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Abstract: Chemotaxonomic relationship between five members recently grouped in the order Brassicales by APGIII were 

studied on the basis of their roots phenolic compounds constituents. The selected species are; Schimpera arabica from 

Brassicaceae, Maerua crassifolia and Maerua oblongifolia from Capparacea, Cleome gynandra from Cleomaceae and 

Salvadora persica from Salvadoraceae. Roots were extracted in ethanol (80%). Phenolic compounds were separated using 

Thin Layer Chromatography (TLC) technique. The developing solvent which is a mixture of Toluene- Chlorophorm – Acetone 

(in a rate of 10:50:7). The paired affinity between the species was constructed base on roots phenolic compounds, most of the 

species revealed closeness but The highest paired affinity was observed between Schimperaarabica and Maeruaoblongifolia. 

Polygonal graphs were constructed on the basis of the paired affinity which reflects the obvious closeness between studied 

species. This investigations Provided evidence that support grouping the selected species in the order Brassicales. More 

chemicals investigation for different members and different parts of the order will be better to demonstrate their closeness. 
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1. Ntroduction 

Plant chemotaxonomy is the study of chemistry of plant 

products to provide taxonomic characters which may help in 

plant classification or solve taxonomic problems. Chemical 

markers, such as phenolic compounds, have been still 

extensively used in botanical chemosystematic studies [1]. 

These have largely concerned the high or middle taxonomic 

levels: order, family, genus, section [2]. Brassicales 

classification had undergone considerable revision in the past 

decade particularly in recent years [3]. Some newer systems 

were suggested in which many genera were moved to 

different families, some families were merged and others 

were split. According to the Cronquist system of 

classification, the order Brassicales is called the Capparales. 

The only families included are the Brassicaceae and 

Capparaceae which are treated as separate families [4]. Many 

other authors agreed that Capparaceae and Brassicaceae are 

closely related and should be considered as one family [5], 

[6], [7]. In his second edition of the classification of 

flowering plants, Cronquist included members of the family 

Cleomaceae to the family Capparaceae [8]. 

Judd [9] conducted a morphological cladistic analysis in 

the order Brassicales. They considered the Cleomaceae 

genera to be more closely related to Brassicaceae than 

Capparaceae and allowed Cleome and the other members of 

Cleomaceae to be included in Brassicaceae. They also 

suggested that Capparoideae form a paraphyletic grade sister 

to a monophyletic Cleomoideae plus Brassicaceae. Based on 

these analyses, the two families Capparaceae and 

Brassicaceae have been merged into one family: the 

Brassicaceaesensulato (s.l.) [10]. Other classifications have 

continued to recognize Capparaceae but with a more 
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restricted circumscription, either including Cleome and its 

relatives in Brassicaceae or recognizing them in the segregate 

family Cleomaceae [11]. 

Brassicaceae for all taxonomist recognized by the 

cruciform corolla, tetra dynamous stamens, and characteristic 

silique fruit type. In addition to these floral and fruit features, 

there is strong molecular evidence supporting Brassicaceae 

as a monophyletic group [12]. Although Brassicaceae is one 

of few families of higher plants to have been recognized as 

such throughout recorded history [6]. However, according to 

several authors many of the tribal relationships within the 

family are unnatural and intergeneric relationships within the 

family remain difficult and unresolved [12] [13], [14]. 

Although the majority of flowers in Brassicaceae conform to 

the same basic floral formula, there are deviations [6], [15], 

[16]. Several putative basal members of Brassicaceae share 

floral features with Capparaceae such as the woody habit and 

presence of a gynophore and lack of the tetra dynamous 

stamens. There has been considerable debate whether these 

shared features indicate shared ancestral states or convergent 

evolution [4], [6], [17]. 

most taxonomists have agreed that Brassicaceae and 

Capparaceae are closely related families, a relationship that is 

supported by morphological and chemical data [6], [7], [11], 

[18], [19], [20]. Molecular and morphological phylogenetic 

analyses of the family and relatives reveal that Capparaceae 

has traditionally circumscribed are paraphyletic, with the 

larger, mostly temperate family Brassicaceae embedded 

within it [7], [9], [11], [19], [20], [21]. Chloroplast sequence 

data strongly support the monophyly of the three lineages: 

Brassicaceae s. str., Capparaceaesubfam. Capparoideae, and 

Capparaceaesubfam. Cleomoideae, with strong support for a 

sister relationship of Cleomoideae to Brassicaceae [11], [21], 

[22]. Thus, phylogenetic relationships inferred from 

chloroplast sequence information (ndhF, trnL-trnF, matK, and 

rbcL) and the criterion of monophyly permit three 

alternatives for familial recognition: (i) three families, 

Brassicaceae s. str., Cleomaceae, and Capparaceae s. str.; (ii) 

two families, Brassicaceae (including Brassicaceae s. str. And 

subfamily Cleomoideae) and Capparaceae (represented only 

by subfamily Capparoideae); and (iii) one single family, 

Brassicaceaes.l. [11]. Some authors merge all three into one, 

all-inclusive Brassicaceae [9, 10,23]. 

In pre-molecular classifications the family Salvadoraceae 

has always been considered an outsider, either as 

‘incertasedis’ [24], or dumped in or close to Celastrales [4] or 

Oleales [25], [26]. Dahlgren [27] placed Salvadoraceae in an 

expanded order Capparales and he later segregated the family 

in the separate order Salvadorales [28]. The presence of 

mustard oils in Salvadoraceae was recognized early as an 

indicator of affinity with Capparales [25], [26], and it was 

only through the molecular support of studies based on 

several gene regions that an association with all mustard oil-

producing families was finally confirmed [7], [19], [20], [29]. 

Recently and on the base of molecular studies [30] and 

[31] system has adopted treating Cleomaceae and 

Capparaceae as segregate families; Salvadoraceae and other 

taxa to be included in the order Brassicales. 

The present investigation on the distribution of phenolics 

was carried out in five species of Barssicales to examine their 

relative phyletic distance as evidenced from their 

biochemical picture. 

The chemotaxonomic results were subjected to numerical 

taxonomic treatment as an aid to establish phenolic 

relationship in the different species of the order. 

2. Material and Methods 

2.1. Plant Material 

Five species belonging to four different families of the 

order Brassicales were selected for this study. They were 

collected from their natural habitats. They were 

taxonomically identified and authenticated by comparing the 

collection with the available specimens deposited in the 

Herbarium of the Botany Department -Khartoum University 

and the Herbarium of Medicinal and Aromatic Plants 

Research Institute. The species were deposited in the 

Herbaria and their names were updated consulting the 

relevant publications. 

2.2. Methods 

2.2.1. Distribution of Phenolic Compounds 

Thin Layer Chromatography (TLC) technique was applied 

to determine the distribution of phenolic compounds of roots 

of the studied species. 

30g of silica gel Dissolved in 60 distilled water was 

coatedto the TLC plate (200 x200mm) with thickness 0.5mm. 

2.2.2. Procedure 

For each dry Sample (3.00 g) was extracted by macerating 

them in 15ml of 80% Ethanol in test tubes, the test tubes 

were tightly closed by foil to prevent the evaporation of the 

solvent. The roots extractswere kept for 3days in room 

temperature in order to maximum possible extraction of 

phenolic compounds. Using a capillary tube, 3 drops of each 

extract was placed on each spot at the starting point of TLC 

plate so that they line up with the notches etched for each 

plant species. The developing solvent which is a mixture of 

Toluene- Chlorophorm - Acetone (in a rate of 10:50:7) was 

prepared. Enough volume of the developing solvent was 

poured in a jar in order to reach 1 cm deep at the bottom and 

a piece of filter paper was placed into the jar to saturate the 

atmosphere with the solvent. Then the plate was dipped 

carefully in the developing solvent and the chromatogram 

was allowed to develop. 

Plates were removed from the chamber and the highest 

solvent level on them was traced with pencil. Also the spots 

were traced while held under a UV lamp. Then the spots 

were marked with a pencil. The Rf values were then 

calculated for each spot. 

2.2.3. Analysis of Phytochemical Data 

Ratio of fronts (Rf) values: 

Ratio of fronts (Rf) values for each spot were calculated 
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according to the equation: 

Rf =
Distance	from	start	to	center	of	substance	spots

Distance	from	start	to	solvent	front
 

The method adopted by Ellison [32] was followed to make 

the suitable comparisons in the form of qualitative 

relationships. Species were compared on the basis of their 

biochemical affinities. Values of paired affinity (PA), group 

affinity (GA) and isolation value (IV) were calculated as 

follows: 

�� =
−�����	������	 �	��!� !�	�	"�#	$

Total	spots	of	A	and	B
× 100 

,� = -��".	��	/".0!	 + 	100 

23 =
Number	of	unique	spots	in	a	species

Total	number	of	spots	in	all	species
 

3. Result 

Screening for phenolic compounds on TLC, resulted in 

many spots of different Retention Factor (Rf) values. The 

relative distribution of all spots and Retention Factor (Rf) of 

phenolics in the roots of the selected species separated by 

thin layer chromatography are tabulated in Table 1. A total 

number of 13 spots representing Different phenolic 

compounds were detected in roots part of the selected 

species. Some of the separated compounds are common to 

different species which might suggest possible closeness of 

the species. This is verified by calculating the paired affinity 

index between different pairs of the selected species. 

According to Ellison et al. (1962), paired affinity index (PA) 

of 50% and above are considered as a marker of close 

relationship. The PA value calculated on the basis of presence 

and absence of the phenolics is shown in Table 2. Some of 

the selected species revealed high PA as shown in Figure 1, 

but The highest PA value 75% was observed between 

Schimpera Arabica and Maerua oblongifolia. The lowest PA 

value 25% was found between Cleome gynandra and Maerua 

crassifolia. These values showed that Maerua oblongifolia 

and Schimpera arabica were closely related. 

Group affinity values also showed the close relationship 

between Maerua oblongifolia (365) and Schimpera arabica 

(320) as shown in Table 3. 

 
Figure 1. Polygonal graphs show the closeness between studied species based on their paired affinity (PA). 

Table 1. Thin layer chromatography separation of phenolics in the roots of the studied species revealing their Rf values. 

No. RF values T/C/A Cleome gynandra Maeruacrassifolia Maeruaoblongifolia Schimperaaarabica Salvadorapersica 

1 0.13 - - + + + 

2 0.25 - - + + + 

3 0.67 + + - - - 

4 0.68 - - + + + 

5 0.92 - + + - - 
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Table 2. Paired Affinity values (PA) of studied specie. 

 Cleome gynandra Maeruacrassifolia Maeruaoblongifolia Schimperaaarabica Salvadorapersica 

Cleome gynandra  25%    

Maeruacrassifolia 25%  50%   

Maeruaoblongifolia    75% 40% 

Schimperaarabica   75%  50% 

Salvadorapersica   40% 50%  

Table 3. Group affinity, number of unique spots and isolation value of phenolic compounds of the roots of studied species. 

No. Species GA No. of unique spots Isolation value (%) 

1. Cleome gynandra 225 0 0 

2. Maeruacrassifolia 225 0 0 

3. Maeruaoblongifolia 365 0 0 

4. Schimperarabica 320 0 0 

5. Salvadorapersica 290 0 0 

 

4. Discussion 

Phenolics as a chemical marker can be used as one of the 

substantial criteria for decisions in plant taxonomy [2]. The 

main concept of the classification of the Brassicales had been 

started by the inclusion of all mustard oil containing plants 

together in one order. by early 1970s, 15 plants families had 

been considered as members of Brassicales [27], and more 

mustard producing families had been included by [27], [28]. 

Most of the classifications of the order Brassicales had been 

evolved in 20
th

 century. They differ in their placement of the 

families and the genera which included in each family. The 

most considerable revisions were those concerning the three 

families Brassicaeae, Capparaceae and Cleomaceae. 

Based on some morphological characters, Brassicaceae 

and Capparaceae were treated as two separate families [4], 

[8], [33]. Based on molecular studies members of the two 

families were firstly treated as one family Brassicaceae [23] 

but the [34] system has adopted treating Cleomaceae and 

Capparaceae as segregate families; Salvadoraceaeand other 

taxa to be included in the order Brassicales [34]. Higher PA 

value was considered as an indication of close affinity 

between different species. PA value of 50% and above was 

considered as a marker of closeRelationship. In this regard, 

the two species of Schimperaarabica and Maerua 

oblongifolia (PA value of 75%) were most closely related, 

this result support the claim that Brassicaceae and 

capparaceaeare closely related and should be considered as 

one family [5], [7], [23]. Cleome gynandra has the lowest 

paired affinity comparing with other species but it was close 

to Maerua crassifolia, thing that support its placement with 

capparaceae in one family [8]. Plogonal graphs reflect the 

closeness of studied species, thing that support the grouping 

the studied species in one order Brassicales by [30], [31]. 

5. Conclusion 

Plant chemotaxonomy can provide taxonomic characters 

which may help in plant classification or solve taxonomic 

problems beside the classical and molecular plant taxonomy. 

This study provided some important biochemical basis for 

the chemotaxonomy of the order Brassicales. As phenol com-

pounds have been still extensively used in botanical 

chemosystematic studies, this investigation revealed that 

Phenolic compounds can be of taxonomic important factor in 

chemotaxonomy of the order, because they demonstrated the 

chemotaxonomy relationship between the selected species. 

The recommendation of this study is that, further 

investigation of phenolic compounds on other parts of the 

selected species or other species from the order are needed as 

confirmatory evidences. 
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