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Three problems in the taxonomy of Pancratium in Egypt are the lack of publications, a lack of clarity about the
relationships between recently distinguished species, and the lack of markers for examining the levels and pat-
terns of variation in rare and endemic species; the latter hinders work in plant conservation genetics. In this
study we reassessed the taxonomic status of the Pancratium species of Egypt, and examined morphological and
genetic variation within and between species, using specimens from different populations collected throughout
its distribution range in the country. Our assessment was based on 38 macromorphological characters mainly
representing vegetative parts, flowers, fruits and seeds, in addition to RAPD data. The results revealed five mor-
phologically distinguished Pancratium species in Egypt, of which P. trianthum Herb. is newly recorded. Species
identification was confirmed by two phenetic dendrograms generated with 26 quantitative morphological char-
acters and RAPD data, while species delimitation was verified by principal component analysis. The diagnostic
floral characters are those of the perianth, corona teeth, pistil, stamens, aerial scape, spathe, and number of
flowers. The retrieved RAPD polymorphic bands show better resolution of the morphologically and ecologically
closely allied Pancratium species (P. arabicum and P. maritimum), and also confirm the morphological and eco-
logical divergence of P. tortuosum from the other studied species. These results are supported by the con-
structed UPGMA dendrogram. 
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INTRODUCTION

Pancratium (Asparagales, Amaryllidaceae,
Pancratieae; APG III, 2009) is the most widespread
of all the genera in the Eurasian clade of
Amaryllidaceae. It is a palaeotropical genus com-
prising 16 species distributed in Macaronesia, the
Mediterranean basin, and throughout Africa to trop-
ical Asia, and is also introduced and cultivated in
many countries (Mabberley, 1993). Pancratium can
tolerate extreme climates and inhabits extremely dry
and sandy areas. The plants are geophytic mono-
cots, bulbous herbaceous perennials producing
showy white fragrant flowers with a straight peri-
anth tube and conspicuous corona formed by the
basal connection of the staminal filaments. Owing to
a certain similarity in the flowers' "Pancratioid floral
morphology" the neotropical genus Hymenocallis
Salisb. was originally assigned to Pancratium
(Meerow et al., 2002). However, Pancratium differs
from the closely similar Hymenocallis in its numer-

ous dry seeds with a phytomelan-dark testa.
Pancratium species are economically important and
highly valued medicinally. Several species are culti-
vated for their ornamental uses, to treat cancer with
their unique alkaloids (Ioset et al., 2001), while oth-
ers are of local importance in traditional medicine
or folk practice. Pancratium tenuifolium Hochst. ex
A. Rich. was used in Botswana in a coming-of-age
ceremony (psychoactive properties, Pancratium
TOW; http://lists.ibiblio.org/pipermail/pbs/2004-
March/017456.html). Pancratium trianthum is
employed as a psychoactive agent by the Bushmen
in Dobe, Botswana. The bulb of this species is
repeatedly rubbed over incisions on the head to
induce visual hallucinations (Golden Guide:
Hallucinogenic Plants, http://www.zauberpilz.com/
golden/g21-30.html). Pancratium maritimum
shows anti-fungal activity (Sür-Altiner et al., 1999)
and also is used as a biopesticide, emetic, hypoten-
sive, purgative, and for spleen inflammation
(Stephen Mifsud/www.MaltaWildPlants.com/Malta). 



Habitat loss is currently the greatest threat to
Pancratium; many species are endangered, vulnera-
ble or nearly threatened. Pancratium maritimum is
endangered in its original range, the sandy coasts of
the Mediterranean exposed to the sea (Grassi et al.,
2005). Other species such as P. sickenbergeri are
subjected to heavy grazing (Saltz and Ward, 2000).
When aboveground biomass is lacking, gazelles dig
for underground parts of P. sickenbergeri and may
consume all or part of the bulb, which constitutes
most of the plant's volume.

Like many monocotyledons groups, Pancratium
includes species that are difficult to distinguish due
to shortcomings of publications on the genus, the
lack of studies of wild populations, and problems in
distinguishing floral characters in herbarium speci-
mens. During this study we realized that morpho-
logical variability has led to much confusion about
the exact current number of Pancratium species,
especially in light of the many diagnostic characters
proposed by different authors (Baker, 1898;
Dinsmore, 1933; Andrews, 1956; Maire, 1959;
Morton, 1965; Björnstad, 1973; El Gadi, 1978;
Meikle, 1985; Feinbrun-Dothan, 1986; Heller and
Heyn, 1991; Boulos, 2005). In Egypt, Täckholm and
Drar (1954) recorded four Pancratium species: P.
arabicum, P. maritimum, P. sickenbergeri and P.
tortuosum. Their identification of taxa relied on a
few gross morphological characters. 

In addition to macromorphological characters,
additional genotypic information is required to dif-
ferentiate the studied species and to support taxo-
nomic methods of identification. Sufficient geno-
typic data may be easily obtained using random
amplified polymorphic DNA (RAPD), the simplest

and the most economical technique. RAPD analysis
detects DNA polymorphisms using arbitrary single-
primer polymerase chain reactions (PCR) (Karb et
al., 1996). The technique has been successfully
employed as a molecular marker for estimating the
genetic, taxonomic and phylogenetic relationships
of plants, especially when combined with morphol-
ogy (Williams et al., 1990; Kresovich et al., 1992;
Wachira et al., 1995). The application of RAPD
technique is very limited in the genus Pancratium,
restricted to population genetics, especially that of
Pancratium maritimum. Zahreddine et al. (2004)
surveyed its ecogeographic range and population
dynamics in Lebanon. Grassi et al. (2005) evaluat-
ed genetic distance among its populations from dif-
ferent locations and examined conservation strate-
gies. 

To our knowledge, no attempt has been made to
integrate morphological and molecular data in the
genus Pancratium. In this work we reassessed the
taxonomic status of the Egyptian species and exam-
ined morphological and genetic variation within and
between species, using specimens from different
populations collected throughout its distribution
range in the country.

MATERIAL AND METHODS

PLANT MATERIAL

The present study was based on examination of
Pancratium species kept in the major Egyptian
herbaria [Cairo University (CAI), Agricultural
Museum (CAIM), National Research Centre (CAIRC)]
and authentic specimens kept in the herbarium of
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TABLE 1. Locations, habitats and abbreviations of the examined Pancratium specimens. *– newly recorded



the Royal Botanic Gardens at Kew (K); acronyms
follow Holmgren et al. (1990). Examined living
materials included those collected during field
trips and accessions grown in the greenhouse of
Cairo University. Specimens were identified
according to Täckholm and Drar (1954), Morton
(1965), Björnstad (1973), Täckholm (1974),
Feinbrun-Dothan (1986) and Boulos (2005).
Abbreviations of authors' names follow Brummitt
and Powel (1992).

FIELD STUDIES

During a 4-year period (2002–2006), fresh samples of
the studied Pancratium species were collected, the
vegetative characters were examined, and juvenile
leaves were excised and kept at -20°C for molecular
investigations. Ecological observations of natural pop-
ulations were made in different localities belonging to
three phytogeographic territories of Egypt (Tab. 1).
Seven populations are included in this study: four
populations of P. maritimum from the western
Mediterranean coast, one of P. tortuosum from Gebel
Elba (GE) at the Egyptian-Sudanese border, and one
each of P. sickenbergeri and P. arabicum from the
Mediterranean coast of Sinai Peninsula. For P. tri-
anthum only herbarium specimens were available. In
each of the studied populations about 20 individuals
were randomly collected. Within each population the
distance between collected plants was at least 10 m, in
order to increase the chance of detecting potential vari-
ation. Morphometric measurements were performed
at flowering time and directly in the field in order to
avoid destructive sampling. Voucher specimens are
deposited in CAI.

MORPHOLOGICAL ANALYSIS

The examined morphometric characters were cho-
sen on the basis of differences between species in
vegetative and reproductive parts. Only mature
plants were measured; 38 macromorphological
characters, 26 quantitative and 12 qualitative, were
measured for each of the 50 sampled specimens
(Tab. 2). The criteria mainly represent leaf structure
and floral and fruit morphology. Qualitative charac-
ters were scored 0 for absence and 1 for presence.
OTU scores for quantitative characters were aver-
ages of measurements from at least 10 specimens
when possible. Bearing in mind that herbarium
specimens cannot be regarded as random samples
of the species, we followed Wieringa (1999) by cal-
culating the mean value of the minimum and maxi-
mum measurements. Fresh material of Pancratium
trianthum was not found in Egypt; our herbarium
specimens were in flower and the capsule was not
seen, so capsule size was obtained from the type
specimen (Heudelot 542; K – holotype; P – isotype).

MOLECULAR ANALYSIS

Genomic DNA was extracted from 50 mg of juvenile
leaf tissues in each sample according to Porebsky et
al. (1997) using the modified CTAB protocol (Doyle
and Doyle, 1990). RNA was eliminated by adding 0.7
units of RNAase to each sample. Polymorphism of
DNA in each sample was detected using standard
DNA primers (eleven primers of 10 bases each;
Operon Technologies Inc., Alameda CA). PCRs were
done in a total volume of 50 μl in a Perkin Elmer
Cetus DNA Thermal Cycler (Perkin Elmer-Cetus,
Norwalk, U.S.A.). The developed bands were stained
with ethidium bromide, visualized under UV, pho-
tographed and scored. Pancratium trianthum was
not collected during this study so it was excluded
from molecular analysis.

DATA ANALYSIS

Differences between species were tested by multi-
variate analysis of variance (MANOVA) including all
quantitative characters, performed, followed by uni-
variate ANOVA for each character, using SPSS 10.0
software (SPSS Inc., Chicago IL). Morphological
variability within each species was measured by cal-
culating the coefficient of variance (CV) (Sokal and
Rohlf, 1995). Quantitative morphological data were
converted to a similarity matrix using Euclidean dis-
tance with the SIMINT function. A dendrogram was
generated from the dissimilarity matrix by the
unweighted pair group method with arithmetic
mean (UPGMA) (Sokal and Michener, 1958) with the
SAHN function. The cophenetic correlation coeffi-
cient was calculated with the Mantel test (Mantel,
1967) by comparing the matrix of cophenetic values
with the similarity matrix in order to estimate how
well the dendrogram represents its corresponding
pairwise distance matrix. This was done with the
COPH and MXCOMP modules of NTSYS-pc.
Principal component analysis (PCA) was performed
for the studied 50 samples based on 12 significant-
ly differing quantitative characters using the
Multivariate Statistics Package (MVSP) ver. 3.13 for
Windows (Kovach, 1999). 

RAPD polymorphic bands were scored as pres-
ent (1) or absent (0), and genetic distance values
were calculated based on Jaccard's coefficient
(Anderberg, 1973) using the formula 

Dij=1-(2Bij/Mij), 

where Dij is the distance between genotypes i and j,
Bij is the number of bands common to i and j, and
Mij is the total number of bands scored in i and j.
The expected genetic distance ranged from 0 to 1
depending on the degree of similarity between the
genome of the studied specimens. Sequential
agglomerative hierarchical non-overlapping (SAHN)
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TABLE 2. Characteristics and their categories used in morphological analysis of Pancratium



clustering using UPGMA was then performed, and a
dendrogram was generated as described by Sneath
and Sokal (1973) using NTSYS-pc ver. 2.0. Nei's

genetic distance (Nei, 1978) was calculated to exam-
ine the patterns of genetic differentiation among the
studied species.
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FFiigg..  11.. Comparison of Pancratium species using boxplots of 12 of the quantitative morphological characters examined.
Pm – Pancratium maritimum; Pa – P. arabicum; Ps – P. sickenbergeri; Pto – P. tortuosum; Ptr – P. trianthum; – medi-
an; *outlier; box – 90th percentile; lines – minimum-maximum.



RESULTS

MORPHOLOGICAL TRAITS

All characters showed normal distributions except
free filament length (FFL), flower number (FLN),
perianth tube length (FLPRTL) and fruit length
(FRL), which were highly asymmetric. Normality for
these four traits was obtained after square root
transformation. Univariate ANOVA revealed signifi-
cant differences for 12 of the 26 quantitative exam-
ined characters. Figure 1 shows boxplots for varia-
tion of the quantitative characters, highlighting
species polymorphism and overlap of variation
ranges between species. 

Figure 2 gives the UPGMA phenogram of the
studied species. The cophenetic correlation of the
distance matrix and tree matrix was 0.90 (Mantel
test, p<0.0002), indicating good fit of the
phenogram to the distance matrix (Rohlf, 1998).
Four species-specific clusters were distinguished at
80% similarity level. The first cluster includes all
specimens belonging to Pancratium arabicum with
long anthers, large seeds and several flower num-
bers. The second cluster contains all specimens of

P. sickenbergeri characterized by short flower peri-
anth tube, few flowers, and short spathe, flowers,
free filaments, styles, fruits and seeds. The third
cluster comprises all specimens of Pancratium tor-
tuosum and P. trianthum with long spathe, flowers,
free filaments, flower perianth segments, corona
teeth and styles. The fourth cluster, which includes
specimens of P. maritimum, did not show morpho-
logical variability. Separation of means by the Tukey
test showed that no single character strictly dis-
criminated one species from all others. The num-
bers of significant differences between the five stud-
ied species based on quantitative morphological
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FFiigg..  22.. UPGMA dendrogram based on 12 quantitative morphological characters of Pancratium. 1, 2, 3, 4 – four distin-
guished groups; S – sample.

TABLE 3. Significant differences between the five species
of Pancratium for the 12 studied quantitative characters,
by the Tukey test. For species abbreviations see Table 1



characters are shown in Table 3. Interestingly, the
majority (10–12) of significantly differing morpho-
logical traits showed a higher number of significant
differences between P. trianthum and both P. ara-
bicum and P. maritimum than between it and the
other two species (P. sickenbergeri and P. tortuo-
sum). Pancratiumm trianthum was also distin-
guished from the other four species by its higher
coefficients of variation. The traits that distinguish
P. arabicum from others, which are flower number
(FLN), anther length (AL), fruit length (FRL) and
seed length (SDL), are significant (Tab. 4).

PCA based on the 12 significantly differing
quantitative characters (Fig. 3) explained 70.18% of
the total variation. Axis one explained 33.61%, axis
two 21.47%, and axis three 15.09%. Corona teeth
length (CTL), flower number (FLN), flower length
(FLL), length of flower perianth (FLPRL) and flower
perianth tube length (FLPRTL) were more correlat-
ed with each other and showed the highest loadings
in relation to PC1 (Tabs. 5, 6). Although the lengths
of the style (STL), anther (AL), seed (SDL), fruit
(FRL), spathe (SPL) and free filament (FFL) were less
correlated and contributed weakly to PC1, they had
significant loadings in relation to PC2 (Tabs. 5, 6). 

MOLECULAR DIFFERENTIATION

Eleven 10-mer random oligonucleotide primers
(selected from 28 screening primers) were used to
amplify the genomic DNA of Pancratium. A total of
140 RAPD markers were produced and 111
(74.13%) were polymorphic at species level; the data
are outlined in Figure 4. This indicates that plants of
the genus Pancratium show high genetic diversity
and distinct genetic variation both between and

within species. The number of loci amplified by each
primer clearly differed (17 bands by OPC-08, only
one by OPB-15; Tab. 7). 

The developed polymorphic bands distin-
guished P. arabicum from other species (character-
istic bands at, e.g., 830 and 407 bp for OPA-02,
1129 bp for OPC-03, 2113 bp for OPC-04). The
bands at 764 bp (OPA-02), 954 and 680 bp (OPC-
03), and 1520 and 685 bp (OPC-04) differentiated 
P. maritimum. P. sickenbergeri is differentiated by
the bands at 340 bp (OPA-02), 1000 and 584 bp
(OPA-11), and others (Fig. 4). These species-specific
RAPD markers are potentially useful for identifying
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TABLE 4. Means, coefficients of variation (%) and F statistics for 12 quantitative characters giving a significant result
by ANOVA. F – significant at 1% (**); d.f. – degrees of freedom. For character abbreviations see Table 2

TABLE 5. Loadings of 12 quantitative morphological char-
acters on the first three PCA axes. Figures in boldface are
the highest loadings. For character abbreviations see
Table 2



Pancratium species within any mixed population. 
A similar approach has been used successfully for
molecular diagnosis of species and cultivars by
many workers (Sosinski and Doucher, 1996;
Yamamoto and Duich, 1994).

Further analysis of these RAPD profiles for
band similarity indices clearly differentiated all the
species of Pancratium. Table 8 presents the simi-
larity matrix obtained after multivariate analysis
using Nei's genetic distance (Nei, 1978). It shows
that P. tortuosum has about 56%, 51% and 49%
similarity with P. arabicum, P. maritimum and 
P. sickenbergeri respectively. All the species share
more than 15% similarity. The UPGMA dendrogram
(Fig. 5) obtained from RAPD results fitted the calcu-
lated genetic distance, and grouped the four

Pancratium species into three main clusters; the
first cluster includes P. tortuosum, the second 
P. sickenbergeri, and the third the closely allied
species P. arabicum and P. maritimum. 

DISCUSSION

MORPHOLOGICAL TRAITS

Our data indicate that five morphologically distin-
guished Pancratium species occur in Egypt, of
which P. arabicum is endemic and P. trianthum
Herb. is newly recorded (El-Hadidy et al., 2011).

The bulbs of the different species vary in size
but are uniform in general characters. In
Pancratium maritimum the bulbs are smooth-
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FFiigg..  33.. Principal component analysis (PCA) of the examined specimens based on 12 quantitative morphological charac-
ters (arrows), together with their clusters (1, 2, 3, 4). For species see Table 1; for character abbreviations see Table 2. 
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TABLE 6. Coefficients of correlation between the quantitative characters. For character abbreviations see Table 2; 
* – P<0.05,  ** – P<0.01

FFiigg..  44.. RAPD fingerprinting patterns of four species of Pancratium generated by 11 primers. PA – Pancratium
arabicum; PM – P. maritimum; PS – P. sickenbergeri; PT – P. tortuosum; M – 100 kb ladder. 



skinned and with brownish tunics, and in the others
are rough and dark to blackish or greyishbrown.
Tunics sometimes show characters correlated with
ecological conditions. Thus, species confined to
desert habitats often have darker tunics.

Although variable within species, leaf length
may be sorted into two categories. The first has
small to medium-sized leaves 10–40 cm long; the
leaf blade is narrow (0.3–1.0 cm diam) and gradual-
ly tapers to an acute apex. Three species belong to
this category: Pancratium tortuosum, P. tortuosum
and P. trianthum. In the second category, two
species have large leaves: P. maritimum (up to 60
cm long) and P. arabicum (up to 80 cm long). The
large leaves are broader [1.0–2.5(–3.0) cm diam]
and narrow abruptly to an obtuse to subacute apex.
In this study the width of leaves and the leaf apex
proved useful in separating species of the same cat-
egory into the two leaf-size categories, while leaf base
and curvature were important in distinguishing
species within the same category. Pancratium tri-
anthum is unique in its long attenuate leaf base,
while P. arabicum and P. tortuosum possess a scar-
ious-membranous sheath. In the others, the base is

truncate and the sheath is absent. Leaf blades are
spirally twisted in P. sickenbergeri and P. tortuo-
sum, slightly twisted near the apex in P. maritimum,
P. arabicum and P. trianthum. There is inter- and
intraspecific variation in number of leaves, limiting
its diagnostic value. 

Different characters of the spathe (number,
shape, size and flower/spathe length ratio) are of tax-
onomic significance in recognizing certain species
and in separating closely allied species. The spathe
ranges from 3 to 9 cm long. The spathes are short
(3–5 cm long) in Pancratium tortuosum and longer
[(4–)5–9 cm long] in most of the studied species; the
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TABLE 7. Sequences, size, number of polymorphic bands and percentages as generated by 11 arbitrary primers 

TABLE 8. Genetic distance between four studied
Pancratium species based on Nei's index. Pa –
Pancratium arabicum, Pm – P. maritimum, Ps – P. sick-
enbergeri, Pto – P. tortuosum

FFiigg..  55.. Dendrogram of cluster analysis of RAPD markers,
illustrating the genetic relationships among four species of
Pancratium. 1, 2, 3 – three distinguished clusters. For
species abbreviations see Table 8 and Figure 4.



spathe is narrow (1–2 cm diam.) in P. tortuosum, 
P. tortuosum and P. maritimum, broader (2–3 cm
diam.) in P. arabicum, and broadest (up to 4 cm
diam.) in P. trianthum. Flower/spathe length ratio
differentiates two groups: the first with a ratio of 3
or more in (P. tortuosum, P. trianthum), and the
others with a ratio less than three.

The number of flowers, which varies from 2 to
14, is often a taxonomically useful character. Few-
flowered species (2–5) can be distinguished from
many-flowered species (5–14). The few-flowered
species are P. sickenbergeri, P. tortuosum and P.
trianthum; the many-flowered species are P. mariti-
mum and P. arabicum. Reduction of flower number
is usually considered the derived state in
Amaryllidaceae (Traub, 1963).

The perianth of Pancratium consists of six tepals
in two whorls, basally connate into a tube of varying
length. In large flowers the perianth is long (16–22 cm
long), with a well developed perianth tube (11–16 cm
long) and with long perianth segments (5–7 cm long).
Here the length of the perianth tube is 2–3 times
longer than the perianth segments. Pancratium tor-
tuosum and P. trianthum belong to this category. The
medium-sized flowers possess a medium perianth
[(8–)9–16 cm long] with a less developed tube (5–12
cm long) and with short to long segments (3–7 cm
long). Here the length of the tube is 1.5–2 times longer
than the segments. Pancratium maritimum and 
P. arabicum belong to this category. These two
species are closely allied and may be distinguished by
their perianth tube and perianth segments (length,
diameter of the green midstripe). In Pancratium mar-
itimum the perianth tube is 5–8 cm long, the perianth
segments are short (3–5 cm long) and with a narrow
(2–4 mm diam) green midstripe. In P. arabicum the
perianth tube is 8–12 cm long and the perianth seg-
ments are long (5–7 cm long) with a broad (4–6 mm
diam) green mid-stripe. Pancratium tortuosum, with
the smallest flowers, is characterized by its short peri-
anth (6–9 cm long), short tube (2–4 cm long) and
short segments (3–5 cm long). It is unique in pos-
sessing a tube that is commonly shorter than or
rarely equal in length to the segments.

Style characters (color, length) are useful taxo-
nomic characters which have been ignored by some
workers. In Egypt, Pancratium trianthum and 
P. tortuosum are unique in possessing a glaucous
style. The species may be sorted into three groups
on the basis of style length. It is short [6–8 cm long]
in P. sickenbergeri, medium [(>8–)10–16 cm long]
in P. maritimum and P. arabicum, and long
[>16–22 cm long] in P. tortuosum and P. trianthum.

The relation of the free filament to the anther
differentiates two categories: the first has the free
part of the filament as long as or commonly longer
than the anther (Pancratium tortuosum, P. tri-
anthum). In the second the free filament is com-

monly shorter or rarely subequal (P. maritimum, 
P. arabicum, P. sickenbergeri).

Capsule width is useful in separating certain
species. It is less than 2 cm in diameter in
Pancratium tortuosum, P. tortuosum and P. tri-
anthum, and more than 2 cm in diameter in P. mar-
itimum and P. arabicum. The last two species may
be separated by capsule length: 1.5–2.5 cm in P.
maritimum, (2.5–)3–4 cm in P. arabicum.

CONVERGENCE BETWEEN MORPHOLOGICAL 
AND MOLECULAR DIFFERENTIATION

The genetic diversity and interspecific relationships
between the studied species are presented in Figure 5.
Genetic diversity generally is the result of long-term
evolution and represents the evolutionary potential of
a species. Surviving in a harsh environment, a species
is subject to change in some aspects and accumulates
more genetic variation in order to adapt itself to vari-
ous environmental pressures (Li et al., 1999). Genetic
diversity in this study was high, and exceeded 70%
both between and within Pancratium species, indi-
cating both high genetic diversity and abundant genet-
ic variation in the genus.

RAPD data in this study gave better resolution of
Pancratium arabicum and P. maritimum, which
show morphologically and ecologically related charac-
ters. A number of polymorphic bands appeared with 6
of the 11 used primers, separating P. arabicum from
the other studied species. The RAPD primers con-
firmed the morphological and ecological divergence of
P. tortuosum from the other studied species; it had the
largest number of polymorphic bands (35 out of 82;
Fig. 4). The constructed dendrogram (Fig. 5) shows
the close affinity between P. arabicum and P. mariti-
mum, while P. tortuosum is the most distant species
on the dendrogram. The overall data from molecular
markers support those revealed by morphology.
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