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CALLUS FORMATION, EMBRYOGENE SIS
AND PLANTLET REGENERATION

IN WILD Helianthu,s SPECItrS

Gizella Némcth and Jôzsef Frank

(lcycul Rcscarch lttsinrc, II-6701 Szegul, P.O.Bo.r 391,Iltotgary

SUMMARY

C:rllus culturcs have been established from leavcs and stem scgments of perennial wild
diploid species, namely.I/. gigantew L.,II. trachcliJblias Miller, H. ttuuallii Torrey et A. Grey
and II. nnrinùlicrri Schrad. The calli originatcd fronr leaves were weak and did not give rise to
embryos. Callus growth in stem scgments was intensive with -5x10-o-10 

tM 2,4-D and NAA.
The calliwere maintainetl in subcultures at 3xl0-('M level otNAA. Regular embyoid and shoot
fornration was achie-vcd with 10-51 anrl 3x10 

tlvl NAA in 
"ombination 

with BA. kinctin, zeatin
anrl 2il'(10 o-10 'M).'Ihe highest number o[cmbryoicls and shoots has been obtained in all
four spcrcie-s on solitlified mcdium containing 3xl0 "M NAA+5x10-oM BA. In agitated liquid
medium containing l0-6M NAA+5Xl0 6M B-A,abuntlant mass of cell aggrc'gateswas produied
which in turn, plated on solirJified medium with l0 6M NAA+ 1tl-6V nÀ 1oi t<inetin ôr zearin)
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INTRODUCTION

Wild sunflower specics arc potential sources of pest resistance, drouhgt tolerance,
cyloplasmic male stcrility and othcr trails that may be introcluced into cultivated sun-
flower. For example , H. giganteus and H. maxintiliani are sources of cms (Whclan, 1980,
1981) and rcsistance lo Plasntoparo, Sclerotinid, rust anr! Orobonche (Pustovoit,1966).
Also, 1L nuttallii and 1L trachelifolius are highly rcsistant to thc above mcntioned pests
(Pustovoit, 1966).

The aspects of biotechnology in sunflower breeding have been rcviewed by Friedt
(1988). As for wiltl species, callus induction and shoot regeneration from two sterile
interspecific hybritls 1L annuus xH. decape talus anrl H. annuus x H. hirsutus was reported
by Georgicva-Todorova et al. (1980). In hard-to-cross wild sunflower species successful
interspecific hybrid production was achicvcd by cmbryo culturc with 53 combinations;
survival of the plantlets varied bctwcen o and loovo (chancller ancl Bcarcl, 1983).

ln 1985, sixty-five hormone combinations wcre tcste<l by Bohorova ct al. and success-
ful sontatic callus induction and shoot organogcncsis in 3 interspccific hybri<ls was
rcportcd. Also, the authors obtaincd plantlcts from anthcrs and immature embryos in 4
interspecific combinations. Eithcr dircctly by embryogcnesis or by rcgeneration from
calli haploicl, polyploitl or aneuploid plants have been obtained frclm anthcrs of wilcl
hcxaplid and diploitl perennial spccios and intcrspccific hybrids (Alissa et al., 1985).
Successful ombryo culture was reportcd in H. anomalus, H- resinoJuJ and H. anontalus x
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H. anruuts (Alissa et al., 19.36). In thc cxpcrimcnls of Witrzcns et al. (1988) callus culturcs
from tubers of H. tubcrosus x .F/. ànruuts gavc risc to rcgcncralccl shoots. In 46 cross

combinations betwccn cultivatr;d and wilcl sunflclwcrs 42Vc, olexcised immature embryos
resultcrl in plantlcts (Kràutcr and Frictlt, 199t)). In two H. pctiolaris ccotypes somatic
embryo formation was incluccd by liquid cullurc liom hypocotyl scgments (Prado and
Bcrville, 1990).

In slr wild diploicl spccics H. ruiltollii, H. nrollis, H. divaricatus, H. debilis, H. nuui-
niliani an<l H. precco.tr sr.rcccssful plant rcgcncrralion was reportcd from bud, stcm and
leaf cxplants. In protoplast culturcs of thcsc spccics, division and colony formation have

also been observcd (Bohorova et al., 1990).
Thc aim of the prescnt study was to invcstigatc thc in vitro morphogenetic ability of

four pcrcnnial wilil spccics involvctl in our brccding programme.

MATERIALS AND METHODS

Plants crf perennial sunflowcr spccies H. gigunteus L. (2n:2x=34), H. trachelifolius
Miller (2n:2x:68), H. nuttallii Torrcy et A. Gray (2n:2x:34) and JL nuainûliani
Schrad. (2n:2x=34) wcrc grown in the fielcl and upper parts (about 25 cm long) of young
shoots werc cul and used for cxpcrimcnls. Leavcs ancl I cm stcm scgmenls were surface
sterilized separatcly. Aflcr immcrsion in 7)ol, clhanol for 30 second, the stcm explants
were surface stcrilized in two slcps: 5 min. with 6% Na-hypochlorite solution in scmi-
sterile conditions, thcn undcr laminar air flow box in stcrile flasks contining 6ok Na-
hypochloritc (in stcrilc distillcd watcr) *2 drops of Twecn [t0 for 10 minuter with manual
shaking. Leaf explantsweresterilizcd in thcsamc manncrbut foronly5 minutes insecond
step. Material was thoroughly rinscd 4 times with sterilizcd waler, thcn with 0,1 N HCI
solution and again twice with watcr. In sOme experimcnts thc 1cm stcm segments were

cut longitudinally in two halves. Lcavcs wcre cut into 1 cm wi<le scctions.
Explants were culturcd on basal nutricnt mcclium containing macro*oligo elements

of Murashigc ancl Skoog (1962) and vitamin mlxturc containing (mgl): thyamin HCL
0.25, nicotinic acid 5, pyridoxinc HCL 1, Ca-Dl--panthotenatc 0.25, ascorbic acicl 10,

glycine 10, L-glutamine 50, myo-inositol 100. Depcnding on the cxpcrimcnt 20,30 or 60

g/l sucrose was used as cnergry source. The pH was adjustcd to 5,6 with 1 N KOH and 1

N HCl. The medium was solidificd with 7 g/l Difco Bacto agar or uscd as liquid for
suspension culture. The following plant growth regulators were used: 6-benryladeninc
(BA; Sigma); kinetin (KIN; Fluka); 2-isopcntenyl-aclenine (2lP; Sigma); ZEATIN
(Sigma); indol-3-acetic acid (lAA; Sigma); 1-naphthaleneacetic acid (NAA; Sigma);
2,4-<lichlorophenoryacetic acid (2,4-D; Sigma); indole-3-butyric acid (IBA; Sigma),
adenine (Reanal). Hormones wcre added to mcdium bcfore autoclaving at 12I'C for 2O

minutes. Culturcs were incubate<l at 22"C undcr cool while fluoresccnl tubes of 40 W
(2500lux) with 12 h photoperiod.

Each combination consistcd of at lcast 50 explants and thc expcriments were per-
formed twice. Scoring was carricd out in 15-day intcrvals with naked eye and under Wild
M-8 stcreomicroscopc.
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RESULTS

Callrrs indrrction

In each species, callus 1'r4mation frclm lcaf cxplants was vcry weak: on solidificd
metlium .,rnàining l(f6-10-sM 2,4-D callideveloped only at th".ut surfaces ancl after
2 subculturcs on the same hormonc conccntration thcy turncd brown and died. In l/.
$ganteus and,FL ruttlallii,loosc, whitc callus laycr covcrccl about 1/4 of the original ex-
plant on mcclium with 0.5-l mg/l NAA alone and supplcmcnted with 0.5 mg/l BA or
kinetin+20 g/l sucrose. In H. trochelifolius and H. ntaxiniliani leaf cultures, white-
grcenish, more compact calli wcrc{ormcd with 0.5 mgil NAA+0.5 mgil BA as optimal
èoncentratio n. Zcatin antl 2iP 1tO-7-5xttl-6M) had nùignificanr effecl. After four sub-
cultures on the samc mcdium, callus growth ancl prolil'cration stoppcd. No embryoid
formation was obscrvcd.

Intensig of callus growih: +u(.rk: ++ nlr)dùhlc: +++ inlcnsive: ++++vcryinlensive

Series of auxin conccntrations (0-10-5M) *"r" tested on soliclificrl medium contain-
ing 30 g/l sucrosc. Therc was no callus formation on hormone-frec medium. Results are
shown in Tablc 1. Callus formation took placc in all the combinations after 1 wcck. IAA
was less efficient as for the frcqucncy and intcnsity of callus growth and in subcultures
there was no further growth and calluscs dicd. In all the spccics studicd 2,4-D induced
highcl frcqucnry otcillus hrrmation hut unril lhc 3rd suhiulturc calli survivetl beilcr at
5xl0-lM. Vcry high callus formation fpcqucncy was observed with NAA where the
5x10-oM (or in larcr expcrimcnts 3xt[6v) conccntration gave risc to white-grecnish
loosc and/or compact callus tissucs (Figure 1 a, b). Thcrc was no significant differencc
for frequency and callus growth intensity belwccn whole scgmcnts ancl those cut into two
halves. For further work calli subculturcd at 3xl0-oM NAA were used.

Embryogenesis and plantlet regeneration
In the cxperimcnts aimecl at thc induction of organogenesis, 10{M and 3x10{M

NAAwe-re used jn combi-nation with dil'tcrcnt cytokinins such as BA, kinetin, zeatin and
ziP (10-6,6x10-6 anO 10-5M). On hormone-frcè mcclium, frequcncy of embryoid forma-
tion was low: from 0.5 to 1,6 cmbryoid/callus and lhcy did not develop into plantlets. In
all the combinations of NAA*cytokinin cmbryoid formation took place in most of the
calluses (5L-8O% of them wcrc embryogcnic) of thc four species. Their size varied be-
tween 0,5 and 2 mm and largcr ones hacl tiny lcaf primordia ancl/or leaves. In many cases
it was difficult to count thcm bccause of thc prcse ncc of more developetl shoots. In such
cultures callus was covcred with green(ish) structures. Prcsumably, clirect embryogenesis

fhble l. Callus fcrrnration ((ft,) lront stcnr cxplants and intcnsity of callus growth

Spccies 2,4 D, M IAA. M NAA, M
l0 " 5.110-" l0' lo n Sxlu'n lo ) l0 " -5x10-" l0-'

II. giganreus

II. maximiliani

II. ruûtnllii

II. nachelifolitts

8-5.22 96.65 81.70
+ +++ ++

58.09 90.80 93..10
+ +++ +++

7t.27 88.3.1 93.06
+ ++ +++

11.26 77.77 19.18
+ ++ +++

63.29 72.00 90.21
+ ++ ++

-s8..s3 76.3+ 88.,16
+ + ++

56.91 58.58 67.1r
+++

58.00 65..51 73.63
+ ++ ++

95.12 97.89 90.19
++ ++++ ++++
90.83 93.39 9,r.84
++ ++++ +++
78.78 89.88 90.78
++ +++ +++

93.40 98.97 96.tt
++ +++ +++
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I'-igtrc 1. (lallrrs fctnnuriort Jiorn stctrt rd.ç/l('/ltr oJ'a) Il. nariniliurti; b) IL gigtrttcus at 5.t10 
t'M NAA

and shoot formation occurrcd simullancously in calluscs. Somctimcs, callus formation
was lcss intcnsivc and ombryos wcrc obscryccl on thc surfacc oIcxplant itscll. Rcsults arc
prcscnted in Tablc 2 antl in Figurc 2. to trigurc -5. Thc morc cflicicnt conccntralion of
cytokinins was founcl to bc 5xl0-"M and t.hc highcst numbcr o[cmbryoids and shoot(lct)s
was obtaincd in combination with 3x10-"M NAA. Thc most cfficicnl cytokinis werc BA
and kinctin, zcatin and 2iP wcrc lcss cffcctivc. H. gigonleus and H. nnxinriliani rcspondcd
with highcr numbcr ol cnlbryos and shtx)ts than1L nrtttullii and H. tacheliJolirts. At 1()--'M

rytokinin conccntration thc calluscs bccamc mc)rc compact and thc sizc of cmbryoicls
was smallcr; shootlcts from thcsc calluscs wcrc morphologically distortccl and oflen
showcd vitrification.

-I'z'tble.2. Average nunrbcr of cnrbryoicls (li) and shoots (S) per callus in the prescnce of
3xlo "M NAA + -5x1() "M cytokinin

Calli of H. gigante.rts, H. ntailmilian.i and H. nuttullii wcrc cultured also in agitatccl
liquitl mcdium at 1[I"M NAA + 5xl0-"M BA. Altcr one week lhc cr.rltures consistcd of
ccll aggregatcs of 1-3 mm sizc and in almost cach "crumb" a grecn region appeared.
Subcultures wcrc maile weekly and aflcr I month the supcnsions wcrc platcd in jam jars
to s<llirlifiecl medium containing 30 g/l sucrosc + 40 mgl adcninc + 10-"M NAA +
5xl0-6M kinctin or BA or zcatin. Twcl wccks latcr thc surfacc of thc mcclium was covcred
with dense mass clf "crumbs" whitc and .qrccn in colour which rcprcscntcd embryoids and
shoot-like struclurcs.

A partion of shoollcts was scparatcd
mcclium with no auxin or with 10 "M IBA.
into grccnhouso untlcr plastic covcr.

from thc callus and transfcrrcd to a rooting
, Rootcd plantlcts wcre obtained and planted

(lyrokinin
Soccics

llA KIN Zeatin 2iP
tl s I: S E S St',

II. gigonters
II. tnaximilioni
II. nuttallii
I I. trachelifolitts

1,45
8,3
6,2
6.9

3,4
4,5
3,1
3.8

6,31 2,9
8, I 4,6
5,8 3,4
6.3 4.0

-5,3 2,4
7,4 3,8
55 )5",".'"
5.4 3.1

4,2 1,8
4,2 2,1
4,1 1,8
5.0 2.7
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Figtre 2. FL gigantars: a) unhry,6 Ùncrging from the surfacc of stun explant, b)
regutcratetl plattt fron callus transfcrrcd to grcotltoLrsc

a)

ubundant sltoot fonnation; c)

Figtre 3. IL trachclifolius: a) shoot fonnatiou from unbry,11s. b) rootcd shoot
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Figrrc 4. II. nainiliani: a) emby'o(id) fttnnation fronr ccll agrcgatcs; b) dircct cnûry'o and slrcot da'elopntutt
fuotn cxplatt

Figure 5. II. rtuttalli.i: a) ctnbryogs71g5lt in callu"'; b) callus and rcgcncrated plantlet
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DISCUSSION

Caf lus forming ability of lcavcs was vcry low with 2,4-D and thc calli did not survive.
It rcminds of thc ncgativc cffccl o12,4-D on culturccl anthcrs (Alissa ct al., 1985). How-
cver, the callusing was moclt:ra{c or cvsn intcnsive in stcm cxplants with ÉL annuus (un-
publishetl) and with thosc of Bohorova ct al. (1985). Since the calli wcre less vigorous
and in subcullurcs thcir growth slowcd down and many of thcm dicd, we did not continue
further experimcnls in spite of cmbryo inducing abiliry <tT 2,4-D rcportecl by Dupuis et
al. (1988) and Prado and Bcrvillc (1990). IAA provcd to be a less ellicient auxin. In the
majority of publications NAA was reportcd as a powcrful auxin which in combinations
with BA induced cmbryogcncsis and shooL dcvclopmcnt from calluses (Bohorova et al.,
1985, 1990); Palerson and Evcrctt, 198-5; Witrzcns ct al., 1988). In all 4 spccics studicd,
BAand kinetin induccda highcr numbcrof cmbryos than zcatin and 2iP that might be
due to their highcr activity. In liquid culturc 40 mg/l adcninc was acldecl to the medium
and in somc other expcrimcnts it has bccn tricd togcthcr with cytokinin but wc did not
find it esscntial as it was slatccl by Bohorova ct al. (1985). Callus formation and sub-
sequent embryoid indr.rction was high in H. nroriniliani an<l H. ruttallii which is in coin-
cidence with lhc dala of Bohorova ct al. (1990), although, we had no succcss with leaf
cultures. This failurc may also be duc to thc agc and physiological state of leaves. Geno-
typic differences dicl not scem to play a significant role in cmbryo formation, although in
callus induction thcrc werc some diffcrcnccs which may also be due to vicor of thc source
material.

CONCLUSIONS

lnH. giganteus, H. nraûniliani, H. mutalliiandH. trachelifolirts, intensive callus growht
was achieved with subscqucnt cmbryo and shor-rt formation in the presencc of NAA ancl
different cytokinins. Viablc rot'ltcd plantlcts havc bccn obtained. Thus, potentially, soma-
clonal variants may be proclucc<l in r.,itro as a source of gcnetic matcrial.
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FORMÀCIOI' t)E CAI,I,O, I'NIItRIO(;ONI'SIS Y RTi(;ENERACION DIJ PLANTUI-ÀS EN
F]SPECIIiS SI I)r'ESI'RI'S I)E G IRA.SOL

ITDSUMEN

Cultivos de callo han sido c-stablccidos a prrtir de hojas y segmcntos de tallos de las

espccics silvestres diploides pcrenncs, ll. gigantcns L., Il. trachalifollus Miller, ll. rtuttallii
Torrey ct A. Grey y ll. naritniliani Schracl. Los c:rllos originados â partir de las hojas fueron
débitcs y notlicron luglç a cmbrioncs. Bl crecimicnto de callo en scgmentos de tallo fue
intcnsivo con 5xlo n-li-s M2.4-D v NAA. Los cullos fucron matenidos ôn subcuhivos al nivcl
dc.3x!0nMrlcNAA.tJn:r[rrrnrlr'iôrrrcgrrlardccnrhrirritlrsyt:rlkrfrrc:rlc:rnzrrtl:rconl0ôy
3x10 5 M. NAA en conrbinaci6n con llA, linctinâ, reatinr y 2ii (r0-n-10 ' M;. E.l n,imero mat
alto tle cnrbrioitles v tlllos ha sido olrtcnido en las cuatro especies en un mctlio sôlido
conre nicnrlo l0 'M NAA + -5x10 

ô M BA. En med io lktuiclo agitatio contenicndo 10-6 M NAA
+.5x10 " M RA. Sc produjo un:r :rhuntlrnlc nr:rsr tlc:rgrcg:r.l.s dc ci'lul;rs que sucesivâmente.
colocatla en placrs ôon mètlio solidilicado 10-6 M N,l,À +l x l0-o M BA 1o kinctina o zeatina)
+ 40 mg/l atlcninâ + 30 g,4 sucrosa, dicron lugar a cicntos de cnrtrrioidcsy cstrucluras de tallos.
Las plantas enraizadas [ucron lrirnsfcridas al invernadcro.

FORMÀI'ION I)Ii CAI-I-US, II}IItRYOGIiNÉSU E'T NÉCÉ,r'IiN,TTTON DE PLANI'UI-ES
CIIEZ I,ES I'SPI1CES S,\IJVA(; I'S I)I' TO U RNI'SoI,.

nÉsuvÉ:

Les cultures de callus ont été obtcnucs à partir de feuilles et de scgments de tiges des

espéces sauvages, luriannucllcs diploïdes suivantcs: Ilelianthus gigantcus L.Jlclianthus
trachcfolitts Mrller, HelianthLts rtutallii 'I'orrey et A.Grcy ct Ilelianthus ma,cintiliarti Schrad.
Les callus obtcnus à partir des fcuillcs étaient faiblcs ct n'ont pas donné lieu à la formation
d'embryons. Les calls issus dcs segmcnts de tige étaient nombreux pour des concentrations de
5 x 10-o -10-) M2,4-D e-t NAA. Une formation régulièrc d'embryons et de racincs a été obtenue
ave_c l0-o M ct 3x 10-Ô M NAA en associzrssion avcc BA, kinetin , zcâlin et 2il' (10-oM et 3x
l0-5;. le nombre lc plus importrnt d'enrbryons a cté r)btenu pour les quatre espéces sur tles
milieux solidifiés contcnant 3 x lu'" M NAÂ et 5 x l0-" M BA. Sur dr-s milicux agités tittrant
10-ô M NAA et 5 x 10-6 M BA une abondantc masse cle cellules se fornre qui semées sur un
milicu solitlc avcc l0'o M NÂ4. 5 x l0-n M RA (ou kinrtin ou zcatin) . 40 mg/l d'adéninc ct 30
g/l de saccharosc ont donné licu à la formation de centaine d'cmbryons ct dc structure de type
racinairc. Lcs plantcs racinées ont été transtèrrées en serre.


