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Abstract 

Environmental DNA (eDNA) barcoding technology is finding innovative applications 

in monitoring terrestrial and marine biodiversity. DNA barcode reference libraries containing 

barcodes for wide range of species is vital for the success of monitoring any environments 

using eDNA barcodes. Since amphipods are used as bio-indicators for monitoring 

environmental quality and its health, we used DNA barcodes of amphipods to test the 

efficacy of present DNA libraries for species identification. We barcoded 22 amphipod 

species belonging to 17 genera of 13 families. 50% of barcodes produced in the present study 

was generated for the first time, as the sequences were absent in GenBank and Barcode of 

Life Databases (BOLD). Tree based identification method used in the present study precisely 

clustered the generated sequences with reference sequences. Besides exploring the 

distribution of recorded amphipod species, we show that with advent of next generation 

sequencing technologies, reference datasets such as ours will become essential for assessing 

health and monitoring various environments using amphipod barcodes. 

 

Key words: Marine amphipods, Environmental monitoring, COI, DNA barcoding, Amphipod 

barcoding. 
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1. Introduction 

Environmental DNA (eDNA) barcoding technology is finding innovative applications in 

monitoring terrestrial biodiversity (Heyde et al., 2020), marine biodiversity (Nguyen et al., 

2020) including deep sea hydrothermal vents (Cowart et al., 2020) and zooplankton’s gut 

content (Oh et al., 2020). eDNA barcoding technology has also proved efficient in 

environmental monitoring to detect invasive species (Kim et al., 2020) even  from eDNA 

recovered from marine litters (Ibabe et a;., 2020). eDNA is the genetic material recovered 

from water, soil, or sediment (Taberlet et al. 2012; Thomsen and Willerslev 2015) and 

sequencing the barcode amplicon for revealing the taxonomy and biodiversity of the sampled 

environment is eDNA barcoding. Whereas DNA barcoding simply involves sequencing a 

gene fragment from precisely identified specimens to form a database and facilitate species 

identification (even by non-experts) simply by comparing the same gene sequences 

sequenced from unidentified specimens (Hebert et al., 2003, Mitchell, 2008).  

eDNA technology had proven effective in spatial and temporal monitoring of wide range 

of environments as the techniques is relatively cheap, efficient and faster than traditional 

monitoring (Lecaudey et al. 2019; Preissler et al. 2019; Reinhardt et al. 2019; Sutter and 

Kinziger 2019; Sales et al. 2020). The innovation in eDNA barcoding technology is in its 

ability to monitor the environment without causing significant damage to the habitats or its 

species by non-invasive sampling strategy (Antognazza et al. 2019; Mora et al. 2019; 

Leempoel et al. 2020) and effectively detecting elusive, rare and cryptic species even in low 

density occurences  

(Franklin et al. 2019; Shelton et al. 2019; Takahara et al. 2020). Single eDNA sampling could 

simultaneously monitor biodiversity over broad taxonomic spectrum in the given 

environment  

(Sawaya et al. 2019; Thomsen and Sigsgaard 2019; Zhang et al. 2020). 

Large DNA barcode reference library containing barcodes for broad range of species is 

vital for the success of monitoring any environments using eDNA barcoding. For example; 

while monitoring marine ecosystems, a previous study cannot assign >92% of eDNA 

amplicon sequences to any known phyla in the limited reference barcode library used and the 

sequences were described as unassigned species (Jeunen et al., 2019; Sawaya et al., 2019). A 

comprehensive, accurate reference library documenting individual species occuring locally 

with its photographic data along with its DNA barcodes are important for precise application 

of eDNA technology and success of such efforts were witnessed in eDNA barcoding of 

marine fishes (Stoeckle et al., 2020). Barcode of Life Database (BOLD) 
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(www.boldsystems.org) were created with the objective fulfilling above said requirements 

(Ratnasingham and Hebert, 2007).  

Amphipods (Phylum: Arthropoda, Class: Malacostraca, Order: Amphipoda) are a 

significant invertebrate fauna associated with coastal ocean environments linking producers 

and consumers (such as fishes) in marine trophic webs (Sanchez-Jerez et al. 1999; Zakhama-

Sraieb et al. 2006; Fernandez-Gonzalez and Sanchez-Jerez 2014). Amphipods were used as 

key organisms in assessing the environmental quality as they inhabit in close proximities with 

marine and estuarine sediments (Chapman et al., 1992, Chapman et al., 2013, Postma et al., 

2002) and are used as a pollution bioindicator as they were sensitive to changes in 

environmental conditions (Bellan-Santini 1980; Virnstein 1987; Conradi et al. 1997; Guerra-

Garcia and Garcia-Gomez 2001). Conventional taxonomy struggles for identifying 

amphipods as they were small with poor taxonomic descriptions and converged 

morphological characters (Knowlton, 1993, Radulovici et al., 2010), which make them an 

ideal group for application of DNA barcoding. DNA barcoding has been proven to work in 

marine amphipods of artic (Tempestini et al., 2018), Atlantic (Costa et al., 2009) and Pacific 

(Jażdżewska and Mamos, 2019) Oceans. However such efforts are rare in Indian Ocean area 

where amphipod diversity are richer (Mondal et al., 2010, Raja et al., 2013). 

The objective of the present study is to identify amphipods occurring in sediments of 

Vellar estuary environments using DNA barcoding. The study also intent to test the efficacy 

of current DNA barcode reference libraries in identifying generated DNA barcodes, so that 

indirectly justifying reference library's ability in the future monitoring of environmental 

quality using eDNA barcodes. 

 

2. Materials and methods 

2.1. Sample collection and identification 

Samples were collected from the mangroves sediment beds in Vellar estuary 

(Latitude: 11° 29'N. Longitude: 79° 46'E.) (Southeast coast of India) during Feb, 2012. A 

total of 6 samplings were taken at multiple sites around the mangrove species; Rhizopora 

annamalayana (Seetharaman and Kandasamy, 2011) using 50cm2 quadrat. The salinity of the 

seawater was 30ppt (measured using hand-held Brix refractometer). The sediment samples 

were passed through 0.5mm sieve with copious ambient seawater and sieved at the field. The 

amphipods and other fauna along with residual sediments were preserved in 95% molecular 

grade ethanol (Merck, India) and transported to laboratory. Whenever found necessary, 

duplicate specimens were preserved in 5-7% formaldehyde containing Rose Bengal for 
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microscope analysis. Amphipods were sorted and identified on the basis of their 

morphological characters to the lowest level possible using a Nikon Eclipse E200 compound 

microscope. When required, the taxonomic keys of Vinogradov et al. (1996), Martin and 

Davis, (2001) Bousfield (1978), Balasubrahmaniyan and Srinivasan (1987), Lyla et al. (1999) 

and Lowry & Myers (2017) which is publicly available through the World Amphipoda 

Database (Horton et al., 2019) was referred for specimen identification. Description of 

samples with its respective photographic documents was made available under the project 

"DNA barcoding marine amphipods" (tag; DBMA) published publically in BOLD 

(www.boldsystem.org). 

 

2.2. DNA isolation, PCR and sequencing 

The DNA was extracted using the DNeasy Blood & Tissue Kits (Qiagen) following 

the manufacturer's protocols with modification in usage of 1/10th of actual reagent volume. 

Individual amphipods >12 mm in length were extracted using two or three pereopod and the 

whole amphipod specimens which were <12 mm length were used as such for DNA 

extraction. Mitochondrial cytochrome c oxidase subunit I (COI) gene was amplified (658 

base pair) using the primer pair LCO1490 and HCO2198 (Folmer et al., 1994). PCR was 

performed using a reaction mixture volume of 25µl; 12.5µl of Taq PCR Master Mix 

(Invitrogen, India), 11µl distilled water, 0.5µl forward primer (10 µM), 0.5µl reverse primer 

(10 µM), and 0.5µl of the DNA template (50–80 ng/µl). PCR conditions were; initial 

denaturation for 2 min at 95 ºC, followed by 5 cycles at 94 ºC for 30 s, 46 ºC for 45 s, 72 ºC 

for 45 s and 35 cycles at 94 ºC for 30 s, 51ºC for 45 s, 72 ºC for 45 s, and a final elongation 

step at 72 ºC for 5 min. All PCR amplicons were verified on a 1.5% agarose gel and 

commercially sequenced at Macrogen (Seoul, South Korea).  

2.3. DNA sequence analysis  

Amphipod specimen sequencing efforts were repeated until at least one individual in 

every species documented were sequenced. The sequences were read and manually double 

checked using ChromasLite ver.2.1. Gaps within the DNA sequences were checked by 

translating DNA sequences into putative amino acid sequences in BioEdit ver. 7.9 (Hall, 

1999) and aligned in Clustal X ver. 2.0.6 (Thompson, 1997). Properly aligned sequences 

were made available through GenBank under the accession numbers MT184213-MT184234. 

All sequences with meta-data were also could be accessed under the project title “DNA 

Barcoding Marine Amphipods” and/or using a unique tag ‘DBMA’ in BOLD.  
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The Barcode of Life Data Systems (BOLD) (Ratnasingham and Hebert, 2007) and 

GenBank (Benson et al., 2018) are also used as a reference libraries to identify the generated 

barcode sequences in the present study. COI sequences were compared with other DNA 

barcodes available in BOLD was referred through ‘identification engine’ in BOLD and 

through Basic Local Alignment Searching Tool (BLAST) (Altschul et al., 1990) tool in 

GenBank using a standard protocol of similarity searching (Hu and Kurgan, 2018). Molecular 

Evolutionary Genetic analysis (MEGA) ver. 4.1 (Kumar et al., 2018) was used for 

constructing neighbour-joining (NJ) tree using Kimura 2 parameters (K2P). Pair-wise 

distance analysis was performed using K2P distance in MEGA. A NJ tree was redrawn using 

Interactive Tree Of Life (iTOL) (Letunic and Bork, 2019) for better representation of tree 

based identification.  

 

3. Result and discussion 

3.1. Species composition  

Total of 2869 amphipod individuals with full morphometric characteristics were 

retrieved. Morphological identification assigned the whole collection into 22 species (fig. 1), 

17 genera, and 13 families in the order Amphipoda. List of identified species were given in 

the Table 1.  Folmer’s primer (Folmer et al., 1994) used in the present study effectively 

amplified all 22 species, avoiding the need for additional prime pairs like those required in 

sequencing Atlantic (Costa et al., 2009) and deep sea Pacific amphipods (Jażdżewska and 

Mamos, 2019). All sequences amplified from after PCR were positively verified as 

Amphipoda COI gene fragments via BLAST searches against GenBank.  

Occurrences of Ampelisca scabripes (Walker, 1904), Grandidierella sp. (Coutière, 1904), 

Orchestia sp. (Leach, 1814) and Talorchestia sp. (Dana, 1852) documented in the present 

study was also previously reported by in Vellar estuary (Mondal et al., 2010). Ampelisca 

scabripes (Walker, 1904) has been known to occur in Indian esturine system since 1975 

(Rabindranath, 1975) till date (Srinivas, 2019). Though occurrences of Ampithoe ramondi 

(Audouin, 1826) in South Pacific islands were reported as early as 1986 (Myers, 1986) their 

occurrences in the present study is not surprising as A. ramondi were known for its active 

feeding habitats towards leaves and seeds of sea grasses (Castejón-Silvo et al., 2019). 

Ampithoe rubricata (Montagu, 1808) are most common amphipods previously known as 

inhabitants of kelp forest environments (Norderhaug et al., 2003) and as active feeders of red 

algae (Norderhaug, 2004). Chelicorophium madrasensis (Nayar, 1950) are the continuous 

feeder recently reported to dominate amphipod composition of Cochin estuary sediments 
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along the southwest coast of India (Rehitha et al., 2019). They were also reported as a 

common inhabitant of Thailand mangrove forests (Wongkamhaeng et al., 2015). Elasmopus 

rapax (Costa, 1853) were known to occur in Venezuela coast (Zanders and Rojas, 1992) and 

its invasiveness is realized in Australian waters (Hughes and Lowry, 2010). Possible 

invasiveness of this species in Vellar mangrove environment may deserve further 

investigation.  

 

Fig. 1: Circular NJ tree drawn using Kimura-2 parametric distance model employing the COI 

sequences represented by each species of amphipods retrieved in the present study. Members 

of same family grouped together and vice versa.  

 

Gammaropsis maculata (Johnston, 1828) are the good indicator of environment of 

dynamic hydrological forces (Conradi, 2001) and are known to occur in Tunisian coast of 

North Africa (Zakhama-Sraieb, 2017). Gammarus locusta (Linnaeus, 1758) documented in 

the present was known for its cosmopolitan estuarine distribution and are predicted to be 

more reluctant to ocean acidifications in near future (Hauton, 2009). Grandidierella megnae 
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(Giles, 1890) are previously known to occur along Basrah coast of Iraq (Naser et al., 2010) 

and in Songkhla Lake of Thailand (Rattanama et al., 2010). The endemic occurrences of G. 

megnae may requires further investigation. Though Isaea elmhirsti (Patience, 1909) 

documented in the present study was rarely studied species, I. montagui (H. Milne Edwards, 

1830) was known for its epibiotic relationship with crabs (obtaining food from detritus and 

crab faeces) (Parapar, 1997).  Melita nitida (Smith, 1873) was reported to be an invasive 

species for Western Scheldt estuary (in Netherlands) which was likely transported through 

shipping (Faasse and van Moorsel, 2003). They were known bio-indictors of toxic and 

petroleum pollutants in sediments by developing abnormal brood plate setae in their bodies 

(Borowsky et al., 1997).  

Microdeutopus stationis (Della Valle, 1893) are known to occur in Tunisian coast of 

North Africa (Zakhama-Sraieb, 2017) and are recorded abundantly in seagrass beds of Isles 

of Scilly in southwest England coast (Bowden, 2001). Herbivory nature of M. stationis may 

be the reason for its preferential inhabitation of Vellar mangrove environment. Occurence of 

Platorchestia platensis (Krøyer, 1845) previously known along the Swedish coast and also in 

the Baltic Sea (Persson, 2001). The ability of P. platensis to reproduce around the year was 

reasoned as one of its attribute for its invasiveness in warm temperate waters of South 

African estuary (Hodgson et al., 2014). Othomaera othonis (H. Milne Edwards, 1830) are 

known to occur along Portuguese continental shelf in northern Atlantic Ocean (Sampaio et 

al., 2016) and in continental shelf of Algeria, Mediterranean Sea (Bakalem et al., 2020). 

However its occurrences in shallow mangrove sediments in the present study was interesting 

and demands further investigation. Protohyale honoluluensis (Schellenberg, 1938) recoded in 

the present study was also known in occur in marine caves of Hong Kong Island (Horton, 

2008). Talorchestia martensii (Weber, 1892) are commonly known as equatorial sandhoppers 

occur in beach sand of African (Ugolini, 2016) and Kenyan coast (Ugolini and Ciofini, 

2015). T. martensii widely studied for its astronomical orientations (Ugolini and Ciofini, 

2015; Ugolini, 2016). Victoriopisa chilkensis (Chilton, 1921) was known to occur in 

Malaysian coast (South China Sea) and were used as feed in Thailand shrimp culture 

(Yokoyma et al., 2002).  

 In the present study, four species viz., Ampelisca sp., Dexamine sp., Isaea sp., 

Leptocheirus sp., and Pectenogammarus sp. was not resolved to species level with neither 

conventional or molecular techniques. These barcodes in public databases might be resolved 

to species level in near future when the respective barcode from precisely identified species 

was obtained.  
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Table 1: Identification of COI sequences using GenBank and BOLD systems. 

 

 

 

Species identified in 
the present study 

Closest species 
match in GenBank 

BLAST 
similarity 
% 

Accession 
numbers of 
closest match 

BOLD best match  Top % of 
similarity 
in BOLD 

Ampelisca scabripes Ampelisca 
macrocephala  

95.92 MG313065 No match  
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Ampelisca sp. Ampelisca sp. 98.21 KX223977 Ampelisca sp. AB2 100 
Ampithoe ramondi Ampithoe ramondi 99.26 KP316300 Ampithoe ramondi 100 
Ampithoe rubricata Ampithoe rubricata 98.53 HQ987379 Ampithoe rubricata 100 
Chelicorophium 
madrasensis  

Chelicorophium 
robustum 

93.11 KM009063 No match  

Dexamine sp. Dexamine thea 97.89 KT209114 Dexamine sp. AB19 100 
Elasmopus rapax Elasmopus rapax 98.69 KX224028 Elasmopus rapax 100 
Gammaropsis 
maculata 

Gammaropsis 
maculata 

100 MG935019 Gammaropsis 
maculata 

100 

Gammarus locusta Gammarus locusta 99.35 MG935024 Gammarus locusta 100 
Grandidierella 
megnae 

Grandidierella 
chaohuensis 

92.82 KT180187 No match  

Isaea elmhirsti  Dulichiidae sp. 90.51 MN346579 No match  
Isaea montagui Dulichiidae sp. 88.87 MN346579 No match  
Isaea sp.  Dulichiidae sp. 93.29 MN346579 No match  
Leptocheirus sp. Leptocheirus pinguis 96.07 MG318679 Leptocheirus sp. 

AB5 
100 

Melita nitida Melita nitida 97.88 KF273656 Melita nitida 97.35 
Microdeutopus 
stationis  

Microdeutopus sp.  98.21 KX224078 Microdeutopus 
chelifer 

97.54 

Platorchestia 
platensis 

Platorchestia sp. 93.63 MH279725 Platorchestia 
platensis 

100 

Othomaera othonis Othomaera othonis 97.72 MG935257 No match  
Pectenogammarus 
sp. 

Pectenogammarus 
planicrurus 

92.21 MK159963 No match  

Protohyale 
honoluluensis 

Protohyale cf. 
jarrettae 

95.43 MG319374 No match  

Talorchestia 
martensii  

Talorchestia 
martensii  

98.85 KC578515 Talorchestia 
martensii 

100 

Victoriopisa 
chilkensis 

Victoriopisa 
chilkensis 

100 MK526894 No match  
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3.2.Barcode identification using reference library  

Among the various COI sequences generated, the sequences of the families viz., 

Ampeliscidae (Ampelisca sp. (Krøyer, 1842), A. scabripes (Walker, 1904)), Corophiidae 

(Chelicorophium madrasensis (Nayar, 1950), Leptocheirus sp. (Zaddach, 1844)), Aoridae 

(Grandidierella megnae (Coutière, 1904)), Talitridae (Platorchestia platensis (Krøyer, 1845), 

Talorchestia martensii (Weber, 1892)), Hyalidae (Protohyale honoluluensis (Schellenberg, 

1938)) and Isaeidae (Isaea sp. (H. Milne Edwards, 1830), I. elmhirsti (Patience, 1909) and I. 

montagui (H. Milne Edwards, 1830)) were barcoded for the first time. That is the barcodes of 

50% of species retrieved in the present study was absent in reference barcode libraries. The 

COI sequences of the family Isaeidae generated in the present study was found to be 

sequenced for first time ever as no members belonging to this family was previously found in 

GenBank library. The COI barcodes were also cross referred in BOLD library, where all the 

sequences barcoded for first time was declared as “no match” by BOLD system (Table 1).  

 

3.3.Tree based identification 

Based on the statistical significance (percentage of identity, query coverage, e-value), 

reference sequences were retrieved from GenBank for tree based identifications. Sequences 

produced for the first time did not have significant match in the database and was used as 

such without any reference sequence in the NJ tree construction (Fig. 2). All COI sequences 

produced in the present study (n=22), clustered in same branch with the reference sequences 

(n=24) (Fig. 2). Most of the branches in the NJ tree was supported by significant (>75) 

bootstrap values. The references sequences used precisely clustered with the sequences 

produced in the present study indicating the success of tree based identification.  
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Fig. 2: NJ tree was drawn using COI sequences with Kimura-2 parametric distance model. 

The sequences retrieved from GenBank was represented by “accession-number_species-

name”. Example; “MG935024_Gammarus locusta”. The sequences of the present study was 

represented with species name only. Time scale and bootstrap legends were given at the top 

left corner of the tree.  
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4. Conclusion 

The current study provides a valuable reference library especially for those species 

which were barcoded for the first time, against which marine amphipods DNA barcoded from 

different regions can be referred in near future. Since amphipods are actively used in 

environmental monitoring and DNA barcoding being universal taxonomic screening tool, 

amphipod barcodes along with its geographic and ecological data, could not only facilitate 

our knowledge on taxonomy, phylogeography, and crypticism of amphipods, but also acts as 

a potent tool for environmental monitoring and its health assessment. It should be noted that 

the DNA barcoding is evolving beyond systematic or taxonomic research. The development 

of high-throughput sequencing technologies are significantly altering environmental surveys 

and bio-monitoring applications (Fonseca et al., 2010; Hajibabaei et al., 2011; Leray et al., 

2015). As a result, reference datasets such as ours will become essential for assessing health 

and monitoring various aquatic environments using amphipod barcodes.  
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