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ABSTRACT

Tetrastigma rafflesiae (Miq.) Planch. is a climbing plant species that is known for its unique relationship with 
holoparasitic plants of Rafflesiaceae. Knowledge on the mitochondrial genes of this species may contribute towards the 
development of molecular approaches for species identification. This study aimes to identify and characterise genes from 
the T. rafflesiae mitochondrial genome (mitogenome) and assess their potential to discriminate different Tetrastigma 
species. Mitochondrial-specific sequences were first selected by mapping T. rafflesiae whole-genome sequences to 
mitogenomes from several reference plant species. De novo assembly of these selected sequences produced a T. rafflesiae 
mitogenome with a size of 336 kb. Gene annotation revealed that the T. rafflesiae mitogenome contains at least 
40 protein coding genes, 20 tRNAs and two rRNAs. Phylogenetic analysis using several mitochondrial genes, namely 
ccmB, cob, matR, nad6 and rps3 was able to differentiate T. rafflesiae from three other Tetrastigma species, indicating the 
potential of these genes as species-specific sequence markers. These findings supplement additional genetic information 
on T. rafflesiae and may aid in the effort of species classification and conservation. 
Keywords: Molecular markers; plant mitogenome; phylogeny; species identification

ABSTRAK

Tetrastigma rafflesiae (Miq.) Planch. adalah spesies tumbuhan memanjat yang terkenal kerana hubungannya yang 
unik dengan tumbuhan holoparasit daripada Rafflesiaceae. Pengetahuan mengenai gen mitokondria spesies ini dapat 
menyumbang ke arah pembangunan pendekatan molekul untuk pengecaman spesies. Kajian ini bertujuan untuk 
mengenal pasti dan mencirikan gen daripada genom mitokondria (mitogenom) T. rafflesiae dan menilai potensi gen 
tersebut dalam membezakan spesies Tetrastigma yang berbeza. Jujukan khusus mitokondria pada mulanya dipilih 
melalui pemetaan jujukan keseluruhan genom T. rafflesiae kepada mitogenom daripada beberapa spesies tumbuhan 
rujukan. Penghimpunan de novo jujukan terpilih ini menghasilkan mitogenom T. rafflesiae yang bersaiz 336 kb. Anotasi 
gen menunjukkan bahawa mitogenom T. rafflesiae mengandungi sekurang-kurangnya 40 gen pengekodan protein, 20 
tRNA dan dua rRNA. Analisis filogenetik menggunakan beberapa gen mitokondria iaitu ccmB, cob, matR, nad6 dan rps3 
berupaya membezakan T. rafflesiae daripada tiga spesies Tetrastigma yang lain lalu menunjukkan potensi kesemua gen 
ini sebagai penanda jujukan yang khusus bagi spesies. Penemuan ini menyumbang maklumat genetik tambahan mengenai 
T. rafflesiae dan boleh membantu usaha pengkelasan dan pemuliharaan spesies.
Kata kunci: Filogeni; mitogenom tumbuhan; penanda molekul; pengecaman spesies

INTRODUCTION

Tetrastigma (Miq.) Planch. is a genus of climbing plant 
belonging to Vitaceae that consists of about 95 species 

distributed throughout the Asian-Oceania tropics and 
subtropics from Sino-Himalaya to Taiwan and Malesia, 
extending to Oceania regions (Chen et al. 2011). 
Several Tetrastigma species have been known to exhibit 
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medicinal properties. For instance, T. hemsleyanum has 
been used traditionally by the locals in China to remedy 
inflammation and fever, as well as an analgesic and to 
improve blood circulation (Fu et al. 2011; Ji et al. 2021; 
Liu et al. 2002). Tetrastigma species also attract a major 
interest due to their exclusive role as host plant to the 
parasitic plants in Rafflesiaceae that includes all three 
genera, Rafflesia R. Br., Rhinzanthes Dumort and 
Sapria Griffith (Chen et al. 2011; Molina et al. 2014; 
Nikolov et al. 2014). These genera, which can produce a 
single flower for reproduction, are leafless, stemless and 
rootless thus making them totally reliant on their host for 
nutrients. The genus Rafflesia is the most well-known 
due to the gigantic reddish flower with a diameter of up 
to 100 cm that it can produce (Nais 2001). This genus is 
endemic to the tropical rainforests of Malaysia, Brunei, 
Kalimantan, Java, Sumatera, the Philippines and Southern 
Thailand. 

One of the species of Tetrastigma, T. rafflesiae, 
has been known to host many Rafflesia species found 
in Malaysia and also in its distribution range. The plant 
can be found thriving in lowland dipterocarp forests, 
secondary forests, rocky ridges, limestones and hill 
dipterocarp forests in Peninsular Malaysia (Latiff 1983), 
while in Borneo Island, it can be found mostly in mixed 
dipterocarp forests and montane forests (Wan Zakaria 
et al. 2016). Interestingly, T. rafflesiae has also been 
reported to host most of the Rafflesia species that can be 
found in Indonesia, Brunei, the Philippines and Southern 
Thailand. Previous studies have recorded more than ten 
species of Rafflesia parasitising T. rafflesiae, including 
those in Peninsular Malaysia (Adam et al. 2016; Nais 
2001).

Molecular phylogenetics has been used to study 
the evolutionary history of living organisms, population 
genetics, phylogeography and the evolution of genes 
and genomes (Paterson et al. 2010; Yang & Rannala 
2012). Several genomic regions could be utilised for 
phylogenetic reconstruction and DNA barcoding-based 
identification (Christin et al. 2012; Wendel & Doyle 
1998). In plants, nuclear ribosomal internal transcribed 
spacers (ITS) which are the internal transcribed spacers 
of the large subunit of ribosomal DNA, have been 
utilised as the sequence of choice for phylogenetic 
markers (Álvarez & Wendel 2003; Feliner & Rosselló 
2007). More recently, plastid genes, including those from 
chloroplast genomes (plastomes), are being extensively 
used in the reconstruction of phylogenies to identify plant 
species (Hollingsworth et al. 2009; Li et al. 2015; Sun 
et al. 2016). However, unlike nuclear and chloroplast 
genes, mitochondrial sequences are rarely used to 

reconstruct phylogenies or for DNA barcoding in higher 
plants (Donnelly et al. 2017; Govindarajulu et al. 2015). 
This is due to several limitations of plant mitochondrial 
genomes (mitogenomes), including extremely slow 
nucleotide substitution rate (Aguileta et al. 2014; Nabholz 
et al. 2009), being maternally inherited (Corriveau & 
Coleman 1988; Reboud & Zeyl 1994) and difficulties 
in assembling complete plant mitogenomes due to their 
complex and variable structure (Fauron et al. 2004; Smith 
& Keeling 2015). However, despite these challenges, 
comparative mitogenome studies are still relevant to 
show the potential evolutionary history and structural 
dynamics among certain plant species (Duminil 2014). 
This was demonstrated by previous studies that employed 
several mitochondrial sequences to resolve phylogeny 
among parasitic angiosperms (Barkman et al. 2007) and 
the Pinus genus (Donnelly et al. 2017). 

In this study, we have identified mitochondrial 
specific reads of T. rafflesiae by mapping whole genome 
sequencing reads to reference plant mitogenomes and 
assembled the reads de novo. This was followed by 
the characterisation of the mitogenome gene content 
through annotation and the comparison with other 
reference plant mitogenomes. Several protein coding 
genes were identified and assessed for their potential as 
sequence marker to differentiate T. rafflesiae from other 
Tetrastigma species. This understanding could pave 
the way to develop a strategy of using mitochondrial 
based markers for Tetrastigma identification and 
classification. 

METHODS

de novo ASSEMBLY OF T. rafflesiae MITOGENOME

To assemble the T. rafflesiae mitogenome, we first 
identified mitochondrial specific reads from the Illumina 
whole genome sequence dataset generated from tissue 
samples of T. rafflesiae grown in the forest of the 
Malaysia Genome Institute (MGI). This was carried 
out by Bowtie2 (v2.4.1) (Langmead & Salzberg 2012) 
that mapped the pre-processed whole genome reads 
to mitogenome sequences of reference plant species. 
Twenty-two flowering plant species mitogenomes with 
size ranging from 119 kb in Amborella trichopoda to 
1.3 Mb in Hevea brasiliensis were used as reference 
mitogenomes (Table 1). All the mitogenome sequences 
were retrieved and downloaded from the GenBank 
database in FASTA format. Sequences mapped by 
Bowtie2 were then processed by Velvet (v1.2.10) 
(Zerbino & Birney 2008) that assembled the short reads. 
The assembled mitogenome of T. rafflesiae was then 



  2437

analysed using SSPACE (v2.1.1) (Boetzer et al. 2010) and 
MEDUSA (v1.6) (Bosi et al. 2015) to increase the scaffold 
length through scaffolding and contig extension processes 

and therefore, reduce the overall scaffold number. Closure 
of the gaps produced during the scaffolding process was 
performed using GapCloser (v1.0.1) to improve the 
overall contiguity and completeness of the assembled 
genome.

TABLE 1. Reference plant species used in mapping of T. rafflesiae mitogenome sequence reads

Species Mitogenome size (bp) GenBank Accession No.

Amborella trichopoda 118,716 KF754799.1

Arabidopsis thaliana 336,924 NC_001284.2

Beta vulgaris 368,801 NC_002511.2

Brassica napus 223,853 NC_008285.1

Carica papaya 476,890 NC_012116.1

Cucurbita pepo 982,833 NC_014050.1

Daucus carota 281,132 NC_017855.1

Gossypium hirsutum 621,884 NC_027406.1

Helianthus annuus 300,945 NC_023337.1

Hevea brasiliensis 1,325,823 AP014526.1

Liriodendron tulipifera 553,721 NC_021152.1

Malus domestica 396,947 NC_018554.1

Marchantia paleacea 186,609 NC_001660.1

Nicotiana tabacum 430,597 NC_006581.1

Oryza sativa 490,520 NC_011033.1

Phoenix dactylifera 715,001 NC_016740.1

Raphanus sativus 258,426 NC_018551.1

Ricinus communis 502,773 HQ874649.1

Triticum aestivum 452,528 AP008982.1

Vigna radiata 401,262 NC_015121.1

Vitis vinifera 773,279 NC_012119.1

Zea mays 596,630 NC_007982.1

ANNOTATION OF T. Rafflesiae MITOCHONDRIAL GENES

Gene annotation of the T. rafflesiae mitogenome was 
carried out using Mitofy (v1.3.1) (Alverson et al. 2010) 

that was specifically designed for the annotation of seed 
plant mitochondrial genome. Within Mitofy, BLASTX was 
used to search for the assembled T. rafflesiae mitogenome 
against the 41 different protein coding genes known in 
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seed plant mitogenome. BLASTN was used to search 
for matching query sequences against the 27 tRNA and 
three rRNA genes. BLASTX and BLASTN parameters 
used included maximum BLAST expect value for both 
protein genes and RNA genes set to 1e-3, and minimum 
percent identity set to 70. tRNAscan-SE (v2.11) was used 
to search for organellar tRNAs de novo. The annotated 
mitochondrial gene sequences in Mitofy were then 
verified through functional analyses in Blast2GO using a 
Gene Ontology (GO) annotation workflow that involved 
the alignment of each annotated gene sequence using 
BLASTX against the GenBank protein database and 
InterProScan search against the protein domain database 
that identified biological function of the gene based on 
protein domains and families. Then, the programme 
matched the ID of the annotated genes against the GO 
annotation database through a mapping process before 
assigning the most appropriate GO terms for each gene 
sequence (Götz et al. 2008). The output from Blast2GO 
analysis was used in WEGO (v2.0) (Ye et al. 2018, 2006) 
to generate the GO graph. Subsequently, the annotated 
protein coding gene sequences of T. rafflesiae were 
compared with those of Arabidopsis thaliana, a model 
plant that has been extensively studied, and Vitis 
vinifera, a species within the Vitaceae family.

COMPARATIVE ANALYSIS OF T. rafflesiae 
MITOCHONDRIAL GENES

The selection of gene candidates for comparative analysis 
were based on their full length, as determined from 
the mitogenome analysis, and the availability of their 
homologous sequences in other Tetrastigma species 
in the public database. In this study, five T. rafflesiae 

mitochondrial genes that met the criteria namely ccmB, 
cob, matR, nad6, and rps3 were selected and analysed 
together with their homologues from three other 
Tetrastigma species which were T. rumicispermum, T. 
voinierianum, and T. obovatum (Chen et al. 2011), with 
V. vinifera (Goremykin et al. 2009) as an outgroup. 
All the reference gene sequences were retrieved and 
downloaded from GenBank. The multiple sequence 
alignment (MSA) analysis for each gene was performed 
using Clustal Omega (v1.2.4) (Sievers & Higgins 2014) 
and the results were used in subsequent phylogenetic 
tree reconstruction using MEGA X (v10.2) (Kumar et 
al. 2018). Maximum Likelihood (ML) statistical model 
and the General Time Reversible (GTR) nucleotide 
substitution were selected as the evolutionary model 
to construct the phylogenetic tree of the combined 
mitochondrial gene sequences from each species with 
1000 bootstrap replication (Felsenstein 1981). 

RESULTS

MAPPING AND THE ASSEMBLY OF T. rafflesiae 
MITOGENOME

Pre-processing of T. rafflesiae whole genome raw reads 
produced around 432 million high quality reads. Out 
of these, 275,984 reads mapped to the reference plant 
mitogenome sequences. The mapped reads were then 
assembled de novo using Velvet, and subsequently 
scaffolded using SSPACE, MEDUSA and GapCloser, 
producing a T. rafflesiae mitogenome assembly of 336 
kb in length. There are 33 scaffold sequences within the 
assembly with an average length of 10 kb and the longest 
scaffold being 69 kb in length (Table 2). 

TABLE 2. Assembly and scaffolding statistics of T. rafflesiae 

mitogenome

Assembly Scaffolding 

Velvet SSPACE MEDUSA GapCloser

Total number of contigs/scaffolds 314 248 33 33

Total contig/scaffold length (bp) 337,026 357,340 367,040 336,355

Contig/Scaffold N50 (bp) 2,215 3,142 19,389 18,700

Longest contig/scaffold (bp) 10,004 29,679 74,673 69,131

Average contig/scaffold length (bp) 1,073 1,441 11,122 10,193

Contig/Scaffold GC (%) 36.91 34.81 33.89 40.09
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CHARACTERISATION OF GENES IN T. rafflesiae 
MITOGENOME

Based on the Mitofy results, the T. rafflesiae mitogenome 
was shown to consist of 40 protein coding mitochondrial, 
20 tRNA and two rRNA genes (Table 3). The nucleotide 
sequences of protein coding genes in T. rafflesiae 
mitogenome were compared with the mitogenome 
of two other plant species namely A. thaliana and V. 
vinifera (Table 3). The results showed that T. rafflesiae 
and V. vinifera mitogenomes have the same number 
of protein coding genes (40 genes) while A. thaliana 
mitogenome has only 34 genes, despite V. vinifera being 

the largest (773 kb), compared with the mitogenomes 
of T. rafflesiae (336 kb) and A. thaliana (367 kb). This 
suggested that mitogenome size does not correlate with 
the number of genes in the plant mitochondria as the 
larger mitogenome size may be contributed by non-
coding sequences including intron, intergenic region 
and foreign sequences (Alverson et al. 2010; Gualberto 
et al. 2014). The results also showed that the lengths of 
the protein coding sequences were comparable between 
the three species, and this information is essential in 
the determination of gene sequence completeness in the 
annotated mitogenome. 

TABLE 3. Analysis of genes in T. rafflesiae mitogenome

Gene Description
Length of protein coding genes (bp)

T. rafflesiae A. thaliana V. vinifera

Energy production
Complex I
nad1 NADH dehydrogenase subunit 1 996 504 714
nad2 NADH dehydrogenase subunit 2 1494 1815 1773
nad3 NADH dehydrogenase subunit 3 474 477 477
nad4 NADH dehydrogenase subunit 4 1500 579 1254
nad4L NADH dehydrogenase subunit 4L 303 420 420
nad5 NADH dehydrogenase subunit 5 1983 1680 1974
nad6 NADH dehydrogenase subunit 6 618 735 810
nad7 NADH dehydrogenase subunit 7 1227 1611 1611

nad9 NADH dehydrogenase subunit 9 615 690 690

Complex II
sdh3 succinate dehydrogenase subunit 3 282 n/a 435
sdh4 succinate dehydrogenase subunit 4 426 504 513
Complex III

cob apocytochrome b 1239 1299 1293

Complex IV
cox1 cytochrome c oxidase subunit 1 1638 1698 1698
cox2 cytochrome c oxidase subunit 2 438 1020 555
cox3 cytochrome c oxidase subunit 3 855 915 915

Complex V

atp1 ATP synthase F1 subunit 1 1563 1518 1569
atp4 ATP synthase F1 subunit 4 487 678 714
atp6 ATP synthase F1 subunit 6 744 1275 924
atp8 ATP synthase F1 subunit 8 483 591 597
atp9 ATP synthase F1 subunit 9 285 375 357

Cytochrome c biogenesis

ccmB cytochrome c biogenesis protein subunit B 586 738 666
ccmC cytochrome c biogenesis protein subunit C 754 888 870
ccmFc cytochrome c biogenesis protein subunit Fc 840 717 891

ccmFn cytochrome c biogenesis protein subunit Fn 1782 1194 1905

Transcription

matR maturase 1965 1998 2019

Translation
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rps1 ribosomal protein S1 475 n/a 639
rps2 ribosomal protein S2 141 n/a 240
rps3 ribosomal protein S3 1620 2193 1893
rps4 ribosomal protein S4 1089 1206 1206
rps7 ribosomal protein S7 492 564 564
rps10 ribosomal protein S10 273 n/a 573
rps11 ribosomal protein S11 n/a n/a n/a
rps12 ribosomal protein S12 166 495 495
rps13 ribosomal protein S13 351 n/a 441
rps14 ribosomal protein S14 303 318 420
rps19 ribosomal protein S19 126 n/a 402
rpl2 ribosomal protein L2 888 1309 1041
rpl5 ribosomal protein L5 591 675 672
rpl10 ribosomal protein L10 60 n/a 594

rpl16 ribosomal protein L16 546 339 657

Transporter protein

mttB transporter protein 840 978 894

Transfer RNA

Arg Arginine * - *
Asn Asparagine * * *
Asn-cp Asparagine-cp * * *
Asp Aspartic acid - * *
Cys-bacteria Cysteine-bacteria - - -
Cys-cp Cysteine-cp - - -
Cys-mt Cysteine-mt * * *
Gln Glutamine * * *
Glu Glutamic acid - * *
Gly Glycine * * *
His-cp Histidine-cp * * *
Ile Isoleucine * * *
Ile-cp Isoleucine-cp * * *
Leu Leucine - - -
Leu-cp Leucine-cp * - -
Lys Lysine * * *
Met-cp Methionine-cp * * *
Met-f Methionine-f - * *
Phe Phenylalanine * * *
Phe-cp Phenylalanine-cp - - -
Pro Proline * * *
Pro-cp Proline-cp * - *
Ser Serine * * *
Ser-cp Serine-cp * * -
Trp-cp Tryptophan-cp * * *
Tyr Tyrosine * * *

Val-cp Valine-cp * - -

Ribosomal RNA
rrn5 5S ribosomal RNA - * *
rrnL 16S ribosomal RNA * * *
rrnS 18S ribosomal RNA * * *

n/a: not available, (*) denotes present, (-) denotes absent
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The annotated mitochondrial genes of T. rafflesiae 
were further analysed using Blast2GO to confirm the 
sequence identity through functional analysis. Based on 
the analysis results, 39 out of 40 annotated mitochondrial 
genes have matches with entries in Blast2GO. The GO 
analysis results of the annotated gene were plotted and 

categorised into cellular component, molecular function 
and biological process (Figure 1). In general, the GO 
annotation of the mitochondrial genes of T. rafflesiae 
showed that they are involved in biological and metabolic 
processes that are similar to the mitochondrial genes of 
other plant mitogenomes.

FIGURE 1. Annotation of T. rafflesiae mitochondrial genes based on 
functional groups in three GO categories

COMPARATIVE SEQUENCE ANALYSIS AND 
PHYLOGENETIC RECONSTRUCTION OF Tetrastigma 

MITOCHONDRIAL GENES

Five mitochondrial protein coding genes (ccmB, cob, 
matR, nad6, and rps3) of T. rafflesiae were analysed 
and compared with homologous sequences from three 
other Tetrastigma species. The gene selection was made 
based on the completeness of the sequences compared 
to the reference species and the availability of the 
mitochondrial protein coding gene sequences of the 
other Tetrastigma species in the GenBank database 
(Table 4). The homologous sequences for each species 
were analysed separately using Clustal Omega and the 
percent identity matrix (PIM) for each gene was calculated 
(Table 5). 

Based on the PIM value for each gene aligned, 
it was evident that a single homologous sequence 

alignment among Tetrastigma species showed very 
high conservation with no less than 99% identity with a 
large portion showing 100% identity. These results were 
expected since coding sequences of plant mitogenomes 
are characteristically known to exhibit high conservation 
among species (Alverson et al. 2010; Wynn & Christensen 
2019). Subsequently, the five mitochondrial protein 
coding genes from each species were combined by 
concatenating the gene sequences and reanalysed with 
Clustal Omega. Based on the PIM results for the combined 
sequences (Table 5), a lower conservation was shown 
with the lowest score of 98.73% and without any 100% 
identity. This demonstrated that the use of combined 
mitochondrial gene sequences can increase the nucleotide 
variant and may be useful in better distinguishing different 
species of Tetrastigma.
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TABLE 4. Reference mitochondrial genes of Tetrastigma species used in multiple sequence alignment analysis

Gene Species GenBank Accession No.

ccmb
T. obovatum EF135178.1
T. rumicispermum EF135179.1
T. voinierianum EF135180.1

cob
T. obovatum EF135286.1
T. rumicispermum EF135287.1
T. voinierianum EF135288.1

matR
T. obovatum EF135308.1
T. rumicispermum EF135309.1
T. voinierianum EF135310.1

nad6
T. obovatum EF135410.1
T. rumicispermum EF135411.1
T. voinierianum EF135412.1

rps3
T. obovatum EF135495.1
T. rumicispermum EF135496.1
T. voinierianum EF135497.1

TABLE 5. Percent identity matrix of matches between mitochondrial genes of Tetrastigma species

Gene Species T. rafflesiae T. obovatum T. rumicispermum T. voinierianum
ccmB T. rafflesiae 100 99.81 99.81 99.81

T. obovatum 99.81 100 100 100
T. rumicispermum 99.81 100 100 100
T. voinierianum 99.81 100 100 100

cob T. rafflesiae 100 99.87 100 99.87
T. obovatum 99.87 100 99.87 100
T. rumicispermum 100 99.87 100 99.87
T. voinierianum 99.87 100 99.87 100

matR T. rafflesiae 100 100 100 100
T. obovatum 100 100 100 100
T. rumicispermum 100 100 100 100
T. voinierianum 100 100 100 100

nad6 T. rafflesiae 100 100 100 100
T. obovatum 100 100 100 100
T. rumicispermum 100 100 100 100
T. voinierianum 100 100 100 100

rps3 T. rafflesiae 100 99.71 100 99.72
T. obovatum 99.71 100 99.9 100
T. rumicispermum 100 99.9 100 99.9
T. voinierianum 99.72 100 99.9 100

Combined T. rafflesiae 100 99.96 99.92 99.93
T. obovatum 99.96 100 99.87 99.98
T. rumicispermum 99.92 99.87 100 99.84
T. voinierianum 99.93 99.98 99.84 100
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By using the MSA of the combined homologous 
mitochondrial gene sequences, we reconstructed a 
phylogenetic tree using the ML method with 1000 
bootstrap replication to identify the phylogenetic 
relationship among Tetrastigma species (Figure 2 & 
Table 6). This analysis was conducted to distinguish T. 
rafflesiae, which is the host for the parasitic Rafflesia 
from other Tetrastigma species. The results showed that 

FIGURE 2. Phylogenetic tree reconstruction of Tetrastigma species with the outgroup species V. 
vinifera. The combination of five mitochondrial genes of Tetrastigma and V. vinifera (ccmB, cob, 
matR, nad6, and rps3) was used to reconstruct the phylogenetic tree using Maximum Likelihood 

and GTR model in MEGA X with 1000 bootstrap replications.

T. obovatum and T. voinierianum are sisters with 89% 
bootstrap percentage (BP) while T. rafflesiae is a sister 
taxon to the clade with 76% BP. T. rumicispermum is 
positioned out of the node of those three species with 
100% BP while V. vinifera being a different genus is the 
outgroup of all Tetrastigma species. Overall, the results 
indicated that T. rafflesiae can be differentiated from the 
other Tetrastigma species. 

TABLE 6. Data matrices of the combined mitochondrial gene sequences used in the phylogenetic tree reconstruction of 
Tetrastigma species

Sequence attributes

No. of ingroup sequences used 4

Final length after alignment and trimming (bp) 6753

No. of conserved sites 5973

No. of variable sites 104

No. of parsimony-informative sites 13
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DISCUSSION

Several Tetrastigma species especially those found in 
China have been reported to confer medicinal benefits 
based on various phytochemical studies (Fu et al. 
2011; Ji et al. 2021; Xu et al. 2008; Yang et al. 1989). 
Nevertheless, other Tetrastigma species like T. rafflesiae 
attracts attention due to its exclusive relationship as 
a host plant to a rare parasitic plant genus. However, 
Tetrastigma distribution does not overlap only with 
regions with Rafflesia because Tetrastigma has a more 
extensive geographical distribution (Chen et al. 2011; 
Nais 2001). Yet, the presence of Tetrastigma in a shared 
habitat with Rafflesia may be a positive indication 
that the parasitic plant is also present. This is due to 
the holoparasitic nature of Rafflesia, which depends 
completely on Tetrastigma to survive. 

The mitogenome sequence of T. rafflesiae was 
assembled from mitochondrial specific reads identified 
by mapping whole genome sequencing reads to reference 
plant mitogenomes. The final length of the assembled 
scaffold of T. rafflesiae mitogenome is 336 kb, which is 
similar to A. thaliana (367 kb) but smaller than V. vinifera 
(773 kb) (Goremykin et al. 2009; Sloan et al. 2018). 
The gene content for both reference species are similar 
with T. rafflesiae, which comprises of 40 protein coding, 
20 tRNA and two rRNA genes. While A. thaliana was 
reported to contain 33 protein coding, 22 tRNA and three 
rRNA genes, the large mitogenome of V. vinifera contains 
40 protein coding, 20 tRNA and three rRNA genes based 
on Motify annotation. This finding showed that despite 
the difference in mitogenome size, the coding sequences 
for all three species compared are very similar. This is 
in agreement with previous studies in which the large 
variation in the organelle genome size was reported to be 
mostly attributed to its non-coding DNA content including 
the repeats, introns, mobile elements and foreign DNA. 
While the non-coding DNA sequence size varies greatly, 
the coding sequences seem to be highly conserved (Sloan 
et al. 2012; Smith & Keeling 2015).

There is a pressing need to preserve the parasitic 
symbiosis of Tetrastigma and Rafflesia in nature and 
the identification of Tetrastigma species such as T. 
rafflesiae that could host the parasite would certainly be 
of value. Previous studies have depended solely on the 
morphological observation of the host samples collected 
in the field to determine Tetrastigma species (Arshad et al. 
2021, 2020; Nasihah et al. 2016; Wan Zakaria et al. 2016). 
However, molecular approach by the DNA barcoding 
technique using specific marker sequences could pave 
for a better alternative to identify different species of 
Tetrastigma. DNA barcoding is a method used for the 

identification of species based on unique sequences in 
specific regions of DNA (Hebert et al. 2003). Compared 
with the conventional morphological identification, 
the DNA barcoding technique only involves a minute 
amount of tissue sample for DNA sequencing rather than 
extensive specimen collections. This is advantageous 
in lessening the negative impact on the Tetrastigma 
population due to specimen destruction in the field and 
would consequently support the conservation efforts of 
Rafflesia in its habitat that depends on the survival of the 
host. Nonetheless, the DNA barcoding technique is only 
achievable with the accessibility of the genetic sequences 
of Tetrastigma species.

Even though previous plant DNA barcoding studies 
have preferred chloroplast or nuclear based sequences 
as markers (Álvarez & Wendel 2003; Chase et al. 2005; 
Hollingsworth et al. 2009), mitochondrial based markers 
have started gaining attention due to the advancement 
of high-throughput DNA sequencing technology 
that would allow fast reconstruction of mitogenome 
sequences that would otherwise be challenging to achieve 
due to their complex structure and variation (Duminil 
2014). The mitochondrial based approach has been tested 
on several plant species including parasitic angiosperms 
(Barkman et al. 2007). Moreover, comparisons on the 
application of multigene approach from both mitogenome 
and plastome sequences to resolve the phylogeny 
have been observed on basal angiosperm (Qiu et al. 
2006), wild octoploid strawberry (Fragaria) species 
(Govindarajulu et al. 2015) and olive family Oleaceae 
(Van de Paer et al. 2018). Certain plant genus including 
Plantago has been reported to have an accelerated rate of 
mitochondrial substitution that exceeds even the fastest 
animal mitogenomes (Cho et al. 2004), thus making the 
application of mitochondrial based marker even more 
promising.

The characterisation of mitochondrial genes of T. 
rafflesiae provides a groundwork for the comparison 
of several mitochondrial protein coding genes of T. 
rafflesiae with other Tetrastigma species. The results 
of this study demonstrated that compared to individual 
mitochondrial gene sequences, the multisequence 
approach by concatenating several mitochondrial genes 
into one single sequence reduced the identity score 
and increased sequence variability among different 
Tetrastigma species. This strategy has been observed in 
previous findings that combined several sequences from 
mitogenomes for the development of mitochondrial gene 
based phylogeny of angiosperms (Qiu et al. 2010). Thus, 
the outcome of this study specifically both the percentage 
identity values obtained from the comparison of 
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concatenated mitochondrial genes and the phylogenetic 
placement of T. rafflesiae and other Tetrastigma species 
indicated that the combination of mitochondrial based 
gene sequences has the potential to discriminate T. 
rafflesiae from other Tetrastigma species and can be 
further developed as species-specific markers. 

CONCLUSIONS

In this study, the mitochondrial genes of T. rafflesiae 
were identified and characterised. Comparative sequence 
and phylogenetic analyses of different Tetrastigma 
species showed that combined mitochondrial genes was 
able to differentiate T. rafflesiae from other Tetrastigma 
species studied. The capability to survey and identify the 
geographical locations of T. rafflesia can be used as an 
indicator for potential existence of Rafflesia species and 
in the future may play an important role for conservation 
efforts such as relocation of Rafflesia populations from 
threatened regions to a new suitable location with 
sufficient host presence. 
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