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SUMMARY

Growth and differentiation from young lcaves and cotylcdons pie-
ces, shoot apices, hypocotyl segments from I6 genotypes cultiva-
ted, wild and interspecific hybrids of sunilower /Hclianthus L./
have been tested, Fast growing calli werc obtained on MS medium
supplemented with NAA and BAP. Threc of the genotypes developed
rapid regeneration of meristematic nodulls, roots, wmany shoot
and plants from callus.

Thesc studies form the information of proccdurces,following
induced protoplast isolation, fusion and utilization the in-built
visual identification of interspecific fusion products betveen
lcaf protoplasts of wild Helianthus specices and colorless, ctio-
lated hypocotyl protoplasts of cultivated sunflower H.,annuus.
Optimal culturc conditions were established for the respective
protoplast systems. Heterokaryons /I, annuus and I.praccox/ were
identificd as protoplasts prossessing chloroplasis in a rich cy-
toplasmic background.

INTRODUCTION

The cultivated sunflower /lclianthus annuus_L,/ is onc of four
most importunt annual crops in the world. The potential agricul-
tural application of plant tissuc and cell culture to sunflower
improvement requires careful intcgration of this necw biotechno -
logy with cxisting breecding programs, The in vitro techni ques
have been developed and promise to play increcasingly iupotant
roles in crop improvement.

MATERTALS AND METIO DS

This report. summarizes the results of a in vitro Androgencsis
and Embryo culture /Bohorova et al 198>/ in the genus liclianthus,
the use of in vitro methods in interspecific hybridizalion for
obtainig viable plants/Bohorova I982/. The cffects of differcnt
hormonal balances for growth and differentiation from sunflower
tissues Were studied /Bohorova, in press/. Optimal culture con-
ditions for protoplast isolation and fusion were ecstablished
/Bohorova et al, 1986, Bohorova,in press/,

RESULTS AND DISCUSSION

The first step towards the use of biotechnology for sunflower
improvement is the development of technology for in vitro culture
of interspecific hybrids., Embryo rescuc should help to obtain
hybrids between sexually incompatible specics for wider genetic
diversity /Bohorova 1982, Chandler and Jan I98%, Alissa ct al.
1986/, Interspecific hybrids obtained by crosses of II. anuuus

with the tetraploid species I hirsutus,l.decgpetalus /Boliotova
1977, Georgicva ¢t al,I1979/and ll.scaberimus / Dolloicva 1958 /are
Vigorous and combine the characTers ol bolh parcnt specics,
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but sterile or the limited seceds were with not fully developed
embryos in casc of pronouced cmbryonal incompatibility /Bohoro-
va 1982/, Three hybrid plants were obtained from H,umuus x

I, hirsutus /2n=4x=068/ by in vitro germination of sceds, two of
them remaining in a rosett form and only onc continuing to grow,
By in vitro micropropagation and after well-developed shoots,
regenerated plantlets were transplanted in the field. The BC.-
BCowWith cultivated sunflovwer restored the chrowosome number of
U, dnnuus, but it is possible that some structural chromosouul
differences still existed /Bohorova,Georgieva 1987/. Therefore
considerable phenotypical diversity was observed waong the pro-
geny, Male sterile plants with high fertility were obtainecd as o
results of this hybridization and backerossing.

Hybridization of the cultivated sunflower wilh tetraploid
species d,scaberimus was successful only i{ the female parent
hac¢ the higher ploidy level. The application of in vitro gerai-
nation to I’ hybrid seecds /Bohorova 1982/ showed that LT, 26 of
them developed and 25 viable plants were grown, and from F,

15,9% of the sceds developed and ¥ere grown on lie cxperim@ntal
ficld. Populations of the plants were of un intermediate type of
inheritance, they differed in height, branchiness, size and shape
¢l leuves wnd racemes. Bivalents,polyvalents and univalents were
observed in pollen uother cclls of the F.-BC./P.//Bohorova 1988/
aywrids. These populations providing opp riufdities for Lhe sclec-
tion of plants possessing valuable characters avce obtained as a
result of this hybridization. Male sterile plunts have been pro-
duced and arc presented for testing, Plants with inlercsting cco-
nomic characters such as with short stems of up to Im., with
aiageter of the inforescence 25-28 cil.,carly blooming /up to July
15/ and carly ripening with high protein content of sceds.

anther culture is the wost recent method for sunflower bree. = -
ding /Plotnikov I975,Fzcn and Lin I975, Mix I1985,Aalissa et al.
1985, Boborova ct al, 1935/, Although anther culture has proved
Lo be quite efficient for the induction of haploids, it has one
main disadvantage: the plants not only originate from pollen but
also fyem various other poerts of the anther, beacousc there are
a population of plents with various ploidy.Dirvect shooil formation
oceurred in cuthers of f.divaricatus fone plant/ wind L aniuus X
il decapetlaius/en=ltx=63/Fhree plants frowm two autlicrs/. Cytologi-
cal analysis of root tips of I25 plants oblaining through the
secondury shoot organogencsis during the first I5 subecultures
showed that one-third of the plants had 54 clromosomes, whilce
two-thirds had 2n=45 -~ 5I, 08 and I02.Bohorovae and Landjeva
/1987/ carricd oul a cytological investigations on the culli from
anther of ielianthus specics with diLfcrent ploidy level and es-
tablished tnat the callus formed in anther originatedes from
sporofitic as well as from somatic anther tissuc, Plants regene-
ranted from o anthers II.annuus x JI. dccapetalus possessed seced
sterility. Recently in vilro development oi 5-7 days old cubry-
0s give risc to the shoots and plantlets., Lxperiments for deve-
lopment and cultured these R, plants are curently in progress,

On the problems of ovule cul%urc as o means aimed at inducing
haploid plants worke Mix /1985/, Jang ct al/I986/, Gelebart ct
al./1$87/.

The ability to regerate plants from single cells and proto-
plasts represents a basic step for the genelic improvement of
crop plants in vitro, The effects of different hormonal balan-
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ces for growth and differentiation from sunflower tissue arc ra-
ther limited /Pall et al, I98I,Greco ct al, I984, Paterson and
Everctt I985, Puibello and Caso I986, Bohorova et all985Very 1i-
ttle attention has been given to the culture of sunflower proto-
plasts /Binding et al. I98I, Lenec and Chupeau 1986, Bohorova ct
al,19s6/. Different explants of I6 Ieliacnthus cultivars, wild
species and interspecific hybrids were tested for dircct shoot
formationg,callus induction and callus regeneration from tissue
and protoplast culture /Bohorova, in press/. Callus induction
was obtain on the media supplemented wWith 2 mg/1 NAA and G,05mg/1
BAP related to all genotypess Tihe best response with callus in-
duction was the young leaves of H.rcesinosus, Il.scaberipus x H.an-
nuus and stem picces of interspecific hybrids., This cexplant was
suitable for producing friable, light grcen granular callus.
Using the mecdium with NAA:BAP ratio I:I0, friable callus with nu-
merous green meristematic sections was induced from leaf, hypo-
cotyl, stem scgments of I.praccox, Iil.scaberimus, I, resinosus.and
the young lcaf and stem cxplants of I, scaberimus X i, anius,
As far as the embryogenic tissues arc concerned, more than 20 new
cubryoids per tube were obtained and within 7 days most of these
structures developed into small shoots, plantlets and roots,
More regeneration was obscrved when hypocotyl cxplants were taken
from 7 days old teedlings.

Most plant species needed awiins and cytokinins for dediffere-
ntiation and this effect was obtaincd by NAA and BAP in different
sunflower explants, The diffcrent hormonal combinations tested,
appcarcd to modify the morphogenetic responscs, The prescnce of
NAA and BAP with fixed concentrations claimed an essential com -
ponents of the culturc medium for morphogenetic responscs and
this regenerational potential was under gtnetic control / Bohoro-
va, in press/.

Bohorova et al. /I986/ described the protoplasts isolation ..
from scedling roots, hypocotyls and cotyledons of four cultivars
of Helianthus annuus and from lcaves of axenic shoot cultures of
the wila species H.praecox, H.scaberimus and H.rigidus. Optimal
culture conditions were cstablished for the respective protoplast
systems,using the agarose bead method of culture, Protuplast di-
vision was induced for all the species examined. In the case of
the cultivars of H,annuus hypocotyl and cotyledon protoplast di-
vision wWas sustained lcading to callus formation, wWhich in turn,
could be induce roots and organised meristematic regions in the
prescence of NAA and BAP. These studies form the basis of the de-
velopuent of procedures following induced protoplast fusion and
utilising the in built visual identification of interspecific fu-
Sion products bhetween leaf protoplasts of H.praecox and colour -
less ctiolated hypocotyl protoplasts of cultivated sunflower, He-
terokaryons werc recogihnised by the prescnce of chloroplasts from
the mesophyll protoplast and cytoplasmic strans from the ctiola-
ted hypocotyl protoplast /Bohorova, in press/. The beads were mi-
croscopically cexamined and those containing a single heterokary-
ons werce rccorded. Such experiments are currently in progress.

It has Dbeen shown that Agrobacterium tumefaciens T-DNA inte-
grates in to multiple sites of the sunflower crown gall genome
/Ursic et al.I983, Matzke ct al. I984, Goldsbrough ct al. 1986,
Everett et al 1987, Tabata et al. I987) and that T-DNA is trans-
cribed into at least seven polyadenylatcd RNAs /Murai and Kemp
1982/, In the very near future it should be possible to produce
trans formed sunflower plants.
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During the last decade plant breeders have used the best availa-
ble technology to develop new varieties with stable yield, high
quality and genetic resistance to various stresses., A number of
in vitro techniques - tissue culture, cell culture, protoplast
fusion and recombinant DNA technology have shown proumise as plant
breeding tools for creating genetic variability, or incrcasing
selection efficiency, These tools should be used where conven -
tional Dbreeding techniques arc less ceffcctive or efficient.
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