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Improvement of pomegranate (punica granatum 1.) to cold
resistant through in vitro mutation

Annotation. In Kazakhstan, a large pool of fruit trees is grown, one of which is the pomegranate
(Punica granatum L.). The most significant limiting factor of pomegranate cultivation in
Kazakhstan is the frosty winter, as well as low temperatures in spring and autumn. In order to
obtain mutants resistant to low positive temperatures, chemical mutagenesis was used, with ethyl
methanesulfonate (EMS) as the mutagen. Callus was treated with mutagen in vitro culture.
In the Akdona cultivar, the survival rate of callus was 25.45% at the concentration of 3 uM of
EMS mutagen, 31.67% at the concentration of 6 uM, and 24.35% at 9 uM. Plant regeneration
was induced from mutagen-treated calluses. The resulting plants were exposed to low positive
temperatures (4°C, for 30 days). After exposure to cold, the maximum survival rate of mutant
plants of the Akdona cultivar was 58%, and the minimum survival rate was 3% for plants of the
Pg1 line. The resulting mutant pomegranate plants will be used for breeding for cold resistance.
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Introduction. Pomegranate (Punica granatum) is an economically important plant species from
tropical and subtropical regions of the world, because of its delicious edible fruit, which also has
pharmaceutical and decorative uses [1]. Fruit juice is a good source of sugar, vitamin C, vitamin
B, pantothenic acid, potassium, antioxidant polyphenols, and is a source of iron. Some parts of
the pomegranate tree (leaves, unripe fruit, fruit crust and flower buds) were traditionally used as
medicinal products, as well as for tanning leather. The juice is considered useful for patients suffering
from leprosy. The rind of the fruit is usually used for dysentery and diarrhea. Polyphenols have
been found to inhibit the growth of cancer cells. Coumarins have hypertonic, anticoagulant, anabolic
bactericidal and antitumor activity. Therefore, it is important for Kazakhstan to industrially cultivate
pomegranate as a source of healthy nutrition.

The most significant limiting factor of pomegranate cultivation in Kazakhstan is the frosty winter,
as well as low temperatures in spring and autumn. Even in areas of intensive cultivation, the b - 21°C
cold pomegranate destroys up to 8,000 hectares of pomegranate orchards within three days [2]. In
this regard, for the sustainable cultivation of pomegranate in Kazakhstan, it is necessary to conduct
intensive selection to obtain lines of pomegranate that are resistant to cold. In our opinion, the most
effective way to develop cold-resistant cultivars is mutagenesis using in vitro tissue culture.
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As a chemical mutagen, ethyl methanesulfonate (EMS) is most interesting, since it induces more
mutations at certain loci than physical ones, such as x-rays or gamma rays [3,4]. The chemical mutagen
must penetrate the meristem zones of the wood crop sprouts, and the excess chemical must be
removed after treatment. Previously, it was more difficult to obtain mutagenic plants using chemical
mutagens than to obtain mutagens using physical methods [5,6,7,8]. However, with the development
of the latest technology for culture of plant tissue cells, chemical mutagens have become more widely
used to produce useful mutations in vitro culture [9].

Many studies have been carried out by the introduction of pomegranate (P. granatum L.)
into the culture of tissues. Protocols have been developed for plant regeneration in vitro through
organogenesis from callus derived from nodular segments, cotyledons [10,11,12], anthers [13], or
by embryogenesis from various seedling explants, petals, and immature zygotic embryos. Almost
all studies have determined that the regeneration potential depends on the genotype of the explant
donor [12].

Broad genetic variability is necessary for crop selection. It can be induced using physical or
chemical mutagens. Induced mutations are highly effective for improving natural genetic resources
and have helped create new cultivars of many crops, including fruit [12]....

Since pomegranate is very susceptible to frost, there is a need to create frost-resistant mutant
pomegranate plants. In this experiment, the authors attempted to mass-produce mutant plants by
induced mutagenesis using ethyl methanesulfonate (EMS) in vitro culture.

Materials and methods. The objects of research were: cultivars of pomegranate Kazake anar,
Nardan, Shahrisabzs and Akdona, lines Pg.1.

Method for obtaining callus from nodal segments. The young nodes were collected from annual
pomegranate plants grown in a greenhouse. The tops of the shoots were cut off, washed under
running water for 20 minutes, and sterilized with 50% sodium hypochlorite solution for 5-10 minutes,
then in 70% alcohol for 3-5 seconds, inside a laminar box. Then the treated explants were washed 4-5
times with sterile distilled water. Optimization was performed on nodal segments at MS and WPM
in test tubes with the addition of NAA 1 mg/l, BAP 1 mg/l, adenine 40 mg/l, coal 200 mg/l, ascorbic
acid 150 mg/1.

Method of proliferation of shoots from nodal segment callus. One-month nodal segments on
which the callus was formed were transferred in vitro to a complete MS culture medium in Petri
dishes with the addition of NAA 0.46 mg/l, BAP 2 mg/l, adenine sulfate 16 mg/l, silver nitrate 4 mg/l,
ascorbic acid 150 mg/l. The material was cultured to produce shoots with 3, 4 leaves for up to 4 weeks,
at a light of 5000 lux, a temperature of 25 ° C and a light period of 16/8 (day/night). The environment
was changed every 7 days. During regeneration of shoots from nodal segments, the hormones kinetin
1 mg/l, 3 mg/l, 5 mg/l, gibberelin 0.1 mg/l, ascorbic acid 150 mg/l, and adenine 40 mg/l were added to
the WPM and MS media.

Method of treatment of calluses with EMS mutagen. The callus was transferred to banks for a
complete culture medium of MS, NAA 0.3 mg/l, BAP 0.5 mg/l, activated carbon 500 mg/l, adenine
sulfate 8 mg/l 25 ml each with an EMS mutagen. The mutagen concentrations were: 3 uM, 6 uM,
9 uM. After that, the cans with callus were put on a shaker at 60 rpm for 1 hour. Then the DB was
washed 3 times with water. The callus was transferred to jars for a full culture medium of MS, NAA
0.3 mg/l, BAP 0.5 mg/l, coal 500 mg/l, adenine sulfate 8 mg/l 25 ml and cultured on a 120 rpm shaker
for 3 days. After three days, the callus was transferred to Petri dishes on a full nutrient medium MS
NUC 0.3 mg/l, BAP 0.5 mg/l, activated carbon 500 mg/l, adenine sulfate 8 mg/I.

Method of testing pomegranate plantlets for cold resistance. Testing for cold resistance of
pomegranate plant clones in vitro was performed in a44Pozis XK-400-1 refrigerator. On the nutrient
medium MS with half the salt concentration activated carbon 500 mg/l, adenine sulfate 16 mgy/l, silver
nitrate 4 mg/l, ascorbic acid 75 mg/l. With lighting of 5000 Lux, a temperature of 4°C for 30 days and
a light period of 16/8 (day/night). The environment was changed every 2 weeks.
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Results and discussion. At the first stage, we worked out methods for inducing calluses and
regenerating shoots from them.

Callus cultures were obtained from the nodal segments of pomegranate using liquid nutrient
media. Calluses from the nodal segments of the pomegranate were obtained from the cultivars
Akdona, Nardan, Kazake anar, Shahrizabzs early and Pg 1 line.

Callus from nodal segments began to form in all cultivars after 7-10 days. At the same time, the
most active callus formation was observed in the Akdona cultivar for 7-10 days. In the Kazake anar
cultivar, callus formation begins very slowly within 30 days.

The maximum callus formation from the nodal segments of the pomegranate was obtained in the
Akdona cultivar 85%, the minimum in the Kazake anar cultivar 62.5%. These calluses were later used
for mutagenesis with EMS (table 1).

Table 1
Callusogenesis from nodal segments of pomegranate

The name of the genotype Number of node segments, PCs. | Number of calluses, PCs/%
Kazake anar 240 150/62.5
Shahrizabzs 40 26/65
Akdona 20 17/85

Mass callus formation was obtained on the nodal segments of the garnet in a month (figure 1).

Figure 1. Regeneration of the garnet callus on the nodal segment

When cultivating shoots from nodal segments on WPM and MS media with the addition of the
hormones kinetin and gibberellin, as well as ascorbic acid and adenine, plantlets were obtained
(figure 2). 20% regeneration was obtained from the callus of Pg 1 cuttings on MS medium with the
addition 3mg/l and 5mg/l of kinetin.

Figure 2. Regeneration from the callus of a pomegranate stalk
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At the second stage, an experiment was conducted using the EMC mutagen.
After treatment with mutagen in various concentrations, calluses were obtained from the Akdona
cultivar 131 PCs. (figure 3), callus survival at different mutagen concentrations is shown in table 2.

Table 2
Surviving garnet callus (%) after treatment with EMS mutagen in various concentrations

The name of the 3 M 6 LM 9 UM
genotype
Akdona 25,45 31,67 24,35

Figure 3. Garnet callus treated with EMS mutagen

In the future, was carried out regeneration, and then the cloning of plants from callus, treated with
mutagens. Testing for cold resistance of pomegranate plant clones in vitro was performed in a Pozis
XK-400-1 refrigerator for 30 days. Testing for cold resistance in the AK don cultivar treated with EMC
mutagen revealed an increase in resistance with an increase in the mutagen concentration from 3 uM
to 9 uM. The maximum survival rate of Akdona plantlets at an EMC concentration of 9 uM was 58%
(55 out of 94 plantlets survived), and the minimum survival rate was 3% for Pgl plantlets (8 out of
282 plantlets survived). The resulting plants of all genotypes were cloned (figure 4) and transplanted
into the ground.

At the same time, control plants in vitro from calluses not treated with mutagen plants mostly die
at 4°C after 20 - 30 days without recovery. (Table 3)

Table 3
Testing of pomegranate plantlets for cold resistance (4°C for 30 days)
Total number of plants Plants survived after cold treatment
The name of the genotype tested

PCs PCs Y%
Kazeke anar (control) 197 8 4
Nardan(control) 337 13 4
Nardan, EMS (9uM) 79 24 31
Shahrizabzs (control) 211 8 4
Shahrizabzs, EMS (3uM) 46 13 29
Shahrizabzs, EMS (9uM) 15 5 36
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Akdona (control) 245 12 5
Akdona, EMS (3uM) 42 10 23
Akdona, EMS (6 uM) 108 45 42
Akdona, EMS (9 uM) 94 55 58
Pg1 (control) 282 8 3
Pgl, EMS (3 uM) 17 1 7

Figure 4. Surviving pomegranate regenerant plants at 4°C

Thus, as a result of the research, morphogenic calluses were obtained and propagated. Conditions
were created for processing callus cultures with the chemical mutagen EMS and mass cloning of
plantlets to obtain full-fledged plants. Pomegranate plantlets were tested for cold resistance in vitro.

Conclusions. In the course of this work, the selection of conditions for obtaining garnet calluses
from nodal segments was carried out. Morphogenic callus capable of regenerating full-fledged
plants were obtained on solid and liquid nutrient media. The maximum callus formation from nodal
segments was observed in the Akdona cultivar and Pg 1 line, and the minimum in the Kazake anar
cultivar.

In the Akdon cultivar, 25.45% of callus survival was detected when exposed to the 3 uM EMS
mutagen, 31.67% when exposed to the 6 uM concentration, and 24.35% when exposed to the 9 uM
concentration.

The maximum survival rate of mutated plantlets of the Akdon cultivar was 58%, and the minimum
survival rate was 3% for control plantlets of the Pg1 line.

The mutant pomegranate plants obtained during the experiment were propagated and transplanted
into the ground for further research on their resistance to abiotic stresses.
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Ocimodixkmep OUOA0ZUACHL XKate OuomexHorozuictl uncmumymuot, Aamamot, Kasaxcman

MyTareHe3s apKblabl CyBIKKa TO3iMai aHap (Punica granatum L.) amansiaapeis aay

Angarna. Kasakcranga >xeMmic aralTapblHBIH KOIITeTeH TypAepi ecipiaeai, onby 6ipi - anap (Punica
granatum L.). AHap ecipyai mekTeiTiH ¢pakTop - 6y KBICTBIH as3Abl 00AYBI, COHAAl-aK, KOKTEM MeH Ky3Je-
i ToMeH TeMIepaTypa. TeMeH oH TeMIlepaTypara TO3iMAl MyTaHTTapAbl ady YIIiH XMMMSAABIK MyTareHes, al
MyTareH peTiHge sTnaMeraHcyabpoHat (OMC) Koaganbaael. Kaaaycrap in vitro KyapTypada MyTareHMeH OH-
Aeaai. Akaona copteiHga OMC MyTareH KoHIeHTpanuscsl 3 WM 6o4raH Ke3ae KaAAyCTapAbIH TipIIiAik eTy Ko-
s¢pPurnenri 25,45%, 6 UM koHnenTpanmaa - 31,67%, 9 uM-ae Tipmriaik ety xoadpuimenti 24,35% Kypaasl.
MyTareHMeH eHAeATeH KallycTapJaH oCciMAiK pereHepansidany poleci rmaiiga 00145l AABIHFaH ©CiMAIKTep
TeMeH OH TeMmnepaTtypaga cbiHaaAbl (40C, 30 kyH). CybIKIIeH acep eTKeHHeH COH AK/JOHa COPTBIHBIH MYTaHT-
TBI pereHepaHTTapBIHBIH MaKCUMaAABl TipImiaik eTy aeHreiti 58%-Abl Kypaabl, PglanHUACKHEBIH pereHepaHT-
TapBIHBIH TipIIiZiK eTy KOpceTKilli eH TOMeHTIi AeHreiiai 3%-abl KypaAbl. AABIHFaH MYTaHTTHI aA4aFbl yaKbITTa
CyBIKKa TO3iMAl aHap ©ciMAIKTepiH CyphIITay >KYMBICTaphl YIIiH IaiigalaHblAaThH 601aAbL.

Tyiiix cogep: anap, MmyTarenes, sTuaMeTtancyabPponaT (OIMC), cybIKKa TesiMAi.

A.B. Boaxos, A.M. Apreiabaesa, A. 1. Aaypos, A.K. dayposa, K.K. JKamap,
XK.K. Kypenbaesa, A.b. Abgpaxmanosa, M.X. Illamekosa, K.2K. 2 Kambaxnn
Mnemumym 6uorozuu u Ouomextorozuu pacmenuti, Aamameot, Kasaxcman

IToayuenmne xoaoao0ycTormanBbIX auHNI rpaHaTa (Punica granatum L.) myTem MmyTareHesa

Annotanus. B Kasaxcrane srrpamniubsaercs 60bIION Ty (PPYKTOBHIX J€PeBbeB, OAHUM I3 KOTOPHIX SB-
asercs rpaHat (Punica granatum L.). Hauboaee cymecTBeHHBIM AMMUTUPYIOIIUM (PAKTOPOM BBIPAIIVBAHIS
rpanarta B Kasaxcrane s1BAsgeTcss MOpO3Has 3UMa, a TakKe HU3KIE TeMIIlepaTyphl BeCHOM 1 oceHbI0. C 11eapio
MOAyJeH!s MyTaHTOB, YCTOMYMBBIX K HU3KUM ITOA0XUTEABHBIM TeMIlepaTypaM MCIOAb30BaAN XUMUIeCKIIA
MyTareHes, B KadyecTBe MyTareHa — stuameTancyabdonar (DMC). OOpaboTke MyTareHOM IIOABEpraauch Kaa-
AYCBI B KyAbType in vitro. ¥ copta AKkAoHa nipy KoHIleHTparuy MmytareHa OMC 3uM BbIX1BaeMOCTb KaAAdyCOB
cocrasuaa 25,45%, npu xoureHTarun 6uM — 31,67%, mpu 9uM BrrxmuBaeMocTh coctasuaa 24,35%. V13 oopado-
TaHHBIX MyTareHOM KaJAAyCcOB MHAYIIMPOBAACA IIpoIlecc pereHeparuu pactenuii. [loaydeHnsre pacTeHNs 104-
Bepraanch BO3AeMCTBUIO HUBKUX 0A0XUTeAbHBIX TemniepaTyp (40C, B teuenun 30 aueii). ITocae BosaericTsus
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X01040M MaKCHMaAbHas BBKIMBA@MOCTh MYTaHTHBIX peTeHepaHTOB copTa AKAOHa cocTaBuaa 58%, MMHIMAaAb-
Hasl BBDKMBAaeMOCTh Oblaa y pereHepanTos AnHNM Pgl —3%. [loayJeHHbIe MyTaHTHBIE pacTeHNs rpaHaTa 6y yT
MCTI0AB30BAHBI A4S CeAeKIINY Ha YCTOYUBOCTD K XOA0AY.

Karougesnie ca0Ba: rpaHat, MyTareHes, sTuamerancyabdonat (OMC), X01040yCTONINBOCTE.
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