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ABSTRACT

Accuracy in species identification based on the DNA sequences is an important 
aspect of diet profiling. This study aims to compare the taxonomy assignment by 
BOLD Systems and BLAST for nucleotides (BLASTn) and to recommend 
general criteria that are crucial for taxonomic assignment in molecular 
identification of the dietary arthropods. We have obtained 27 DNA haplotypes of 
the partial mitochondrial cytochrome c oxidase I (COI) region for the dietary 
arthropods of house-farm swiftlets (Apodidae, Aerodramus). Searches were 
performed using the Barcodes of Life Data (BOLD) Systems (Public Record 
Barcode Database and All Barcode Record in BOLD) and Basic Local 
Alignment Search Tool for nucleotide (BLASTn) search. High level of “No 
match” cases (ca. 78%) in BOLD Systems and discrepancy cases in the search 
results based on different databases (ca. 22%) were observed in this study. We 
demonstrated how we had identified the COI sequences to specific-level (ca. 
7%), generic-level (4%), familial-level (63%) or order-level (ca. 19%). We 
recommend three criteria that are crucial in molecular identification using a 
relatively short-length metabarcode sequence of the dietary arthropods: (1) the 
query sequence search should be performed in more than one database; (2) the 
query sequence and the sequences of its BLASTn top hit should be subject to 
phylogenetic analysis; and (3) identification at low taxonomic levels (generic-
and specific-levels) should be verified with the geographical distribution records. 
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INTRODUCTION

The past few decades saw an increase in the prevalence of molecular approaches 
used in identifying species within a mixture of bio-samples. The standard 
operation generally involves extraction of DNA mixture from an environment 
sample (e.g. faeces, food boluses, soil etc.), amplification of the desired DNA 
region using polymerase chain reaction (PCR), molecular cloning into a plasmid 
vector, and DNA sequencing of the cloning vector. Recent advances in the next-
generation sequencing (NGS) technology have paved way for better 
metagenomic profiling of the environmental samples as a large volume of data
can be obtained (Meusnier et al., 2008; Bohmann et al., 2011; Hajibabaei et al.,
2011; Razgour et al., 2011; Zeale et al., 2011). 

The NGS technology has also benefited the research on diet profiling of 
insectivores, with the development of high-throughput methodologies for various 
arthropod taxa such as Hymenoptera, Lepidoptera, Coleoptera and other insect 
taxa (Hajibabaei et al., 2006, 2011; Meusnier et al., 2008; Zeale et al., 2011; Yu 
et al., 2012). However, the relatively short read-length requirement of the next-
generation sequencing platform, e.g. Illumina platform often limits the size of 
the DNA metabarcodes to less than 300-bp. Although numerous genetic markers 
were designed over time for the identification of arthropods (Folmer et al., 1994; 
Hebert et al., 2003, Hajibabaei et al., 2006; 2011; Meusnier et al., 2008; Zeale et 
al., 2011), two sets of metabarcoding primers were noteworthy in terms of 
detection rate, namely mlCOIintF/HCO2198 (Leray et al., 2013) and 
LepF1/MLepF1-Rev (Brandon-Mong et al., 2015), both targeting specific, 
partial regions of the mitochondrial cytochrome c oxidase I (COI). These primers 
were later used in several high-throughput diet profiling of insectivorous bats 
and birds (Bohmann et al., 2011; Razgour et al., 2011; Jedlicka et al., 2013; 
2016; Vesterinen et al., 2013; Burgar et al., 2014; Hope et al., 2014; Piñol et al.,
2015; Crisol-Martínez et al., 2016; Mansor et al., 2018).

The DNA sequencing, either using the conventional molecular cloning or 
advanced high-throughput sequencing approach, is generally followed by 
molecular identification based on reference sequences in DNA databases. The 
two commonly used tools to achieve this are the Basic Local Alignment Search 
Tool (BLAST) search using GenBank database (Altschul et al., 1990) and 
searches against Barcode of Life Data (BOLD) Systems (Ratnasingham & 
Hebert, 2007). For the BLAST users, many used a threshold of 98% similarity to 
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represent species-level identification as suggested by Clare et al. (2009, 2011) 
and Mansor et al. (2018). In the BOLD Systems search, the query sequence will 
be assigned a “Best ID” upon a comprehensive tree-based identification method 
(Wilson et al., 2011) based on four criteria: (1) liberal; (2) strict; (3) liberal and 
exclusive; and (4) strict and exclusive. These criteria are based on the 
monophyly and the exclusivity of the query and number of highly similar 
sequences in the search. It was suggested that the conservative “strict” criterion 
should be employed for large-scale species identifications. With this criterion, 
the query will be assigned to a taxon when it is nested within a clade formed by 
the members of the taxon, although some other members of this correct taxon 
can also be found elsewhere on the tree (Wilson et al., 2011). If the query 
sequence is not assigned to any “Best ID”, “No match” appears in the search 
results and it should be regarded as of uncertain taxon.

However, species identification based on the similarity value in the BLAST 
search received criticism from Munch et al. (2008) because: (1) the genetic 
variation across populations and closely related species are ignored, and (2) the 
measure of confidence only reflects the local sequence similarity and not the 
significance of the species assignment. On the other hand, query sequences with 
high intraspecific divergences cannot be identified in BOLD Systems due to the 
conservative nature of the “strict” criterion in its tree-based identification, as 
there are no reference sequences with less than 1% divergence (Sauer & 
Hausdorf, 2012).

The present study aims to develop a taxonomic assignment procedure of the 
DNA metabarcodes obtained from the diet profiling of the farmed Malaysian 
swiftlets (Aerodramus sp.), using both BOLD Systems and GenBank 
identification systems. The specific objectives of this study are: (1) to compare 
the taxonomy assignment by BOLD Systems and BLAST for nucleotides 
(BLASTn); and (2) to recommend a general criterion that is crucial for 
taxonomic assignment in molecular identification for the dietary arthropods. 

METHODOLOGY

Sample Collection

Fresh faecal samples were collected from multiple individuals from seven 
swiftlet house-farms in Perak, Malaysia, during the month of October in 2017. 
Each swiftlet house-farm had an approximate colony size of 400 birds (personal 
observation). Faecal collection was done in the evening by placing the plastic-
enclosed cardboards (Chan et al., 2019) on the ground in areas with around ten 
swiftlet nests. The faecal samples were collected the next morning from each 
swiftlet house-farm and stored separately in sterile containers before being 
stored at -20ºC.
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Total DNA Extraction 

A total of 100 mg faecal sample was ground using liquid nitrogen. The total 
DNA was extracted using a PowerFecal Extraction kit (Qiagen, Germany) 
following the manufacturer’s instructions. A final elution of 30 µL was stored at 
-20 ºC until use. The purity and quantity of extracted DNA were assessed using a 
Nanodrop 2000 Spectrophotometer (Thermo Fisher Scientific, USA). 

Polymerase Chain Reaction (PCR) and Cloning 

The present study used the LepF1 (5’-ATTCAACCAATCATAAAGATATTGG-
3’) primer and MLepF1-Rev primer (5’-CGTGGAAAWGCTATATCWGGTG-
3’) developed for the high-throughput metabarcoding analysis of insects by 
Brandon-Mong et al. (2015). These primers code for 218-bp sized of the partial 
COI region (hereafter referred to as Lep region). It was designed in such a length 
to fit the capacity of the Illumina platform in NGS. This region has been widely 
used in various insect metagenomic study (Beng et al., 2016; Jusino et al., 2019; 
Piñol et al., 2018). PCR was performed using a 1× GoTaq® Green Master Mix 
(Promega, USA) with 0.5 µM of forward and reverse primers each. The 
thermocycling conditions were: an initial denaturation of 95ºC for 2 min; 50
cycles of 95ºC for 45 sec, 53ºC for 1 min and 72ºC for 3 min; and a final 
extension of 72ºC for 10 min.

Amplicons were purified using a Nucleospin Gel and PCR Clean-Up Kit 
(Macherey-Nagel, Germany) following instructions by the manufacturer. The 
purified samples with an estimated concentration of 50ng/μL were subsequently 
quantified using Nanodrop 2000 Spectrophotometer prior to ligation using a 
pGEM®-T Easy Vector (Promega, USA) and transformation into JM109 
competent cells. Colony PCR was performed for 64 white colonies. The desired 
amplicons were purified before being commercially sequenced by Apical 
Scientific Sdn. Bhd. (Malaysia). 

Data Analyses

The DNA sequences obtained for the 64 Lep clones were analysed using DNaSP 
version 5.0 (Librado & Rozas, 2009) to identify unique haplotypes. Each 
haplotype was then queried for identification in BOLD Systems against: (1) All 
Barcode Records on BOLD and (2) Public Record Barcode Database. Each 
haplotype was also queried in BLASTn and the top hits were recorded. 

A neighbor-joining (NJ) analysis was performed to show the genetic relatedness 
between each of the haplotypes and their respective first top hits from BLASTn. 
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The DNA sequences were aligned using ClustalX version 2.1 (Larkin et al.,
2007) and manually trimmed in BioEdit version 7.0.5 (Hall, 1999). NJ tree 
reconstruction with 1,000 bootstrap replicates was performed in Molecular 
Evolutionary Genetics Analysis (MEGA) version 7.0 (Kumar et al., 2016). 
Psocoptera (GenBank accession number HQ658137) was set as the outgroup as 
it was shown to be relatively distant to all other arthropod orders based on past 
phylogenomic studies (Misof et al., 2014; Kjer et al., 2016). All DNA sequences 
obtained in this study were deposited in GenBank (Table 1).
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Table 1 List of accessions of the haplotypes with their respective collection 
localities and GenBank accession numbers.

COI 
Haplotype Collection localities

GenBank 
accession 
numbers

1 Beruas, Perak, Peninsular Malaysia MT410749
2 Ber uas, Perak, Peninsular Malaysia MT410760
3 Sitiawan, Perak, Peninsular Malaysia MT410741
4 Beruas, Perak, Peninsular Malaysia MT410754
5 Beruas, Perak, Peninsular Malaysia MT410743
6 Beruas, Perak, Peninsular Malaysia MT410752
7 Beruas, Perak, Peninsular Malaysia MT410765
8 Beruas, Perak, Peninsular Malaysia MT410758
9 Beruas, Perak, Peninsular Malaysia MT410755
10 Sitiawan, Perak, Peninsular Malaysia MT410766
11 Sitiawan, Perak, Peninsular Malaysia MT410751
12 Sitiawan, Perak, Peninsular Malaysia MT410759
13 Sitiawan, Perak, Peninsular Malaysia MT410767
14 Sitiawan, Perak, Peninsular Malaysia MT410742
15 Sitiawan, Perak, Peninsular Malaysia MT410748
16 Beruas, Perak, Peninsular Malaysia MT410745
17 Beruas, Perak, Peninsular Malaysia MT410746
18 Beruas, Perak, Peninsular Malaysia MT410753
19 Beruas, Perak, Peninsular Malaysia MT410750
20 Ipoh, Perak, Peninsular Malaysia MT410761 
21 Gopeng, Perak, Peninsular Malaysia MT410762
22 Gopeng, Perak, Peninsular Malaysia MT410747
23 Gopeng, Perak, Peninsular Malaysia MT410763
24 Pantai Remis, Perak, Peninsular Malaysia MT410764
25 Pantai Remis, Perak, Peninsular Malaysia MT410756
26 Pantai Remis, Perak, Peninsular Malaysia MT410744
27 Pantai Remis, Perak, Peninsular Malaysia MT410757
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78

RESULTS AND DISCUSSION

BOLD Systems Search

The 64 clones sequenced for the Lep region contained 27 unique haplotypes. 
This accounted for approximately 10% of the arthropod operational taxonomic 
units (OTU) sequenced using NGS-Targeted Amplicon Sequencing in a separate 
study (Chan et al., 2019). Using the Public Record Barcode Database in BOLD, 
our searches recorded 78% (21 out of 27 haplotypes) as “No match” while the 
rest of the haplotypes (Haplotypes 4, 8, 11, 12, 14 and 20) were successfully 
assigned to genus or species (Table 2). When the searches were carried out using 
All Barcode Records Database, the “No match” cases were reduced to 37% (10 
out of 27 haplotypes). Fourteen haplotypes were assigned the arthropod orders 
and three haplotypes were identified to specific-level (Table 2).

However, three discrepancies were observed in the taxonomic assignments based 
on the two databases. Firstly, Haplotype 8 was assigned as Deronectes 
platynotus (Coleoptera) in the Public Record Barcode Database but assigned as 
Diptera when queried against All Barcode Records on BOLD. Next, Haplotypes 
11 and 12 were identified as Galathea (Decapoda) and Deronectes platynotus
(Coleoptera), respectively, in the Public Record Barcode Database, but identified 
as Diptera when queried against All Barcode Records on BOLD (Table 2).

BLASTn Search and Neighbor-Joining (NJ) Analysis

The top BLASTn hits for each haplotype are also listed in Table 2. Discrepancies 
in the taxonomic assignment by BOLD Systems and BLASTn were observed for 
six haplotypes, four (Haplotypes 8, 11, 12 and 16) of which at order-level and 
two (Haplotypes 18 and 19) at species-level (Table 2).

In the NJ tree (Figure 1), Haplotype 23 was clustered with members of 
Hemiptera (87%) even though it was identified as Euplatypus (Coleoptera) when 
queried against GenBank. For the rest of the haplotypes, they formed clusters 
with their top hits, even though some clusters were not well supported. Most 
clusters appear to be indicative of the arthropod relationships at family-level. 
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Figure 1 NJ tree reconstruction based on the Lep region. Nodal supports 
indicate NJ bootstrap supports of > 70%.  
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Decisions on Taxonomic Assignment

As summarised in Table 2, a total of 11.11% (3 out of 27) of the haplotypes 
(Haplotypes 8, 11 and 12) showed taxonomic assignment discrepancies based on 
the two databases, Public Record Barcode Database and All Barcode Records on 
BOLD of the BOLD Systems. Meanwhile, a total of 22.22% (6 out of 27) of the 
haplotypes (Haplotypes 8, 11, 12, 16, 18 and 19) showed discrepancies in 
taxonomic assignment by BOLD Systems and BLASTn. In NJ tree analysis, 
only 3.7% (1 out 27) haplotypes (Haplotype 23) showed discrepancy with its 
identified order through BLASTn. 

Considering the cases of discrepancy as mentioned above, we apply the 
following rules to the taxonomic assignment:

(1)  No Match is regarded as a search limitation, not a conflict to any other 
result. 

(2) When there is a discrepancy at the order-level, we follow the majority 
consensus. Decisions for Haplotypes 8, 10 and 12 were made based on this rule. 

(3) If there is a discrepancy at the order-level without majority consensus, a
sample will not be assigned any order. This explains the uncertain order for 
Haplotype 16.

(4) If a haplotype does not cluster with its top hit sequence, but clusters with the 
sequences of other orders in the phylogenetic tree, it will not be assigned any 
order. This explains the uncertain order for Haplotype 23.

(5) Arthropod family assignment was done for 15 haplotypes as they form 
clusters exclusively with members of the same family. 

(6) The taxonomic assignment at generic- and species-levels requires that the 
resulting ID be the same from both BLASTn and BOLD Systems databases, 
followed by validation based on geographical distribution records. We apply this 
rule to make decisions for Haplotypes 4, 14 and 20. By applying this rule, 
Haplotype 4 was assigned as Carpophilus marginellus, a sap beetle commonly 
found in oil palm plantations of Peninsular Malaysia (Hill, 2008; Nor-Atikah et 
al., 2019). On the other hand, Haplotype 14 was assigned as Odontomachus 
simillimus, an ant species inhabiting the mangrove forests and oil palm 
plantations in Peninsular Malaysia (Hashim et al., 2009; Noor-Izwan & 
Amirrudin, 2014). Haplotype 20 was assigned to Chironomus, a genus of 
nonbiting midgets that was reported in the river system of Peninsular Malaysia 
(Al-Shami et al., 2010; 2011).  
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Coleoptera, Hemiptera, Hymenoptera, Lepidoptera and Psocoptera) in the diet of 
the house-farm swiftlets (Table 3). For most of these orders, one to four families 
could be determined. Three species were identified for Diptera, Coleoptera and 
Hymenoptera, respectively. The proportions of the insect orders consumed by the 
house-farm swiftlets were largely consistent with results based on the high-
throughput amplicon sequencing approach in Chan et al. (2019).   

Table 3 Summary of taxonomic assignment of the 27 haplotypes obtained in 
this study.

Order Family Species Number of 
haplotypes

Diptera Chironomidae Chironomus spp. 1
Chloropidae 1
Simuliidae 1
Tipulinae 1
Unidentified 5

Coleoptera Carabidae 1
Nitidulidae Carpophilus marginellus 1
Nitidulidae Unidentified species 3

Hemiptera Delphacidae 1
Pentatomidae 1
Tropiduchidae 1

Hymenoptera Formicidae Odontomachus simillimus 1
Formicidae Unidentified species 4
Agaonidae 1

Lepidoptera Uranidae 1

Psocoptera Liposcelidae 1

Uncertain order 2

Total 27

Using the rules above, we manage to identify six arthropod orders (Diptera, 
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From our results, we suggest that BLASTn could be more informative compared 
to BOLD Systems search, judging from the ‘No Match’ cases and discrepancies 
in the BOLD Systems search results. However, we have also demonstrated that 
BLASTn does not always give correct results, so the researchers should exercise 
extra-caution by cross-checking the query sequence in other databases. Our 
results showed that a phylogenetic analysis on the sequences obtained from 
BLASTn is necessary to decide which taxonomic rank that the query sequence 
should be assigned. All assignments at specific-levels (i.e., Haplotype 4 C. 
marginellus, Haplotype 14 O. simillimus and Haplotype 20 Chironomus 
circumdatus) have 99–100 % of similarity with their top hits in BLASTn. 
However, no all haplotypes that achieved 99-100 % of similarity can be directly 
assigned to their respective top hits, suggesting that there is no specific threshold 
of similarity that can indicate the taxonomic-level of identification. The 
haplotypes that were assigned to their orders or families showed 87–96 % 
similarity index. The haplotypes of uncertain order (because of the conflicting 
results in other database or conflicting phylogenetic placement in NJ tree) scored 
90–92 % of similarity with their top hits.

We, therefore, recommend the researchers to consider the following criteria 
before making a taxonomic assignment: 
1. The query sequence search should be performed in more than one database, 
e.g., (a) Public Record Database in BOLD, (b) All Record Barcode Database in 
BOLD, and (c) BLASTn. 
2. The query sequence and the sequences of its BLASTn top hit should be 
subject to phylogenetic analysis (which includes selected reference taxa) to 
confirm if their similarity is also supported in the dendrogram. 
3. Identification at low taxonomic levels (generic- and specific-levels) should be 
verified with the geographical distribution records.

Limitations of the Present Study 

Kvist (2013) reported that out of 1,242,040 recognised arthropod COI sequences 
used in his study, only 149,997 sequences (12.08%) matched the sequences in 
BOLD Systems whereas only 69,123 (5.56%) matched those in GenBank, 
thereby indicating the incompleteness of these databases at present. The 
accuracy of taxonomic assignment could possibly be improved if the existing 
COI records in the BOLD Systems and GenBank databases are better 
represented by an increase in taxon density. 

Considering the general lack of entomological records of insects in Malaysia 
(Cheng & Kirton, 2007), insect taxa identified using molecular methods should 
also be cross-checked with their known records of geographical distribution. 
These limitations point toward the urgent need for a taxonomic catalogue of 

General Recommendation for Molecular Identification of Arthropods 
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insects in Malaysia which would undoubtedly benefit a wide range of research 
including the diet profiling of insectivores within the country. For the time being, 
online databases established by Singapore, e.g. Digital Reference Collection for 
Singapore’s Biodiversity (https://singapore.biodiversity.online/) by Ng et al.
(2011) may be a useful reference for the insect species that are possibly found in 
Peninsular Malaysia. 
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