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STEM FASCIATION IN CACTI AND SUCCULENT
SPECIES — TISSUE ANATOMY, PROTEIN PATTERN
AND RAPD POLYMORPHISMS
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Fasciated and normal stem segments of Opuntia microdasys, Opuntia cylindrica, Huernia primulina and
Euphorbia lactea were collected from the same plant and compared for their anatomy, water relations and
genetic variations. Anatomical differences in terms of thickness of cuticle, vascular bundle, xylem and
phloem were analyzed in both normal and fasciated stems. The mucilage cells were higher in the fasci-
ated form of Opuntia microdasys than that in the normal form. Water status in terms of total water content
(TWC), water deficit and relative water content (RWC) was influenced by fasciation. Genetic variations
were tested in normal and fasciated stems using randomly amplified polymorphic DNA (RAPD) finger-
prints and SDS-PAGE of soluble protein extracts. SDS-PAGE protein and RAPD analysis confirmed that
normal and fasciated tissues were genetically different. Polymerase chain reaction (PCR) yielded differ-
ent polymorphic banding patterns that were unique to each primer and distinguishable over all samples.
The PCR results of normal and fasciated samples were significantly different in cases of primers P1, P2
and P3. These results indicate that occurrence of fasciation in Opuntia microdasys, Opuntia cylindrica,
Huernia primulina and Euphorbia lactea is an epigenetic mutation of tissues.
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INTRODUCTION

Fasciation (from Latin fascia) is an abnormal cohesion of organs and widespread
phenomenon that may randomly affect the vascular plants in nature and in culture.
Fasciation was described in 107 families of higher plants, both angio- and gymno-
spermous [1]. It may occur in the morphology of plant organs and typically involves
broadening of the shoot apical meristem, flattening the stems and changes in leaf
arrangement [11]. Many causes were noted that lead to the development of fasciated
forms, e.g. various infections, traumas of apical meristem, mutations, deficit of
microelements, etc. [1, 22]. Fasciated mutants were included in plant breeding pro-
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grams for their ornamental characteristics and are widely cultivated by commercial
growers [5, 16, 36]. Some fasciations are perceived as real living sculptures and are
sought after by horticulturists and collectors. They might be very attractive when pot-
ted hence have ornamental values [35]. Fasciation is a frequent phenomenon in
Cactaceae and in many other succulent species of Euphorbiaceae, Crassulaceae and
Asclepiadaceae. A simple fasciation is different from monstrosity, where axils (are-
oles) are multiple-activated and the apical meristem stops growing. All column-like
and globular cacti, as well as Opuntias, can be infected by this anomaly. According
to origin, fasciations are classified as physiological and genetic but little is known on
their epigenetic nature at molecular level [2, 3, 10, 32, 38]. The objective of the pre-
sent study was to investigate the tissue anatomy, protein pattern and DNA fingerprint
of normal versus fasciated stems of Opuntia microdasys, Opuntia cylindrica, Huernia
primulina and Euphorbia lactea.

MATERIALS AND METHODS
Plant materials

Fasciated and normal stem segments from the same plant of Opuntia microdasys and
Opuntia cylindrica (Cactaceae); Huernia primulina (Asclepiadaceae) and Euphorbia
lactea (Euphorbiaceae) were used in this study. The plants were purchased from a
local nursery and grown in clay pots (20 cm diameter) containing a mixture of clay:
sand (1:1, v/v). They were irrigated once a week during summer season and once a
month during winter season. The plants were grown under 50% shade net and a com-
pound fertilizer at 1 g L-! was applied once a month.

Anatomical observations

Specimens of the fasciated and normal stems were collected from the surface part
(about 0.5 ¢cm?3 in size) of the plants, and fixed in FAA (Formaldehyde — Acetic acid
— Ethanol) solution that contained 96% ethyl alcohol, glacial acetic acid and 40%
formalin (1:18:1, v/). Then the specimens were washed and dehydrated in alcohol
series. The dehydrated specimens were infiltrated and embedded in paraffin wax
(52-54 °C m. p.). The embedded specimens were sectioned on a rotary microtome at
thickness of 10-12 um. Sections were mounted on slides and deparaffinised, and
stained with safranine and light green, following with clearing in xylol and finally
mounted in Canada balsam [29]. Three slides were examined in each case with a light
Microscope (Leica DM LS) and photographed with a digital camera (Leica DC 300),
and analyzed by Leica IM 1000 image manager software, which was calibrated with
1 cm stage micrometer scaled at 100 um increment (Leitz Wetzlar, Germany, 604364)
at 4x and 10x magnifications.
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Water contents

The percentages of total water content, relative water content and water deficit were
determined in normal and fasciated stems. For determination of total water content,
one gram was weighed and dried for 48 h at 80 °C. The water content was expressed
as percentage of the fresh weight. Relative water content was determined and calcu-
lated from the following relationship: (W gesh—War)/(Wiurgia— Wary) X 100, where
Wiesn 18 the weight of freshly harvested sample, Wy,,iq is the turgid weight after
saturating the sample with distilled water for 24 h at 4 °C, and Wy, is the oven-dry
(70 °C for 48 h) weight of the sample [37]. Water deficit was calculated as
[(SW-FW)/(SW-DW)] *100 (%) where SW is saturated weight, FW is fresh weight
and DW is dry weight according to Kalapos [12].

SDS-PAGE protein patterns

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out according to
Laemmli [17] as modified by Studier [33]. Protein was extracted by homogenizing
200 mg fresh leaf samples in 1.5 ml extraction buffer (10 g sucrose, 5 ml 2-mercap-
toethanol, 2.0 g SDS and 2.422 g Trizma base, pH 8.5 and made up to 100 ml with
distilled water), then the samples were centrifuged for 10 min at 10,000 rpm. Protein
samples (40 ug each) were mixed with an equal volume of buffer containing 0.025 M
Tris—HCL, pH 6.8, 4% SDS, 20% Glycerol, 10% 2 mercaptoethanol and bromophenol
blue. The so prepared mixture was heated in a water bath for 3 minutes at 96 °C,
Protein samples were separated in 12% polyacrylamide gel electrophoresis. Protein
bands were visualized using Coomassie blue dye.

Plant DNA extraction and RAPD-PCR conditions

Isolation of DNA was carried out according to the CTAB method of Doyle and
Doyle [6]. PCR reactions were conducted by 13 mer primers (Metabion, Germany,
Table 1) Amplification was carried out in 25 pl reaction volume containing the fol-
lowing reagents: 1.0 pl of ANTPs (10 mM), 1.0 pl of MgCl, (25 mM), 5 ul of 10x
buffer, 1.0 pl of primer (10 pmol), 1.0 pl of DNA (25 ng pl/), 0.3 ul of Taq polymer-
ase (5 u/pl) and 15.7 pl dH,O. Amplification was carried out in MJ Mini Bio RAD,
thermal cycler as follows: one cycle at 94 °C for 5 min followed by 40 cycles at
95 °C for 1 min; 37 °C for 1 min and 72 °C for 2 min. The reaction was finally incu-
bated at 72 °C for 7 min. The RAPD products were electrophoresed in 1.5% agarose
gel in TAE buffer at 75 V. The gel was stained with Ethidium bromide and photo-
graphed by gel documentation system (UVITEC, UK).
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List of RAPD primers and polymorphism percgz'cbefgei obtained in normal and fasciated cacti species
Primers Sequences No. of bands *M *P Polymorphism %
P1 5-CCGACTCTGGCGA-3 8 2 6 75
P2 5-GTAAGCCGAGACA-3 10 1 90
P3 5-ACCTGCCAACATA-3 13 2 11 84.6
P4 5-GTAGGTCGCAGGT-3 7 6 1 14.3
P5 5-TCGTGGCACATAC-3 7 0
P6 5-TGTACGGCACACG-3 4 4 0
49 22 27 55.1

*M — Monomorphic bands; *P — polymorphic bands.

Statistical analysis

Data were subjected to Duncan’s multiple range tests using SAS program (Version
6.12, SAS Institute Inc., Cary, USA).

RESULTS AND DISCUSSION
Morphological features

Morphological differences were clearly visible in fasciated plants compared with
normal plants. Normal form of Opuntia microdasys was elongated and has sharp
spines while fasciated forms had a spherical shape without spines. The normal form
of Opuntia cylindrica was regular and has a cylindrical shape but the fasciated form
has irregular shape. Dense and small spines were found in the fasciated form com-
pared to the normal form. The normal form of Huernia primulina was elongated and
had a cone-like shape while the fasciated form was flat. The normal form of
Euphorbia lactea had regular shape while the cristated form had irregular shapes.
Fasciation was typically characterized by the development of flattened organs and
plant parts, most commonly on stem and inflorescences. CLAVATA1 mutant of
Arabidopsis plants have enlarged apical vegetative and floral meristems, leading to
fasciation, altered phylotaxis, and extra floral organs and whorls [4]. Similarly, fas-
ciation in pea is characterized by abnormal enlargement of the stem apical meristem
leading to distortions in shoot structure [30, 31]. Fasciated shoots of Betula pendula
induced in vitro as well as Prunus avium and Fraxinus excelsior formed flattened
stems with densely arranged lanceolate leaves that were dramatically increased in
size [11, 15, 23].

Acta Biologica Hungarica 64, 2013



€10 ‘#9 voLwSungy vardojorg VoY

&l Worp v e
e’ 4

R S BN LN

Opuntia cylindrica

Fig. 1. Portions of stem and cross sections in the outer parts of Opuntia microdasys and Opuntia cylindrica showing normal (A, B) and fasciated growth
(C, D). EP — epidermis; SE — subepidermical cells; PC — parenchyma cells; S — spine; C — cuticle; MC — mucilage cells
(Bar: A,C=1cmand B, D =500 pm)
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Fig. 2. Portions of stem and cross sections in the outer parts of Huernia primulina showing normal (A-D)
and fasciated growth (E-H). EP — epidermis; SE — subepidermical cells; PC — parenchyma cells;
S — spine; VB — vascular bundle (Bar: A, E =1 cm; B, C, D, F, G and H = 500 pm)
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Fig. 3. Portions of stem and cross sections in the outer parts of Euphorbia lactea showing normal (A—C) and fasciated growth (D—F). EP — epidermis;
PC — parenchyma cells; VB — vascular bundle; C — cuticle (Bar: A, C=1 cm and B, D = 500 um)
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Anatomical features

Thickness of cuticle, vascular bundle, xylem and phloem were investigated (Table 2).
In Opuntia microdasys, cross sections through the outer portion of stem showed that
fasciated form was characterized by the highest thickness value of sub-epidermal cell
layers compared to that of the normal form. The normal form was characterized by
the highest thickness values of vascular bundles, xylem and phloem tissues. Mucilage
cells were higher in the fasciated form than that in the normal form (Fig. 1). Thickness
of cuticle layer, vascular bundle, xylem and phloem tissues in the normal form of
Opuntia cylindrica were higher than the fasciated form (Fig. 1). For Huernia prim-
ulina, the normal form had the highest thickness value of cuticle while the highest
thickness values of vascular bundles and xylem tissue were found in the fasciated
form. No differences were found in phloem thickness between the normal and fasci-
ated form (Fig. 2). Unlike the other species, the fasciated form of Euphorbia lactea
had the highest thickness values of cuticle layer, vascular bundles, xylem and phloem
tissues compared to that of the normal form (Fig. 3). The most obvious sign of fas-
ciation is a change of the shape of cross stem sections from circular to elliptical or
irregular. In normal shoots of most plants, the vascular bundles and stem vascular
tissues are typically arranged in a concentric ring around the iso-diametric pith. In
contrast, fasciated stems have bilateral symmetry or elliptical arrangement of vascu-
lar bundles and the stem cross-sections are flattened or irregular in shape [7, 15, 23,
24]. Elliptical or irregular cross sections are a common feature of the developing
fasciated shoots in plants cultivated in vivo as well [19, 30, 31, 34].

Table 2
Thickness of cuticle, vascular bundle, xylem and phloem in normal and fasciated stems
of Opuntia microdasys, Opuntia cylindrica, Huernia primulina and Euphorbia lactea.
Data are means of 8 replicates

. . Vascul
Plant species Type Cuticle (um) buni(llslzu(sfn) Xylem (um) Phloem (pm)
Opuntia microdasys | Normal - 265.6+1.27c¢ | 199.2+£2.53 ¢ | 663+037c
Fasciated - 132.84+0.87 ¢ 83.0+2.23 f 48.8+0.20 ¢
Opuntia cylindrica | Normal 15+0.50 a 664+2.33 a 531.2+1.57a | 132.8+1.23 a
Fasciated 7.5+0.17 ¢ 498+2.11b 381.8£1.50b | 116.2+0.63 b
Huernia primulina | Normal 5+£0.13d 132.8+0.13 ¢ 83.2+£0.83 f 49.8+0.30 ¢
Fasciated | 2.1+0.07 e 149.4£1.07d | 99.6+1.17d 49.84£0.40 ¢
Euphorbia lactea Normal 7.6+0.09 ¢ 116.2+1.99 f | 83.0+£0.53 f 332+0.13 f
Fasciated | 12.5+0.30b | 149.4+£0.60d | 91.3+0.67 ¢ 58.1+£0.14 d

Means within columns followed by the same letter are not significantly different according to the
Duncan’s multiple range test at 5% level.
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Water relations

Total and relative water contents as well as water deficit were determined in order to
understand how water status was influenced by fasciation (Table 3). Fasciated form
of Opuntia microdasys and Opuntia cylindrica showed higher TWC than that in nor-
mal form while Fasciated form of Huernia primulina showed lower TWC than that
in normal form. Similar TWC of fasciated and normal Euphorbia lactea was
observed. Fasciated form of Huernia primulina showed higher RWC than that in
normal form. However, RWC in fasciated forms of other species was lower or similar
that in normal forms. Water deficit in fasciated stems of Opuntia cylindrica and
Euphorbia lactea was higher than that of normal ones. However, fasciated stems of
Opuntia microdasys and Huernia primulina showed lower water deficit than that of
normal ones. These results suggest that water availability could be a causal factor of
fasciation and that acquisition of water in fasciated organs is different of that in nor-
mal organs. RWC affects the physiology of the cell in several ways, including
changes in intercellular organelle positions as well as cell wall shrinkage [7, 9, 20].

Table 3
Total water content (TWC), water deficit (WD) and relative water content (RWC) of normal
and fasciated stems of Opuntia microdasys, Huernia primulina, Opuntia cylindrica
and Euphorbia lactea. Data are means of 8 replicates

Plant species Type TWC (%) WD (%) RWC (%)
Opuntia microdasys Normal 91.4+0.74 b2 89.6+0.70 a 10.3+0.33 d
Fasciated 92.5+0.96 a 88.4+0.49 a 11.5+£0.31d
Opuntia cylindrica Normal 50.9+0.36 d 69.1+0.65 ¢ 30.9+0.89 b
Fasciated 90.1+£0.92 b 90.6+0.25 a 9.44+0.38d
Huernia primulina Normal 91.5£0.51b 73.5£0.46 b 26.4+0.37 ¢
Fasciated 84.6+0.16 ¢ 59.5+0.74 d 40.4+0.83 a
Euphorbia lactea Normal 93.3+0.22 a 66.0+0.11 ¢ 33.9+091 b
Fasciated 93.51+0.23 a 69.8+0.27 ¢ 30.1+£0.23 b

Means within columns followed by the same letter are not significantly different according to the
Duncan’s multiple range test at 5% level.

Protein patterns

Proteins banding pattern was compared in normal and fasciated cacti species. The
results showed that the protein banding pattern and the quantity of bands were not the
same in the two groups (normal and fasciated ones), and there were distinctive differ-
ences between them (Table 4). In fasciated Opuntia microdasys and Opuntia cylin-
drica, a new band with a molecular mass of 27.4 and 53.7 KDa formed in comparison
with normal ones, respectively. In fasciated Huernia primulina, a new band with a
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Table 4

Protein banding profile of normal and fasciated stems of Opuntia microdasys, Huernia primulina, Opuntia cylindrica and Euphorbia lactea

(shaded boxes — band present vs. absent)

Plant species

Protein bands KDa

Forms

20.9

18.9

14.4

Opuntia
microdasys -
Fasciated
Opuntia Normal
cylindrica -
Fasciated
Huernia Normal
primulina -
Fasciated
Euphorbia | Normal
lactea -
Fasciated
Frequency

0.3

0.1

0.1

0.1

1483
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molecular mass of 53.7 KDa formed and four bands with molecular mass of 31.4,
20.9, 18.9 and 15.9 KDa disappeared. In fasciated Euphorbia lactea, three new bands
with molecular mass of 57.5, 53.7 and 27.4 KDa formed. Thus, SDS-PAGE analysis
of protein banding supports the findings that the distribution of bands of fasciated
form is unlike that of normal ones. Fasciation of Opuntia microdasys, Opuntia cylin-
drica, and Euphorbia lactea was associated with the formation of new protein bands
while fasciation of Huernia primulina lacks protein components that are present in
normal form. SDS-PAGE has been widely used to identify variations in protein pat-
tern of plant species [4, 13, 21].

RAPD-PCR analysis

RAPD-DNA markers were used in order to investigate whether genetic variations
occurred in the fasciated stems. Out of 10 primers used for amplification, six primers
amplified scorable bands (Table 1). RAPD primers yielded different polymorphic
banding patterns that were unique to each primer and distinguishable over the tested
genotypes (Fig. 4). Variation in the ability to produce RAPD fragments depended on
the primer and the genus. RAPD primers produced 49 bands in all genotypes studied,
of them 27 bands (55.1%) were polymorphic while 22 (44.9%) were common in the
tested genotypes. The banding profile based on RAPD primers, PS5 and P6 showed
that both normal and fasciated stems of the tested genotypes have the same banding
patterns consequently, using these two primers the normal and fasciated forms could
not be distinguished. On the other hand, primers, P1 and P2 and P3 showed different
RAPD profile among the normal and fasciated stems over all the tested genotypes,
indicating genetic variations in the fascinated forms (Fig. 4). Moreover primer P4
gave two unique bands in the normal and fasciated forms of the Huernia primulina
and Euphorbia lactea, respectively (Fig. 4; lanes 5 and 7). Recently, many techniques
have been developed to detect and identify genetic variations [28]. Molecular tech-
niques such as RAPD, for instance, are a quick and reliable method that could sig-
nificantly detect small genetic changes in plants, [39]. It has been revealed to be a
potential marker for distinguishing genetic variation [8, 10, 27, 40]. Also, RAPD
analysis using PCR in association with short primers of arbitrary sequence has been
demonstrated to be sensitive in detecting variation among individuals [26]. Fasciations
are classified as physiological or genetic according to origin. Physiological fascia-
tions are caused by natural environmental factors or artificial treatments including
exogenously applied growth regulators [11]. In some cases, co-occurrence of fascia-
tions in different cactus species in certain habitats suggests an environmentally-
related cause, perhaps physical or biotic stimuli. The tendency toward fasciation is
transmissible by budding and grafting once the plant develops a fasciation. Many
species exhibit true-breeding fasciated lines, although the expression of the character
is very dependent on environmental conditions. Because the gene conditioning fas-
ciation exhibits incomplete penetrance, the character may assume any of many
degrees of expression.
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Fig. 4. RAPD fingerprints of normal (1) and fasciated (2) stem of Opuntia microdasys. DNA from normal (3) and fasciated (4) stem of Huernia primulina;
DNA from normal (5) and fasciated (6) stem Opuntia cylindrica; and DNA from normal (7) and fasciated (8) stem of Euphorbia lactea. Polymorphic
(P1-P4) and monomorphic (PS5, P6) RAPD primers are indicated. Lane M is DNA 100bp size marker
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The results of the present study showed that normal and fasciated stems of Opuntia
microdasys, Opuntia cylindrica, Huernia primulina and Euphorbia lactea showed
clear differences in terms of their morphology, anatomy, water status, protein and
DNA. It is concluded that the occurrence of fasciation in these species is an epige-
netic mutation.
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