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SUMMARY 

 
Cananga odorata (Lam.) Hook.f. & Thomson, a member of the Annonaceae family, has become 
widespread from the Indo-Malayan region to northern Australia and Malaysia. This plant has economic 
value because it produces essential oils used in the perfume and food industries. No research existed 

yet related to DNA barcoding to see intraspecific variations in C. odorata. This study aimed to analyze 
the potential of chloroplast genes maturase K (matK)-trnK, ribulose 1,5-biphosphate carboxylase 
(rbcL), and trnL-F intergenic spacer as DNA barcodes on C. odorata from North Sumatra, Indonesia. 
The research sample obtained from five areas included Tanjung Balai, Langkat Regency (Tangkahan 

Conservation Forest), Medan, Tanjung Morawa (Deli Serdang Regency), and Sukarasa (Deli Serdang 
Regency). Phylogenetic analysis using the three markers showed that C. odorata was monophyletic 

grouped from a common ancestor. The results of the phylogenetic tree construction also showed that 
the three markers used were able to group each genus in the Annonaceae family and form separate 
branches from the outgroup (Magnolia, Sarcandra, and Litsea). The barcoding gap on the genetic 
distance could not be observed in this study, although phylogenetic results showed that the three 
markers were discriminatory enough to separate species. The results showed that the matK-trnK, 
rbcL, and trnL-F markers could be effectively used as DNA barcodes to identify C. odorata. 
 

Keywords: Cananga odorata, DNA barcoding, chloroplast genes, North Sumatra 
 
Key findings: There are no barcoding gaps in the matk-trnK, rbcL, and trnL-F markers, although 
phylogenetic results show that three barcode markers are quite discriminatory to separate the 
Annonaceae species. DNA barcode matK-trnK, rbcL, and trnL-F revealed as efficient tools to identify C. 
odorata. 
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INTRODUCTION 

 
Extensive functional convergence in 
Annonaceae flowers with widespread 

homoplasy in many characters (Saunders, 
2009) becomes an issue in identifying species 
in this family. Recent molecular phylogenetic 
studies on this family have generated a broad 
consensus by producing many changes in 
generic delimitation involving the incorporation 
of (Zhou et al., 2009) or separation of (Mols et 

al., 2008) the existing genus. Genus Cananga 
is a member of the Annonaceae family 
reported to have early-divergent lineage 
(Doyle et al., 2004; Richardson et al., 2004; 
Couvreur et al., 2008). C. odorata is a member 

of the Cananga genus, which is still rarely 

studied regarding molecular markers for the 
plant‘s identification. 
 A tall tree, C. odorata, grows 10–30 m 
in height, with very fragrant flowers and 
greenish yellow when ripe (Mallavarapu et al., 
2016). C. odorata generally blooms all year 
round (Manner and Elevitz, 2006), peaking in 

April to June and October to December (De 
Bontin, 2006). C. odorata is a tropical tree 
native to Indonesia and Malaysia but was 
naturalized by cultivation in several other 
countries, such as the Pacific Islands, Northern 
Australia, Thailand, Vietnam, and Madagascar 
(Manner and Elevitz, 2006). C. odorata 

produces essential oils of economic value in the 
perfume and food industries (Mallavarapu et 
al., 2016). In Indonesia, this plant closely 
relates to various traditional activities of the 
Malay tribe. 
 One of the best approaches to 

unequivocally identify species uses DNA 
barcoding techniques. DNA barcoding aims to 
identify species by utilizing specific DNA short 
sequences that allow identifying species and 
discrimination to distinguish between species. 
DNA barcoding allows taxonomists to quickly 
sort specimens and highlight changing or 

different taxa that might lead to new species 
(Ali et al., 2014). Currently, the International 
Barcode of Life (iBOL) carries out an 

international consortium to maintain DNA 
barcode references (Ratnasingham and Hebert, 
2007). The Consortium for the Barcode of Life 
(CBOL) recommends markers of two 

combination loci chloroplast— ribulose-1, 5-
bisphosphate carboxylase/oxygenase large 
subunit gene (rbcL) and maturase K gene 
(matK)—as barcodes (Hollingsworth et al., 
2009). Several cases showed that the markers 
rbcL and matK were unable to discriminate 

species in closely related taxa (Zhang et al., 
2012; Ali et al., 2014) or divergent species 

(Van-Velzen et al., 2012). Therefore, the use 

of additional sequences, such as, the trnL-F 
intergenic spacer, is recommended for 
identification purposes (Hollingsworth et al., 

2009; Taberlet et al., 2007, 1991). 
 Research related to molecular markers 
of the Annonaceae family showed that C. 
odorata nests in Cyathocalyx, although only 
with 66% bootstrap support (Surveswaran et 
al., 2010). Another study showed that C. 
odorata and Cyathocalyx form a polytomy with 

a combination of rbcL and trnL-F markers 
(Richardson et al., 2004; Saunders et al., 
2011). The trnL-trnF intergenic spacer region 
revealed intergeneric relationships by showing 
a slight homoplasy in the Annonaceae family,  

however, the combination of trnL-F and rbcL 

resulted in higher resolution results with higher 
bootstrap values, as well (Mols et al., 2004). 
 As a plant closely related to local 
culture and has economic value, this plant 
needs conservation for further use in the 
future. Currently, no research on file on DNA 
barcoding to see an intraspecies variation in C. 

odorata exists. This study analyzed and 
evaluated the potential of rbcL, matK-trnK, and 
trnL-F markers as DNA barcodes in C. odorata 
plants from North Sumatra, Indonesia. This 
research expects to provide important 
information about the use of DNA barcoding in 
C. odorata, in particular, and in the 

Annonaceae family, in general. The results of 
this study can provide important information 
regarding the conservation efforts of C. 
odorata. 
 
 

MATERIALS AND METHODS 
 
Sample collection and DNA extraction 
 
The obtained fresh C. odorata leaves came 
from various regions in the province of North 
Sumatra, Indonesia, namely, Tanjung Balai, 

Langkat Regency (Tangkahan Conservation 
Forest), Medan, Tanjung Morawa (Deli Serdang 
Regency), and Sukarasa (Deli Serdang 

Regency) (Figure 1). Storing the fresh leaf 
samples obtained from the field  received 
temperature at -20 °C for long-term storage. 
Performing the DNA isolation was performed 

using the GeneJet Plant Genomic DNA 
Purification Kit (Thermo Fisher Scientific, 
Waltham, MA, USA) followed the 
manufacturer's recommended protocol. Using 
gel electrophoresis and gel documentation 
(Bio-Rad Laboratories, Hercules, CA, USA) 

ensured the purity of the DNA isolates. 
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Figure 1. Sampling locations in North Sumatra, Indonesia at five points in four regencies. 
(Source: Google Map and processed using ArcGis software). 

 

Amplification and sequencing 
 
Polymerase chain reaction (PCR) proceeded 
with a total volume of 25 µL (2.5 µL of DNA 
template; 2.5 µL of forward primer, 2.5 µL of 
reverse primer; 5 µL of distilled water, and 
12.5 µL of PCR mix [MyTaq HS Red Mix, 

Bioline, USA]) with a template DNA 
concentration of 50 ng. Primers for matK-trnK 
sequences are MatK-6F (5'-TGG GTT GCT AAC 
TCA ATG G-3') and MatK-1R (5'-AAC TAG TCG 
GAT GGA GTA G-3') (Johnson and Soltis, 
1995); primers for rbcL sequences are rbcL a_f 
(5'- ATG TCA CCA CAA ACA GAG ACT AAA GC-

3') and rbcL a_rev (5'-GTA AAA TCA AGT CCA 
CCR CG-3') (Costion et al., 2011), and primers 

for trnL-F sequences are trnL-F F (5-GGT TCA 
AGT TCT ATC CCC CC-3') and trnL-F R (5'-ATT 
TGA GAC ACG AG ACT GGT-3') (Taberlet et al., 
1991). The PCR product visualization used 1% 

agarose gel. A repeat of PCR occurs if the DNA 
band is not visible. Results from PCR products 
that show positive (visible DNA bands) will 
proceed to the sequencing process at the First 
Base DNA Sequencing Service in Singapore. 
The sequencing method used was Sanger Bi-
directional PCR product sequencing. 

 

Statistical analysis 
 
The sequencing results analysis used the 
Bioedit application (Hall, 1999) to determine 
the consensus sequence. The research used a 
tree-based method in studying the DNA 
barcodes to analyze the resolution efficiency of 

the three markers and their combinations. The 
phylogenetic tree reconstruction used the 
Maximum Likelihood (ML) method using the 
MEGA 11 application (Tamura et al., 2021). A 
marker rates discriminatory if it can group the 
same species in one branch (Hollingsworth et 
al., 2009). ML analysis used the Kimura-2-

parameter model method with 1000 bootstrap 
replicates (Kimura, 1980). Pairwise K2P 

(Kimura 2-parameter) distances for all three 
DNA regions were calculated in MEGA 11 to 
evaluate intraspecific and interspecific 
divergence in C. odorata. The use of average 

interspecific distance and the smallest 
interspecific distance represented the 
interspecific divergence (Meyer and Paulay, 
2005). This study also used several DNA 
sequences of close relatives of C. odorata 
taken from the GeneBank National Center for 
Biotechnology Information (NCBI) as an 

outgroup. 
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Figure 2. Visualization of amplification results with three markers (rbcL, trnL-F, and matK-trnK) with 
1% agarose gel. A1: Deli Serdang, trnL-F; A2: Langkat, trnL-F; A3: Sukarasa, trnL-F; A4: Tanjung 
Balai, trnL-F; A5: Medan, trnL-F; B1: Deli Serdang, rbcL; B2: Langkat, rbcL; B3: Tanjung Balai, rbcL; 
C1: Deli Serdang, matK-trnK; C2: Langkat, matK-trnK. 
 

RESULTS AND DISCUSSION 
 
Amplifying  three markers used in the study of 

DNA chloroplast C. odorata showed varying 
results. A total of two samples using the matK-

trnK intergenic spacer, three samples using the 
rbcL marker, and five samples using the trnL-F 
marker achieved successful amplification. The 
results of PCR visualization using agarose gel 
appears in Figure 2. 
 The results of sample sequencing that 
show positive outcomes indicate variations in 

the level of success. A total of two samples 
with the matK-trnK marker (Langkat and Deli 
Serdang), three samples with the rbcL marker 
(Langkat, Deli Serdang, and Tanjung Balai), 
and five samples with the trnL-F marker 
(Langkat, Deli Serdang, Tanjung Balai, 

Sukarasa, Medan) attained successful 

sequencing. The success of sequencing on 
flowering plants in Sumatra, Indonesia, using 
rbcL and matK-trnK markers showed 94.7% 
and 65.8%, respectively (Amandita et al., 
2019). The success of sequencing using the 
trnL-F marker in five species of the 

Annonaceae family showed 100% success 
(Lestari and Azrianingsih, 2019). The 
sequencing results showed that the rbcL 
marker in C. odorata had the highest 
intraspecific homology (99.8%) compared with 

the matK-trnK (99.4%) and trnL-F (99.3%) 
markers. 
 The nucleotide composition of 

amplicons of C. odorata showed variations in 
AT and GC content. GC content is one of the 

first metrics to be measured in genomic 
character analysis. A phylogenetic tree rich in 
GC content produces contradictory trees 
compared with rich AT content, which leads to 
tree construction bias (Romiguier and Roux, 
2017). In the rbcL marker amplicons, the 
nucleotide compositions ranged from 55.0%–

55.5% (AT) and 44.5%–45% (GC), with 
lengths ranging from 576–587 bp. In the 
matK-trnK marker amplicons, the nucleotide 
compositions ranged from 63% (AT) and 37% 
(GC), with lengths ranging from 2453–2468 
bp, whereas the trnL-F marker amplicons had 

nucleotide compositions ranging from 62.4%–

62.6% (AT) and 37.3%–37.6% (GC), with a 
length ranging from 418–429 bp. Overall, all 
barcode areas used have a higher average AT 
content than the GC content. The percentage 
of GC content in the Annonaceae family 
(Fissistigma, Mitrephora, Popowia, Anaxagorea, 

Annona, Artabotrys, Cananga, and 
Goniothalamus) on the trnL marker ranged 
from 38.2%–36.3% (Lestari and Azrianingsih, 
2019). In Uvaria macrophylla (Annonaceae), 
the overall GC content in the chloroplast 
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Table 1. Nucleotide composition, GC content, and AT content with three markers (rbcL, trnL-F, and 

matK-trnK) in C. odorata. 

Sample Barcode 
Composition (%) Content (%) 

Total (bp) 
A C G T A/T G/C 

C. odorata Langkat rbcL 27.6 21.4 23.6 27.4 55.0 45.0 576 
C. odorata Deli Serdang  rbcL 27.6 21.1 23.3 27.8 55.5 44.5 587 
C. odorata Tanjung Balai rbcL 27.7 21.3 23.6 27.4 55.1 44.9 577 

C. odorata Deli Serdang trnL-F 29.6 20.7 16.9 32.9 62.4 37.6 426 
C. odorata Langkat trnL-F 29.2 20.3 17.0 33.3 62.6 37.4 418 
C. odorata Sukarasa trnL-F 29.5 20.6 16.9 32.8 62.4 37.6 427 
C. odorata Tanjung Balai trnL-F 29.7 30.6 16.9 32.8 62.5 37.5 427 
C. odorata Medan trnL-F 29.8 20.5 16.8 32.9 62.7 37.3 429 
C. odorata Langkat matK-trnK 31.0 18.2 18.8 32.0 63.0 37.0 2468 
C. odorata Deli Serdang matK-trnK 30.9 18.3 18.7 32.1 63.0 37.0 2453 

 

 
Table 2. Characteristic features of rbcL, matK-trnK, and trnL-F region among C. odorata species. 

Locus rbcL matK-trnK trnL-F 

Total number of sites 1434 2469 891 
Conserved sites 1420 (99.02%) 2443 (98.95%) 425 (47.70%) 
Variable sites 7 (0.49%) 9 (0.36%) 2 (0.22%) 
Parsimony Informative sites 3 (0.21%) 1 (0.04%) 1 (0.11%) 
Singleton sites 3 (0.21%) 1 (0.04%) 1 (0.11%) 

 

genome was 38.7% (Fitmawati et al., 2018; 
Wu et al., 2019). Table 1 presents the nitrogen 
base frequencies of the three markers in C. 
odorata . 

 Previous studies reported that the 

sequencing lengths of the rbcL, matK-trnK and 
trnL-F regions in the genera Cananga, 
Cyathocalyx, and Drepananthus were 1239, 
737, and 1069 bp, respectively (Surveswaran 
et al., 2010). The length of the barcode region 
in each species indicates a variation (Bousquet 

et al., 1992; Hilu and Liang, 1997; Pirie et al., 
2007). The matK sequence, which is encoded 
by the trnK intron, is common in land plants 
and is the only maturase-like gene in plant 
plastids (Chuang and Hu, 2004). The matK in 
the trnK intron also serves as a standard 
marker for DNA barcode land plants promoted 

by the Barcode of Life's Plant Working Group 
(CBOL-PWG) (Cheng and Houston, 2021; 

Hollingsworth et al., 2009). The length of the 
matK-trnK sequence varied in various plant 
species, such as 2478 bp (Lycopodiella 
cernua), 2407 bp (Selaginella doederleinii), 

and 2322 bp (Ophioglossum petiolatum) 
(Chuang and Hu, 2004). 
 All samples from forward and reverse 
sequencing showed good quality results on the 
matK-trnK, rbcL, and trnL-F markers. The 
sequence variability of the three barcode 
regions in C. odorata species reflects in Table 

2. The length of the alignment results 

sequence was 1434 bp for rbcL, 2469 bp for 
matK-trnK, and 891 bp for trnL-F. The variable 
sites in rbcL (0.49%) are the highest after 
matK-trnK (0.36%) and trnL-F (0.22%). The 

highest level of parsimony informative sites 

resulted in the rbcL (0.21%) after trnL-F 
(0.11%) and matK-trnK marker (0.04%). 
Conserved site levels of barcode markers in C. 
odorata species ranged, namely, rbcL 
(99.02%), matK-trnK (98.95%), and trnL-F 
(47.70%). It indicates that the rbcL marker is 

more suitable for barcoding in C. odorata but 
may not necessarily be compatible with other 
species. Variable character ingroup in the 
Disepalum genus (Annonaceae) was 1.9% with 
the matK marker and 3.3% with the trnL-F 
marker (Li et al., 2015). In the genus 
Fitzalania and Meiogyne (Annonaceae), the 

character ingroup variables on the matK, rbcL, 
and trnL-F markers were 6.6%, 2.2%, and 

3.3%, respectively (Xue et al., 2014). 
 The analysis of estimates of the degree 
of variation in the three barcode regions used 
pairwise distance analysis using MEGA 11. The 

frequency distributions of interspecific and 
intraspecific divergences show in Figure 3. The 
markers rbcL, matK-trnK, and trnL-F present 
lower intraspecific variation compared with the 
interspecific variation. The frequency of 
distribution of intraspecific variation was not 
more than 0.01, except for the trnL-F marker, 

which showed considerable variation. The 
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(A) 

 

 
(B) 

 

 
(C) 

 
Figure 3. Relative distribution of interspecific and intraspecific variation using matK-trnK (A), rbcL 
(B), and trnL-F (C) barcode. 
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(a) 

 
(b) 

 
(c) 

 

Figure 4. Maximum-Likelihood tree for Cananga odorata, closely related genera, and outgroup (genus 
Litsea, Magnolia, and Sarcandra) using matK-trnK (a), rbcL (b), and trnL-F (c) barcode. 
Reconstruction of Maximum-Likelihood methods was based on the Kimura-2-parameter model. 
Branching was analyzed with a bootstrap value of 1000×. 
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interspecific variation was also quite high in all 

three markers, with most reaching values 
greater than 0.02. The frequency of the inter-
specific distribution was higher in the overall 

sample analysis, and there was still an overlap 
with the intra-specific distance even though 
the distribution was small. The three barcode 
regions, namely matK-trnK (Figure 3A), rbcL 
(Figure 3B), and trnL-F (Figure 3C) did not 
show a clearly observable barcoding gap. 
However, the high intraspecies distribution at a 

low percentage of variable sites indicates that 
the three markers are suitable in DNA barcodes 
in identifying C. odorata species and species in 
the Annonaceae family. In addition, although 
the presence of barcoding gaps is common in 

animals and has resulted in a high level of 

species discrimination, this is not always the 
case in plants (Jaén-Molina et al., 2015; 
Fazekas et al., 2009). 
 In DNA barcode studies of certain plant 
taxa, the distribution of intraspecific and 
interspecific distances were relatively separate 
(Fu et al., 2011; de Vere et al., 2012; 

Armenise et al., 2012; Zhang et al., 2013; 
Ghahramanzadeh et al., 2013; Leavitt et al., 
2014). But also, in some studies, barcoding 
gaps do not result in species discrimination 
(Yang et al., 2012; Ashfaq et al., 2013). 
Generally, the higher the overlap between 
intraspecific and interspecific distances, the 

less ability to distinguish species (Fazekas et 
al., 2009). 
 The ideal DNA barcode determination 
may result from the presence of a barcoding 
gap that arises because of the natural gap 
between the highest intraspecific value and the 

lowest interspecific value (Meyer and Paulay, 
2005). This gap is also known as the global 
barcoding gap (Chapple and Ritchie, 2013). 
This gap presence indicates that there is a limit 
to variation that occurs in all species in the 
genus so that the species threshold can be 
adjusted (Rajaram et al., 2019). The high level 

of overlap at this threshold indicates 
insufficient variation by barcode region 
(Rajaram et al., 2019). In addition, the 

geographical distribution of the sample is also 
an important part of the analysis of plant DNA 
barcodes (Kim et al., 2014). 
 Databases related to DNA barcoding in 

C. odorata plants in the BOLD System using 
matK markers have only one sample with a 
homology level of 99.85%, while using rbcL 
markers have eight samples with homology 
rates ranging from 99.64%–100.00%. BOLD 
System does not support DNA barcoding using 

trnL-F markers, so no analysis can proceed 
further. The species discriminatory ability of 

the three barcoding markers analysis used a 

phylogenetic tree with the Maximum Likelihood 
method (Figure 4). The three markers used in 
this study showed a high level of success in 

discrimination at the species level, except for 
the trnL-F marker, which was able to classify 
the genus Cananga but could not separate 
groups of C. odorata species. All markers were 
able to group the Annonaceae family in the 
same group and separated from the outgroup 
(Magnolia, Sarcandra, Litsea). The species C. 

odorata formed monophyly on the phylogenetic 
tree based on the markers matK-trnK, rbcL, 
and trnL-F. The monophyletic group shows that 
there is a very close relationship and is 
assumed to carry the same genetic pattern 

(Assis and Rieppel, 2011). 

 In the phylogenetic analysis of the 
three markers used, C. odorata always 
grouped with the genera Drepananthus and 
Cyathocalyx. It also confirms that the genera 
Cananga, Drepananthus, and Cyathocalyx are 
more closely related and clustered in the clade 
'canangoid'. (Surveswaran et al., 2010). 

Relationships within the 'canangoid' clade have 
been controversial since Cyathocalyx’s 
discovery as a sister group of Drepananthus 
(Guo et al., 2017), with Cananga and 
Drepananthus included in the sister genera 
(Xue et al., 2018). Cananga, Drepananthus, 
and Cyathocalyx also clustered on the 

parsimony tree based on the psbA-trnH spacer, 
trnL-F, rbcL, and matK sequences 
(Surveswaran et al., 2010). In addition, 
phylogenetic analysis of the Ambavioideae 
subfamily (Annonaceae) based on eight plastid 
DNA regions (matK, ndhF, and rbcL exons; 

trnL intron; atpB-rbcL, psbA-trnH, trnL-trnF, 
and trnS trnG intergenic spacers) grouped 
Cananthus, Cyathocalyx, and Lettowianthus 
into the same group based on the maximum 
likelihood method phylogenetic tree analysis 
(Chaowasku, 2020). Based on the analysis 
results, the markers rbcL, matK-trnK, and 

trnL-F have the potential as DNA barcodes in 
C. odorata plants native to North Sumatra, 
Indonesia. This research can provide 

information about DNA barcoding use, 
especially in the C. odorata species, and the 
Annonaceae family, as a whole. 
 

 
CONCLUSIONS 
 
Based on the results of the study using DNA 
barcoding in C. odorata, it has an intraspecific 
homology level of 99.8% (rbcL), 99.4% (matK-

trnK), and 99.3% (trnL-F). Conserved site 
levels of barcode markers in C. odorata 
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ranged, namely, rbcL (99.02%), matK-trnK 

(98.95%), and trnL-F (47.70%). The barcoding 
gap analysis shows the absence of barcoding 
gaps, although, in the phylogenetic analysis, 

the third barcode DNA marker can group 
species and genera in the Annonaceae family. 
DNA barcodes matK, rbcL, and trnL-F 
efficiently identified C. odorata species and 
species in other Annonaceae families. 
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