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Abstract

Classification of nineteen taxa, belong to ten genera of family Ericaceae are studied.
The study based on macro-, micro-morphological characters of seeds and SDS-PAGE
analysis techniques. The phenetic relationships of the studied taxa were expressed by
UPGMA-clustering method using NTSYS-pc 2.2 software. The UPGMA phenogram based
on 47 characters revealed the separation of two major clusters (A) and (B). Group (A)
subdivided into two sub ordinary clusters (AC), expressed subfamily Vaccinoideae, and (AD)
which expressed together with main group (B) subfamily Ericoideae. The studied genera are
distributed equally between these two subfamilies. Vaccinoideae is represented by five tribes:
Vaccinieae, Gaultherieae, Oxydendreae, Lyonieae and Andromedeae. Ericoideae is
separated as two clades representing two tribes: (AD) Phyllodoceae and (B) Rhodoreae. The
produced hierarchical taxonomic arrangement typically matches the traditional
classifications of the family. Clustering of Menziesia pilosa with Rhododendron menziesii in
near distance with all Rhododendron taxa confirmed the placement of both genera under
tribe Rhodoreag, and supports the transfer of genus Menziesia to be nested in Rhododendron
as recommended by some recent cladistics analyses of DNA data.
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Introduction

Ericaceae is a large family widely distributed in
temperate and subarctic regions, also at high tropical
altitudes. The family includes many herbs, dwarf
shrubs, shrubs and trees, some of them are
economically important i.e, Cranberry, Blueberry,
Huckleberry and Rhododendron (Christenhusz &
Byng, 2016).

Ericaceae are hardy plants, they are able to live in
the environmental extremes of mountain tops, arctic
conditions, tree trunks, branches, swamps,
volcanoes, rocks and acid oligotrophic soil which is
often sandy or peaty. However, apart from a few
saprophytic members need high light levels and
many need a good supply of moisture (Vander 1983;
Heads 2003).

The taxonomy of the Ericaceae is notoriously
controversial from family level down, However,
DNA results are now appearing for many groups,
and these give variation in taxonomy (Olson 1980;
Heads 2003).

Ericaceae includes 125 genera and 4000 species
(Fang et al. 2005 and Fagundez & lzco 2004), while
Christenhusz & Byng (2016) classified into124
genera and 4250 species. Chamberlain et al. (1996)
and Fang et al. (2005) stated that Rhododendron is a
very large genus in Ericaceae, includes near 1000
species, followed by genus Erica which includes

860 species in the world. Rhododendron and Erica
are ecologically important and widely cultivated in
Europe, but they are not highly specious there (Fraga
1984; Takahashi 1993; Heads 2003), most taxa of
these two genera are cultivated in temperate and
sub-temperate regions as ornamentals (Craven et al.
2008).

Seeds of Ericaceae were the subject of many studies,
mostly germination (Pons 1989) or regeneration of
heathlands (Granstrom 1987; Barclay-Estrup &
Gimingham 1994). Recently, seed morphology is
used in solving some systematic problems in some
genera as: Erica (Fagundez & lzco 2003a, 2003b,
2011), Calluna (Fagundez & lzco 2004),
Rubusgeoides  (Fredes et al. 2016) and
Rhododendron (Shalabi et al. 2020).

Present study aims to revise the taxonomic
relationships within family Ericaceae using macro-
and micro-morphological characters of seeds as
recorded by LM and SEM, as well as, SDS-PAGE
analysis techniques.

Materials and methods
Plant sample

The study included 19 taxa belong to 10 genera.
Seeds of the selected taxa were collected between
(2016- 2018) from United States of America,
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Canada and Poland, through different botanical
gardens, herbaria and arboreta A list of taxa and
collection data is given in Table ().
Seed Scanning Technique

Seeds examined by Light Microscope (LM) for
the study of external morphology of seeds (seed
colors are observed by naked eye). For Scanning
Electron Microscopy (SEM) studies, four mature
seeds were selected from each taxon. The seeds were
mounted on SEM stubs, using double sided

cellotape, coated with gold, palladium in vacuum
evaporator, examined and photographed in a JEOL
JSM 5400 LV scanning electron microscope which
operated at accelerated voltage of 15 KV, at electron
microscopy unit, Assiut University, Egypt. Since
testa cell morphology varies depending on the
region examined, close-up views were always taken
from the lateral region of the seed (Barthlott & Voit
1979). Terminology used in the description of the
outer seed pattern follows Barthlott & Hunt (2000).

Table (1): Scientific names of 19 taxa, belong to 10 genera of Ericaceae and sources of seeds from
the botanical gardens and herbaria of the University of British Columbia (UBC), Canada; The Dawes
Arboretum (DAWES), United States of America; and Polish Academy of Sciences (PAN). " Data
concerning these taxa (seed scan and protein) had been published by Shalabi et al. (2020)

Taxa

Kalmia latifolia L.
Menziesia pilosa (Michx.) Juss.
Oxydendrum arboretum (L.) DC.

Rhododendron kiusianum Makino®
Rhododendron luteum Sweet”

@m\loﬁmeJNHg

10  Rhododendron macrophyllum D.Don ex G.Don"
11 Rhododendron makinoi Tagg. ex Nakai

12 Rhododendron maximum L.~
13 Rhododendron menziesii Craven”

14  Rhododendron minus var. chapmanii (Alph.Wood)

W.H.Duncan & Pullen”

15  Rhododendron minus Michx. var. minus
16  Rhododendron periclymenoides (Michx.) Shinners”

17  Rhododendron ponticum L. "
18  Vaccinium ovalifolium Sm. in Rees

19  Zenobia pulverulenta (W. Bartram ex Willd.) Pollard

SDS-Protein analysis technique

Seed protein were analyzed using discontinuous
polyacrylamide gel electrophoresis method in the
presence of sodium dodecylesulphate (i.e., DISC-
SDS-PAGE) in 10 % acrylamide slab gels following
the method of Laemmli (1970). Extraction of
proteins was performed by mixing 0.02 g of seeds
with an equal weight of pure, clean, sterile fine sand.
The seed were ground to fine powder using a mortar
and pestle and homogenized with 1 M Tris-HCI
buffer (pH 8.8) in clean Eppendorf tube and left in
refrigerator overnight. The liquor was centrifuged at
10.000 rpm for 10 min. and the supernatant was kept
in deep-freeze unit use for electrophoresis. 30 ml of
protein extract was added to an equal volume of the
treatment buffer (pH 6.8) and boiled for 10 minutes
in water bath before loading in the gel. The gel
buffer that was replaced by 0.5 M Tris-HCI buffer
(pH 6.8). This was prepared by dissolving 6.05 g
Tris in 50 ml distilled water by using a magnetic
stirrer and the pH was adjusted to 6.8 by conc. HCI.
The volume was completed to 100 ml with distilled

Chamaedaphne calyculata (L.) Moench
Elliottia pyroliflora (Bong.) Brim & P.F.Stevens

Phyllodoce empetriformis (Sm.) D.Don
Pieris floribunda (Pursh) Benth. & Hook. f.

Source of seeds
(DAWES)
(UBC)
(DAWES)
(DAWES)
(DAWES)
(UBC)
(DAWES)
(PAN)
(PAN)
(PAN)
(PAN)
(PAN)
(UBC)
(DAWES)

(PAN)
(PAN)
(PAN)
(UBC)
(DAWES)

water and kept at 4EC. The Staking gel (4%) was
prepared by mixing 1.25 ml 1M Tris-HCI (pH 6.8);
1.7 ml acrylamide; 6.8 ml distilled water. Degassed
and then 0.1 ml 10 % freshly prepared Ammonium
persulphate, 0.1 ml 10 % SDS and 10 ml TEMED
were added. Staining solution was prepared by
dissolving 1g Commassie blue R-250, 455 ml
Methanol, 90 ml Glacial acetic acid and 455 ml
Distilled water.
Shacked well with a magnetic stirrer and preserved
at 4°C until use. Gels were stained with such
solution overnight with gently agitation. The gel was
distained after the appearance of bands and
photographed. All gels were scanned and analyzed.
Data analysis

For preparing the raw data matrix, a combination
of all characters (seed morphology and protein
pattern) which recorded as multistate characters,
were changed into binary characters and coded as 1
and 0 for presence and absence respectively (Table
2 & 3). NTSYS- pc 2.2 software program (Rohlf
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2005) was used in the data analysis by: the raw
data matrix was standardized with STAND module;
similarity matrix was generated by SIMQUAL
module based on Jaccard coefficient. Clustering was
established using Un-weighted Pair-Group Method
with Arithmetic average (UPGMA) and represented
in phenogram (tree). The distortion between each
tree and its related distance matrix (Rohlf & Sokal
1981) was evaluated by computing the tree’s
cophenetic (ultramatric) value matrix using COPH
and comparing them using MXCOMP modules.

Results

According to Table (1), the study includes 19
taxa of Ericaceae, ten out of them are species and
varieties of Rhododendron. Recording the macro-
and micro-morphological features of seeds
composed up total 11characters with 27-character

states (character list, Table 2). The states of
characters 1-6 are illustrated in Figure (1)
representing the  macro-morphological  seed
characters, and those of characters 7-11 in Figure
(2), representing the  micro-morphological
characters.

Six taxa are characterized by the ovate seed shape,
seven are with oblong seed shape, and four taxa are
with spindle seed shape, while seeds of only one
species Rhododendron menziesii are recorded with
rod, needle shape and other one Rhododendron
periclymenoides with irregular seed shape. Seed end
status divided the studied taxa into two groups: 8
taxa with pointed seed end, while the remaining 11
taxa are with rounded seed end. Concerning the seed
measurements, 12 taxa reported seed lengths
between 0.1 - 1.4 mm, while the remaining 7 taxa
with longer seeds (1.41 - 2.6 mm).

Table (2): Character list used in the delimitation of the Ericaceae taxa based on seed morphology.

For combined data matrix, see Appendix

Characters

1  Seed shape

2  Seedend

3 Seed Length (L) mm

4  Seed Width (W) mm

5 L/W Ratio

6 Color

7  Cell Length (L) mm

8  Cell Width (W) mm

9  Cell elongation Coefficient (P)= L/W

10 Cell Shape

11  Anticlinal Wall Thickness mm

No. Character states

1 Rod, needle
2 Oblong

3 Spindle
4 Ovate

5 Irregular
6 Pointed

7 Rounded
8 01-14
9 1.41-2.6
10 0.2-05
11 051-1
12 03-23
13 231-36
14 3.61-8.9
15  Brown
16  Yellow
17 <0.12

18 >0.121
19 <0.013
20 >0.013
21 05-12
22 12.1-22

23 Extended polygonal
24 Hexagonal

25  Rectangular

26 <0.005

27  >0.005
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Figure (1): SEM micrographs of 19 mature seeds, showing their macro-morphology
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Rh. ponticum

Vaccinium ovalifolium Zenobia pulverulenta

Figure (2): SEM micrographs of 19 mature seeds, showing their pattern of ornamentation

Seed width recoded between 0.51 -1 mm in 10 taxa,
while the remaining 9 taxa were recorded with 0.2 -
0.5 mm seed width; consequently, the Length to
Width ratio (L/W) was recorded 0.3 - 2.3 in 8 taxa
and 2.31 - 3.6 in the 9 taxa, while the highest ratio
(3.61 - 8.9) was recorded in only two species:
Oxydendrum arboretum and Rhododendron
menziesii. Two seed colors are recorded, the
majority of taxa (14 taxa) were recorded with brown
seed, while the rest 5 taxa were with yellow seed
color.

As illustrated in Figure (2), all seeds are with

reticulate pattern, the majority of taxa (15 taxa) has

elongated cells with lengths more than or equal to
0.121 mm, the rest four taxa are characterized by
relatively short cells with lengths less than or equal
to 0.012 mm. The only species Rhododendron
makinoi reported narrow cells less than or equal to
0.013 mm width, while the majority (18 taxa)
reported wider cells more than 0.013 mm width. The
cell elongation coefficient was calculated as L/W
ratio of the cell, it recorded 0.5 -12 ratio in the
majority of specimens (14 taxa), while the rest 5 taxa
reported higher ratios (12.1 - 22).
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Table (3): The molecular weights (Mw) of protein bands of 19 Ericaceae taxa, numbers 1-19 refer
to taxa (Table 1), numbers 28 — 47 refer to protein bands as recorded in combined data matrix

1=present, 0=Absent.

No RF Mw 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
28 0413 147043 0 0 0 0 0 O O O 1 0 O O O O O O O o0 o
29 045 122204 0 0 0 0 0 0 0 0O12 O O O O O O O O o0 o
30 0472 109472 0 0 0 0 0 O O O O 1 O O O 0 O 1 0 0 O
31 0.308 67.712 o1 000000 OO0 0 o0 o o o0 0 o0 o0 o
32 031 67.252 o o o o0oo0o01000 0 0 0O O O0O 0 0 1 0
33 0346 59484 o0 0 0 0 0 1 1 0 O O O O O O O O o0 1 0
34 0.661 42542 o o o oo oo o o o o 0o o0 o0 1 0 0 0 ©
35 0.67 40.67 o o o0 o0o00O0O0O11 0 0 O 1 0 1 1 0 0
36 0465 39.646 6111011000 0 0 0O O O O O 1 1
37 0506 34474 o0 1 1 1 0 1 1 0 O O O O O O O O O 1 1
38 0.714 32.637 o o o0oo0oo0o0©O0©O11T1 0 0 0 0 1 1 0 0 O
39 0.826 18.641 0o 0o 0 000 0 0 0 1 1 0 0 o0 o0 o o0 o0 O
40 0753 14.891 6111011000 0 0 0 O O O 0 1 1
41 0.888 13.671 o 0o 0o o 0 0o 000 0 0 1 1 0 0 o0 o0 o0 O
42 0934 109 o o o0 0000111 0 0 O 1 1 0 0 0 ©
43 0945 10.28 o o 0o 0o 0o 0o 000 0 0 o0 10 0 0O 0 o0 O
44 0881 96 oo o0oo0o0©0100©O0 0 0 0 O O0 0 0 1 0
45 0964 935 0o 0o 0o 0000 1 1 1 1 0 0 o0 1 1 1 0 O
46 0901 8.967 11110 0O0OOOOO O O O O O O O O O
47 0925 8.262 0o 0o 0o 017 00 0O0OO0O O O O O O O 0 0 o0

The pattern of sculpture shows three states of cell
shape character i.e., extended polygonal (in 10 taxa);
rectangular (in 8 taxa), while only Elliottia
pyroliflora shows hexagonal cell shape. Anticlinal
wall thickness shows two measurement states: <
0.005 mm recorded in 6 taxa; while > 0.005 mm
recorded in the remaining 13 taxa.

The seed protein analysis showed a total of 20 bands
with various distributions in the 19 taxa. Molecular
weights of these bands ranged from 147.04 to 8.262

Chamaedaphne calyeulata |

kDa. Only six bands with molecular weights:
147.043 kDa, 122.204 kDa, 67.712 kDa, 42.542 kDa,
10.28 kDa, 8.262 kDa, are unique in five taxa:
Menziesia pilosa, Pieris floribunda, Rhododendron
makinoi, Rhododendron minus var. chapmanii and
Rhododendron ponticum respectively (Table 3).
These bands are considered good specific markers
can be used to distinguish these taxa from the
remaining. Other bands were polymorphic.

Ericaceae

Oxydendrum arborefum 3
Pieris floribunda 7 1

AC

Vaccinium ovalifolium !
Zenobia pulverulenita |
Elliottia pyrolifiora 1 1

3

o

Kalmia Iatifolia
Phyllodoce empetriformis
Menziesia pilosa

AD

Rh. menziesii 1

Rh. Kiusianum

Rh. minusvar. chapmanii 1
Rh. lntenm

[= TP v

Rh. macrophyilum 1

Rb. malkinof 11

Rhb. maxinmm 12 1

Rhb. ponticum 17 |
Rh. minusvar.minus 15

Rh. periclymenoides 15

Figure (3): UPGMA dendrogram illustrating the hierarchical phenetic relationships between 19 taxa of
Ericaceae based on numerical analysis of seed morphological characters and protein patterns, using a
combination of the Sorensen’s measures of similarity and Ward’s clustering method.

Clustering analysis

The UPGMA dendrogram (Figure 3) showing
clustering of the studied taxa based on all 47
characters produced from combination of 27 seed

morphological character states and 20 from seed
protein patterns. This phenogram revealed that, both
major clusters (A) and (B) are separated. The first
cluster (A) comprises ten taxa and further divided
equally (5 taxa each) into subordinate groups (AC
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and AD). The taxa included in the subordinate group
(AC) are: Chamaedaphne calyculata, Oxydendrum
arboretum,  Pieris  floribunda,  Vaccinium
ovalifolium and Zenobia pulverulenta, this may due
to sharing the same seed width category (0.51-1
mm), brown seed color, categories of cell length (<
0.12 mm), cell width (> 0.013mm) and anticlinal
wall thickness (< 0.005 mm). While the taxa
included in the subordinate group (AD) are: Elliottia
pyroliflora,  Kalmia  [atifolia, Phyllodoce
empetriformis, Menziesia pilosa and Rhododendron
menziesii due to sharing the same categories of seed
width (0.2-0.5 mm), cell length > 0.121mm), cell
width (> 0.013mm) and extended polygonal cell
shape. The second major group (B) includes the
remaining nine taxa, including all Rhododendron
taxa.

Discussion

The resulted dendrogram (Figure 3) shows the
taxonomic arrangement of the studied 19 Ericaceae
taxa in two major groups A and B, the former one
was subdivided into subordinate groups AC and AD.
The placement of the studied 10 genera were
illustrated in different traditional classifications
(Drude 1889; Stevens 1971; Takhtajan 1997 and
Kron et al. 2002) in comparison with the taxonomic
groups of this study (Table 4), which resulted from
the combination of seed macro-, micro-morphology
and protein pattern (Table 2 & 3). According to the
latest classification of Ericaceae (Kron et al. 2002),

the family is divided into 8 subfamilies and 20 tribes.

The studied genera are distributed equally (5 genera
each) in two subfamilies Vaccinoideae and
Ericoideae with their different tribes. The taxa

clustered in subordinate groups (AC) represents the
subfamily Vaccinoideae are distributed in five tribes:
Vaccinium ovalifolium (Vaccinieae);
Chamaedaphne calyculata (Gaultherieae);
Oxydendrum arboretum (Oxydendreae), Pieris
floribunda (Lyonieae); Zenobia pulverulenta
(Andromedeae). The taxa clustered in subordinate
groups (AD) in addition to those of group (B)
represent the subfamily Ericoideae are distributed in
two tribes: Phyllodoceae (Elliottia pyrolifiora,
Kalmia latifolia and Phyllodoce empetriformis); and
tribe  Rhodoreae (Menziesia pilosa and all
Rhododendron taxa).

This hierarchical taxonomic arrangement typically
matches the classifications of Drude (1889); Stevens
(1971); Takhtajan (1997) and Kron et al. (2002) as
illustrated in Table (4).

As illustrated above, the results of this preliminary
cladistics analysis supports a wider classification of
Ericaceae. Due to the limited number of studied taxa,
our analyses are not extensive enough to address
detailed overview of subfamilial and tribal
relationships within the family. But at least it
matched the arrangement of the taxa into the two
distinct subfamilies Vaccinoideae and Ericoideae.
Few points, however, are clear such as the close
relationship among Chamaedaphne calyculata and
Oxydendrum arboretum which reported in the
previous classifications (Drude 1889; Stevens 1971
and Takhtajan 1997) that placed them in one tribe
(Andromedeae) is confirmed here by clustering
them in one subgroup although belonging recently
to different two tribes Gaultherieae and
Oxydendreae respectively according to Kron et al.
(2002), Table (4).

Table (4): The placement of the studied genera in different classification systems. Subfamilies are

in boldface; tribes are between brackets.

Genera Drude 1889
Vaccinoideae”

Stevens 1971
Vaccinoideae

Takhtajan 1997
Vaccinoideae

Kronetal. 2002 Fig. 1
Vaccinoideae

Vaceinium (Vaccinieae) (Vaccinieae) (Vaccinieae) (Vaccinieae)
Arbutoideae

Chamaedaphne (Andromedeae) (Andromedeae) (Andromedeae) (Gaultherieae)
Oxydendrum (Andromedeae) (Andromedeae) (Andromedeae) (Oxydendreae) AC
Pieris (Andromedeae) (Andromedeae) (Andromedeae) (Lyonieae)
Zenobia (Andromedeae) (Andromedeae) (Andromedeae) (Andromedeae)
Elliottia Rhododendroideae  Rhododendroideae  Rhododendroideae  Ericoideae

(Ledeae) (Cladothamneae) (Cladothamneae) (Phyllodoceae)
Kalmia

(Phyllodoceae) (Phyllodoceae) (Phyllodoceae) (Phyllodoceae) AD
Phyllodoce (Phyllodoceae) (Phyllodoceae) (Phyllodoceae) (Phyllodoceae)
Menziesia (Rhodoreae) (Rhodoreae) (Rhododendreae) (Rhodoreae)
Rhododendron (Rhodoreae) (Rhodoreae) (Rhododendreae) (Rhodoreae) B

*recognized as family level by Hooker (1876) and Hutchinson (1973)
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The three species: Pieris floribunda, Vaccinium
ovalifolium and Zenobia pulverulenta appeared
closely related in one subgroup because of sharing
the, brown seeds with rounded ends, and rectangular
cell shape, also having the same categories of seed
width (0.51 -1mm), cell length (< 0.12 mm), cell
width (> 0.013 mm) and anticlinal wall thickness (<
0.005 mm), in addition to recording three protein
bands with molecular weights 39.646 kDa, 34.474
kDa and 14.891 kDa (Table 3), this clustering
reflects belonging to the subfamily Vaccinoideae,
although the clustering of Vaccinium ovalifolium
and Zenobia pulverulenta separately due to sharing
13 characters (see Appendix), this is not in
accordance with the cladistics classifications of
Drude (1889); Stevens (1971) and Takhtajan (1997).
According to Bidartondo & Bruns (2001) based on
molecular phylogenetic, they observed a close
affinity between Vaccinium sp. and Oxydendrum
arboretum, that is differ slightly from our result.
According to Kron & Creel (1999) based on matK
sequence data, they grouped Vaccinium sp. in
Vacciniids group and put Pieris sp. in Lyonia group,
that is differ from our result which grouped Pieris
floribunda and Vaccinium ovalifolium in a small
subgroup (AC).
The precise placement of Vaccinium ovalifolium in
very near distance with the other members of tribe
Andromedeae sensu Drude (1889); Stevens (1971)
and Takhtajan (1997) is problematic, because of its
position in a distinctive tribe Vaccinieae or even in
a separate family by Hooker (1876) and Hutchinson
(1973). Actually, it isn’t closely related to Pieris
floribunda and Zenobia pulverulenta according to
Kron et al. (2002), but here due to the reduced
number of tribe representatives, the clustering may
be considered at a generic level. Vaccinioideae is a
very heterogeneous subfamily, with the highest
number of genera. It consists of 5 tribes, comprising
45 genera and about 1600 species (Kron & Luteyn,
2005). The genera included in this subfamily were
previously the members of tribes Andromedeae and
Vaccinieae sensu Drude (1889); Stevens (1971) and
Takhtajan (1997).
The five taxa which are clustered in the small
subgroup (AD) at the similarity level 7.97 split off
into two levels. Three taxa (Elliottia pyroliflora,
Kalmia latifolia and Phyllodoce empetriformis),
represented the tribe Phyllodoceae according to
Kron et al. (2002), are grouped separately due to
sharing 7 seed characters (see Appendix) and three
polymorphic protein bands with molecular weights:
39.646 kDa, 34.474 kDa and 14.891 kDa (Table 3).
Furthermore, Elliottia pyroliflora splits off at a
separate line because having ovate seed, hexagonal
cell shape and the monomorphic protein band with
the molecular weight 67.712 kDa, which matches
the placement under tribe Ledeae by the
classifications of Drude (1889); and under tribe
Cladothamneae by Stevens (1971) and Takhtajan

(1997). At the same time, the clustering of Kalmia
latifolia and Phyllodoce empetriformis, may due to
having the oblong seeds and rectangular cell shape,
confirmed the close relationship and the placement
under tribe Phyllodoceae by the all above mentioned
classification systems (Table 4).

Menziesia pilosa and Rhododendron menziesii are
grouped at the similarity level of 6.81 because of
sharing some characters as the rounded seed end and
the same categories of seed length (1.41 -2.6 mm),
L/W ratio (3.61 - 8.9), anticlinal wall thickness (>
0.005 mm). The clustering of Menziesia pilosa with
Rhododendron  menziesii together and their
arrangement in a very near distance of the remaining
Rhododendron taxa (main group B) (Figure 3)
confirmed the placement of the genera Menziesia
and Rhododendron under tribe Rhodoreae sensu
Drude (1889); Stevens (1971) and Kron et al. (2002),
or under tribe Rhododendreae by Takhtajan (1997).
Craven (2011) suggested the transfer of the genus
Menziesia to be nested in Rhododendron based upon
cladistics analyses of DNA data. That result is
confirmed here by sharing Menziesia pilosa of 12
micro-, macro- seed morphological characters and
the protein pattern with one or more Rhododendron
taxa (Appendix).

The morphological variations between Menziesia
and Rhododendron are not so great (Craven, 2011),
for example: the anther dehiscence by slits in both
genera. Viscin threads arise among the pollen grains
in Rhododedndron playing a role in pollen dispersal
from anthers and its adhesion to pollinators. In
contrast, Stevens et al. (2004) and Kita et al. (2005)
reported the lack of viscin threads in Menziesia,
while Copeland (1943) reports viscin threads in
Menziesia. Stevens et al. (2004) and Fang et al.
(2005) also differentiate  Menziesia  from
Rhododendron by capsule shape i.e. subspheroidal
in  Menziesia, while longer than wide in
Rhododendron. The morphological evidence by
Copeland (1943), Stevens et al. (2004) and Fang et
al. (2005), in addition to the molecular data by
Craven (2011) supported the inclusion of Menziesia
in Rhododendron. Although, this result is confirmed
in the present study using seed characters and
protein pattern, this will require testing a greater
number of species from both genera with a strong
sampling of species, and with datasets preferably the
molecular ones. Especially, there were different
experimental reports (Handa et al. 2003; 2006; Kita
et al. 2005) recorded the generic hybridization
between Menziesia and Rhododendron, so that, the
real relationship between both genera needs more
studies.

The remaining nine Rhododendron taxa are
clustered in a separate clade (B) (Figure 3), due to
sharing the majority of seed and protein pattern
characters (Appendix), this arrangement confirmed
their placement in the subfamily Rhododendroideae
sensu Drude (1889); Stevens (1971) and Takhtajan
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(1997), or recently under Ericoideae sensu Kron et
al. (2002).

The infra-generic relationships within genus
Rhododendron had been discussed previously by
Shalabi et al. (2020) based on the data of seed
morphology and protein analyses of 28
Rhododendron taxa.

This study is considered a complementary one to
Shalabi et al. (2020) to find and confirm the
taxonomic relationships between some Ericaceae
taxa, using the combination of seed macro/ micro —
morphology and SDS-Page protein pattern. Due to
the limited number of studied taxa, our analyses are
not extensive enough to address detailed overview
of subfamilial and tribal relationships within the
family. The new results which were obtained in this
study will be useful in updating / confirming the
taxonomic relationships within the Ericaceae, in the
case of incorporating more taxa. More taxonomic
studies based on the molecular data are
recommended using consistent characters, and taxa
in a wide range of classificatory levels.
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Taxonomic significance of seed characters and SDS-PAGE analysis

Appendix: Combined data matrix including 47 characters recorded for 19 Ericaeae taxa, numbers from 1-19 refer to taxa (see Table 1), numbers from 1 -27 refer to seed
morphological characters (see character list Table 2), numbers from 28 -47 refer to the protein bands with 20 molecular weights (see Table 3), 1=present, 0=absent.

x Seed macro- / micro- morphological characters Protein bands with 20 molecular weights

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 B5) 36 37 38 39 40 41 42 43 44 45 46 47
1 0 1 0 0 1 1 0 0 1 1 0 0 1 0 1 0 0 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
2 0 1 0 0 1 1 0 1 0 1 0 0 0 1 0 1 0 1 0 0 1 1 0 0 1 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0
3 0 0 0 0 1 1 0 1 0 1 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0
4 1 0 0 1 0 0 1 1 0 0 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0
5 1 0 0 1 0 1 0 0 1 1 0 0 1 0 1 0 0 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
6 0 0 0 0 1 1 0 1 0 0 1 0 0 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0
7 0 0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 1 0 0 1 1 0 0 1 0 0 0 1 0 0 0
8 1 0 0 0 1 1 0 1 0 0 1 0 1 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
9 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 1 0 1 1 0 0 0 1 0 1 1 1 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 1 0 0
10 0 1 0 1 0 0 1 0 1 0 1 0 1 0 0 1 0 1 1 0 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 1 0 0 1 0 0
11 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0
12 1 0 0 1 0 0 1 1 0 0 1 0 0 1 0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
13 0 0 0 1 0 0 1 1 0 0 0 1 0 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0
14 0 0 0 1 0 1 0 1 0 1 0 0 1 0 0 1 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0
15 0 0 0 0 1 1 0 1 0 1 0 0 0 1 0 1 1 0 0 0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 1 0 0
16 0 0 1 0 1 1 0 0 1 0 1 0 1 0 0 1 1 0 0 0 1 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0
17 0 0 0 1 0 0 1 1 0 0 1 0 0 1 0 1 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0
18 0 1 0 0 1 1 0 0 1 1 0 0 1 0 1 0 0 1 0 0 1 0 1 1 0 0 0 0 0 1 1 0 0 1 1 0 0 1 0 0 0 1 0 0 0
19 0 1 0 0 1 1 0 0 1 1 0 0 1 0 1 0 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0
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