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Abstract

Electrophoretic profiles of native seed protein and esterase isozyme characters of four
species of genus Mimusops have been revealed by PAGE. Seed coat scanning and numerical
analysis of the results carried out. These species are M. laurifolia, M. elengi, M. zeyheri and
M. coffra. The results of SEM on the surface seeds showed that, Seed ornamentation in
Mimusops zeyheri differs than the rest species of the genus Mimusops by showing replicas of
freeze on the their membrane surface. The results of seed protein and esterase isozyme
characters indicated that delimitation of Mimusops zeyheri in a separated level, separation of
two species of Mimusops coffra and Mimusops elengi in a separated group, in addition
distinguishing of Mimusops laurifolia than other two species of Mimusops elengi and
Mimusops coffra.

Introduction

Genus Mimusops belong to Tribe Mimusopeae of family Sapotaceae which have
53 genera and more than 1200 species (Govaerts et al., 2001). They occur
worldwide, but mostly in tropical and subtropical regions (Igor et al., 2004). Genus
Mimusops comprises about 30 species of which approximately 25 species are
distributed in tropical regions of the world (Nusrat et al., 1995). The characters of
the seed surface are often stable and comparative scanning electron microscopy of
seed epidermal patterns and structure have provided useful taxonomic characters,
especially in small seeds (Barthlott, 1981). Protein bands of family Sapotaceae have
shown similar characteristics as molecular masses, determined by gel filtration and
native gel. (Podrigues et al., 2004). Most useful methods for determination of the
seed protein and isozymes are polyacrylamide and starch gel electrophoresis
(Blakshear, 1984 and Zimniak-Przbylska et al., 1985). The use of seed profiles for
taxonomic and evolutionary purposes has largely increased and has been widely
used to many families and genera (Adrianse et al., 1969). Peptidase acid phosphates
and peroxidases were unstable enzyme systems for comparative studies of extracted
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dry cotyledons, while esterase has been found stable for comparison (Ladizinsiky
and Hymowitz, 1979). The present work has been carried out on the cultivated
species of genus Mimusops in order to consideration the molecular pattern and
studies a survey on the significance of macromorphological diagnostics attributes to
clarify the interrelationships between the different species of genus Mimusops in
Egypt.

Materials and Methods

In the present study, seeds of four species related to genus Mimusops have been
investigated. Fruit specimens were collected from different botanical gardens in
Egypt. A list of the studied taxa and localities are given in is Table 1.

Table 1: Sources of the Studied Species:

No. Taxa Location
1- Mimusops laurifolia (Forssk.) Friis El-Mesala Garden
2- Mimusops elengi Linn. Orman Garden
3- Mimusops zeyheri Sond. Orman Garden
4 - Mimusops coffra DC. El-Zohrya Garden

A- Seed Coat Studies:

For preparation of seeds of each specimens to scan the surface by using the
Scanning Electron Microscope (SEM), the seeds were washed thoroughly by
distilled water to remove any impurities on their surfaces dried and mounted on
adhesive surface. These clean dry seeds were coated with gold film in Apolarom E
1100 ion sputtering device then viewed and photographed with Joel ISM 5300
scanning electron microscope in Ain Shams University.

B- Electrophoretic Investigations:
1- Seed Protein Characters:

Characterization of seed protein fraction was carried out by using one
dimensional sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) 0.5 g of mature dried seeds were mixed with an equal weight of pure, clean,
sterile fine sand and powdered using a mortar and pestle. The powder was
homogenized with 5 ml of 0.2 M Tris-HCI buffer pH 8 for | h at 40C, by gentle
motion. The extract was centrifuged at 12000 rpm for 10 min. The supernatant(
protein extract) was either immediately used or stored at -200C. According to the
methods described by Stegeman et al., (1988) the sample was prepared for
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electrophoresis as the following: To sample protein 20 um of each protein extract,
60 um of buffer, 50 um SDS ad 25 um mercaptoethanol were added and put and put
in boiling water bath for 5 minutes. Then, 20ul of this mixture were loaded in 12.5%
stacking gel, which was prepared as described by Laemmli(1970). Electrophoresis
was carried out in Tris- Glycin buffer (pH 8.3) at 40C and 100 volt for 2-3hr, untile
tha tracking dye (bromophenol blue) reaches the bottom of the gel (Shi and
Jackowski, 1998). The separated proteins bands were stained with coomassie
brilliant blue stain R- 250 (0.1 g), distilled water (400 ml), acetic acid (70 ml),
methanol (200 ml) and trichloroacetic acid (TCA,60 ml)). The gels were soaked in
excess of staining solution till the appearance of the bands, then, the gel was
transferred to distaining solution (methanol, 150 ml), glacial acetic acid (50 ml)
distilled water (300 ml). The bands produced by each sample were counted and their
relatives mobilities were determined and scanned by using Hoefer Scanning
Densitometer GS 300.

2- Esterase Isozyme Character:

1 g seedlings was macerated in saline buffer solution (0.8% NaCl and 2.2%
NaNO3) and centrifuged at 3000 r.p.m. for 3 minutes to prepare the crude tissues
extract (7.5 % non-dissociating polyacrlamide gels). Also gels were prepared as
described by Laemmli (1970). Esterase bands were detected after incubation in 100
ml of 0.1 phospate buffer tris buffer (pH 7.5), containing 0.02 g o- naphthyl acetate
and 0.02 g B-naphthyl acetate dissolved in 2 ml acetone, as substrate, and 0.15 g of
fast blue R R, the gel was transferred to the distaining solution (150 ml methanol +
50 ml glacial acetic acid + 30 ml water). The bands produced by each sample were
counted and their relatives motilities were determined and scanned by using Hoefer
Scanning Densitometer GS 300.

C- Numerical Analysis:

Use of substantial number of attributes i. e. seed coat and electrophoretic
investigations for all species have made it possible to produce a number of phenetic
classifications based on the dissimilarity between genera and species. The character
was treated as binary character in data matrix i. e. coded 1 and o respectively. For
the numerical analysis the NTSYS-PC version 1.50 program was used (Rohlf,
1988). Clustering was performed using the unweighed pair-group method arithmetic
means (UPGMA) by sequential, agglomerate, herarechial and nested clustering
method (SAHN) as defined by Sneath and Sokal (1973). The output of SAHN-
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clustering program was plotted in the form of a phenogram by using the tree display
graphic (TG).

Results:
A- Seed Coat Characters (Plate I1):
1- Mimusops laurifolia

Seeds ovate shaped, pale brown in color The seed coat under SEM observation
showed, regulate reticulate ornamentation with raised straight undulate ridges (Plate
1& 11).

2- Mimusops elengi

Seeds ovoid shaped, pale brown in color The SEM examination showed irregular
ornamentation, sclariform with fine pored in some rugae, narrow zones of radial
tissues (Plate 1& I1).

3- Mimusops zeyheri

Seed ellipsoid shaped, brown in color. Examination of seed surface by SEM
showed irregular ornamentation, polygonal clustered cells- tuberculate with closely
spaced irregularly shaped tuberless, replicas of freeze on the surface of the
membrane (Plate 1& I1).

4- Mimusops coffra

Seed ellipsoid shaped with curled apex, yellow in color. SEM of seed coat
showed irregular reticulate ornamentation, peripheral membrane complexes
associated with surface present (Plate 1& I1).

00

Plat I: Different Fruits of Mimusops Species
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3- Mimusops eyeri ‘ 4- Mimusops coffra

Plate 11: SEM Photomicrographs of Seed surface of Mimusops species
B- Electrophoretic Investigations:

1- Seed Protein Characters:

The number of bands of protein between the different species are represented in
Table (2) and photographed in Plate Il1. In the studied species of genus Mimusops,
there are in total 49 bands have been recorded; 27, 26, 24 and 28 bands have been
recorded in M. laurifolia, M. elengi, M. zeyheri and M. coffra, respectively. Band
number 1, 4, 29, and 37 are found in all species, 5 bands named 14, 17, 23, 38 and
40 are found in M. laurifolia only. In addition 4 bands of 2, 5,28,45 and 49 are
recorded only in M. zeyheri. Similarly, two bands 10 and 33 are only found in M.
elengi. The present studies revealed that M. zeyheri and M. coffra are shared in band
number 16. (Table 2, Plate I11).

2- Esterease Isozyme Characters:

The number of bands of protein between the different species are represented in
Table (3) and photographed in Plate IV. In the present investigation, it was found
in total 16 protein bands represented as follows; 9 bands have been recorded in
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M. laurifolia, 8 bands have been recorded in M. elengi , 2 bands have been recorded
in M. zeyheri and 6 bands are represented in M. coffra. The present work showed
that, all the studied species are shared in band number 5. Also, 4 bands named 2, 7,
12 and 16 are found in M. laurifolia only. In addition two bands of 3 and 5 are
recorded in M. zeyheri. Similarly, three band named 1, 4 and 5 are found in both M.
laurifolia and M. elengi. (Table 3, Plate IV).

Table 2: Relative Percentages and Position of Protein Bands of the Total Protein
Extracted From the Studied species

Band Relgt_ive Mimusops Species Band Relative Mimusops Species

No. Position No. Position

(cm) 1 2 3 4 (cm) 1 2 3 4
1 0.12 8.0 81 |41 |77 26 6.40 6.0 - - 8.9
2 0.20 -- -- 28 | - 27 6.60 -- 45 - 6.8
3 0.25 -- 35 - 129 28 6.75 -- - 74 -
4 0.29 3.6 2.3 8.0 | 09 29 7.00 2.8 6.4 11 3.2
5 0.30 - -- 26 | - 30 721 7.6 -- -- 10.0
6 0.34 75 500 | -- | 4.2 31 7.50 19 | 3.0 -- --
7 0.43 9.3 -- - 108 32 7.46 2.6 -- 75 29
8 0.60 - 300 | - |20 33 7.60 -- 75 -- -—-
9 0.65 1.8 -- 21| - 34 7.85 4.2 -- -- 1.6
10 0.86 - 1.8 - -- 35 8.00 6.1 | 57 -- 1.0
11 0.90 7.2 -- 26 | 16 36 8.17 32 | 31 -- 25
12 1.00 -- -- 25 | - 37 8.20 2.7 13| 312 | 215
13 1.30 - 135 | 66 | -- 38 8.43 2.6 -- -- --
14 1.65 5.3 -- -- -- 39 8.63 -- 78| 64 2.1
15 1.87 -- 6.9 29 | - 40 8.80 104 - - -
16 1.93 -- -- 28 | 16 41 8.85 -- 42 | 65 1.7
17 2.23 4.8 -- -- -- 42 9.01 2.1 - -
18 2.50 - 24 - | 12 43 9.20 6.0 -- -- 6.4
19 3.00 29 -- 14 |72 44 9.62 28 | 45| 74 --
20 3.40 51 52 - -- 45 9.84 - -- 5.6 --
21 3.60 54 -- 78 | 21 46 10.16 -- 6.4 11 3.2
22 421 -- 3.0 13| -- 47 10.53 -- 7.6 - 10.0
23 4.22 2.0 -- - -- 48 10.59 26 | 3.0 -- --
24 4.60 -- 6.4 - | 38 49 10.90 -- -- 75 --
25 591 2.2 -- 16 | 58
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Table 3: Relative Percentages and Position of Esterase 1sozyme Bands Extracted from

the Studied species

Br\Tg,d Egl?ttiic\)ﬁ Mimusops Species B[\TQ_d sgl?ttii(\)ls Mimusops Species

(cm) 1 2 3 4 (cm) 1 2 3 4
1 0.19 80| 81 -- 7.7 9 1.38 3.00 -- -- 6.8
2 0.23 5.6 -- -- -- 10 1.45 1.8 -- -- --
3 029 -- -- 4.1 11 1.90 -- 18 -- --
4 0.31 46 | 23 -- 0.9 12 2.00 7.2 - - --
5 0.43 7.5 | 5.00 -- 4.2 13 2.49 -- 6.9 -- 6.5
6 0.43 -- 35 -- -- 14 3.02 -- 1.8 -- --
7 1.20 9.3 -- 2.6 -- 15 3.59 -- -- -- 59
8 1.29 -- 4.8 -- -- 16 3.69 2.65 -- -- --

- F = | = —
1 2 3 4
Plate 111: SDS-Polyacrylamide Gel Electrophoresis Illustrating
Storage Seed Protein of the Studied Species

1 2 3 4

Plate IV: SDS-Polyacrylamide Gel Electrophoresis Illustrating Estereases
Isozyme of the Studied Species of the Mimusops
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C. Numerical Analysis:

Table 4: Description of the 71 Used Qualitative and Quantitative Characters and Their
Codes for Numerical Analysis

A- Seed Coat Characters

I- Fruit Characters 11-Seed Coat Characters

1 Fruit Shaped 5-Reticulate form
1-Fusiform, 0- Not fusiform 1- Present, 0- Absent

2- Fruit Texture 6- Peripheral membrane complexes
1- Smooth, 0- Not smooth 1- Present, 0- Absent

3- Seed Colour 7- Sclariform
1- Brown, 0- Yellow 1- Present, 0- Absent

4- Seed Shaped 8- replicas of freeze on the surface
1- Ellipsoid Shaped, 0 Not 1- Present, 0- Absent

B- Seed Protein Characters

I- Migration Distance of Protein Bands

9 0.12 34 6.40
10 0.20 35 6.60
11 0.25 36 6.75
12 0.29 37 7.00
13 0.30 38 7.21
14 0.34 39 7.50
15 0.43 40 7.46
16 0.60 41 7.60
17 0.65 42 7.85
18 0.86 43 8.00
19 0.90 44 8.17
20 1.00 45 8.20
21 1.30 46 8.43
22 1.65 47 8.63
23 1.87 48 8.80
24 1.93 49 8.85
25 2.23 50 9.01
26 2.50 51 9.20
27 3.00 52 9.62
28 3.40 53 9.84
29 3.60 54 10.16
30 4.21 55 10.53
31 4.22 56 10.59
32 4.60 57 10.90
33 591

11- Migration Distance of Esterase Isozyme Bands
58 0.19 65 1.45
59 0.23 66 1.90
60 029 67 2.00
61 0.31 68 2.49
62 0.43 69 3.02
63 0.43 70 3.59
64 1.23 71 3.69
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The dendogramm produced from cluster analysis of 71 characters including seed
coat scan and seed protein profiles of the studied taxa is given into Fig. 1. Such
dendogramm isolates M. zeyheri in a separate level at the value of 2.3 linkage
distance while clustering the reminder 3 spp. into another separate level which
separated at the value of 1.7 linkage distance, in which two sub levels are delimited.
The first sublevel included M. coffra and M. elengi seem grouped at the levels of 1.3
linkage distance. On the other hand M. laurifolia is separated as the value of 1.7
linkage distance.

2.4

2.2

2

1.8

1.6

Linkage Distance

1.4

1.2

1

Sp 3 Sp 4 Sp 2 Sp1l

Fig. 1: UPGMA-Dedrogram Based on all Studied Characters (71 Characters)
Illustrating Linkage Distances Between the Species

Discussion

Mimusops plants are trees, or shrubs; evergreen; a shrub or small to medium-
sized, usually 10-20 m high, but occasionally reaching up to 25 m in height.
laticiferous. Leaves, alternate (clustered or not); spiral; leathery; petiolate; non-
sheathing; simple. Leaves, blades entire; pinnately veined. Mimusops plants have
distinctive shape, size and color. The relationships between the studied species are
discussed by the numerical analysis and manualed in the light of their seed coat and
the molecular characters representing seed protein correlation and esterase isozyme.
The ornamentation of the seeds of all the studied species is regulate, the regulation
of the seed surface is a common feature at the specific level and hence can be used
as an important taxonomic key characteristic of genus. On the other hand, the
surface ornamentation in M. zeyheri differs than the rest species of the Mimusops by
showing replicas of freeze on the their membrane surface. These results are similar
to the results of (Kassem et al., 2004) on studies of 13 taxa of family Myrtaceae in
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Egypt. In the present studies; the Phenogram produced from the cluster analysis of
the seed coat, seed protein and esterase isozyme characters (Fig. 1) showed that:

1- Distinguishing the M. laurifolia in a separate level
2- Separation of two species of M. coffra and M. elengi
3- Delimitation of Mimusops zeyheri in a separate level

Seed protein electrophoretic profiles are similar and stable within the four studied
species, such protein being little affected by environmental factors (Harborne and
Turner, 1984). According to the obtained results of seed protein electrophoretic
profiles, there are the first group included M. laurifolia and M. coffra . The second
group included M. zeyheri and Mimusops elengi. Consequently, the protein
characters do not greatly differentiated between the studied species. Such obtained
results in the present work, agreed with results of Podrigues et al., (2004) which
carried out on Labramia bojeri seeds, which belong to the Sapotaceae family.
Authors noticed that protein bands have shown similar characteristics as molecular
masses, determined by gel filtration and native gel; N-terminal sequences presented
a difference in their isoelectric points. Because of stability of seed tissue isozyme
pattern of plants, the esterase isozyme consider good marker in differentiation
between the different species (Crawford and Julian, 1983). So, this enzyme
differentiated between a similar species. Where the UPGMA cluster analysis based
on the SDS-PAGE profiles separated the M. zeyheri than other studied species.
From the results of seed protein and esterase isozyme band number of 2, 5, 28,45
and 49 are found only in this species and has two bands of esterase isozyme named 3
and 5 have been recorded. The results of dendogram (Fig. 1) of four studies species,
the investigated characters showed great correlation with the morphological shape.
Where the UPGMA cluster analysis based on the SDS-PAGE profiles analysis
separated the completely similar species of the genus Mimusops. On the other hand,
the present studies revealed that M. coffra and M. elengi are correlated in separated
subgroup, where the present studies showed that, the two species are shared in 6
protein bands named 3,18,24,35,36 and 47 and shared in 4 esterase bands named
1,49 and 13.
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