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Abstract
Collembola are known as soil organisms living in various habitats. However, most of these arthropods can be found on
the surface of the ground. Collembola are small animals, mostly only a few millimetres in length and not very popular
despite their important role in the ecosystem, especially in the decomposition of organic soil materials. This study was
conducted in two sections. The first phase was represented by obtaining soil sample in Tomohon, then extracting it
using Berlese funnel, the second by identifying Collembola samples using molecular marker for DNA barcoding with
COI gene. Of the four identified specimens, only two had good quality chromatogram (SD2 and SD3), while the rest of
the specimens (SD1 and SD4) had poor quality of chromatogram. According to the BLAST result, the SD2 specimen has
the highest similarity with Folsomia quadrioculata (accession number: KJI86295.1) with 83.00% of similarity. There is
a genetic similarity of SD3 sample specimens with Collembola sp. (accession number: KM618794.1) with 85% of
similarity. Molecular identification using the COI gene DNA barcoding for both specimens is considered a challenge
due to the lack of information in the database. Collembola fauna in North Sulawesi is rarely explored, therefore this
research is the basis for being able to find out its potential in the ecosystem where they live.
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INTRODUCTION

The existence of Collembola has not been
much explored in Indonesia. Taxonomic
research until 1966 only found 90 species from
all over Indonesia and until 1992 as many as
1500-1600 species can be collected, while only
about 20% has been described (Suhardjono et
al., 2012). So far, Collembola has been
identified using morphological characters,
namely through seta layout or called
chaetotaxy, but Collembola experts have begun
to carry out molecular approaches even though
expensive costs are required.
Collembola inventory in North Sulawesi was
only carried out in 1985 and found two new
species, namely Heteronomurus greensladeae
and H. affinis (Mutt, 1987). Yoshii and
Greenslade (1993) in their expedition in North
Sulawesi reported two new species of Paronelid
and Cyphoderid. Until now there has been no
research or publication about Collembola
conducted in Tomohon, North Sulawesi, let
alone about its genetic analysis. This is a
preliminary study designed to identify the types
of Collembola in North Sulawesi, especially
around Tomohon area. The use of CO1

Collembola is one of the most abundant soil
arthropods and leaf litter both in quantity and
diversity. There is a high range of diversity
between species with an important role in soil
ecosystems (Hopkin, 1997; Suhardjono, 2000).
Collembola are extremely important, among
others, as a decomposer of soil organic matter.
It also plays a role in distributing organic
material in the soil, increasing fertility and
improving soil physical properties (Indriyati
and Wibowo, 2008). Collembola also acts as a
fungal hyphae feeder, indicators of changes in
soil conditions, balancing soil fauna, predator
and pollinators. Its consumption of pest fungi
may help reducing disease of plants (Hopkin,
1997).
Although very abundant, Collembola is rarely
studied due to its small size and its hidden
habitat, and its role that cannot be felt directly
by humans. There are approximately 6000
species of Collembola in the world and about
500 genera have been described (Suhardjono,
2012).
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barcoding is a fast, time-efficient, and can be
used for the smallest animals (Rougerie et al.,
2009).

ATAAAGATATTGG-3') and HC02198 (5'TAA ACT TCAGGG TGA CCA AAA AAT
CA-3') (Folmer et al., 1994) and primer pair
FF2
d
(5’TTCTCCACCAACCACAARGAYATYGG
and
FR1d
(5’CACCTCAGGGTGTCCGAARAAYCARAA3’) (Ivanova et al., 2007). The reaction
condition for PCR is 95°C denaturation (3
minutes), followed by 35 cycles of 95°C (30
seconds), 50°C of annealing (30 seconds), and
72°C of DNA extension (50 seconds). The PCR
results were separated using 0.8% agarose gel
electrophoresis (in 1x TBE buffer) and
observed using UV-Transilluminator.

MATERIALS AND METHODS
This study was conducted from April to June
2018. Collembola samples were taken from
Rurukan Village (Figure 1) by collecting soil
and leaf litter sample, and then extraction using
Berlese funnel for about 5-7 days. Four
samples were used to represent the Collembola
population, labeled SD1, SD2, SD3, and SD4
onward. The collembolans collected in the
funnel were preserved in 95% alcohol.

Sequencing of COI Gene
The sequencing process used two primers pairs.
Both PCR results and primers were sent to First
Base (Malaysia) for sequencing. The obtained
results were chromatograms containing DNA
sequences.
Data Analysis
The resulting DNA sequences were edited and
compared using the Clustal Walgorithm.
Identification was done using GenBank
database (www.ncbi.nlm.nih.gov).
The phylogenetic trees were made using
Geneious v 5.6 software with the NeighborJoining algorithm.

Figure 1. Collembola sampling location in Rurukan,
Tomohon

DNA Extraction and Polymerase Chain
Reaction
Total DNA extraction of the specimens was
carried out by using Plant Genomic DNA Mini
Kit (Genaid). Each of sample specimens was
pipetted to a new microtube 1.5 ml and the
ethanol was removed. The step of cell lysis was
started according to the extraction kit protocol,
but the incubation time was extended to 3
hours. The rest of the protocol was performed
according to the manual.
The Polymerase Chain Reaction (PCR) was
done using 5x Firepol PCR Master Mix Ready
to load (Solis Biodyne) kit. Each 50 µl reaction
has 15 pmol from each primer, and 2µl of DNA
template. The COI gene was amplified using
primer pair LCO1490 (5'-GGT CAA ATC

RESULTS AND DISCUSSIONS
Based on the agarose gel electrophoresis result
(Figure 2), the DNA extraction process, and
COI gene of the four Collembola samples, it
was found that there are two samples with
distinct DNA band (SD2 and SD3), two
samples having poor quality band (SD1 and
SD4). All four of these bands have a size close
to standard 750 bp DNA compared to 500 bp
band. This finding shows that PCR-amplified
target DNA has fit the expectation of Folmer et
al. (1994), with 710 bp long COI gene
fragment.
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Figure 2. Agarose gel electrophoresis 0.8% of PCR products of Collembola

PCR process had been repeated for SD1 and
SD4 samples but the result did not fit the
expectation, which is consistent with indistinct
band, even if the SD1 sample seemed better
than SD4 sample. This matter could be due to
incompatibility of the order of primers with the
primer pasting site on sample DNA. An
alternative primer pair (FF2d and FR1d) had
been tested by Ivanova et al. (2007), but it has
not produced the expected PCR result. This
causes sequencing process to be continued
using Folmer’s primer, which produced better
result from SD2 and SD3 samples.

GenBank of NCBI (National Center for
Biotechnology Information).
Based on BLAST result, SD2 sample had the
highest similarity with Folsomia quadrioculata
(accession
number:
KJ186294.1
and
KJ186295.1) (von Saltzwedel et al., 2014), as
shown in Figure 4. The similarity of this
specimen with SD2 sample is 83%, counted
from the similarity of 542 nucleotides out of
653 compared nucleotides (Figure 4). The
specimens in Gen Bank comprised only 98% of
SD2 sample’s DNA sequence, as shown on
Query Coverage remark in the picture.

SD2 Sample Identification using GenBank
SD2 specimen chromatogram produced
through the sequencing process showed a
feasible result, both for sequencing with
forward primer (LCO1490) and reverse primer
(HC02198). This two direction sequencing
result was combined using software Geneious
5.6.4 (Kearse et al., 2012) with MUSCLE
algorithm (Edgar, 2004) for alignment. From
this alignment result, both primers at the
beginning and the end have been trimmed to
produce a 658 bp long consensus sequence
(Figure 3).The blue indicator for the consensus
sequence showed quality of nucleotide read
from the DNA sample. Lighter blue indicated
better reading, which was shown by the good
peaks of this chromatogram. This consensus
sequence copied and made into FASTA (Fast
Alignment)format for identification using
BLAST (Basic Local Alignment Search Tool)
(Madden, 2013) by comparing the order of
sample DNA sequence with all the samples in

SD3 Sample Identification using GenBank
Identification of SD3 sample was done with
similar manner as SD2 sample. The SD3
specimen chromatogram produced through the
sequencing process showed a feasible result,
using forward and reverse primer. A 658 bp
long DNA consensus were resulted from the
editing process, just as accurate as written by
Folmer et al. (1994). The chromatogram
alignment also shown light blue indicator,
which mean this consensus generated from
good peaks chromatogram (Figure 5).
Based on BLAST result, SD3 sample had the
highest similarity with the specimen labeled as
Collembola
sp.
(accession
number
KM618794.1) in Figure 6 (Hebert et al., 2019).
The similarity is 85.24% with the specimen
covering 99% of the query sequence (Figure 6).
This 85.24% was counted from 560 similarity
out of 657 nucleotides compared (Figure 4).
The similarity of both samples in the GenBank
is below 90%. Considering the decent
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chromatogram resulted from sequencing
process (picture not shown), the mismatch
between both specimen with specimen from
GenBank was not generated from poor
chromatogram quality, nor bad editing process.
In SD2 sample, 83% of similarity with

Folsomia quadrioculata is leading to unreliable
result for molecular identification. This is
caused by the lack of information in the
database. In SD3 sample, 85% of similarity
with specimen labeled as Collembola sp. has
the same problem.

Figure 3. Chromatogram alignment of bi-directional sequencing of SD2 Sample

Figure 4. SD2 Sample Search result of Basic Local Alignment Search Tool (BLAST)
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Figure 5. Chromatogram alignment of bi-directional sequencing of SD3 Sample

Figure 6. SD3 Sample search result of Basic Local Alignment Search Tool (BLAST)
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CONCLUSIONS

DNA barcoding. Molecular Ecology Notes 7:
544548. doi: 10.1111/j.1471-8286.2007.01748.x.
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