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Sammanfattning 

Genom att extrahera, amplifiera och sekvensera DNA från ben av trollsländearten 

Leucorrhinia dubia ämnar jag få en inblick i hur arter invandrat till Skandinavien sedan den 

senaste istiden och en mindre inblick i den genetiska variationen av arten i Skandinavien. För 

detta valdes en mitokondrisk gen (cytochrome c oxidase subunit I, COI) och en nukleär (28s 

ribosomal RNA subunit D7). Totalt blev det 112 sekvenser (55 av COI genen och 57 för D7 

genen) från 10 olika populationer i Sverige, Norge och Finland som delade upp sig i två 

separata klader med lite variation mellan individerna i de fylogenetiska träden. Utseendet på 

träden skulle kunna tyda på att L. dubia invandrat till Skandinavien flera gånger och kanske 

till och med från flera refuger, en i söder i Centraleuropa och en i öster i närheten av 

Kaukasus. Trädens utseende tyder även på att arten egentligen är flera, kanske kryptiska arter.  

 

Introduction 

During the last glaciation that ended approximately 12 000 years ago (Groom et al. 2006), 

parts of Europe became inhospitable to several species. Some of those species could seek 

refuge in so called refugia (Bernard et al. 2011; Kalkman et al. 2008). A refugium is an area 

where the climate is better suited, for example warmer, more moist and constant in addition to 

the surrounding glacier (Leonard 2013). In Europe most distributional barriers, such as 

mountains and the Baltic Sea, are set in a latitudinal direction (GLA Kartor AB 1992; 

Kalkman et al. 2008) while in America they are set longitudinally, which makes it harder for 

European species to expand in a north-south direction than for American. Less gene flow 

between northern and southern populations could result in speciation and therefore studies of 

the genetic variation between several populations of a species could reveal clues to its 

dispersal history and northward colonization following the last glaciation.  

By looking at species evolutionary history we can find clues as to how species might react to 

future climate change. When a species goes through a bottleneck and only a minor fraction of 

the whole population survives, for example in a refugium during an ice age, it may result in 

loss of genetic variation (Kalkman et al. 2008). A species that is less variable genetically 

could be more sensitive to the stress climate change might apply to it. During climate 

warming many species are expanding their range northward, meaning that southern species 

could be imposing on the distribution ranges of northern species (Flenner & Sahlén 2008; 

Kalkman et al. 2008; Parmesan 2006). Suhling & Suhling (2013) found that the dragonfly 

Leucorrhinia dubia was negatively affected by the presence of the more southern 

Crocothemis erythraea during its development ex situ but the pattern for how species react to 

new species is unclear (Flenner & Sahlén 2008). When a species range shifts northward, 

sometimes it means it is expanding its range (when the southern border of its distribution does 

not shift) but it can also mean that the southern border of the distribution moves northward as 

well (Parmesan 2006), shifting the whole distribution further north. Some species (usually 

those that prefer colder climate and higher altitudes) do not have the possibility to move their 

northern distribution border northward and can only move the southern, resulting in the 

distribution range decreasing (Parmesan 2006) and maybe even extinction of the species or 

population (Flenner & Sahlén 2008).   
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Dragonflies (Odonata) are considered to be model organisms in many fields of research and 

are often used as indicators for environmental and conservation studies (Dijkstra & Kalkman 

2012; Froufe et al. 2014; Kalkman et al. 2008). It is therefore also one of the insect groups 

with the most resolved taxonomy and distribution (Kalkman et al. 2008) but there is still more 

research to be done. The family Libellulidae, which make up a big part of Anisoptera, has 

been well studied but there are still some ambiguities (Dijkstra & Kalkman 2012; Ware et al. 

2007). A very common and well spread family of Libellulidae is the Holarctic genus 

Leucorrhinia that can be found in Eurasia (IUCN 2014) and North America (Bright & 

O’Brien 1999). It consists of 15 species (Paulson & Schorr 2015) out of which Leucorrhinia 

dubia was chosen for this study due to it being highly common, has a wide distribution in 

Europe (south to north) and it being easy to find good collection sites because of its strong 

association to acid water and Sphagnum moss (Silsby 2001).  

According to Sahlén (2006, pp. 262-268) the populations of Leucorrhinia dubia in the south-

west of its range (in France and around the Alps) are relict and Göran Sahlén (pers. comm) 

also said the species survived the last glaciation in a refugium near the Caucasus region. A 

molecular phylogeny could show if the species recolonized northern Europe as one 

continuous wave following the retreating ice or in several bursts, perhaps from more than one 

refugium. If a limited number of individuals of came from just one refugium the extant 

population today should show little genetic variation (Bernard et al. 2011), while if there is a 

greater and more segmented variation it could mean that recolonization might have happened 

several times and maybe from several refugia (Besold et al. 2008). Even though L. dubia is a 

specialist (preferring to reproduce in habitats with Sphagnum), which usually means it has a 

small distributional range, many species of the Libellulidae show great migratory capacity and 

L. dubia is well distributed over several continents (Kalkman et al. 2008).  

By sequencing and analyzing parts of the DNA from specimens of Leucorrhinia dubia from 

several populations in Scandinavia along a north-south gradient, this study expects to find out 

how the species colonized Scandinavia after the last ice age. Also the genetic variation of this 

species and therefore the extent of the gene flow between the populations in this study should 

become more clear. 

 

Material and Methods 

A total of 205 larvae of the species Leucorrhinia dubia were collected by myself (and 

supplied by Göran Sahlén and Jessica Ware) from 18 different locations in Sweden, Finland 

and Norway between May and November in 2014. A standard student’s water net was used in 

or around the Sphagnum in the water within one meter from land, the larvae were determined 

to species in the field by three dark longitudal lines underneath the abdomen (Fig. 1), out of 

which the outer ones are broken up by an incision on each segment (Norling & Sahlén 1997, 

p. 50 and 53) and then put in 95% alcohol. Some populations were extracted at Ware lab, 

Rutgers University, New Jersey, USA and the rest were extracted at Halmstad University, 

Halmstad, Sweden. 
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Figure 1 The three dark longitudal lines on the ventral side of the larvae’s abdomen. The arrow is pointing out 

one of the incisions. 

 

DNA-extraction 

For the populations extracted in Sweden, salt-extraction (Laird et al. 1991) were used. One to 

three legs (more legs for smaller specimen) were first chopped up into smaller pieces with a 

scalpel and then put in 1,5 ml Eppendorf tubes with 100 μl of lysis buffer. Then 5 μl 

proteinase K was added and the mixture vortexed gently. It was incubated overnight at 56°C 

and in the morning it was vortexed again and then spun in a centrifuge for 10 min. The 

supernatant (the liquid phase) was pipetted into new 1,5 ml Eppendorf tubes with 10 μl NaAc 

(3M), 95% ethanol added, mixed by inverting the tubes until the mixture seemed milky and 

finally put in -20°C or ≥1 h. After that it was spun again in the centrifuge for 10 min so that a 

pellet could form. The ethanol was poured out, 100 μl 70% ethanol added and the tubes again 

centrifuged but for 5 min. Then the ethanol was poured out and the tubes left open to dry. 

When dry, the pellet was solved in 30 μl 1xTE buffer and stored at 4°C.  

In USA, the DNA was extracted using QIAGEN’s DNeasy Blood & Tissue Kit according to 

protocol. This included the use of spin columns, a sort of tube with a silica-membrane to 

which the DNA can bind while contaminants pass through (QIAGEN 2013-2015).  

One to three whole legs (again depending on the size of the specimen) were put into 1,5 ml 

microcentrifuge tubes together with 180 μl Buffer ATL and 20 μl proteinase K were added. 

The tubes were vortexed and then incubated at 56°C for 1-3 h. After that they were vortexed 

again for 15 seconds, 200 μl Buffer AL was added and they were mixed again by vortexing. 

200 μl 96-100% ethanol were added and it was vortexed again. Mini spin columns were put 

into 2 ml collection tubes, the liquid mixture was pipetted into the mini columns (leaving the 

legs) and then centrifuged through the membrane for 1 min. The spin columns were then 

moved into new collection tubes, 500 μl Buffer AW1 added and centrifuged again for 1 min. 
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Again the spin columns were moved to new collection tubes, this time 500 μl of Buffer AW2 

added and then centrifuged for 3 min. Once more the spin columns were moved to new 

collection tubes but then 200 μl of Buffer AE was added and after 1 min the samples were 

centrifuged for 1 min. 

 

Genes 

Since it is common practice to use the mitochondrial cytochrome c oxidase subunit I (COI) 

gene for genetic studies (Bernard et al. 2011; Froufe et al. 2014; Ware, Johansson & Sahlén 

2016; Ware et al. 2012), the use of this gene was given. It is also a good idea to use more than 

one gene to make sure that the results aren’t limited to one gene, so a nuclear gene was chosen 

to complement the mitochondrial one. The nuclear region D7 of the 28s ribosomal RNA 

subunit (D7) gene is not as variable as COI but it is easier to amplify and shows what 

organism group’s DNA was extracted (Jessica Ware, pers. comm). The same DNA template 

(extracted DNA) was used for the amplification of both genes but the amplification process 

was different for the two genes and therefore it was possible to know that it was the 

amplification and not the extraction that was faulty if the amplification of COI should fail and 

the D7 succeed.  

 

Amplification 

To multiply our extracted DNA we amplified it using polymerase chain reaction (PCR). For 

COI, the primer pair (one for each direction of the DNA, Fig. 2) COIfs (5’-

TAATTGGAGGATTTGGAAATTG-3’) and COIr (5’-

CCYGGTARAATTARAATRTARACTTC-3’) were used and for D7, primers D7up (5’-

CGSGCGACGAGTAGGAGGG-3’) and D7da (5’-CTTCAGAGCCAATCCTTAT-3’) were 

used.  

 

 

Figure 2 The primer pair together copies each one strand of the same region of the DNA that can later be put 

together to a consensus sequence or contig. 

 

The recipe for PCR reaction was originally 12,5 μl Mastermix, 4,5 μl ddH2O (purified water), 

1,5 μl of each primer and 5 μl DNA template but for some of the samples that had higher 
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concentration of DNA we had to use less DNA template and consequently more ddH2O (2 or 

4 μl DNA template and 7,5 or 5,5 μl ddH2O) to make up a 25 μl mix. 

For COI the PCR cycle started with denaturation at 94°C for 1 min followed by 15 cycles of 

94°C for 30 s, 47°C for 45 s and 72°C for 45 s after which 20 cycles of 94°C for 30 s, 50°C 

for 45 s and 72°C for 45 s followed and finally 72°C for 5 min concluded the cycle. 

The PCR cycle for D7 started with 94°C for 2 min followed by 15 cycles of 94°C for 30s, 

55°C for 30s and 72°C for 30s and then 20 cycles of 94°C for 30s, 57,5°C for 30s and 72°C 

for 30s concluded by 72°C for 10min. 

To test if the amplification worked, the PCR products were put through a gel electrophoresis 

and then the gel was visualized on a UV-lamp (Fig. 3). If there was a band it meant there was 

DNA in the sample.  

 

 

Figure 3 An example of how a gel electrophoresis gel might look on the UV-lamp. On the edges there are 

ladders (black arrows) for comparison with the bands to determine their concentration. This gel shows 13 clear 

bands (white arrows) with good DNA concentration and one weak band (grey arrow) of a sample with less DNA 

concentration.  

 

Those PCR products that contained DNA were sent to Macrogen (NYC, NY, USA) for 

sequencing together with used primers (Macrogen Corp. is a company which runs several 

sequencing facilities in USA where PCR products, plasmids etc. can be sent for sequencing).   

 

Analysis 

The forward and reverse sequences were assembled in Sequencher (Gene Codes Corporation 

2015) to create one consensus sequence or contig, comprised of the overlapping sequences 

from the two strands for each larvae. Mesquite v3.03 (Maddison and Maddison 2015) was 

used to revers some sequences so that they were all in the same direction and manually trim 

and correct alignment of sequences when needed. Clustal X (Thompson et al. 2010) was used 

to align the sequences. To calculate maximum-likelihood, GARLI (Zwickl 2011) was run 

with 1000 bootstrap replicates and then a graphic consensus tree were produced in FigTree 

v1.4.2 (Available at: http://tree.bio.ed.ac.uk/software/figtree/).  To make the trees easier to 

read they were redrawn in Paint v6.1 (Microsoft Corporation 2009) 

All available sequences of Leucorrhinia sp. for the two chosen genes (COI and D7) were 

added from GenBank. Celithemis elisa and Sympetrum janeae were chosen for outgroups and 

three corresponding sequences from each species were also retrieved from GenBank for each 

gene. An outgroup could be defined as additional sequences that show the relationship 
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between the ingroup sequences, which in this case was represented by Leucorrhinia sp., that 

are more related to each other than to the outgroup (The University of California Museum of 

Paleontology 2016). 

 

Results 

Extraction, amplification and sequencing led to a total of 112 sequences (55 of the COI gene 

and 57 of the D7 gene) from 10 different populations (Appendix 1) that could be used and 

were named into randomly chosen letters (Table 1). Population A, B, I, P, Q, R and J1-10 

were extracted in Halmstad, Sweden while population K, L, M and J22-32 were extracted in 

Newark, USA. 

 

Table 1 Population code, location, number of specimens and date of collection. One specimen of population A 

was only sequenced for COI and population Q was only sequenced for D7 

Population-

“code” 

Coordinates Approximate location Number of 

sequences 

Collection 

date 

A N 56.779000, 

E 12.878000 
East of Kvibille 3 (+1 for COI) Oct 2014 

B N 56.636800, 

E 13.315538 

Mästocka skjutfält, Laholm 8 Nov 2014 

I N 56.41885, 

E 13.43145 

Store Sjö, Skåne 2 May 2014 

J N 68.45100, 

E 21.05000 

(N 68.44805, 

E 21.06300) 

Pulsujärvi, Kiruna 10+9 Sep 2014 

K N 69.779699, 

E 30.816981 

Grense Jacobselv, 

Russia/Norway border 

3 Sep 2014 

L N 69.145000, 

E 27.789167 
Kontionojansuu, Finland 7 Sep 2014 

M N 67.879444, 

E 25.328333 
Vuomajärvi, Finland 1 Sep 2014 

P N 58.67343, 

E 11.42165 

Huds Moar, Bohuslän 6 May 2014 

Q N 58.25386, 

E 11.97148 

Vassbo, Uddevalla 3 (only D7) May 2014 

R N 58.160782, 

E 12.037780 

NW of Hasteröd, Lilla Edet 5 May 2014 

 

The sequences for COI was 462-502 base pairs long and for D7 614-632 base pairs long. 

Additionally 15 Leucorrhinia sp. sequences of 237-451 base pairs were found on Genbank for 

COI and four sequences of 504-631 base pairs for D7. As outgroups for COI one 502 base 

pairs long sequence of C. elisa was found and three S. janeae sequences of 347 base pairs. For 
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D7 outgroup sequences, three C. elisa sequences of 580-631 base pairs and two S. janeae of 

580-628 base pairs were found. All GenBank sequences’ IDs are shown in Table 2. 

 

Table 2 Sequences downloaded from GenBank from the two genes, their ID and origin if known. 

 

Analysis of the sequences gave two trees, one for each gene, and are shown in Appendix 2 

and 3. Both the COI and D7 trees were rooted with C. elisa and shows a division into two 

groups with most of the populations (R, K, L, M and Q) in one group (β and γ), the second 

most southern ones (A and B) in the other (α and δ+ε) and population P and J appearing in 

both.  

In the COI tree, population I is situated between the root (C. elisa) and the S. janeae. One L. 

pectoralis is branching out from the β group, one of the L. dubia from GenBank appears in 

the α group and the groups are divided by L. intermedia. The rest of the L. dubia sequences 

from GenBank (that originated from Japan) are grouped together separately from the 

extracted sequences and set apart from S. janeae by one L. glacialis and a cluster of L. intacta.  

The D7 tree shows population I and S. janeae branching out from the ε group which is 

separated from the δ by L. pectoralis. One L. sp separates the δ group from the γ clade out of 

which L. glacialis, L3, K19, L2 and J5 are branching out.  

 

 

Gene Species GenBank ID Origin 

COI Leucorrhinia dubia AB708972, AB708973, AB708974, 

AB708975, AB708976, AB708977, 

AB708978, AB711447 

Japan 

COI Leucorrhinia dubia JN991194 Sweden 

COI Leucorrhinia glacialis JQ772570 - 

COI Leucorrhinia intacta JN419951, JN419952, JN419953 Canada 

COI Leucorrhinia 

intermedia 

AB708979 Japan 

COI Leucorrhinia pectoralis JN991193 Sweden 

COI Celithemis elisa KJ873231 - 

COI Sympetrum janeae EF636311, EF636315, EF636317 - 

D7 Leucorrhinia dubia FJ596604 - 

D7 Leucorrhinia glacialis EF631207 USA 

D7 Leucorrhinia pectoralis FJ596605 - 

D7 Leucorrhinia sp. 

(Probably frigida, 

intacta or proxima) 

AY859583 Connecticut 

Valley 

Biological 

Supply 

D7 Celithemis elisa EF631224 USA 

D7 Celithemis elisa FJ596603, FJ009975 - 

D7 Sympetrum janeae FJ009973 - 

D7 Sympetrum janeae EF631214 USA 
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Discussion 

The most interesting feature of my analysis was the very distinct division of the sequences 

into two separate groups with little variation within, in the trees. The fact that the sequences 

were divided similarly in both trees suggests that this is a pattern for the whole organism and 

not only that of a single gene evolution. 

 

Colonization history 

The division of the populations into two groups with little variation within showing the 

southern ones (population A and B) in one and most of the rest (K, L, M, Q, R) in the other 

(exception of population J and P which occur in both trees) could be interpreted as a 

north/south gradient that perhaps indicate that the first colonizers of the Swedish L. dubia 

populations might have more than one origin. There are many suggestions as to where species 

might have survived during the last glaciation. There is the mention of the relict populations 

of L. dubia in the south-west of its range (Sahlén 2006, pp. 262-268), the refugium near the 

Caucasus region (Göran Sahlén, pers. comm) and then according to Kalkman et al. (2008) it 

was not yet determined if the species in the Palearctic moved from east to west or the other 

way. Also Bernard et al. (2011) point out how many researchers believe in different theories 

of colonizing, east to west, west to east or from both west and east. Besold et al. (2008) found 

in their study of the pearly heath butterfly that it probably populated Sweden at two occasions 

from Europe and one being continuous without “restriction to gene flow” and they also 

mention two Mediterranean refugia (the Atlantic and the Pontic). The Coldulegaster tree that 

Froufe et al. (2014) produced were quite similar to mine, with two distinct clades, and they 

found it likely North Africa had been colonized twice from Iberia. Furthermore, Skrede et al. 

(2006) also found it likely that the populations in their study might have survived in two 

separate refugia, one being the Causasus refugium mentioned by Göran Sahlén (pers. comm).  

There is a geographical gap between the north and the south in my samples making it 

interesting to see if further sequencing with more widespread samples would show a gradient 

between north and south (meaning gene flow between the groups) or support my theory of 

several colonizing occasions by new samples dividing into one of the found groups. 

 

Cryptic speciation 

A species separating into different groups as distinctly as this is a very rare event in Odonate 

phylogeny (Göran Sahlén, pers. comm) and has only been seen in Aeshna before (Ware 

Johansson & Sahlén 2016). There is therefore the possibility that L. dubia might in fact be at 

least two species instead of one. The L. dubia from GenBank that originated in Japan also 

forms a separate clade and could constitute another third species. In fact it is by some authors 

considered a subspecies, L. dubia orientalis (Dijkstra & Kalkman 2012; Hovmöller & 

Johansson 2003). 

Morphological differences have since long been the way to determine species (Bybee et al. 

2008; Ware et al. 2007; Ware et al. 2012) but it is becoming clear that morphology can be 

somewhat unreliable due to parallel evolution of some characters (Dijkstra & Kalkman 2012). 

It is usually the morphological characters of the adult dragonfly and not those of the larvae 
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that are studied (Ware et al. 2007) but larvae can also be morphologically similar, as can be 

seen in Enallagma where both larvae and adult of different species are so (Ware et al. 2016).  

 

Conclusions 

My sequences are clearly divided into a northern clade that possibly could have colonized 

from the east and a southern clade that might have come from the south (central Europe). The 

north has land connection through Finland to Russia in the east and there was a land bridge 

connecting the south of Sweden with continental Europe as the ice retreated after the last 

glaciation, which makes it plausible that L. dubia might have found its way into Scandinavia 

at several occasions and possibly from two directions.  

The two distinct clades with little variation in between and the fact that the L. dubia from 

Japan formed its own clade show that L. dubia actually might be several cryptic species with 

little morphological variation. Having said this, there is still much to be studied in the subject 

of Odonate phylogeny. As Ware et al. (2007) pointed out, genetic studies need to be 

complemented with morphological ones of both adult and larvae.  
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Appendix 1 Map showing the position of the different populations. Also available at: 

https://www.google.com/maps/d/edit?mid=zyzQdkJlgD78.kwImnGa5GHBY&usp=sharing 
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Appendix 2 The phylogenetic three for COI, rooted with C. elisa and showing the distinct division 

into two groups (α and β) 
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Appendix 3 The phylogenetic three for D7, rooted with C. elisa and showing the distinct divistion 

into clade γ and the other clade which is divided into δ and ε. The long branch with L2 and J5 is cut 

and added below as it is unusually long and will not fit in the illustration otherwise. 
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