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ABSTRACT

In genetic improvement schemes, multiplication of elite materials by so-
matic embryogenesis prevents genetic recombination and the need for
long, expensive conventional selection cycles. The objective of the present
work was to standardize a protocol for somatic embryogenesisin Chry-
santhemum through suspension culture. Callus induction from leaf ex-
plant in MS medium containing 1.5 mg/L 2,4-D was found to be 100%
followed by MS media supplemented with 2.0 mg/L 2,4-D (81%). Callus
induction from petal explant in M Smedium containing 2.0 mg/L 2,4-D was
found to be 100% followed by M'S media supplemented with 1.5 mg/L 2,4-
D (80%). The best friable calli weretransferred to M S media supplemented
with 1.0 mg/L BAP for shoot induction. Somatic embryos were obtained
when these green calli were subjected to suspension culturein MS media
supplemented with 1.0 mg/L BAP. All calli in suspension gaverise to so-
matic embryos, which were regenerated in M'S media supplemented with
various concentration of BAP. MS media supplemented with 2.0 mg/L
BAP gavethe highest number of plantlets (46.3%). Theregenerated plant-
letswere elongated on M 'S media supplemented with 0.1 mg/L BAP + 2.0
mg/L KIN and rooted on M Shasal medium (M S0). Thismethod of somatic
embryogenesis could be used as an explant material for transformation
studies. Different stages of Chrysanthemum were analyzed by HPLC.
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Chrysanthemumis acosmopolitan genus, com-
prising about 300 species of herbsand under shrubs.
Several species of Chrysanthemum are ornamen-
tals grown in gardens for their large, showy,
multicoloured flowers, and are al so important cut
flower crop. Chrysanthemumisamild-acting medi-

Cine possessing anti-microbia and antiviral proper-
tiesand showsthe mildest anti-oxidation activity. There
arevariousreportson its components such as chlo-
rogenic acid, flavonoidsand pentacyclic triterpenes,
itsclinical applications, itsanti-HIV, anti-tumor and
anti-mutagenic activities. Itsflowersyield animpor-
tant insecticide, that is, the pyrethrins. Pyrethrins,
widely used as natural insecticides, offer all the ad-
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vantages of chemical compounds, that is, rapidity of
action against abroad range of insects, and rapid bio-
degradability!?.

Eventhough many reportsareavailableoninvitro
propagation, the protocol sare complicated. Here, we
report avery smpleeconomicd, rapidly multiplyingand
highly reproducible protocol for somatic
embryogenes sof Chrysanthemumthrough suspension
culture,

EXPERIMENTAL

Theleavesand petd swerecollected fromthegreen
house (Figure 1) of the Department of Biochemistry,
Biotechnology and Bioinformatics. Theexplantswere
washed thoroughly under running tap water for 30min,
followed by 0.5% bavistinfor 15 min. Bavistin treated
explantswerewashed with seriledistilled water, trested
with 5% Tween 20 for 5 min, and washed repeatedly
with seriledigtilled water. Theexplantswerethen sur-
face sterilized with 0.5% mercuric chloridefor 2min
and washed with steriledistilled water for 3timeseach
under thelaminar airflow followed by 70% ethanol for
1 min. After washing in steriledistilled water, the ex-
plants were inocul ated aseptically in MS medium3
(Murashige and Skoog, 1962) containing 30 g/L su-
croseand gelled with 8 g/L diffco bacto agar.

Figurel: Chrysanthemum explant.
Callusinduction

M S medium supplemented with the varying con-
centration of theauxin, 2,4-D wasused for callusin-

duction studies. Theeffect of different concentration of
theauxin, 2,4-D on calusinductionwasstudied on two
explantsnamely leaf and petals.

Regeneration from callus

All thecdlli obtained were subcultured after 30 days
and thefriable callus obtained from best concentration
weretransferred to M S medium supplemented with 1.0
mg/L BAPfor regeneration. A photoperiod of 16/8 h
light and dark was maintained.

Somatic embryogenesisin suspension culture

Thecalli weremaintained in M Smedium supple-
mented with 1.0 mg/L BAPfor amonth and thenwere
transferred to M Sliquid medium supplemented with
1.0mg/L BAP. A photoperiod of 16/8 hlight and dark
and the cultureswereincubated in the shaker at 75-
80 rpm.

Shoot induction

The somatic embryos were subcultured after 20
daysand weretransferred to thefollowing mediumfor
regeneration. In 10 replicateswith 3 explantsin each
replicatewereinocul ated.

Elongationsand rooting

Thirty day old regenerated plantlets weretrans-
ferred to M S medium supplemented with 0.1 mg/L
BAP+ 2.0 mg/L KIN for elongation. A photoperiod
of 16/8 hlight and dark was maintai ned. After 30 days
theregenerated plantsweretransferred into M SO for
rooting.

Hardening

Theindividual rooted plantswere carefully taken
out, washed freeof agar, and transferred to plastic cups
filled with sterile vermiculite and maintained in rectan-
gular glassbox insdethe growth room under high hu-
midity for initial establishment. After 3- 4 days, they
wereagain hardened in themist chamber for oneweek
for further growth and establishment.

HPLC analysis

The componentspresent in leaf of exvitro plants,
various stages of invitro devel opment namely, calus,
green callus and somatic embryoswere extracted in
petroleum ether and analyzed usng HPLC.
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Extraction

All themateridsweredriedintheshade. Thedried
materials were then powdered. 0.5 g of the samples
wastaken and extracted with 25.0 ml of petroleum ether
and kept on arotary shaker overnight. Thenthe ague-
ouslayer wasfiltered, evaporated and redissolved the
residuein 5.0 ml of HPLC grade acetonitrile. Extrac-
tion of secondary metabolitesfrom varioussampleswas
done?,

Analysisparameters

A Shimadzu L C 8 A system consisting of abinary
pump connected to afractional collector (FRC— 10
A) and system controller (SCL — 10 A VP) was used
to perform HPLC analysis. A reverse phase Varian
C18 column (5 um particle size, 25 cm x 0.25 ?m)
was used. The absorbance at 254 nm was measured
by aPDA photodiode array variable (SPD -M 10 A
VP). Mobile phase solution A consisted of HPLC
grade acetonitrile and solution B consisted of 0.1%
TFA (Trifluoro acetic acid) in water. Chromatographic
separationswere achieved by gradient elution using
mobile phase 1 and 2 at aratio of 70:30 over atotal
run time of 25 min and flow rate of 1.0 ml/min and
maximum pressure of 220 |bs.

Satistical analysis

The datagenerated from the various experiments
were subjected to statistical analysisby usingthestatis-
tical softwareAGRES, in compl etel y randomized de-
sign (CRD). Percentage values weretransformed to
arcsnevauesbeforedatistica andys's, wherever nec-
essary. Each experiment had 10 replicateswith three
explantseach.

RESULTSAND DISCUSSION

Effect of 2,4-D concentration on callusinduction
and proliferation

Effect of four different concentrations of 2,4-D
(0.5,1.0,1.5,and 2.0 mg/L) on callusinitiation and
callusmasswere assessed in leaf and petal explants.
Callusinitiation and proliferation was observed at
weekly intervals. The percentage of callusinitiated
wasrecorded 4 weeks after inocul ation. Theincrease
inmassasgain in weight was recorded as the pro-
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liferation rate of callus after 6 weeks of inoculation.
The effect of 2,4-D on callusinductionin leaf and
peta issummarizedin TABLE 1. A significant differ-
enceisobserved between treatments. A 100% callus
induction (Figure 2) was observed for leaf explants
inT3(1.5mg/L 2,4-D) followed by T4, T2and T1.
The callusinduction on M 'S medium supplemented
with 2.0 mg/L 2,4-D (T4) was 81 and 72% in T2
whilethe callus response was lowest (20%) in T1
(0.5mg/L 2,4-D). A high callus response of 100%
was achieved in M S medium supplemented with 2.0
mg/L 2,4-D (T4) for petal explants. The callusfor-
mation was80%in T3 (1.5mg/L 2,4-D) and 48%in
T2 (1.0mg/L 2,4-D). Thecallusinduction wasfound
tobelowest T1 (24%) for petal explants. The effect
of growth regulators on culture responsein Chry-
santhemumwas al so studied, the resultsindicated
that M S medium supplemented with 2.0mg/L 2,4-D
wastheoptima mediafor callusinduction, whichis
on par with our studieson callusinductionin petals.
High callusresponse in Taxuswallichiana on half
WPM supplemented with 1.0-2.0 mg/L 2,4-DP
whichwasin accordanceto our resultsfor both | eaf
and petal explants.

TABLE 1: Effect of 2,4-D concentration on callusinduction
Callusinduction

Concentration of

Treatment Per centage+ SE
24D mg/L L eaf Petals

T1 0.5 20+£012 24+0.14

T2 1.0 72+014 48+0.17

T3 15 100+ 0.26 80+0.22

T4 2.0 81+0.13 100+0.26
SEd 0.19 0.36
CD (0.05) 0.39 0.72

i e
Figure2: Chrysanthemum callus
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A rangeof 2,4-D concentrations (0.1-2.0 mg/L)
wereused for cdlusinduction fromleaf and nodal seg-
ments of Cardiospermum halicacabum L. Even
though high concentrations of 2,4-D (1.5 mg/L) was
necessary for callusinduction from leaf and nodal cut-
tings, it adversely affected further growth of the cal-
lug®. Theeffect of 2,4-D oncdluspraliferationissum-
marizedin TABLE 2. A significant differencewasob-
served between treatments. The proliferation ratewas
foundtofollow anincreasing trend with increasein
2,4-D concentration. At aconcentration of 2.0 mg/L
2,4-D (T4),theproliferation of leaf calluswasfound
to belesscompared to petal callus. Theproliferation
rate was minimum in mediasupplemented with 0.5
mg/L 2,4-D (T1-21 mg) for leaf callusand maximum
at 1.5mg/L 2,4-D (T3-40 mg) supplementation. In
case of petal callusit wasfound that the MS media
supplemented with 2.0 mg/L 2,4-D (T2) gave maxi-
mum proliferation (43 mg).

TABLE 2: Effect of 2,4-D concentration on callusprolif-
eration

. CallusProliferation
Concentration of

Treatment inmg#+ SE
24D mg/L L eaf Petals

T1 0.5 21+0.01 18+0.09
T2 1.0 30+0.08 27+0.08
T3 15 40+0.11 35+0.09
T4 2.0 26+0.09 43+0.12
SEd 0.09 0.09

CD (0.05) 0.18 0.18

Our results are supported by studies of some au-
thors™ wheretheinfluence of auxinson callus produc-
tion wassignificant and good calli were obtained from
both|eaf and stem segmentson M Sbhasd mediasupple-
mented with 2.0 mg/L 2,4-D within 2weeksof culture.

Morphology of callus

Thecolour of callusvaried widely fromwhiteto
green, brown, depending on the concentration of 2,4-
D inthe medium. Those explants, which weremain-
tained under light, gavegreen cdlli, whereasthosemain-
tained under dark gaveriseto whitefriableand brown
cdli. Thetextureof caluswasfound to vary with vary-
ing 2,4-D concentration. At low concentration of 2,4-
D compact calli was observed inthat someof thecdlus
produceroot induction dongwith calus(TABLE 3).

TABLE 3: Morphology of callus

Concentration M ode of Colour and Nature

SNo. of 2,4-D mg/L Incubation of Callus

1 05 Light Green compact
Dark  Dark brown compact

5 10 Light Greenish Friable Callus
Dark  White friable with roots

3. 15 Light Green friable with roots
Dark  White friable with roots
Light Brownish Green

4, 2.0 o
Dark  Whitefriable

Theoccurrenceof green colour incalusmaintained
inaphotoperiod of 16/8 can be attributed to the pho-
tosynthetic activity and differentiation of theplant cells
inthepresenceof light'®. Compact caluswasobserved
in high concentration (5.0 mg/L) 2,4-D in Triticum
aestivumplant’® (Shah et a ., 2003). Pertainingto the
texture, two typesof callusviz. friable and compact
cdluswereobserved. Green cdlusunder light and white
calusunder dark wereobtained in DietesGrandiflora
on M Smediasupplemented with 1.0 mg/L 2,4-D19,

Shoot inductionin callus

Thebest calli obtained fromleaf (1.5mg/L 2,4-D)
and petal (2.0 mg/L 2,4-D) was transferred to MS
medium supplemented with 1.0 mg/L BAP (Figure3).
Profusegreeningwasobservedinall thecalli.

Figure3: Green callus.

Induction of somaticembryosthrough suspension
cultures

Thefriablegreencdlusmaintainedin 1.0mg/L BAP
was subjected to suspension cultureinliquid (without
agar) M Smedium supplemented with 1.0 mg/L BAP

BioTechnologqy — mm—
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(Figure4). Thiswassubcultured every 2 weeksin the
same medium. Somatic embryoswereinducedinal
thecalli after 2weeksof inoculationin suspension cul-
ture. Cellsin suspension show afaster multiplication
ratethan do cellsin callusculture®, Somatic embryos
of sugar beet in suspens on culturein medium supple-
mented with 0.25mg/L BAPand 0.25mg/L 2, 4- D2
and concluded that increased concentrations of BAP
increasestherateof cdl division.

-

Fiéure4: Callusin suspension culture.

Differentiation of somatic embryosand regen-
eration

Theregenerated somatic embryosdifferentiatingin
to globular stage, torpedo stage and cotyledonary stage
wereobserved a variousleve of subculturing. Theso-
matic embryos obtained from the suspension culture
passed through torpedo and cotyledonary stages (Fig-
ures5 and 6). Early torpedo, |ate torpedo and cotyle-
donary stagesin somatic embryogenesisof D. grandi-
flora™®. The regeneration was observed to be 100%.
The somatic embryosin thetorpedo stageweretrans-
ferred to M Sbasd medium for regeneration and cotyle-
donary stage embryoswere obtained. Theembryosin
the cotyledonary stage were then transferred to MS
medium supplemented withvarying concentrationof BAP.
Theresultswererecorded after 3 weeks and summa-
rizedinTABLE 4. Thelargest number of shoots(46.3+
0.44) wasfoundin M S medium supplemented with 2.0
mg/L BAP(T4) withsgnificantly high plantlet formation
compared to other concentrations. In M Smediasupple-
mented with 1.5 mg/L BAP (T3), 27.3+ 0.36 shoots
wereobserved whilewith 1.0mg/L BAP(T2),16.4+
0.37 shootswere observed. Thelowest number shoots
of 9.4+ 0.30 were observed in 0.5 mg/L BAP(T1).

e Furr PAPER

Figure6: Cotylendonary stage.

TABLE 4: Variation of BAPconcentration for regeneration

S Media + Per centage of
Nb Concentration Numb_er of shoots
of BAP mg/L obtained + S.E

TO MS Basal 0.5+0.23

T1 MS+ 0.5 BAP 9.4+0.30

T2 MS+ 1.0 BAP 16.4+0.37

T3 MS + 1.5 BAP 27.3+0.36
T4 MS+ 2.0 BAP 46.3+0.44
SEd 0.53

CD 1.07

Theeffect of BAPwasstudied ontheinvitro gen-
erated Chrysanthemumplantlets, theBAPinlow con-
centrations gave good shoot induction in Chrysanthe-
mum*, M Smediasupplemented with 2.0 mg/L BAPR,
astheoptimal mediafor shoot proliferation on embryo
explants of wheat!*®, which is comparable to Chry-
santhemum regeneration in the present studly.

Elongation and rooting
The somatic embryo regenerated plants were

e LBioTechnology

e udian. Joarnil



166

Somatic embryogenesis and regeneration in Chrysanthemum

BTAIJ, 4(4) December 2010

FULL PAPER o

transferred into elongation medium. The effects of
KIN aongwith BAPwerestudied for effectiveelon-
gation of shoot and root and the results were re-
corded after 1 month. For elongation M S medium
supplemented with 0.1 mg/L BAP + 2.0 mg/L KIN
was used and the el ongation was maximum (19.66 +
0.34). The effect of BAP and KIN were studied on
theinvitro generated Chrysanthemum plantl ets, the
combination of APand IAA low concentrations gave
good shoot elongation in Chrysanthemum*4. After
elongation the plantsweretransferred into M S basal
medium (M S0). After 3 weeks profuse rooting was
observedinall plantlets (Figure7).

Figure7: Rooting plant.

Hardening

Therooted micro shootswere carefully removed
and transferred to presoaked vermiculitefor hardening
initialy insdearectangular glassbox, maintained for 3
daysin the culture room and then transferred to the
mist chamber for further establi shment. Peat-mossver-
miculitefor hardening and obtai ned satisfactory accli-
meati zation*s, Good establishment of plantswas seen
after oneweek inthemist chamber.

HPLC analysis

Petroleum ether extracts of ex vitro and in vitro
Chrysanthemum samples were analyzed by HPLC.
Various peakswered uted between 2-20 min of which
the major peakswere considered for analysis. From
Figure 8 threemagjor peaks (LP1, LP2 and LP3) were
observed for leaf explant. High amount of campesterol
and sitosterol components were present in leaf ex-
tractg'”. Also, HPLC analysis of methanolic extracts
from Chrysanthemum|eaf €l uted campesterol and si-
tosterol within 20 min*8, Thissuggeststhat, the magjor

peaksLP1 and LP2 in the present study may be con-
tributed by campesterol and sitosterol. Figure 8 shows
acomparative HPLC profileobserved inexvitro ledf,
callus, green callusand somatic embryos. Thereisa
characteristic change observed inthe el ution profile of
the compounds. The compound contributing to peaks
LP2 and LP3 disappears in callus and reappears as
differentiation of cadlustakesplaceandreachesthesame
levelsasthat of |eaf explant inthesomaticembryo (Fig-
ure8). Further purification and characterization of the
compounds contributing to the peaksisessentid inor-
der to explain the behavior of these compoundsinin
vitroculture. Pesk LPLispresentinall tissues, dthough
varyinglevelswere observed.

VAN

2 4 6 8 10 2 1 ® )

Figure8: Comparison of exvitmrso leaf and |leaf derived callus,
green callusand somatic embryos.

Theresult obtained from HPLC studiesrevesal that
certain compoundsare synthesized to thesamelevels
ininvitro cultures asfound in the mature organized
tissuestructuresof plantsirrespectiveof their source of
origin.
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