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Abstract

Brassica carinata mes@hyll and B. rapa hypoootyl protoplasts were used for fusing expermerts using polyethylene glycol
(PEG). Treatmert with 30% PEG 6000 MW for 10 minutes was more effective, while combinations with 30% PEG 6000
MW/15min, 30% PEG 4000 MW/15min and 30% PEG 4000 MW for 10 minutes reduced \viability of protoplasts and cell
wall regeneation, cell division and production of microcolonies. Fusion frequercy wasabout 25% with the treatment

of 30% PEG 6000MW/10min. Cdl colonies forming callus wasobseved after 14 days of cultivation onliquid B medium
with addition of liquid C medium Microcalli were sulsequently transferred to solid E andF medium Shoot regeneration
from calli wasinduced via indirect organogeresis and samatic enbryogeresis on MS tormon free medium In total 58
calli were obtained from fusions betweenB. rapa 31/96and B. carinata line 1; 14 calli produed shoots. According to the
marfological diferencieshdf of shootswere heerocayonicas. This obsenvation approved the everts from Flow cytometry.
Approximately 40% of analyzed samples were only B. carinata plant type established via protoplasts fusion, 60% were of B.

carinataand B. rapa
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INTRODUCTION

Genus Brassca is the most ecanomically important
one within the family Brassicaceae(syn. Cruciferae).

Many speciesand types of Brassicasare fundametal

oilseed craps, vegetables, forage craps, and are used
for the production of sgces, such as mustard. Among
the Brassta crops, oilseedshave the highestecaromic
value. B. carinata Br (2n = 17 BBCC), also known as
Abyssinian mustard (Bgg, Mohapara, 1987) is a
natural amphidiploid (Narasinhulu, Kirti, etal. 1992,
Jourdan, Salaza, et al., 1992) with significant fungal
resisance (Chaidhai, Joshi Ramarag 2000) water
stress (Narasintulu, Kirti, 1992) and aphid attack
tolerance (Yang, Ja, et al. 1990, Babic, Datla, et al.,

1998).B. carinataplays an important role asan oilseed
crop esecially in tropical and suliropical regions
but the quality of ail is lower in comparison with

B.rapal.

Protoplastfusionallowsthecreation of hybrid andcybrid

combinations of speciesthat are sexually incompatible,

thusfacilitating the transfer d genesfrom arelated, but

sexually incompatible species,to another one without

genetic transformation. This technology hasallowed
naot only intrageneic hybridizations, but the production

of intergeneric hybrids and cybrids as well. Various

desiralte traits from the parents have beentransferred

to the hybridsand cybrids usirg this technalogy. In this

study new pahway for breedirg of B. carinataandB.

rapa specieswas founded Protoplast fusion was used
as an effedive tod for breediry brassicas.The target
wasto oltain optimal methods in vitro for breedirg

BrassicasConsideralte progresswasaccanplishedin

the cellular and malecular biology of Brassicaspecies
in the pastfew years. Plant regenerdion has Ieen
increasingly optimized via organogenesisand somatic

emlryogenesishy means of variousexpants; withtissue
cultureimprovementgocused on factors suc asageof

theexpant, genotype, and media addives.Somatic cell

fusion hasfacilitated the developmert of interspecific

and intergenelic hybrids in the sexually incompatible

speciesof Brassica(Cardoza, Stewart, 2004). Theaim of

this study wasto verify and optimize currert metods
for egablishing protoplastculturein selectedgenctypes
of genus Brassica. Consequertly, fusion experiments by
means of PEGsolution betweenB. rapaandB. carinata
have been madeto oltain new genotype combinaions
for subsegert breedimg proces®s.

MATERIALS AND METH ODS

Four genatypesof B. carinata(lines1, 2, 3, and yellow-
seededine 15H2901003pnd ninegenatypesof B. rapa
(cultivars Reward, Tohin, Eldoradg Candle and lines
P3/86,33/96,31/95,31/96 and line 6 with quadmuple
pods) from the Czed National Gene Bank in the Crop
Resarch Institute and yellow seedsfrom the Czed
University of Agriculture Prague Institute of Tropics
and Subtropics were used as the dona plants for
protoplast culture.

Donor plants

Seedswere suffacesteiilized in 70%ethand (1 minute)
and then in 30% NaOCI (canmecial bleach SAVO)
for 20 minutes. Thenwere rinsed threetimesin steile
distilled water and sovn on MS medium without
growth regulaors (Hu, Andersen,Hansen,1999).Plant
material for meshyll protoplasts was cultivated in
a cultivation room under controlled ervironmenal
conditions (25°C and 16/8h day/nipt photoperiod).
Seedligs for etided hypocotyl protoplasts were
incubaed in athermosét at 25°C in the dark.
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Protoplast isolation and cultivation

Approx. 25 young leaves from 28 days old plant

and 30 etidated hypocotyls from 7 das od

seedlirgswere segmerted to 2mmslicesand placed
separately to 60mmplastic Petri disheswith 5 ml

of an enzymaic solution (mixture of 1% Cellulase
Onozuka R-10 and 0,25% Maceozyme in W5
medum (Mukhopadlyay, Arumugan, Pradhan,
Murthy, Yadav, Sodhi, Pental, 1994), put into the

thermos#t and incubated at 25°C for 18 hours in

the dark.

Protoplast susgnsion was purified via repeated

(three times) cetrifugdion in W5 medim (5

minutesat 100 G), supernatant removal, rewashirg

and subsegert certrifugaion on sucose gradiert

(Pelletieretal., 1993).

Protoplast fusion

Purified protoplasts were resuspendedin 0,1
— 0,5 ml M+C medum, mesghyll and hypocotyl
protoplastswere then mixedin the ratio of 1:1 and
the dersity wasadustedto 10° — 10° protoplasts per
1 ml. 4 x 50 pl (4 drops) of protoplast susgersion
was addedto the 35mm Rtri dishand sedimerted
for 20 minutes. 50 yl of PEG 6000 or 4000 MW
(Molecaular weight) was gently addedto each drop
of sedimerted protoplastsand incubated for 10 or
15 min. Thenthe PEG was carefully removed and
200 pl of STOP solution was addedto each drop
After 20 minutes of incubation the STOP solution
wasreplacedby B liquid cultivation medum. Petri
dishes with protoplags were transferred to the
thermostat and cultivated at 25°C in the dak for
3 days then cultivated accading to Felletier etal.
(1993).

Plant regeneration

Cell wall was edablished spaotaneausly 7 days
after protoplasts fusion accading to microscme
observation. Cell microcolonies were produced
on liquid B medum with addition of liquid C
medum after 14 days. Well developed microcalli
were then transferred onto solid E medum. After
14 days of cultivation calli were placedonto solid
F medum. Shooats, regenerded from calli via
indirect organogenesisand somaic emlryogenesis
on F medum, were transplanted ato rooting MS
hormone-free medum and were cultivated in a
cultivation room under controlled environmertal
conditions (25°C and 16/8h day/nift photoperiod).
Plantletswith well developed rootswere transferred
toin vivo.

Fig. 1— callus culture and regenerdion of B. rapa
31/96and B. carinataline 1

Plant selecton

Flow cytometry procedure usirg Otto I+1l buffers

1. Fluorochrome (DAPI, 4 ug/ml or propidium
iodide+ RNase both 50 ug/ml) were added
to the selected kuffer; 3-mecaptoethanol (2
ul/ml) might be usedto avoid poly phendics
oxidation.

(DAPI-staining: 25 ml Otto Il huffer
+ 1 ml DAPI stak solution + 50 pl B3-
mercaptoethand, Propidium iodide-
staining: 20 ml Otto Il buffer + 1 ml PI
stock solution + 1 ml RNasestack solution
+ 40 pul 3-mecagptoethanal).

2. Young intact leaf tissues (typically 1 cnv¥)
were chopped with a new raza bladein a
Petri dishcontaining 1 ml of ice-cdd Otto
| buffer.

3. Filterthe susmrsionthrougha42pmnylon
mesh.

4. Analyse relative DNA contert of isolated
nuclei (Doleze| Bin&ova, Lucretti, 1989,
Matzk, Meister, Schubert, 2000, Pfosse,
Amon, Lelley, Heberle-Bors, 1985).

Otto Buffer I content in 200 ml solution: 4.2g of 0.1
M citric acid mondhydrate and 1 ml of 0.5% (v/v)
Tween20. Otto Buffer Il content in 200 ml solution:
28.65g of 0.4M Na,HPOQ, .12H,0 (Otto, 1990).
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RESULTSAND DISCUS3ON

Activity of PEG 6000MW/10 min. Brassica carinata.

Cell _ _ Regenemtion | Regenertion
Genotype division Microcolonies Callus via indirect | via  somatic
organogenesis embryogenesig

15H2901003 + + - - -
Linel + + + + +
Line2 - - - - -
Line3 + + + - -

+ = positive result

- = negdive result

Activity of PEG 6000MW/10 min. Brassicarapa subsp oleiferaf. praecox, f. biennis.

Cell _ _ Regenemtion | Regenertion
Genotype division Microcolonies Callus via indirect | via  somatic
organogenesis embryogenesig

Reward + - - - -
Tobin + + + - -
Eldorado + - - - -
Candle + + + - -
P3/86 + - - - -
Line33/96 + + - - -
Line31/95 - - - - -
Line31/96 + + + + +
Line6 - - - - -

+ = positive result
- = negdive result

Otherresults (adivity of differert MW of PEG and time d adivity) are desribed kellow.

The developmert o protoplast technology for B.
rapa and B. carinata has permitted the production of
somaic hybrids between these cruciferaus species
and the formation novel cybrids and hybrids (Jaiswal,
Hamma, Bhojwani, Cocking, Davey, 1990). 58 calli
and 14 calli produced shoots yb protoplasts fusion
between B. rapa 31/96 and B. carinata line 1. Fusion
frequengy was about 25%. The differertiation process
and shod regenerdion took 3-4months; similar results
were published lefore (Fahlesn, Eriksson, Landgten,
Stymmne  Glimelius, 1994h Gerdemain-Kndrck,
Nielen, Tzscheetzsh, Iglisch, Schieder 1995). Fusion
and regenerdion frequenciesvere almostthe same as
those ohtained in hybridization experimerts between
more closely relaed species (Fahlesn, Eriksson,
Glimelius, 1993). The three parametrs of protoplasts
viability, yield and freqeung of cell division were used
for arriving at the optimum MW of PEG and time d
adivity. This is more important for idertification of
suitable MW and time d adivity influenciry yield

and viable protoplasts, for plant breedirg Brassicas
esecially B. carinata Br. and B. rapa L. It is optimal
for protoplastfusion, usirg 30% PEG 6000MW per 10
min. 30% PEG 6000 MW/10 min solution was more
effedive, while combinations with 30% PEG 6000
MW/15 min, 30% PEG 4000 MW/15 min and 30%
PEG 4000 MW for 10 minutes reduced viability of
protoplastsand cell wall regenerdion, cell division and
production of microcolonies.Theseresults conform to
previously publishedwork (Kirti, Prakashand Chapra,
1991 Kirti, Narasimhuu, Prakashand Chapra, 1992a,
b, Narasinhulu, Parkash, Chpra 1992). According to
the morfological diferencies,one half of shootswere
hetrocaryonicals. One pat o regenerded plantlets
reminedplants d B. carinata (from the asped of size
and form of leaves)and second part did not reminde
B. carinata nor B. rapa. This observation approved
the everts from Flow cytometry. The obtained detils
proved that approximaely 40% analyzed samples
were only B. carinataplant egablished ly via fusion of
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protoplasts within this speciesand 60% of plantlets -

estdlishedvia protoplast fusion betweenB. carinata
andB. rapa. Flow cytometry analysesddaare shavnin
Fig.2,3and 4.Currentresuitsconfirmthat thesuccesail
and efficiert utilization of tissue culture technique
dependsiot only on speciesbut evenon variety (Power,
Chgman Wilson,1985,Moreno-Ferero, Nuez-Vinals,

'1985,Li, Stoutjestjk, Larkin, 1999,Jain, Chavdhuly, et
al. 1988).According to our results,bath B. rapa- 31/96
andB. carinataline 1 are suitable genatypesfor further
experiments in protoplast fusion. Succesdfil plant
regenerdion from othervarietiesof B. carinataandB.
rapawasnot ganed
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Fig. 2.: Histogam of Flow cytometry of Brassicacarinatagenotyp 1
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Fig. 3.: Histogam of Flow cytometty of Brassicarapa subspoleiferaf. praecoc 31/96
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partec PAS _

200 Peak Index Mean Awea  Area%s CV%  ChiSqu.

1 1.000 208486 597 2284 200 0.35

2 1.742 363.05 1844 7053 1.76 0.35

3 2008 41877 64 246 129 035

4 3484 72620 109 417 1.24 0.35
160-

800 1000

Fig. 4.: Histogam of Flow cytometry of Brassica rapa subspolefera f. praecox 31/96x Brassca carinatagenatyp 1

4 P q

Fig.5.: Regenerdion genotypesB. r. 31/96and B. c. 1

Fig. 6.: Regenerdion genotypesB. r. 31/96and B.c. 1 Fig. 7, 8.: Regenerdion genatypes B. r. 31/96and B. c.
viaindired organogenesis c 1 via somaic emlryogenesis
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