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Arum palaestinum Boiss. populations are in danger of extinction in the wild. Thus, there is a need to
establish a reliable strategy for multiplying this valuable medicinal plant. In the present study, seeds
and tissue culture of A. palaestinum were subjected to biochemical, molecular and phytochemical
analysis. Obtained results indicated that the best medium for shoots proliferation was Murashige and
Skoog (MS) medium supplemented with 5 mg/L benzyl adenine (BA) and 0.1 mg/L naphthalene acetic
acid (NAA). The regenerated shoots were rooted on half strength MS medium containing 1 mg/L NAA
and 2 g/L charcoal. Tissue culture derived plantlets were successfully acclimatized under ex vitro
conditions. Protein analysis referred that, the difference in protein profiles in the examined samples
suggests that a real genetic change might have occurred. Obtained results of the inter simple sequence
repeat (ISSR) revealed variation between the regenerated plants and mother plant while the
phytochemical investigation revealed that, 10 phenolic compounds (seven flavones, one flavonol and
two phenolic acids) were identified using HPLC analysis and five compounds were detected in the plant
for the first time. Genetic characterization and chemical investigation of seeds and in vitro cultures
reported herein, is the first report for A. palaestinum.
Key words: Black calla lily, in vitro culture, inter simple sequence repeat (ISSR), sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), isozyme, phenolic compounds.

INTRODUCTION
Arum palaestinum Boiss. (Black Calla Lily) is one of
about 26 species of the Arum genus belonging to family

Araceae (Boyce, 1993; Mayo et al., 1997; Al-Lozi et al.,
2008; Makhadmeh et al., 2010) native to Europe,
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Northern Africa, Western Asia, with the highest species
diversity in Mediterranean region (Dessouky et al.,
2007a). Black lily is a typical “cryptic” species, since its
appendix emits mainly ethyl acetate, producing a smell of
rotten fruit. In many countries, the aerial parts of A.
palaestinum are considered ornamental plant, animal
fodder and edible after being soaked in salty water or
dried. The plant is used in folk medicine to cure several
chronic diseases such as stomach acidity, atherosclerosis, cancer, and diabetes (Al-Eisawi, 1982; Al-Lozi
et al., 2008; Makhadmeh et al., 2010).
Previous work on the characteristics of secondary
metabolites of the Araceae family indicated the presence
of polyphenols, alkaloids, proanthocyanidins, flavones,
flavone C-glycosides and flavonols (Williams et al., 1981;
Kite et al., 1997). The phytochemical investigation of A.
palaestinum resulted in the isolation of two C-glucoside
flavones: isoorientin and vitexin. The effects of isoorientin
on rat isolated aorta, ileum, trachea and uterus and on
guinea pig uterus were studied by Afifi et al. (1999). A
novel alkylated piperazine were also isolated and showed
a significant cytotoxicity against cultured tumor cell lines
(El- Desouky et al., 2007a). Polyhydroxy alkaloid
compound in addition to; caffeic acid, isoorientin, luteolin,
vicenin and 3,6,8-trimethoxy 5,7, 3', 4'-tetrahydroxy
flavone were isolated by El- Desouky et al. (2007b).
Recently, Aboul-Enein et al. (2012) assured potential
antitumor effect of A. palaestinum extract. It is worth to
mention that all published reports of phytochemical
studies used leaves and flowers of A. palaestinum and
provide evidences for strong antitumor activities of its
extract.
The successful use of plant biotechnology techniques
in production of secondary metabolites, mass propagation and conservation of rare species dates back to
early eighty’s and is well discussed by Engelmann
(2004). However, survey of published data indicated that
there is only one published manuscript on in vitro culture
of A. palaestinum via somatic embryogenesis (Shibli et
al., 2012).
Genetic markers derived from electrophoretic analysis
can be used to survey the level of genetic diversity within
and among populations and also for taxonomic purpose
(Hamrick and Godt, 1989). Isozyme analysis is a highly
appropriate method for identifying genomic allele
components as well as supplementing DNA analysis.
Since the 1930s, electrophoresis in conjunction with the
zymogram technique has been used as a tool for the
study of heritable variation. Isozymes are widely used
because of their relative efficiency and cost effectiveness,
particularly in studies of intra and inter specific variation
(Johnson et al., 2007; Siva and Krishnamurthy, 2005;
Johnson et al., 2010; Smila et al., 2007).
Recently, several DNA markers have been successfully
employed to assess the genomic stability/instability in
regenerated plants. Among the markers, the inter-simple
sequence repeat (ISSR) has been favored because of
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their sensitivity, simplicity, and cost effectiveness (Yang
et al., 1996). The aim of this study was establishment of
applicable tissue culture system coupled with monitoring
of genetic stability of tissue culture derived clones (in vitro
plants) for rapid mass propagation, conservation and
future biotechnology based production of pharmaceutically bioactive ingredients of black calla lily. The second
objective of this study was the genetic characterization
and phytochemical investigations for both in vitro
produced plants and in vivo plants, for a better
understanding of genetic relationship and the discovery
of new potent bioactive substances.
MATERIALS AND METHODS
Plant material
Seeds of A. palaestinum were collected from their growing habitats
in Bergesh protected area, Irbid, Jordan, Latitude: 32°25'43.17 and
Longitude: 35°46'47.01 in February 2012.

Tissue culture of A. palaestinum
Seeds of A. palaestinum were decoated under sterile conditions of
air laminar flow cabinet. The decoated seeds were surface sterilized
by immersion in 70% ethanol for 60 s, and then immersed in 20%
sodium hypochlorite (NaOCl) solution for 20 min. Seeds were then
rinsed three times with sterile distilled water and cultured on basal
Murashige and Skoog medium (MS) (1962) containing 3% sucrose
and 4.4 g/L of MS, salts without growth regulators and solidified with
2.8 g/L gelrite and kept in incubation room under dark condition for
48 h. The in vitro germinated seedlings (2- month-old) about 4-6 cm
in height were used as a source of starting plant materials (Figure
1a). During germination, callus was proliferated directly from seeds
in some samples as shown in Figure 1b then different explants
(leaves, stems, root and corms) were excised from the in vitro
seedlings (two months old) and cultured on six different
regeneration media as illustrated in Table 1. All media contained
4.4 g/L MS basal salts, 30 g/L sucrose and solidified with 2.8 g/L
gelrite. The proliferated shoots were multiplied on MS medium
supplemented with 0.1 mg/L NAA and 5 mg/L BA (medium 6).
Number and length of shoots, and roots were recorded. Shoots
developed on regeneration media were rooted on half strength
basal MS medium (2.2 g/L MS salts), containing 30 g/L sucrose and
supplemented with 1 mg/L NAA and 2 g /L charcoal and solidified
with 2.8 g/L gelrite and all culture were incubated in temperature
controlled growth room at 27 ± 1°C for 16 h daily light system under
light intensity (Ca 50 µmol m-2 s-1) and subcultured monthly in fresh
medium. Complete plantlets (shoots and roots) were transplanted
to mixture of 1:3 vermiculite and soil in plastic pots and placed in
greenhouse for acclimatization
Protein analysis
For SDS-PAGE protein patterns and Isozyme analysis, 300 mg of
regenerated shoots from corms of A. palaestinum cultured on the
six tested regeneration media and mother plant were extracted
according to the method of Gottlieb (1981)
The separating gel of 10% acrylamide was prepared following the
method of Laemmli (1970). The method of Weber and Osborne
(1969) was used to determine the apparent (subunit) molecular
weight of proteins dissolved or extracted in the presence of SDS
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Figure 1. a) In vitro germinated seeds of A. palaestinum. b) Seeds derived callus during germination.

Table 1. Structure of regeneration media used.

Media
code
1
2
3
4
5
6

BA
(mg /L)
5
1
5
5
5
5

NAA
(mg /L)
0.1
0.5
0.1
0.1

Thiamine
(mg/L)
70
70

KH2PO4
(mg/L)
170
170

Glycine
(mg/L)
100
100

Adenine sulphate
(mg/L)
50
50

Percent of polymorphism = (Number of polymorphic bands / Total
Number of Bands) × 100.

extracts were concentrated under reduced pressure in a rotary
evaporator to give a residue which dissolved in methanol. The
isolation and identification of the compounds were carried out by
using two dimension paper chromatography method with stander
samples and confirmed by analyzing the extract on an Agilent
HPLC 1200 series equipped with diode array detector (Agilent
Technologies, Waldbronn, Germany). Chromatographic separations
were performed using a waters column C18. The binary mobile
phase consisted of (A) acetonitrile and (B) 0.1% acidified water with
formic acid. The elution profile was: 0-1 min 100% B (isocratic), 130 min 100-70% B (linear gradient), 30-35 min 70-20% B (linear
gradient). The flow rate was 0.3 ml/min and the injection volume
was 5 μl. Chromatograms were recorded at 278 nm. This analysis
enabled the characterization of phenolics on the basis of their
retention time and UV spectra.
The retention time of the isolated compounds were compared
with those of standard samples which were selected according to
the compounds previously isolated from A. palaestinum and the
Araceae family by the Phytochemistry and Plant Systematic
Department, National Research Center.

Phytochemical investigation

Statistical analysis

The seeds (8 g) and the air dried in vitro shoots (47 mg), roots (140
mg) and callus (71 mg) of A. palaestinum were extracted with 70%
methanol at room temperature for three times. The crude filtered

All data were subjected to analysis of variance ANOVA to test the
significance in the all experiments. The least significant difference
(LSD) at P< 0.05 level was calculated according to the statistical

while isozyme gel was stained for α-Esterase enzyme according to
the protocols described by Soltis et al. (1983).

Molecular analysis using ISSR
Fourteen ISSR primers were used for the control mother plant and
tissue culture raised plantlets. PCR amplification was performed in
25 μl reaction mixture each containing 0.25 μl 0.5 U Taq DNA
polymerase, 2.5 μl 0.2 mM dNTPs (dATPs, dCTPs, dGTPs and
dTTPs), 5 μl (5X) colourless reaction buffer, 20.4 ng (3 μl) genomic
DNA and 3 μl of 10 pmole primers, and 11.25 μl sterile distilled
water. The thermocycler program for ISSR was 95°C for 3 min;
92°C for 2 min; 44 cycles of 43°C for 1 min; 72°C for 2 min; 72°C
for 10 min and at 4°C for soaking; 100 bp DNA ladder (Biogene)
was used. The banding profile of ISSR was scored using Labimage
program. The polymorphism was estimated as follow:
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Table 2. Regeneration of shoots from corms of A. palaestinum cultured on six tested regeneration media.

Media type
1
2
3
4
5
6
F- value
Propabilty level (P<)

Number of shoots
1.3a ± 0.47
1a ± 0
1.3 a ± 0.47
1.3 a ± 0.47
1a ± 0
b
1.7 ± 0.47
0.850
0.541

Length of shoots (cm)
3.7 a ± 0.47
1.3c ± 0.47
5bd ± 3.6
4.3ab ± 0.47
2.3c ± 0.47
6d ± 1.4
16
0.0001

Number of Roots
3a ± 0
No roots
No roots
1b ± 0
2c ± 0
No roots
4.756
0.017

Length of root (cm)
1b± 0
0.5a ± 0
0.5a ± 0
6.818
0.008

Data (mean  SD) sharing the same letter in the same column is not significantly different.

Figure 2. Regeneration of A. palaestinum from corms explants cultured on: (a) MS-medium with 5 mg/L BA +0.1 mg/L NAA (medium
6), (b) MS-medium with 1 mg/L BA + 0.1 mg/L NAA (medium 2), (c) MS-medium with 5 mg/L BA + 0.1 mg/L NAA (medium 5), (d)
MS-medium with 5 mg/L BA + 0.1 mg/L NAA (medium 6), (e) Root proliferated on shoots on MS-medium contained 5 mg/L BA
(medium 1) and (f) multiplication of the regenerated shoots on MS medium supplemented with 0.1 mg/L NAA and 5 mg/L BA.

analysis method described by Casanova et al. (2004).

RESULTS AND DISCUSSION
Tissue culture of A. palaestinum
The regeneration of new shoots from primary explants is
a prerequisite for any regeneration protocol. In this study,
the pre-existing buds started to develop earliest from only

the corms and new shoots development was observed
within eight weeks while all other plant material (explants)
showed no growth response. Data obtained in Table 2
indicates that all the tested media for regeneration
produced shoots and medium 6 (5 mg/L BA + 0.1 mg/L
NAA) gave the highest shoots number (1.7) and length (6
cm) (Figure 2a and d) while medium 2 (MS + 1 mg/L BA
+ 0.1 mg/L NAA) gave the lowest shoots number (1) and
length (1.3 cm) (Figure 2b and c). From Table 2, it could
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Figure 3. (a) Root formation. (b) Acclimatized complete plantlets of A. palaestinum.

also be observed that the highest number and length of
roots (3 and 1 cm, respectively) was noticed with medium
1 (MS + 5 mg/L BA) (Figure 2e), whereas, medium 2, 3
and 6 did not show any response for rooting of shoots.
The developed shoots were transferred to MS medium
supplemented with 0.1 mg/L NAA + 5 mg/L BA and
solidified with 2.8 g/L gelrite for multiplication of many
long shoots (Figure 2f). The regenerated shoots were
cultured on rooting medium that consisted of half strength
MS medium + 2 g/L charcoal + 1 mg/L NAA which gave
many long roots, its length was about 7 cm (Figure 3a).
Rooted plantlets were acclimatized successfully with 95%
survival rate (Figure 3b). The regenerated plantlets
established in potting mixture were uniform and identical
to donor plants with respect to growth characteristics and
vegetative morphology.
Our results are in agreement with those of previous
studies (Francis et al., 2007; Sivanesan and Jeong, 2007;
Samantaray and Maiti, 2008) which showed that
combination of cytokinins and auxins triggered the rate of
shoot multiplication in various medicinal plants). The type
of exogenous cytokinin used in the medium has a marked
effect on the frequency of chestnut shoot proliferation
(Carmen et al., 2001). In Plumbago zeylanica, BA was
more effective for shoot bud proliferation than kinetin
(Rout et al., 1999). In tomato, NAA showed the most
positive effect on induction and elongation of lateral roots
such an effect was also observed by Taylor et al. (1998).
For rooting, activated charcoal may absorb toxic substances in the medium and improving root regeneration
and development (Ziv, 1979; Takayama et al., 1980). In
this respect, Takayama et al. (1980) reported an
inhibition of root formation of Lilium by BA and that
inhibition was completely reversed by the addition of
charcoal.
The hardening of in vitro raised plantlets is essential for
better survival and successful establishment (Deb and
Imchen, 2010). In this respect, Shibli et al. (2012)
obtained plantlets from somatic embryos of A.
palaestinum and reported that rooted plants were grown

in greenhouse and acclimatized successfully with a 95%
survival rate. In the present study, there is no feasible
morphological difference among leaves of the in vitro
raised plants, while some differences in root formation
was observed with plantlets grown in media 2, 3 and 6.

Protein profiles
The protein profile system revealed the biochemical
variation and evolutionary relationship among the
plantlets grown on the six regeneration media and mother
plant of A. palaestinum were demonstrated in Figure 4.
The molecular weights of detected bands for all samples
ranged from 7 to 79 KDa. Shoots grown on medium 1
only showed three bands at molecular weights 70, 61 and
46 KDa. There was one band detected at molecular
weight 64 KDa in shoots grown on medium 2 and absent
from the other samples. Also, band with molecular weight
20 KDa was absent in shoots grown on medium 2 and
present in other samples examined. A polypeptide band
of molecular weight 37 KDa was detected only in shoots
grown in medium 3 and not present in all samples.
Moreover, at molecular weight 34 KDa, band was absent
in shoots grown on medium 5 and present in other
samples examined. Similar protein profiles of mother
plant and other plantlets grown in different media were
observed at molecular weight 23 KDa. For donor plant, it
could be observed that four bands were polymorphic
bands at molecular weight of 79, 12, 16 and 13 KDa,
respectively.
In the present study, the difference in protein profiles in
the examined samples suggests that a real genetic
change might have occurred due to the presence of
growth regulators in the regeneration media used and
these results are in agreement with those of Hendriks
and Veries (1995) who detected a group of proteins (54
and 47 KDa) in embryogenic cultures of carrot. Similar
finding was also abserved by Beckmann et al. (1990)
who reported that, SDS-PAGE analysis was used in the
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Case 3
Case 4
Case 5
Case 6
Case 2
Case 1
Case 7
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Distances

Figure 4. (a) SDS-PAGE of regenerated shoots of different A. palaestinum in vitro plants developed on the six
tested regeneration media (1: 6) and control mother plant. Lane M refers to low molecular weight standard
protein marker. (b) Dendrogram for regenerated plants and donor plant constructed from protein analysis data
using un-weighted pair-group arithmetic average (UPGMA) and similarity matrices computed according to dice
coefficients.

Table 3. Distribution of bands and relative mobilities (RF) of α-esterase of A. palaestinum in vitro plants and mother plant.

Primer

5'- Sequence -3'

UBC-815
UBC-818
UBC-824
UBC-825
UBC-834
UBC-840
UBC-843
UBC-844
UBC-845
UBC-846
UBC-850
UBC-857
UBC-864
UBC-873
Total
Average

CTCTCTCTCTCTCTCTG
CACACACACACACACAG
TCTCTCTCTCTCTCTCG
ACACACACACACACACT
AGAGAGAGAGAGAGAGCTT
GAGAGAGAGAGAGAGAYT
CTCTCTCTCTCTCTCTRA
CTCTCTCTCTCTCTCTRC
CTCTCTCTCTCTCTCTRG
CACACACACACACACART
GTGTGTGTGTGTGTGTYC
ACACACACACACACACYG
ATGATGATGATGATGATG
GACAGACAGACAGACA

Size range of the
scorable bands (bp)
510-248
552-317
827-304
418-310
1324-234
641-247
1190-354
748-204
658-200
586-205
756-258
393-191
916-315
616-266

identification of newly biosynthesized proteins. The
obtained α-esterase isozyme banding patterns were
typical for mother plant and plantlets raised from tissue
culture and no polymorphism could be detected as shown

Total
bands
5
3
7
4
6
6
7
8
7
7
5
4
4
5
78
5.6

No. of polymorphic
bands

Polymorphism
(%)

4
0
7
2
2
5
7
4
4
5
4
2
3
4
53
4

80
0
100
50
33.33
83.33
100
50
57.14
71.42
80
50
75
80
65

in Table 3. The obtained data shows that band 1 (RF
0.125) was present in all in vitro plants and donor plant,
while, band 2 (RF 0.173) was absent in all samples
except regenerated plant grown in medium 3. However,
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Table 4. ISSR amplification products of DNA extracted from A. palaestinum in vitro plants and mother plant.

Band number
1
2
3

RF Values
0.125
0.173
0.217

1
+
+

2
+
+

3
+
+
-

4
+
+

5
+
+

6
+
+

7
+
+

1 to 6, the tested regeneration media; 7 mother plant as a control; +, present; -, absent.

band 3 (RF 0.217) was absent from the same medium. In
this connection, Saker and Rady (2003) reported that
analysis of both esterase and peroxidase isozyme
banding patterns does not give any polymorphism in
tissue culture raised male and female papaya plants.

ISSR fingerprinting
In order to assess the genetic stability/instability of the
regenerated plants, ISSR fingerprinting of the plantlets
grown on the six regeneration media and donor mother
plant of A. palaestinum was carried out. A total number of
78 scorable amplified DNA fragments ranging from 1324
to 191 bp were observed using the 14 ISSR primers,
whereas 53 fragments were polymorphic. The 14 primers
produced 65% polymorphism. The highest number of
polymorphic bands (7) was obtained with primers UBC824, UBC-843. The lowest number of polymorphic bands
(2) was observed with primers UBC-825, UBC-234 and
UBC-857 as shown in Table 4.
The highest percentage of polymorphism (100%) was
observed with primers UBC-824 and UBC-843 while the
lowest percentage of polymorphism (33.33%) was
noticed with primer UBC- 834. No polymorphic bands
were detected with primer UBC- 818. The obtained
results showed that the regenerated plants showed
apparent genetic variations when subjected to ISSR
analysis, these results are in agreement with those of Hu
et al. (2007) who noticed that ISSR primers could
produce a high-frequency polymorphism in detection of
somaclonal variation in A. konjac. Similar findings on
genomic variation have been well documented in some
other plants (Diwan and Cregan, 1997; Rahman and
Rajora, 2001; Kawiak and Lojkowska, 2004). Recently,
Biabani et al. (2013) employed 10 ISSR primers to
assess genetic diversity among six populations of
Jatropha from different Asian countries. 143 polymorphic
bands were produced and polymorphism ranged between
46.2 and 60.8% between different genotypes.
Cluster analysis was done on the basis of similarity
coefficients which ranged from 0-0.6 among the 6 tested
regenerated plants and their donor mother plant as
shown (Figure 5). The dendrogram constructed from
UPGMA cluster analysis of the Dice similarity coefficients
was calculated from ISSR data. The dendrogram based
on genetic similarities separated the six samples of A.
palaestinum into two main groups.

The regenerated plant 3 and donor plant 7 was
grouped in the first cluster alone, and all other samples
were grouped in the second cluster, which was separated
into two sub-clusters, the first sub-cluster included in vitro
plant 1 and the second included the other 3 samples
(regenerated plants 4, 5 and 6). The three samples were
classified into two sub-clusters, the first included
regenerated plant 4 and the second included the other 2
samples sub-cluster.

Phytochemical investigation
Ten (10) compounds were detected and present in the
seeds of A. palaestinum and its in vitro culture samples
and identified as: apigenin, apigenin 6,8 di-C-glucoside,
vitexin, isovitexin, orientin, isoorientin, luteolin 7glucoside, quercetin, caffeic acid and isoferulic acid. The
comparison between the HPLC analysis of seeds,
shoots, roots and callus extracts with the identified
compounds were summarized in Table 5.
Five compounds, (apigenin, apigenin 6, 8 di-Cglucoside, isoorientin, quercetin, and caffeic acid) were
present in the shoot. Four compounds, (apigenin 6, 8 diC-glucoside, orientin, isoorientin, and quercetin) were
detected in the root, while two compounds, (apigenin 6, 8
di-C-glucoside and isoorientin) in the callus. Separated
flavonoid peaks were initially identified by direct comparison of their retention time with those of standards.
Standard solution was then added to the sample and
peaks were identified by the increase in their intensity.
This procedure was performed separately for each
standard.
In general, a profound difference of the compounds
was observed between the different analyzed samples.
Some compounds are found in the donor plant and not
detected in shoots, roots and callus raised from tissue
culture. In the present study, five compounds, apigenin,
apigenin 6,8 di-C-glucoside, isovitexin, quercetin and
isoferulic acid were detected in the tested samples for the
first time while the other compounds were isolated before
by Afifi et al. (1999) and El-Desouky et al., (2007a).

Conclusions
In conclusion, survey of published data and open access
patent data base indicated that there is no evidence for
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Figure 5. Dendrogram illustrating coefficient
similarities among 6 regenerated plants (1:6) and
their donor mother plant (7) of A. palaestinum based
on ISSR data.

Table 5. HPLC analysis of seeds & in vitro cultures of A. palaestinum.

Compound
Apigenin
Apigenin 6,8 di-C-glucoside
Vitexin
Isovitexin
Orientin
Isoorientin
Luteolin 7-glucoside
Quercetin
Caffeic acid
Isoferulic acid

Retention
time
39
23.26
26.7
27.25
37.1
39.4
32.9
3.4
22.3
14.9

Seeds

Regenerated
Shoots

Roots of
regenerated shoots

Callus

Previous work
on mother plant

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
-

+
+
+
+
-

+
+
-

+
+
+
+
-

(+) Present; (-) absent.

preceding trials on protein analysis, DNA fingerprinting
and phytochemical investigation of tissue cultures of A.
palaestinum and only one manuscript on in vitro culture
of A. palaestinum via somatic embryogenesis is
published, so there is a huge shortage of information in
this plant which we tried to cover in this study by the
development of in vitro culture protocols and integrated
investigations on genetic studies to better understand its
genetic diversity, re-establishing and clonalization
strategies.
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