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Abstract 

Taxonomy of Nephtheidae has largely been a challenge with the genomes of few species 

sequenced while like many octocorals looping and repetitive sequences have provided 

problems in locating the correct gene order. Long range sequencing using the MinION 

sequencing device was used to sequence the DNA of Drifa flavescens, Drifa glomerata, 

Drifa groenlandica and Duva florida. The phylogeny of octocorals often uses the gene 

mtMutS this gene was not found in the species Drifa flavescens, Drifa glomerata, Drifa 

groenlandica and Duva florida. These four species display three novel genomes in which 

Drifa groenlandica and Duva florida display the same gene order with direction of 

transcription.  

 

Introduction 

Nephtheidae, a family of cold water corals can be found in aggregations forming what is 

considered coral gardens that create habitats supporting both benthic and epibenthic fauna. 

Cold water corals are typically found within deeper regions of the marine environment 

between 200-1000m (Hebbeln et al. 2019). Due to their location the cold water corals found 

in deep water locations are vulnerable to physical disturbance by trawling of which can lead 

to removal and the stirring of sediment (Herrera et al., 2012). Soft corals have been noted as 

the largest component of bycatch, areas with frequent trawling show a lower abundance 

(Long et al., 2020). Regions of the marine environment that are biodiversity and ecosystem 

functioning hotspots but have a high level of vulnerability to disturbance and a low recovery 

potential may be listed as a Vulnerable Marine Ecosystem (VME) by the FAO (2009) 

(Ashford et al., 2019). 

 

Figure 1: Coral gardens in the Davis Strait, Greenland containing the Nephtheidae corals. Laser dots 

are 20cm apart to give an idea of scale (Long et al., 2020). 

The soft coral family, Nephtheidae (Gray 1862) are used as a VME indicator taxa and are 

found in high densities in the Davis Strait, Greenland identified as a VME in a study by Long 

et al., (2020). This area is largely dominated by species within the genera Gersemia, Duva 
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and Drifa forming cauliflower coral gardens of which is additionally seen in Iceland (Buhl-

Mortensen et al. 2019) and Canada (Devine et al. 2019).  

Nephtheidae is comprised of 20 genera and around 500 currently described species (Hu et al. 

2011). The taxonomy of Nephtheidae corals are shown to be challenging due to lack of 

morphological features. Gersemia rubiformis (Ehrenberg 1834) was originally placed in 

Nephtheidae but has been shown to display morphologically more similar to Alcyoniidae 

rather than Nephtheidae (Williams, 2013; Mcfadden and Hochberg 2003). The placement of 

Gersemia rubiformis within Alcyoniidae has been further suggested using the mtMutS and 

nad2 genes (McFadden et al. 2006). DNA barcoding will allow for molecular phylogenetics 

and further understand the evolutionary relationships between members of Nephtheidae. 

Preliminary studies using the mitochondrial genomes (Murphy 2014; Ayre 2016) suggested a 

missing mtMutS gene region in Drifa flavescens, Drifa glomerata, Drifa groenlandica and 

Duva florida. The mtMutS octocoral DNA barcode region is the most widely sequenced 

region for comparing Octocorals as is novel to this taxon (van der Ham et al. 2009). In 

contrast to the ‘universal barcode’ cox1 to show the levels of variation within the taxa. The 

mtMutS gene codes for a functional homolog of a non-eukaryotic mismatch repair protein of 

which was related to mtMutS (Brockman and McFadden 2012). Compared to other 

Anthrozoans, octocorals have slower rates of mitochondrial gene evolution of which is 

theorised to be explained by the mtMutS gene (Bilewitch and Degnan 2011). Due to this slow 

rate of evolution there is a lack of molecular markers available within Nephtheidae 

(McFadden et al. 2010).  

Whole genome sequencing (WGS) allows for analysis of more sequences, therefore 

enhancing the current understanding of evolution. WGS also gives us many more regions that 

we can compare with other taxa that might not share the same genes or gene order. DNA 

sequences are often fragmented before sequencing, and fragments are built on each other 

based on similarity, this is more reliable with longer sequences as there is a reduced chance 

of an incorrect match. Short range sequencing can be problematic as only sequencing a few 

bases at a time (150-300bp) can cause issues where a sequence contains many repeat regions. 

Long-range sequencing is an alternative approach to the short reads as allows reads of up to a 

few hundred base pairs (Lu et al. 2016) to enable us to extract the full mitochondrial genome 

to confirm the novel gene orders to avoid the issues of looping and repetitive regions (Tyler 

et al. 2018), due to the reduced risk of mismatch of sequences (Goldstein et al. 2019). 

Mitochondrial genomes of Octocorallia in a paper by Figuroa and Baco (2015) were 

suggested to have variable gene orders therefore providing difficulty with assembly from 

short reads and comparisons between taxa would be tricky. Five species of Nephtheidae have 

had their mitochondrial genome extracted (Park et al., 2012; Park et al., 2010; Kwak et al., 

2015) limiting molecular phylogenetics or revisions.  

Preliminary studies using short read sequencing were conducted by Dr Chris Yesson along 

with Kevin Hopkins using Drifa flavescens (Molander 1915), Drifa glomerata (Verrill 1869), 

Drifa groenlandica (Molander 1915) and Duva florida (Rathke 1806). In the preliminary 

study displayed looping and repetitive regions within their DNA therefore the complete 

genome could not be extracted. The preliminary study suggested these species lacked the 

mtMutS gene. The fragmented assemblies recovered indicated novel gene orders that were 

not displayed in Dendronephthya gigantea (Park et al. 2010). D. gigantea shares the same 

gene order as Dendronephthya and Scleronephthya, the ancestral octocoral mitochondrial 
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gene order (Figueroa and Baco 2014). Paraminabea aldersladei displays a novel gene order 

but does contain the mtMutS coding region although displays a mtMutS-like protein of 3kb in 

length (Brockman and McFadden 2012). Although due to the nature of short read sequencing 

this could be a result of incorrect combining of the strands of DNA of which could be 

avoided with long range sequencing. 

  

The projects aim is to provide the mitochondrial gene order for Drifa flavescens, Drifa 

glomerata, Drifa groenlandica and Duva florida using specimens collected from the Davis 

Strait and Baffin Bay in the Labrador Sea, between Greenland and Canada. Using long range 

sequencing to obtain the mitochondrial genome allowing for phylogenetic analyses. 

 

Methods 

Samples were collected from the Davis Strait within the Labrador Sea. Samples were 

collected as bycatch during routine stock assessment trawls around Greenland with the vessel 

Paamiut and species was confirmed using morphological features.   

Sample Species Year Location 

Gr24_S12 Drifa flavescens 2011 Greenland 

Gr166_S20 Drifa flavescens 2012 Greenland 

ST-572-1_S10 Drifa flavescens 2016 Iceland 

ST-129-1_S11 Drifa glomerata 2017 Nares Strait 

AB-2015-SET-019_S1 Drifa glomerata 2015 Arctic Bay 

Gr147_S18 Drifa glomerata 2012 Greenland 

Gr171_S21 Drifa groenlandica 2012 Greenland 

Gr103_S16 Drifa groenlandica 2010 Greenland 

Gr161_S19 Drifa groenlandica 2012 Greenland 

Gr58_S14 Duva florida 2009 Greenland 

All-ST-572-2_S4 Duva florida 2016 Iceland 

Table 1: Samples and species sampled including the year and location of collection. Those selected 

for the gene order to be mapped were highlighted in bold. 

The Genomic DNA of samples (Table 1) was extracted from three samples, each from the 

species; Drifa flavescens, Drifa glomerata and Drifa groenlandica and two specimens from 

Duva florida; using the Bioline© ISOLATE II Genomic DNA Kit and following the 

manufactures instructions.  

Samples were prepared for sequencing using the Ligation Sequencing Kit (Oxford Nanopore 

Technologies©) to prepare the libraries and Native Barcoding Expansion 1-12(Oxford 

Nanopore Technologies©) to index the libraries. The quantity of DNA extracted was 

frequently assessed through the production of the DNA sequence libraries using a Qubit 2.0 

Fluorometer. The samples were sequenced using the using a MK 1 R9 Spot on Flow Cell 

(Oxford Nanopore Technologies©) on a MinION MK1B sequencing device. Samples were 

processed through MinKnow (Oxford Nanopore Technologies©) for slow base calling. 
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Species Accession code 

Dendronephthya castanea (Utinomi, 1952) GU047877 (Park et al. 2012) 

Dendronephthya gigantea  NC_013573 (Park et al. 2010) 

Dendronephthya mollis (Holm, 1895) HQ694725 (Park et al. 2012) 

Dendronephthya puetteri (Kukenthal, 1905) JQ886185 (Kwak et al. 2015) 

Dendronephthya suensoni (Holm, 1895) JQ290079 (Kwak et al. 2015) 

Dendronephthya suensoni (Holm, 1895) GU047878 (Park et al. 2012) 

Eugorgia mutabilis (Williams & Guzman, 2013) KY559405 (Poliseno et al. 2017) 

Euplexaura crassa (Kukenthal, 1908) HQ694728 (Park et al. 2012) 

Junceella fragilis (Ridley, 1884) KJ541509 (Wu et al. 2014) 

Leptogorgia alba (Duchassaing &Michelotti, 1864) KY559406 (Poliseno et al. 2017) 

Leptogorgia sarmentosa (Esper, 1789) KY559411 (Poliseno et al. 2017) 

Protoptilum carpenterii (Kolliker, 1872) NC_044089 (Hogan et al. 2019) 

Sinularia ceramensis (Verseveldt, 1977) NC_044122 (Chen et al, 2019) 

Table 2: Octocoral genomes and their accession codes used to provide reference genes. 

The DNA sequences were processed using Geneious© (Kearse et al., 2012) first by mapping 

the long reads to a preliminary sequence (Murphy 2014; Ayre 2016) for each species.  

One sample for each species that showed the largest mean coverage across the preliminary 

sequences were selected (Table 1). The long sequences were mapped to the seed sequences 

previously produced in the preliminary experiments (Murphy 2014; Ayre 2016) suggested for 

each species, before the lengthened sequences were mapped to the short sequences to ‘polish’ 

the sequences on Geneious© (Kearse et al., 2012). This was completed until extension of the 

genome was no longer possible (Lannoy et al., 2017). Genes were located by applying 

annotations using already known genomes of octocorals (Table 2) based on similar 

sequences, this meant the gene order could be seen.  

The assembled mitochondrial sequences were processed through the DNA Walker setting 

within the programme, GraphDNA (Thomas et al. 2007) to locate regions where there had 

been changes in the AT/CG composition, therefore. 

A phylogenetic tree was produced using the assembled mitochondrial sequences and four 

reference samples from Nephtheidae, Dendronephthya castanea, Dendronephthya mollis, 

Dendronephthya putteri and Dendronephthya suensoni (Table 2) using MegaX (Molecular 

Evolutionary Genetics Analysis) (Kumar et al. 2018). Sinularia ceramensis was included in 

the phylogenetic assessment as the outgroup as a member of the family Alcyoniidae. The 

DNA sequences used from the species were from the genes cox1 to cob as consistently 

arranged in the same order throughout the mitogenomes therefore the simplest dataset 

alignment. Sequences were then aligned using the ClustalW (Higgins et al. 1994) system. The 

sequence lengths used was 2751 base pairs. The Maximum parsimony method was used to 

produce a phylogenetic tree, the bootstrap test to 500 replicates was used to look at the 

support for the nodes and the tree was obtained using the Subtree-Pruning-Regrafting 
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algorithm. The average pathway method was used to calculate the branch lengths (Nei and 

Kumar 2000). 

 

Results 

15 complete genes were found from the mitochondrial genomes of the four Nephtheidae 

species (Table 2) was extracted from the samples that were mapped.  

Species Sample Length (bp) Mean Coverage Minimum Coverage 

Drifa flavescens Gr24_S12 26,648 86.6 10 

Drifa glomerata ST-129-1_S11 17,847 24.9 4 

Drifa groenlandica Gr161_S19 21,055 51.4 17 

Duva florida 8773-1_S8 20,698 15.1 1 

Table 3: The length in base pairs and mean coverage of samples Gr24_S12 (Drifa flavescens), ST-
129_S11 (Drifa glomerata), Gr161_S19 (Drifa groenlandica) and 8773-1_S8 (Duva florida). 

There is shown to be a range of lengths to obtain the full gene order and the coverage varied 

between species, Drifa glomerata displayed the largest coverage although displayed the 

shortest sequence length (Table 3). Drifa flavescens is shown to be the longest sequence 

although the mean coverage was not high (Table 3).   

 

Figure 2: The order of genes within the mitochondrial genomes of Drifa flavescens, Drifa glomerata, 
Drifa groenlandica, Duva florida and Dendronephthya. Colours coordinate to region where there has 
been a change in AT/GC composition (Fig 3). Arrows indicate the direction of transcription. Space 
referring to where there was a gap in the gene order. The Dendronephthya gene order was obtained 
from Park et al. (2012).  

The four sequences contained the same genes (Fig 2). Three different gene orders were 

produced. Drifa groenlandica and Duva florida share the same gene order. Drifa flavescens 

and Drifa glomerata show a reversed gene order between cob and cox2 in comparison to 

Drifa groenlandica and Duva florida. Drifa flavescens displays a reversed gene order 

between nad4L and trnM compared to Drifa glomerata (Fig 2). Neither Duva florida, Drifa 

flavescens, Drifa glomerata and Drifa groenlandica display the same gene order as 

Dendronephthya (Fig 2). 

The direction of transcription is shown to be the same for Drifa groenlandica and Duva 

florida, containing four different directions of transcription. There is a change in direction of 

transcription between trnM and the gap in the DNA sequence, between rns and nad4, between 

nad4 and nad4L and finally, a change in direction of transcription between cox1 and cox2 

(Fig 2).  
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Drifa flavescens and Drifa glomerata both display two directions of transcription between 

genes. There is a change in direction between transcribing away towards nad4L and nad4 in 

Drifa flavescens and; both transcribing towards nad4 and trnM in Drifa glomerata (Fig 2). 

mtMutS is not shown to be expressed in either of the four species, in addition there is 

suggested to be a lack of the atp8 gene, a mitochondrial gene that encodes for ATP synthase 

(Fig 2). The possible location of the missing mtMutS region in Drifa groenlandica and Duva 

florida between trnM and nad5 in which the space in the DNA sequence (Fig 2) is around 

1,123 base pairs long with an open read frame within of 891-591. In Drifa flavescens and 

Drifa glomerata there is a space in the DNA between nad6 to nad3 with two possible open 

read frames at around 1,021bp in Drifa glomerata and 2,711bp in Drifa flavescens with a 

possible open read frame. 

 

Figure 3: The A-T in comparison to G-C composition of mitochondrial DNA the Neptheidae species 

Drifa groenlandica, Drifa glomerata, Drifa flavescens and Drifa florida using the setting DNAWalker 

on the programme Graph DNA (Thomas et al. 2007). 

Drifa groenlandica and Duva florida display the same gene order, direction of transcription 

(Fig 2) and the GC/AT composition is shown to be very similar throughout the genome 

sequence (Fig3). Drifa glomerata and Drifa flavescens displays the same gene order from 

cox1 to cob where it changes until trnM to cox2 (Fig 2), the GC/AT composition between the 

two species is vastly different throughout the DNA sequence (Fig 3). 

Regions of the DNA sequence where the AT/GC composition changes is displayed where the 

cox2 gene ends, or before the beginning of atp6 in Drifa glomerata and Drifa flavescens and; 

nad6 Drifa groenlandica and Duva florida (Fig 3) these regions are where there is a reversal 

in gene order between the pairs of species (Fig 2). The GC/AT composition around cox2 is 

different between the four species. atp6 in Drifa groenlandica and Duva florida are close in 

composition and are located close to areas where there is a change in composition.  
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nad4L and trnM in Drifa flavescens and Drifa glomerata is shown to have a very different 

GC/AT composition (Fig3) between these two genes is where there is a reversal in the gene 

order between the two species (Fig 2). 

Changes in direction of transcription does occur in some regions where there is a large 

change in CG/AT composition (Fig 3) such as between nad4 and nad4L and; between trnM 

and a gap in the gene order in Drifa groenlandica and Duva florida. This is also shown nad4 

and nad4L in Drifa flavescens and between trnM and nad4 in Drifa glomerata (Fig 2). 

 

 

Figure 4: Phylogenetic tree using the Maximum Parsimony method, using bootstrapping at 500 

replicates shown at each node and the subtree-pruning-self grafting method (Nei and Kumar, 2000). 

Sinularia ceramensis was selected as the outgroup as a member of the family Alcyoniidae. The 

phylogenetic tree was produced by MegaX (Molecular Evolutionary Genetics Analysis) (Kumar et al. 

2018). 

The phylogenetic tree shows a high support for the topography given, with the exclusion of 

the node for Dendronephthya mollis and Dendronephthya suesoni. Duva florida and Drifa 

groenlandica are suggested to be sister taxa (Fig 4) that correlates with the same gene order 

and order of transcription shown in Figure 2. Drifa is shown to be paraphyletic due to the 

nesting of Duva florida within Drifa. Dendronephthya is shown to be monophyletic in the 

results, and a separate branch with high support to the other taxa of Nephtheidae. The branch 

lengths between the species of Dendronephthya is suggested to be relatively short in 

comparison to Drifa and Duva florida (Fig 4). 

 

Discussion 

Using the long range sequencing we were able to obtain all the known genes from the 

genomes of Drifa flavescens, Drifa glomerata, Drifa groenlandica and Duva florida 

excluding mtMutS and atp8 (Fig 2) this would have been expected from the preliminary 

studies (Murphy 2014; Ayre 2016). There are large gaps listed as space on Figure 2 in the 

gene order in all four species although between nad6 and nad3 in Drifa glomerata and Drifa 

flavescens while between Drifa groenlandica and Duva florida the space is shown between 

trnM and nad5, seeing as the space in the DNA sequence although does occur with an open 

read frame that does not match with any sequences on the NCBI Database. This area does not 

correlate with mtMutS in Dendronephthya (Fig 2), order of transcription (Fig 2) or a change 

in GC/AT composition (Fig 2/3) so it is unlikely mtMutS is present there. 

Alcyoniidae 

Nephtheidae 



10 
 

Duva florida and Drifa groenlandica are shown to be most closely related in both the gene 

order, transcription directions and phylogenetics (Fig 2; Fig 4). Drifa flavescens has been 

synonymised with Drifa glomerata according to the World Register of Marine Species 

(2020), due to the difference in gene order (Fig 2) suggests otherwise, therefore proposing the 

resurrection of Drifa flavescens that is also supported by morphological data (Jensen, 

2003)This suggests that Drifa is paraphyletic containing Duva florida within although other 

species within the genus Duva have not been assessed. This is reflected in the gene order in 

which Duva florida and Drifa groenlandica have the same gene order and direction of 

transcription (Fig 2). Due to the similarity of Duva florida and Drifa groenlandica (Fig 2) it 

could suggest the possibility of a revision of the taxonomy of both species, with the use of 

multiple species from either genus. 

Drifa flavescens, Drifa glomerata, Drifa groenlandica and Duva florida show a novel gene 

order (Fig 2) with three different gene orders that are not shown in other taxa elsewhere in the 

literature (Figueroa and Baco 2015; Park et al. 2010; Figueroa et al. 2015). Drifa glomerata is 

shown to be closest to the ancestral gene order while Drifa glomerata and Drifa flavescens 

display the ancestral order of transcription (Figueroa et al. 2015). The novel gene orders 

within Duva florida, Drifa flavescens, Drifa glomerata and Drifa groenlandica could 

improve the knowledge of the evolution of Nephtheidae and infer a basal species. The long 

branch lengths for the branch containing Drifa groenlandica and Duva florida and; the 

branches containing Drifa glomerata and Drifa flavescens (Fig 4) suggests that there is a 

higher level of genetic variability from each other and Dendronephthya. The short branch 

lengths between Drifa groenlandica and Duva florida (Fig 4) suggests lower genetic 

variability between the two species (Herrera et al. 2012). If more species of both Duva and 

Drifa were sequenced, then a more detailed phylogenetic tree can be built and increase the 

reliability of the phylogeny. Using nuclear genomes might help improve clarity of the 

phylogeny and could comparison to the mitochondrial genomes would allow for increased 

understanding and reliability.  

By studying the four species of Nephtheidae it has allowed for further knowledge of the gene 

orders within the mitochondria of the family along with providing hints to their evolution and 

where changes possibly occurred. The mitochondrial genomes of octocorals have provided a 

challenge due to their repetitive regions and looping (Hogan et al. 2019) but using long range 

sequencing might have helped reduce these challenges.  

 

Bibliography 

Ashford, O. S., Kenny, A. J., Frojan, R. S. B., Downie, A., Horton, T. and Rogers A. 2019. 

On the Influence of Vulnerable Marine Ecosystem Habitats on Peracarid Crustacean 

Assemblages in the Northwest Atlantic Fisheries Organisation Regulatory Area. Frontiers in 

Marine Science, 6(401). 

Ayre, J. 2016. Can we see the genetic fingerprint of fishing impact on the cold water corals of 

Western Greenland. MSci thesis. University College London, London. 

Bilewitch, J. P. and Degnan, S. M. 2011. A Unique Horizontal Gene Transfer Event Has 

Provided the Octocoral Mitochondrial Genome with an Active Mismatch Repair Gene that 

has Potential for an Unusual Self-contained Function, BMC Evolutionary Biology, 11(228). 



11 
 

Brockman, S. A. and McFadden, C. S. 2012. The Mitochondrial Genome of Paraminabea 

aldersladei (Cnidaria: Anthrozoa: Octocorallia) Supports Intramolecular Recombination as 

the Primary Mechanism of Gene Rearrangement in Octocoral Mitochondrial Genomes. 

Genome Biology and Evolution, 4(9):882-894. 

Buhl-Mortensen, L., Burgos, J. M., Steingrund, P., Buhl-Mortensenm P., Olafsdottir, S. H. 

and Ragnarsson, S. A. 2019. Vulnerable Marine Ecosystems (VMEs): Coral and Sponge 

VMEs in Arctic and sub-Arctic waters-Distribution and threats. Nordic Council of Ministers. 

Chen, Y., Dan, Y., Lu, H., Wang, P., Asem, A. and Li, W. 2019. The complete mitochondrial 

genome of Sinularia maxima Verseveldt, 1971 (Octocorallia: Alcyonacea) using next-

generation sequencing. Mitochondrial DNA Part B. 4(2):3425-3426. 

Devine, B. M., Wheeland, L. J., Neves, B. M. and Fisher, J. A. D. 2019. Baited Remote 

Underwater Video Estimates of Benethic Fish and Invertebrate Diversity within the Eastern 

Canadian Arctic. Polar Biology. 42(7):1232-1341. 

Figueroa, D. F. and Baco, A. R. 2014. Octocoral Mitochondrial Genomes provide Insights 

into the Phylogenetic History of Gene order Rearrangements, Order Reversals, and Cnidarian 

Phylogenetics. Genome Biology and Evolution, 7(1):391-409. 

Cordeiro, R., McFadden, C., Van Ofwegen, L. and Williams, G. 2019. World List of 

Octocorallia. Drifa flavescens (Molander, 1915). Accessed through: World Register of 

Marine Species at: http://www.marinespecies.org/aphia.php?p=taxdetails&id=517875 on 

2019-12-02. 

Goldstein, S., Beka, L., Graf, J. and Klassen, J. L. 2019. Evaluation of strategies for the 

assembly of diverse bacterial genomes using MinION long-read sequencing. BMC Genomics, 

20(23).  

Hebbeln, D., Portilho-Ramos, R. C., Wienberg, C. and Titschack. 2019. The Fate of Cold-

Water Corals in a Changing World: A Geological Perspective. Frontiers in Marine Science, 

6(119). 

Herrera, S., Shank, T. M. and Sanchez, J. A. 2012. Spatial and temporal patterns of genetic 

variation in the widespread antitropical deep-sea coral Paragorgia arborea. Molecular 

Ecology, 221:6053-6067. 

Higgins D., Thompson J., Gibson T. Thompson J. D., Higgins D. G., Gibson T. J. 1994. 

CLUSTAL W: improving the sensitivity of progressive multiple sequence alignment through 

sequence weighting, position-specific gap penalties and weight matrix choice. 

Nucleic Acids Res, 22:4673-4680.  

Hogan, R. I., Hopkins, K., Wheeler, A. J., Allcock, A. L. and Yesson, C. 2019. Novel 

diversity in mitochondrial genomes of deep-sea Pennatulacea (Cnidaria: Anthrozoa: 

Octocorallia). Mitochondrial DNA Part A, 30(6):764-777. 

Hu, J., Yang, B., Lin, X., Zhou, X., Yang, X., Long, L. and Liu, Y. 2011. Chemical and 

Biological Studies of Soft Corals of the Nephtheidae Family. Chemistry & Biodiversity, 

8(6):1011-1032. 



12 
 

International guidelines for the management of deep-sea fisheries in the high seas. 2009. 

Roma: FAO. 

Jensen, M. T. 2003. A revision of the northern genera and species of Nephtheidae 

(Alcyonacea: Octocorallia: Anthrozoa). MSc Thesis. University of Copenhagen, 

Copenhagen.  

Kearse, M., Moir, R., Wilson, A., Stones-Havas, S., Cheung, M., Sturrock, S., Buxton, S., 

Cooper, A., Markowitz, S., Duran, C., Thierer, T., Ashton, B., Meintjes, P. and Drummond, 

A. 2012. Geneious Basic: An integrated and extendable desktop software platform for the 

organization and analysis of sequence data. Bioinformatics, 28(12):1647-1649. 

Kumar, S., Stecher, G., Li, M., Knyaz, C. and Tamura, K. 2018. MEGA X: Molecular 

Evolutionary Genetics Analysis across Computing Platforms. Molecular Biology and 

Evolution, 35(6):1547-1549. 

Kwak, H. S., Choi, E. H., Jang, K. H., Ryu, S. H., Kim, Y. S. and Hwang, U. W. 2015. 

Complete mitochondrial genome of Dendronephthya putteri (Octocorallia, Alcyonacea) and 

useful candidate for developing DNA barcode markers of Dendronephthya species. 

Mitochondrial DNA, 26(4):627-628. 

Lannoy, C., Ridder, D. and Risse, J. 2017. The long reads ahead: de novo genome assembly 

using the MinION. F1000Research. 6(1083) 

Lee, Y. J. and Song, J. I. 2000. Phylogenetic analysis of the genus Dendronephthya 

(Nephtheidae, Alcyonacea) based on internal transcribed spacer sequences of nuclear rDNA. 

Korean Journal of Biological Sciences, 4:319-324. 

Long, S., Sparrow-Scinocca, B., Blicher, M. E., Arboe, N. H., Fuhrmann, M., Kemp, K. M., 

Nygaard, R., Zinglersen, K. and Yesson, C. 2020. Identification of a soft coral garden 

candidate vulnerable marine ecosystem (VME) using imagaery, Davis Strait, West 

Greenland, Frontiers. 

Lu, H., Giordano, F. and Ning, Z. (2016). Oxford Nanopore MinION Sequencing and 

Genome Assembly. Genomics, Proteomics & Bioinformatics. 14(5):265-279. 

McFadden, C. S., Sanchez, J. A. and France, S. C. 2010. Molecular Phylogenetic Insights 

into the Evolution of Octocorallia: A Review. Integrative and Comparative Biology, 

50(3):389-410. 

Murphy, L. 2014. The use of molecular markers in taxonomic classifications of the cold-

water corals of West Greenland, and their role in detecting a genetic fingerprint of fishing 

impact. MSc thesis, Imperial College London, London.  

Park, E., Hwang, D. S., Lee, J. S., Song, J. I., Seo, T. K. and Won, Y. J. 2012. Estimation of 

divergence times in cnidarian evolution based on mitochondrial protein-coding genes and the 

fossil record. Molecular Phylogenetics and Evolution, 62(1):329-345. 

Park, E., Kim, B. and Won, Y. 2010. The Complete Mitochondrial Genome of 

Dendronephthya Gigantea (Anthrozoa:Octocorallia:Nephtheidae). The Korean Society of 

Systematic Zoology, 26(3):197-201. 



13 
 

Poliseno, A., Feregrino, C., Sartoretto, S., Aurelle, D., Worheide, G., McFadden, C. S. and 

Vargas, S. 2017. Comparative mitogenomics, phylogeny and evolutionary history 

of Leptogorgia (Gorgoniidae). Molecular Phylogenetics and Evolution, 115(2017):181-189. 

Thomas, J. M., Horspool, D., Brown, G., Tcherepanov, V. & Upton, C. 2007. GraphDNA: A 

Java program for graphical display of DNA composition analyses. BMC Bioinformatics. 8:1–

8. 

Tyler, A. D., Mataseje, L., Urfano, C. J., Schmidt, L., Antonation, K. S., Mulvey, M. R. and 

Corbett, C. R. 2018. Evaluation of Oxford Nanopore’s MinION Sequencing Device for 

Microbial Whole Genome Sequencing Applications. Scientific Reports, 8(10931) 

van der Ham, J. L., Brugler, M. R. and France, S. C. 2009. Exploring the utility of an indel-

rich mitochondrial intergenic region as a molecular barcode for bamboo corals 

(Ocotocorallia:Isididae), Marine Genomics, 2(3-4):183-192. 

Williams, G. C. 2013. New Taxa and Revisionary Systematics of Alcyonacean octocorals 

from the Pacific Coast of North America (Cnidaria, Anthrozoa). Zookeys. 283(283):15-42 

Wu, J., Ju, Y., Hsiao, S. and Hsu, C. 2014. Complete mitochondrial genome of Junceella 

fragilis (Gorgonacea, Ellisellidae). Mitochondrial DNA Part A. 27(2):1229-1230. 

 

 


