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Population history and genomic diversity of Lampyris
noctiluca and Luciola italica in the canton Vaud

Pablo DUCHEN1, Sebastian HÖHNA2, Ana CATALÄN13

Duchen P., Höhna S. & Catalan A., 2022. Population history and genomic diversity of Lampyris noctiluca
and Luciola italica in the canton Vaud. Bulletin de la Société Vaudoise des Sciences Naturelles 101: 31-38.

Abstract
We studied and inferred the population history and genomic diversity of Lampyris noctiluca and
Luciola italica in the canton Vaud. To do this, we used full genome data from one population of
L. noctiluca and one population of L. italica. We found that genomic diversity in both species is

reduced compared to other species of the same order, with L. italica showing the lowest diversity.
Genome-wide inference of population size changes showed that both species experienced a sharp

population decline in the last 500k years, with populations starting to recover only very recently.
This population decline has been captured by genome-wide levels ofTajima's D (a statistic that

measures departures from neutral evolution through both selection and demographic changes),
where both species showed an average value that is positive, hinting at population contraction as a

demographic explanation. We argue that our results constitute an important first step to characterize

populations in terms of diversity and population trends, thus relevant for future conservation plans.
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Résumé

Nous avons étudié et déduit l'histoire des populations et la diversité génomique de Lampyris
noctiluca et Luciola italica dans le canton de Vaud. Dans ce but, nous avons utilisé les données

complètes du génome d'une population de L. noctiluca et d'une population de L. italica. Nous

avons constaté que la diversité génomique des deux espèces est réduite par rapport aux autres

espèces du même ordre, L. italica présentant la plus faible diversité. L'inférence des changements
de taille de population (au niveau génomique) a montré que les deux espèces ont subit une forte
réduction de population au cours des 500000 dernières années, celles-ci n'ayant commencé à

se rétablir que très récemment. Ce déclin de la population peut être constaté par les valeurs du

Tajima's D à l'échelle du génome, où les deux espèces présentent une valeur moyenne positive.
Nous pensons que nos résultats constituent une première étape importante pour caractériser les

populations en termes de diversité et de tendances démographiques, ce qui est indispensable pour
les futurs plans de conservation.

Mots-clés: déclin de la population, données génomiques complètes, PSMC.
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Introduction

Insect biodiversity plays an essential role in the ecosystem. As in most other species, this

biodiversity is ultimately built upon the genetic diversity within each species which is

maintained by natural selection and demographic processes. For instance, genetic diversity is

gained when populations grow but can be also drastically lost when populations reduce in
size. Therefore, characterizing the genetic diversity and demographic history of a species, in
a location specific manner, provides us with information about population trends, which is

relevant for conservation.
Fireflies are insects that play a significant role in nature. Fireflies are conspicuous beetles that

produce bioluminescence, which is used as a toxicity warning signal in larvae and adults, as

well as for finding mates and prey (Lewis et al. 2004, Lewis &C Cratsley 2008). Additionally,
fireflies are beneficial in agriculture due to their feeding preferences (Fu & Benno Meyer-
Rochow 2013), thus ensuring the stability of the food web, and they are indicators of water

quality and degree of contamination (Faudzi et al. 2021).
In Europe, two firefly species show an ample geographical distribution: Lampyris noctiluca

(Novak 2018) and Lamprohiza splendidula (Schwalb 1961, Guzmân-Alvarez & De Cock
2011). L. noctiluca is the most widely distributed European firefly, ranging from the Iberian
and Balkan peninsula to Finland (Novak 2018), while L. splendidulds distribution ranges
from the Balkan peninsula to northern Germany (Schwalb 1961, Guzmân-Alvarez & De
Cock 2011). In Switzerland, in addition to L. noctiluca and L. splendidula, we can find Luciola
italica and Luciola lusitanica (Gurcel et al. 2020). In the case of L. italica, its habitat was,
until recently, restricted from the alps towards the south. However, after its introduction in
the canton Vaud in the late 1930s (Faes 1941), L. italica started migrating and establishing

populations north of the alps (Neumeyer 1991).

In the present study, we focused on the diversity and population history of L. noctiluca
and L. italica from the canton Vaud. At the genomic level, comparing both species will help
us look at differences between a well-established species (L. noctiluca) and a comparatively
new colonizer (L. italica). At an ecological level, looking at both the current genomic
diversity and population trends will help us establish a basis for the current ecological status
of each species. Even though, the ecology and behavior of European fireflies is well
documented (Schwalb 1961, De Cock 2009), genomic resources are lacking for these species.
Such genomic resources are of uttermost importance for conservation, ecological, and adaptive

studies.

Materials And Methods

Sample collection

Whole firefly individuals were collected in Lausanne and surroundings for both Lampyris
noctiluca and Luciola italica (figure 1). Specifically, after checking for species incidence in the
Centre Suisse de Cartographie de la Faune (www.cscf.ch) and iNaturalist (https://www.inatura-
list.org/), we searched for L. noctiluca in the area north of Belmont-sur-Lausanne, and L.
italica across the northern shore of Lake Geneva, within the area of Lausanne. Sample collection

began in late June 2020 and lasted until late July 2020.
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Genomic DNA extraction

We preserved all collected specimens in ethanol 96 % to ensure DNA stability for DNA extraction.

We tested four extraction methods to optimize DNA extraction : two for high molecular

DNA (MagAttract HMW DNA and Genomic- tip 500/G, Qiagen), and two for regular DNA
extraction (NEB Monarch No. T3010 and Qiagen DNAeasy No. 69504). With the Magattract
method we extracted the highest and longest DNA, with fragments longer than 50 kb. Genomic

DNA quality and integrity was checked by gel electrophoresis and Qubit. The amount of total
extracted DNA was -10-15 |ig from L. noctiluca and -8-10 pg from L. italica.

Sequencing

Whole genome sequencing

Long DNA reads were produced with the Nanopore Promethlon platform using one flongle
cell for each firefly species aiming at 60-80 x coverage. Short read 150 bp paired-end Illumina
at -60 x coverage data was additionally produced from the same individual for each species.

Nanopore bases were called with Guppy v4.0.11. For L. noctiluca a hybrid genome assembly

was done with MaSuRCA v4.0.5 (Zimin et al. 2013). Two rounds of haplotype purging were
done with Purge_dups vl.2.5 (Guan et al. 2020). Sequences not belonging to the class Insecta

were identified using Blobtools v 1.1.1 (Laetsch et al. 2017) and removed from the assembly.

No genome polishing was performed for L. noctiluca, as polishing lead to worse BUSCO scores.

Genome statistics were calculated with Quast v5.0.2 (Gurevich et al. 2013) and genome
completeness was assessed with BUSCO v5.2.2 (Simäo et al. 2015) using the dataset Insecta. L.

italica genome was assembled with Flye v2.6 (Kolmogorov et al. 2019) and polished once
with Medaka vl.7.2 (github.com/nanoporetech/medaka) and once with Hapo-G vl.3.2 (Aury
& Istace 2021). Genome purging, identification of contaminant contigs and genome statistics

including the assessment of genome completeness were done as in L. noctiluca.

Re-sequencing

For each sampled individual, Illumina paired-end 150 bp-long reads were generated with a

20 x sequencing depth. FastQC (Andrews 2010) vO.l 1.0 and Trim Galore! v0.6.6 (Krueger
2012) were run to assess read quality and trim low quality bases. BWA (Li & Durbin 2009)

was used to map the generated reads to the corresponding reference genome. The mapped
files in BAM format were curated by removing PCR duplicates with Picard v2.20.8, and low

quality reads were discarded using SAMtools vl.10 (Li et al. 2009).

Variant calling and genomic diversity
Variant calling was performed equally for both species. Using GATK v 4.1.9 (Auwera et al.

2013) SNPs and indels were called via local re-assembly of haplotypes with FlaplotypeCaller.
Joint genotyping of all sequenced samples was done with GenotypeGVCFs. VCFs statistics

were drawn with BCFtools stats (Danecek et al. 2021) and GATK VariantsToTable. Quality
scores thresholds were applied for minimum, and maximum read depth [20,1568], fisher

strand [FS 10], strand bias [SOR 3], and nucleotide quality by depth [DP 2]. Nucleotide

polymorphism diversity (depicted by Tt per site) and Tajima's D was estimated with VCFtools

(Danecek et al. 2011). In both cases, we used sliding windows of 5 000 base pairs.
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Demographic inference with PSMC

The pairwise sequentially Markovian coalescent (PSMC) model (Li & Durbin 2011) allows for
the estimation of past population sizes by using a combination of coalescent theory and
recombination events. Briefly, PSMC infers the time to the most recent common ancestor (TMRCA)
between heterozygote alleles within a single individual by using a hidden Markov model, where

the states are the TMRCA and the transitions are the recombination events. Thus, short regions
with high heterozygosity correspond to ancient coalescent events, and longer regions of low

heterozygosity correspond to recent coalescent events. Finally, this coalescent rate is inversely

proportional to the population size. Here, we run PSMC on every sampled individual (using the

previously generated BAM files as input) of L. noctiluca and L. italica and inferred past population

sizes by assuming a generation time of one year and a mutation rate of 2.8 x 109, which falls

within the general mutation rate observed in beetles (PélissiÉ et al. 2022).

Results

Sample collection

In the area north of Belmont-sur-Lausanne we collected 21 individuals of L. noctiluca, and

across the northern shore of Lake Geneva (within the area of Lausanne) we collected 24
individuals of L. italica (figure 1). The genomes of all collected individuals were fully sequenced,
and this information used for the analyses presented below.

Lampyris noctiluca

Population history

In a previous study, we inferred that L. noctiluca originated ca. 20 million years ago (mya)

(Höhna et al. 2021). The PSMC approach (figure 2A) to infer past population sizes indicates

that L. noctiluca had a population size of ca. 300k individuals around 3 mya. This population
then increased its size up to nearly one million individuals around 560 kya. From there on there

was a steady population decline from one million to 30k individuals at around 10 kya. Finally,
PSMC shows some signal of a population expansion starting 10 kya until the present, although
the confidence observed here is not very high : briefly, even though all sampled individuals show

f

Figure 1. Distribution of Lampyris noctiluca and Luciola italica in Switzerland. Highlighted (and pointed with
arrows) are the collection sites of the present study.

Lampyris noctiluca [ j Collection site L. noctiluca Luciola lusitanica Luciola italica Collection site L. italica
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A. Lampyris noctiluca

(Log) Years since present

Figure 2. Population size changes in Lampyris noctiluca (A) and Luciola italica (B) inferred by PSMC. Each color

represents a different individual among all sampled individuals.

comparable histories of population size changes until 10 kya, there are discrepancies between

individuals regarding the inference of the last ten thousand years (figure 2A). This is the case

because PSMC uses recombination events to estimate past population sizes, and thus, the more

we go in the past the more recombination events have happened.

Genomic diversity and neutrality

Genome-wide nucleotide diversity (depicted by Tt per site) ranges from 0.00063 to 0.0068,
with mean 0.0027 (figure 3A). Likewise, genome-wide Tajimas D values range from -1.34 to
1.06, with mean at 0.14 (figure 3B). Tajima's D statistic measures departures from neutrality,
with positive values indicating balancing selection or sudden population contractions. In the

case ofL. noctiluca, we assume that the positive values are indicative of past population decline

and recent balancing selection.

Duchen P. etal. - Population history and genomic diversity of Lampyris noctiluca and Luciola italica in the canton Vaud
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Luciola italica

Population history

The PSMC approach (figure 2B) to infer past population sizes indicates that L. italica had a

population size of ca. 160k individuals around 3 mya. This population then increased its size

up to 560k individuals around 500 kya. From there on there was a steady population decline

down to 10k individuals at around 6.3 kya. Finally, PSMC shows signal of a slight population
expansion (up to 30k individuals) starting 6.3 kya until the present, although (as in the case of
L. noctiluca) the confidence of this last part is reduced.

Genomic diversity and neutrality

As above, genome-wide nucleotide diversity ranged from 0.00000212 to 0.0107, with mean
0.0022 (figure 3A). Likewise, genome-wide Tajima's D values ranged from -2.24 to 3.97, with
mean at 0.67 (figure 3B). In the case of L. italica, we have shown that this population had

experienced a sharp population decline, thus, we assume that the positive Tajima's D values

can explain part of this.

Discussion

Both L. noctiluca and L. italica populations have been declining over the past several thousand

years (figure 2). This population decline is also reflected in the average positive Tajima's values

computed genome-wide (figure 3B). The population decline seems to be stronger in L. italica
than in L. noctiluca, which is also reflected by the average higher Tajima's D values in L. italica

(figure 3B). This distribution is wider for L. italica than for L. noctiluca, which shows the

presence of loci representing recent population growth, as well as loci with signs of population
contractions and balancing selection. It is known that L. italica has been recently introduced in
canton Vaud in the late 1930s (Faes 1941) and started migrating and establishing populations
north of the alps (Neumeyer 1991). On the contrary, the distribution ofTajima's D in L. noctiluca

is narrower and centered closer to zero, indicating a relatively more stable population.

A. B.

Per-site nucleotide diversity Per-site Tajima's 0

Figure 3. Distribution of genome-wide values of Tt (A) and Tajima's D (B) per site.
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Genomic diversity levels ofboth L. noctiluca and L. italica are lower than the levels observed

for other insects of the same order. For instance, average diversity in the beetles Leptinotarsa
decemlineata and Tribolium castaneum can be three to four times larger (Diome et al. 2013,
Crossley et al. 2019). Additionally, diversity levels in other insects, such as the domesticated

silkmoth Bombyx mori range from 0.0006 to 0.02685 (mean 0.011) and in the wild Bombyx
mandarina from 0.0052 to 0.0312 (mean 0.017) (Guo et al. 2011), meaning a six-fold
difference in diversity compared to the fireflies of the present study. Here, maximum diversity
levels do not go above 0.01. The case ofL. italica is the most relevant in this case, because this

species has a great proportion of diversity values lower than 0.001 (figure 3A), which is much
lower than the diversity observed in L. noctiluca, and the other insect species. We attribute
these low diversity values to the overall population decline that both species experienced in
the past 500k years, plus the current habitat threats posed by human activities. Additionally,
L. italica has been only introduced in the canton Vaud a few decades ago (Faes 1941),
generating a bottleneck effect. Thus, it is a possibility that it takes time for this species to build up
genomic diversity again.

In summary, we have calculated genome-wide diversity levels of L. noctiluca and L. italica
from the canton Vaud and contrasted those to genome-wide Tajimas D values to gain insights

on the demographic history of these two firefly species. Then, we have used single nucleotide

polymorphisms as input for the PSMC algorithm to infer past population size changes in both

species. With all these results we were able to characterize population trends and current diversity,

which are determinant for conservation strategies. Finally, we would like to emphasize
the importance and potential of genomic studies in advancing the knowledge of ecologically

important species, with the present study being just an example of one such application.
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