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Zusammenfassung 

 

Der Verlust der Wälder und seine damit verbundene Degradierung ist ein schnell 

fortschreitender Prozess, der vor allen in den tropischen Regionen stattfindet. Sumatra als 

Beispiel, hat einen Großteil seiner Waldflächen vor allem durch Palmöl- und  

Kautschukplantagen umgewandelt. 

Die Diversität von tropischen Blütenpflanzen ist auf Sumatra sehr hoch und noch nicht 

vollständig erforscht. Im Rahmen des Naturschutzes und zum Erhalt der Biodiversität ,sollte die 

Erforschung von tropischen Tieflandregenwäldern, wie sie in Sumatra vorkommen, prioritär 

sein. Jedoch ist die Bestimmung von vielen verschiedenen Pflanzenarten eine sehr große 

Herausforderung und erfordert neue Methoden der Artenerkennung. 

Die erste erfolgreiche Anwendung an Blütenpflanzen mittels DNA Barcoding in 2003 ermögliche 

erstmals eine schnelle Erkennung von Arten. DNA Barcoding entwickelte sich dann recht schnell 

zu einer neuen Methode in der Wissenschaft der Biologie. Die Anwendung dieser Methode, 

einschließlich in der Erforschung der Pflanzenwelt, weit verbreitet. In der Praxis zeigte sich 

jedoch, dass DNA Barcoding von Pflanzen, an seine Grenzen kam, da das Fehlen von 

sogenannten universal Genen, die  Bestimmung eines großen Artspektrum, nicht möglich 

machte. Ungeachtet der Diskussionen darüber welche geeigneten universal Gene,  wurden 

matK und rbcL als Haupt Barcodes für die Erkennung der diverser Pflanzen, ausgesucht. 

Die vorliegende Studie setzte sich zum Ziel, DNA Barcodes zu entwickeln, die die Untersuchung 

von Blütenpflanzen besser ermöglicht. Für die Entwicklung der DNA Barcodes wurden 

sogenannte Core Barcodes von Pflanzen (matK und rbcL) benutzt. Diese beiden Barcodes 

wurden aufgrund ihrer universellen Fähigkeit Pflanzen verschiedener Taxa zu identifizieren, 

ausgesucht und ausgewertet. Die Untersuchung dieser Marker wird zu der weiteren 

Entwicklung von nützlichen Informationen von Barcodes führen, um tropische Pflanzen besser 

zu identifizieren zu können. 
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Die Untersuchungsflächen liegen in der Provinz von Jambi, im Zentrum von Sumatra. 

Verschiedene Exemplare tropischer Blütenpflanzen wurden gesammelt. Die insgesamt 32 

Studienflächen liegen in unterschiedlichen Landschaften. Zum einen, Bukit Duabelas National 

Park und zum anderen, der Harapan Regenwald. Getrocknete Pflanzenteile und 

Herbariumbelege wurden von 5.100 Proben gesammelt und angelegt. Morphologische 

Merkmale wurden gemeinsam mit Taxonomen untersucht. Insgesamt wurden mehr als 1.100 

Arten von 436 Gattungen, 136 Familien und 49 Ordnungen, identifiziert. 

Aufgrund verschiedener Limitierungen, wurden nur die Hälfte der Proben analysiert. Die DNA 

Amplifikationen und Sequenzierungen der untersuchten Proben, wurden auf Basis der matK 

and rbcL marker durchgeführt. Im Ergebnis, wurden 3.500 Barcodes von 500 tropischen 

Blütenpflanzen erzeugt. 

Von jedem erfolgreich erzeugten Barcode wurden dann die Sequenzen bearbeitet um die 

maximale Qualität zu garantieren. Die molekulare Identifizierung wurde durch gezieltes  

nachforschen der Nukleotidsequenzinformation, auf Datenbanken wie GenBank and BOLD, 

ergänzt. Die Ergebnisse der morphologischen und molekularen Identifikationen wurden 

miteinander verglichen. Des Weiteren, wurden die Sequenzen bei denen die Identifizierung 

bestätigt wurde, in weitere Analysen unter folgenden Gesichtspunkten, einbezogen: (1)  Der 

Identifizierungserfolg basiert auf der Methode der „Best- Close- Match“ Analyse von Meier 

(2006), welche zwei Sequenzen pro Art involviert, (2) die Analyse der sogenannten „Barcoding 

gaps“ involviert zwei Sequenzen pro Art, (3) die Analyse der  taxonomischen Auflösung 

involviert eine Sequenz pro Art, für Familie- und Gattungsniveau und zwei Sequenzen pro Art 

für das Artniveau. Alle Analysen basieren auf den Ergebnissen von dem   ClustalIW Programm, 

in dem Sequenzen abgeglichen (Thompson et al 1994) und in MEGA6 integriert wurden 

(Tamura et al 2013). 

Die Ergebnisse zeigen, dass rbcL eine viel höhere Sequenz Serialiserbarkeit zeigt (95 %) als matK 

(66%). Obwohl zwei Primer benutzt wurden, war die Amplifikation von dem matK Gen sehr 

kompliziert. Eine hohe Anzahl der matK Sequenzen scheiterten und konnten den Standard 

Qualitätskriterien der CBOL Plant Working Group nicht erfüllen (2009) 
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Der Vergleich zwischen morphologischen und der molekularen Identifikation deckten auf, dass 

matK und rbcL am besten funktionierten, wenn Pflanzenarten in Gattungen zugeordnet 

wurden. Ungefähr 3% der gesamten Anzahl erzeugter Barcodes wurden falsch identifiziert 

(ungültige Referenz Sequenz, nicht korrekte  morphologische Bestimmung, falsche Markierung 

und Kontamination der Proben während der Feld- und Laborarbeit). Schätzungen des 

Identifizierungserfolgs basieren auf der Analyse von Meier (2006), zeigten, das mehr als 70% 

der Arten, die  in dem Datensatz (161 Arten) einbezogen wurden, korrekt identifiziert wurden, 

wenn einzelne Barcodes benutzt wurden. Die zwei- Loci Barcodes waren in der Lage den 

Identifizierungserfolg auf 80% zu erhöhen. 

Die „Barcode-gap“ Analyse ergab, dass weder matK noch rbcL erfolgreich zwischen der intra- 

spezifischen und der inter- spezifische Divergenz unterscheiden konnten. Allerdings waren die 

zwei Barcodes in der Lage mindestens 70% der Arten zu unterscheiden, die im Datensatz 

voneinander einbezogen wurden. Elf Arten wurden nicht unterschieden, trotz der  Zwei- Loci 

Barcode Methode. Diese gehörten zu einer Artenreichen Gruppe der Ficus, Santiria, und Litsea. 

Neun phylogenetische Bäume wurden mit drei Methoden in dieser Studie rekonstruiert 

(Neighbor Joining Algorithmus, Maximale Sparsamkeit, Maximum Likelihood Methode). Die 

Berechnungen der monophyletischen Prozentsatzes zeigten, dass die Kombination von matK 

und rbcL als zwei- Loci Barcodes höhere taxonomische Auflösungen zeigten, als wenn sie 

einzeln angewendet wurden. Es zeigte jedoch, dass 15 Gattungen und 21 Arten, nicht 

monophylitisch waren, trotz aller Marker. Die Topologie von 30 Ordnungen wurden 

rekonstruiert und nach APG III (2009) verglichen. Verschiedene Ordnungen wurden nicht 

korrekt bestimmt, wenn matK und rbcL angewendet wurden. Aber die Kombination beider 

Marker war in der Lage die Ordnungen richtig zuzuordnen.   

Abschließend kann man sagen, dass matK und rbcL waren für die Studie nicht zufriedenstellend 

waren. Als Kern Barcodes, waren beide Marker effektiv, um Pflanzenarten bis zum 

Gattungsniveau zu identifizieren. Diese plastid Marker waren aber nicht ausreichend Variable, 

um nah-verwandte Taxa zu unterscheiden, in der Kombination aber in der Lage sind, genauere 

Unterschiede im Gattungsniveau zu machen. 
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Summary 

 

Deforestation and forest degradation in tropical regions are progressing. As one of tropical 

forest areas, Sumatra has lost most of its natural forests which were converted into the 

plantation, such as oil-palm plantations and rubber plantations.  

Biodiversity of tropical flowering plants in Sumatra is extraordinarily high, yet it is not fully 

explored. Biodiversity exploration should be put as a priority of the conservation efforts in 

threatened area such as Sumatran tropical lowland forests. However, limiting factors, 

particularly in work of species identification, make the species exploration become more 

challenging. A new method of species identification is highly demanded.  

The first successful application of DNA barcoding in 2003 has answered the demand for a rapid 

method for species identification. Immediately afterward, DNA barcoding became a new trend 

in the world of biology sciences. The application of this method has been widely spread, 

including flora exploration. However, the practices of plant DNA barcoding have been 

confronted by the unavailability of universal genes that can work throughout the whole plant 

taxa. Despite the debates that are going on around which are the most suitable gene, matK and 

rbcL are selected as the core barcodes for plants.   

This study was carried out aiming to generate DNA barcodes over flowering plant species in 

Sumatra. The DNA barcodes were generated using core barcodes for the plant (matK and rbcL). 

These two barcodes were evaluated based on their performance in identifying species, as well 

as their universality to be utilized over a wide range of plant taxa. The investigation of these 

markers will contribute to the development of useful barcode information for the identification 

of plants in tropical forests. 

The study sites were located in Jambi province in the center of Sumatra. Specimens of flowering 

plants were collected from thirty-two study plots distributed in two landscapes, Bukit Duabelas 

National Park and Harapan Rainforest. Dried-leaf specimens and herbarium vouchers were 
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collected from 5.100 samples. Morphological identification was conducted by collaborated 

taxonomist reporting more than 1.100 species of 436 genera, 136 families, and 49 orders.  

Due to time limitation, only half of the total samples were analyzed. DNA amplification and 

sequencing were conducted using matK and rbcL to each of the investigated specimens. As a 

result, 3.500 barcodes were generated over 500 flowering plant species.  

Sequencing editing was done to each successfully generated barcode to maximize the quality 

and readability of the sequences. The molecular identification was conducted by inquiring the 

generated barcodes to the nucleotide databases, such as GenBank and BOLD. The results from 

morphological and molecular identification were compared to each other. Furthermore, all the 

sequences that the identification has been confirmed, were included in the analysis, as follows: 

(1) identification success using best-close match analysis (Meier et al 2006) involving two 

sequences per species, (2) barcoding gap analysis involving two sequences per species, (3) 

taxonomical resolution analysis involving one sequence per species for family and genus level 

and two sequences per species for species level. All of these analyzes were based on the result 

of sequence alignment conducted by using ClustalW program (Thompson et al 1994) embedded 

in MEGA6 (Tamura et al 2013).  

The results show that rbcL has much higher level of sequence recoverability than matK (95% 

and 66%, respectively). Despite using two primers, amplifying and sequencing matK gene was 

very difficult and a great number of sequences were failed to fulfill the criteria of good-quality 

sequence according to CBOL Plant Working Group standard (2009).  

The comparison between morphological and molecular identifications revealed that matK and 

rbcL worked best assigning a plant specimen to a certain genus. About 3% of the total numbers 

of generated barcodes were misidentified due to several reasons (invalid reference sequences, 

incorrect morphological identification, specimen mislabeling and contamination during field 

work and lab work). Estimation of identification success using best-close match analysis showed 

that more than 70% of species included in the dataset (161 species) were correctly identified 

when using single barcode. The two-loci barcodes were able to increase the identification 

success up to 80%.  
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The barcoding gap analysis revealed that neither matK nor rbcL was succeeded to create a clear 

gap between the intra-specific and inter-specific divergences. However, these two barcodes 

were able to discriminate at least 70% of the species included in the dataset from each other. 

Eleven species were not discriminated even with the two-loci barcode, mostly belong to 

species-rich groups such as Ficus, Santiria, and Litsea.  

Nine phylogenetic trees were reconstructed in this study using three different methods 

(Neighbor Joining, Maximum Parsimony, Maximum Likelihood). Calculation of monophyletic 

percentages showed that combining matK and rbcL to be a two-loci barcode resulted in higher 

taxonomical resolution than if using single barcode. However, fifteen genera and twenty-one 

species were found to be non-monophyly with all of the markers. Topologies of 30 orders were 

reconstructed and compared to the one according to APG III (2009). Several orders were 

misplaced when using matK and rbcL, but the combination of these markers was able to put 

these orders into the correct positions.  

In conclusion, matK and rbcL were not satisfying in all manners. As the core barcodes, these 

two markers were effective to be used in plant species identification at least up to genus level. 

These plastid markers were not sufficiently variable to discriminate closely-related taxa. The 

combination of matK and rbcL, however, was proven to have a higher level of discriminatory 

power.  

At the end of this study, all of the barcodes that were successfully generated will be uploaded 

to BOLD in hope to provide a considerably large number of new molecular information of yet 

undocumented plant species in Sumatra. This will add to the rapidly growing molecular 

information on plant diversity in the tropics.  

 

 

 

 

 



11 
 

Contents 

 

Acknowledgements ............................................................................................................... 3 

Zussamenfassung .................................................................................................................. 5 

Summary ............................................................................................................................... 8 

Contents ............................................................................................................................. 11 

List of tables ........................................................................................................................ 17 

List of figures ....................................................................................................................... 17 

List of appendixes ................................................................................................................ 17 

1 INTRODUCTION ................................................................................................................ 18 

1.1 Flora diversity in Sumatra ................................................................................................................. 18 

1.2 Forest degradation and deforestation in Sumatra ........................................................................... 19 

1.3 DNA barcoding to accelerate species exploration ............................................................................ 20 

1.4 The objectives and general information of the study ....................................................................... 21 

2 LITERATURE REVIEW ......................................................................................................... 23 

2.1 A brief history of DNA barcoding ...................................................................................................... 23 

2.2 DNA barcoding of plants ................................................................................................................... 25 

2.2.1 Universal barcodes for plants .................................................................................................... 26 

2.2.1.1 matK gene ........................................................................................................................... 27 

2.2.1.2 rbcL gene ............................................................................................................................. 28 

2.2.1.3 Chloroplast non-coding genes ............................................................................................ 28 

2.2.2 The success of multi-loci DNA barcode for plants ..................................................................... 30 

2.2.3 Case studies of plant DNA barcoding ......................................................................................... 31 

2.2.3.1 DNA Barcoding the native flowering plants and conifers of Wales (De Vere et al 2011) ... 31 



12 
 

2.2.3.2 Identification of Amazonian trees with DNA barcodes (Gonzales et al 2009) .................... 31 

2.2.3.3 DNA barcoding the floras of biodiversity hotspots (Lahaye et al 2006) ............................. 32 

2.3 Flowering plants in Sumatra ............................................................................................................. 32 

3 MATERIALS AND METHODS .............................................................................................. 37 

3.1 Study sites ......................................................................................................................................... 37 

3.2 Specimen collection .......................................................................................................................... 37 

3.3 Morphological species identification ................................................................................................ 37 

3.4.3 DNA sequencing ......................................................................................................................... 41 

3.5 Sequence analysis ............................................................................................................................. 42 

3.5.1 Sequence editing ........................................................................................................................ 42 

3.5.2 Sequence alignment ................................................................................................................... 43 

3.5.3 Calculation of identification success .......................................................................................... 43 

3.5.4 DNA barcode gaps analysis ........................................................................................................ 44 

3.5.4 Phylogenetic tree reconstruction and analysis .......................................................................... 45 

4 RESULTS ........................................................................................................................... 46 

4.1 Morphologically verified samples ..................................................................................................... 46 

4.2 DNA sequence recoverability and quality ......................................................................................... 47 

4.3 Comparison between morphological and molecular identification ................................................. 50 

4.4 Identification success assessment using best-close match method ................................................. 53 

4.5 Barcode gap analysis ......................................................................................................................... 56 

4.6 Phylogenetic analysis ........................................................................................................................ 60 

5 DISCUSSION ...................................................................................................................... 67 

5.1 The matK and rbcL sequences recoverability and quality ................................................................ 67 

5.2 Plant species identification success using matK and rbcL................................................................. 69 

5.2.1 Identification success of DNA barcoding compared to morphological identification ............... 69 



13 
 

5.2.2 Identification success according to the best-close match analysis ............................................ 72 

5.3 Discriminatory power of matK and rbcL ........................................................................................... 74 

5.4 The phylogeny of flowering plants of Jambi based on matK and rbcL ............................................. 77 

5.4.1 Taxonomic resolution in the reconstructed phylogenetic trees ................................................ 77 

5.4.2 The topology of the reconstructed phylogenetic trees ............................................................. 78 

5.4.2.1 Unresolved genera .............................................................................................................. 78 

5.4.2.2 Unresolved species ............................................................................................................. 80 

6 CONCLUSIONS AND OUTLOOKS......................................................................................... 82 

References .......................................................................................................................... 85 

Appendixes ......................................................................................................................... 99 

Declaration of originality and certificate of authorship ...................................................... 147 

Curriculum vitae ................................................................................................................ 148 

 

 

 

 

 

 

 

 

 

 

 



14 
 

List of tables 

 

Table 2.1 Species number and endemicity of some taxa in Sumatra compared to Malaysia 

peninsula ....................................................................................................................................... 34 

Table 2.2 Species of the upper canopy (35-45 m) in the eastern lowland forests of Jambi ........ 36 

Table 3.1 List of utilized primers ................................................................................................... 40 

Table 3.2 Reaction mixture of PCR amplification reagent ............................................................ 40 

Table 3.3 Temperature profiles for PCR amplification reaction ................................................... 40 

Table 3.4 Reaction mixture of PCR sequencing reagent ............................................................... 41 

Table 3.5 Temperature profiles for PCR sequencing reaction ...................................................... 41 

Table 4.1 Sample composition of the dominant families in the study sites ................................. 46 

Table 4.2 Amplification and sequencing successfulness of two regions ...................................... 47 

Table 4.3 Summary of the sequence quality of matK and rbcL regions ....................................... 50 

Table 4.4 Comparison between morphological identification and molecular identification ....... 51 

Table 4.5 The best-close match test result with 0,6% threshold ................................................. 53 

Table 4.6 List of species with ambiguous/incorrect identification results ................................... 55 

Table 4.7 Intra-specific and inter-specific divergences of matK, rbcL and matK+rbcL ................. 56 

Table 4.8 Unpaired t-test between intra-specific and inter-specific divergences of matK, rbcL, 

and matK+rbcL .............................................................................................................................. 56 

Table 4.9 One-way ANOVA of intra-specific and inter-specific divergences of matK, rbcL, and 

matK+rbcL ..................................................................................................................................... 57 

Table 4.10 Discriminatory power of matK, rbcL, and matK+rbcL ................................................. 58 

Table 4.11 One-way ANOVA of the discriminatory power of matK, rbcL, and matK+rbcL .......... 58 

Table 4.12 List of species which were not able to be discriminated by at least one marker....... 59 



15 
 

Table 4.13 Percentage of monophyletic clades recovered in nine reconstructed phylogenetic 

trees .............................................................................................................................................. 60 

Table 4.14 Non-monophyletic genera found in nine phylogenetic trees ..................................... 61 

Table 4.15 Non-monophyletic species found in nine phylogenetic trees .................................... 61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 
 

List of figures 

 

Figure 2.1 Genomic view of matK gene ........................................................................................ 27 

Figure 2.2 Genomic view of rbcL gene .......................................................................................... 28 

Figure 2.3 Shorea singkawang in Bukit Duabelas National Park; Upper-canopy tree of Kompassia 

sp., A climber strangling the host tree .......................................................................................... 35 

Figure 3.1 Map of the study sites ................................................................................................. 39 

Figure 4.1 Amplification success rate (%) of the dominant families ............................................ 48 

Figure 4.2 Sequencing success rate (%) of the dominant families ............................................... 49 

Figure 4.3 Matched identification of the dominant families with matK and rbcL  ...................... 52 

Figure 4.4 Percentage of correct identification of families with the largest dataset  .................. 54 

Figure 4.5 The frequency (%) distribution of intra-specific divergence and inter-specific 

divergence ..................................................................................................................................... 64 

Figure 4.6 Comparison of ordinal topologies of the APG III phylogenetic tree with ML 

phylogenetic tree generated based on matK marker ................................................................... 64 

Figure 4.7 Comparison of ordinal topologies of the APG III phylogenetic tree with ML 

phylogenetic tree generated based on rbcL marker …………………… ..................................... ……   65 

Figure 4.8 Comparison of ordinal topologies of the APG III phylogenetic tree with ML 

phylogenetic tree generated based on matK+rbcL marker .......................................................... 66 

 

 

 



17 
 

List of appendixes 

 

Appendix 4.1 List of vascular plant species collected in Bukit Duabelas National Park and 

Harapan Rainforest, Jambi, Indonesia .......................................................................................... 99 

Appendix 4.2 Phylogenetic reconstructed using ML method based on matK barcodes tree .... 283 

Appendix 4.3 Phylogenetic reconstructed using MP method based on matK barcodes tree.... 117 

Appendix 4.4 Phylogenetic reconstructed using NJ method based on matK barcodes tree ..... 281 

Appendix 4.5 Phylogenetic reconstructed using ML method based on rbcL barcodes tree ...... 284 

Appendix 4.6 Phylogenetic reconstructed using MP method based on rbcL barcodes tree ..... 287 

Appendix 4.7 Phylogenetic reconstructed using NJ method based on rbcL barcodes tree ....... 281 

Appendix 4.8 Phylogenetic reconstructed using ML method based on matK+rbcL barcodes tree

..................................................................................................................................................... 285 

Appendix 4.9 Phylogenetic reconstructed using MP method based on matK+rbcL barcodes tree

..................................................................................................................................................... 289 

Appendix 4.10 Phylogenetic reconstructed using NJ method based on matK+rbcL barcodes tree

..................................................................................................................................................... 143  

 

 

 

 

 

 

 



18 
 

1 INTRODUCTION 

1.1 Flora diversity in Sumatra 

Indonesia is home to some of the most magnificent tropical forests in the world. Although 

Indonesia comprises only 1,3 percent of the Earth’s land surface, it is a mega biodiversity 

hotspot, including 11 percent of the world’s plant species (FWI/GFW, 2002). The plant diversity 

in Indonesia ranks fifth in the world, with more than 38.000 species (55% of which are 

endemic). Palm diversity in Indonesia ranks first in the world, with 477 species (225 of which 

are endemic). More than half of the total timber producing trees species with economic value, 

mostly members of the Dipterocarpaceae family, are found in this country of which 155 are 

endemic (BAPPENAS 2003). 

Sumatra, stretching from latitude 6° South to 6° North and from longitude 95° to 106° East, is 

one of the main islands of Indonesia that contains some of the most important tropical 

rainforests in the world which is rich in flora and fauna. In term of flora diversity, the Sumatran 

forests are comparable to the Borneo forests and are richer than those found in Java and 

Sulawesi (Meijer 1981 in Whitten et al 2000). Sumatra is reported as one of the global centers 

of vascular plant diversity with 3.000 to 5.000 species per 10.000 km2 (Barthlott et al 2005).  

Whitten et al (2000) reported that Sumatra has one of the largest tropical lowland forest areas 

in the world. The diversity of tree species in Sumatran lowland forest is extremely high. A study 

by Roos et al (2004) shows that plant species richness in Sumatra is estimated up to 10.600 

species with more than 300 endemic species. More information about Sumatra’ flowering plant 

diversity is presented in sub-chapter 2.3. 

Despite being one of the biodiversity hotspots in Indonesia, Sumatra has been neglected in 

comparison to other islands in the Malayan Archipelago. Many scientists mistakenly consider 

that the flora of Sumatra is sufficiently well known since it is similar to that of the Malaysian 

peninsula. Many parts, especially the central portion of the island, are almost unexplored 

territory from the floristic standpoint (Laumonier 1997).  
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1.2 Forest degradation and deforestation in Sumatra 

The World Bank reported in 2001 that the total forest area in Sumatra has decreased from over 

23 million hectares to probably less than 16 million hectares between 1985 and 1997. A 

remote-sensing study by Margono et al (2012) quantified 7,54 million hectares of primary 

forest loss in Sumatra during 1990 – 2010 and an additional 2,31 million hectares of primary 

forest were degraded. 

The central region of Sumatra, such as the South Sumatra, Jambi, North Sumatra and Riau 

provinces, suffer the highest rate of forest degradation (Holmes 2002). From 2000 to 2010, the 

deforestation rate was estimated to be more than 5% in the eastern lowlands of Sumatra 

(Miettinen 2011). Lambert and Collar (2002) indicated that the southern provinces of Sumatra 

have lost most of their lowland forests, including those in protected areas.     

The causes of this massive deforestation and forest degradation are a large-scale conversion for 

timber or estate crop plantations (in particular, oil palm), small-holder conversion, and 

unsustainable and illegal logging. Nevertheless, deforestation in Indonesia is largely the result 

of a corrupt political and economic system that regarded natural resources, especially forests, 

as a source of revenue to be exploited for political and personal interests (FWI/GFW 2002). 

Oil-palm is one of the world’s most rapidly increasing crops. Gautam et al (2000) mentioned 

Sumatra as an excellent target for oil-palm plantation due to its fertile soil and good 

accessibility. This is why large investors came into Sumatra to establish plantation crops which 

have been acknowledged to be responsible for 40 percent of the deforested areas each year. 

Data derived from a study by Koh et al (2011) showed that 3,9 million hectares of lowland 

forests in Sumatra were converted into oil-palm plantations. Moreover, small-holder 

plantations of Hevea (rubber), coconut-palm, coffee, fruit, clove and cinnamon trees cannot be 

dismissed as causes of deforestation as Laumonier (1997) mentioned that these agricultural 

systems covered over three million hectares of the island. 
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1.3 DNA barcoding to accelerate species exploration 

Due to the extensive loss of natural habitat caused by deforestation and forest degradation, a 

great number of species has become endangered. Many of these species may not even be 

discovered before they are finally extinct. Several studies reported that deforestation caused 

the biodiversity loss of tropical fauna, such as forest-dwelling birds (Koh et al 2011), mammals 

(Maddox et al 2007), orangutan (Gaveau et al 2009). Undoubtedly, the destruction affected the 

flora diversity as well. Kiew (2001, as cited in Kiew 2002) estimated at least 200 species of 

flowering plants in Malaysia peninsula has been extinct, which might reflect the extinction rate 

of flowering plants in Sumatra. 

Species exploration in tropical forests seems to be slower than the species loss because of 

several limiting factors, such as the number of taxonomic specialists working in this region, 

inadequate herbarium collections, and inaccessible taxonomic literature (Kiew 2002, Tautz et al 

2003, Meyer and Paulay 2005). Species exploration becomes more challenging when the 

species cannot be identified morphologically. Identification keys based upon morphology 

characteristics could be difficult to use when some features are not visible, as happens when 

specimens are not well developed, or outside specific life stages (e.g. flowering period). 

With the increasing availability of molecular data, overcoming the limitations of morphological 

characters is possible by using molecular traits to help species identification. In principle, DNA 

variation can be used as a character to differentiate species. Based on this principle, DNA 

barcoding enables specimen identification of any part or developmental stage of the species 

(Hebert et al 2003). 

In order to speed up the species exploration in tropical forests, reliable and efficient methods of 

species identification using molecular traits are highly demanded (Finkeldey et al 2009). The use 

of DNA barcoding for species identification is of particular relevance for extremely species-rich 

ecosystems such as tropical forests. The capacity of DNA barcoding to identify species rapidly 

and accurately is an important advantage in the effort to explore and to document genetic 

information of highly diverse but endangered populations such as those occurring in Sumatran 

tropical lowland forest.  
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1.4 The objectives and general information of the study 

Deforestation and forest degradation have destroyed forest areas all over Sumatra, including 

Jambi. Located on the east coast of central Sumatra, Jambi has suffered severe forest loss, 

especially in lowland areas. Remaining forests are confined to few regions including Bukit 

Duabelas National Park and Harapan Rainforest. These areas consist of secondary forests, 

mixed with agroforests, mainly rubber and oil-palm plantations. 

This study took place in Jambi and focused on four different land-use systems: secondary 

forest, jungle rubber, oil-palm plantation, and rubber plantation. The aims of this study are to 

generate DNA barcodes of flowering plant species in Jambi using two DNA chloroplast markers 

(matK and rbcL) and to evaluate the effectiveness of these two markers as DNA barcodes for 

flowering plants. Crucial characteristics for evaluating the performance of DNA barcode include 

universal applicability, ease of data retrieval and sufficient variability of the marker used (Kress 

and Erickson 2007, Fazekas et al 2008). The investigation of these markers will contribute to the 

development of useful barcode information for the identification of plants in tropical forests. 

In order to accomplish the aims, several works has been carried out: a) specimen collection of 

all flowering plant species that had been found inside the sampling plots distributed in Bukit 

Duabelas National Park and Harapan rainforest; b) DNA extraction, amplification, and 

sequencing of two samples per species; and c) DNA sequence analysis to generate accurate 

DNA barcodes and to evaluate the identification success, discriminatory power, and 

taxonomical resolution level of matK, rbcL, and the combination of these two markers. The 

work was conducted from January 2013 to July 2015.  

Plant species identification is expected to be challenging using DNA barcoding due to the high 

diversification of plants (Linder 2008, Richardson et al 2001). Moreover, tropical plant species 

tends to have lots of close relatives, which at the end will make the effort to distinguish these 

species more difficult (Hollingsworth 2009a, Couvreur et al 2008).  

The applications of DNA barcoding rely on the existence of a robust reference library that will 

allow DNA sequences to be assigned to known taxonomic groups. Currently, DNA sequence 



22 
 

information of many plant species is still lacking. For instance, there are an estimated 350,000 

species of angiosperms (flowering plants), but as of September 2015, only about 88.000 species 

have DNA sequence information stored in one of the most prominent nucleotide database, 

Barcode of Life Database (BOLD). This means there are opportunities to submit novel 

sequences and to contribute to the global plant species documenting effort.  

In order to enrich the digital library of plant biodiversity, all the DNA barcodes that have been 

generated through this study will be uploaded to BOLD. Thus, the DNA sequence information of 

all the species that have been investigated in this study can be freely accessed for everyone 

who may be interested and for further review.   
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2 LITERATURE REVIEW 

2.1 A brief history of DNA barcoding 

In 2003, Paul Herbert and colleagues published a paper about species identification using DNA 

sequences (Hebert et al 2003a). The paper was considered as the first example of animal 

identification method using a part of mitochondrial DNA region cytochrome oxidase subunit 1 

(CO1). The term “DNA barcode” was introduced as a short gene sequence from a standardized 

region of DNA that is utilized as a marker for species identification (Hebert et al 2003a, 2003b). 

This successful study was soon followed by similar studies using CO1 for species identification 

of other animal groups such as birds (e.g., Hebert et al 2004, Waugh 2011), fishes (e.g., Ward et 

al 2005, Wong 2011), mammals (e.g., Lim 2012, Echi et al 2013), amphibians and reptiles (e.g., 

Crawford et al 2010, Bina Perl et al 2014, Nagy et al 2012). 

As a relatively new method, DNA barcoding has been applied to taxa across the tree of life. This 

has been made possible because DNA barcoding can identify organisms at any stage of 

development (e.g., Ko et al 2013, Heimeier et al 2010, Barber and Boyce 2006, Hausmann et al 

2009), or at particular gender (e.g., Elsasser et al 2009), or specimens isolated from small and 

incomplete tissue, whether it is fresh, broken or old (e.g., Valentini et al 2008, Hajibabaei et al 

2006). This method also helps to discover new species and to identify cryptic species (e.g., 

Hebert et al 2004b, Pauls et al 2010, Ward et al 2008).  

One of the most significant contributions of DNA barcoding is as an environmental law 

enforcement tool. DNA barcoding has been used actively to prevent biodiversity illegal trading 

(e.g., Asis et al 2014, Eaton et al 2009) and illegal hunting (e.g., Sanches et al 2005, Bitanyi et al 

2012). In regards to commercial trading, DNA barcoding has proven its ability to uncover the 

mislabeling of food products (e.g., Cawthorn et al 2012, Baker et al 2010, Nicole et al 2012). 

As the potential of DNA barcoding has been recognized, several awards and meetings have 

been conducted since then to promote the implementation of this new approach in species 

identification practices (Savolainen et al 2005). In 2004, the Consortium for the Barcode of Life 

(CBOL) was established as an international initiative focusing on the development of DNA 
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barcoding as a global standard for the identification of biological species. The first international 

conference of DNA barcoding, held on February 2005 in London, has been the starting point of 

comprehensive discussion on the DNA barcoding studies and implementations (BOLI 2010-

2015).  

One of the main topics discussed at the first DNA barcoding international conference was to 

find a particular DNA region as the global DNA barcode. Ideally, DNA barcodes should be short 

enough (400 – 800 bp) to be easily recovered from target specimens and have sufficient 

sequence variation to discriminate among species (Hebert et al 2003b, Savolainen et al 2005). 

The sequence variation in this barcode region should be high enough between species (inter-

specific), but low within species (intra-specific).   Therefore, the selection of a barcode region is 

complicated by the trade-off between the need for universal application and optimal rates of 

sequence variation (Kress et al 2005). 

In principle, the work of DNA barcoding is divided into two parts:  (1) building the barcode 

library of known species and (2) matching or assigning the barcode sequence against the 

barcode library for identification (Kress and Erickson 2012). In order to fulfill the need for an 

extensive barcode library, CBOL established the Barcode of Life Database (BOLD) in 2005. BOLD 

is an informatics workbench aiding the acquisition, storage, analysis and publication of DNA 

barcode records. The key feature of this database is a persistent linkage between barcode 

sequences and their source specimens (Ratnasingham and Hebert 2007). As a free-accessed 

database, BOLD is targeted to provide a standardized identification tool for the largest possible 

community of end-users. Up to date, more than four million barcode sequences have been 

uploaded to BOLD which covered more than 238.000 species (BOLD 2014).  

Although DNA barcoding has been admitted as a cost-efficient and rapid method of species 

identification (e.g., Rach et al 2008, Dentinger et al 2010), debates over its potentials are 

ongoing (Moritz and Cicero 2004, Hebert and Gregory 2005, DeSalle 2006). Prendini (2005) 

suggested that DNA barcoding alone cannot describe a new species, so that it should be used in 

association with traditional taxonomic methods in order to adequately describe species. DNA 
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barcoding is most successful in species description when it is used in complement with other 

sources of information, such as morphological data (Goldstein and DeSalle 2011).  

As a species identification method, there are at least two weaknesses of DNA barcoding. First, 

there is no agreement on a consensual divergence threshold for species delimitation. Recent 

studies proposed different thresholds across taxonomic groups (e.g., Ratnasingham and Hebert 

2007, Hebert et al 2003) but neither has proved useful for all taxa (e.g., Renaud et al 2012, 

Hickerson et al 2006). Second, DNA barcoding has limited success when identifying new species 

in unstudied groups (Meyer and Paulay 2005). Despite all the debates and controversies over its 

feasibility and utility, DNA barcoding has grown exponentially in terms of the number of 

sequences generated as barcodes as well as its applications.  

2.2 DNA barcoding of plants 

Several studies have evaluated the utility of plant DNA barcoding (e.g., Kress et al 2009, de Vere 

et al 2011, Lahaye et al 2008, Gonzales et al 2009, Wang et al 2010, Burgess et al 2011, de 

Groot et al 2011, Li et al 2011) and a variety of applications have been developed that showed 

the wide potential of plant DNA barcoding. For instance, DNA barcoding has been used for the 

verification of plant products such as medicinal plants (e.g., Chen et al 2010, Mankga et al 

2013), kitchen spices (e.g., De Mattia et al 2011), and tea plants (e.g., Stoeckle et al 2011). 

Equally diverse ecological applications have been implemented, including the identification of 

invasive species (e.g., Bleeker et al 2008) and characterization of below-ground plant diversity 

(e.g., Kesanakurti et al 2011). Some study cases of plant DNA barcoding are presented with 

more details in sub-chapter 2.2.3. 

Even though plant DNA barcoding has been widely used as mentioned above, there is no single 

gene that can satisfy a global DNA barcode for plants. In many animal groups, the mitochondrial 

gene CO1 has been proven as an effective barcode for species identification (Hebert et al 

2003a). Due to low substitution rate of mitochondrial DNA in plants (Chase et al 2005), CO1 is 

considered to be insufficiently variable to distinguish species across a wide range of plant taxa 

(Cowan and Fay 2012).  
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2.2.1 Universal barcodes for plants 

Finding a universal DNA barcode for plants presents a number of challenges compared to 

animals (Cowan and Fay 2012). In animals, there is a high base-substitution rate, but the gene 

content and order are highly conserved. Whereas in plants, with a few exceptions in specific 

taxa, base substitution rates are much lower, and there are frequent genome rearrangements 

and transfers of genes between different genomes and across species (Palmer et al 2000).  

According to Chase et al (2007), the most important characteristics of a universal barcode are 

to be able to be amplified across all taxa using standardized primers and ease to be sequenced. 

In addition, the barcode needs to exhibit sufficient variability for species-level identification, 

ideally with high inter-specific and low intra-specific sequence divergence. To facilitate analysis, 

the barcode should be easily aligned, and should contain few insertions and deletions, as these 

complicate the comparison and can be difficult to interpret. Also, for many potential 

applications, the barcode needs to be recoverable from herbarium samples and other degraded 

samples. Finding a barcode that completely fulfills the desired criteria is not entirely achievable. 

This calls for decisions based on a trade-off between sequence quality, power to discriminate 

among species, and cost (CBOL Plant Working Group 2009). 

In many cases, the level of species discrimination in plants with standard DNA barcoding 

markers are lower than those obtained by CO1 in many animal groups (Fazekas et al 2009). 

However, this is a matter of the taxa group in question; the species level might be reasonably 

good in some groups and quite poor in others. When the specimen sampling is limited 

geographically which then restricts the number of closely related species, rates of species 

discrimination are expected to be greater (e.g., Burgess et al 2011).  

A number of candidate gene regions were suggested as potential barcodes for plants including 

coding genes and non-coding genes in the nuclear and plastid genomes (e.g., Kress et al 2005, 

Kress and Erickson 2007, Taberlet et al 2007, Chase et al 2007). In 2009, the Plant Working 

Group under CBOL recommended a two-loci standard barcode (matK + rbcL) for plant DNA 

barcoding (CBOL Plant Working Group 2009, Hollingsworth et al 2009). In this next section, 

some widely-used plant barcodes will be described in more details.  
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2.2.1.1 matK gene 

The chloroplast matK marker consists of a ca. 841 base pairs (bp) at the center of the gene, 

located between bp 205–1046 (including primer sites) in the complete Arabidopsis thaliana 

plastid genome sequence (Hollingsworth et al 2011). This gene, which encodes a maturase 

enzyme, evolves rapidly (Hilu et al 1997) and is considered to be one of the most informative 

loci for determining phylogenetic relationships (Hilu et al 2003).  

 

Figure 2.1 Genomic view of matK gene 

 

There are mixed reports in the literature about amplification and sequencing success using 

matK (e.g., de Vere et al 2012, Kress et al 2009, Roy et al 2010). Although matK has been found 

to be an informative region in several plant DNA barcoding studies on various floristic or 

biodiversity hotspots (e.g., Chase et al 2007, Lahaye et al 2008, Soltis et al 2001) and to be quite 

variable in numerous plant groups (e.g., Hilu et al 2003, Hidayat et al 2011), this locus was not 

found to be useful in several other studies (e.g., Kress & Erickson 2007, Chen et al 2010, Zhang 

et al 2015). As a region with the highest species discrimination among the other coding regions 

ever been studied, matK was not easily retrievable using universal primers, particularly in  non-

angiosperm samples (Cowan and Fay 2012). As a consequence, primers of matK still need to be 

optimized, probably to be adapted to specific taxonomic groups.   

Using the best currently available universal primer pair (3F/1R; Kim unpublished) on diverse 

sample sets typically results in PCR and sequencing success of ca. 70% in angiosperms. Using 

secondary primer pair (390F/1326R; Cuenoud et al 2002) can increase amplification and 

sequencing success by another ca. 10% (Hollingsworth et al 2011). 
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2.2.1.2 rbcL gene 

The chloroplast rbcL marker consists of a 599 bp region at the 5’ end of the gene, located at bp 

1–599 (including primer sites) in the complete Arabidopsis thaliana plastid genome sequence 

(Hollingsworth et al 2011). This gene is the first gene to be sequenced in plants, exists as a 

single copy and contains no introns (Zurawski et al 1981).  

 

Figure 2.2 Genomic view of rbcL gene 

 

Since it is one of the most conserved genes in the chloroplast genome, this gene has been 

widely used as a tool to retrace the evolutionary relationships of plant groups that diverged 

over historical time.  It is easily amplified and sequenced in most land plants, but showed too 

little variation to enable identifying all plant species (e.g., Hollingsworth et al 2009), thus it has 

been discounted as a species-level discriminator (Renner 1999, Salazar et al 2003). To increase 

the power of this gene for phylogenetic purposes, it should be combined with more variable 

regions (Vijayan and Tsou 2010).  

2.2.1.3 Chloroplast non-coding genes 

The chloroplast genome can be divided into three functional categories: exons, introns, and 

intergenic spacers, the latter two do not encode proteins and are referred to as non-coding 

regions (Shaw et al 2005). The non-coding genes are supposed to evolve more rapidly than the 

coding genes, enabling it to serve as primary source of data for molecular analysis. Because of 

this reason, non-coding sequences of chloroplast DNA became important tools in the 

phylogenetic analysis of a broad range of plant groups at a variety of taxonomic levels (Kelchner 
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2000). Nevertheless, the non-coding regions usually exhibited poor sequence quality, mainly 

caused by microsatellite regions and stutters (Devey et al 2009). 

One of the most widely-used genes as DNA barcode, trnL, is a chloroplast non-coding gene 

which has conserved priming sites (Taberlet et al 2006) and has a relatively slow rate of 

evolution (Shaw et al 2005). The limited inter-specific divergence of this gene makes it an 

unlikely universal marker for species-level identification. This gene is in general simple to 

sequence, although mononucleotide repeats can impact on sequencing reads in some taxa 

(Hollingsworth et al 2011). 

The non-coding spacer, trnH-psbA, has been used successfully in a range of plant DNA 

barcoding studies (e.g., Gonzales et al 2009, Kress et al 2009, Kress et al 2010) and is an obvious 

choice of a supplementary barcode (Hollingsworth et al 2011).  The trnH-psbA region is 

straightforward to be amplified across land plants and is one of the most variable inter-genic 

spacers in plants (Shaw et al 2007). A study by Kress and Erickson (2007) showed that trnH-

psbA has dramatically higher sequence variability than the coding genes because it has a higher 

number of single nucleotide polymorphisms (SNPs). In a recent study by Ghahramanzadeh et al 

(2013), it is proposed that trnH-psbA is more informative than rbcL.  

2.2.1.4 Nuclear genes 

Nuclear genes are bi-parentally inherited, therefore they are less conserved compared to 

chloroplast genes which are maternally inherited. It is also more difficult to recover nuclear 

DNA from herbarium samples and other degraded samples. This is because there is less copy 

per cell of this genome compared to the plastid genome. 

The nuclear internal transcribed spacer (ITS) region is identified as a potential barcode marker 

by Kress et al (2005). This non-coding region generally shows high levels of inter-specific 

sequence variability (Cowan and Fay 2012), but is difficult to be amplified and sequenced in 

diverse sample sets and it is prone to fungal contamination (Alvarez and Wendel 2003, 
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Hollingsworth et al 2011). In cases where ITS is difficult to be amplified and performing 

unsatisfactorily, ITS2 represents a useful alternative (Yao et al 2010). 

The ITS region has been used successfully to classify angiosperms (Li et al 2011) and the ITS2 

region has been useful in identifying a range of medicinal plants compared to other genetic 

markers (Chen et al 2010). A study by CBOL Plant Working Group China (2011) revealed that the 

discriminatory power of ITS2 is higher than that of plastid markers. 

2.2.2 The success of multi-loci DNA barcode for plants 

In a recent review of the most optimal barcode for plants, Hollingsworth et al (2011) indicated 

that none of the barcodes proposed is perfect in every respect. Some studies suggest strategies 

based on a single chloroplast region (e.g., Lahaye et al 2008) or a combination of different 

regions (e.g., Kress and Erickson 2007, Chase et al 2007, Holingsworth et al 2009). A study by 

Kress and Erickson (2007) showed that the various combinations of two loci were all more 

powerful at differentiating between species than either locus individually. In overall, it appears 

that different genetic markers can be applied to plants with different degrees of success. 

CBOL Plant Working Group (2009) suggested that there are no other two-loci or multi-loci 

barcode provided appreciably greater species resolution than the matK+rbcL combination. 

However, in some complex groups, such as in the genus Berberis (Roy et al 2010), the 

combination of matK with rbcL is not sufficient to distinguish all species. 

There are many studies showing that the species discriminatory level will be increased by 

combining the core barcodes with supplementary genes such as trnL, trnH-psbA, and ITS or ITS2 

(e.g., Li et al 2011, Jeanson et al 2011, Armenise et al 2012). Taberlet et al (2007) and Janzen 

(2005) indicated the use of multi-loci barcode will give much higher species discrimination level 

for studies within a limited geographical area.  
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2.2.3 Case studies of plant DNA barcoding 

This sub-chapter is dedicated to exhibiting three case studies of the application of DNA 

barcoding on plant species identification and phylogenetic analysis.  

2.2.3.1 DNA Barcoding the native flowering plants and conifers of Wales (De Vere et al 2011)  

This study is claimed to be the first national DNA barcode resource that covers the native 

flowering plants and conifers for the nation of Wales (1.143 species). This study did not only 

investigate DNA extracted from fresh materials but from herbarium specimens as well.  

Recoverability of DNA barcodes was lower using herbarium specimens, compared to the freshly 

collected material, mostly due to lower amplification success, but this is balanced by the 

increased sampling efficiency of species that have already been collected, identified, and 

verified by taxonomic experts. Using rbcL and matK, this study has resulted in a very high rate 

of recovery for rbcL but lower for matK. The effectiveness of the DNA barcodes for 

identification was assessed using three approaches: the presence of a barcode gap (using 

pairwise and multiple alignments), formation of monophyletic groups using Neighbour-Joining 

trees, and sequence similarity in BLAST searches. These approaches yielded similar results, 

providing relative discrimination levels of 69.4 to 74.9% of all species and 98.6 to 99.8% of 

genera using both markers. A database of DNA barcodes for Welsh native flowering plants and 

conifers was established as the output of the study, offering a valuable and complete platform 

for a wide range of applications that require accurate species identification. 

2.2.3.2 Identification of Amazonian trees with DNA barcodes (Gonzales et al 2009) 

This study was conducted in two hectares of a tropical forest in French Guiana, investigating all 

trees with a diameter at the breast height of more than 10 cm. A total of 1.073 trees were 

sampled, encompassing 301 tree morpho-species, 143 genera, and 54 angiosperm families. 

These samples were barcoded using eight different markers: rbcLa, rpoC1, rpoB, matK, ycf5, 

trnL, psbA-trnH, and ITS. 



32 
 

As the result, psbA-trnH had the best performance as a DNA barcode, also being universally 

amplifiable. The core barcode, matK, was sequenced with a relatively low level of success 

compared to other markers even after using two different pairs of primers. However, this gene 

turned out to have an adequate rate of variation and successfully revealed cryptic species. 

Furthermore, ITS did not seem promising as a universal DNA barcode for tropical forest plant 

species as limited sequencing success was observed in this study. In conclusion, this study 

indicates that the combination of two or more markers did not greatly improve the overall 

performance in comparison with single markers.  

2.2.3.3 DNA barcoding the floras of biodiversity hotspots (Lahaye et al 2006)   

In this study, an intensive specimen collection in two biodiversity hotspots (Meso-America and 

Southern Africa) was conducted. More than 1.600 samples were collected and investigated to 

compare seven potential barcodes: matK, rbcL, trnH-psbA, trnL, rpoC1, rpoB, and ycf5. 

This study indicates that either matK or trnH-psbA are the most suitable region for plant DNA 

barcoding. Using matK alone or in combination with trnH-psbA resulted in 90% of correct 

species identification. By combining the molecular and morphological data, this study has 

successfully assigned almost 60% of the sampled tree saplings to known species and the 

remaining to the genus and the family.   

2.3 Flowering plants in Sumatra 

Sumatra is divided into two major areas: highland areas in northern and central Sumatra and 

lowland and coastal areas in the western, eastern and southern parts of the island. In most of 

the literature, the vegetation of Sumatra was described according to these area divisions.  

The highland areas of Sumatra comprises of sub-montane forest, montane forest, and cloud 

forest. These types of forest are dominated by vegetation of Lauraceae, Fagaceae, and conifers 

such as Pinus merkusii and Agathis dammara (de Wilde 1989). Davis et al (1995) reported that 
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endemism is relatively high in some areas of Sumatra’s highland, including the mountains of 

Aceh (Gunung Lauser), the Indragiri foothills, and the Tigapuluh mountains. 

The lowland areas of Sumatra were originally covered by evergreen forest. Some areas of 

lowland forest were dominated by commercially important vegetation, such as timber trees of 

the dipterocarps and Eusideroxylon zwageri (Lauraceae) which are included in the IUCN Red List 

of Threatened Species. Whitten (2000) wrote that Sumatra’s lowland forests are characterized 

by the presence of tall trees with large-buttresses and smooth-barked trunks. Lianas and 

climbing palms are also abundant in this type of forest. Meanwhile, the under-storey vegetation 

is composed of Marantaceae, Zingiberaceae, ferns, many Araceae and a few isolated Poaceae 

(Laumonier 1997). 

Estimations about the plant diversity in Sumatra are uncertain. Whitmore and Tantra (1986) 

reported 364 genera of 86 families in Sumatra which have at least one big tree species. A very 

optimistic estimation of de Wilde (1989) suggested the total number of 8.000-10.000 plant 

species in Sumatra. In 1990, Laumonier recorded 2.500 tree species in Sumatra which were 

assumed to represent only 70-80% of the total tree flora. Furthermore, Davis et al (1995) 

estimated that the Sumatra flora comprises about 10.000 species, which is much higher than 

the number of plant species in Malaysia peninsula. However, the endemism in Sumatra is 

generally considered to be lower than the Peninsula. Laumonier (1997) suggested that the 

lower endemism in Sumatra could be due to the fact that endemic species have become 

extinct. 
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Table 2.1 Species number and endemicity of some taxa in Sumatra compared to Malaysia 

peninsula (Kiew 2002) 

 

This study took place in the Jambi province, in which remaining forests are scarce. In 1997, 

Laumonier described the lowland forest areas in the center of Jambi as covered with some 

species of Dipterocarpaceae, such as Anisoptera megistocarpa,  Dipterocarpus lowii, D. crinitus, 

Hopea ferruginea, Shorea macroptera, S. pauciflora, S. singkawang. Meanwhile, Davis et al 

(1997) reported that the mountain region of this province (the Kerinci mountain) contains 2.000 

to 3.000 vascular plant species, most of which were good-quality timber trees, both 

dipterocarps and non-dipterocarps. Besides the commercial species, wild fruit trees including 

Mangifera (mangoes), Durio (durians), Lansium (langsat), and Nephelium (rambutan); and 

medicinal plants such as Parashorea lucida, Sindora spp., Lansium domesticum, Aglaia 

argentea, Eurycoma longifolia and Monophyllaee horsfieldii; were considered to be locally 

important commodities. 

 

 

 

 

 

No. of species Endemicity (%) No. of species Endemicity (%)

Dipterocarpaceae 95 10 156 16

Elaeocarpus 34 38 42 47

Ericaceae 76 59 47 44

Impatiens 30 96 11 72

Monophyllaea 5 80 7 71

Nepenthes 29 76 10 50

Orchidaceae 1.118 41 850 27

Paraboea 6 80 18 77

Rhaphidophora 15 26 15 13

Schismatoglottis 16 56 7 14

Sumatra Malaysia Peninsula
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Figure 2.3 (left to right) Shorea singkawang in Bukit Duabelas National Park; upper-canopy 

tree of Kompassia sp., a climber strangling the host tree 
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Table 2.2 Species of the upper canopy (35-45 m) in the eastern lowland forests of Jambi 

(Davis et al 1995) 

 

 

 

 

 

ANACARDIACEAE BURSERACEAE OLACACEAE

Mangifera rigida Santiria conferta Scorodocarpus borneensis

Mangifera torquenda S. rubiginosa Ochanostachys amentacea

Pentaspadon velutinus S. tomentosa Strombosia ceylanica

S. griffithii

APOCYNACEAE Dacryodes incurvata CELASTRACEAE

Dyera costulata Kokoona reflexa

EUPHORBIACEAE Lophopetalum beccarianum

DIPTEROCARPACEAE Aporusa nervosa

Anisoptera costata Baccaurea costulata ARECACEAE

Anisoptera laevis Blumeodendron tokbrai Oncosperma horridum

Anisoptera marginata Blumeodendron calophyllum Livingstonia kingiana

Anisoptera megistocarpa Pimelodendron griffithianum

Dipterocarpus crinitus Ptychopyxis sp. POLYGALACEAE

Dipterocarpus lowii Trigonopleura malayana Xanthophyllum amoenum

Hopea dryobalanoides Xanthophyllum rufum

Parashorea lucida ANNONACEAE Xanthophyllum sulphureum

Shorea acuminata Cyathocalyx ramuliflorus Xanthophyllum vitellium

Shorea dasyphylla Monocarpia marginalis

Shorea hopeifolia Polyalthia sumatrana MYRISTICACEAE

Shorea lumutensis Polyalthia hypoleuca Myristica gigantea

Shorea macroptera Xylopia malayana Gymnacranthera bancana

Shorea ovalis Xylopia ferruginea Gymnacranthera farquhariana

Shorea parvifolia Horsfieldia pulcherrima

Shorea gibbosa SAPOTACEAE Horsfieldia triandra

Shorea johorensis Palaquium oxleyanum

Vatica stapfiana Palaquium cryptocariifolium SAPINDACEAE

Payena acuminata Nephelium lappaceum

CAESALPINIACEAE Payena endertii Xerospermum norhonianum

Dialium laurinum Pouteria malaccensis

Dialium maingayi STERCULIACEAE

Koompasia malaccensis CLUSIACEAE Heritiera sumatrana

Calophyllum depressinervosum Scaphium macropodum

LOGANIACEAE Calophyllum pulcherrimum

Fragraea gigantea Calaphyllum calaba

MELIACEAE

Dysoxylum acutangulum
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3 MATERIALS AND METHODS 

3.1 Study sites 

This study took place in two landscapes in Jambi Province, Sumatra, Indonesia: Bukit Duabelas 

National Park and Harapan Rainforest. These two study sites are representing the remaining 

tropical rainforests in Sumatra. Bukit Duabelas National Park (1°51′S 102°39′E) covers 605 km2 

of area consists of primary forest and logged-forest. Meanwhile, Harapan Rainforest (2°14′S 

103°19′E) was used to be a logging-concession area which was converted into flora and fauna 

sanctuary managed by local and international NGOs. 

The study sites comprise of 32 plots sized 50 m x 50 m distributed around the landscapes. These 

plots were established on 4 kinds of land-use: secondary forest, jungle rubber, oil-palm 

plantation and rubber plantation; each was represented by 8 plots.  

3.2 Specimen collection 

Specimen collection was conducted in all of the study plots. Specimens of big trees (diameter at 

breast height > 30 cm) were collected from the whole area of each plot and specimens of 

under-storey vegetation (shrubs, lianas, seedlings) were collected from five sub-plots sized 5 m 

x 5 m. Each species found in the study site was sampled at least 3 times. From each sample, leaf 

tissues (approximately 2 cm2) were collected fresh and dried in silica-gel for DNA analysis; 

herbarium vouchers were prepared and stored in Herbarium Bogoriensis and BIOTROP 

Herbarium, Bogor, Indonesia; several high-quality photographs were taken for further 

identification and to be uploaded along the DNA barcodes to DNA barcoding database. 

3.3 Morphological species identification 

Each collected specimen was morphologically identified by collaborating taxonomists by 

matching the correspondent herbarium vouchers against the reference vouchers available at 

the Herbarium Bogoriensis and BIOTROP Herbarium, Bogor, Indonesia. The results of the 
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morphological identification then were compared to the molecular identification results (see 

sub-chapter 3.5.1). 

3.4 DNA analysis 

The laboratory work, that has been carried out in this study, was taking place in Forest Genetics 

and Forest Tree Breeding Department, Georg-August-University Göttingen. 

3.4.1 DNA extraction 

Based on the preliminary result of morphological species identification, the selection of which 

samples for analysis that would be analyzed was done by choosing 2 specimens per species. 

DNA extractions then were performed on healthy dried leaf tissue from all of the selected 

samples using the DNeasy 96 Plant Kit (Qiagen, Hilden, Germany), following manufacturer’s 

protocols. The concentration and quality of the extracted DNA were checked by 0,8-1% agarose 

gel electrophoresis with a Lambda DNA size marker (Roche), visualized by UV illumination using 

a polaroid camera.  

3.4.2 DNA amplification 

Each extracted DNA then was amplified by performing Polymerase Chain Reaction (PCR) using 

universal primers  listed  in  Table 3.1. For  rbcL, the  amplification  was  straight-forward. But 

for  matK, two  stages  amplification  was  performed. At  the  first  stage, all  investigated  

samples  were  included  using  universal  primer  1RKIM  and  3FKIM  (Table 3.1). The   second  

stage,  using  primer 390f  and  990R  (Table 3.1), included  only  samples  that  was  not  

amplified  or  that  produced multiple PCR products at the first stage.
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Figure 3.1 Map of the study sites (source: d.maps.com, crc990)
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Table 3.1 List of utilized primers  

No. Region 
Name of 
primer 

Primer sequence (5’ → 3’) Reference 

1 matK 3F_KIM_f CGTACAGTACTTTTGTGTTTACGAG Ki-Joong Kim (unpublished) 
1R_KIM_r ACCCAGTCCATCTGGAAATCTTGGTTC Ki-Joong Kim (unpublished) 
390f CGATCTATTCATTCAATATTTC Cuenoud et al (2002) 
990R GGACAATGATCCAATCAAGGC Dayananda et al (2006) 

2 rbcL rbcLa_f ATGTCACCACAAACAGAGACTAAAGC Krees and Erickson (2007) 
rbcLa_r GAAACGGTCTCTCCAACGCAT Fazekas et al (2008) 

 

The PCR was performed in a Peltier Thermal Cyler PTC-200 (MJ Research Inc.) with a volume of 

15μl reaction mixture (Table 3.2). PCR temperature profiles for the amplification reaction are 

shown in Table 3.3.   

Table 3.2 Reaction mixture of PCR amplification reagent 

Reagent Volume (µl) 

PCR buffer 
MgCl2 

Forward primer (5pmol/ml) 
Reverse primer (5pmol/ml) 
dNTPs 
Taq 
H2O 
Template DNA (5-10 ng) 

1,5  
1,5 
1 
1 
1 
0,2 
6,8 
2 

 

Table 3.3 Temperature profiles for PCR amplification reaction 

Step Condition 

Step 1 
Step 2 
 
 
 
Step 3 

Initial denaturation at 95o C for 15 minutes 
35 cycles of: 
1. Denaturation at 94o C for 1 minute 
2. Annealing at 50o C for 1 minute 
3. Elongation at 72o C for 1,5 minutes 
Final extension at 72o C for 20 minutes 
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Amplification success rates were calculated for each marker as the ratio of the number of 

successfully amplified samples with the total number of PCR using the corresponding marker 

regardless the number of PCR repetition in order to obtain successful amplification.  

3.4.3 DNA sequencing 

To obtain purified DNA for sequencing, the PCR products were separated in agarose gels by 

electrophoresis. The DNA fragments in the agarose gel were sliced with a razor and then 

purified using the GENECLEAN® Kit (MP Biomedicals, Illkirch, France).  

Table 3.4 Reaction mixture of PCR sequencing reagent 

Reagent Volume (µl) 

Big Dye 
5X buffer 
Forward/reverse primer (5pmol/ml) 
H2O 
Template DNA (5-10 ng) 

1 
1,5 
1 
4,5 
2 

 

Table 3.5 Temperature profiles for PCR sequencing reaction 

Step Condition 

Step 1 
Step 2 
 
 
 
Step 3 

Initial denaturation at 96o C for 1 minutes 
35 cycles of: 
1. Denaturation at 96o C for 10 seconds 
2. Annealing at 45o C for 10 seconds 
3. Elongation at 60o C for 4 minutes 
Final extension at 72o C for 20 minutes 

 

The sequencing reactions were performed using the ABI PrismTM Big DyeTM Terminator Cycle 

Sequencing Ready Reaction Kit v1.1 (Applied Biosystems), based on the principles described by 

Sanger et al (1977). Data were collected from capillary electrophoresis on an ABI Prism 3100® 

Genetic Analyzer with the Sequence Analysis Software v3.1 (Applied Biosystems). The 

sequencing was performed with the same primers used for amplification in both directions. The 
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sequencing reaction mixture is shown in Table 3.4, while the temperature profiles of the PCR 

for sequencing are shown in Table 3. 5.  

Sequencing success rates were calculated for each marker as the ratio of the number of bi-

directional consensus sequences that were successfully obtained with the total number of 

successfully amplified samples regardless the number of repetition in order to obtain successful 

sequencing.  

3.5 Sequence analysis 

3.5.1 Sequence editing 

Sequence editing was done to ensure the DNA sequences are as accurate as possible. 

CodonCode AlignerTM software was used to trim the sequence ends (the first and last 20 bp 

should contain less than 2 nucleotides showing quality value (QV) less than 20) and to assemble 

the forward and reverse sequences from each investigated samples. Sequences that failed to be 

assembled into bi-directional consensus sequences were excluded from the data set. Every 

successfully assembled contig then was checked for base call disagreements and ambiguities 

and manually edited where necessary.  

Each of these edited sequences then was assigned to a particular taxon by comparing it with 

the nucleotide sequences in GenBank database and Barcode of Life Database (BOLD) using 

Basic Local Alignment Search Tool (BLAST, Altschul et al 1990). When BLAST result showed high 

E-value, the corresponding sequence was removed from the data set. The lower the E-value, 

the more similar the query sequence to the reference sequence in the database (Madden, 

2002). 

The results of sequence identification then were cross-checked with the morphological 

identification results. The match between morphology and molecular identification results were 

counted into three levels: species, genus, and family. When the species name from the 

molecular identification matched the species name from the morphological identification, then 
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it was counted as correct species. When the assignment result only matched the genus or 

family, then it was counted as correct genus or family.   When the results between 

morphological and molecular identification did not match, it was counted as incorrect 

identification if the assignment results with both matK and rbcL were similar (at least on family 

level), or it was counted as mislabeling/contamination if the results matK and rbcL were 

different. Herbarium specimens were double-checked in cases of incorrect identification.  

The quality of contig was determined according to the CBOL (CBOL Plant Working Group 2009). 

Quality parameters including mean of contig length, mean QV and forward and reverse 

sequences overlap. In addition, the percentage of high quality contig (mean QV > 30, post-trim 

length >100 bp for both forward and reverse sequences, minimum 50% forward-reverse 

sequences overlap) and low-quality contig (mean QV < 20) were determined.  

3.5.2 Sequence alignment 

Sequence alignment was carried out independently for each marker in two stages.  First, 

multiple sequences were aligned according to their families using the ClustalW program 

(Thompson et al 1994) embedded in MEGA6 (Tamura et al 2013). Reference sequences were 

downloaded from BOLD/GenBank and included in the alignment for those species represented 

with only one sample. The alignment results were subsequently checked for the occurrence of 

ambiguities caused by the presence of indels and/or substitutions and edited where necessary. 

In the second stage, all aligned sequences from each family were manually aligned with 

sequences from other families. Gaps were added where necessary and the final alignment were 

trimmed at both ends. The aligned sequences of rbcL and matK were combined to obtain two-

loci DNA barcodes using SequenceMatrix software (Vaidya et al 2011) and then the 

concatenated alignment was exported as NEXUS files. 

3.5.3 Calculation of identification success 

Identification success was calculated by best-close match method as implemented in TaxonDNA 

(Meier et al 2006). A threshold value T was determined for each dataset as a divergences 



44 
 

percentage below which 95% of all intra-specific distances were found. In this method, all 

recovered sequences at each of the three markers (matK, rbcL, matK+rbcL) were formatted as 

both database and query; a query can only be identified if the corresponding sequence has a 

match in the dataset that falls into the 0% to T% interval. All queries without such a match 

would remain unidentified. If the name was identical, the query was considered an 

identification success. The identification was considered incorrect when the name was 

mismatched and considered ambiguous when several equally good best matches were found 

that belonged to different species. 

3.5.4 DNA barcode gaps analysis 

This analysis only included the species with at least two representatives. DNA barcode gaps 

were evaluated by comparing the distribution of intra- versus inter-specific divergences (Meyer 

and Paulay 2005). Matrices of pair-wise distances were created using MEGA6 (Tamura et al 

2013) based on the single-locus alignment and two-loci alignment. The distance calculation was 

following Tamura-Nei model (1993) assuming the differences in substitution rate between 

nucleotides and the inequality of nucleotide frequencies with Gamma-distributed rates 

between sites and the pattern between lineages were assumed to be heterogeneous. The 

calculation results of intra-specific divergence and inter-specific divergence in these matrices 

then were separated using ExcaliBAR (Aliabadian et al 2014) to facilitate the measures of 

distance range and distance mean of each type of divergence. Frequency (%) distribution of 

intra-specific and inter-specific divergences of each marker was calculated and depicted in 

graphics using Excel to see if there were barcode gaps existed between the intra-specific and 

inter-specific divergences.  

Furthermore, one-way ANOVA was conducted to estimate the significance of mean difference 

of the intra-specific and inter-specific divergence between markers and unpaired t-test to 

estimate the significance of mean difference between intra-specific and inter-specific 

divergences of each marker.  
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Based on the genetic distance, discriminatory power was calculated as the proportion of 

discriminated sequences/species with the total number of sequences/species included in the 

analysis. A sequence was considered as discriminated when the genetic distance of this 

sequence with the other sequence of the same species was lower than the genetic distance 

with other sequences of the other species.   

3.5.4 Phylogenetic tree reconstruction and analysis 

Based on the aligned sequences, phylogenetic trees were reconstructed using MEGA6 (Tamura 

et al 2013) with three different algorithms: maximum parsimony (MP), maximum likelihood 

(ML), and neighbor joining (NJ). Phylogenetic trees were reconstructed based on this two-loci 

alignment in the same way as the phylogenetic trees reconstruction of single-locus alignment. 

Percentages of species, genus, and family monophyletic clade were calculated from each 

reconstructed tree.  

Furthermore, ordinal phylogenies were reconstructed based on Maximum Likelihood trees of 

each used marker and then were compared to APG III (The APG III 2009) ordinal phylogenies to 

see if there were inconsistencies between these two topologies.  
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4 RESULT 

4.1 Morphologically verified samples 

The morphological identification of the samples was done as this thesis was being written. Up 

to July 2015, approximately 4.160 samples (80% of total samples) has been verified as 1.100 

morphologically defined species spanning 436 genera, 136 families, and 49 orders. Families 

with highest sample numbers are Rubiaceae, Annonaceae, Fabaceae, Phyllanthaceae, 

Myrtaceae, Euphorbiaceae, Lauraceae, Moraceae, and Burseraceae. 

Table 4.1 Sample composition of the dominant families in the study sites 

 

Family Number of genera Number of species Number of samples

Anacardiaceae 8 15 49

Annonaceae 22 53 276

Apocynaceae 19 26 105

Araceae 8 11 85

Arecaceae 4 5 165

Asteraceae 12 12 48

Burseraceae 4 20 181

Cannabaceae 2 5 33

Connaraceae 5 11 39

Dipterocarpaceae 5 12 69

Euphorbiaceae 21 45 188

Fabaceae 27 48 250

Lamiaceae 8 17 74

Lauraceae 13 47 186

Malvaceae 17 33 155

Meliaceae 9 26 104

Menispermaceae 15 17 64

Moraceae 6 33 186

Myristicaceae 4 21 112

Myrtaceae 4 27 213

Phyllanthaceae 10 53 243

Piperaceae 1 3 38

Poaceae 9 13 107

Rubiaceae 29 65 360

Rutaceae 11 18 68

Sapindaceae 12 25 83

Sapotaceae 6 15 54

Vitaceae 7 12 62
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 4.2 DNA sequence recoverability and quality 

From all 5.128 samples, only 3.932 samples were selected for investigation. Due to time 

restriction, only 2.590 samples were finally included in the study.  

DNA materials were extracted from dried-leaf specimens with no noticeable difficulties. The 

amplification and sequencing, however, turned to be more problematic especially when using 

matK primers. Recoverability of DNA sequences for rbcL was high in overall (amplification and 

sequencing success were 96,91% and 94,66%, respectively). Meanwhile, the amplification and 

sequencing results using the primer of matK was only moderately successful (79,05% and 

65,81%, respectively).   

Table 4.2 Amplification and sequencing successfulness of two regions 

 

The amplification and sequencing success rate of 28 dominant families are shown in Figure 4.1 

and Figure 4.2. All of these families were amplified successfully more than 90% with rbcL. The 

same level of amplification success rate was obtained with matK for only four families, namely 

Sapotaceae, Sapindaceae, Connaraceae, and Dipterocarpaceae. Meanwhile, the amplification 

success rate for the other families ranged between 60 to 80 percent with Rubiaceae, 

Arecaceae, and Poaceae at the lowest. The sequencing success hardly reached 90% except for 

Dipterocarpaceae with rbcL. Some families, namely Rubiaceae, Poaceae, Arecaceae and 

Araceae have an extremely low level of sequencing success rate (<20%) using matK.  

 

 

Number of samples for investigation

Number of extracted samples (up to April 2015)

matK rbcL

Successful amplification 1.834 2.510

Unsuccesful amplification 486 80

Successful sequencing 1.207 2.376

Unsuccesful sequencing 627 140

3.932

5.238
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Figure 4.1 Amplification success rate (%) of the dominant families 
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Figure 4.2 Sequencing success rate (%) of the dominant families 
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A total of 1.207 barcode sequences were generated from matK representing 424 species of 97 

families of 40 orders, and 2.376 barcodes from rbcL representing 539 species of 126 families of 

44 orders. When the number of successfully generated sequences compared to the number of 

amplification has been made for each region, then the recovery rate was 52% for matK and 92% 

for rbcL. 

Overall sequence quality for the rbcL region was high: 98,95% of the successfully sequenced 

samples had greater than 50% contig overlap, and 41,21% were evaluated as high-quality 

sequences following the criteria from CBOL Plant Working Group (2009). Using the same 

criteria, the sequencing success was lower for matK: 81,08% for sequences with contig overlap 

>50%, and only 25,23% were high-quality sequences. Nevertheless, the mean of sequence 

quality value of both regions was in the same level.  

Table 4.3 Summary of the sequence quality of matK and rbcL regions 

matK rbcL

Mean of sequences length (bp) [SD] 696 [73] 599 [50]

Percentage of contigs with overlap >50% 81,08 98,95

Mean of sequences quality value [SD] 37 [14] 37 [11]

Percentage of sequences with low quality bases <1% 74,32 82,64

Percentage of sequences with substitutions and internal gaps <1% 50 74,28

Percentage of high quality sequences 25,23 41,21  

4.3 Comparison between morphological and molecular identification 

Molecular identification was conducted for all samples that were successfully barcoded, but 

only samples that have been morphologically identified were included in the further analysis, 

thus these two identification methods were comparable. Since the morphological identification 

was on progress as this thesis was being completed, there were a considerable amount of 

sequences that the identification was not yet confirmed morphologically (200 sequences of 

matK and 529 sequences of rbcL). Therefore, these sequences were excluded from the dataset.   
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For both regions, the highest match between morphological and molecular identification was 

on genus level. The matched identification on species-level was higher with matK than with 

rbcL. Incorrect identification was relatively low for both regions.  

Table 4.4 Comparison between morphological identification and molecular identification 

 

Table 4.4 shows there a relatively high incidence of mislabeling/contamination which might 

happen during the fieldwork and laboratory work. In the case of incorrect identification and 

mislabeling/contamination, sequences were again excluded from the dataset. And since the 

study aims to compare the performance of matK and rbcL and to generate two-loci barcodes, 

only samples from which both matK and rbcL sequences were successfully recovered were 

included in the further analysis. Consequently, only 322 samples from 161 species (each was 

represented by two samples) were included in best-close match and barcode-gap analysis and 

334 samples from 334 species (one representation for each species) were included in 

phylogenetic analysis. 

Figure 4.3 shows the matched results between morphological and molecular identification of 

samples from dominant families. The highest species-matched identification was obtained in 

family Cannabaceae using matK (>70%). The molecular identification using matK did not always 

result in a higher species-level match compared to rbcL, as shown here by family Arecaceae, 

Asteraceae, Menispermaceae, Poaceae, Rutaceae, and Vitaceae. 

In the further analysis, each sequence included in the dataset was named according to the 

morphological identification result with the assumption that this identification was more 

accurate since the herbarium vouchers were cautiously compared with reliable reference 

vouchers. 

Percentage of matched identification matK rbcL

Species level 30,15 22,44

Genus level 46,64 51,28

Family level 12,06 17,76

Incorrect identification 3,64 3,33

Mislabeling/contamination 7,51 5,19
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Figure 4.3 Matched identification of the dominant families with matK (m) and rbcL (r) 
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4.4 Identification success assessment using best-close match method 

According to the distribution of the intra-specific divergences of the dataset, the threshold 

values for matK, rbcL, and the combination of both markers were estimated to be equal, that 

was 0,6% in which below this value 95% of all intra-specific divergences were found. The best-

close match test was conducted using this threshold which results were shown in Table 4.5. 

Table 4.5 The best-close match test result with 0,6% threshold 

  

According to the best-close match results, matK has higher species identification success in 

overall compared to rbcL, but the highest correct species identification was obtained by the 

combination of both markers.  Ambiguous results were relatively high for all of the markers and 

the combination.  

Figure 4.4 shows that the species identification success was different depending on which taxa 

were in question. All of the sequences from the species of Asteraceae, Euphorbiaceae, 

Malvaceae, and Primulaceae were correctly identified using both matK and rbcL and the 

combined marker. Burseraceae had the lowest identification success with less than 40% for all 

of the markers. rbcL showed the lower performance in almost all of the given families 

compared to matK and matK+rbcL. Moreover, the two-loci barcode did not always improve the 

identification success, as happened in Annonaceae and Fabaceae. 

 

 

 

 

matK rbcL matK+rbcL

Correct 252 (78,25%) 230 (71,42%) 261 (81,05%)

Ambiguous 50 (15,52%) 76 (23,60%) 35 (10,86%)

Incorrect 9 (2,79%) 11 (3,41%) 14 (4,34%)

No match within threshold 11 (3,41%) 5 (1,55%) 12 (3,72%)

Number of sequences
Identification results
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Figure 4.4 Percentage of correct identification of families with the largest dataset (number of 

species included in the dataset) 

Table 4.6 shows 52 species from different families which failed to be correctly identified by at 

least one of the marker.  Most of these species were identified ambiguously or incorrectly with 

rbcL but were identified correctly with matK and/or the combined marker. There were 22 

species which were unable to be identified correctly even with all of the markers. The 

combined matK+rbcL was only resulting in correct identification when at least one of the 

markers showed a similar result.  
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Table 4.6 List of species with ambiguous/incorrect identification results  

 

Family Species matK rbcL matK+rbcL

Annonaceae Uvaria hirsuta Correct Ambiguous/Incorrect Correct

Uvaria lobbiana Correct Ambiguous/Incorrect Correct

Apocynaceae Hunteria zeylanica Unidentified Correct Unidentified

Burseraceae Canarium gracile Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Canarium littorale Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Santiria apiculata Correct Ambiguous/Incorrect Correct

Santiria laevigata Ambiguous/Incorrect Correct Correct

Santiria oblongifolia Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Santiria rubiginosa Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Santiria tomentosa Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Dioscoreaceae Dioscorea salicifolia Correct Unidentified Correct

Fabaceae Fordia nivea Correct Unidentified Unidentified

Paraderris elliptica Unidentified Correct Unidentified

Lamiaceae Clerodendrum deflexum Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Clerodendrum disparifolium Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Lauraceae Litsea oppositifolia Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Litsea umbellata Correct Ambiguous/Incorrect Correct

Meliaceae Aglaia argentea Correct Ambiguous/Incorrect Correct

Aglaia spectabilis Correct Ambiguous/Incorrect Correct

Moraceae Artocarpus elasticus Correct Ambiguous/Incorrect Correct

Ficus aurata Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Ficus grassularioides Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Ficus ribes Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Ficus sagittata Correct Ambiguous/Incorrect Correct

Ficus schwarzii Correct Ambiguous/Incorrect Correct

Ficus variegata Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Myristicaceae Gymnacranthera farquhariana Ambiguous/Incorrect Correct Correct

Horsfieldia pulcherrima Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Myristica maxima Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Myrtaceae Syzygium borneense Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Syzygium lineatum Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Pandaceae Galearia fulva Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Galearia aristifera Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Phyllanthaceae Aporosa octandra Correct Ambiguous/Incorrect Correct

Aporosa subcaudata Correct Ambiguous/Incorrect Correct

Baccaurea dulcis Ambiguous/Incorrect Correct Correct

Baccaurea pyriformis Ambiguous/Incorrect Correct Correct

Breynia racemosa Unidentified Ambiguous/Incorrect Ambiguous/Incorrect

Bridelia tomentosa Unidentified Correct Unidentified

Glochidion sericeum Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Glochidion superbum Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Phyllanthus oxyphyllus Correct Ambiguous/Incorrect Correct

Phyllanthus urinaria Correct Ambiguous/Incorrect Correct

Polygalaceae Xanthophyllum eurhynchum Correct Ambiguous/Incorrect Correct

Xanthophyllum wrayi Correct Ambiguous/Incorrect Correct

Rhizophoraceae Gynotroches axillaris Ambiguous/Incorrect Correct Correct

Rubiaceae Spermacoce exilis Unidentified Unidentified Unidentified

Timonius flavescens Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Timonius wallichianus Ambiguous/Incorrect Ambiguous/Incorrect Ambiguous/Incorrect

Sapindaceae Dimocarpus longan Correct Ambiguous/Incorrect Correct

Nephelium mutabile Correct Ambiguous/Incorrect Correct

Nephelium subfalcatum Correct Ambiguous/Incorrect Correct
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4.5 Barcode gap analysis 

Intra-specific and inter-specific divergences were calculated as pair-wise distances between 

aligned sequences using MEGA6 (Tamura et al 2013) following Tamura-Nei model (1993). Table 

4.7 shows that matK gained higher levels of intra-specific divergence and inter-specific 

divergence compared to rbcL. The combination of matK and rbcL has the median divergence 

between the two single markers. 

Table 4.7 Intra-specific and inter-specific divergences of matK, rbcL and matK+rbcL 

  

However, according to the unpaired t-test result of each marker (Table 4.8), the mean values of 

intra-specific divergence were extremely different with the mean values of inter-specific 

divergence.  

Table 4.8 Unpaired t-test between intra-specific and inter-specific divergences of matK, rbcL, 

and matK+rbcL 

 

The one-way ANOVA result in Table 4.9 shows that when each marker was compared to each 

other, there were no significant different between the intra-specific divergences, but the inter-

specific divergences were extremely different. The highest different was found between matK 

and rbcL.  

Range Mean (SD) Range Mean (SD)

matK 0,0000 - 0,0660 0,0014 (0,0061) 0,0000 - 0,9130 0,3054 (0,0979)

rbcL 0,0000 - 0,0320 0,0008 (0,0035) 0,0000 - 0,2030 0,0964 (0,0276)

matK+rbcL 0,0000 - 0,0480 0,0011 (0,0043) 0,0000 - 0,4030 0,1836 (0,0502)

DNA barcodes
Intra-specific divergences Inter-specific divergences

matK

rbcL

matK+rbcL

Marker
Intra-specific divergence vs inter-specific divergence

Mean difference p value

0,3040 <0,0001***

0,0956 <0,0001***

0,1825 <0,0001***
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Table 4.9 One-way ANOVA of intra-specific and inter-specific divergences of matK, rbcL, and 

matK+rbcL 

 

The frequency (%) distribution of intra-specific and inter-specific divergence was using three 

markers (Figure 4.5) showed that there was no clear barcode gaps existed as the intra-specific 

divergences overlapped with inter-specific divergences. Barcode gap would only be clearly 

defined when the minimum value of inter-specific divergence is higher than the maximum 

value of the intra-specific divergence which in this study was not the case. 

 

Figure 4.5 The frequency (%) distribution of intra-specific divergence and inter-specific 

divergence 

Moreover, based on the intra-specific and inter-specific divergences of all the sequences 

included in the dataset, the discriminatory power of each marker were calculated; results are 

shown in Table 4.10. The discriminatory powers of all markers were considered high as more 

Mean difference p value Mean difference p value

matK vs rbcL 0,0006 >0,05ns 0,2090 <0,0001***

matK vs matK+rbcL 0,0003 >0,05ns 0,1218 <0,0001***

rbcL vs matK+rbcL -0,0003 >0,05ns -0,0872 <0,0001***

Intra-specific divergence Inter-specific divergence
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than 70% of included species were successfully differentiated from each other.  The matK+rbcL 

marker has the highest number of discriminated sequences and species compared to matK or 

rbcL alone. Most of the species were discriminated by the two sequences included in the 

dataset.  

Table 4.10 Discriminatory power of matK, rbcL, and matK+rbcL 

 

The one-way ANOVA in Table 4.10 shows that the discriminatory power of matK was not 

significantly different, but the discriminatory power of the combined marker was significantly 

different from the single markers.  

Table 4.11 One-way ANOVA of the discriminatory power of matK, rbcL, and matK+rbcL 

 

Forty four out of 161 species (Table 4.12) were unable to be discriminated by rbcL and eleven of 

them were not able to be discriminated by any of the markers included the two-loci barcode. 

These species were mostly from species-rich genera, such as Ficus, Santiria, Litsea. 

 

 

 

matK rbcL matK+rbcL

No. of disriminated sequences (%) 257 (79,81) 234 (72,67) 287 (89,13)

No. of discriminated species (%) 132 (81,99) 117 (72,67) 147 (91,31)

No. of species discriminated by 2 sequences (%) 125 (77,64) 117 (72,67) 140 (86,96)

No. of species discriminated by 1 sequence (%) 7 (4,35) 0 (0,00) 7 (4,35)

matK vs rbcL

matK vs matK+rbcL

rbcL vs matK+rbcL

0,0714

-0,0932

-0,1646

>0,05ns

<0,01**

<0,001***

Comparison
Discriminatory power

Mean difference p value
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Table 4.12 List of species which were not able to be discriminated by at least one marker 

(yes=discriminated, no = not discriminated) 

 

Family Species name matK rbcL matK+rbcL

Annonaceae Uvaria hirsuta Yes No Yes

Uvaria lobbiana No No Yes

Burseraceae Canarium gracile No No No

Canarium littorale Yes No Yes

Santiria laevigata No Yes Yes

Santiria oblongifolia No No No

Santiria rubiginosa No No No

Santiria tomentosa No No No

Santiria apiculata Yes No Yes

Dipterocarpaceae Shorea parvifolia No Yes Yes

Shorea acuminata No Yes Yes

Fabaceae Fordia nivea Yes No Yes

Kunstleria ridleyi Yes No Yes

Lamiaceae Clerodendrum deflexum No No Yes

Clerodendrum disparifolium No No Yes

Lauraceae Litsea oppositifolia No No Yes

Litsea umbellata Yes No Yes

Meliaceae Aglaia argentea Yes No Yes

Aglaia spectabilis Yes No Yes

Moraceae Artocarpus elasticus Yes No Yes

Artocarpus rigidus No No Yes

Ficus aurata No No No

Ficus grossularioides No No Yes

Ficus ribes No No Yes

Ficus variegata No No No

Ficus schwarzii Yes No No

Ficus sagittata Yes No Yes

Myristicaceae Gymnacranthera farquhariana No Yes Yes

Horsfieldia pulcherrima No No Yes

Myristica maxima No No Yes

Myrtaceae Syzygium borneense No No No

Syzygium lineatum No No Yes

Pandanaceae Galearia aristifera No No Yes

Galearia fulva No No No

Phyllanthaceae Baccaurea dulcis No Yes Yes

Baccaurea pyriformis No Yes Yes

Breynia racemosa Yes No Yes

Glochidion superbum No No No

Glochidion sericeum No No Yes

Aporosa octandra Yes No Yes

Aporosa subcaudata Yes No Yes

Phyllanthus oxyphyllus Yes No Yes

Phyllanthus urinaria Yes No Yes

Polygalaceae Xanthophyllum eurhynchum Yes No Yes

Xanthophyllum wrayi Yes No Yes

Rubiaceae Timonius flavescens No No No

Timonius wallichianus No No No

Sapindaceae Nephelium cuspidatum Yes No Yes

Dimocarpus longan Yes No Yes

Nephelium subfalcatum Yes No Yes
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4.6 Phylogenetic analysis 

Nine phylogenetic trees (see Appendix 4.1 - 4.9) were reconstructed based on multiple 

sequence alignments of matK, rbcL, and matK+rbcL using three different methods: Maximum 

Parsimony (MP), Neighbor Joining (NJ), and Maximum Likelihood (MP). Each tree was observed 

and similar topologies were found amongst these trees. 

Table 4.13 Percentage of monophyletic clades recovered in nine reconstructed phylogenetic 

trees 

  

Monophyletic percentages were calculated in family level, genus level, and species level (Table 

4.13). Seventeen families were not included in the calculation of family-level monophyletic 

percentage as these families were presented with only one taxon. The monophyletic 

percentage was highest in family level and lowest in genus level, regardless the marker used. 

The only exception was found in MP and ML trees using rbcL where the monophyletic 

percentage in genus level was slightly higher than in species level. The two-loci marker provided 

100% taxonomic resolution in family-level with all three different methods. 

Species-level monophyletic percentages were calculated from phylogenetic trees reconstructed 

based on two-sequences-per-sample dataset as explained in chapter Materials and Methods 

(trees are not shown). Trees with matK and matK+rbcL have a higher monophyletic percentage 

in species level compared to rbcL.  

Table 4.14 shows the genera that were failed to form monophyletic clades. There were fifteen 

non-monophyletic genera that were found in all nine trees, namely: Dacryodes, Canarium, and 

Santiria from Burseraceae, Horsfeldia and Myristica from Myristicaceae, Croton from 

Euphorbiaceae, Artocarpus from Moraceae, Sterculia from Malvaceae, Shorea from 

Dipterocarpaceae, Nephelium from Sapindaceae, Litsea from Lauraceae, Fordia from Fabaceae, 

Family Genus Species Family Genus Species Family Genus Species

matK 95,92 68,42 73,91 93,88 66,67 69,57 97,96 64,91 68,94

rbcL 95,92 63,16 60,25 93,88 63,16 63,98 89,90 63,16 55,90

matK+rbcL 100,00 71,93 73,29 100,00 64,91 73,91 100,00 70,18 75,16

Region Maximum Parsimony (MP)

Monophyletic with support value >70%

Maximum Likelihood (ML)Neighbor Joining (NJ)
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Alstonia from Apocynaceae, Panicum from Poaceae, and Rourea from Connaraceae. The 

highest number of non-monophyletic genus was found in NJ phylogenetic tree using matK, 

meanwhile the lowest number was found in NJ tree of matK+rbcL.  

Table 4.14 Non-monophyletic genera (v) found in nine phylogenetic trees 

  

The non-monophyletic species (Table 4.15) mostly came from dominant families, such as 

Burseraceae, Myristicaceae, Moraceae, Phyllanthaceae, Lauraceae, Sapindaceae, and 

Annonaceae. Most of these species were found to be non-monophyletic in phylogenetic trees 

based on rbcL. Twenty-one species were non-monophyletic in all of the phylogenetic trees. 

 

 

 

  

 

ML MP NJ ML MP NJ ML MP NJ

Burseraceae Dacryodes v v v v v v v v v

Canarium v v v v v v v v v

Santiria v v v v v v v v v

Myristicaceae Horsfeldia v v v v v v v v v

Myristica v v v v v v v v v

Euphorbiaceae Croton v v v v v v v v v

Moraceae Artocarpus v v v v v v v v v

Malvaceae Sterculia v v v v v v v v v

Dipterocarpaceae Shorea v v v v v v v v v

Sapindaceae Nephelium v v v v v v v v v

Lauraceae Litsea v v v v v v v v v

Fabaceae Fordia v v v v v v v v v

Apocynaceae Alstonia v v v v v v v v v

Poaceae Panicum v v v v v v v v v

Connaraceae Rourea v v v v v v v v v

Rubiaceae Spermacoce v v v v v v v

Nauclea v v v

Phyllanthaceae Aporosa v v

Rhizophoraceae Pellacalyx v

Primulaceae Ardisia v

Genus
matK rbcL matK+rbcL

Family
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Table 4.15 Non-monophyletic species (v) found in nine phylogenetic trees 

 

ML MP NJ ML MP NJ ML MP NJ

Lamiaceae Clerodendrum deflexum v v v v v v v v v

Clerodendrum disparifolium v v v v v v v v v

Lauraceae Litsea oppositifolia v v v v v v v v v

Litsea robusta v v v v v

Litsea umbellata v v

Myristicaceae Horsfieldia pulcherrima v v v v v v v v v

Myristica maxima v v v v v v v v v

Gymnacranthera farquhariana v v v v v v v v

Phyllanthaceae Glochidion sericeum v v v v v v v v v

Glochidion superbum v v v v v v v v v

Aporosa octandra v v v

Aporosa subcaudata v v v

Baccaurea dulcis v v v v v v v

Baccaurea mollis v v

Baccaurea pyriformis v v v

Phyllanthus oxyphyllus v v v v

Phyllanthus urinaria v v v

Dipterocarpaceae Shorea acuminata v v v v v v v v v

Myrtaceae Syzygium cf. borneense v v v v v v v v v

Syzygium lineatum v v v v v v v v

Pandaceae Galearia aristifera v v v v v v v v v

Galearia fulva v v v v v v v

Moraceae Artocarpus elasticus v v v v v v v v v

Artocarpus rigidus v v v v v v v v v

Artocarpus integer v v v

Ficus grossularioides v v v v v v v v v

Ficus sagittata v v v v v v v v v

Ficus variegata v v v v v v v v v

Ficus aurata v v v v v v v v

Ficus ribes v v v v v v v v

Ficus schwarzii v v v

Burseraceae Canarium cf. gracile v v v v v v v v v

Canarium littorale v v v v v v

Santiria laevigata v v v v v v v v v

Santiria oblongifolia v v v v v v v v v

Santiria rubiginosa v v v v v v v v v

Santiria tomentosa v v v v v v v v v

Santiria apiculata v v v

Dacryodes rostrata v

Rubiaceae Timonius cf. flavescens v v v v v v v v v

Timonius wallichianus v v v v v v v v v

Stemonuraceae Gomphandra quadrifida v

Ebenaceae Diospyros truncata v

Primulaceae Ardisia korthalsiana v v v

Ardisia pterocaulis v v v

Sapotaceae Palaquium obovatum v v

Fabaceae Fordia nivea v v v

Kunstleria ridleyi v v v

SpeciesFamily
matK rbcL matK+rbcL

Pandaceae 
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Table 4.15 (continued) 

 

The ordinal topologies of flowering plants are presented in Figure 4.6 – 4.8, showing the 

relationship between orders of flowering plants and the grouping of these orders.  These 

ordinal topologies were reconstructed based on ML phylogenetic trees of each marker and 

were compared to the ordinal topologies according to APG III (The APG III 2009).  

The matK marker misplaced Myrtales and failed to separate Laurales from Magnoliales. 

Meanwhile, the rbcL marker misplaced Aquifoliales and grouped Malpighiales and Brassicales 

into one monophyletic clade. This marker also failed to make Santalales a monophyletic clade. 

However, this marker was successful in separating Laurales from Magnoliales. Finally, the 

combination of matK and rbcL improved the topologies of the tree and succeeded to put all the 

orders into the right position. 

 

 

ML MP NJ ML MP NJ ML MP NJ

Polygalaceae Xanthophyllum eurhynchum v v v

Xanthophyllum wrayi v v v

Verbenaceae Stachytarpheta indica v v v

Stachytarpheta jamaicensis v v v

Annonaceae Fissistigma manubriatum v v

Uvaria hirsuta v v v

Uvaria lobbiana v v v v v v v

Euphorbiaceae Croton oblongus v v

Rhizophoraceae Gynotroches axillaris v v v

Pellacalyx lobbii v v

Malvaceae Leptonychia caudata v v

Scaphium affine v v

Dilleniaceae Tetracera indica v v

Meliaceae Aglaia argentea v v v

Aglaia spectabilis v v v

Dysoxylum excelsum v v

Rutaceae Luvunga eleutherandra v v

Sapindaceae Dimocarpus longan v v

Nephelium cuspidatum v v v

Nephelium laurinum v v v

Nephelium rubescens v v v

Pometia pinnata v v v

SpeciesFamily
matK rbcL matK+rbcL
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Magnoliids

Monocots

Commelinids

Eudicots

Core Eudicots

Rosids

Fabids

Malvids

Asterids

Lamiids

Campanulids

Piperales Piperales

Laurales

Magnoliales

Laurales

Magnoliales

Arecales Lil iales

Dioscoreales Arecales

Poales Poales

Ranunculales Ranunculales

Alismatales Alismatales

Lil iales Dioscoreales

Malvales Sapindales

Brassicales Malvales

Sapindales Brassicales

Myrtales Rosales

Cucurbitales Cucurbitales

Fabales Myrtales

FabalesRosales

Celastrales Celastrales

Oxalidales Oxalidales

Malpighiales Malpighiales

Santalales Santalales

Dilleniaceae Dilleniaceae

Vitales Vitales

Cornales Ericales

Caryophyllales Cornales

Ericales Caryophyllales

Gentianales Gentianales

Solanales Solanales

Lamiales Lamiales

Apiales Apiales

Asterales Asterales

Aquifoliales Aquifoliales

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6 Comparison of ordinal topologies of the APG III phylogenetic tree (right) with ML 

phylogenetic tree generated based on matK marker (left) 
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Figure 4.7 Comparison of ordinal topologies of the APG III phylogenetic tree (right) with ML 

phylogenetic tree generated based on rbcL marker (left; *Santalales was non-

monophyletic clade) 
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Figure 4.8 Comparison of ordinal topologies of the APG III phylogenetic tree (right) with ML 

phylogenetic tree generated based on matK+rbcL marker (left) 
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5 DISCUSSION 

5.1 The matK and rbcL sequences recoverability and quality 

The rbcL universality as DNA barcode was observed in many studies (e.g., CBOL Plant Working 

Group 2009, Hollingsworth et al 2009a, 2009b) and was confirmed by the result of this study. 

There was no observable problem in performing PCR using a universal primer of rbcL and to 

obtain bi-directional consensus sequences. This study is consistent with other similar studies 

(e.g., Lahaye et al 2008, Gonzales et al 2009, Parmentier et al 2013) that DNA sequences were 

easily obtained with rbcL primers from a wide range of tropical plant species.  

In this study, the amplification and sequencing success rate with matK was lower compared to 

rbcL, as many similar studies have shown (Kress and Erickson 2007, Chen et al 2010, CBOL Plant 

Working Group 2009, Hollingsworth et al 2009a, 2009b). The tropical flora seems more difficult 

to be amplified using matK as shown by this study and a study by Gonzales et al 2009, 

compared to temperate flora (e.g., de Vere et al 2012, Bruni et al 2012). This might be due to a 

higher rate of evolution in the tropical flora compared to the temperate flora (Gillman et al 

2010).  

The PCR of matK were performed in this study using two pairs of primer which were found to 

be effective to generate DNA barcodes from specific taxa, such as Tetrastigma spp. (Fu et al 

2011), Hedyotis spp. (Guo et al 2011), Asteraceae (Gao et al 2010). But these primers became 

less effective when they were used for a wide range of species, as shown in this study and other 

studies (Kress et al 2010, Gonzales et al 2009). A certain primer pair did not always yield a PCR 

product in all members of a group of seemingly closely related taxa, indicating that the primer 

themselves are not conserved. 

Despite the rigorous efforts in performing PCR and sequencing, the matK recoverability rate 

was hardly improved (52%). Several studies showed higher recoverability rate for matK (e.g. 

69% by Kress et al 2010, 80% by Burgess et al 2011, 91% by Dong et al 2015). However, the 

term of sequence recoverability was not clearly defined in those studies; the reported success 
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rates might actually represent the sequencing success rate only. In this study, the sequence 

recoverability rate was calculated as the proportion of the successful sequencing to the total 

amplification.  

The use of matK as a barcode has been criticized mainly because no universal primers were 

available (Chase et al 2007). A study by Fazekas et al (2008) showed a relatively high rate of 

sequencing success for this marker after using up to 10 primer pairs. The usefulness of matK 

primers is proven when they are used in specific taxa, such as spices (De Mattia et al 2011), tea 

plants (Stoeckle et al 2011), palms (Jeanson et al 2011). This suggests that the performance of 

matK as DNA barcode may be improved by using a certain combination of primers and specific-

taxa primers. In a recent review of the most optimal barcode for plants, Hollingsworth et al 

(2011) indicated that matK still needed optimization of primer combinations and needs to be 

adapted to specific taxonomic groups. 

Furthermore, sequence quality was acceptable for both markers. Levels of bidirectional reads 

were high, averaging from 81% to 98% for rbcL and matK. This is similar to a study by de Vere et 

al (2012). There were considerably high percentages of sequences with low-quality bases less 

than 1% for both markers, but substitutions and internal gaps more than 1% were found in 50% 

of matK sequences. The sequences of rbcL have less proportion of substitutions and internal 

gaps, but in overall the mean of sequence quality value of this marker was at the same level 

with matK. This might be due to the mean length of the matK sequences which was 

approximately 100 bp longer than rbcL sequences.  

Using the CBOL Plant Working Group criteria for high-quality sequences (see sub-chapter 3.5.1), 

the percentage of high-quality sequences of matK and rbcL were only 25% and 41%, 

respectively. The estimation for matK was not far from the estimation by de Vere et al (2012), 

but for rbcL was much lower compared to the same study. The reason for this lower estimation 

is unclear. Burgess et al (2011) state that DNA barcoding across a broad range of taxa with only 

a small number of samples per species may fail to produce high-quality contigs. Therefore, a 

higher number of representations per species is recommended for further studies.  
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5.2 Plant species identification success using matK and rbcL 

5.2.1 Identification success of DNA barcoding compared to morphological identification 

As one way to evaluate the species identification success, comparisons were made between 

morphological identification results with molecular identification results. Some authors 

suggested a superiority of molecular identification in comparison with morphological 

identification (Newmaster et al 2009, Stace 2005). Identification keys based upon morphology 

could be difficult to use when some features are not visible, as happens when specimens are 

not well developed or outside specific life stages (e.g. flowering period). Thus, the absence of 

some morphological features could make the identification impossible. In this study, DNA 

barcoding was proven to be a useful method to support the morphological identification.  

However, this study showed that DNA barcoding alone is not sufficient to assign all of the DNA 

sequences to a correct species name. Only 22-30% of the samples were able to be correctly 

identified to species level. The majority of correct identifications were limited to genus level 

(46-51%). This indicates that DNA barcoding is useful for specimen identification at least up to 

genus level. Therefore, to assign specimen to a certain species name, morphological 

identification is still needed. 

Several cases of mismatch between morphological identification results with DNA identification 

results were found in this study. An identification result was considered to be mismatched 

when matK and rbcL sequences both assigned to species names which belong to a family 

different from the family of the species name according to morphological identification.  

Several factors could be the reason of misidentification. A sample could be misidentified when 

it was found to have the highest similarity to a reference sequence that was falsely identified. In 

this study, every sequence were compared to reference sequences from two databases 

(GenBank and BOLD), thus the identification results could be cross-checked one to another.   

The mismatch between morphological and molecular identification could also happen when the 

taxonomist mistakenly identified the voucher.  Morphological identification is difficult without 
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the presence of certain features, such as flowers or fruits, especially when dealing with species-

rich groups. In the case of incorrect morphological identification, the herbarium vouchers of 

corresponding samples should be verified morphologically once again. 

Another reason of misidentification is specimen mislabeling or contamination, either during the 

specimen collection or when the specimen was processed in the laboratory. For example, one 

sample collected during this study was morphologically identified as Cyrtococcum oxyphyllum 

(Poaceae). Meanwhile, the DNA barcodes of matK and rbcL showed this sample was actually 

Dioscorea sp. (Taccaceae). The other sample that was positioned adjacent to the previous 

sample in the DNA extraction plate was identified morphologically and molecularly as Dioscorea 

sp. as well.  This indicates that during the DNA extraction, the latter must have been falsely 

labeled as the former. In another case, a sample was morphologically identified as Vitex pinnata 

(Lamiaceae). According to matK, this sample was identified as Dianella montana 

(Xanthorrhoeaceae), but rbcL confirmed the morphological identification. The adjacent sample 

was also identified as Dianella sp., indicating that in this case the latter sample was falsely 

located into the well labeled as the former during the amplification using matK primers. Similar 

cases were happened at least 60 times when one of the barcodes confirmed the morphological 

identification but the other barcode was resulting in misidentification. Moreover, one DNA 

plate of ninety-six samples was contaminated by specimen belongs to Hanguana malayana 

(Hanguanaceae). All of the samples in this plate was misidentified as Hanguana malayana when 

using rbcL but correctly identified with matK. It seems that the contamination was happening in 

any stage between amplification and sequencing using rbcL. When samples were suspected to 

be mislabeled or contaminated during lab work, the DNA of these samples should be analyzed 

once again.   

Mislabeling/contamination during field work is untraceable but the frequency must not as high 

as mislabeling/contamination during lab work. Nevertheless, the number of all misidentified 

samples were considerably low compared to the total number of investigated samples (3%). A 

better sample collection and lab work management should be able to minimize the incidence of 

mislabeling and contamination in the further studies.  
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The success of species identification using DNA barcoding depends very much on the taxa in 

question, as much as the utilized marker. For example, in this study, the family Piperaceae  

resulted in high species-matched identification when using matK (60%) but no success at all 

when using rbcL.  Meanwhile, in family Asteraceae, the species-matched identification was 

higher with rbcL (50%) than with matK (30%). This is consistent with a study by de Vere et al 

(2012), showing that DNA barcoding using different markers for different taxa will result in a 

different level of successful identification. 

Another factor which affects the success of species identification using DNA barcoding is the 

availability of nucleotide data of the corresponding taxa in the DNA sequences database such as 

GenBank and BOLD. Of 780 species included in the analysis, 41% have no nucleotide data at all 

available in Genbank and BOLD databases at the time of the study. It means there was non-

negligible proportion of samples which belong to species absent from the reference databases, 

which will increase the rates of unassigned samples and of wrong identifications. The cause of 

incorrect specimen assignment is more because of the incompleteness of molecular datasets 

rather than in the data analysis (Bruni et al 2010, Burgess et al 2011, Cowan and Fay 2012).  

Little and Stevenson (2007) suggested that using a reference database in which all species are 

represented will provide the most reliable identification. Nowadays, GenBank is still the largest 

repository of sequences for all markers used in plant DNA barcoding. However, the reference 

sequences stored in this database show a high level of incorrect species assignment 

(Bidartondo 2008). BOLD, on the other hand, is largely incomplete but has already reached a 

good level of accuracy (Ratnasingham and Hebert 2007). Thus, an accurate and completed 

molecular database, especially for plant species, is still far from being achieved in the present 

state. Such database will hopefully be developed in the future as many studies and projects of 

plant DNA barcoding are going on. Nevertheless, currently, available databases will always be 

useful for barcoding morphologically unidentified specimens. 
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5.2.2 Identification success according to the best-close match analysis 

Best-close match analysis with TaxonDNA (Meier et al 2006) was conducted to see if each DNA 

barcode generated in this study was able to differentiate the species represented by the 

corresponding barcode from the other species represented by other barcodes included in the 

dataset. In this analysis, genetic distances were calculated from each barcode against other 

barcodes. A genetic distance percentage of 0,6 was assigned in this study as a threshold to 

decide whether a pair of barcodes were matched to each other. This threshold was much lower 

compared to 3% threshold suggested by Hebert et al (2003b). This higher threshold was 

recommended especially for DNA barcoding closely-related taxa; meanwhile, this study 

investigated distantly-related species which likely would have a low mean of intra-specific 

genetic distance. Will and Rubinoff (2004) suggested that the assignment of threshold value is 

arbitrary and depends on the investigated species. 

The percentage of correct identification, as expected, was higher when using matK than rbcL 

(78% and 71%, respectively). The ambiguous and incorrect identifications were also lesser with 

matK, but the number of unidentified sequences was higher compared to rbcL. This proves that 

matK performs better in species identification, though, more sequences would be likely 

unidentified due to its high variability. A study of DNA barcoding of Amazonian trees reported 

by Gonzalez et al (2009) showed a lower percentage of correct identification (34 - 44%) with 

0,5% threshold. This indicates that the barcodes generated in this study have a relatively high 

identification success.  Moreover, the matK+rbcL sequences were succeeded to identify more 

than 80% of the species included in the dataset (161 species). Unfortunately, there was no 

comparable result of a similar study using the same analysis with the combination of 

matK+rbcL. However, the identification success of matK+rbcL is consistent with the 

identification success of the same marker in a study reported by Parmentier et al (2012) which 

used different analysis for African rainforest plant species.     

The identification success was not uniform for all of the families included in the analysis. As has 

been mentioned in the previous sub-chapter, the success of DNA barcoding in species 

identification depends on the investigated taxa and the markers used. This is clearly shown in 
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Figure 4.3 (sub-chapter 4.4) that different families have different identification success and 

different markers have different performance in each of the family. This is consistent with a 

study by de Vere et al (2012) in which the identification success of DNA barcoding of massive 

collection of flowering plants using matK and rbcL were reported. Several DNA barcoding 

studies of specific plant families such as Asteraceae (Gao et al 2010), Myristicaceae (Newmaster 

et al 2007), Rutaceae (Luo et al 2010) have been reported, showing the effectiveness of using 

matK and rbcL as DNA barcode for certain taxa. This means that to achieve the high success of 

DNA barcoding, one should consider the best marker to be used according to the taxa in 

interest.  

Furthermore, the identification success on species/genus level is also influenced very much by 

the marker. There were cases when a species/genus could not be correctly identified with a 

certain marker but the other species/genera from the same family were successfully identified 

with the same marker. Some examples for this case are shown by Fu et al (2011), Clement and 

Donoghue (2012), and Ren et al (2011). In this study, several species from different families 

(shown in Table 4.6 sub-chapter 4.4) failed to be correctly identified with one or all of the 

markers used, as follow: 

 Two species of Uvaria from family Annonaceae were identified ambiguously when rbcL was 

used. The other genera of this family did not have the same problem. It seems that rbcL is 

not a suitable barcode for Uvaria.  

 Hunteria zeylanica from family Apocynaceae was not able to be identified by matK and the 

combined marker when it was correctly identified by rbcL. The reason of this is because the 

sequences of matK and matK+rbcL of this species have intra-specific divergence higher than 

the threshold, thus the sequences did not match to any others.   

 In family Burseraceae, all of the sequences belong to genus Canarium and Santiria were 

ambiguously/incorrectly identified with all of the markers, except for Santiria apiculata 

which was correctly identified with matK and Santiria laevigata which was correctly 

identified with rbcL. According to the analysis result, the mean value of inter-specific 

divergences within these two genera were considerably low (matK 0,0042; rbcL 0,0034). 

Many studies reported similar results when using matK and rbcL as barcodes for closely-
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related taxa, such as Myristicaceae (Newmaster et al 2007), Rutaceae (Luo et al 2010), 

Vitaceae (Fu et al 2011), Lamiaceae (De Mattia et al 2011. Low level of inter-specific 

divergence indicates that plastid markers such as matK and rbcL are not sufficiently variable 

to distinguish sister species.  

 The genus Clerodendrum from Lamiaceae was unsuccessfully identified with all of the 

markers. The species of this genus represented in the analysis showed no variation in the 

plastid DNA region, thus could not be distinguished from each other with the markers used.  

 Four out of six of the species of Ficus from Moraceae were unable to be identified using all 

of the markers. A study by Olivar et al (2014) reported that the inter-specific divergence 

within the rbcL region of this genus was lower than the intra-specific. Therefore, the 

sequences would match the sequences of other species rather than match the own species, 

for example, Ficus aurata matched Ficus sagittata.  The identification of sequences from 

this genus using BLAST always resulted in different species names with the same score. A 

certain identification result for this genus was impossible to be obtained when using both 

matK and rbcL.  

 Spermacoce exilis of Rubiaceae was unidentified with all the markers. The intra-specific 

divergence between two sequences of this species was very high indicating that the 

sequences were obtained from two different species. The BLAST results showed that one of 

the sequences was actually identified as Hedyotis sp. of Rubiaceae. A double-check is 

needed to see whether the morphological or molecular identification is correct.  

5.3 Discriminatory power of matK and rbcL 

The effectiveness of the DNA barcodes in discriminating a certain taxon from the others is 

assessed by calculating the genetic distances between the sequences belong to the 

corresponding species to the sequences belong to the other species. When the intra-specific 

distance between a pair of conspecific sequences was smaller than the inter-specific distances 

between these sequences with any allospecific sequences, these sequences were considered to 

be discriminated.  
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The calculation of intra-specific and inter-specific divergences in this study involved 161 species 

with each species was represented by two sequences from each marker used. The two 

representations for each species were considered sufficient as shown by other studies (Burgess 

et al 2011 and Bruni et al 2012). These studies have shown that the inclusion of more 

accessions of each species would have very little effect to the DNA barcoding of distantly-

related taxa which tends to has very low intra-specific genetic distances but high inter-specific 

distances. Indeed, this study showed that the mean value of intra-specific divergences was very 

low (0,0008-0,0014) and the mean value of the inter-specific divergences was significantly 

higher (0,0964-0,3054). The highest variation was obtained with matK followed by matK+rbcL 

and rbcL. Combining variable marker such as matK with a less variable marker such as rbcL 

‘dilutes’ the genetic divergence, thus the two-loci has intermediate variation.  

However, none of the markers used in this study successfully obtained a DNA barcoding gap. An 

ideal barcode can be determined by the presence of a barcoding gap, which occurs when the 

minimum value of the inter-specific divergence found among the dataset sequences is higher 

than the maximum level of intra-specific divergence (Meyer and Paulay 2005). All of the 

minimum values of inter-specific divergence obtained from three different markers were lower 

than the maximum values of intra-specific divergence. Thus, a barcoding gap was not clearly 

observed. A similar study by Lahaye et al (2008) reported the presence of barcoding gap though 

it was not sufficiently large. Unfortunately, it is difficult to predict when an ideal barcoding gap 

might be found in plant DNA barcodes. As a comparison, a large barcoding gap is typically 

present in the CO1 barcode for animals (Hebert et al 2003a, 2003b, 2004a, 2004b).  

Nevertheless, Ross et al (2008) suggested that barcoding gap is not a major concern as the 

degree of overlap between the intra-specific and inter-specific divergences is a poor predictor 

of identification success.  

Despite the absence of barcoding gaps, the barcodes generated in this study has relatively high 

discriminatory power (80-89% for sequence discrimination, 82-91% for species discrimination). 

According to Hollingsworth et al (2011), most of the plant barcodes would have discriminatory 
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power more than 70%. Studies by Kress et al (2009) and Burgess et al (2011) showed that 

barcoding of distantly-related taxa typically results in high level of discriminatory power.  

As expected, matK has higher discrimination level compared to rbcL (80% and 73%, 

respectively) but the different was not significant. The combination of matK and rbcL 

significantly improved the discrimination by 10%. This is because the use of two-loci barcodes 

maximized the genetic variation, thus minimizing the number of identical barcode between 

different species.  

All of the species that were unable to be discriminated (Table 4.12 in sub-chapter 4.5) have 

barcode identical to other species belong to the same family. Identical barcodes across 

different genera of the same family were uncommon with matK but more common with rbcL. 

However, matK and rbcL mostly failed to discriminate different species belong to one genus. It 

means that these two plastid markers are not variable enough to be effective barcodes for 

closely-related species in certain taxa.  

Low variation of matK and rbcL to discriminate closely-related species were clearly observed in 

groups of species-rich genera, such as Ficus, Santiria, Litsea. Four species of Santiria (Santiria 

tomentosa, S. oblongifolia, S. laevigata, S. rubiginosa) shared a single haplotype of matK, as 

well as five species of Ficus (F. grossularioides, F. aurata, F. ribes, F. variegata, F. schwarzii) 

shared a single haplotype of rbcL. These two species groups may contain enough morphological 

variation for discrimination in the field, but appear to be genetically identical at matK and rbcL. 

Shared chloroplast DNA sequences between sister species might be caused by chloroplast 

capture events which occur frequently in species with reproductive compatibility (e.g., Acosta 

and Premoli 2010, Fehrer et al 2007). Chloroplast capture happens when the chloroplast 

genome of one species is replaced by that of another species through hybridization (Rieseberg 

and Soltis 1991).  As a consequence, these two separated species would have identical 

chloroplast DNA.  
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5.4 The phylogeny of flowering plants of Jambi based on matK and rbcL 

5.4.1 Taxonomic resolution in the reconstructed phylogenetic trees 

The estimation of the taxonomic resolution allows assessing the effectiveness of a certain 

marker as a DNA barcode. Fazekas et al (2008) remarked that the taxonomic resolution in a 

local context may provide a useful indication for predicting the relative DNA barcoding success 

of the examined taxa at a wider geographic context.  

In this study, the taxonomic resolution was estimated at three different levels: family-level, 

genus-level, and species-level. The resolution figures were based on the percentage of the 

monophyletic clades of each level that were found to have a bootstrap more than 70% in each 

phylogenetic tree reconstructed using Neighbor Joining (NJ) method, Maximum Parsimony 

(MP) method, and Maximum Likelihood (ML) method with matK, rbcL, and matK+rbcL as the 

markers. The clades with a bootstrap value less than 70% were considered unreliable (Hillis and 

Bull 1993) and thus excluded from the estimation. 

Both matK and rbcL showed high family-level resolution (90-98%). This means most of the 

families included in the dataset were resolved to be monophyletic clades with bootstrap values 

more than 70%. The combination of matK and rbcL succeeded to resolve all of the families into 

monophyletic clades with high bootstrap value.  

Furthermore, the taxonomic resolution in the genus-level (63-72%) was much lower compared 

to the family-level which was as expected. Oddly, the genus-level monophyletic percentages 

were found slightly lower compared to the species-level in all of the trees, except in MP and ML 

trees using rbcL. A similar study by Gonzalez et al (2009) reported higher number monophyletic 

genera (71-77%) compared to monophyletic species (57-71%). This abnormality can be 

explained by the fact that the proportion of distantly-related species included in the dataset in 

this study was higher than the proportion of closely-related species. Thus, the probability of 

resolving monophyletic-species clade was higher than to resolve the monophyletic-genus clade.  
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Finally, the species-level resolution of 56-74% using matK and rbcL in this study is comparable 

to similar studies (De Vere et al 2012, Gonzalez et al 2009).  However, the two-loci barcode did 

not make a lot of improvement in the species-level resolution (73-75%). Combining two 

chloroplast markers was not sufficient to provide 100% of species monophyly. 

5.4.2 The topology of the reconstructed phylogenetic trees 

The phylogenetic analysis was conducted in this study to see if matK and rbcL barcodes resolve 

the investigated taxa into appropriate taxonomical grouping. The topologies of the nine 

phylogenetic trees (Appendixes 4.1 – 4.9) reconstructed in this study based on three statistical 

analyzes were generally congruent but there were some differences in the clade positions and 

bootstrap values. These differences, however, were insignificant as visualized in the estimation 

of the monophyletic percentage in the previous sub-chapter.  

At the family level, both matK and rbcL succeeded to separate all of the seventy-six families of 

flowering plants. However, at the genus and species level, these two markers seemed to have 

problems in providing a clear separation between some genera and species as described in 

following sections.  

5.4.2.1 Unresolved genera 

Twenty non-monophyletic genera (Table 4.14 in sub-chapter 4.6) were found in the 

phylogenetic trees reconstructed in this study. Fifteen genera (Dacryodes, Canarium, Santiria, 

Horsfieldia, Myristica, Croton, Artocarpus, Sterculia, Shorea, Nephelium, Litsea, Fordia, Alstonia, 

Panicum, and Rourea) were found to be non-monophyletic in all trees. Of seventy-six families 

included in the phylogenetic tree reconstruction, Burseraceae and Phyllanthaceae were families 

with the highest number of unresolved genera.  

In most cases, these above-mentioned genera were not able to be separated from the other 

genus/genera of the same family. For example, Canarium, Dacryodes, and Santiria of 

Burseraceae were resolved together into several paraphyletic clades; as well as Myristica and 
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Horsfieldia of Myristicaceae. Most of the species in these genera were found to have identical 

sequences, thus could not be separated from each other. Identical sequences between species 

of different genera could be common to find when the marker was not variable enough, such as 

matK and rbcL. In this study, it was revealed that matK and rbcL were not sufficiently variable 

for species-rich groups such as Burseraceae and Myristicaceae.  

The non-monophyly of genera found in this study was comparable to previous studies. A study 

by Harnelly (2013) reported that matK and rbcL could not completely resolve Shorea into a 

monophyletic clade, and a study by Li et al (2004) showed that Litsea was confirmed to be 

paraphyly based on matK. In other studies, the species-rich genus, such as Panicum 

(Zimmerman et al 2012), Croton (Berry et al 2005), and Artocarpus (Nyree et al 2010), were 

reported to have some monophyletic sections when the other sections were non-

monophyletic. Meanwhile, phylogenetic studies using non-coding chloroplast DNA found that 

Nephelium (Zamzuriada et al 2009) actually is a monophyletic genus. All of these studies reflect 

the accuracy of phylogenetic analysis depends on factors such as the utilized marker and the 

taxa group in question.  

A closer look at the unresolved genera in this study revealed that some of them (Kamiya et al 

2011, Knobloch 1972) were likely to have had a history of hybridization, which may be 

contributing to the variation among the species within the corresponding genus. Knobloch 

(1972) remarked that there was an enormous number of hybridization in flowering plants 

which commonly happened between species of one genus or between species of different 

genera. Nevertheless, the genetic variation caused by hybridization cannot be simply detected 

by plastid marker as its lack of variation (Fazekas et al 2008, 2009). Twyford and Ennos (2011) 

suggested the use of nuclear marker to accurately identify genetic variation caused by 

hybridization.  

A special attention was given to a species-rich genus, Artocarpus, which was found to be 

paraphyletic with Prainea limpato in all of the trees reconstructed in this study. According to 

The Plant List (www.theplantlist.org), Prainea limpato is an unresolved taxon and synonym to 

http://www.theplantlist.org/
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Artocarpus limpato. This might be one of the reasons why matK and rbcL were not able to 

separate Prainea limpato from the clade of Artocarpus.  

5.4.2.2 Unresolved species 

There were sixteen species that were found to be non-monophyletic in all of the trees 

reconstructed in this study. The phylogenetic trees based on the rbcL marker, as expected, 

resulted in the highest number of unresolved species compared to matK. At least eighteen 

species were non-monophyletic according to rbcL but monophyletic according to matK.  

The non-monophyly of unresolved species found in this study could happen due to of two 

reasons. First, these species has identical genetic information with other species belong to the 

same genera/family. Second, these species has intra-specific divergence higher than the inter-

specific, thus they were grouped with the allospecies than with the conspecies.  

Species of Burseraceae and Moraceae were examples of the first case. Many species of these 

two rich families has identical DNA sequences, at least according to plastid markers. This is 

confirmed by the BLAST results in this study, that most of the sequences belong to the 

Canarium spp., Santiria spp., Dacryodes spp. (Burseraceae) and Ficus spp. (Moraceae) have 

100% similarity with reference sequences belong to allospecies of the same genera/family.  

The second case did not occur so often. In this study, Ficus aurata was grouped together with 

Ficus grassularoides, as well as Litsea robusta with Litsea oppositifolia. Based on the genetic 

distance calculation, Ficus aurata and Litsea oppositifolia have intra-specific divergence higher 

than inter-specific divergence. In order to properly distinguish two different species, the intra-

specific divergence of conspecific sequences should be lower than the inter-specific divergence 

of allospecific sequences (Meier et al 2006). Again, this emphasizes the weakness of plastid 

markers in providing optimal genetic variation in order to distinguish closely-related species. 
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5.4.2.3 Ordinal topology of flowering plants in the study area 

The ordinal topologies of flowering plants (Figure 4.6 – 4.8 in subchapter 4.6) in the study area 

were found to be congruent with the ordinal topology according to Angiosperm Phylogeny 

Group III system (The APG III 2009). This system included 59 orders and 4 families which do not 

belong to any order. The dataset in this analysis included 30 orders and 1 unplaced family. 

There were several disagreements found in the ordinal topologies in this study when using 

matK or rbcL alone. However, the combination of these two markers provided clearer 

topologies and corrected the position of orders that were misplaced. All of the orders were 

resolved accordingly to their ordinal clades outlined by APG III though the relationships 

between these orders were not perfectly match the APG III’ topology. The relationship between 

Monocots clade and Commelinids clade was not fully resolved. According to APG III (2009), 

Commelinids is actually a group within Monocots, thus it’s difficult to separate these two clades 

clearly. 

  

 

 

 

 

 

 

 



82 
 

6 CONCLUSIONS AND OUTLOOKS 

A series of analysis were performed to evaluate the effectiveness of DNA barcodes generated in 

this study. Criteria of DNA barcodes effectiveness lies on four parameters: (1) the barcode 

recoverability and quality, (2) the identification success, (3) the discriminatory power, and (4) 

the taxonomic resolution. Comparisons were made between matK, rbcL, and the combination 

of these two markers. 

In term of barcode recoverability and quality, rbcL was far higher than matK. Approximately 

30% of amplification using matK was failed. It took much more effort to generate a good-quality 

barcode using matK. A robust primer combination might help to improve the amplification and 

sequencing success of matK in such study where highly variable taxa were sampled. 

The identification success was calculated by comparing morphological with molecular 

identification results and by performing best-close match analysis. Morphological identification 

was done to each sample and the results were cross-checked with the molecular identification 

based on nucleotide databases, GenBank and BOLD. As a result, matK has more success in 

assigning the samples into the correct species name compared to rbcL. The best-close match 

analysis showed the similar result, confirming the advantage of using matK in plant 

identification.  

The discriminatory power tells about the percentage of barcodes that were successful to 

differentiate a particular species from other species. Both markers have relatively high 

discriminatory power as successfully discriminating more than 70% of species included in the 

analysis. Moreover, the combination of matK and rbcL improved the discriminatory power up to 

90%. 

Finally, the taxonomic resolution was estimated by analyzing nine phylogenetic trees that were 

reconstructed based on matK, rbcL, and the two-loci barcodes using three different methods 

(Neighbor Joining, Maximum Parsimony, and Maximum Likelihood). This analysis showed that 

either matK and rbcL alone nor the combined marker were able to give a clear taxonomic 
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resolution over a considerable amount of species. On the other hand, the analysis of matK and 

rbcL showed that these two markers were not sufficiently variable in certain taxa.   

As an overview of the effectiveness of matK and rbcL as plant barcodes, this study showed that 

these two plastid markers were working well in identifying flowering plant species in the study 

site, at least up to the genus level. However, there were groups of taxa that were difficult to be 

distinguished using matK and rbcL. These taxa mostly belong to species-rich groups which tend 

to have low intra-specific divergences. As reported by many other studies, DNA barcoding of 

closely-related species results in low success, especially when using coding plastid markers, 

such as matK and rbcL. Up to date, as indicated by Hollingsworth et al (2011), none of the plant 

barcodes are perfect in every respect.  

A number of constraints were considered to be the limiting factors in DNA barcoding of plant 

species, such as slow evolution rates and high incidence of hybridization. Accurate methods of 

analysis are essential, but some degree of uncertainty will always be present due to the 

difficulties linked to plant species definition. Indeed, one of the future challenges for plant DNA 

barcoding is to find the most suitable marker to tackle these problems. As the DNA sequencing 

technology and bioinformatic tools are progressively advancing, the development of new 

primers soon will be much easier and at the end will increase the success of DNA barcoding.  

In this study, the number of misidentified samples was found to be low, yet limiting the total 

number of sequences included in the analysis. The reasons of misidentification could be due to 

incorrect reference sequences, incorrect morphological identification, and mislabeling and 

contamination of the specimen during field work or lab work. Certain measures should be taken 

to minimize the misidentification, for example, to include only reference sequences that were 

taxonomically confirmed so correct molecular identification is achievable; using well-presented 

vouchers for each sample in morphological identification is highly recommended though it is 

not always possible; implementing a good management of specimen collection to eliminate the 

possibility of mislabeled specimen; maintaining a clean and well-ordered procedure of DNA 

analysis should be able to minimize the mislabeling/contamination incidences during lab work.  
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Ideally, the future study would include all congeneric species from a geographic region and 

maximize the geographic diversity of samples for each species. Such experimental design 

should be applied to properly test the performance of DNA barcodes. Moreover, utilization of 

supplement markers, such as psbA-trnH or ITS/ITS2 is highly recommended in combination with 

matK and rbcL. 
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Appendixes 

Appendix 4.1 List of vascular plant species collected in Bukit Duabelas National Park and 

Harapan Rainforest, Jambi, Indonesia 

 

MAGNOLIOPHYTA Orchidaceae

Alismatales Eulophia spectabilis

Araceae Xanthorrhoeaceae

Alocasia cf. wongii Dianella ensifolia

Alocasia longiloba Asterales

Amydrium medium Asteraceae

Anadendrum affine Acmella paniculata 

Anadendrum marginatum Ageratum conyzoides

Homalomena cordata Chromolaena odorata

Pothos wallichii Clibadium surinamense

Rhaphidophora sylvestris Crassocephalum crepidioides

Rhaphidophora versteegii Cyanthillium cinereum 

Schismatoglottis calyptrata Mikania micrantha

Scindapsus hederaceus Rolandra fructicosa

Apiales Sphagneticola trilobata 

Araliaceae Synedrella nodiflora 

Polyscias diversifolia Tarlmounia elliptica 

Polyscias elliptica Vernonia arborea

Schefflera acutissima Austrobaileyales

Trevesia burckii Schisandraceae

Aquifoliales Kadsura scandens 

Aquifoliaceae Schisandra elongata

Ilex cymosa Brassicales

Cardiopteridaceae Capparaceae

Gonocaryum gracile Capparis micracantha 

Gonocaryum macrophyllum Capparis micracantha subsp. korthalsiana

Stemonuraceae Cleomaceae

Gomphandra javanica Cleome rutidosperma

Gomphandra quadrifida Caryophyllales

Stemonurus secundiflorus Ancistrocladaceae

Arecales Ancistrocladus tectorius 

Arecaceae Celastrales

Caryota mitis Celastraceae

Daemonorops hirsuta Euonymus cochinchinensis 

Daemonorops palembanica Euonymus glaber 

Elaeis guineensis Euonymus japonicus

Licuala spinosa Kokoona ochracea

Asparagales Lophopetalum beccarianum 

Amaryllidaceae Lophopetalum javanum

Bromheadia finlaysoniana Salacia korthalsiana

Corymborkis veratrifolia Salacia miqueliana

Plocoglottis javanica Chloranthales

Asparagaceae Chloranthaceae

Dracaena elliptica Sarcandra glabra

Hypoxidaceae Commelinales

Molineria latifolia Commelinaceae
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Appendix 4.1 (continued) 

 

 

 

Amischotolype mollissima Diospyros frutescens

Commelina diffusa Diospyros javanica

Hanguanaceae Diospyros korthalsiana

Hanguana malayana Diospyros lanceifolia 

Cornales Diospyros sumatrana

Cornaceae Diospyros truncata 

Alangium cf. kurzii Diospyros venosa 

Alangium javanicum Lecythidaceae

Alangium ridleyi Barringtonia gigantostachya 

Alangium salviifolium Barringtonia lanceolata

Alangium uniloculare Barringtonia macrostachya

Mastixia rostrata Barringtonia scortechinii 

Crossosomatales Planchonia valida

Staphyleaceae Pentaphylacaceae

Turpinia cf. brachypetala Adinandra cf. integerrima 

Cucurbitales Adinandra cf. sarosanthera 

Anisophylleaceae Adinandra dumosa 

Anisophyllea disticha Eurya acuminata

Begoniaceae Primulaceae

Begonia cf. aberrans Ardisia fuliginosa 

Cucurbitaceae Ardisia korthalsiana 

Scopellaria marginata Ardisia odontophylla

Zehneria mucronata Ardisia pterocaulis

Tetramelaceae Ardisia purpurea

Tetrameles nudiflora Ardisia sanguinolenta

Dioscoreales Ardisia villosa

Dioscoreaceae Embelia parviflora

Dioscorea bulbifera Embelia ribes

Dioscorea cf. orbiculata Grenacheria amentacea 

Dioscorea hispida Maesa ramentacea 

Dioscorea pyrifolia Marantodes pumilum 

Dioscorea salicifolia Sapotaceae

Tacca bibracteata Gluta wallichii

Tacca integrifolia Madhuca motleyana

Ericales Madhuca penicillata 

Actinidiaceae Madhuca sericea 

Saurauia cf. javanica Palaquium gutta

Saurauia cf. tristyla Palaquium hexandrum

Ebenaceae Palaquium obovatum

Artabotrys hexapetalus Palaquium ridleyi

Diospyros borneensis Palaquium sumatranum

Diospyros britannoborneensis Payena acuminata 

Diospyros coriacea Payena leerii

Diospyros daemona Planchonella maingayi 

Diospyros dictyoneura Planchonella nitida

Diospyros discocalyx Planchonella obovata
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Appendix 4.1 (continued) 

 

 

 

Pouteria malaccensis Ormosia sumatrana 

Stryracaceae Paraderris elliptica 

Styrax benzoin Parkia speciosa

Styrax paralleloneuron Parkia timoriana

Symplocaceae Peltophorum pterocarpum 

Symplocos cochinchinensis Pericopsis mooniana 

Symplocos fasciculata Pongamia pinnata 

Symplocos ophirensis Pterocarpus indicus

Theaceae Pueraria phaseoloides 

Gordonia borneensis Rourea minor

Gordonia oblongifolia Saraca declinata

Escalloniales Sindora coriacea 

Escalloniaceae Sindora leiocarpa

Polyosma illicifolia Sindora wallichii

Fabales Spatholobus cf. macropterus

Fabaceae Spatholobus ferrugineus

Acacia pennata Spatholobus gyrocarpus

Archidendron bubalinum Spatholobus littoralis

Archidendron clypearia Polygalaceae

Archidendron fagifolium Polygala paniculata

Archidendron jiringa Salomonia cantoniensis

Archidendron microcarpum Xanthophyllum cf. arnottianum 

Bauhinia acuminata Xanthophyllum eurhynchum 

Bauhinia bidentata Xanthophyllum flavescens

Bauhinia kockiana Xanthophyllum korthalsianum 

Bauhinia semibifida Xanthophyllum nigricans 

Bauhinia stipularis Xanthophyllum rufum 

Caesalpinia sumatrana Xanthophyllum stipitatum

Callerya artopurpurea Xanthophyllum vitellinum

Callerya vasta Xanthophyllum wrayi

Calopogonium mucunoides Fagales

Centrosema pubescens Fagaceae

Dalbergia junghuhnii Castanopsis acuminatissima 

Dalbergia rostrata Castanopsis argentea

Dalbergia stipulacea Castanopsis costata

Derris amoena Castanopsis inermis

Dialium indum Castanopsis javanica

Dialium platysepalum Castanopsis schefferiana

Fordia nivea Lithocarpus blumeanus 

Fordia splendidissima Lithocarpus cf. cantleyanus 

Fordia stipularis Lithocarpus gracilis

Koompassia malaccensis Lithocarpus hystrix

Kunstleria ridleyi Quercus argentata

Millettia sericea Quercus lineata

Mimosa pudica Gentianales

Mucuna biplicata Apocynaceae
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Appendix 4.1 (continued) 

 

 

 

Allamanda cathartica Kohautia cynanchica

Alstonia angustifolia Laisanthus tomentosus

Alstonia pnematophora Lasianthus attenuatus 

Alstonia scholaris Lasianthus inaequalis

Alyxia pilosa Lasianthus inodorus 

Aporosa frutescens Lasianthus reticulatus

Chilocarpus cf. suaveolens Lasianthus stercorarius

Chilocarpus costatus Lasianthus verticillatus 

Chonemorpha verrucosa Morinda villosa 

Dischidia cf. reniformis Mussaenda frondosa

Dyera costulata Nauclea orientalis

Epigynum cf. ridleyi Nauclea subdita 

Hunteria zeylanica Neonauclea calycina

Kibatalia maingayi Neonauclea excelsa 

Leuconotis eugeniifolia Nostolachma densiflora 

Melodinus orientalis Oldenlandia corymbosa

Parsonsia cf. alboflavescens Oxyceros longiflorus

Tabernaemontana macrocarpa Pertusadina eurhyncha

Tabernaemontana pandacaqui Porterandia anisophylla 

Tabernaemontana pauciflora Psychotria leucocarpa

Telosma accedens Psychotria malayana

Toxocarpus villosus Psychotria penangensis 

Willughbeia angustifolia Psychotria robusta 

Willughbeia beccariana Psychotria rostrata

Willughbeia coriacea Psychotria viridiflora 

Willughbeia tenuiflora Psychotria viridis 

Wrightia laevis Rothmannia macrophylla

Loganiaceae Saprosma arboreum

Strychnos ignatii Saprosma cf. scortechinii 

Rubiaceae Spermacoce cristata 

Canthium horridum Spermacoce exilis 

Chassalia curviflora Spermacoce laevis 

Chonemorpha fragrans Spermacoce latifolia

Coptosapelta flavescens Spermacoce ocymifolia

Coptosapelta tomentosa Spermacoce ocymoides 

Diodella sarmentosa Streblosa polyantha 

Discospermum abnorme Streblosa tortilis

Fagraea racemosa Timonius cf. esherianus

Gardenia tubifera Timonius flavescens 

Gynochthodes coriacea Timonius wallichianus

Gynotroches axillaris Uncaria acida

Ixora grandifolia Uncaria cordata

Ixora paludosa Uncaria elliptica 

Ixora reticulata Uncaria gambir

Ixora salicifolia Uncaria lanosa var. ferrea 

Jasminum elongatum Urophyllum arboreum
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Appendix 4.1 (continued) 

 

 

 

Urophyllum corymbosum Lauraceae

Urophyllum macrophyllum Actinodaphne cf. glomerata

Urophyllum trifurcum Actinodaphne oleifolia

Lamiales Alseodaphne bancana 

Acanthaceae Alseodaphne lancilimba

Andrographis paniculata Alseodaphne nigrescens 

Asystasia gangetica Beilschmiedia madang

Staurogyne elongata Beilschmiedia maingayi

Gesneriaceae Cinnamomum iners

Codonoboea platypus Cinnamomum porrectum 

Cyrtandra cf. reticosa Cryptocarya costata 

Cyrtandra pendula Cryptocarya crassinervia

Lamiaceae Cryptocarya densiflora

Callicarpa cf. candicans Cryptocarya ferrea

Callicarpa pentandra Cryptocarya pulchrinervia

Clerodendrum adenophysum Dehaasia cf. membranacea 

Clerodendrum cf. laevifolium Dehaasia firma

Clerodendrum deflexum Dehaasia incrassata

Clerodendrum disparifolium Dehaasia microcarpa

Clerodendrum laevifolium Endiandra cf. clavigera

Clerodendrum phyllomega Endiandra immersa

Clerodendrum laevifolium Endiandra rubescens

Gomphostemma javanicum Lindera insignis

Hyptis capitata Lindera lucida

Peronema canescens Litsea aurea

Petraeovitex sumatrana (cf.) Litsea castanea 

Teijsmanniodendron coriaceum Litsea cf. forstenii

Vitex pinnata Litsea cf. javanica 

Vitex quinata Litsea cf. machilifolia

Vitex vestita Litsea cubeba

Linderniaceae Litsea elliptica

Legazpia polygonoides Litsea firma

Lindernia crustacea Litsea forstenii

Lindernia diffusa Litsea glutinosa

Torenia violacea Litsea grandis

Oleaceae Litsea lanceolata

Chionanthus curvicarpus Litsea machilifolia

Chionanthus montanus Litsea monopetala 

Chionanthus polygamus Litsea noronhae

Scrophulariaceae Litsea oppositifolia

Scoparia dulcis Litsea resinosa

Verbenaceae Litsea robusta

Lantana camara Litsea umbellata 

Stachytarpheta indica Neolitsea cinnamomea

Stachytarpheta jamaicensis Ocotea beulahiae

Laurales Persea rimosa 
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Appendix 4.1 (continued) 

 

 

 

Phoebe elliptica Orophea cumingiana

Phoebe grandis Orophea hexandra

Monimiaceae Phaeanthus splendens 

Kibara coriacea Polyalthia cauliflora 

Liliales Polyalthia lateriflora

Liliaceae Polyalthia microtus

Apostasia wallichii Polyalthia obliqua

Smilacaceae Polyalthia rumphii 

Heterosmilax micrantha Popowia hirta

Smilax calophylla Popowia pisocarpa

Smilax cf. lanceifolia Popowia tomentosa 

Smilax cf. zeylanica Pseuduvaria reticulata

Smilax leucophylla Trivalvaria macrophylla

Smilax setosa Uvaria cuneifolia 

Magnoliales Uvaria excelsa 

Annonaceae Uvaria grandiflora

Artabotrys cf. wrayi Uvaria hirsuta 

Artabotrys maingayi Uvaria littoralis

Artabotrys suaveolens Uvaria lobbiana 

Artabotrys tomentosus Xylopia caudata

Cyathocalyx bancanus Xylopia elliptica

Cyathocalyx sumatranus Xylopia ferruginea

Dasymaschalon dasymaschalum Xylopia glauca

Drepananthus biovulatus Xylopia malayana

Drepananthus carinatus Magnoliaceae

Drepananthus ramuliflorus Magnolia elegans

Fissistigma latifolium Myristicaceae

Fissistigma manubriatum Gymnacranthera bancana

Friesodielsia biglandulosa Gymnacranthera farquhariana 

Friesodielsia borneensis Gymnacranthera forbesii

Friesodielsia cuneiformis Horsfieldia cf. fulva

Friesodielsia glauca Horsfieldia glabra

Goniothalamus costulatus Horsfieldia grandis

Goniothalamus macrophyllus Horsfieldia macrothyrsa

Goniothalamus malayanus Horsfieldia polyspherula

Gonystylus forbesii Horsfieldia pulcherrima

Gonystylus maingayi Horsfieldia punctatifolia 

Maasia glauca Horsfieldia superba

Maasia hypoleuca Knema cinerea

Maasia sumatrana Knema furfuracea

Meiogyne cf. virgata Knema glaucescens

Mezzettia parviflora Knema latifolia

Miliusa longipes Knema laurina

Mitrella kentii Myristica gigantea 

Neo-uvaria acuminatissima Myristica iners

Orophea corymbosa Myristica maingayi
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Myristica maxima Aporosa cf. falcifera 

Myristica villosa Balakata baccata

Malpighiales Blumeodendron tokbrai

Achariaceae Botryophora geniculata 

Hydnocarpus cf. curtisii Cephalomappa malloticarpa

Hydnocarpus cf. sumatrana Claoxylon longifolium 

Hydnocarpus cf. wrayi Clonostylis forbesii

Hydnocarpus polypetalus Croton argenteus

Ryparosa acuminata Croton argyratus

Ryparosa caesia Croton cascarilloides

Ryparosa cf. hirsuta Croton caudatus 

Ryparosa cf. scortechinii Croton hirtus 

Ryparosa fasciculata Croton leiophyllus 

Ryparosa javanica Croton oblongus

Calophyllaceae Endospermum diademum

Calophyllum pulcherrimum Hancea penangensis 

Calophyllum soulattri Hevea brasiliensis

Centroplacaceae Macaranga bancana

Bhesa paniculata Macaranga cf. sumatrana 

Bhesa robusta Macaranga conifera

Chrysobalanaceae Macaranga gigantea

Atuna racemosa Macaranga heynei 

Parastemon urophyllus Macaranga hosei

Parinari sumatrana Macaranga hullettii 

Clusiaceae Macaranga hypoleuca 

Garcinia atroviridis Macaranga javanica

Garcinia gaudichaudii Macaranga pruinosa

Garcinia graminea Macaranga trichocarpa

Garcinia griffithii Mallotus macrostachyus

Garcinia macrophylla Mallotus mollissimus

Garcinia parvifolia Mallotus paniculatus

Garcinia rostrata Mallotus peltatus 

Dichapetalaceae Melanolepis multiglandulosa 

Dichapetalum cf. rugosum Neoscortechinia kingii 

Dichapetalum gelonioides Pimelodendron griffithianum

Dichapetalum gelonioides subsp. sumatranum Pimelodendron zoanthogyne 

Dichapetalum sordidum Ptychopyxis bacciformis 

Dichapetalum timoriense Ptychopyxis costata 

Erythroxylaceae Suregada cf. glomerulata

Erythroxylum cuneatum Suregada cf. multiflora 

Euphorbiaceae Hypericaceae

Agrostistachys glaudichaudii Cratoxylum cochinchinense

Agrostistaehys hookeri Cratoxylum formosum

Alchornea tilifolia Cratoxylum sumatranum

Antidesma neurocarpum Irvingiaceae

Antidesma tomentosum Irvingia malayana 
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Ixonanthaceae Baccaurea dulcis

Ixonanthes petiolaris Baccaurea javanica

Linaceae Baccaurea lanceolata

Hugonia costata Baccaurea macrocarpa

Reinwardtia patens Baccaurea macrophylla 

Malphigiaceae Baccaurea minor

Hiptage cf. sericea Baccaurea mollis 

Ochnaceae Baccaurea parviflora

Gomphia serrata Baccaurea polyneura

Pandaceae Baccaurea pubera

Galearia aristifera Baccaurea pyriformis 

Galearia filiformis Baccaurea reticulata

Galearia fulva Baccaurea sumatrana

Galearia maingayi Breynia racemosa

Passifloraceae Bridelia glauca

Adenia macrophylla Bridelia insulana

Paropsia varecifomis Bridelia tomentosa

Passiflora foetida Dicoelia sumatrana

Piriqueta racemosa Glochidion cf. leucocarpum 

Peraceae Glochidion lutescens

Trigonopleura malayana Glochidion philippicum

Phyllanthaceae Glochidion rubrum 

Antidesma cf. velutinum Glochidion sericeum

Antidesma coriaceum Glochidion superbum

Antidesma cuspidatum Glochidion zeylanicum var. arborescens 

Antidesma forbesii Koilodepas brevipes

Antidesma leucopodum Leptonychia caudata 

Antidesma stipulare Phyllanthus oxophyllus

Antidesma velutinosum Phyllanthus urinaria

Aporosa antennifera Putranjivaceae

Aporosa arborea Drypetes longifolia

Aporosa benthamiana Rhizophoraceae

Aporosa cf. antennifera Carallia brachiata

Aporosa cf. octandra Carallia suffruticosa 

Aporosa lucida Pellacalyx axillaris

Aporosa lunata Pellacalyx lobbii 

Aporosa nervosa Salicaceae

Aporosa octandra Casearia capitellata 

Aporosa octandra var. malesiana Homalium caryophyllaceum 

Aporosa prainiana Homalium cf. foetidum 

Aporosa subcaudata Scolopia spinosa 

Aporosa symplocoides Ventilago oblongifolia

Aporosa whitmorei Trigoniaceae

Baccaurea cf. pyriformis Trigoniastrum hypoleucum 

Baccaurea cf. velutina Violaceae

Baccaurea deflexa Rinorea anguifera
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Rinorea cf. sclerocarpa Sterculia rubiginosa

Malvales Trichospermum kurzii 

Dipterocarpaceae Urena lobata

Anisoptera costata Thymelaeaceae

Cleistanthus megacarpus Aquilaria malaccensis 

Hopea beccariana Aquilaria sinensis 

Hopea sangal Enkleia malaccensis

Parashorea lucida Gonystylus acuminatus 

Shorea acuminata Gonystylus affinis 

Shorea bracteolata Myrtales

Shorea gibbosa Combretaceae

Shorea lepidota Combretum elmeri

Shorea ovalis Combretum nigrescens

Shorea parvifolia Terminalia bellirica 

Shorea singkawang Terminalia foetidissima

Malvaceae Terminalia oblonga 

Alangium villosum Terminalia subspathulata

Byttneria curtisii Lythraceae

Byttneria reinwardtii Barringtonia pendula

Clerodendrum villosum Cuphea carthagenensis

Commersonia bartramia Lagerstroemia speciosa 

Durio excelsus Melastomataceae

Durio oxleyanus Bellucia pentamera

Durio zibethinus Clidemia hirta

Grewia laevigata Diplectria stipularis

Heritiera sumatrana Dissochaeta affinis

Leptonychia heteroclita Dissochaeta gracilis

Microcos florida Ewyckia cyanea

Microcos henrici Melastoma malabathricum

Microcos hirsuta Memecylon edule

Microcos paniculata Memecylon garcinioides

Pentace borneensis Memecylon myrsinoides

Pentace triptera Memecylon paniculatum

Pimelodendron cf. amboinicum Pternandra azurea

Pterocymbium tubulatum Pternandra caerulescens 

Pterospermum subpeltatum Sonerila heterostemon

Scaphium affine Myrtaceae

Scaphium linearicarpum Ctenolophon parvifolius

Scaphium macropodum Decaspermum cf. parviflorum 

Sida rhombifolia Psidium guajava 

Sterculia coccinea Rhodamnia cinerea

Sterculia lanceolata Syzygium acuminatissimum 

Sterculia macrophylla Syzygium aemulum

Sterculia megistophylla Syzygium cf. borneense

Sterculia oblongata Syzygium chloranthum

Sterculia parvifolia Syzygium claviflorum
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Syzygium creaghii Elaeocarpus stipularis 

Syzygium euneuron Elaeocarpus stipularis var. brevipes

Syzygium everettii Oxalidaceae

Syzygium fastigiatum Oxalis barrelieri

Syzygium glabratum Sarcotheca diversifolia

Syzygium hemsleyanum Pandanales

Syzygium hirtum Stemonaceae

Syzygium laxiflorum Stemona javanica

Syzygium leptostemon Piperales

Syzygium lineatum Aristolochiaceae

Syzygium palembanicum Thottea cf. grandiflora

Syzygium paludosum Thottea piperiformis

Syzygium polyanthum Piperaceae

Syzygium pseudoformosum Piper baccatum

Syzygium racemosum Piper caninum 

Syzygium rostratum Piper coactile

Syzygium splendens Poales

Syzygium tetrapterum Cyperaceae

Onagraceae Cyperus diffusus

Ludwigia octovalvis Cyperus haspan

Oxalidales Cyperus platystylis

Connaraceae Fimbristylis dichotoma

Agelaea borneensis Hypolytrum nemorum

Agelaea macrophylla Mapania cuspidata

Agelaea trinervis Mapania sessilis 

Cnestis palala Mapania tenuiscapa

Connarus semidecandrus Rhynchospora colorata

Connarus villosus Rhynchospora corymbosa 

Pycnarrhena cauliflora Scleria ciliaris

Rourea asplenifolia Scleria sumatrensis

Rourea mimosoides Flagellariaceae

Roureopsis emarginata Flagellaria indica

Taeniochlaena acutipetala Poaceae

Elaeocarpaceae Axonopus compressus

Elaeocarpus acronodia Centotheca lappacea

Elaeocarpus cf. oxypyren Cyrtococcum oxyphyllum

Elaeocarpus cf. stipularis var. brevipes Cyrtococcum patens

Elaeocarpus floribundus Cyrtococcum patens var. latifolium

Elaeocarpus glaber Imperata cylindrica

Elaeocarpus grandiflorus Leptaspis urceolata

Elaeocarpus mastersii Ottochloa nodosa

Elaeocarpus nitidus Panicum laxum

Elaeocarpus parvifolius Panicum sarmentosum

Elaeocarpus petiolatus Paspalum conjugatum

Elaeocarpus salicifolius Paspalum dilatatum

Elaeocarpus serratus Pennisetum polystachion
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Proteales Ficus deltoidea

Proteaceae Ficus fulva 

Helicia excelsa Ficus glandulifera

Helicia fuscotomentosa Ficus globosa 

Helicia robusta Ficus grossularioides

Ixonanthes icosandra Ficus heteropleura

Ranunculales Ficus hirta

Menispermaceae Ficus padana 

Albertisia papuana Ficus parietalis 

Ampelocissus spicifer Ficus racemosa

Anamirta cocculus Ficus ribes

Arcangelisia flava Ficus sagittata 

Coscinium fenestratum Ficus schwarzii

Cyclea laxiflora Ficus variegata

Diploclisia glaucescens Ficus virens

Fibraurea darshanii (cf.) Parartocarpus venenosa

Fibraurea tinctoria Prainea limpato 

Hypserpa nitida Sloetia elongata

Hypserpa polyandra Streblus asper 

Limacia scandens Streblus elongatus 

Menispermum glabrum Rhamnaceae

Pericampylus glaucus Ventilago malaccensis 

Pycnarrhena tumefacta Ziziphus angustifolia 

Tinomiscium petiolare Ziziphus horsfieldii

Tinospora glabra Ziziphus jujuba 

Rosales Rosaceae

Cannabaceae Prunus arborea

Gironniera hirta Prunus cf. grisea 

Gironniera nervosa Prunus polystachya 

Gironniera subaequalis Urticaceae

Trema orientalis Dendrocnide sinuata 

Trema tomentosa Dendrocnide stimulans

Moraceae Elatostema parasiticum

Antiaris toxicaria Elatostema raapii 

Artocarpus anisophyllus Elatostema sinuatum

Artocarpus dadah Poikilospermum suaveolens 

Artocarpus elasticus Santalales

Artocarpus heterophyllus Loranthaceae

Artocarpus hispidus Dendrophthoe cf. pentandra

Artocarpus integer Olacaceae

Artocarpus kemando Ochanostachys amentacea

Artocarpus nitidus Strombosia zeylandica

Ficus aurata Opiliaceae

Ficus chartacea Champereia manillana

Ficus crassiramea Sapindales

Ficus delosyce Anacardiaceae
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Appendix 4.1 (continued) 

 

 

 

Bouea macrophylla Aglaia sexipetala

Buchanania sessilifolia Aglaia silvestris

Campnosperma auriculatum Aglaia simplicifolia 

Dracontomelon dao Aglaia spectabilis

Drimycarpus luridus Aglaia tomentosa

Mangifera caesia Ailanthus integrifolia

Mangifera foetida Aphanamixis polystachya

Mangifera laurina Arytera littoralis

Mangifera odorata Chisocheton ceramicus

Mangifera torquenda Chisocheton macrophyllus

Melanochyla beccariana Chisocheton patens

Melanochyla caesia Chisocheton tomentosus 

Melanochyla tomentosa Dysoxylum acutangulum

Parishia insignis Dysoxylum alliaceum

Semecarpus cf. caesia Dysoxylum arborescens

Semecarpus heterophylla Dysoxylum cauliflorum

Burseraceae Dysoxylum densiflorum 

Canarium album Dysoxylum excelsum

Canarium caudatum Dysoxylum parasiticum 

Canarium cf. denticulatum Lansium parasiticum

Canarium cf. gracile Pseudoclausena chrysogyne

Canarium cf. patentinervium Sandoricum koetjape

Canarium dichotomum Rutaceae

Canarium hirsutum Acronychia pedunculata 

Canarium littorale Aglaia cf. silvestris

Canarium megalanthum Aglaia palembanica

Canarium pilosum Citrus nobilis

Dacryodes costata Clausena excavata 

Dacryodes laxa Glycosmis pentaphylla 

Dacryodes rostrata Lunasia amara 

Dacryodes rugosa Luvunga eleutherandra

Santiria apiculata Luvunga motleyi 

Santiria griffithii Luvunga sarmentosa

Santiria oblongifolia Melicope cf. triphylla 

Santiria rubiginosa Melicope euneura 

Santiria tomentosa Melicope glabra

Triomma malaccensis Melicope latifolia

Meliaceae Paramignya cf. scandens 

Aglaia argentea Paramignya mindanaensis

Aglaia crassinervia Tetractomia tetrandra

Aglaia cucullata Zanthoxylum myriacanthum

Aglaia lawii Sapindaceae

Aglaia leucophylla Acer laurinum

Aglaia malaccensis Allophylus cobbe

Aglaia odoratisissima Dictyoneura acuminata

Aglaia rubiginosa Dimocarpus longan 
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Appendix 4.1 (continued) 

 

 

 

Ganophyllum falcatum Tetrastigma papillosum

Guioa multijuga Zingiberales

Lepisanthes tetraphylla Costaceae

Mischocarpus sumatranus Cheilocostus globosus 

Mischocarpus sundaicus (cf.) Cheilocostus speciosus 

Nephelium cuspidatum Costus speciosus

Nephelium cuspidatum var. cuspidatum subvar. dasyneurum Lowiaceae

Nephelium cuspidatum var. eriopetalum Orchidantha cf. siamensis

Nephelium eriopetalum Marantaceae

Nephelium juglandifolium Donax canniformis

Nephelium lappaceum Phrynium pubinerve

Nephelium laurinum Zingiberaceae

Nephelium maingayi Globba pendula 

Nephelium mutabile No order

Nephelium rubescens Dilleniaceae

Nephelium subfalcatum Dillenia excelsa 

Otophora amoena Dillenia eximia

Paranephelium xestophyllum (cf.) Tetracera akara

Pometia pinnata Tetracera indica

Xerospermum laevigatum Tetracera scandens

Xerospermum noronhianum Icacinaceae

Simaroubaceae Iodes cirrhosa

Eurycoma longifolia Phytocrene macrophylla

Solanales PTERIDOPHYTA

Convolvulaceae Cyatheales

Erycibe crassipes Cyatheaceae

Erycibe sumatrensis Schizocaena molucana 

Erycibe tomentosa Gleicheniales

Ipomoea sumatrana Gleicheniaceae

Merremia umbellata Dicranopteris linearis

Merremia umbellata subsp. orientalis Marattiales

Solanaceae Marattiaceae

Solanum cf. rudepannum Angiopteris evecta

Vitales Ophioglossales

Vitaceae Ophioglossaceae

Ampelocissus ascendiflora Helminthostachys zeylandica

Ampelocissus elegans Ophioglossum pendulum

Ampelocissus thyrsiflora Polypodiales

Cayratia geniculata Aspleniaceae

Cayratia japonica Asplenium glaucophyllum

Cayratia mollissima Asplenium longissimum

Cissus nodosa Asplenium nidus

Leea indica Athiryaceae

Pterisanthes cf. heterantha Athyrium bantamense

Pterisanthes eriopoda Diplazium cordifolium

Pterisanthes polita Blechnaceae
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Appendix 4.1 (continued) 

 

 

 

Blechnum orientale Schizaea dichotoma

Stenochlaena palustris Schizaea digitata

Davalliaceae Schizaea malaccana

Davallia cf. denticulata GNETOPHYTA

Davallia triphylla Gnetales

Dennstaedtiaceae Gnetaceae

Lindsaea ensifolia Gnetum cuspidatum

Lindsaea nitida LYCOPODIAPHYTA

Microlepia cf. hancei Lycopodiales

Dryopteridaceae Lycopodiaceae

Teratophyllum aculeatum Lycopodiella cernua

Teratophyllum ludens (cf.) Selaginellales

Nephrolepidaceae Selaginellaceae

Nephrolepis acutifolia Selaginella intermedia

Nephrolepis biserrata PINOPHYTA

Polypodiaceae Pinales

Goniophlebium verrucosum Podocarpaceae

Leptochilus cf. decurrens Nageia wallichiana 

Phymatosorus cf. membranifolium 

Pyrrosia lanceolata

Pyrrosia piloselloides

Tectariaceae

Tectaria barberi

Tectaria cf. semipinnata 

Thelypteridaceae

Christella dentata 

Cyclosorus cf. heterocarpus 

Pronephrium triphyllum 

Sphaerostephanos polycarpa 

Pteridales

Adiantaceae

Adiantum latifolium

Pteridaceae

Antrophyum callifolium 

Taenitis blechnoides

Vittariaceae

Vittaria elongata

Schizaeales

Lygodiaceae

Lygodium  microphyllum

Lygodium cf. longifolium

Lygodium circinatum

Lygodium flexuosum

Lygodium microphyllum

Lygodium salicifolium

Schizaeaceae
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Appendix 4.2 Phylogenetic tree reconstructed using ML method based on matK barcodes 
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Appendix 4.2 (continued) 
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Appendix 4.2 (continued) 

 

 

 

 

 

(A) Malpighiales, (B) Celastrales, (C) Oxalidales, (D) 

Fabales, (E) Cucurbitales, (F) Myrtales, (G) Rosales, (H) 

Malvales, (I) Brassicales, (J) Sapindales, (K) Dilleniaceae, 

(L) Vitales, (M) Santalales, (N) Ericales, (O) 

Caryophyllales, (P) Cornales, (Q) Asterales, (R) Apiales, 

(S) Aquifoliales, (T) Lamiales, (U) Solanales, (V) 

Gentianales, (W) Ranunculales, , (X) Piperales, (Y) 

Magnoliales, (Z) Laurales, (AA) Alismatales, (AB) Liliales, 

(AC) Arecales, (AD) Dioscoreales, (AE) Poales 
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Appendix 4.2 (continued) 
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Appendix 4.3 Phylogenetic tree reconstructed using MP method based on matK barcodes 
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Appendix 4.3 (continued) 
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Appendix 4.3 (continued) 

 

 

(A) Gentianales, (B) Solanales, (C) Lamiales, (D) 

Aquifoliales, (E) Apiales, (F) Asterales, (G) Cornales, (H) 

Caryophyllales, (I) Ericales, (J) Santalales, (K) 

Ranunculales, (L) Poales, (M) Dioscoreales, (N) Arecales, 

(O) Liliales, (P) Asterales, (Q) Piperales, (R) Laurales, (S) 

Vitales, (T) Dilleniaceae, (U) Malvales, (V) Brassicales, 

(W) Sapindales, (X) Myrtales, (Y) Oxalidales, , (Z) 

Celastrales, (AA) Malpighiales, (AB) Cucurbitales, (AC) 

Fabales, (AD) Rosales 
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Appendix 4.3 (continued) 
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Appendix 4.4 Phylogenetic tree reconstructed using NJ method based on matK barcodes 

 

(A) Sapindales, (B) Brassicales, (C) Malvales, (D) 

Malpighiales, (E) Oxalidales, (F) Celastrales, (G) 

Cucurbitales, (H) Myrtales, (I) Rosales, (J) Fabales, (K) 

Santalales, (L) Vitales, (M) Caryophyllales, (N) Ericales, 

(O) Asterales, (P) Apiales, (Q) Cornales, (R) Aquifoliales, 

(S) Lamiales, (T) Solanales, (U) Gentianales, (V) 

Dilleniaceae, (W) Ranunculales, , (X) Poales, (Y) Liliales, 

(Z) Arecales, (AA) Dioscoreales, (AB )Alismatales, (AC) 

Piperales, (AD) Magnoliales, (AE) Laurales 
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Appendix 4.4 (continued) 
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Appendix 4.4 (continued) 
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Appendix 4.5 Phylogenetic tree reconstructed using ML method based on rbcL barcodes 

 

(A) Fabales, (B) Celastrales, (C) Cucurbitales, (D) 

Oxalidales, (E) Rosales, (F) Malpighiales, (G) 

Dilleniaceae, (H) Vitales, (I) Ericales, (J) Aquifoliales, (K) 

Cornales, (L) Asterales, (M) Apiales, (N) Lamiales, (O) 

Solanales, (P) Gentianales, (Q) Ranunculales, (R) 

Malvales, (S) Myrtales, (T) Sapindales, (U) Laurales, (V) 

Magnoliales, (W) Alismatales, , (X) Dioscoreales, (Y) 

Liliales, (Z) Arecales, (AA) Poales 
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Appendix 4.5 (continued) 
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Appendix 4.5 (continued) 
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Appendix 4.6 Phylogenetic tree reconstructed using MP method based on rbcL barcodes 
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Appendix 4.6 (continued) 
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Appendix 4.6 (continued) 
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Appendix 4.6 (continued) 

 

 

 

 

(A) Gentianales, (B) Solanales, (C) Lamiales, (D) Apiales, 

(E) Asterales, (F) Aquifoliales, (G) Cornales, (H) Ericales, 

(I) Caryophyllales, (J) Vitales, (K) Dilleniaceae, (L) 

Ranunculales, (M) Poales, (N) Arecales, (O) Liliales, (P) 

Dioscoreales, (Q) Alismatales, (R) Piperales, (S) Laurales, 

(T) Magnoliales, (U) Brassicales, (V) Malvales, (W) 

Myrtales, (X) Sapindales, (Y) Cucurbitales, , (Z) 

Celastrales, (AA) Oxalidales, (AB) Rosales 
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Appendix 4.7 Phylogenetic tree reconstructed using NJ method based on rbcL barcodes 
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Appendix 4.7 (continued) 

 

 

 

 

 

 

 

(A) Fabales, (B) Celastrales, (C) Cucurbitales, (D) 

Oxalidales, (E) Rosales, (F) Brassicales, (G) Malvales, (H) 

Myrtales, (I) Ranunculales, (J) Sapindales, (K) 

Dilleniaceae, (L) Vitales, (M) Caryophyllales, (N) 

Cornales, (O) Aquifoliales, (P) Ericales, (Q) Asterales, (R) 

Apiales, (S) Lamiales, (T) Solanales, (U) Gentianales, (V) 

Alismatales, (W) Asterales, (X) Liliales, (Y) Dioscoreales, 

(Z) Poales, (AA) Piperales, (AB) Laurales, (AC) 

Magnoliales 
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Appendix 4.7 (continued) 
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Appendix 4.7 (continued) 
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Appendix 4.8 Phylogenetic tree reconstructed using ML method based on matK+rbcL 

barcodes 

 

  

(A) Malpighiales, (B) Celastrales, (C) Oxalidales, (D) 

Cucurbitales, (E) Rosales, (F) Fabales, (G) Brassicales, (H) 

Malvales, (I) Myrtales, (J) Sapindales, (K) Dilleniaceae, 

(L) Vitales, (M) Santalales, (N) Caryophyllales, (O) 

Ericales, (P) Cornales, (Q) Asterales, (R) Apiales, (S) 

Aquifoliales, (T) Solanales, (U) Lamiales, (V) Gentianales, 

(W) Ranunculales, , (X) Poales, (Y) Dioscoreales, (Z) 

Arecales, (AA) Liliales, (AB) Alismatales, (AC) Piperales, 

(AD) Laurales, (AE) Magnoliales 
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Appendix 4.8 (continued) 
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Appendix 4.8 (continued) 
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Appendix 4.8 (continued) 
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Appendix 4.9 Phylogenetic tree reconstructed using MP method based on matK+rbcL 

barcodes 
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Appendix 4.9 (continued) 

 

 

 

 

 

 

 

(A) Gentianales, (B) Solanales, (C) Lamiales, (D) 

Aquifoliales, (E) Apiales, (F) Asterales, (G) Cornales, (H) 

Ericales, (I) Caryophyllales, (J) Santalales, (K) Vitales, (L) 

Dilleniaceae, (M) Ranunculales, (N) Poales, (O) 

Dioscoreales, (P) Arecales, (Q) Liliales, (R) Alismatales, 

(S) Poales, (T) Magnoliales, (U) Laurales, (V) Myrtales, 

(W) Malvales, (X) Brassicales, (Y) Sapindales, , (Z) 

Rosales, (AA) Cucurbitales, (AB) Fabales, (AC) 

Celastrales, (AD) Oxalidales 
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Appendix 4.9 (continued) 
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Appendix 4.9 (continued) 
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Appendix 4.10 Phylogenetic tree reconstructed using NJ method based on matK+rbcL 

barcodes 

 

 

(A) Fabales, (B) Rosales, (C) Cucurbitales, (D) Celastrales, 

(E) Oxalidales, (F) Malpighiales, (G) Myrtales, (H) 

Malvales, (I) Brassicales, (J) Sapindales, (K) Santalales, 

(L) Vitales, (M) Dilleniaceae, (N) Caryophyllales, (O) 

Ericales, (P) Cornales, (Q) Aquifoliales, (R) Asterales, (S) 

Apiales, (T) Lamiales, (U) Solanales, (V) Gentianales, (W) 

Ranunculales, (X) Poales, (Y) Dioscoreales, (Z) Arecales, 

(AA) Liliales, (AB) Alismatales, (AC) Poales, (AD) Laurales, 

(AE) Magnoliales 
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Appendix 4.10 (continued) 
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Appendix 4.10 (continued) 
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Appendix 4.10 (continued) 
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