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Abstract 

Hybridization has played a significant influence in the evolution of plants. The hybrids orchid genus Mokara Dear Heart is a 
cut orchid with beautiful flowers, and it is economically important. Both maximum likelihood (ML) and Bayesian inference 
(BI) methods were used to construct the phylogeny of Mokara Dear Heart to explore the phylogenetic relationships of 
MokaraDear Heart and its parents based on the molecular data from ITS and matK sequences. Our molecular results 
supported that Mokara Dear Heart is closely related to the genus Vanda, but far from Arachnis. The genetics of chloroplast a 
type of the plastid and nucleus of Moraka Dear Heart could be derived from the Vanda lineage. The hybrid orchid Mokara 
Dear Heart is a bigeneric hybridization and originated from Arachnis and Vanda. In the hybridization scenario of Mokara 
Dear Heart, the Vanda Yip Sum Wah acted as the father’s parent and crossed with Arachnis Maggie Oei's maternal lineage, 
resulting in paternal transmission of the chloroplast to the Mokara Dear Heart. The commercial name Mokara Dear Heart 
should be corrected to Aranda Dear Heart. 
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1. Introduction 

Exploring the molecular phylogenetic relationship 
between taxa can help scientists discover novel findings. 
Plant evolution has been aided by hybridization, and 
imperfect lineage sorting is believed to have occurred 
during several rapid radiations. As a result, there are 
several examples of accordance and discordance between 
phylogenetic trees from chloroplast and nuclear genes in 
plants. Much of the backbone phylogeny of angiosperm 
has been resolved using a molecular phylogenetic 
approach (see Soltis et al., 2009, 2011; Ruhfel et al., 2014) 
as well as clarified longstanding questions in relationships 
of major clades of the plant. 

Orchidaceae is the largest angiosperm family, with 
almost 25000 species and 800 genera (Chen et al., 2009). 
The family members were distributed across the whole 
world except Antarctica (Chen et al., 2009; Zhang et al., 
2013). The species of Orchidaceae play a significant role 
in economy, ornamental, and medicine. In several tribes of 
Orchidaceae, Vandeae is a large horticulturally important 
group with almost 2000 species. Mokara the “Smile 
Orchid”, is popularin Asia, where it has been first 
hybridized and cultivated (Soon, 1989; Dalayap et al., 
2011). Mokara is Vandaceous orchid, which is the result 
of the trigeneric hybridization of Ascocentrum, Arachnis, 
and Vanda genera (Dalayap et al., 2011; Peyachoknagul et 
al., 2014). Currently, several varieties of Mokara were 
produced with unique and highly variable star-shaped 
flowers, and flowers with a large number of colors 

compared to other orchids such as pink, purple, blue, 
yellow, orange, and red (Dalayap et al., 2011). The 
Mokara species are cut orchids with beautiful flowers, and 
they are economically important. The economic Mokara 
Dear Heart is an orchid hybrid that was registered by 
Mizuta in 1972 (Woo and Nakamoto, 1990). However, the 
Mokara Dear Heart lineage was hybridized from Arachnis 
Maggie Oei and Vanda Yip Sum Wah, in which Arachnis 
Maggie Oei is the seed parent and Vanda Yip Sum Wah 
pollen parent (https://orchidroots.com). Moreover, the 
accepted name of this lineage was corrected to Aranda 
Dear Heart. Therefore, there are disagreements over the 
commercial and scientific names for this lineage, which 
can be resolved by molecular phylogeny. 

Several molecular phylogenetic studies for Vandeae 
members were performed (Carlsward et al., 2006; 
Gardiner et al., 2013; Zhang et al., 2013; Szlachetko et al., 
2014; Zou et al., 2015). In these studies, the three genera 
Ascocentrum, Vanda, and Arachnis were included to 
investigate the phylogenetic relationship and monophyly 
of the three genera. However, the phylogenetic position 
and molecular relationship of the hybrids orchid Mokara 
are absent.  

Lee (1994) conducted a study on the genetics of 
Mokara, and the results of the study indicated that the 
lineages of Mokara have genetic diversity. The triploid 
Mokara cultivars generally outperform their diploid 
counterparts in various horticultural characteristics and are 
more desirable for commercial cut-flower production.  

The monophyly of Vandeae was investigated by 
Carlsward et al. (2006) using molecular data from ITS, 



 © 2022  Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 5 

 

806 

trnL-F, and matK; however, the samples of Mokara’s three 
parents are limited. Gardiner et al. (2013) presented a 
molecular study using a sequence of three DNA regions. 
Results of the study showed that the genus Vanda s.l. 
forms a clade including approximately 73 species, 
containing some members of Euanthe, Christensonia, 
Ascocentrum, Neofinetia, and Trudelia, and the species 
Aerides flabellata. However, the genetic relationships 
within Vanda s.l. remain a mystery, and morphological 
classifications for the species are inconsistent with the 
findings. 

Zhang et al. (2013) elucidated the molecular 
relationship between 14 genera of the Aerides–
Vandaclade. The Aerides–Vanda clade was supported as a 
monophyletic group. The molecular data from five plastid 
DNA and ITS regions proved that Ascocentrum is non-
monophyletic. Pendulorchis was treated as a new genus; 
some other treatments were provided for the Aerides–
Vanda clade.  

Recently, the close relationship between Vanda and 
Ascocentrum was reconstructed by Zou et al. (2015) based 
on five DNA regions (atpI-H, matK, psbA-trnH, trnL-F, 
and ITS) of 211 individuals from 74 genera. In this study, 
the subtribe Aeridinae was supported as monophyletic, and 
10 major clades were recognized in the Aeridinae. 
Additionally, within the Aeridinae, most genera were 
strongly supported as monophyletic, and only several 
genera were found to be polyphyletic.  

Thus, in order to investigate the phylogenetic position 
and molecular relationship between Aranda, Mokara, and 
its parents, we conducted the phylogenetic analyses using 
molecular data from chloroplast and nuclear DNA regions. 
Our major aims are to (1) construct the phylogenetic 
placement of Mokara Dear Heart and (2) investigate the 
patterns of phylogenetic relationship consistent with the 
hybridization of Mokara Dear Heart. 

2. Materials and Methods 

2.1. Taxon sampling 

To determine the phylogenetic position of Mokara 
Dear Heart, we assembled sequences of all the three 
parents genera Ascocentrum, Vanda, and Arachnis that are 
available in GenBank (NCBI). The duplication and 
uncertain sequences were excluded. For the Vanda genus, 
all phylogenetic clades of the genus were included 
following Gardiner et al. (2013). In total, 113 sequences 
that represented 84 species for both ingroups and 
outgroups were included in the molecular analyses. Two 
DNA regions including ITS, and matK were used for 
molecular analyses. 

We sampled three individuals of Mokara Dear Heart 
that were collected from Vietnam. The Mokara Dear Heart 
samples were obtained from a nursery of Hanoi 
Pedagogical University 2. Our Mokara Dear Heart samples 
belong to the Aranda variety of Mokara. Mokara Dear 
Heart samples were planted in pots of sand in growth 
chambers. (http://www.orchidsasia.com/mhyblist.htm). 

2.2. DNA extraction, polymerase chain reactions (PCR), 
and sequencing 

 For the three individuals of MokaraDear Heart 
collected from Vietnam, we extracted genomic DNA from 

silica gel dried leaves using the CTAB procedure as 
previously described (Raskoti and Ale, 2021), and the i-
genomic Plant DNA extraction mini kit (iNtRON), 
following the manufacturer’s recommended protocol. The 
PCR and sequencing were conducted using the primers 
presented by Gardiner et al. (2013). PCR products were 
separated and visualized using an ABI3730 automated 
sequencer (Applied Biosystems, USA). All sequences 
were aligned in Geneious v.8.0.5 (Kearse et al., 2012). 
Voucher information and GenBank accession numbers are 
listed in AppendixS1. To test the topological incongruence 
between the nuclear and plastid DNA regions, the 
incongruence length difference (ILD) test was conducted 
(Farris et al., 1995). The results of the ILD test showed no 
significant incongruence between the nuclear and the 
plastid datasets in this study. Consequently, we 
concatenated them into one dataset. 

2.3. Phylogeneticanalyses 

The molecular phylogenetic analyses of Mokara Dear 
Heart were performed using both the Bayesian inference 
(BI) and Maximum likelihood (ML) methods. The ML 
trees were generated by performing a rapid bootstrap 
analysis in RAxML v.8.2.12 (Stamatakis, 2006; 
Stamatakis et al., 2008) with the GTR + I + G substitution 
model generated by jModeltest 2.1.6 (Darriba et al., 2012) 
and applying 1,000 bootstrap replicates. The BI analysis 
was performed on MrBayes 3.2.6 (Ronquist and 
Huelsenbeck, 2003) on the CIPRES using the best-fitting 
models that estimated separately each gene region (matK: 
GTR+G, ITS: GTR+I+G) (Miller et al., 2010). We ran the 
Markov chain Monte Carlo (MCMC) for 10 million 
generations, and trees were sampled every 1000 
generations. Tracer v.1.4 was used to check the effective 
sample sizes (ESSs) of all relevant parameters (>200) 
(Rambaut and Drummond, 2007). The obtained trees were 
visualized using FigTree v.1.4.0 (Rambaut, 2009). 

3. Results and Discussion 

3.1. Molecular phylogenetic placement of Mokara Dear 
Heart: Congruence among nuclear and chloroplast 
phylogenetic analyses 

The lengths of the two single data sets matK and ITS 
were 1642 bps, and 710 bps, respectively. The combined 
dataset included 84 individuals with lengths of matrix 
2352 bps. The topologies from two single data sets matK, 
ITS, and the combined dataset from ML and BI analyses 
were highly congruent, and we thus presented the results 
from the three data sets (matK, ITS, and the combined 
datasets) in the ML tree with bootstrap values from ML 
and BI analyses in Figs. 1. 2 and 3, respectively. 

Our molecular data well supported that Mokara Dear 
Heartis placed in Vandeae by both single data sets (matK 
and ITS) and combined dataset (Figs. 1, 2, 3). Our results 
indicate that the genus Vanda forms a clade containing 
some members of the genera Ascocentrum, Christensonia, 
and Mokara Dear Heart also seen in Zou et al. (2015), in 
spite of the fact that the species Vanda malipoensis is 
placedwith Ascocentrum christensonianum and 
Ascocentrum pusillum in a separate clade (Fig. 3).
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Figure 1. Maximum likelihood tree of Mokara Dear Heart based on the matK datasets. The bootstrap values from ML and BI analyses are 

displayed on the nodes. The symbol "–" denotes support values less than 50%.
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Figure 2. Maximum likelihood tree of Mokara Dear Heart based on the ITS datasets. The bootstrap values from ML and BI analyses are 
displayed on the nodes. The symbol "–" denotes support values less than 50%. 

The ITS sequences strongly supported Mokara Dear 
Heart placed within the Vanda genus. The three 
individuals of Mokara Dear Heart formed a clade with 
strongly supported (Bootstrap value (BS) = 100%; 
Posterior probability (PP) = 1.0). The genus Ascocentrum 
is non-monophyletic, two clades were recognized for 
Ascocentrum, and they are both placed within Vanda (Fig. 
1). The first clade includes A. ampullaceum, A. 
curvifolium, A. miniatum, and A. aurantiacum, while 
another clade consists of A. christensonianum and A. 
pusillum formed as sister to Vanda with weakly supported 
(Fig. 2). Whereas, one of the three Mokara's parent the 

genus Arachnis placed far from the Vanda clade. Thus, 
molecular analysis of ITS supported the non-monophyletic 
of Vanda, and Mokara Dear Heart is closely related to 
Vanda, while the matK data indicated that Mokara Dear 
Heart formed as a sister to Vanda and Ascocentrum. 
However, the genus Ascocentrum is polyphyletic and 
placed within Vanda (Gardiner et al., 2013). The genus 
Arachnis was weakly placed far from the three genera 
(Fig. 2), and this genus was also recognized as non-
monophyletic. 

The results from the combined dataset strongly 
supported the placement of Mokara Dear Heart within the 
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Vanda genus (Fig. 3). Similarity is a situation of 
Ascocentrum and Christensonia genera. However, our 
results also indicated that Ascocentrum is non- 
monophyletic with A. pusillum, A. christensonianum, and 
Vanda malipoensis formed in a separate clade (Fig. 3). The 
nest of Ascocentrum within Vanda seems to result from the 
pollination of ancestors between the two genera through 
time and space. 

Therefore, our molecular data supported that Mokara 
Dear Heart is closely related to its parent the genus Vanda, 
but it is far from Arachnis. 

3.2. Genetic traits of Mokara suggested by molecular 
data 

The Mokara is a Vandaceous member that is the result 
of a trigeneric cross between Ascocentrum, Arachnis, and 
Vanda. However, questions on the commercial and 
scientific names especially genetics of the hybrid lineages 
are needed to resolve. Based on the molecular results, we 
see that the similar position of Mokara in phylogenetic 
trees from nuclear (ITS) and chloroplast (matK) data 
suggests that the genetics of the organelle plastid and 
nucleus of Moraka are linked (Figs. 1, 2), with the 
chloroplast a type of plastid and much of the genetic 
materials in the nucleus of Moraka derived from the 
Vanda lineage.  

 
Figure 3. Maximum likelihood tree of Mokara Dear Heart based on the combined datasets from ITS and matK. The bootstrap values from 
ML and BI analyses are displayed on the nodes. The symbol "–" denotes support values less than 50%.
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The molecular results supported that the hybrid orchid 
Mokara Dear Heart is a bigeneric hybridization and likely 
originated from Arachnis and Vanda. In which, Arachnis is 
the seed parent and Vanda is the pollen parent. 

Indeed, angiosperms normally inherit both the 
chloroplast and mitochondrial genomes from their mothers 
(Camus et al., 2022; Birky, 2008). However, for the hybrid 
orchid Mokara Dear Heart, we find that the chloroplast 
genome seems derived from the Vanda lineage (Fig. 1). 
Thus, this result is unexpected. Biparental inheritance of 
organellar genomes has been reported in several studies 
(Fauré et al., 1994; Testolin and Cipriani, 1997; Havey et 
al., 1998; Yang et al., 2000). Furthermore, in angiosperms, 
we find that several paternal inheritances of chloroplast 
genomes were discovered such as Helianthus verticillatus 
(Ellis et al., 2008) Celastrales–Oxalidales–Malpighiales 
(COM) clade (Sunet al., 2015), four Australian Callitris 
species (Cupressaceae) (Sakaguchi et al., 2012), and 
Larrea (Yang et al., 2000). Sun et al. (2015) mentioned 
the possibility of paternal chloroplast transmission to the 
COM clade's ancestor, but mitochondria are still 
maternally inherited. Moreover, the hybrid lineage may 
exhibit strong paternal chloroplast inheritance. For the 
Mokara Dear Heart case, in spite of the mitochondrial 
sequences being absent in previous and the current study, 
however, it is likely maternally inherited as other taxa in 
angiosperms (Fig. 4). Thus, it is possible that a complex 
hybridization event resulted in the chloroplast and 
mitochondrial genomes divergence of Mokara Dear Heart. 

 

Figure 4. Mapping simulation of the hybrids orchid genus 
Mokara Dear Heart from Arachnis and Vanda. Plant lineages are 
represented by large circles, while nuclear DNA types are 
represented by small circles, chloroplasts are represented by ovals, 
and mitochondria are represented by diamonds. During the 
hybridization, the chloroplast genome is paternally inherited from 
the Vanda, while the mitochondrion genome is maternally 
inherited from the Arachnis. 

In this hybridization scenario of Mokara Dear Heart, 
the Vanda Yip Sum Wah acted as the father parent and 
hybridized with Arachnis Maggie Oei's maternal lineage, 
resulting in paternal chloroplast transfer to the Mokara 
Dear Heart (Fig. 4). Thus, the hybridization event could be 
a reason for the conflict between the chloroplast and 
mitochondrial genomes, as well as competition among 
nuclear loci with half of the alleles in offspring contributed 
by each parent. That resulted in the close relationship 
between hybrid lineage and the paternal parent of Mokara 
based on chloroplast and nuclear data. Additionally, the 
commercial name Mokara Dear Heart should be corrected 
to Aranda Dear Heart. 

4. Conclusions 

This study represents a comprehensive phylogenetic 
relationship of the hybrids orchid genus Mokara Dear 
Heart. Mokara Dear Heart is closely related to its parent 
the genus Vanda, but far from Arachnis. The genetics of 
the organelles chloroplast and nucleus of Moraka are 
linked, with the chloroplast of Mokara Dear Heart 
apparently derived from the Vanda lineage. The hybrid 
orchid Mokara Dear Heart is a bigeneric hybridization 
originated from Arachnis and Vanda. In the hybridization 
scenario of Mokara Dear Heart, the Vanda Yip Sum Wah 
acted as the father parent and crossed with Arachnis 
Maggie Oei's maternal lineage, resulting in paternal 
transmission of the chloroplast to the Mokara Dear Heart. 
The commercial name Mokara Dear Heart should be 
corrected to Aranda Dear Heart. 
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