted, they were charac
was observed as the numb

The mediu
and shoots. |
adjustin®@®the

res was observed, and the number of obtained regenerants was

Results and Discussion

evelopmental abnormalities were noted. The release of regenerants
ts consisting of 10 or 100 callus and planted in a reducing medium.

vitro plant shoot culture work as a medium for culturing T. Murasi plant cells
ment, the process of morphogenesis in vitro can often be successfully regulated by
tion and changing the types of phytohormones. The productivity of callusogenesis
epends on the ratio of phytohormones and their input into the nutrient medium.

,4-D and kinetin are the most common stimulants for obtaining and maintaining callus

set up a Series of experiments to study various concentrations and effects of two main ratios of
phytohormone-2,4-D and kinetin.
Explants from fragments, apical and meristems of leaves of perpetual raspberry and black currant were
grown in a modified MS medium with different concentrations of 2,4-D and kinetin. These nutrient media
are MS1, MS2, MS3, MS4, and MS5 (Tab. 1).
The callus usually grows in the dark because light causes morphogenesis and greenishness of the callus.

In this regard, callus cultivation was carried out in a bright room with weak diffuse light.

The study of the features of callus formation of different somatic cells of black currant is characterized
by indirect and apical bud explants with high activity of callus genesis induction and callus growth, which
are permanent holders of genetic information of growth and development. The newly formed callus had a
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yellowish color and relatively loose consistency. On day 30 of in vitro cultivation, the implants contained 2
and 4 mg/L of 2,4-D and 0.1 and 0.2 mg/L of kinetin.

The process of formation of calluses and bones of currant leaves from the explants obtained from the
leaves has its own peculiarities. They are characterized by the induction of callusogenesis and the intensity of
growth of callus tissue when grown in a relatively high nutrient medium containing phytohormone — 8
mg/L 2,4-D and 0.4 mg/L kinetin (nutrient medium MS 4). Explants taken from the stem were observed with
slow callusogenesis of the leaf compared to its own explants (Tab. 3).

Table 3

Effect of phytohormone concentration on the intensity of callusogenesis inside
black currant explant type

Nutrient medium Fruitful variety of currant Lia
Explant type
L | S |

Size of calluses on the 30th day, mm

MS1 0.8+0.2 0.9+0.3

MS2 1.4+0.3 1.3+0.2

MS3 2.0+0.4 1.6+0.3

MS4 2.5+0.3 2.2+0.3

MS5 1.5+0.2 1.3+0.2
L-leaf; S-stem; IB-indirect bud; TB-top bud

depends on the balance of phytohormones in the nutrient medi . 1).

t and top buds differed when they were
grown in MS3 medium, which was 52.8 % in the cu ia ferttte. MS4 proved to be the most suitable
nutrient medium for leaf explants and stem frequency. Atllewerconcentrations of phytohormones (MS1 and
d stems is within 9.9 and 13.5 %, and that of
indirect and apical buds is 20.3 and 34.8 %. Increa oncentration of phytohormone did not increase
the rate of callusogenesis in all explants studigd. At the Same time, the frequency of callusogenesis decreased
to 20.4-21.6 % depending on the black currantWariety and explant species (Tab. 4).

During observations of black currants, it was shown th’aN ency of callusogenesis strongly

60

50

40

30

M2

M3 M4

mX EHC mXb6 mTb
K — leaves, C — stem, XKb — lateral buds, Tb — top buds

Figure 1. Influence of phytohormone concentration and explant type on the callusogenesis of the currant Lia variety, %
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Table 4
Effect of phytohormone concentration and explant type on callusogenesis
duration in black currant varieties (days)
Nutrient medium Harvest variety of currant Lia
Explant type

MS1 L S IB TB

MS2 11942 13443 103+2 100£2

MS3 11343 10943 95+3 89+3

MS4 10043 106+3 103+2 99+2

MS5 96+2 107+2 89+3 8243

Callus cultures with different morphogenesis abilities also differ in morphology, @llowing the
morphogenic parts of the callus to be visually identified for further subculture.
It is known that the differentiation of a plant cell can be observed not only in the i& roscope but
, this 1Sass

also in the fine structure of the cell and changes in its organelles. In the in vitro cu i lated
with the processes of organogenesis, histogenesis, and somatic embryogenesis.
0
0

As a result of numerous experiments on the study of callus genesis and growth, a large
variety of calluses with different morphological characteristics (consistency, co genetic potential)
was obtained. The study of morphological features of calluses induced lagk, currant and perpetual
raspberry organs revealed that there is no clear difference between the sgle uftures in the type of formed
calluses. However, the calluses were morphologically heterogeneous: , easily decomposed, and
granularly dense. Therefore, the calluses formed by explants ofépe spberry and black currant can be
grouped according to their morphology, coloring, and morphogenw (Tab. 5).

Table 5
Description of currant and e raspberry callus
Types of Morphological Type of
Color .
callus structure morphogenesis

1 loose callus rless no morphogenetics
2 large bumps light yellow homogeneous
3 there are fine-graine utson | dark yellow to brown embryogenic

the callus
4 the surfacg of t asa white rhizogenic

thin filame

olidoval, transparent, colorless glandular mass, with no visible external

continuous growth when transplanted, has accumulated considerable
s no morphogenetic potential.

as a dense consistency, consisting of large roll-shaped bulges, bright yellow.

the callus tissue is green. Growing in a morphogenic medium is accompanied by

process of somatic embryogenesis in the culture of perpetual raspberry and black currant. The 4th type of
callus is characterized by the appearance of many thin filamentous structures on the tissue surface. During
further cultivation, some of these structures form roots.

Summarizing the results of this series of experiments, the obtained callus tissues of perpetual raspberry
and black currant have different types of morphogenesis: homogenesis, rhizogenesis, and embryogenesis.
These experimentally obtained types of callus tissues are valuable as a model to study the physiological
mechanisms of cell differentiation in vitro.

To study the possibility of preserving their morphological characteristics and morphogenetic potential
by callus type, fragments of different callus types were transferred to a new medium containing the same
components of the nutrient medium that contributed to the formation of these calluses.
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Experiments on the origin of somatic cells of black currant and perpetual raspberry have established
that the studied objects can induce callusogenesis in vitro with proper selection of phytohormones, especially
their ratio, as well as cultivation regimes. The intensity of callus formation and growth of callus structures is
influenced by the origin of the explant and the concentration of phytohormones in the nutrient medium.

In the process of callusogenesis, somatic cells are dedifferentiated. As a result, different cell types are
formed, which causes heterogeneity of callus tissue. The degree of heterogeneity depends on the genetic
characteristics of the plants from which the explants are obtained. When different phytohormones and
cultivation conditions are changed, an increase in cell diversity in the callus mass is possible. However, in
our experiment, we obtained calluses from different explants only in media with relatively low
concentrations of 2,4-D phytohormones and kinetins. Calluses and regenerants were cultured under the same
conditions. Therefore, the difference between black currant and perpetual raspberry in the influencg of other
factors, the rate and duration of callus formation, is purely genetic in nature. Our studies have onge again
confirmed that high concentrations of 2,4-D and kinetin are necessary for cell and tissue gr

According to the results of the experiments, it can be concluded that the intendit
depends on plant genotype, but often depends on the type of selected explant. Callusogenesis c
in all organs of black currant and perpetual raspberry.

Conclusions
The results of obtaining growth from currant culture varieties and mj ation were as follows:
57.8 % of pure growth was obtained from currant culture varieties, and liferation was performed

from all varieties of pure currant culture.

The development of shortened roots of currant varieties was stimulated 8.6 %. The development of
shoots on shoots of Russian currant culture varieties was 23.4 %.

About 80 % of shoots were obtained from local currant le it has been proved that the stage of
lan difficult process. As a result of our
ion has been improved. It is the end of month

obtaining pure shoots by microclonal propagation of
research, the method of obtaining pure growth and its
and the weekend.
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Kapakar :xoHe peMOHTAHTTHI TAHKYPAii sKacymajapbl
AAKbLIIaPBbIHBIH epeKIeTiKTepi

PeMoHTaHTTBI TaHKypall — EKDKBUIIBIK KOHE OIpXKBUIIBIK ca0aK epKeHAepiHIe keMic Oepy KabileTiMeH
epeKIIeNIeHEeTiH TaHKypail copTTapsiHblH ToObI. Kapa kapakar (Ribes nigrum) — TyCHeXanbIpaKTsl OyTaIbI,
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KapJibIiFanap TykeiMaaceiHa (Grossulariaceae), kapakar (Ribes) tysicraceina xarajibl. AybUl MIAPYAIIBUTBI-
FbI JAKbUIIAPBIHBIH YKCTPEMAaIbl TaOHFH (akTopiapra Te3iMIi, JKOFapbl OHIM XKOHE JKbUIbIHA €Ki OHIM ala-
TBIH COPTTapbl KapacThIpbUIraH. KoJaHbUIaThIH KOPEKTIK OPTAaHbIH XUMHSIIBIK KYpaMbl, MUKPO- JKOHE Mak-
PODJIEMEHTTEPIH, OPTaHUKAJIBIK 3aTTapAblH MeJIepl ecelKe AIBIHIBL. OCIMAIKTepAiH JKacyIlalapblHaH
IBIHFAH KaJUTyC OCIHIUIepIHIH camaibl Kypambl aHBIKTadraH. Kapa KapakaT KaJurycoreHe3iHiH >KHUIITi
KOPEKTiK OpTaHBIH ()UTOrOPMOHIAPHIHBIH OalaHCHIHA KATTHI OaillaHBICHl KepceTini. ['enaik jkxoHe jkacyma-
JIBIK GMOTEXHOJIOTHS CaJlaCBIHIAFhI Iporpecc in Vitro xarmaifbiHga eciMIiK jKacylajgapbl MEH YIIIanapbiH
ecipy Heri3ZiepiHiH JaMybIMeH Tikenell OaiimanpicThl. COHBIMEH KaTap, KOJIAHIBl KOPEKTIK OpTaHBl TaHIAY,
SKCIUIAHTTHIH TYP1 MEH KOJIeMiH, 6CIMAIKTEPIiH opTYpPiIl TAKCOHOMUSIIBIK TONTAPBIHBIH OKUIACPiHIH TOTUIIO-
TEHTTUIIrH aHBIKTay MaKCaThIHIA 6CY PEeXKUMIH OelNrisiey epeKine KbI3bIFyIIBUIBIK TyAbIpanasl. Kasipri yakbiT-
Ta COMATHKAIBIK JKacyIIanapablH Oy epekiie KabilneTi apTypiii Jakpligapaa Ke3aecemdi, OJapablH KOMIIiIir
OIpKBUTIBIK JKOHE IC JKY3iHJIC BETCTATUBTI KoOekeTiH eciMaikTep. byl kekeHIC TakpuIIapsl MEH COHJIIK 6CiM-
JIKTEp, OJAapABIH Ti3iMi XKbLT CAlbIH TOJNBIKTBIPBUIBII OTBIPaIbl. JKYMBICTBIH FBUIBIMH JKaHAIBIFI — OHOTEX-
HOJIOTHS 9JIICTEPiHiH KOMETiIMEH PEMOHTAHTTHI TaHKypail MEH Kapa KapaKaTThlH COMATHKAIBIK OyIaHIapbl
MEH TPaHCTCHJI ©CIMIIKTEpiH aay MYMKiHAIri. COHIBIKTaH KOIDKBULIBIK OCIMIIKTEP/IIH KacylIajapblaMeH

YInanapblHbIH, aTan aiTKaHIa KEMiC-KUJICK JKOHE aybUIApYaIlbUIbIK AaKbUIIAPBIHBIH TEOp IK

U5 13
piH 3epTTey KoHe KONaHOallbl acleKTiepiH AaMbITy, OJapIblH Te3 KoOeri, COMATHKAIBIK é eH
ust

TPaHCTEH/Ii ©CIMIIKTEPAl Iy 6Te ©3eKTi OOJBII CaHaTa bl

Kinm ce3dep: xapakar, TaHKypail, OHOTEXHOJIOTHs, iN VItr0, peMOHTAHTTBIIBIK, TOTUITOTCHPTUTIK oCE

HOW MAJIUHBI

yKacayla, Kauyc, GUTOropMoHaap.
M.K. TeiHbIKYyII0B @&

Oco0eHHOCTH KYJBTYPbI KJI€TOK CMOPOAMHBI H P

PeMoHTaHTHass MaJTHHa — TPYIIa COPTOB MAJMHBI, OTIIMYAIOIIHXCAYEIOCO BIO IUIOJJOHOCHTH Ha JIBYX-
JIETHUX ¥ OJHOJIETHUX cTe0JeBbIX moberax. Yepnas cmopoaiHaglRibes Wigrum) — JucTonaqHblii KyCTapHHUK,
ceMeiicTBO KphbKoBHHKOBbIE (Grossulariaceae), otnocurest cMopoaunbl (Ribes). B cratse mpen-
CTaBJICHbI METObI KJIETOYHON CeNeKIUH PEMOHTAHT I 1 CMOPOIUHBL. PaccMOTpEHBI copTa Cellb-
CKOXO3SICTBEHHBIX KYJIbTYp, YCTONUYHMBBIE K IKCTPEMAIh OTHBIM (paKTOPaM, MOTYJAOIIHE BBICOKHE

aB MCII0JIb30BAHHOW MUTATENBbHOM Cpebl, CO-
. OnpeneneH Ka4eCTBEHHBIH cOcTaB MOOEroB

OMOTEXHOJIOTHH HAMPSAMYIO CBA3aH C pa3paQ@TKOil OCHOB KyJIbTHBUPOBAHHS KIICTOK W TKaHEH pacTCHHI B
yeroBusix in Vitro. Kpome toro, oco08iih, MHTEpEC MPeACTaBIseT BHIOODP MOAXOMAIICH MUTATELHOW CPebl,
YCTaHOBJIGHUE PEXHMMA BBIPAIINBA TpeeTIiCHNs BUIa U 00beMa KCIUIAaHTa, TOTUIIOTEHTHOCTH

CIIOCOOHOCTH COMATHYEC
COCTaBJISAIOT OJHOJIETHHE
JICKOPATUBHBIC PACTCHUS
BO3MOKHOCTB TTOJT
HOW CMOPOJIMHBI

CKHUX FI/I6pI/II[OB 1 TPaHCI'€HHBIX paCTeHI/Iﬁ peMOHaHTHOﬁ MAaJIMHbI U 4Y€P-
€TO/10B OHOTEXHOJIOTHH. HOSTOMy H3YyUYCHUE TCOPETUYCCKUX OCHOB U pa3pa-

MOpOJIMHA, MaJlMHa, OMOTEXHOJOTHS, iN Vitro, peMOHTaHTHOCTb, TOTHIIOTEHTHOCTH, Ce-
aJTyC, GUTOTOPMOHBL.
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