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Petioles, taken fronm vitro grown plants of nine UYeperiky JTUCTHEB, B3ATHIX U3 PACTCHUI UH BUTPO,

interspecific grapevine hybrids: rootstodksrlandieri  neBsitu MeXXBHIOBBIX THOPUIOB BUHOTPAIA: IIOABOEB

X Riparia'Kober 5BB' andRipariax Rupestris101- Bepnanauepu x Punapua ‘Kobep 5bb’, Punapua x

14" and cultivars (cvs):Bianca', 'Zigfridrebe', Pynectpuc ‘101-14"u copros (CVS): buanka',

'Podarok Magaracha', 'Pervenets Magaracha’, "Burppunpebe’, Tlonapok Marapaua’, ‘ [lepsenery

"Tsitronnyi Magaracha', ‘Intervitis Magaracha' and  Marapaua’, ‘ L{urponssiiit Marapaya’, ‘ UnTepBuTHC

hybrid form ‘Magarach 100-74-1-5' were cultured on Marapa4a’ u rubpuanoii ¢popmst ‘Marapau 100-74-1-

solid NN medium supplemented with different levels 5' kynsTuBupoBau na tBepmoii cpeae NN,

of 2,4-D and BA at various concentrations. In orider cozepskareii paznuunsie Konentpanuu 2,4-Du BA B

initiate cell suspensions, proembryogenic calluses pa3nu4nbx coueTanusx. {jis TOro, YT00bI

were subcultured to liquid NN medium supplementedinuunipoBats pocT KIETOYHBIX CYCIICH3HI,

with 1.0 mg/L 2,4-D and 0.2 mg/L BA. Subculturing npoamOproreHHbIe Kaamychl epecaKMBaIU B

these suspensions to liquid NN medium supplementexiinkyio cpexy NN, nononaennyo  1.0mr/n 2,41 u

with 2 mg/L NAA and 0.1 mg/L BA led to the 0,2wmr/1 BA. CyGKyJIbTUBHPOBAHKE 3TUX CYCIIEH3MI B

development of embryo aggregates while subculturinguaxyro cpeny NN, nononrennyro 2 mr/n NAA u 0,1

to liquid NN medium supplemented with 0.5 mg/L  mr/n BA, npuBeio K pa3BUTHIO arperaTtoB

BA resulted in development of single globular and  sm0Opuonzos, a nepecanka B xuaKyro cpexy ¢ 0,5mr/n

heart-stage embryos. Proembryogenic cell suspensi@®@A Bei3Bajia pa3BUTHE €JMHAYHBIX TJI00YISPHBIX U

consisting of prevailing single cells can be used i  cepaueBuaHbIX 3MOpuONI0B. [Ip0IMOPHOTreHHBIC

gene transformation and cell selection with the @fm kierounsie cycrieH3uu, coCTOAIINE U3

decreasing the probable formation of chimeric gant npeumymiecTBeHHO OTIEIBHBIX KIETOK, MOTYT OBITh
HCIIOJIb30BaHbl B TPaHC(HOPMALMH TCHOB K CENIEKIMU
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Ha KJICTOYHOM YPOBHC C LCJIbIO YMCHBIICHUA
BCPOATHOCTHU NOABJIICHUA XUMECPHBIX paCTeHI/Iﬁ

Keywords: VITIS, GROW REGULATOR, IN Krrouessie cnosa: BUHOI'PAL, PET'YJISITOPBI
VITRO, LIQUID MEDIUM, SOMATIC EMBRYO POCTA, B I[TIPOBUPKE, XKUJIKAS CPEJIA,
COMATHUYECKUE 5SMBPUONIbI

INTRODUCTION

Grapevine cell suspensions have been used to sebdlst which are
resistant to low temperature [1], high levels oflison chloride [2] and active
lime contained in the media [3]. Genotypes withdalnresistance and enhanced
secretion of chitinase have been selected at tlhdegel in media containing
Elsinoe ampelinaulture filtrate [4, 5]. Transgenic grapevine paproduced by
biolistic transformation of embryogenic cell susgpiens [6] were characterized
by different integration and expression of markeng&s and appearance of
chimeric plants [7]. As shown by thyistest, a ratio between chimeric and non-
chimeric transgenic plants was approximately 1:]l [8 order to avoid the
formation of chimeric plants which can appear assalt of gene transformation
and selection at the cell level, suspension cudtarast include prevailing single
proembyogenic cells, and not cell clusters or estdge globular embryos.
Somatic embryogenesis has been reported in liq@dianfrom grapevine cell
suspensions initiated from calluses which had kasmived from nucellus [9]
anthers [2, 10], from leaf discs [11] and leaf ples [12, 13].

This paper reports the results pertaining to theistischent of optimum
growth regulators in liquid media for initiation g@frapevine proembryogenic
cell suspensions and development of single globafat heart-stage somatic

embryos in nine interspecific hybrids of the geNiiss.

MATERIALSand METHODS
Plant Materials
In our study we used grapevine rootstoBleslandieri x Riparia 'Kober

5BB' andRiparia x Rupestris'101-14', interspecific hybrids cvs. 'Bianca' and
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'Zigfridrebe', cultivars released by the Institibe Vine and Wine 'Magarach'
via crossing betweeNitis vinifera L. cultivars and Franco-American hybrids:
cvs.'Podarok Magaracha', 'Pervenets Magaracha' antbfifisyi Magaracha' and
betweenVitis viniferaand Vitis rotundifolia Michx.: cv. ‘Intervitis Magaracha'
and hybrid ‘Magarach 100-74-1-5'.
Media Preparing and Culture Conditions

Media were autoclaved at 103 kPa for 25 min. Theopldll media was
adjusted to 5.6 with NaOH before autoclaving. EA60 ml Erlenmeyer flask
contained a 20 ml aliquot of solid or liquid mediuand was sealed with
aluminium foil. Approximately 200 mg fresh weight callus was placed in
liquid medium of each flask to initiate cell suspm. Suspension cultures were
incubated on a shaker at 60 rpm. Subculturing wase devery 21 days to
respective liquid medium. Suspensions were sub@dtto fresh liquid media
using an inoculum ratio of approximately 1:5 (v:@alluses, cell and embryo
suspensions were incubated at 27°C in the darkatlPla and plants were
cultured in a growth chamber under a photon flunstty at the culture surface
of 55 pmol/m -s provided by cool white fluorescent tubes duragl6-h
photoperiod at 27°C.

Initiation of Proembryogenic Cell Suspensions amy&opment
of Globular and Heart-stage Embryos
of cv. 'Podarok Magaracha' in Liquid Media

Leaf petioles collected fromm vitro grown plants of cv. 'Podarok Magaracha'
were established on solid full-strength NN medidm][supplemented with 0.5
mg/L 2,4-dichlorophenoxyacetic acid (2,4-D) and n§/L N6-benzyladenine
(BA). After 90 days in culture proembryogenic cals were subcultured to
liquid NN medium supplemented with 1.0 or 2.0 mg/4-D + 0.2 or 2.0 mg/L
BA in different combinations to initiate cell susseons.

After 21 days in culture cell suspensions were sglibed to different

versions of liqguid NN medium: without growth regides, supplemented with
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0.2 or 2.0 mg/L l1l-naphthaleneacetic acid (NAA) 4+ @r 1.0 mg/L BA in
different combinations and with 0.5 mg/L BA only.

Formation of Proembryogenic Calluses, InitiationCGé#ll Suspensions
and Development of Globular and Heart-stage Embryos
in Nine Grapevine Genotypes

Leaf petioles collected frornm vitro grown plants of various grapevine
genotypes were placed on solid NN medium suppleedewith different levels
of 2,4-D and BA adjusted to each cultivar for deypehent of proembryogenic
calluses [11]: 2.0 mg/L 2,4-D + 2.0 mg/L BA for tetock 'Kober 5BB' and cv.
'‘Bianca’; 2.0 mg/L 2,4-D + 1.0 mg/L BA for rootsko@01-14", cvs. 'Zigfridrebe'
and 'Intervitis Magaracha' and hybrid 'Magarach-18a.-5"; 2.0 mg/L 2,4-D +
0.2 mg/L BA for cv. 'Tsitronnyi Magaracha'; 0.5 md,4-D + 2.0 mg/L BA for
cv. 'Pervenets Magaracha' and 0.5 mg/L 2,4-D +migh. BA for cv. 'Podarok
Magaracha'.

After 91 days in culture proembryogenic callusesensubcultured to
liquid NN medium supplemented with 1.0 mg/L 2,4-0.2 mg/L BA to initiate
cell suspensions (Fig. 1). Obtained suspensiomm@dtwere subcultured to two
versions of liquid NN medium: supplemented with gh§/L NAA + 0.1 mg/L
BA and with 0.5 mg/L BA only. Embryo suspensions@eped in each version
of medium were again subcultured to the above oessof liquid NN medium:
supplemented with 2.0 mg/L NAA + 0.1 mg/L BA andiwd.5 mg/L BA only.
Subsequently these cell suspensions were subaliitarene version of liquid
NN medium supplemented with 0.5 mg/L Bf&ig. 1). Production of heart- to
late-stage embryos and plantlets with green cotyledand hypocotyls in liquid
media and shoot growth from these plantlets ordsokdium were carried out
by methods of Zlenko et al. [15, 16].
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Assessment of Results and Statistical Analysis

Formation of globular and

using a binocular microscope

heart-stage embryos fsskfwas assessed
MBS-6 providing 16-fold multiplication.

Globular embryos (0.1 - 0.4 mm) and heart-stagergost(0.3 — 0.8nm) were

counted by the method of Zlenko

et al. [13].

Various levels of 2,4-@nd BA in solid NN medium to
obtain proembrgag calluses
derived from |gegtioles in 9 grapevine genotypes

—

1.0 mg/L 2,4-D and 0.2 mg/L BA

r

to initiate proembryogenic
cell suspensions |

2.0 mg/L NAA and 0.1 mg/BA. _0.5_mg/L BA
Development of aggregates to obtain single globular ang
of globular embryos heart-stage embryos
2.0 mg/L NAA and 0.1 mg/L 0.5 mg/L BA. 0.5 mg/L BA
BA. Development of aggregatep to produce numerous
Development of aggregates| of heart-stage embryos single heart-stage embryog
of globular embryos
% ﬁ
0.5 mg/L BA. 0.5 mg/L BA.

Development of aggregates
of heart-stage embryos

Development of numerous aggregates of
heart-stagembryos

Fig. 1. Design of subculturing proembryogenic usdis and proembryogenic cell and embryo
suspensions in 9 interspecific grapevine hybriddl. $frength NN medium was used as basal
medium at all stages of subculturing.

Each version of liquid media for incubation of cedhd embryo

suspensions was in 15 replications. The variataeffcient (V)in all cases was
not more than 31% 0.05). Statistical assays were done by the Stideteist

(% SE, F<0.05).
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RESULTS and DISCUSSION

Leaf petioles collected fromn vitro grown plants of cv. 'Podarok
Magaracha' were cultured on solid NN medium supphaed with 0.5 mg/L
2,4-D + 1.5 mg/L BA. Proembryogenic callus was sitoced to liquid NN
medium supplemented with 1.0 or 2.0 mg/L 2,4-D 2 Or 2.0 mg/L BA in
different combinations to initiate cell suspensidiiable). These suspensions
were inoculated into different versions of liquidNNmedium: without growth
regulators, with 0.2 or 2 mg/L NAA + 0.1 or 1 mgBA in different
combinations as well as with 0.5 mg/L BA only. Allceuspension which had
been initiated in medium (1) with 1 mg/L 2,4-D ®20ng/L BA and subcultured
to liquid hormone-free medium (a) formed largerbgllar embryos (0.05-1.0
mm), than that which had been initiated in medium (2hwd,4-D at a higher
concentration (2 mg/L ) + 0.2 mg/L BA (< 0.05 mmlayos) (Table). Somatic
embryos were formed after subculturing proembryageralluses from the
media with 2,4-D and BA to the hormone-free me@ialp, 17, 18].

Aggregates of globular embryos were formed aftentiaimg
proembryogenic cell suspensions in liquid medidwiitor 2 mg/L 2,4-D + 0.2
mg/L BA and subsequent subculturing these suspesnsmliquid medium with
2 mg/L NAA + 0.1 mg/L BA (Table). Somatic embryo$ hybrid 'Seyve
Villard 52-76' were formed after subculturing prdayogenic callus from solid
medium [18] (MS) with 2,4-D and BA to solid MS mad with the above
levels of NAA and BA [19]. Somatic embryogenesigyiapevine was achieved
on different media with NAA [21], 1-naphthalene axgtic acid (NOA) + BA
[11, 22] and NOA + IAA + BA [23]. Secondary grapeei embryos were
developed from primary somatic embryos in liquiddmen with NOA + BA
[10] as well as on solid media without growth regats [8] and with NOA +
IAA + BA [24].

The best results pertaining to cv. 'Podarok Maderawere achieved after

initiating cell suspensions in liquid NN medium plgmented with 1 or 2 mg/L

http://ej.kubagro.ru/2015/03/pdf/42.pdf



Hayunsriit sxxypaan Ky6I'AY, Ne107(03), 201501a

v

2,4-D + 0.2 mg/L BA and subculturing these suspmrssito liquid medium

supplemented with 0.5 mg/L BA (e) which gave risesingle globular and

heart-stage embryos. In this case a lower lev@l 4D (1 mg/L compared to 2

mg/L) in medium for initiating cell suspensions léal a higher number of
globular embryos (3911 + 1212 and 1874 = 618, retspey) and heart-stage
embryos (3285 £ 1018 and 345 * 80, respectivelyhgnid media with 0.5

mg/L BA (Table). Somatic embryos were formed inuidy NN medium

supplemented with BA [9, 12]. Other designs of smson subcultures did not

enable the development of somatic embryos in oddRok Magaracha' (Table).

Table. - Effects of growth regulators on the irita of proembryogenic cell suspensions and

development of globular and heart-stage embryosvofPodarok Magaracha' in liquid NN

medium.

Levels of growth regulators in versions
liquid NN medium (mg/L)

of

Results of subculture I

Subculture I.—> Subculture II.

Initiation of cell
suspensions from
proembryogenic
calluse$

Development of cell
and embryo
suspensions

Number and size of single
embryos in 20 ml of liquid

medium after 21 d in culture

Number

Size

Notes

1) 2,4-D (1.0 mg/L)

+ BA (0.2 mg/L)_|

a) Without growth
egulators

Numerous globulal
embryos (>4000)

r0.05-0.1 mm

2) 2,4-D (2.0 mg/L)

+ BA (0.2 mg/L)_|

a) Without growth
regulators

Numerous globular
embryos (>4000)

<0.05 mm

Friable callus
containing single
globular embryos

1) 2,4-D (1.0 mg/L)
+ BA (0.2 mg/L);

b) NAA (0.2 mg/L)

2) 2,4-D (2.0 mg>+ BA (0.1 mg/L)

+ BA (0.2 mg/L)

Loose, cotton like
callus

1) 2,4-D (1.0 mg/L)

+BA (0.2 mg/LT >

c) NAA (2.0 mg/L)
+ BA (0.1 mg/L)

Aggregates of 3-5
globular embryos.
Each embryo is 0.2
0.5mm

2) 2,4-D (2.0 mg/L

+BA (0.2 mg/LT >

c) NAA (2.0 mg/L)
+ BA (0.1 mg/L)

Aggregates of 15
globular embryos.
Each embryo is 0.1
0.2 mm

1) 2,4-D (1.0 mg/L)

d) NAA (0.2 mg/L

Loose,ttan like

http://ej.kubagro.ru/2015/03/pdf/42.pdf
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+ BA (0.2 mg/L);

+ BA (1.0 mg/L)

2) 2,4-D (2.0 mgio>

+ BA (0.2 mg/L)

callus

1) 2,4-D (1.0 mg/L)
+ BA (0.2 mg/L) ~

> €) BA (0.5 mg/L)

3911+1212
globular embryos
and 3285+1018
heart-stage
embryos

0.1-0.4 mm
globular
embryos, 0.3;
1.0 mm heart
stage embryq

lheart-stage embryq

Single globular and

S

2) 2,4-D (2.0 mg/L)
+ BA (0.2 mg/L)

e) BA (0.5 mg/L
»

18741618 globulatf
embryos and

345180 heart-stag%

embryos

0.1-0.4 mm
globular

embryos, 0.3;
.8 mm heart
stage embryo

Single globular and
heart-stage embryc

S

S

DS

a) Without growth
regulators;
b) NAA (0.2 mg/L)

Loose, cotton like

3)2,4-D (1.0 mg/L)__)+ BA (0.1 mg/L); 0 R callus
+ BA (2.0 mg/L) | c) NAA (2.0 mg/L)
+ BA (0.1 mg/L)
a) Without growth
4) 2,4-D (2.0 mg/L)] regulators; 0 o Loose, cotton like
+ BA (2.0 mg/L) _%l I\I.l:AAA((()Olzmrg/glf |)—) callus
3)2,4-D (10 mg’F) d) NAA (0.2 mg/L Crumbs of hard
+ BA (2.0 mg/Ly—> BA (1.0 mg/L); 0 — callus among the

4) 2,4-D (2.0 mg/L)
+ BA (2.0 mg/L)

e) BA (0.5 mg/L)

mass of soft callus

! Proembryogenic callus obtained on solid NN mediwpptemented with 0.5 mg/L 2,4-D and 1.5 mg/L BA

was subcultured to different versions of liquid naed

Figure 1 shows the initiation of proembryogenicl cgispensions in

interspecific hybrids of the genudgitis and different subculture designs for

development of globular and heart-stage embryodsci8turing cell suspensions
which had been initiated in liquid NN medium suppénted with 1 mg/L 2,4-
D + 0.2 mg/L BA to liquid NN medium supplementedhn2 mg/L NAA + 0.1
mg/L BA led to development of aggregates of glabidmbryos. Subsequent

once more subculturing these embryo-aggregate ssigps to NN medium

supplemented with 2 mg/L NAA + 0.1 mg/L BA resultedthe development of

aggregates of

globular

embryos while subculturinghbiyo-aggregate

suspensions to medium supplemented with 0.5 mg/UddlAto development of

aggregates of globular and heart-stage embryosuuling cell suspensions to
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liquid medium with 0.5 mg/L BA and conducting onetao repeated cultures
with this growth regulator (0.5 mg/L BA) resultad the development of single
globular and heart-stage embryos. Genotypic diffege between 9 interspecific
hybrids of grapevine as to the development of smmaimbryos included
different levels of 2,4-D and BA in solid NN mediurfor obtaining
proembryogenic calluses from leaf petioles (seetek@s and Methods') and
the need of one or two subsequent cultures ofarell embryo suspensions in
liqguid NN medium supplemented with 0.5 mg/L BA fthre development of
numerous heart-stage embryos. Cultivars 'Podarolgaké&ha’, ‘Intervitis
Magaracha', 'Tsitronnyi Magaracha' and 'Pervenetgavacha’ and hybrid
'‘Magarach 100-74-1-5' required only one cultureadf and embryo suspensions
in liquid NN medium supplemented with 0.5 mg/L B&develop globular and
heart-stage embryos while rootstocks 'Kober 5BRI d®1-14' and cultivars
'Zigfridrebe' and 'Bianca' required two culturesthiis medium with 0.5 mg/L
BA.

The use of methods by Zlenko et al. [15, 16] fgererating plants from
grapevine somatic embryos has shown that evendorgige embryos both cv.

'Podarok Magaracha' (Fig. 2) and other 8 gragegenotypes were connected

Fig. 2. Effects of different growth regulators in liquid Niedium used for induction of
somatic embryogenesis in cv. 'Podarok Magaracha'then character of the following
development of heart- and torpedo-stage embrydiguid HTE medium supplemented with
0.1 mg/L IAA + 30 mg/L sodium hummate: Embryo aggres after the following subculture

http://ej.kubagro.ru/2015/03/pdf/42.pdf



Hayunsriit sxxypaan Ky6I'AY, Ne107(03), 201501a 10

design: 1.0 mg/L 2,4-D + 0.2 mg/L BA> 2.0 mg/L NAA + 0.1 mg/L BA— 0.5 mg/L BA
— 0.1 mg/L IAA + 30 mg/L sodium hummate.

into aggregates after subculturing cell and emisyspensions in liquid media
(NN medium + 1 mg/L 2,4-D + 0.2 mg /L BA, cell pgnsions— NN medium
+ 2 mg/L NAA + 0.1 mg/L BA, globular embryo aggréga— NN medium +
0.5 mg/L BA, heart-stage embryo aggregatetiTE medium + 0.1 mg/L I1AA
+ 30 mg/L sodium hummate, torpedo-stage embryo eagdes). Aggregates
disintegrated in the process of the developmentplaintlets with green
cotyledons and hypocotyls in liquid HTE medium deppented with 0.5 mg/L
GA;. In order to produce shoots, plantlets were plaoatb solid M2MS
medium with 0.5 mg/L BA.

Development of single globular and heart-stage ga®in liquid NN
medium with 0.5 mg/L BA led to subsequent developintd single heart- and
torpedo-stage embryos in liquid HTE medium with /L 1AA + 30 mg/L
sodium hummate using the following subculture desigN medium + 1 mg/L
2,4-D + 0.2 mg/L BA, cell suspensionsNN medium + 0.5 mg/L BA, single
globular and heart-stage embryesHTE medium + 0.1 mg/L IAA + 30 mg/L
sodium hummate, single heart- and torpedo-stageyasigFig. 3).

Fig. 3. Effects of different growth regulators iguid NN medium used for induction of
somatic embryogenesis in cv. 'Podarok Magaracha'then character of the following

http://ej.kubagro.ru/2015/03/pdf/42.pdf
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development of heart- and torpedo-stage embrydiguid HTE medium supplemented with
0.1 mg/L IAA + 30 mg/L sodium hummate: Prevailinggie embryos after the following
subculture design: 1.0 mg/L 2,4-D + 0.2 mg/L BAOD.5 mg/L BA—0.1 mg/L IAA + 30
mg/L sodium hummate.

CONCLUSIONS

Based on the results for development of single Whoband heart-stage
embryos from proembryogenic cell suspensions it begoncluded that:

1. Although the development of proembryogenic ca@fifrom explants of
leaf petioles in different grapevine genotypes negludifferent levels of 2,4-D
and BA in solid NN medium (see 'Materials and Mel$iy subculturing
calluses to liquid NN medium supplemented with ¥Im@,4-D + 0.2 mg/L BA
led to the maintenance of the cell proembryogeartgntial in these suspension
cultures.

2. Initiation of proembryogenic cell suspensions av. 'Podarok
Magaracha' in liquid NN medium supplemented with g /L BA and a lower
level of 2,4-D (1 mg/L compared to 2 mg/L), gaveerio the increased number
of globular and heart-stage embryos after subdofurto NN medium
supplemented with 0.5 mg/L BA

3. In cv. 'Podarok Magaracha' and other 8 intetipdrybrids initiation
of proembryogenic cell suspensions in liquid NN medsupplemented with 1
mg/L 2,4-D + 0.2 mg /L BA and their subsequent sdfocing to liquid NN
medium supplemented with 2 mg/L NAA + 0.1 mg/L BAd| to the
development of aggregates of globular embryos whdabculturing
proembryogenic cell suspensions to NN medium with @g/L BA led to
development of single globular and heart-stage go#rTo obtain numerous
heart-stage embryos in some cultivars, two repeauttdres of cell and embryo
suspensions in liquid media with 0.5 mg/L BA weesded.

Transformation of genes into single proembryogemits of suspension
cultures and selection at the cell level with sgbeat single embryo

development enable to decrease the probable regemeof chimeric plants.
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