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Abstract. Ornamental palms are famous for their patterned leaves, which make them quite suitable for 

indoor and outdoor decors. Hitherto, palms were identified morphologically resulting in ambiguous 

identification. Hence, to stitch this loophole in phylogenetic studies, DNA barcoding is a remarkable way 

for correct identification and evolutionary study of ornamental palms. We investigated phylogenetic 

relationship of commonly used ornamental palms in Pakistan. We focused on two genetic regions, rbcL 

and matK, which had been proved as potential DNA barcodes for species identification and phylogenetic 

studies. In this study, fifteen ornamental palms were investigated for their evolutionary relationship and 

molecular identification. This study resolved their evolutionary history using Maximum Likelihood 

method based on Jukes-Cantor evolutionary model. Among them, nine ornamental palm shared 

evolutionary history, though four showed evolutionary distinctness from the rest. Chamaedorea seifrizii 

and Chamaedorea costaricana revealed close residence in the evolutionary tree with 70% bootstrap 

support. Syagrus romanzoffiana resolved as independent lineage with distinct and highly diverse 

evolutionary history. Furthermore, Wodyetia bifurcata and Dypsis lutescens nested together with 61% 

bootstrap though, they belong to different genera. This showed that the genus Wodyetia and Dypsis had 

very close evolutionary history. The evolutionary forces either geographical isolation or genetic drift 

could be the reason for the divergence of these palms into two distinct genera, though being the lineages 

of the same parent. 

Keywords: ornamental palm, DNA barcoding, Bayesian information criterion, maximum likelihood 
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Introduction 

Arecaceae family, also known as Palmae family, is well known for its ornamental 

palm members. It consists of 240 genera and 27000 species (Lorenzi et al., 2010). It is a 

monotypic family of Arecales order. Palms are thought to be originated in Australasia 

and their fossil records reveal their distribution in early Cenzoic era. In present era, 

palms are mostly distributed in tropical regions and some species are reported in 

subtropical regions as well (Henderson et al., 1995). Palmae family comprised of 

commercially and horticulturally famous landscape ornamental palms which are famous 

for their palmate patterned evergreen leaves and bright, colorful flowers. Palms are 

noticeably used in outdoor and indoor house decors. Since many decades, the taxonomy 

of these ornamental palms is poorly understood due to lack of information about their 

character identification. These problems are caused because of their morphological 
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similarities with each other and difficulties in hybrid discrimination (Pintaud, 2008). 

High evolutionary rate has been observed in palm trees and the evaluation of genetic 

evolution through botanical characters is quite difficult task as morphological traits 

distinguish the plant at specific life stage. The discrimination based upon such 

characters results in either ambiguous or wrong identification of palm (Sedra et al., 

1996) which made them pseudo palms. 

To overcome these problems, botanists have moved towards molecular approach for 

species identification and discrimination. For this purpose, DNA barcodes are used 

suggested by CBOL (Consortium of Barcode of Life) in 2009. DNA barcodes consists 

of conserved short DNA sequences which are unique for every species. In case of 

animals, well known barcode in COI (Cytochrome oxidase gene) while for plants, many 

plastid sequences have been studied and confirmed as barcode loci (Kress et al., 2005; 

Ford et al., 2009). Out of many barcodes, two plastid genes namely maturase K (matK) 

and Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcL) have been 

recommended and standardized as potential plant barcodes by PWG (International body 

of Plant Working Group) of CBOL (2009). The barcodes suggested by CBOL group 

have great potential for discrimination, authentication and identification for 

international/foreign as well as native plant species (Maloukh et al., 2017). The 

discriminatory power of rbcL is lower than matK but it offers many advantages like its 

unambiguous and clear alignment power, high sequencing frequency and its universality 

(Dong et al., 2014). In this study, 15 ornamental palms were investigated for their 

phylogenetic relationship to unravel their evolutionary history and ancestral inference 

for assessing their divergence as distinct lineages. 

Materials and methods 

Sample collection and molecular processing 

The leave samples of 15 economically important ornamental palms in Pakistan 

(Table 1) were collected for DNA extraction. Genomic DNA was extracted using Plant 

DNA extraction kit (Favorgen Biotech Corp.). For the amplification of matK and rbcL 

regions, their universal primer pairs suggested by Consortium of Barcode of Life 

(CBOL, 2009) were used in PCR analysis. The total volume of a reaction mixture for 

PCR was 25 µl containing 50 ng/µl DNA template, 10 µM each primer in a pair, 2 µl 

dNTPs, 2.5 µl of HF buffer, 0.25 µl of high fidelity polymerase and nuclease free water 

for volume makeup. PCR product was resolved on 2% high resolution agarose with gel 

electrophoresis. The required amplicons were eluted by gel purification mini kit 

(Favorgen Biotech Corp.) and then sequenced through Eurofins Genomics DNA 

sequencing services, USA. The sequences were trimmed with BioEdit v7.2.6.1. The 

success frequency of PCR amplification of each target regions (rbcl and matK) was 

determined as the proportion of total No. of amplified individuals to the total No. of 

individuals analyzed in study while successful sequencing was evaluated as the 

percentage of number of good quality sequences to the total number of sequences of 

studied individuals. 

 

Data analysis 

The good quality trimmed sequences were in silico characterized and submitted to 

NCBI database. The homology search of each sequence was performed using BLASTn 
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tool. Each sequence was identified based on the 100% identity with the reference 

sequences of type materials in the NCBI database. The obtained sequences were aligned 

using ClustalW and then were submitted to NCBI database. For phylogenetic analysis, 

version 7.0 (Molecular Evolutionary Genetics Analysis) was used to employing 

Maximum Likelihood (ML) method based on best-fit evolutionary model to generate 

optimal topology in an evolutionary tree. 

 
Table 1. Ornamental palm with their native and scientific name along with GenBank 

accession numbers 

Serial# Common name Scientific name 
GenBank accession no. 

rbcL matK 

1 Alexandra palm Archontophoenix alexandrae MK947439 ------------ 

2 Bamboo palm Chamaedorea seifrizii MK639602 MK639603 

3 Bismarckia palm Bismarckia nobilis MK947440 ------------ 

4 Bottle palm Hyophorbe lagenicaulis MK947437 ------------ 

5 Cluster palm Chamaedorea costaricana MK947436 MN047253 

6 Clustering fishtail palm Caryota mitis MK947435 ------------ 

7 Foxtail palm Wodyetia bifurcata MK947442 ------------ 

8 Golden palm Dypsis lutescens MK947441 ------------ 

9 Lady palm Rhapis excelsa MK947443 ------------ 

10 Queen palm Syagrus romanzoffiana MK650287 MN047252 

11 Dwarf Majesty palm Ravenea hildebrandtii MK947438 MN047254 

12 Royal palm Roystonea regia MK947434 ------------ 

13 Washingtonia palm Washingtonia robusta MK940273 ------------ 

14 Dioon palm Dioon spinulosum ------------ ------------ 

15 Kangi palm Cycas revolute ------------ ------------ 

Results 

Ornamental palms are the pillars of horticultural industry. However, their accurate 

taxonomic identification is challenging. Hence, in this study, matK and rbcL regions were 

targeted to taxonomic investigation of 15 economically important ornamental palm in 

Pakistan for resolving their phylogenetic topology unequivocally. The universal barcode 

primers of both genetic regions were used in DNA barcoding analysis. 

These two barcode genes rbcL and matK showed 100% PCR amplification. The 

sequencing frequency showed that the sequencing success of rbcL was comparatively 

higher than matK. The low sequencing rate of matK is due to high heterozygosity in the 

respective regions, which may result in polymerase slippage during Sanger sequencing 

method. The sequencing rate of rbcL was recorded as 86.66% while for matK it was 

recorded as 26.66%. However, the species discriminating power of matK is much greater 

than rbcL. The phylogenetic tree for rbcl region of 13 ornamental palm was constructed 

through Mega 6 software (Tamura et al., 2013) by using maximum likelihood algorithm, 

which was based upon Jukes-Cantor evolutionary model with Gamma distribution 

(JC + G) l (Fig. 1). The best substitution pattern is described the models with lowest 

Bayesian Information Criterion scores. Akaike Information Criterion (AICc), No. of 

parameters along with branch lengths and Maximum Likelihood value (lnL) along with 

estimated values of transversion bias (R), rate of nucleotide substitution (r) and nucleotide 

frequencies for each nucleotide pair is shown (Table 2). 
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The constructed tree showed highest log likelihood of -387.1215 with trees 

percentage is showed next to the branches. Through neighbor joining method, the 

pairwise distance matrix was assessed by MCL (Maximum Composite Likelihood) 

approach. The level of evolutionary differences was estimated by discrete Gamma 

distribution as + G 0.1000 parameter. The branch lengths of the constructed tree were 

calculated with the No. of substitutions per sites. The analyses were based upon 13 

nucleotide sequences with 1st, 2nd, 3rd and noncoding codon positions. A total of 225 

positions were included in final dataset with all missing gaps eliminated (Table 2). 

 
Table 2. Maximum likelihood fits of 24 different nucleotide substitution models on 13 

ornamental palms using rbcL barcode 

 
 

 

The phylogenetic topology of the constructed tree revealed the evolutionary history 

of 13 ornamental palms. Of these thirteen ornamental palms, nine showed evolutionary 

relatedness. These nine ornamental palms viz., Chamaedorea seifrizii, Chamaedorea 

costaricana, Roystonea regia, Caryota mitis, Ravenea hildebrandtii Wodyetia bifurcata, 

Dypsis lutescens, Archontophoenix alexandrae and Hyophorbe lagenicaulis revealed 

divergence from the same parent in the evolutionary tree (Fig. 1) as nested in a clade. 

This phylogenetic tree showed that they are independent lineages that had been 

evolutionary diverged. Chamaedorea seifrizii and Chamaedorea costaricana showed 

closeness to each other with 70% bootstrap support. They resolved as two different 

species of the same genus. However, the other ornamental palms resolved as diverse 

evolutionary history. Caryota mitis and Ravenea hildebrandtii showed the divergence 

from the same parent but longer branch length of Caryota mitis supported that it is more 

evolutionary diverse than Ravenea hildebrandtii from their parents. Moreover, 

Wodyetia bifurcata and Dypsis lutescens nested closely with 61% bootstrap though, 

they belong to different genera. This showed genus Wodyetia and Dypsis had very close 

evolutionary history. The geographical isolation and genetic drift during evolution could 

be the reason of divergence of these palms into two distinct genera, though being 

lineages of the same parent. Although, Syagrus romanzoffiana, Bismarckia nobilis, 

Washingtonia robusta and Rhapis excelsa resolved different evolutionary history from 

nine ornamental palm of a clade. Washingtonia robusta and Rhapis excelsa showed 

evolutionary divergence from the same parent by 53% bootstrap support. However, 

Bismarckia nobilis and parent lineage of Washingtonia robusta and Rhapis excelsa 

showed close evolutionary history with 44% bootstrap support. 
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Figure 1. Chloroplast region, rbcL, based phylogenetic tree of 13 ornamental palms 

Discussion 

Ornamental palms, belong to Arecaceae family, are quite important landscape plants 

of tropical, subtropical and warm climate regions. These are famous for their palmate 

patterned leaves, and colorful flowers, which makes these plants noticeable in indoor 

and outdoor decors. High rate of plastid DNA evolution has been observed in palm trees 

(Asmussen et al., 2000; Dransfield et al., 2008). The determination of genetic evolution 

and variation through morphological characters is quite tedious in ornamental palm as 

morphological traits discriminates the plants at particular life stage which results in 

either wrong or ambiguous identification (Sedra et al., 1996). Taking these problems in 

account, genetic variability is determined through molecular approaches. DNA 

barcoding is an efficient molecular approach for efficient species identification based 

upon the conserved regions as a barcode/marker. For the evaluation of DNA barcode, 

the success rate of PCR amplification and sequencing are quite important parameters. In 

the present study, two conserved regions of chloroplast genome, matK and rbcL were 

successfully amplified for 15 ornamental palm plant identification. However, the 

sequencing rate of matK (26.66%) was comparatively lower than rbcL (86.66%) 

because of its complex heterozygosity nature. The universality of rbcL region have been 

proved by high amplification and sequencing rate as already explained by Huang et al. 

(2015) and Kang et al. (2017) while studying the Asian tropical trees and tropical cloud 

forest trees, respectively. The evolutionary tree of thirteen ornamental palms were 

constructed using Maximum likelihood algorithm whose nodes were supported by 

bootstrap values. Sequence evolution model, JC + G model, with lowest BIC value 

(965.423) was selected to generate a tree under maximum likelihood (ML) algorithm. In 

the respective tree, Wodyetia bifurcata and Dypsis lutescens are supported by 

61%bootstrap, which make them closer to each other although these belong to different 

genera. This may be due to the less resolving power of rbcL genetic region of these two 

ornamental palm due to less evolution. 
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Conclusion 

The present evolutionary study helped in identifying the ornamental palms of 

Pakistan through molecular approaches as morphological characterization was not 

enough for correct identification due their high similarity nature. This phylogenetic 

study showed that nine ornamental palm shared evolutionary history, though four 

showed evolutionary distinctness from the rest. Chamaedorea seifrizii and 

Chamaedorea costaricana revealed close residence in the evolutionary tree. However, 

Syagrus romanzoffiana resolved as independent lineage with distinct and highly diverse 

evolutionary history. Furthermore, Wodyetia bifurcata and Dypsis lutescens showed 

cladding though they belong to different genera. This showed that the genus Wodyetia 

and Dypsis had very close evolutionary history. 
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