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In vitro Culture and Cytological Studies on Helianthus annus L.
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Abstract: Sunflower is one of the major oil seed crops cultivated in most part of the world. The plant tissue
culture and gene transformation is the important tools for improvement of this crop species. The present
investigation was carried out to produce an efficient and reproducible protocol for plant regeneration using
cotyledon and meristem explants of sunflower (Helianthus annus L.). Two different explants, cotyledon showed
the  highest  percentage  of  response.  The  highest  frequency of callus induction (36.4%) was observed on
MS medium supplemented with BAP (2.0 mg/l) and GA3 (0.5 mg/l). The highest frequency of multiple shoot bud
induction (49.4%) was observed on MS medium with BAP (5.0 mg/l) and IBA (0.5 mg/l). The highest frequency
of root induction (26.4%) was observed on MS medium supplemented with IBA (3.0 mg/l). The normal
metapholic stages of chromosomes and abnormal clumping of chromosomes, multiple bridge and laggard were
typically observed in the root tip squash cytological studies.
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INTRODUCTION rich in vitamin E and contains about 20% proteins. The

Sunflower (Helianthus annus L.) is one of the world are Argentina (3.7), European Union (4), Russian
major oil seed crops. Sunflower is not known the wild federation (4.9), Ukraine (4.2), USA (1.2), India (1.2) and
state. It is consider to have originated from Helianthus China (2 million tons). These seven countries of the world
centicularis, a wild plant indigenous to Mexico. produce about 76% of the total production [7]. 
Sunflower has long been grown as an ornamental plant Sunflower oil contains a high proportion of
and both animal and perennial types are found in gardens. unsaturated fatty acids than other vegetable oils and is
[1] Sunflower is the only plant grown world-wide on a therefore useful as raw material in the production of
large  scale  that originated and was domesticated in biodiesel  oil.  The technology for processing sunflower
North America [2]. The genus Helianthus belongs to the oil in to biodiesel oil has recently been developed
subdivision Tubiflorre and tribe Helianthae of the family consequently and the importance of the sunflower is
composites. The genus Helianthus belongs to Asteraceae increasing. In 1976, soldatov was first one who identified
family  and  composed  of  49  species  subspecies  within high oleic genotypes. Oil of these sunflower genotypes
12 annual and 37 perennial species [3-5]. The basic has 85 percent or more oleic (monounsaturated) acid.
chromosome number for the Helianthus genus is 17 and This unique oil has many special applications. High oleic
the cultivated sunflower is a diploid and open pollinating sunflower oils are excellent renewable raw materials for
crop. Between the perennial species several variable industrial purpose. The high oxidative performance of
ploidy levels of (2 x, 4x and 6x) were found [6]. The large oleic acid and its very low content of polyunsaturated
variability found in the genus Helianthus, represents a fatty acids combined with low content of stearic acid make
considerable genetic pool for additional genes to improve them suitable for industrial applications like cosmetics,
the cultivated sunflower [5]. The annual sunflower oil pharmaceuticals, detergents, lubricants, metal working
production is 8.4 million tons world –wide and the oil has fluids, surfactants or for chemical synthesis. High oleic
found widespread acceptance and linolic acids, it is also sunflower   oil   can   also  be  used  as food oils  or  deep-

major producing areas or countries for sunflower seeds
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fencing facts [8, 9]. The first step towards the use of Preparation of Explants: After germination the testa was
biotechnology for sunflower improvement is the removed and one cotyledon from each germinated seeds
development of technology for in vitro culture of the was removed by excision near by intercotyledonary
pertinent Helianthus species [10]. In vitro propagation of region there by producing clear wound site adjacent to
their leaf flower [11] was achieved by sub culturing shoot the Plumule Cotyledonary node, Hypocotyls and
sections with nodes in MS medium supplemented with 0.1 immature leaves for inoculation. Seven days old seedlings
mg N-benzyl adenine (BA). A multiplication rate of 110.4 selected as source of explants. Different explants namely
billion shoots from a shoot tip in a year. Shoots elongated hypocotyls, Cotyledons, immature leaflets were excised
from these in vitro cultured nodes could be rooted in MS and cultured on a medium containing various growth
medium with 0.1 mg indole-3-butyric acid (IBA). Plants hormones.
produced were readily acclimatized and flowered in green
house in order to reduce the occurrence of hyperlydrated Cultured  Conditions:  All  cultures  were  maintained  at
the response of three sunflowers inbred lines was 25± 2°C 55% relative humidity under 16/8h light/dark
examined on regeneration media containing various conditions of 80 l EMS-2-1 irradiance provided by
concentrations of kinetin, silver, nitrate and casein florescent lamps (TS 40W/54- Cool- day light).
hydrolyse, calcium nitrate and cobalt nitrate. Induction of callus from explants:Seedlings explants

MATERIALS METHODS Sucrose, 0.8% (w/v) agar and various concentrations of

Seed Source: The certified seeds of sunflower with GA3 (0.5 mg/l) for callus induction. The effect of
(Helianthus annus L.) variety Mordern were selected to hormone combination for optimal callus growth was
the present study and Agrobacterium mediated gene observed 15-21 days.
transformation.  The  seeds  were  obtained  from  the
Tamil Nadu Agriculture University, Tamilnadu State, Shoot Bud Regeneration: Shoot bud regeneration was
Coimbatore, India (TNAU). successive step after callus induction. Well developed

Preparation of Plant Growth Regulators: 50 mg of kinetin basal medium 30% (w/v) Sucrose 0.8% (w/v) agar
was dissolved in 0.1 N HCL and diluted with distilled different concentration of BAP (0.5-5.0 mg/l). IBA
water and make up to 50 ml. The same concentrations of individually for shoot bud regeneration. Shoot
6-benzylaminopurine (BAP) at 1.0 mg/ml was prepared like differentiation was observed from 20-30 days. Calli were
kinetin 50 mg of each auxin such as Indole 3 acetic acid subculture  on  the  same  fresh  medium  regenerated
(IAA) Indole-3-butyric acid (IBA) and â-naphthalene shoot  buds  were  separated  from callus and sub culture
acetic acid (NAA) were dissolved individually in 0.1 N on shoot multiplication medium containing various
NaOH (1.0ml) and diluted with distilled water and make up concentration of BAP (2.0, 2.5, 3.0 and 3.5 mg/l) in
to 50 ml. The appropriate quantities of stock solution were combination with 0.1 mg/l of NAA shoot bud formation
taken and sucrose solution was added slowly to prevent was observed from 21-30 days.
clumping of sucrose of the bottom of the flask. The
hormones were added and the final volume was made up Root Induction: The larger shoots were excised and
with the addition of distilled water. After that the pH of transformed to MS basal medium containing 30% w/v
the medium was adjusted to 5.7 using 0.1 NaCl or 0.1 N Sucrose 0.8% w/v agar and different concentrations of
NaOH before gelling agar (0.8% w/v). The agar medium IBA (1.0-3.0 mg/l) used for root induction. Root induction
was transferred in to culture tubes and plugged tightly was observed from 15-21 days.
with non absorbent cotton. The cultures media was
sterilized by autoclaving at 121°C for 15 minutes. Cytological Studies

Seed Germination: The treated seeds were inoculated in were germinated in moist vermiculture. 3 to 4 days old
to  the  test  tubes,  which  was contained MS medium. actively growing root tips were thoroughly washed with
This process was carried out under aseptic condition and water and fixed with carneys fluid (six parts 95% alcohol,
the inoculated tubes were incubated for 48 hours at 3°C in three  parts  chloroform  and  one  part  acetic   acid)  for
the dark. 24  hours  hydrolyzed  in  normal  hydrochloric  acid  at

were cultured on MS medium containing 30% (w/v)

BAP and NAA (0.5, 1.0, 1.5 and 2.0mg/l) in combination

Calli  were  transformed  to  regeneration medium. MS

Mitotic Studies: The treated and entreated (control) seeds
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60°C for 12 minutes and stained with haematoxyl in for
one hour. Squashing was carried in a drop of 45% acetic
acid. The normal and abnormal mitotic stages were
photographed.

RESULTS

The present study was carried out to initiate callus
and induce shoot and root. In sunflower (Helianthus
annus. L). The experimental evaluation were conducted on
two different portion explants of sunflower with cotyledon
and meristematic tissue with performed different
concentration of growth regulators.

For the study seeds of sunflower variety Mordern
were selected.The selected seeds were sterilized and
inoculated to the medium for seed germination. After
seven days the cotyledons and meristems utilized for the
culture study.

For the study of callus induction of explants was
selected from seven days old seedling of sunflower
placed on MS medium supplemented with different
concentration of BAP (0.5 mg/1) and NAA (0.5-2.0mg/l) in
combination with GA  (0.5 mg/l). The explants enlarge and3

formed callus from the cut ends. Callus growth was best
in the presence of 2.0mg/l BAP+GA3 0.5mg/l followed by
2.0mg/l NAA+GA3 0.5mg/l.

Table 1: Callus initiation and proliferation from cotyledon explants of
Sunflower on MS medium supplemented with different growth
regulators

Growth regulators (mg/l)  Callus Induction Frequency (%)
BAP GA3
0.5 0.5 -------------
1.0 0.5 16.3±1.6
1.5 0.5 22.8±0.9
2.0 0.5 36.4±3.1
NAA GA3
0.5 0.5 -----------
1.0 0.5 13.1±1.2
1.5 0.5 18.3±4.1
2.0 0.5 23.6±1.3

Table 2: Effect of growth regulators concentration on shoot induction
frequency of sunflower using cotyledon BAP and IBA

Growth regulators (mg/l) Shoot Induction Frequency (%)
BAP IBA
0.5 0.5 -------------
1.0 0.5 -------------
1.5 0.5 ------------
2.0 0.5 11.2±0.6
2.5 0.5 11.4±1.6
3.0 0.5 30.6±1.4
3.5 0.5 38.2±2.8
4.0 0.5 46.2±1.9
5.0 0.5 23.4±3.6

Table 3: Effect of growth regulators concentration on root induction
frequency of sunflower cotyledon using IBA

Growth regulators (mg/l)  Root Induction Frequency (%)
IBA BAP
1.0 0.5 -------------
1.5 0.5 0.8±1.6
2.0 0.5 11.3±1.6
2.5 0.5 18.4±2.1
3.0 0.5 26.4±3.4

Fig. 1: Various Stages of callus formation from the seed
and explant

Statically analyses performed for each effect of
concentration on callus initiation were significant at 5%
level by T-test. The highest frequency (36.4%) of callus
induction was observed on MS basal medium containing
2.0 mg/l BAP and 0.5mg/l GA3 combination which was
highly significant (Table 1). Callus initiated from
cotyledon explants varied 36.4% and 23.6% in MS medium
supplemented with BAP and NAA (Fig.1).

When increasing the concentration of auxin, callus
frequency was also increased. The calli were transformed
to shoot regeneration medium containing different
concentration of BAP (0.5-5.0mg/l) and IBA (0.5mg/l).
(Fig-E) for shoot regeneration. 80% of calli produced
shoot bud primordial and those shoot buds developed in
to normal shoots within 45 days of culture. The highest
frequency of shoot bud regeneration (46.2%) was
observed (Table 2) in MS medium containing BAP (4mg/l).
With the combination of IBA (0.5mg/l).The means number
of shoot decreased with increase in concentration of BAP.

The highest frequency of rooting (26.4%) was
observed on MS medium containing 3.0mg/l of IBA of
0.5mg/l  of  BAP  (Table  3).  The   percentage   of  rooting
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Fig. 2: Shoot regeneration from explant

Fig. 3: Cytological studies on sunflower

increased with increase in the concentration of auxin IBA
induced maximum frequency of rooting. A significant
correlation was observed between auxin concentration
and rooting response. For meristem explants study seven
days old seedling meristem were selected and performed
for induction of callus(Fig.2).Different concentration of
BAP (0.5-2.0mg/l) and NAA (0.5-2.0mg/l) in combination
with GA3 (0.mg/l) performed for the study. The meristem
explants transferred to the MS medium and enlarged and
formed as a callus from the cut end. The callus growth
was best in the presence of 2.0mg/l BAP +GA3 k0j.5mg/l
followed    by    2.0mg/l    NAA+GA30.5mg/l  (Table    4).

Table 4: Callus induction and proliferation from Meristem explants of

Sunflower on MS medium supplemented with different growth

regulators

Growth regulators (mg/l) Callus Induction Frequency (%)

BAP GA3

0.5 0.5 -------------

1.0 0.5 13.4±1.13

1.5 0.5 18.5±1.3

2.0 0.5 25.0±1.4

NAA GA3

0.5 0.5 -----------

1.0 0.5 9.2±1.0

1.5 0.5 14.2±1.3

2.0 0.5 19.4±1.4

Table 5: Effect of growth regulators concentration on shoot induction

frequency of sunflower Meristem using BAP and IBA

Growth regulators (mg/l)  Shoot Induction Frequency (%)

BAP IBA

0.5 0.5 -------------

1.0 0.5 -------------

1.5 0.5 ------------

2.0 0.5 8.5±0.4

2.5 0.5 10.4±1.4

3.0 0.5 19.7±1.8

3.5 0.5 25.0±1.8

4.0 0.5 30.5±1.3

5.0 0.5 35.0±2.0

Table 6: Effect of growth regulators concentration on root induction

frequency of sunflower Meristem using IBA

Growth regulators (mg/l)  Root Induction Frequency (%)

IBA

1.0 -------------

0.5 0.9±1.0

2.0 10.0±1.7

0.5 15.5±1.6

3.0 21±2.0

The highest  mean  number  of  shoots  and  roots was
performed in the concentration of 2.0 mg/l BAP with
0.5mg/l GA3 followed by 0.2mg/l NAA WITH 0.5MG/L
GA3 (Table 5& 6).

Cytological Studies: Mitotic squash was carried out in
the in vitro cultured roots. The somatic chromosomes
were clearly seen in the metaphase stage. The somatic
metaphase possessed 2n=34 and 2n=68 chromosomes.
Tetraploid cells, laggard and bridge formation were
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observed as chemical form in the same squash along with 5. Skoric, D., 1993. Wild species use in sunflower
diploid cells. Somatic stages and irregular with non- breeding results and future directions. Plant Genetic
oriented chromosomes were observed. Some abnormal Resources Newsletter, 93: 17-23.
stages such as Anaphase multiple bridge formation was 6. Schuster, W.H., 1993. Die zuchutung der
also observed (Fig. 3). sunnenblume (Helianthus annus L.) paul perry
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