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Aim. To optimize the regeneration and adaptation stages of the methods of obtaining dihaploid carrot plants
via gynogenesis in the culture in vitro, namely embryogenesis from gynogenetic callus, and to obtain normally
developed regenerant plants and regenerant roots. Methods. Common biotechnological methods were applied.
The gynogenetic carrot callus, line 345, was obtained from non-fertilized ovaries using the method, invented
by the authors. Results. The culture medium, in which the yield of embryos from one gynogenetic callus in-
creases 4-fold, and the yield of normal plants — 12-fold, was invented. While growing roots using regenerant
plants in unprotected soil the mulching of soil with white agrofiber ensures the survival of regenerants at the
level of 86.5 % which is 16 % higher than the control (without mulching) and the increase in the average weight
of roots up to 92.8 g (38.5 g more compared to the control). Conclusions. The regenerating and adaptive stages
of obtaining dihaploid regenerant plants from gynogenetic carrot calluses, induced from non-fertilized ovaries
in culture in vitro were optimized. The efficient culture medium for embryogenesis from gynogenetic calluses
was elaborated. It was established that soil mulching using white agrofiber increases the survival of gynoge-
netic plants in unprotected soil considerably and ensures the increase in the average weight of roots. It allows
refusing from greenhouses or tunnels while growing regenerant roots of gynogenetic origin.
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INTRODUCTION

In two recent decades the artificial selection of
domestic plants witnesses ever wider application of
the experimental haploidy method — obtaining plants
with a single set of chromosomes. In nature haploids
may occur spontaneously with the frequency of one
haploid per 10°—10° plants. Haploid plants are re-
markable for a smaller stalk, late ripeness, and, as a
rule, sterility [1]. To restore the diploid set of chro-
mosomes haploids are treated with colchicine, which
allows obtaining fertile plants, completely homozy-
gous by all the allele genes. Spontaneous restoration
of ploidy degree is also possible (for instance, for
carrots).

The application of haploids in the selection of plants
allows solving the following tasks:
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— fast obtaining of genetically stable non segregat-
ing lines, homozygous for all the loci. It shortens the
duration of the breeding procedure for self-pollinated
plants by 3—4 years, and for cross-pollinated plants —
by 5—6 years. This approach is very efficient for hete-
rosis breeding, when the production of inbred lines
lasts for 5—6 years;

— the efficient selection of genotypes due to pheno-
type manifestation of recessive genes in haploids and
dihaploids. There is elimination of organisms with le-
thal and semilethal genes;

— the obtaining of monosomic lines for their applica-
tion in the genetic analysis and chromosomal engine-
ering.

Two in vitro methods are widely used to obtain hap-
loids (or diploids):
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androgenesis — the development of haploid plants us-
ing microspores grown aseptically on the nutrient me-
dium, which is applied for over 250 species of plants,
including wheat, rice, corn, barley, flax, alfalfa, grapes,
apples, carrots, efc.;

gynogenesis — the development of haploid plants
using the isolated ovaries grown aseptically on the
nutrient medium, which is less common compared to
androgenesis, but efficient in the production of hap-
loids of sugar beets, sunflower, potatoes, rice, wheat,
corn, barley, cotton, efc.

The regenerants, obtained using one of the above-
mentioned methods, differ among themselves by
genotype, i. e. they are remarkable for gamete-clon-
al variability which may be enhanced using hybrids
F, as initial material. Due to recombinogenesis the
gametes of hybrids F carry different combinations
of parental genes. The transfer of haploids to diploid
level using colchicine allows obtaining a wide spec-
trum of variability for dihaploids in a short period
of time.

Experimental haploidy in vitro is widely used in the
breeding procedure. For instance, new high-yield va-
rieties of rice and wheat were produce China in short
time using the ovary culture; four-way hybrids of corn
were obtained in the USA. There are on-going studies
in experimental haploidy using wheat in Russia (Sara-
tov State University); using corn — in Moldova (Insti-
tute of Genetics, AS of Moldova). In Belarus haploids
are studied in the Institute of Genetics and Cytology
(triticale, sekalotritikum, wheat, flax, potatoes, sugar
beets) and in SIC NAAS of Belarus for Agriculture
(rape, barley).

The gynogenesis method was first applied in France
in 1976, when haploid plants were obtained from non-
fertilized barley ovaries [2]. Since then haploids of
similar origin were obtained from such crops as barley,
wheat, rice, tobacco, gerbera, hevea, sugar beets, corn,
sunflower, cotton and potatoes [3].

Andersen et al. used the method of ovary culture to
obtain embryoids from two carrot samples. The ave-
rage efficiency of androgenesis is 0.8 % [4]. Dihaploid
lines, involved in the breeding process, were created
using embryoids. In Russia Tyukavin et al. elaborated
the methods of androgenesis and gynogenesis for car-
rots [5], which were used to obtain isogenic strains.
In general the haploidy induction method in vitro for
carrots is remarkable for low efficiency, dependent on
the genotype, the stage of gamete development, cul-
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ture medium and climatic conditions of growing donor
plants.

To obtain dihaploid plants of carrots the method of
inducing neoplasms in the culture of carrot ovaries in
vitro was developed (Pat. No. 30285 dated February
25, 2008 [17]), which allows obtaining gynogenetic
callus from non-fertilized ovaries [6]. However, the
regenerating ability of this callus and the viability of
plants, received from it, were found to be very low. For
instance, the average yield of embryoids from gyno-
genetic calluses was 3.1 + 1.2 per one callus, whereas
the percentage of the formation of normal plants from
these embryoids did not exceed 6.3 % [7]. A number
of factors, participating in the regulation of embryoge-
nesis in vitro have been established. These are nitrogen
compounds (ammonium form), potassium, calcium,
osmotic force of the solution and the concentrations of
carbohydrates, vitamins, amino acids and growth regu-
lators [8]. There are data, proving that CaCl,, the in-
hibitor of ethylene synthesis, causes three-fold increase
in the yield of embryoids in the suspension culture [9].
Some authors [10, 11] came to the conclusion on ac-
tive participation of calcium ions in the initiation of
the program of embryonic development of sporophytes
of plants.

There is confirmed positive effect of calcium chlo-
ride on embryogenesis from carrot calluses, originat-
ing from somatic tissues [6]. Murashige and Scoog
(MS) basal medium was used to develop the culture
medium for the induction of somatic embryoids of
carrots, which contains CaCl, in the increased con-
centration [12].

Taking into consideration the fact that due to haploid
status the calluses of gynogenetic origin require spe-
cific conditions for the manifestation of embryogenic
ability, the aim of this work was to optimize the rege-
nerative and adaptive stages of the method of obtaining
dihaploid plants by the gynogenesis in vitro.

MATERIALS AND METHODS

The experiments were conducted in laboratory and
field conditions. Common methods were applied to
cultivate carrot tissues and cells in vitro [13—16].

The productive line 345 of hybrid origin, Shantene
variety, elaborated in the Institute (number in the cata-
log of biotechnological samples of [VMG NAAS)
was used. The initial plants were selected by optimal
parameters of the seeded cluster in the field selection
seed-plot. The inflorescences of orders I and II were cut
at the stage of opening the last row of flowers.
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The inflorescences were disinfected with 0.1 % wa-
ter solution of HgCl, with the exposition for 20 min,
and washed with distilled water five times. The ova-
ries were extracted from the closed buds to obtain a
callus therefrom, using the method of neoplasm induc-
tion, developed in the Institute for the culture of carrot
ovaries in vitro [17]. The gynogenetic calluses obtained
were cloned on the medium for callusogenesis during
several passages [11].

In order to select the variant of medium, efficient for
the formation of embryoids, the gynogenetic calluses
were cultivated in the following conditions:

1. MS — control [18];
2. MS + 999 mg/l CaCl, (MS + CaCl,);
3. MS + 90 g/ sucrose (MS + sucrose).

25 calluses were used in each variant. The yield of
embryoids from calluses was estimated 30 days later.
The embryoids over 3 mm were subjected to estima-
tion. The regeneration of seedlings from the obtained
initial embryoids was conducted on the MS medium
with 0.1 mg kinetin [19]. The completion of growing
and root development of regenerant plants was con-
ducted on the hormone-free medium of 2 MS [19].
The number of plants, obtained from embryoids, was
estimated 40 days later. Plants of normal structure
with 2—4 leaves, 5 cm high, and with developed root
system were registered.

Plants in tubes were adjusted to in vivo conditions in
the coconut pills under the film in the cultural room,
where they were cultivated at the temperature of
20 °C and illumination of 10,000 Ix. The nutrition with
Knop’s solution was performed every 7 days [16].

The regenerant plants were planted into the open soil
in the phase of 3—5 actual leaves in the first decade of
July 2014.

In order to determine the optimal method of culti-
vating gynogenetic regenerant plants in the field and
of obtaining roots from them, three kinds of material
for soil mulching were studied: black film; transparent
film, white agrofiber; control — no mulching [16].

The regenerant plants were planted into the cuts in
the mulching material using the 45 x 20 cm scheme.
Each variant was presented with three repeats, each re-
peat — with 20 plants.

The collection and biometric estimation of regenerant
roots was conducted during the first decade of October.
Regenerant roots of standard size (DSTU 7035:2009)
were selected for storing in winter.

The statistical analysis of the results obtained was
performed using common methods [20, 21].

RESULTS AND DISCUSSION

During the experiment in elaborating the optimal
culture medium for embryogenesis from gynogenetic
calluses the callus, obtained from non-fertilized ova-
ries of genotype 345, was cultivated on two modifi-
cations of the culture medium MS. After 30 days of
cultivation (passage I) the yield of embryoids in all
the variants of the medium was found to be very low
(Table 1). They were also abnormal and it was impos-
sible to obtain normally developed plants from them.
Further cultivation (passage II) on the same media al-
lowed increasing the level of embryogenic ability of
calluses and obtaining up to 8.9 £ 2.1 embryoids from
one callus in the variant MS + CaCl,, which was con-
siderably higher compared to the control (2.1 + 0.7
of embryo/callus). The cultivation of calluses on the
medium MS + sucrose did not affect the embryogenic
ability of gynogenetic calluses.

The aftereffect of inductive media was observed at
the stage of plant regeneration from embryoids in pas-

Table 1. The effect of modification of the culture medium on embryogenesis and the yield of normally developed regenerant

carrot plants from gynogenetic callus 345, 2014

Variant of medium

Yield of embryoids from one callus, it.

Yield of normal plants

from one callus, it. Share of living plants

after the adaptation, %
I passage Il passage III passage
MS (control) 0.3+0.1 2.1+0.7 0.6+0.3 10.0
MS + CaCl, 1.1£03 89+2.1 73+£2.0 56.0
MS + sucrose 0 04+0.1 0.1+£0.02 6(.)8
LSD, 0.4 1.1
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sage III. On average 7.3 = 2.0 of normal plants from
one callus were obtained from embryoids, cultivated
on the medium MS + CaCl,, which was considerably
higher compared to the control, where the number of
normally developed plants was 0.6 £ 0.2 it. (Table 1).

While growing in the coconut substrate ex vitro in
the cultural room the regenerant plants, obtained on the
medium MS + CaCl,, survived better than regenerants
in the control (56 and 10 % of planted plants respec-
tively).

The cultivation of carrot regenerants in the field is
more complicated as weather conditions, soil overheat-
ing and overdrying affect them, decreasing the survival
of plants and the quality of roots. In order to optimize
the conditions of obtaining roots from gynogenetic re-
generants in the unprotected field conditions the effect
of different mulching materials on the development of
regenerant plants was studied.

It was established that mulching with black and
transparent films had negative effect on the survival of
plants, decreasing it considerably, compared to the con-
trol (15.0; 42.5 and 70.5 %) (Table 2). This fact may be
explained by the increase (due mulching with films) in
the soil temperature compared to the control which has
negative effect on the development of the root system
of the plant, as the biological specificity of carrots is
the suspension of growth processes in the root system
at the soil temperature over 25 °C.

A considerably higher number of surviving plants
compared to the control was obtained while using white
agrofiber when this index was 86.5 %. It is evident that
this material prevents overheating of soil and promotes
the establishment of plants.

The results on biometric analysis of plants in the
phase of technical ripeness demonstrated that all the
variants of mulching had positive effect on the growth
of'the heart of leaves, thus increasing its average height.

The excess of the control by this index in the variants
with black film and agrofiber was insignificant (23.0 =
+ 1.2 cm, 23.1 &£ 1.3 cm, 20.4 = 1.0 cm respectively),
whereas the variant with a transparent film was exceed-
ing the control significally (by 5.6 cm). Evidently, the
mulching with a transparent film promotes better provi-
sion of plants with moisture.

The average number of leaves increased for the plants
in the variants with soil mulching was compared to the
control. A significant increase was noted for the vari-
ant with a black film, where the number of leaves was
18.2 £ 2.0 per one plant, whereas in the control it was
13.1 £ 1.1. This phenomenon may be explained by
specific response of carrot plants to the conditions of
increased temperature and humidity of soil, created by
the black film.

The average weight of roots in all the test variants
was considerably higher than that for the control due
to the improvement of water balance. The largest
weight of roots was registered in the variants with the
transparent film (108.8 £ 7.4 g) and white agrofiber
(92.8 + 6.5 g). The increase in the weight of regene-
rant roots is a positive phenomenon which promotes
the improvement in their quality and ensures preser-
vation capacity due to the decrease in weight during
long-term storing.

The results of the studies were 96 regenerant roots,
the application of which is planned to obtain generation
R, and to perform further selection work in creating
combination-capable lines.

CONCLUSIONS

The regenerating and adaptive stages of obtaining
dihaploid regenerant plants from gynogenetic carrot
calluses, induced from non-fertilized ovaries in vitro
were optimized. The culture medium MS, modified
with the increased content of CaCl,, the cultivation
on which leads to 4-fold increase in the number of

Table 2. The effect of different types of soil mulching on the viability and growth of carrot regenerant plants of gynogenetic

origin from callus 345, 2014

Type of ml..llching Establishrpent .of Height of heart, om Number of leaves per Root weight,
material regenerants in soil, % one plant g
No mulch (control) 70.5 204 +1.0 13.1+1.1 543+4.7
Black film 15.0 23.0+1.2 18.2+2.0 74.3+6.7
Transparent film 42.5 260£1.5 140£1.6 108.8+ 7.4
White agrofiber 86.5 23.1+1.3 142+ 1.7 92.8+6.5
LSD,, 8.1 3.2 2.4 11.2
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embryoids, formed from gynogenetic calluses, com-
pared to the control (8.9 = 2.1 and 2.1 + 0.7 respec-
tively) and 12-fold increase in the yield of normal
plants from one callus (7.3 £ 2.0 and 0.6 + 0.3), was
developed.

While growing roots using regenerant plants in
the field the mulching of soil with white agrofiber
ensures the survival of regenerants at the level of
86.5 % which is 16 % higher than the control (with-
out mulching) and the increase in the average weight
of roots up to 92.8 g (38.5 g more compared to the
control). It allows refusing from greenhouses or tun-
nels while growing regenerant roots of gynogenetic
origin.

Perenepauisi pociinn
3 riHOreHHHUX KaJIKCiB MOPKBH
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[HCTHTYT OBOUIBHHIITBA 1 OAIITAHHUIITBA
HAAH Vkpainu

Byn. [nctutyTcpka, 1, /B Cenexuiiine,
XapkiBcbka 0011., 62478

Mera. OntuMmizallisi pereHepaliifHOrO Ta aJanTHBHOTO
eTamiB croco0y OTPUMAHHS JUTAILIONHAX POCIUH MOPK-
BH 3 BHUKOPHCTAHHSAM TiHOTEHE3y y KYIBTypi in vitro, a
came: eMOpioreHe3y 3 TIHOTEHHOTO KallfOCy Ta OJCepiKaHHS
HOpPMAalbHO PO3BHHEHUX POCIHH-PETCHEPAHTIB i KOpeHe-
IUIONiB-pereHepanTiB. MeToau. 3acTOCOBAHO 3araibHO-
MIpUHHATI 610TeXHOMOTiYHI MeToAN. | IHOTeHHM KaJrocC JTiHil
MoOpkBH 345 OTpMMaHO 3 HE3aIUTiAHEHWX HACIHHUX 3a-
YaTKiB in Vitro 3a BHUHAHACHUM aBTOpPaMH CIOCOOOM.
PesyabraTu. Po3pobieHo mokuBHE CEpeoBUINE, Ha SIKOMY
BHXiZ eMOpioiniB 3 OXHOTO TiHOTEHHOTO Kajkocy 30i7b-
mryetbess y 4 pasw, a BHXiI HOPMAJIbHUX POCIHH — ¥y
12 paziB. Ilpum BHUpoIlIyBaHHI KOPEHEIIOAIB 3 POCIHH-
pEereHepaHTiB Yy HE3aXMIIEHOMY TIPYHTI MYJbYyBaHHS
TpyHTy OITHMM arpoBOJOKHOM 3a0e3mnedye MpPHKUBICHHS
pereHepaHTiB Ha piBHI 86,5 %, mo Ha 16 % BuIIe, HIK y
KOHTpONi (0€3 MyJIbuyBaHHs), Ta 30UIBLICHHS CEPEIHBOT
Macu KopeHeroaiB 10 92,8 r (Ha 38,5 r Oliblie MOopiBHIHO
3 KOHTpoJsieM). BucHoBkH. OnTHMI30BaHO pereHepariitnuii
Ta aJaNTUBHHUN €Talu CcrnocoOy OTPUMAHHS JMIaIUIOIIHUX
POCIUH-PETCHEPAHTIB 3 TIHOTGHHHX KaJlFOCIB MOPKBH,
1H/IyKOBaHMX 3 HE3aIlUTi/IHCHNX HACIHHUX 3a4aTKiB y KYJIBTYpi
in vitro. Po3po0ieHo eeKTHBHE TIOKUBHE CEPEIOBUILE IS
eMOpioreHe3y 3 THOI€HHHMX KaJlIOCIB Ta BCTAHOBIICHO, IO
MYJIBYYBaHHS IPYHTY OLTMM arpoBOJIOKHOM iCTOTHO ITiIBHIIY €
MIPYOKUBIICHHS TIHOTEHHHUX POCJIHMH Y HE3aXHIIEHOMY IPYHTI
i 3abe3mneuye 30UIBIICHHS CEPEIHBOI MacH KOPCHEIUIOMIB.
Lle no3BOJslE HE BHKOPHUCTOBYBATH TEIUIMI YW TYHEINbHI
YKPUTTS TIPH BHUPOIILYBaHHI KOPEHEIUIO/iB-PEereHepaHTIB
T'HOTEHHOTO MOXO/KEHHSL.
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Kiro4oBi ciioBa: MOopkBa, eKCIIepUMEHTAIbHA TATUIOLNIS in
vitro, He3aIUTiTHEHI HACIHHI 3a9aTKH, Kalltoc, eMOpioreHes,
POCIMHU-PETeHEPaHTH.
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WHCTUTYT OBOIIEBOACTBA M OaX4eBOACTBA
HAAH VYkpaunsl
Vi. Uacturytekas, 1, m/o CenekunonHoe,
XapbKoBcKkast 00i1., 62478

Heab. OnTumMu3anys pereHepalnoHHOTO U aJanTHBHOTO
9TanoB crnoco0a TMONy4EHHUs AWTAIUIOUAHBIX pPAaCTeHHUH
MOPKOBU C HCIIOJIb30BAHHEM TMHOICHE3a B KYJIBType in
Vvitro, a UMEHHO: dMOpHOreHe3a U3 I'MHOTEHHOIO Kajuryca,
MOJYYEeHUsI PACTCHUH-PEreHepaHTOB U KOPHEIUIOJOB-pere-
HepaHToB. MeToabl. [IpuMeHeHbl o0IIenpuHsTEIE OHOTEX-
HOJIOTMYECKUE MEeTOAbl. | MHOTeHHBIN KallyC JTUHHUU MOp-
KOBU 345 mony4yeH U3 HEOMJIOAOTBOPEHHBIX CEMSIIOUEK in
Vvitro 1o U300peTeHHOMY aBTOpaMu criocoly. Pe3yabrarsi.
Paspaborana nuTarenbHas cpena, Ha KOTOPOM BBIXOA HMO-
PHOUIOB U3 OJHOTO FMHOTEHHOIO KaJllyca yBEIMYUBaeTCs
B 4 pasa, a BBIXOJ HOPMAaJIbHBIX pacTeHuil — B 12 pa3. Ilpu
BBIPAIIMBAHUM KOPHEIUIOJJOB M3 PACTCHUH-PEreHepaHTOB
B HE3AIIUIICHHOW IOYBE MYJIBIMPOBAHUE IIOYBBI OEIBIM
arpoBOJIOKHOM 00€CHEeYMBaCT MPHKHUBAEMOCTh PEreHepaH-
TOB Ha ypoBHe 86,5 %, uto Ha 16 % BBIIIE, YEM B KOHTPOJIE
(6e3 MynbuMpOBaHMS), W YBEIWYMBAECT CPEIHIOID Maccy
KopHer1o0B 10 92,8 r (Ha 38,5 T Goblie Mo cpaBHEHUIO
¢ KoHTpoieM). BwiBogbl. OnNTUMH3MPOBAaHBI pereHepa-
IIMOHHBIA W aJaNnTHBHBIA 3Talbl Criocoda MOJydeHus /-
TalUIOMIHBIX PAaCTCHUH-PETCHEPAHTOB U3 THHOTCHHBIX Kall-
JyCOB MOPKOBH, HMHIYLHMPOBAHHBIX M3 HEOIUIOZOTBOPEH-
HBIX CEMSIOYeK B KylIbType in vitro. Paspaborana s¢-
(exTMBHAS TMTAaTENBHAs cpeqa Ul SMOpHOTCHE3a W3
THHOTCHHBIX KaJUTyCOB M YCTAHOBIICHO, YTO MYJIBYNPOBA-
HHE TOYBBI OENBIM arpOBOJOKHOM CYIIECTBEHHO ITOBBIIIA-
€T TPWKUBAEMOCTh TMHOTCHHBIX PACTCHUI B HE3alIHIICH-
HOW TOYBE W OOECIeUMBACT YBEIWYCHHE CPEIHEW MacChl
KOPHETIOA0B. DTO IMO3BOJSIET HE HCHONB30BATh TEIUTHIIEI
WUIN TYHHEIBHBIC YKPBITUS IIPU BBIPAIIUBAHUH KOPHETIIO-
JIOB-PETEHEPAHTOB TMHOTEHHOTO MPOUCXOKACHHS.

KuarwueBsbie cioBa: MOPKOBb, OKCIICPUMCHTAJIbHAas rario-
unus in Vitl"O, HCOIIOAOTBOPCHHLIC CCMANOYKHU, KaJIlycC,
3M6pn0reHe3, PaCTCHUA-pEIrCHCPAHTEI.
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