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Abstract: Problem statement: Chironomidae have been recorded in rice fields throughout the world 
including in many countries such as India, Australia and the USA. Although some studies provide the 
key to genera level and note the difficulty of identifying the larvae to species level. Chironomid 
researches have been hindered because of difficulties in specimen preparation, identification, 
morphology and literature. Systematics, phylogenetics and taxonomic studies of insects developed 
quickly with emergence of molecular techniques. These techniques provide an effective tool toward 
more accurate identification of ambiguous chironomid species. Approach: Samples of chironomids 
larvae were collected from rice plots at Bukit Merah Agricultural Experimental Station (BMAES), 
Penang, Malaysia. A 710 bp fragment of mitochondrial gene Cytochrome Oxidase subunit I (COI) was 
amplified and sequenced. Results:  Five species of Chironomidae; three species of subfamily 
Chironominae, Chironomus kiiensis, Polypedilum trigonus, Tanytarsus formosanus, two species of 
subfamily Tanypodinae, Clinotanypus sp and Tanypus punctipennis were morphologically identified. 
The phylogenetic relationship among these species was been investigated. High sequence divergence 
was observed between two individuals of the presumed C. kiiensis and it is suggested that more than 
one species may be present. However the intraspecific sequence divergence was lower between the 
other species of Tanypodinae subfamily. Interestingly, Tanytarsus formosanus showed close 
phylogenetic relationship to Tanypodinae species and this presumably reflect co-evolutionary traits of 
different subfamilies. Conclusion: The sequence of the mtDNA cytochrome oxidase subunit I gene 
has proven useful to investigate the phylogenetic relationship among the ambiguous species of 
chironomids. 
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INTRODUCTION 

 
 Chironomidae is considered a species-rich family 
of flies, with almost 15000 species described 
worldwide[1]. Generally, Chironomidae larvae are 
inhabitants of organically enriched places such as in 
flowing water of streams and rivers or standing water of 
lakes and pools as well as temporary rain-pools. As an 
important component of the aquatic insect community, 
Chironomidae has proven useful as biological 
indicators because of their sensitivity to chemical 
changes in aquatic ecosystems[2]. Therefore, they are 
often included in most ecological and toxicological 
studies[3] and to assess the environment in many lentic 
environments[4]. 
 Rice fields cover almost 70 million hectares in 
Southeast Asia. In Malaysia, rice is the third most 
important economic crop covering an area of about 
209300 h[5]. They are considered a very important 

aquatic ecosystem not only as commercial resources but 
also as a biotic resource especially as wetland 
habitats[6]. Tropical rice fields are diverse in insect 
fauna, which serve as an important food source for 
fishes[6,7].  
 Chironomidae have been recorded in rice fields 
throughout the world including in many countries such 
as India, Australia and the USA[8]. However, in the 
Malaysian peninsula, very little is known about the 
distribution, taxonomy and systematics of rice field 
chironomids. 
 Although some studies[9] have provided useful keys 
up to genera level there are difficulties of identifying 
the larvae to species level. Chironomid research have 
been shunned typically by many benthologists because 
of perceived difficulties in specimen preparation, 
identification, morphology and literature[10,11]. The 
systematics, phylogenetics and taxonomic studies of 
insects have however developed quickly with the 
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emergence of molecular techniques. These techniques 
provide an effective tool toward more accurate 
identification of ambiguous chironomid species[11-16]. In 
most molecular studies the mitochondrial DNA 
(mtDNA) is used and often only one or several genes 
can act as an effective marker such as cytochrome 
Oxidase Subunit one (COI). This gene has been widely 
used in evolutionary studies, population genetics, as 
well as in species identification due to its relatively 
high degree of variation[11,16] 
 The DNA sequencing of mitochondrial 
Cytochrome Oxidase b (COb) has been  reported for the 
non-biting midge, C. calligraphus in addition to studies 
on morphological and karyological identification[4]. In 
another study two mitochondrial genes, Cytochrome b 
(Cytb) and Cytochrome Oxidase subunit I (COI), were 
utilized as phylogenetic markers in an investigation of 
chironomid species[12]. These two genes were chosen 
because they are the largest mtDNA protein coding 
genes and have been found to be informative in 
phylogenetic studies conducted on other insects. The 
nucleotide sequence of a 685 bp  Cytb and 596 bp  COI 
segments were determined for 36 Chironomus species 
from the Holarctic and Australasia. The phylogenetic 
relationship was successfully deduced based on the 
concatenated sequence of 1281 bp from both genes. 
 Perhaps, the most intensive study of Chironomus 
was the study on species identification and distribution 
in the Holarctic region[13]. DNA sequences from the 
mitochondrial Cytochrome b and cytochrome oxidase 
subunit I genes and a nuclear gene (globin 2b) were 
investigated in this study. The sequences were used as 
tools for investigation of Nearctic and Palearctic 
populations of Chironomus species which were 
distinguished to be C. biwaprimus, C. pallidivittatus, C. 
tentans and C. dilutus. Similarly, the partial segment of 
COI and Cytb genes were used as phylogenetic markers 
for the study on Sergentia (Chironomidae: Diptera)[15]. 
The concatenated (1241 bp) sequence from the two 
genes was successfully used to infer phylogenetic 
relationships among seven Sergentia species. 
 In Malaysia, there is no documentation of any 
investigation on the molecular structure and 
phylogenetic relationships among the chironomid 
species either in lentic or lotic environments. Therefore 
the aim of this study was to investigate the systematic 
and phylogenetic relationship among rice field 
chironomid species inferred from the sequence of 
mtDNA COI gene. This study will contribute towards 
the presently limited knowledge on this group in 
Peninsular Malaysia. 

MATERIALS AND METHODS 
 
Larvae sampling and sorting: Chironomidae larvae 
were sampled from the rice fields of Bukit Merah 
Agricultural Experimental Station (BMAES), Penang, 
Malaysia at latitude 5.417°N and longitude 100.417°E. 
The samples were collected using a long handle aquatic 
net with 15×15 cm frame and 30 cm long net of 
approximately 300 µm mesh size[17]. The sediment 
sample  was  washed  in  a sieve with a mesh size of 
300 µm and transferred into a white plastic basin filled 
with water. The larvae were sorted and preserved in 
80% ethanol. Chironomid slides were prepared 
following routine procedures[18]. The prepared slides 
were identified using several keys[9,18-20]. 
 
DNA extraction, amplification and sequencing: The 
chironomid samples were preserved in alcohol prior to 
DNA extraction. Two individuals of Chironomus 
kiiensis, Polypedilum trigonus, Tanypus punctipennis 
and one individual of Tanytarsus formosanus and 
Clinotanypus sp were analysed. The total genomic 
DNA was extracted using the EZ-10 spin Column 
Blood Genomic DNA minipreps kit. The DNA 
extracted was then subjected to PCR amplification. The 
PCR profile was adapted from Sharley et al.[16]. The 
PCR reaction contained 10X PCR buffer, 1.5 mM 
MgCl2, 0.2 mM dNTPs, 0.5 µL of each primer 911 and 
912 (Table 1)[12], 0.5 µL Taq DNA polymerase 
(Promega), 5 µL DNA template and H2O to 50 µL. The 
thermal program was made up of an initial pre-
denaturation  step   at   94°C   for  3 min, followed by 
35 cycles consisting of a denaturation step at 94°C for 
30 sec, annealing step at 45°C for 30 sec and an 
extension step at 72°C for 1 min. The final extension 
step was at 72°C for 5 min.  The PCR products were 
placed in a refrigerator at 4°C for storage. Then PCR 
products were analyzed by horizontal electrophoresis 
on a 1.7 % agarose gel in 0.5X TBE buffer.  
 The PCR products obtained were purified using 
QIAquick PCR Purification kit. The fragment was 
sequenced automatically in both directions conducted 
using Big Dye Termiunator Cycle Sequencing Kit. The 
outgroup sequence Culicoides chiopterus with 
Accession number AM236750 (472 bp) and Anopheles 
stephensi  with  Accession number DQ154166 (684 bp) 
 
Table 1: Sequence of primers 911 and 912 from 5’-3’ end 
Name of primer Sequence 
911 (Forward) 5'-TTAACTTCAGGGTGACCA 
 AAAAATCA--3' 
912 (Reverse) 5'--TTACTACCAATCATA AAG 
 ATATTG G--3' 
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were chosen from GenBank. DNA sequences were 
analysed using the computer software package 
program DNASIS Version 3.2. The mtDNA COI gene 
sequences obtained were aligned using 
CLUSTALX[21] software (version 1.83) to obtain the 
consensus sequence of mtDNA by multiple alignments 
of the forward and reverse sequences. Generation of 
phylogenetic tree was carried out using PAUP 
software (version 4.1 b). 
 

RESULTS 
 
 The larvae of five chironomid taxa belonging to 
subfamilies Chironominae (tribes Chironomini and 
Tanytarsini) and Tanypodinae were identified from the 
rice field at BMAES based on morphological 
characters. The species were identified as Chironomus 
kiiensis Tokunaga, Polypedilum trigonus Edwards, 
Tanytarsus formosanus Kieffer (Chironominae), 
Clinotanypus sp and Tanypus punctipennis Meigen 
(Tanypodinae). 
 An approximately 710 bp region of mtDNA 
Cytochrome Oxidase subunit I (COI) gene was 
successfully PCR amplified using primers 911 and 
912[12]. This amplified partial region of the mtDNA 
Cytochrome Oxidase subunit I (COI) gene was then 
sequenced and aligned. The intraspecific genetic 
distance based on the Maximum Parsimony (MP) 
analysis[22] of the Chironomidae species was 0.201 
within Chironomus and 0.118 within Polypedilum. 
However, in the subfamily Tanypodinae it was only 
0.002  between  the  two  individuals  of  Tanypus 
(Table 2). The phylogenetic tree was best described 
with tree Length (L) of 1170 steps, a Consistency 
Index (CI) of 0.8347, Homoplasy Index (HI) of 
0.1653, Retention Index (RI) of 0.8806, Rescaled 
Consistency  index   (RC)    of    0.7489,    parsimony- 

informative characters of 536 and parsimony-
uninformative characters of 79. The topology of the 
rooted tree consisted of three distinct clusters 
comprising of the outgroup and two chironomid 
clusters (Fig. 1). 
 The chironomid species were divided into two 
major  clusters. The  first  major cluster divided into 
two subclusters, the first subcluster grouped the 
duplicate sequences of C. kiiensis (Chironominae). The 
second  subcluster  grouped  a  polyphyletic  clade  of 
T. formosanus and Clinotanypus sp as sister groups to 
the      monophyletic       group       comprising       of 
Tp. punctipennis. The second major cluster is the 
monophyletic clade grouping P. trigonus which form 
the basal group for the other clusters. All branches were 
very well supported by high bootstrap values apart from 
the Tp. punctipennis clade which had slightly lower 
(but acceptable) values of 70%. 
 

 
 
Fig. 1: Maximum Parsimony (MP) tree inferred from 

partial mitochondrial COI gene sequence data 
from five species of Chironomidae. Bootstrap 
values are based on 1000 replications. Trees are 
rooted with outgroups Culicoides chiopterus 
and Anopheles stephensi 

 
Table 2: Intra and Interspecies genetic distance (MP) of chironomidae species deduced from the partial sequence of COI mtDNA gene for 

chironomidae species, chironomus kiiensis, polypedilum trigonus, tanytarsus formosanus, clinotanypus sp and tanypus punctipennis 
collected from rice fields at BMAES with outgroups Culicoides chiopterus and Anopheles stephensi 

 Culicoides Anopheles Chironomus Chironomus Polypedilum Polypedilum Tanytarsus Tanypus Tanypus 
  chiopterus  stephensi kiiensis1  kiiensis2 trigonus1 trigonus2 formosanus punctipennis1 punctipennis2 

Culicoides chiopterus 0         
Anopheles stephensi 0.396 0        
Chironomus kiiensis1 0.485 0.524 0       
Chironomus kiiensis2 0.685 0.674 0.201 0      
Polypedilum trigonus1 0.241 0.277 0.669 0.695 0     
Polypedilum trigonus2 0.211 0.241 0.668 0.688 0.118 0    
Tanytarsus formosanus 0.633 0.592 0.538 0.560 0.625 0.610 0   
Tanypus punctipennis1 0.636 0.600 0.561 0.563 0.630 0.618 0.177 0  
Tanypus punctipennis2 0.637 0.595 0.551 0.559 0.627 0.618 0.173 0.002 0 
Clinotanypus sp 0.633 0.598 0.550 0.564 0.626 0.614 0.177 0.015 0.013 
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DISCUSSION 
 
 Five species belonging to two subfamilies were 
identified from the BMAES rice field in Penang, 
Peninsular Malaysia. These included three species of 
subfamily Chironominae, C. kiiensis, which has also 
been reported from Korean rice paddies[23], P. trigonus, 
one of the common genera in tropical waters including 
those of Borneo[9] and Tanytarsus. formosanus which is 
very widely distributedincluding in some areas in 
Southeast Asia such as Sumatra and Thailand[24]. Our 
study also documented two species of subfamily 
Tanypodinae; Clinotanypus sp and Tp. punctipennis 
from this rice field. Tanypus punctipennis has also been 
reported from the warm shallow pools with high 
nutrient loadings in Sumatra[9]. 
 The potential of mtDNA region, specifically the 
COI gene, in chironomid identification was 
investigated. The use of mtDNA sequence for 
chironomid identification has been recognized as a 
useful tool to resolve the problems of morphological 
identification[11, 16]. Moreover, the application of 
mtDNA, particularly the COI and Cytb genes, in 
inferring the phylogeny and genetic divergence of 
chironomid species have been investigated by several 
groups[12,25] with the conclusion that the mtDNA COI 
gene can be used effectively to investigate the 
phylogenetic relationship among the chironomid 
species. 
 The preliminary results of genetic variation 
presented here showed that the mt COI gene had high 
variation among different chironomid species belonging 
to the two subfamilies, Chironominae and Tanypodinae 
with divergence level above 0.5 except for T. 
formosanus, (0.17). In this study, the inferred 
phylogenetic tree based on a partial fragment of mt COI 
gene within chironomid species was investigated. This 
isRepeat of results and of next para. 
 The results showed the monophyletic nature of 
individuals identified to their species or sibling species 
based on conventional keys, i.e. all individuals of the 
presumed C. kiiensis and P. trigonus. were grouped into 
their own clusters showing the effectiveness of this 
DNA technique in species identification. The sequence 
alignment  strongly  suggests  that  P.   trigonus  and 
Tp. punctipennis had been accurately identified to the 
species level with low genetic distance values. 
However, the much higher sequence divergence 
observed between the two presumed C. kiiensis 
specimens would indicate that might be more than one 
species involved. A comparison of these sequence data 
with those of C. kiiensis obtained from Japan also 
revealed fairly moderate divergence, inconsistent with 

intraspecies relationship (Jon Martin, University of 
Melbourne, personal communication). Further 
taxonomic investigation is certainly warranted to 
elucidate the taxonomic status of this taxon.  Thus, the 
DNA method has proven useful in identifying 
chironomid during certain life stages and offers a 
reliable and rapid approach for routine identifications of 
ambiguous species or individuals. The produced 
cladogram was in general agreement with previous 
hypothesis  based  on  morphological  characters with 
C. kiiensis and P. trigonus forming outgroup taxa to the 
Tanypodinae subfamily.  
 In an attempt to summarise distinguishing 
morphological characters for each taxon and to 
investigate any correlation with molecular data, a 
summary of morphological keys is tabulated. Table 3 
shows the matrix of the combined morphological 
keys[9,18] to the subfamilies and genera of Chironomidae 
using 15 morphological characters. Characters 4,6 are 
synapomorphic in Chironominae while they are absent 
in Tanypodinae. On the other hand 12,13 appeared to 
be synapomorphic characters in Tanypodinae. This 
would suggest that the presence of characters 4, 6 is 
ancestral to its absence while the opposite is true for 
characters 12,13. Within the Chironominae, C. kiiensis 
is distinguished by the derived morphological 
characters 7 and 11, while characters 9 and 10 
distinguished T. formosanus. These characters are 
specific for the genus but not shared within this 
subfamily. Similarly, characters 14 and 15 are 
synapomorphic for Clinotanypus sp but not for the 
Tanypodinae subfamily. Interestingly T. formosanus 
formed a sister taxon within the clade grouping the 
Tanypodinae subfamily forming a highly supported 
cluster in the MP phylogenetic tree with 100% 
bootstrap support. There is an obvious and plausible 
explanation for this incongruence. Tanytarsus 
formosanus is  known  for  its small size  and the 
identification using  morphological  criteria  has been 
reported to be  unreliable and  problematical 
particularly during early life stages[24]. Due to the lack 
of other supporting data as well as the exclusion of 
many species within these two subfamilies, it is 
premature to suggest a revision of T. formosanus. 
Inspection of Table 3 shows character 8 (presence of 
posterior   parapods)   is  shared  by   T.   formosanus, 
P. trigonus and C. kiiensis with the subfamily 
Tanypodinae. It would be interesting to investigate 
whether other species within Chironomidae that are 
more closely related based on molecular data also 
exhibit this character. This might indicate the 
evolutionary history of this character. 
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Table 3: A summary of combined taxonomic key of Epler, 2001[18] to the subfamilies and species (genera) of Chironomidae collected from 
BMAES, Penang, Malaysia. 

   Chironominae   Tanypodinae 
  ------------------------------------------------------------------------ ----------------------------------------- 
 Taxonomic Chironomus Polypedilum Tanytarsus Clinotanypus Tanypus 
No Character kiiensis trigonus formosanus  sp punctipennis 
1. Mean body length (mm) 13.1 (n = 41) 4.8 (n = 18) 5.2 (n = 22) 10.6 (n = 7) 6.3 (n = 14) 
2. Head capsule shape Rounded Rounded Rounded Triangular Oval to  
      Triangular 
3. Body pigmentation Dark red Dark red Pale to dark red Pale red Dark red 
4. Antennae with 5-8 segments + + + - - 
5. Striated ventromental plate + + + - - 
6. SI plumose + + + - - 
7. Ventral tubules on XI + - - - - 
 abdominal segment 
8. Posterior parapods present + + + + + 
9. Long pedestal - - + - - 
10. Apical lauterborn organ - - + - - 
11. Odd number of mentum teeth + - - - - 
12. Retractile antennae - - - + + 
13. Ligula present - - - + + 
14. Even number of ligula teeth - - - + - 
15. Long apical tooth of mandible - - - + - 
 

CONCLUSION 
 
 The COI mtDNA gene has proven useful in precise 
identification of chironomids of recognized species. 
Although molecular methods are easy to apply 
considerable DNA data is required covering as many 
member species for a reliable phylogenetic 
relationships. In Southeast Asia, there is insufficient 
molecular data of Chironomidae compared to the 
molecular data of the Holarctic region. It is 
recommended to apply the molecular techniques in 
further investigations on the aquatic insects especially 
Chironomidae from different habitats in Malaysia. 
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