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SEM of seed coat surface and SDS-PAGE of seed protein criteria were used to re-assess the taxonomic 
relationships between 12 species belonging to three genera of Primulaceae, viz. Cyclamen L. (one species), 
Lysimachia L. (six species) and Primula L. (five species). The data obtained, in addition to other characters 
available in the literature, were analyzed by the NTSYS-pc. Program package using the UPGMA clustering 
method. A considerable divergence was evident between Cyclamen and each of Lysimachia and Primula. A 
close relationship was recorded between each of Lysimachia lichiangensis Thunb. & L. verticillata Bieb; L. 
ephemerum (Gray) Hbd.& L. punctata L.; Primula burmanica Fern.& P. japonica Gray; Primula elatior (L.) 
Hill & P. veris L. The variations in SDS-PAGE of seed protein profiles were compatible to some extent with the 
morphological variations exhibited in these taxa. The validity of using the seed coat microsculpture and seed 
protein electrophoretic criteria as taxonomic evidence in the Primulaceae was referred to. 
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Introduction 
The Primulaceae is a cosmopolitan family widely distributed throughout the cold and 
tropical zones with a center of diversity in the North temperate regions  (Yurtsev et al., 
1979; Watson & Dallwitz, 1999). The family comprises about 22 genera and 825 species, 
many of which have economic important uses in medicine and ornamentation (Watt & 
Breyer-Brandwijk, 1962; Porsild & Cody, 1980; Mabberley, 1997). The taxonomic 
relationships within the family have been mainly delimited by the vegetative and floral 
characters (Pax,1889; Pax & Knuth, 1905; Ludi, 1927; Pobedimova, 1952; Schwarz,1955; 
Schwarz & Lepper, 1964 and Anderberg et al, 2000), anatomical structure (Nishino, 1983; 
Beyazoglu, 1989), cytological characters (Jorgenson et al., 1958; Sarkar, 1973&1988), 
pollen morphology (Spanowsky, 1962) and molecular criteria (Anderberg & Kallersjo, 
1998 and Kallersjo et al, 2000) However, neither the seed coat surface nor seed protein 
electrophoresis criteria have been used to discuss such relationships in the Primulaceae. 
 SEM of seed coat surface is a useful technique in the identification and 
classification of various taxa (Barthlott, 1981; Boesewinkel & Bouman, 1984). Seed 
protein banding patterns as revealed by polyacrylamide gel electrophoresis in the presence 
of Sodium dodecyl sulfate (SDS-PAGE) have provided a valid source of taxonomic 
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evidence for addressing the relationships at the different taxonomic levels (Ladizinsky and 
Hymowitz, 1979; Badr et al., 1998).Variations in SDS-PAGE of seed protein profiles 
have successfully been used to differentiate between species in a number of genera e.g. 
Lathyrus (Badr et al., 2000) and families e.g. Solanaceae (Khalifa et al., 1998).  
 The present work deals with using the SEM of seed coat surface and SDS-PAGE 
seed protein criteria to provide more information about the taxonomic relationships of 12 
species of three genera representing three tribes of the Primulaceae (sensu Pax 1889) i.e 
Cyclamineae, Lysimachieae and Primuleae. In addition, the available literature was 
consulted as regards the morphological characters (Bailey, 1949; Mabberley, 1997; 
Watson & Dallwitz, 1999), the anatomical characters (Nishino, 1983), the phytochemical 
characters (Harborne, 1968; Kelso, 1991), the cytological characters (Fedorov, 1969; 
Goldblatt, 1981&1988) as well as the geographic distribution of the studied taxa 
(Valentine, 1972 and Bailey & Bailey,1976). 
  
Materials and Methods 
The source, origin, diploid and haploid chromosome number of the examined materials 
are given in Table 1. Voucher specimens are kept at the Department of Biological 
Sciences, Faculty of Education, Ain Shams University. For the study of seed coat surface, 
seeds (three seeds for each taxon) were mounted in colloidal silver on copper stubs, 
coated with a thin layer of gold in Polaron E 5000 and photographed by a JEOL-Scanning 
Microscope at a magnification of 750 at the Central Lab. of the Faculty of Agriculture, 
Alexandria University. The terminology of Barthlott (1981), Boesewinkel & Bouman 
(1984) and Stearn (1992) was followed to describe the characteristics of the seed coat 
surfaces. 
 To extract seed proteins 0.5 g of mature seeds were mixed with an equal weight 
of pure, clean, sterile fine sand, powdered using a mortar and pestle and homogenized 
with 0.2 M Tris-HCl buffer, pH= 8 for 1h at 4 °C. The extract was centrifuged at 12000 
rpm for 10 min. The supernatant (protein extract) was transferred to new tubes and 
immediately used for electrophoresis or kept at -20 °C until use. For electrophoresis, 40 μl 
of the extract were mixed with an equal volume of a sample buffer (0.125 M Tris-HCl, pH 
6.8, 2% SDS, 10% sucrose, 0.5% β-mercaptoethanol and 0.1% bromophenol blue as a 
tracking dye), denatured by boiling for 5 min in a water bath and cooled. Then, 20 μl of 
this mixture were loaded in 12.6% slab gel, which was prepared as described by 
Laemmeli (1970). Electrophoresis was carried out in Tris-Glycine buffer (pH= 8.3) at 4 
°C and 125 volt for 2h using a Pharmacia low-molecular weight protein mixture as 
standard marker. Gel was then stained in 0.1 % Comassie Brilliant Blue R-250 for 1h, 
destained and photographed while wet and stored for subsequent examination. Total bands 
in the produced electropherogram were scored and their molecular weights were 
calculated using the standard protein marker. 
 For creating a data matrix for numerical analysis of results, the recorded seed 
protein and SEM of seed coat characters for the taxa studied; as well as the other 
characters compiled from the literature were scored and coded as shown in Table 2. The 
relationship between the taxa studied was measured by calculating their average 
taxonomic distance (dissimilarity) and presented as phenograms based on analysis for 
each data set separately and for two or more sets in combination (Fig. 3). These analyses 
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were performed using the NTSYS program package for IBM-pc as described by Rohlf 
(1993). In the computer analysis, the taxa are numbered as indicated in Table 1.  
 

Results and Discussion 
For the studied taxa, the SEM micrographs of the seed coat surface are shown in Fig. 1, 
and their seed protein banding patterns are shown in Fig. 2. A summary of the produced 
characters recorded in the present study (10 for SEM and 20 for SDS-PAGE) in addition 
to the compiled data (53 morphological, five phytochemical, two cytological and ten cases 
of the geographical distribution) and their codes is given in Table 2. The phenograms 
illustrating the relationships between the studied taxa; based on the analyses of the above-
mentioned data sets; using the UPGMA clustering method are presented in Fig. 3: A-D.  
 
The description of seed coat scan of the studied taxa  is summerized as follows: - 

1. Cyclamen persicum Miller Spermoderm reticulate to ribbed, epidermal cells 
polymorphic. Anticlinal walls slightly wavy, raised and of variable thickness. 
Periclinal walls appear more or less granular and concave. 

2. Lysimachia ciliata L. Spermoderm reticulate to ruminate, epidermal cells 
polymorphic. Anticlinal walls wavy, very thick and highly raised. Periclinal 
walls illdefined. 

3. L. ephemerum (Gray) Hbd.  Spermoderm reticulate, epidermal cells 
polymorphic. Anticlinal walls slightly wavy, thick and highly raised. 
Secondary sculpture appear as dense striations running parallel to each other, 
overlapping the walls and extending into the lumen of the cells. Periclinal 
walls concave and striated. 

4. L. lichiangensis Thunb. Spermoderm reticulate. Epidermal cells 
polymorphic. Anticlinal walls wavy, thick, slightly raised. Periclinal walls 
slightly concave, with few tubercules. 

5. L. punctata L.   Similar to L. ephemerum (Gray) Hbd. 
6. L. verticillata Bieb.  Similar to L. ciliata except that few papillae like 

structures or tubercules are seen protruding from some periclinal walls. 
7. L. vulgaris L. Spermoderm reticulate to favulariate. Epidermal cells 

polymorphic. Anticlinal walls slightly wavy, highly raised and striated. 
8. Primula auricula L. Similar to Cyclamen persicum except that the anticlinal 

walls are slightly striated.  Periclinal walls are slightly striated and concave. 
9. P. burmanica Fern. Spermoderm reticulate to scalariform. Epidermal cells 

polymorphic. Cells generally large in size. Anticlinal walls smooth, raised, and 
of varying thickness. More or less spherical masses are seen located on parts of 
the anticlinal walls. Periclinal walls slightly concave with secondary sculpture 
taking the form of a fine network. 

10. P. elatior (L.) Hill  Spermoderm reticulate to sulcate. Epidermal cells 
polymorphic. Anticlinal walls very thick, highly raised and striated. Periclinal 
walls ill defined. 
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Table (1): Source, origin, diploid and haploid chromosome numbers of the taxa studied 
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Table (2): The characters and their codes used in the present study for the numerical 
analyses 
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Table (2): Cont. 
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Table (2): Cont. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• The taxa studied are numbered as in table 1. 
• Characters from 81-100 represents the molecular weights (in KD) of the recorded 

protein bands . the presence or absence of each band is coded 1 or 0, respectively. 
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Fig. 1: Micrographs of the SEM patterns of the seed coat surface in each of the taxa studied. 
1. Cyclamen persicum, 2. Lysimachia ciliata, 3. L. ephemerum , 4. L. lichiangensis, 5. L. punctata, 
6. L. verticillata, 7. L. vulgaris, 8. Primula auricula, 9. P. burmanica, 10. P. elatior, 11. P. japonica, 
12. P. veris.  
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Fig. 2: Banding patterns of seed protein electrophoresis using SDS-PAGE technique. (0. Marker, 1. 
Cyclamen persicum, 2. Lysimachia ciliata, 3. L. ephemerum , 4. L. lichiangensis, 5. L. punctata, 6. 
L. verticillata, 7. L. vulgaris, 8. Primula auricula, 9. P. burmanica, 10. P. elatior, 11. P. japonica, 
12. P. veris.  
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Fig. 3, A-D: Phenograms illustrating the relationships between the taxa studied; based on the 
character analyses using UPGMA clustering: A. Morphology, B. SDS-PAGE, C. Combination of 
SEM & SDS-PAGE and D. All data combined. 
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11. P japonica Gray  Similar to Lysimachia verticillata except that the cell size 
is comparatively larger. 

12. P. veris L.  Spermoderm reticulate, cells rounded, large in size and 
monomorphic. Anticlinal walls slightly wavy, raised and very thick. Each cell 
has a secondary wall thickening along the cell margin (superficially seen 
branching from the cell walls). Periclinal walls slightly concave and slightly 
striated. 

 
                 Barthlott (1981) stressed on the significance of seed coat microsculpture in the 
characterization and delimitation of taxa at the sub familial level down to the sub generic 
level. Here, the SEM data for the studied taxa showed a considerable degree of similarity 
and even some overlap, suggesting the monophyly of the family; a fact that was realized 
by Anderberg & Stahl (1995) and Judd et al. (1999) who stated that the monophyly of the 
Primulaceae s.l. is now strongly supported by morphological characters. However, the 
SEM data revealed a marked similarity between Cyclamen persicum (Cyclaminae) and 
Primula auricula (Primuleae). This result is in accordance with Anderberg (1994) who 
reported on the similarity of Cyclamen with certain genera of the Primuleae as 
Dodecatheon L. and Soldanella L. The first genus is a Pacific North American and was 
sometimes placed in the Cyclamineae by Pax, (1889) and Schwarz, (1955). The latter 
genus is native to the European Alps. Cyclamen also shares with Primula, the 
characteristic rosette form of growth ( Beckett, 1983). 
       Finally, the marked variations recorded between the studied taxa of Primula, and also 
the similarity between P. japonica (11) and both  Lysimochia ciliata (2) and L. verticillata 
(6) suggest that Primula (37 sections and 400 species sensu Mabberley 1997) might prove 
to be paraphyletic (Fig. 1 and Table 2). 
 Investigation of the SDS-PAGE data (Fig. 2 and Table 2) showed that the studied 
Cyclamen species differ from the studied species of Lysimachia and Primula due to 
differences in the following criteria: presence of the protein band number 16 (Character 
No. 96) and absence of the protein band number 14 (Ch. No. 94) with MW of 25.2 and 
21.3 KD, respectively. On the other hand Lysimachia and Primula are grouped together 
due to the presence of the protein bands numbered 6 (Ch. No. 86), 7 (Ch. No.87), 11 (Ch. 
No.91), 14 (Ch. No.94), 15 (Ch. No.95) and 20 (Ch. No.100) with MW of 52.4, 48.2, 
32.3, 25.2, 23.4 & 16.5 KD, respectively. The latter two taxa viz. Lysimachia and Primula 
are characterized from each other by the presence of the protein band number 7 (Ch. No. 
87) with MW of 48.2 KD and absence of the protein bands numbered 6 (Ch. No. 86) and 
15 (Ch. No. 95) with MW of 52.4 & 23.4 KD, respectively.  
 The combination of SDS-PAGE & SEM data showed a relatively homogenous 
nature of the studied taxa of Lysimachia. However, Primula veris (12) was shown to be 
delimited from the remaining taxa at a distance level of 1.61. This result may give extra 
support to the paraphyly of Primula, (Table 2 & Fig. 3-C). 
 The phenogram based on the combination of all data (Fig. 3, D) shows that 
Cyclamen persicum (1) is delimited from the other taxa at a distance of 1.86. The 
remaining eleven taxa are divided into two groups corresponding to the genera 
Lysimachia and Primula and are distinguished from each other at a distance of 1.46. The 
first group includes two subgroups that are distinguished from each other at a distance of 
1.09. The first subgroup comprises Lysimachia ciliata (2), L. lichiangensis (4) and L. 
verticillata (6); while the second comprises L. ephemerum (3) and L. punctata (5). The 
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second group is also composed of two subgroups. The first subgroup includes Primula 
auricula (8), P. burmanica (9) and P. japonica (11). The second subgroup includes P. 
elatior (10) and P. veris (12).  
 Nishino (1983) and Beyazoglu (1989) reached a similar conclusion based on a 
study of the corolla tube-formation and the anatomy of the root, the stem and the leaf. 
Morphologically, Cyclamen is unique as regards the suppressed development  of one of its 
cotyledons, the contorted aestivation of the petals, the reflexed corolla lobes, the 
connivent anthers with well developed connectives, the increased growth of the 
subterranean tuberous hypocotyls and the absence of the septated trichomes common in 
the Primulaceae (Grey-Wilson, 1988). On the other hand, Primula is characterized from 
Lysimachia by the presence of the idioblasts, the powdery exudates (Farina) and the 
anomalous secondary thickening (Kelso, 1991; Anderberg, 1994).  
 However, these results are contradicting those of  Kallersjo et al (2000), who 
after a cladistic analysis of certain morphological and molecular criteria in several 
families of the Ericales (sensu APG, 1998), transferred certain genera of the Primulaceae 
s.l. as Anagalis, Cyclamen and Lysimachia to the Myrsinaceae s.str. (excluding the 
Maesoideae), while retaining Primula in the Primulaceae  s.str (containing the Primuleae 
only). The same view is also upheld by Anderberg et al. (2000). 
 Comparison of the phenogram illustrating the relationships between the taxa 
studied based on all combined data (Fig. 3, D) with those based on the different data sets 
(Fig. 3, A-C) revealed a frequent clustering and close relationships between each of the 
following species pairs: 1- Lysimachia lichiangensis (4) & L. verticillata (6), this 
relationship was observed in all classifications produced except in those based on either 
SDS-PAGE of seed proteins alone or on the combination of SEM and SDS- PAGE data 
sets (Fig. 3 B & C, respectively). 2- L. ephemerum (3) & L. punctata (5), this relationship 
was observed in all classifications produced (Fig. 3: A-D). 3- Primula auricula (8) & P. 
japonica (11) this relationship was observed in all classifications produced except in that 
based on morphology alone or that based on all characters (Fig. 3A - D). 4- P. elatior (10) 
& P. veris (12) that was recorded in all classifications produced except those based on 
SDS-PAGE alone and in combination with SEM data (Fig. 3 B & C).  
 The general consistency recorded in the present study between the 
macromorphological classification (Fig. 3, A) and that based on seed coat microsculpture 
and / or on seed protein electrophoresis (Fig. 3, B&C) reveals that, the variations in SDS-
PAGE of seed protein profiles is compatible to some extent with the morphological 
variations exhibited in these taxa. Moreover, the results support the use of SEM of seed 
coat and seed protein electrophoretic criteria as valid tools in the taxonomy of the 
Primulaceae.  
 Although, the present study gives more support to the monophyly of the family 
as presented by Judd et al (1999), yet further work on cosmopolitan material of the 
Primulaceae is needed for a comprehensive conclusion.  
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