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TAXONOMIC IMPLICATION OF POLLEN MORPHOLOGY AND SEED PROTEIN
ELECTROPHORESIS OF SOME SPECIES OF SOLANACEAE IN EGYPT

Abbas A. El- Ghamery, Azza A. F. Khafagi and Osama G. Ragab
Botany and Microbiology Department, Faculty of Science, Al-Azhar University, Cairo, Egypt

ABSTRACT

The pollen morphology and seed protein electrophoresis of 24 species, representing seven genera
of Solanaceae were studied to determine the significance as taxonomic characters. Pollen
morphological characters: including type, size, shape and ornamentation were investigated by using
light and scanning electron microscopy (SEM). The pollen differed in type, size and shape and also
seven types of ornamentation were recorded in the different species in this study. The storage seed
protein was determined by using gel electrophoresis. The number of protein bands was detected with
different molecular weights and ranged from 25 KDa to 77 KDa. The results of the two criteria were
represented in the dendrogram which showed that species grouped into two major clusters, the first
cluster (1) contains 12 species, while the second cluster (I1) comprises 12 species and which can be
divided into two groups. The results indicate that the morphological characteristics of pollen
morphology and seed protein electrophoresis appeared to be of significant importance in

differentiation and identification of studied taxa of Solanaceae.
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INTRODUCTION

The Solanaceae is one of the most
important and large families of flowering
plants. The family is widely distributed in a
diversity range of ecological habitats in both
tropical and temperate regions. It consists of
about 92-98 genera and 2300-2700 species
(Wettstein 1895, D’Arcy 1991, Hunziker
2001 and Olmstead and Bohs 2007).

In Egypt Solanaceae is a well-represented
family, about 30-33 wild species belonging to
eight genera according to (Tackholm 1974 and
Boulos 1995, 2002 and 2009). Moreover
(Hepper 1998) reported that the family is
represented by 25 genera and about 91 wild and
cultivated species.

The first systematic classification of the
Solanaceae was proposed by (Dunal 1852) and
consisted of a division of the 61 genera known
at the time, into two tribes and 11 subtribes,
while (Wettstein 1895) divided the Solanaceae
into two series A and B which comprises three
and two tribes respectively. Later on Hunziker
(2001) classified the family into 6 subfamilies
and about 21 tribes.

The described of the pollen morphology of
various members of the family Solanaceae has been
studied by different workers from time to time, such
as (Natarjan 1957, Murray and Eshbaug 1979,
Sharma 1974, Anderson and Gensel 1976, Palri
and Koche 1976, Anderson 1977, Srivastava 1977,
Edmonds 1984, Gentry 1986, Bernardello and
Lujan 1997, Plowman 1998, Persson et al., 1999,
Perveen and Qaiser 2007, Hayrapetyan 2008, Al-
Quran 2004 and 2008, Adedeji and Akinniyi
2015, Dhanya and Devipriya 2016 and
Khosromehr et al. 2017) by light microscope and
scanning electron microscope.

Moreover, recently AL-Wadi and Lashin
(2007), Lashin (2011), Anil Kumar et al.
(2015) and Anil Kumar et al. (2016) described
the pollen morphology of some species of
Solanum by light, scanning electron and
transmission microscopes.

On the other hand, Sharma et al. (2017)
discussed the palynological characters of 9
species belonging to 4 genera of the family
Solanaceae. Song et al. (2018) studied of the
pollen grains of 38 species and one variety of
17 genera in the family Solanaceae were
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studied using light microscopy (LM) and
scanning electron microscopy (SEM).

Although many studies has been done on
the electrophoretic of storage seed protein.
Some works has been carried out on the storage
seed protein and the contribution of PAGE
profiles to the classification and phylogenetic
relationships in the Solanaceae. Edmonds and
Glidewell (1977), Yousaf et al. (2006) and
Ahmed and Fadl (2015) investigated the
protein profile of some species of Solanum
were analyzed by SDS-PAGE. In addition
Khalifa et al. (1998) used SDS-PAGE to
reassess review the taxonomic relationships of
45 species belonging to 15 genera and 8 tribes
of the Solanaceae.

Sheidai et al. (2000) and Nejadhabibvash
et al. (2014) studied the seed storage protein
analysis of some Hyoscyamus species by using
the Sodium Dodecyl Sulphate Polyacrylamide
Gel Electrophoresis (SDS-PAGE) method.

Moreover the seed protein profile of 42
accessions belonging to 7 species of 4 different
genera (Datura, Hyoscyamus, Withania and
Atropa) from the family Solanaceae was
investigated through Poly Acrylamide Gel
Electrophoresis by (Yousaf et al. 2008).

Bhat and Kudesia (2011) investigated the
seed protein pattern of 5 species Solanum
melongena, S. xanthocarpum, Datura alba,
Lycopersicon esculentum and Capsicum annum
by using SDS-PAGE.

The present study described the diagnostic
characters of pollen morphology and seed
protein electrophoresis of the studied species as
important tools in the delimitation of clad
within Solanaceae and in turn helps in
extracting vital taxonomic criteria and utilize in
determining tribal affinities.

MATERIALS AND METHODS

The present study included 24 species of
Solanaceae belonging to two subfamilies and
seven genera and five tribes according to the
classification of Hunziker (2001). The fresh

collections of the studied species from different
localities in Egypt are shown in Table 1.

The specimens studied were identified by
means of comparison with specimens kept in
the Herbarium of the Agricultural Museum
(CAIM) and Herbarium of the Desert Research
Center (CAIH). In addition, keys of Tackholm
(1974) and Boulos (2002). Reference
herbarium specimens of studied species were
prepared and kept in the herbarium of Botany
and Microbiology Department, Faculty of
Science (Boys branch) Al-Azhar University,
Cairo, Egypt.

Pollen morphology

The naturally dried pollen grains were
prepared for light microscopy (LM) by
acetolysis (Erdtman 1969), then mounted in
glycerin jelly.

For the scanning electron microscopy
(SEM) study pollen grains were mounted on
metal stubs, coated, golden, examined and
photographed by JEOL Scanning electron
microscope at the accelerating voltage of 18 kv,
at the Electron Microscope at The Regional
Center for Mycology and Biotechnology, Al
Azhar University, Cairo, Egypt.

Palynological terminology was referenced
from previous works (Erdtman 1952, Wang et
al. 1997, Punt et al. 2007, Hayrapetyan 2008
and Hesse et al. 2009). Pollen size was
characterised according to the method of
Erdtman (1952).

Seed protein electrophoresis

The Sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-
PAGE) was prepared according to the method
of Laemmli (1970). Total bands for each
species were scored and their molecular weight
(Mol. Wt.) calculated using the protein marker
as standard. The gel scanning was done on
Helena Jonior 24 photo scanner and the data
were integrated using the scanner software.

All the examined species were used as
operational taxonomic units (OUT's). The 39
character states which resulted from pollen
morphological characters and seed protein data
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were analyzed by means of Hierarchical Cluster
analysis used distance and similarity measure
Bray-Curtis Sorensen.

The

relationships between the studied

species of Solanaceae have been demonstrated
as dendrograms (Fig. 2) by using statistical

programs PC-ORD (Software, version 5) and
PRIMER (Software, version 6.0). A total of 39
comparative pollen morphological characters
and seed protein for studied species were
scored and coded for creating data matrix used
for numerical analysis.

Table 1: List of the collected species for the present study and their taxonomic position as assigned according to
Hunziker, 209

22-

23-

24-

Species Subfamily Tribe Collection date
Datura innoxia Mill. Osama G., Al-Azhar University Cairo,
Datureae 11/2016
. Osama G., Al-Azhar University Cairo,
Datura stramonium L. 5/2017 and Kafr EI-Dwar, 6/2017
Ghaly O.N, Burg El Arab- EI Hammam
Hyoscyamus albus L. coastal road, 5/2017
Ghaly O.N., Wadi El Messerdy, Saint
Hyoscyamus boveanus (Dunal) Katherine, South Sinai (CAIH),
' ' 2/5/2010
Hyoscyamus desertorum (Asch. & L. Boulos, Wadi El-Arish; (CIA), 14/9
Boiss) Téckh. Hyoscyameae |1965
Osama G., Cairo-Alexandria road, 100
Hyvoscvamus muitcus L km, 12/2016 and Ghaly O.N,
yoscy ' Shalateen-Abu Ramad road,60 km, 7/
4/2017
. H. Shabana, Wadi Tiniya, Saint
Hyoscyamus pusillus L. Katherine Protectorate, 20/4/2008
. Osama G., Alexandria- Matruh Coastal
Lycium europaeum L. road, 237 km, 3/2017
Lycium schweinfurthii (Dammer) Lycieae Osama G., Alkom Alakhdar island, El
Feinbrun var. aschersonii Brullus Protectorate, 3/2017
Lycium shawii Roem & Schult. ) Osama G., Wadi Hagul, 12/2017
) Solanoideae . L
Physalis angulata L. Osama G., Pajour, Minufiyah, 11/2017
Physalis ixocarpa Brot. ex Hornem. Osama G., Kafr EI-Dwar, 3/2017
Physalis peruviana L. Osama G., Nasr City- Cairo, 3/2018
Solanum coaqulans Forssk Iman Al- Gohary, Wadi Darweena,
g ' Gabel Elba (CAIH), 1/4/ 2000
- Ghaly O.N., Burg El Arab City,
Solanum elaeagnifolium Cav. 15/5/2017
.. Ghaly O.N., wadi Maarafaii,Gebel
Solanum forsskaolii Dunal. Elba. 8/4/2017
Solanum incanum L Ghaly O.N, wadi Kanthesrob, Gebel
' Solaneae Elba, 9/4/2017
Solanum niarum L. var. nigrum Osama G., Kafr EI-Dwar in 10/2016
grum L. var. nig and Pajour Minufiyah in 11/2017
Solanum sinaicum Boiss Osama G, from Agriculture Museum
' Garden, Giza, 10/1/2018 cultivated
Solanum villosum Mill. Osama G., Minufiyah in 4/2017 and
subsp. villosum Burg El Arab City, 15/5/2017
. . I Ghaly O.N. and M. Abutaha, Wadi
Withania obtusifolia Tackh. Akaw, Gebel EIba(CAIH) , 26/4/2013
Osama G., Cairo University, 4/2017;
Withania somnifera (L.) Dunal Minufiyah, 4/2017 and Nasr City-
Cairo, 4/2018
Nicotiana glauca R.C. Graham Osama. G, Alexandria-Matrouh road,
. L 237 km, 3/2017
Cestroideae Nicotianeae

Nicotiana rustica L.

S. Khalifa, Agriculture Museum
Garden (CAIH), 4/1988 (cultivated)
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RESULTS AND DISCUSSION
1. Pollen morphology

Pollen grains are very variable in type,
shape, size, polar/equatorial ratio and
ornamentation as shown in (Table 2 and Plates
1, 2 and 3). The Pollen class type of varied
from tricolpate in Datura innoxia and Datura
stramonium, tricolporate and tetracolporate in
Nicotiana rustica and tricolporate in the rest.

The pollen shape of the studied species
ranged between prolate spheroidal in most
studied species, suboblate in  Solanum
elaeagnifolium and Solanum forsskaolii, oblate-
spheroidal in Datura stramonium, Lycium
europaeum, Nicotiana glauca,
rustica, Withania obtusifolia and Withania
somnifera and subprolate in Lycium shawii and
Physalis angulata.

Nicotiana

The morphometric data of the pollen grains
referring to the values of the arithmetic
averages of polar (P) and equatorial (E) axis
were as follows: Polar measurements ranged
21.7-27.6 pm in (8
Hyoscyamus pusillus, Lycium schweinfurthii
var. aschersonii, Lycium shawii, Nicotiana
glauca, Nicotiana rustica, Physalis angulata,
Physalis ixocarpa and Physalis peruviana,
30.2-40.5 um in (6 species) Datura innoxia,
Datura

between species)

stramonium, Hyoscyamus albus,

Hyoscyamus boveanus,

desertorum and Hyoscyamus muitcus and 16.9-

Hyoscyamus

20.8 pum in the rest. Equatorial measurements
ranged between 16.2-23.2 um in most studied
species, 23.3-25.88 um in (5 species)
Hyoscyamus pusillus, Lycium schweinfurthii
var. aschersonii, Nicotiana glauca, Physalis
ixocarpa and Physalis peruviana and 30.2-40.5

um in (7 species) Datura innoxia, Datura
stramonium, Hyoscyamus albus, Hyoscyamus
boveanus, desertorum,
Hyoscyamus muitcus and Nicotiana rustica.

Hyoscyamus

Polar / Equatorial ratio ranged between
0.84-0.98 in Datura stramonium, Lycium
Nicotiana glauca, Nicotiana
rustica, Solanum elaeagnifolium, Solanum
forsskaolii, Withania obtusifolia and Withania
somnifera and between 1.01-1.33 in rest.

europaeum,

The pollen size ranged between small (10-
24 pm) in most studied species and medium
(25-49 pm) in Datura innoxia, Datura
stramonium, Hyoscyamus albus, Hyoscyamus
boveanus, desertorum,
Hyoscyamus muitcus, Hyoscyamus pusillus,

Hyoscyamus

Nicotiana rustica, Physalis ixocarpa and
Physalis peruviana.

On the other hand, the ornamentation types
varied in different species and were granulate
in most studied species, striate in (7 species)
Datura innoxia, Hyoscyamus albus,
Hyoscyamus boveanus, Hyoscyamus muitcus,
Hyoscyamus pusillus, Lycium europaeum and
Lycium shawii, irregular striate in (3 species)
Datura stramonium, Hyoscyamus desertorum
and Lycium schweinfurthii var. aschersonii,
striate rugose in (one species) Nicotiana
rustica, irregular reticulate in (two species)
Withania obtusifolia and Withania somnifera,
tuberculate in (one species) Nicotiana glauca
and verrucate in (one species)Solanum

incanum.

Colpus length of short (9.98-10.6) um in
Datura innoxia and Datura stramonium while
very long 2(1.47-30.1) pum in Hyoscyamus
albus, Hyoscyamus boveanus, Hyoscyamus
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desertorum, Hyoscyamus muitcus, Hyoscyamus
pusillus, Nicotiana glauca, Nicotiana rustica,
Physalis ixocarpa and Physalis peruviana and
long (15.5-19.39) pm in the rest.

2. Seed protein electrophoresis

The results of the electrophoresis pattern analysis
of the seed proteins of the 24 species of Solanaceae
are presented in (Table 3) and (Fig. 1).

The bands were detected with different
molecular weights ranged from 25 KDa to 77 KDa.
The total number of bands is 30 varied from plant to
another, ranging between (4-11) bands for each
species. The highest number of protein bands
(11) was found in Hyoscyamus albus, Hyoscyamus
boveanus, Hyoscyamus muitcus, Hyoscyamus
pusillus and Nicotiana glauca while the lowest
number (4) was recorded in Physalis angulata,
Solanum coagulans, Solanum forsskaolii, Solanum
nigrum var. nigrum, Solanum sinaicum and Solanum
villosum subsp. villosum.

Some of the examined species had one a specific
band as Lycium shawii, Withania obtusifolia,
Physalis ixocarpa and Datura stramonium (mol. wt.
70,59, 42 and 33 KDa) respectively.

From the result in (Table 3) there are five bands
found in two species only. The bands of (mol. wt. 75
and 36 KDa) presents in Nicotiana glauca and
Nicotiana rustica while the band with (mol. wt. 56
KDa) recorded in Hyoscyamus muitcus and
Hyoscyamus pusillus only but the band of (mol.
wt. 49 KDa) found in Hyoscyamus pusillus and
Solanum villosum subsp. villosum and the band
having (mol. wt. 41 KDa) found in
Hyoscyamus albus and Hyoscyamus boveanus.

Also, the result showed there are six bands found
in three species. The bands of (mol. wt. 64 KDa)
presents in glauca, Withania
obtusifolia and Withania somnifera, the band
with (mol. wt. 61 KDa) recorded in Physalis
ixocarpa, Physalis peruviana and Withania
obtusifolia, the band of (mol. wt. 54 KDa)
found in  Lycium Lycium
schweinfurthii var. aschersonii and Lycium
shawii, the band having (mol. wt. 52 KDa)
found in Hyoscyamus albus, Hyoscyamus
muitcus and Hyoscyamus pusillus while the
bands of (mol. wt. 48KDa) presents in Solanum
elaeagnifolium, Solanum nigrum var. nigrum and
Solanum sinaicum and the bands of (mol. wt. 40
KDa) presents in Solanum incanum, Withania
obtusifolia and Withania somnifera

Nicotiana

europaeum,

On the other hand, the results in (Table 3)
showed that the band with (mol. wt. 50 KDa) was
found in all studied species except only Solanum
forsskaolii. In this concern, the bands with (mol. wt.
28 and 27 KDa) were found in most of the studied
species. The band of (mol. wt. 28 KDa) was not
detected in Datura innoxia, Datura stramonium,
Solanum  coagulans, Solanum elaeagnifolium,
Solanum nigrum var. nigrum, Solanum sinaicum and
Solanum villosum subsp. Villosum, while the band of
(mol. wt. 27 KDa) was not detected in Hyoscyamus
albus, Hyoscyamus  boveanus,
desertorum,  Hyoscyamus
europaeum, Lycium shawii, Solanum nigrum var.

Hyoscyamus
muitcus,  Lycium
nigrum, Solanum sinaicum and Solanum villosum
subsp. villosum.
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Table 2: Morphological characters of pollen grains
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Size Colpus
Character o c 5 - =
2 @ 3. 5] Q g =}
28| & k= w|®|E]E|&8]|2 ]|,
S S Q T g - c 7} < 3
°l 2 g - a | S |le| € |ls| B | &
< S 8 = < B0 = c o)
3|2 5 S ls|l s |28 |0
° o — = 5 5 = -
a | o = s 2
. £ =3 I
Species w o
Datura innoxia 3 3 39.3-40.5 34.5-36.3 | 1.13 2 1 10.6 | 345 | 3.07 1
Datura stramonium 3 2 35.2-35.4 33.1-39-3 | 0.98 2 2 9.98 | 245 | 4.07 1
Hyoscyamus albus 1 3 32.6-34.6 33.2-285 | 105 | 2 1 231 | 59 | 391 3
Hyoscyamus boveanus 1 3 30.2-31.5 28.6-30.7 | 104 | 2 1 (2298 | 47 | 491 3
Hyoscyamus desertorum 1 3 30.7-35.4 26.5-319 | 113 | 2 2 249 | 3.62 | 6.87 3
Hyoscyamus muitcus 1 3 31.9-33.9 31.8-32.8 | 102 | 2 1 30.1 | 4.89 | 6.15 3
Hyoscyamus pusillus 1 3 25-27 24.4-25.88 | 1.03 | 2 1 |2156|321| 6.71 3
Lycium europaeum 1 2 16.9-17.8 17.9-181 | 096 | 1 1 155 | 35 | 442 2
Lycium schweinfurthii var. 1| 3 | 239243 | 237242 [101| 1 | 2 |178 (376 | 47 | 2
aschersonii
Lycium shawii 1 4 21.7-22.8 17.9-18.1 | 1.24 1 1 |1939|346| 5.6 2
Nicotiana glauca 1 2 22.3-23.6 23.3-24.4 | 0.96 1 6 |21.47|3.16 | 6.79 3
Nicotiana rustica 2 2 26-27.6 26.9-28.6 | 097 | 2 3 228 | 34 | 6.7 3
Physalis angulata 1 4 24-24.5 20.1-209 118 | 1 5 (1911|222 | 86 2
Physalis ixocarpa 1 3 26.7-27.6 24-24.6 112 2 5 224 | 2.7 | 829 3
Physalis peruviana 1 3 25-25.9 24.4-256 |1.016| 2 5 |2285| 25 | 9.14 3
Solanum coagulans 1 3 17.1-18.5 16.2-16.5 | 1.08 | 1 5 172 | 219 | 7.85 2
Solanum elaeagnifolium 1 1 19.4-19.7 22.6-22.8 | 086 | 1 5 |1754|148 [1185| 2
Solanum forsskaolii 1 1 17.7-18.9 20-23.2 0.84 1 5 (1714|132 |1298 | 2
Solanum incanum 1 3 19.4-20.2 18.3-18.7 | 1.07 1 7 168 | 15 | 11.2 2
Solanum nigrum var. nigrum 1 3 19.5-20.4 17.3-205 | 105 | 1 5 [17.49 | 243 | 7.19 2
Solanum sinaicum 1 3 20.4-20.8 18.8-20.2 | 1.05 1 5 (1849 | 2.8 7 2
Solanum villosum subsp. villosum 1 3 18.6-19.4 18.1-18.9 |1.027| 1 5 (1722|233 | 7.39 2
Withania obtusifolia 1 2 18.5-19.7 19.1-22.7 | 0.93 1 4 1775|225 | 7.88 2
Withania somnifera 1 2 20.3-20.5 20.6-209 | 098 | 1 4 179 | 245| 7.3 2

Pollen class: 1=tricolporate /2= tricolporate and tetracolporate /3=tricolpate
Pollen shape: 1=suboblate 0.76-0.86 /2= oblate-spheroidal 0.89-0.99 / 3= prolate — spheroidal

1.01-1.14 / 4= subprolate 1.15-1.33
Pollen size: 1= small (10-24) pm /2= medium (25-49) um

Ornamentation: 1= striate/2=irregular striate /3= striate rugose/ 4= irregular reticulate /5= granulate

/6=tuberculate /7= verrucate

Colpus: 1= short (9.98-10.6) um/2=long (15.5-19.39) um/3= very long (21.4-30.1) um
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Plate 1: LM micrographs of the pollen morphology in studied species
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Datura innoxia Datura stramonium Hyoscyamus albus Hyoscyamus boveanus  Hyoscyamus desertorum

. . Lycium schweinfurthii . n
Hyoscyamus muitcus Hyoscyamus pusillus Lycium europaeum var. aschersonii Lycium shawii

Solanum nigrum var.
nigrum

L Solanum villosum 3 . . . . .
Solanum sinaicum subsp. villosum Withania obtusifolia Withania somnifera

Plate 2: SEM micrographs of the pollen morphology in studied species
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Datura innoxia Datura stramonium Hyoscyamus albus  pHyoscyamus boveanus

Hyoscyamus desertorum

Lycium schweinfurthii

Hyoscyamus muitcus i i ..
YOSCY: Hyoscyamus pusillus Lycium europaeum var. aschersonii

Lycium shawii

Nicotiana glauca Nicotiana rustica Physalis angulata Physalis ixocarpa

4
2oy 1@, eap

Solanum nigrum var.
Solanum coagulans Solanum elaeagnifolium Solanum forsskaolii Solanum incanum nigrum

2axy *x14, 008

| — Solanum villosum m— . ) e
Solanum sinaicum subsp. villosum Withania obtusifolia Withania somnifera

Plate 3: SEM micrographs of pollen ornamentation in studied species
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3. Numerical analysis
Cluster analysis:

The 39 (9 pollen morphological and 30
seed protein electrophoresis) characters used in
cluster analysis are included in data matrix
occupy in operational taxonomic units OUT's
to analyse the relationships between the 24
studied species by means of Hierarchical
Cluster analysis using the PC-ORD software,
version 5 and PRIMER software, version 6.0
analysis used similarity and distance measure
Bray Curtis.

In the dendrogram produced from using
PC-ORD program used distance measure Bray
Curtis showed that twenty four species were
grouped into two major clusters.

The first cluster (I) consisted of (12
species) Physalis angulata, Physalis ixocarpa,
Physalis peruviana, Solanum coagulans,
Solanum incanum, Solanum sinaicum, Solanum

ABBAS A. EL- GHAMERY, et al

nigrum var. nigrum, Solanum villosum subsp.
villosum, Solanum elaeagnifolium, Solanum
forsskaolii, Withania obtusifolia and Withania
somnifera.

The second cluster (ll) comprises the
remainders (12 species) which divided into two
groups: group “1” consisted of five species, and
subdivided into two subgroups: subgroup “a”
contains three species Lycium europaeum,
Lycium schweinfurthii var. aschersonii and
Lycium shawii. At the same time the subgroup
“b” consists of two species Nicotiana glauca
and Nicotiana rustica. The group “2” consisted
of seven species and subdivided into two
subgroups: subgroup “a” contains five species
Hyoscyamus albus, Hyoscyamus desertorum,
Hyoscyamus boveanus, Hyoscyamus pusillus
and Hyoscyamus muitcus and subgroup “b”
comprises two species Datura innoxia and
Datura stramonium.

Table 3: SDS-PAGE of total seed protein bandsof investigated species
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CONCLUSION

The results of the present study revealed a
number of significant features with some
characters which could be of taxonomic and
diagnostic values. Pollen class types, shape,
polar / equatorial ratio and size indicates close
interrelationship between certain species in this
family. Also the length and size of colpus and
the pollen ornamentation could provide
evidence for taxonomic conclusions of the
family.

The studied species of the tribe Solaneae
are grouped in one cluster, which characterized
by a specific band (mol. wt. 47) and pollen

ABBAS A. EL- GHAMERY, et al

ornamentation are reticulate, granulate or
verrucate. While the second cluster including
the rest of studied species characterized by a
specific band (mol. wt. 45) and pollen
ornamentation are striate to tuberculate.

Finally, this result agree and supports the
view of the classification of Hunziker, 2001.

The pollen morphology and seed protein
electrophoresis in the present study are
considered diagnostic at the generic and
specific level of Solanaceae.
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Fig. 2: Dendrogram showing the interrelationships between 24 species of Solanaceae based on pollen
morphology and seed protein electrophoresis characters by using PRIMER Program.
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