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that invaders are less parasitized and attacked by predators 
than in their natural range (Torchin et al., 2002).

A large number of species of bacteria are known to be 
endosymbionts or entomopathogens of arthropods (Werne-
green, 2002; Boucias & Pendland, 2012). However, there 
is very little information on the microbial community as-
sociated with insects. One reason is that there are very few 
bacteria that can be cultured, e.g. no more than 14% of 
all microorganisms in the sponge Haliclona sp. (Sipkema 
et al., 2011). Thus, traditional microbiological methods 
cannot identify a wide range of bacteria. Fortunately, re-
cent techniques based on sequencing of 16S rRNA genes 
extracted from metagenomic DNA can provide a large 
amount of data on almost all of the microorganisms present 
in samples. This innovative technique is used to identify 
the diversity and species community in complex ecosys-
tems (Venter et al., 2004; Sogin et al., 2006) or organisms 
(Carpi et al., 2011; Kaluzhnaya et al., 2012; Brooks et al., 
2016) including humans (Dethlefsen et al., 2008; Victoria 
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Abstract. The Asian ladybird Harmonia axyridis is an invasive insect in Europe and the Americas and is a great threat to the 
environment in invaded areas. The situation is exacerbated by the fact that non native species are resistant to many groups of 
parasites that attack native insects. However, very little is known about the complex microbial community associated with this 
insect. This study based on sequencing 16S rRNA genes in extracted metagenomic DNA is the fi rst research on the bacterial fl ora 
associated with H. axyridis. Lady beetles were collected during hibernation from wind turbines in Poland. A mean ± SD of 114 ± 
35 species of bacteria were identifi ed. The dominant phyla of bacteria recorded associated with H. axyridis were Actinobacteria, 
Proteobacteria, Firmicutes and Bacteroidetes. Representatives of these phyla are common in the environment, e.g. in the soil, 
and are often identifi ed as the dominant bacteria associated with arthropods. We also identifi ed animal pathogenic bacteria, such 
as Burkholderia, Rhodococcus, Chlamydiae and Anaplasmataceae spp. (Neorickettsia helminthoeca and Ehrlichia ovina). We 
also identifi ed Wolbachia pipientis in a single beetle. This bacterium is a causative agent of reproductive alterations in arthropods. 
These results support the enemy release hypothesis in the case of this ladybird invasion. Pathogenic bacteria were recorded in 
only a few samples. Moreover, male-killing bacteria such as Spiroplasma spp., Wolbachia spp. and Rickettsia spp. were only 
recorded in single insects so they cannot be responsible for the observed alterations in the sex-ratio of the ladybird population 
studied.

INTRODUCTION

Harmonia axyridis is an important invasive insect 
(Brown et al., 2008). This ladybird was intentionally intro-
duced into Europe because it is an effective aphid predator 
(Koch, 2003). However, following its introduction, it has 
spread rapidly and has adversely affected native coccinel-
lids and other organisms (Tedders & Schaefer, 1994; Koch, 
2003; Pervez & Omkar, 2006; Pell et al., 2008; Brown et 
al., 2011). In Poland, this species was found for the fi rst 
time in 2007 (Przewoźny et al., 2007) and it is now com-
mon throughout this country (Kubisz, 2014). H. axyridis 
hibernates frequently in anthropogenic structures e.g. 
houses, wind turbines (Labrie et al., 2008; Raak-Van den 
Berg et al., 2012; Dudek et al., 2015) in which its over-
wintering survival is high. It is possible that the invasive 
success of H. axyridis was enhanced by low parasitism, by 
which according to the enemy release hypothesis (Roy et 
al., 2011) an alien species leaves behind its enemies and 
pathogens in its original territory. Many studies has shown 
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for multiplexing. This reaction contained 5 μl of product from the 
fi rst PCR reaction, 5 μl of P5 and P7 indices (Nextera Index v2 
Kit, Illumina), 25 μl of 2 × KAPA HiFi HotStart ReadyMix kit 
(KAPA BIOSYSTEMS, USA) and 10 μl of nuclease-free water. 
Cycling conditions were similar to the fi rst PCR amplifi cation but 
with the number of cycles reduced to 8. 

After each PCR reaction the amplifi ed fragments with tags and 
adapters were purifi ed using AMPure XP beads (Beckman Coul-
ter Genomic, CA, USA). Amplicon concentrations were quanti-
fi ed using a Qubit fl uorometer (Invitrogen, Carlsbad, CA, USA), 
normalized to 4 nM and pooled prior to sequencing. To control 
the purity of DNA libraries, sterile water was used.

The 10 pM library containing 15 pooled indexed samples with 
26% spike-in PhiX control DNA was loaded onto the MiSeq se-
quencing platform. 2 × 300 pair end sequencing was performed 
using the MiSeq Reagent Kit × 3 (600 cycles).

MiSeq Reporter software was used for the secondary data anal-
ysis. An average number of 18,800 reads (pass fi lter) per sample 
was obtained. Microbiome classifi cation was performed based on 
the Greengenes database (http://greengenes.lbl.gov/).

Statistical analyses
Statistical analyses were done using SPSS v.21 software.

RESULTS

A total of 293,010 pairs of reads were generated for the 
ladybird microbiome of which 282,402 (96.4%) passed 
quality fi ltering. The mean number of reads per sample was 
19,534 (minimum 1,743 and maximum 63,926). There was 
a signifi cant infl uence of the method of isolating DNA on 
the number of the reads (Mann-Whitney U test Z = –3.062; 
p < 0.001) but not on the quality (p > 0.05). In the ladybirds 
studied a mean ± SD of 114 ± 35 species of bacteria were 
identifi ed. The number of pathogens identifi ed strongly 
depended on the method used to isolate DNA. A mean of 
145 ± 50 species of bacteria were identifi ed using kit I and 
only 50 ± 5 when kit II was used (Mann-Whitney U test 
Z = –2.819; p = 0.003; Table 1). The most common phyla 
identifi ed in ladybirds were: Actinobacteria (identifi ed in 
15 beetles), Proteobacteria (15), Firmicutes (15), Bacteroi-
detes (14), Thermotogae (9) and Cyanobacteria (8). Only 
two species were identifi ed in all the insects sampled: Rho-
dococcus baikonurensis and R. qingshengii. Aminobac-
ter aminovorans was also dominant and identifi ed in 11 
samples. All bacterial DNA identifi ed (from the top seven 
reads per sample) is presented in Table 2.

et al., 2009). Data on bacteria in ladybirds are scarce (Roy 
et al., 2011). All previous studies were only on a fragment 
of the bacterial metagenome and focused on specifi c or-
ganisms, especially male-killing bacteria, e.g. Spiroplasma 
spp. (Hurst et al., 1999a; Majerus et al., 1999; Nakamura 
et al., 2005), Rickettsia spp. (Werren et al., 1994) and Wol-
bachia spp. (Hurst et al., 1999b). To the best of our knowl-
edge there has, to date, been no studies on the bacterial 
community of ladybirds. 

The main goal of the present study was to describe the 
metagenomics of the bacterial community associated with 
H. axyridis in its invaded area. This survey might answer 
some important questions about pathogen occurrence in 
ladybirds, e.g. the male-killing bacteria that affect the sex 
ratios of insects. Moreover, we tested two different DNA 
isolation kits in order to assess their usefulness for isolat-
ing bacterial DNA from insects.

MATERIAL AND METHODS
Material collection

The ladybirds used in this study were collected from a wind 
farm located west of Gołańcz in the Wielkopolska region of Po-
land (52°57´N, 17°14´E). The wind farm is in an intensive agri-
cultural landscape dominated by oilseed rape and wheat crops. 
Insects were collected during October and November 2015 from 
16 wind turbines (for area description see Dudek et al., 2015).

DNA isolation
DNA from ladybirds was isolated by mechanical lysis (bead 

beating) using a FastPrep24 instrument and deposits A (MPBi-
omedicals, CA, USA). Lysis was carried out at a speed of 6.5 
m/s for 40 s in 2 cycles (samples were cooled on ice for 5 min 
between cycles). Further steps in the isolation were performed 
using a NucleoSpin Tissue Kit (MACHEREY-NAGEL, Germa-
ny) and DNA Mini Kit (Qiagen, Hilden, Germany) according to 
the manufacturers protocols. Samples 1–10 were isolated using 
the NucleoSpin Tissue kit (Kit I) and 11–15 using the DNA Mini 
Kit (Kit II). The concentration and purity of isolated DNA were 
measured spectrophotometrically at wavelengths of A260 and 
A280 using NanoDrop (ThermoScientifi c, DE, USA). 

Library preparation and sequencing
The composition of ladybird microbiota was determined using 

16S rRNA gene amplicon MiSeq-based high throughput sequenc-
ing (Illumina, CA, USA). Sequences of primers targeting V3–
V4 hypervariable region of 16S rRNA were as follows: 16S_F: 
5’-CCTACGGGNGGCWGCAG-3’ and 16S_R: 5’-GACTACH-
VGGGTATCTAATCC-3’. These primers also contained the over-
hang adapter sequences attached to the 5’ end of primers, compat-
ible with the MiSeq fl ow cell adapters (Illumina, CA, USA). 

Amplifi cation of hypervariable regions (V3 and V4) of 16S 
rRNA was performed to characterize the taxonomic diversity pre-
sent in samples of ladybirds. PCR reaction containing 2.5 μl of 
genomic DNA (~ 5 ng/μl), 5 μl of each primer (1 μM) and 12.5 
μl of 2 × KAPA HiFi HotStart ReadyMix kit (KAPA BIOSYS-
TEMS, USA) was run on a ProFlex PCR System thermal cycler 
(Applied Biosystem, MA, USA).

Cycling conditions were as follows: initial denaturation at 
95°C for 3 min; 25 cycles: denaturation at 95°C for 30 s, anneal-
ing at 55°C for 30 s, extension at 72°C for 30 s and fi nal extension 
at 72°C for 5 min.

The second amplifi cation was performed using the PCR product 
from the fi rst reaction as a template in order to index the samples 

Table 1. Number of bacteria identifi ed at each taxonomic level 
using two different methods of isolating DNA.

DNA isolation Kit I N Min Max Mean SEM
Species 10 59 587 145 49.84
Genus 10 63 134 92 7.58
Family 10 44 82 60 4.16
Order 10 22 38 28 1.63
Class 10 11 20 15 0.94
Phylum 10 6 12 9 0.63
DNA isolation Kit II N Min Max Mean SEM
Species 5 35 65 50 5.21
Genus 5 29 54 42 4.23
Family 5 23 40 30 2.96
Order 5 12 23 15 2.03
Class 5 7 13 10 1.02
Phylum 5 4 9 6 0.86
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DISCUSSION

Sample size was limited by the high cost of this very 
modern and expensive method; hence the results should be 
treated with caution. However, because of the novelty of 
the fi ndings they merit a broad discussion. The dominant 
phyla of bacteria in the H. axyridis analyzed were Acti-

nobacteria, Proteobacteria, Firmicutes and Bacteroidetes. 
These microorganisms were present in all the insects 
sampled regardless of the method of isolation used (except 
for Bacteroidetes, which were not present in one sample). 
Representatives of these phyla are common in the environ-
ment, e.g. in the soil, and are often identifi ed as dominant 

Table 2. Bacteria identifi ed associated with the bodies of ladybirds. For each individual the top seven reads were assigned to a taxonomic 
status. # – number of ladybird samples where a taxon was identifi ed (15 = 100%).

Phylum # Class # Order # Family # Genus # Species #
Actinobacteria 15 Actinobacteria 15 Actinomycetales 15 Nocardiaceae 15 Rhodococcus 15 Rhodococcus baikonurensis 15

Rhodococcus percolatus 1
Rhodococcus qingshengii 15

Microbacteriaceae 9 Cryocola 6 Cryocola antiquus 1
Agrococcus 1 Agrococcus terreus 1

Microbacterium 1 Microbacterium marinilacus 1
Agromyces 1 Agromyces ramosus 1
Mycetocola 1
Leucobacter Leucobacter komagatae 1

Streptomycetaceae 3
Corynebacteriaceae 2 Corynebacterium 1 Corynebacterium coyleae 1

Actinosynnemataceae 1
Actinomycetaceae Rothia 1 Rothia mucilaginosa 1
Intrasporangiaceae 1 Janibacter 1 Janibacter anophelis 1

Micrococcaceae 1
Pseudonocardiaceae Saccharopolyspora 1 Saccharopolyspora 

shandongensis 1
Kineosporiales Kineosporiaceae 1 Kineococcus 1

Proteobacteria 15 Alphaproteobacteria 15 Rhizobiales 15 Phyllobacteriaceae 12 Mesorhizobium 5 Mesorhizobium septentrionale 3
Aminobacter 11 Aminobacter aganoensis 1

Aminobacter aminovorans 11
Pseudaminobacter Pseudaminobacter defl uvii 1

Rhizobiaceae 6 Agrobacterium 4 Agrobacterium tumefaciens 3
Rhizobium 1

Hyphomicrobiaceae Devosia 1 Devosia limi 1
Brucellaceae 2 Ochrobactrum 2 Ochrobactrum thiophenivorans 4

Methylobacteriaceae 1
Sphingomonadales 8 Sphingomonadaceae 4 Sphingomonas 4 Sphingomonas leidyia 2

Sphingomonas oligophenolica 1
Rickettsiales 4 Rickettsiaceae 1 Wolbachia 1 Wolbachia pipientis 1

Anaplasmataceae 1 Neorickettsia 1 Neorickettsia helminthoeca 1
Ehrlichia 1 Ehrlichia ovina 1

Rhodospirillales 1 Acetobacteraceae 1 Roseomonas 1 Roseomonas terpenica 1
Betaproteobacteria 15 Burkholderiales 15 Comamonadaceae 15 Delftia 9 Delftia lacustris 5

Delftia tsuruhatensis 6
Polaromonas 8 Polaromonas 

naphthalenivorans 1
Burkholderiaceae 1 Burkholderia 1 Burkholderia sordidicola 1

Gammaproteobacteria 14 Xanthomonadales 13 Xanthomonadaceae 10 Stenotrophomonas 9 Stenotrophomonas maltophilia 1
Stenotrophomonas pavanii 1

Luteimonas 1
Pseudomonadales 2 Moraxellaceae Enhydrobacter Enhydrobacter aerosaccus 1
Enterobacteriales 1 Enterobacteriaceae 1

Firmicutes 15 Bacilli 14 Bacillales 8 Bacillaceae 3 Bacillus 2 Bacillus longiquaesitum 1
Bacillus pseudofi rmus 1

Sporolactobacillaceae 1 Pullulanibacillus 1 Pullulanibacillus naganoensis 1
Paenibacillaceae 1 Brevibacillus 1 Brevibacillus ginsengisoli 1

Lactobacillales 7 Carnobacteriaceae 2 Carnobacterium 2
Streptococcaceae 2 Lactococcus 2 Lactococcus fujiensis 1

Lactococcus lactis 2
Turicibacterales 1

Clostridia 11 Clostridiales 9 Clostridiaceae 4 Alkaliphilus 2 Alkaliphilus peptidifermentans 2
Clostridium 1 Clostridium cadaveris 2

Lachnospiraceae Johnsonella Johnsonella ignava 1
Mollicutes 1 Acholeplasmatales 1 Acholeplasmataceae Phytoplasma Phytoplasma prunorum 1

Bacteroidetes 14 Flavobacteriia 2 Flavobacteriales 1 Flavobacteriaceae 1 Chryseobacterium 1 Chryseobacterium caeni 1
Thermotogae 9
Cyanobacteria 8 Nostocophycideae 2 Stigonematales 2

Nostocales 1 Rivulariaceae 2 Calothrix 2 Calothrix parietina 3
Synechococcophycideae 1 Pseudanabaenales 1 Pseudanabaenaceae 1 Leptolyngbya 1 Leptolyngbya laminosa 1

Tenericutes 4
Verrucomicrobia 3

Thermi 2
Nitrospirae 1

Acidobacteria 1
Chlamydiae 1
Chlorofl exi 1

Fusobacteria 1
Planctomycetes 1
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bacteria associated with arthropods (Carpi et al., 2011; 
Kaluzhnaya et al., 2012). Thermotogae and Cyanobacteria 
were also detected in the majority of the samples (9 and 8 
respectively). Cyanobacteria are autotrophic organisms ex-
isting in almost all environments and often detected associ-
ated with other organisms (Whitton, 2012). The detection 
of Thermotogae bacteria associated with hibernating lady-
birds was surprising. These Gram-negative bacteria are ex-
tremely thermophilic and occur mostly in thermal springs 
(Bhandari & Gupta, 2014). Unfortunately, these analyses 
did not recognize any lower taxonomic level for this phy-
lum. In four ladybirds Tenericutes bacteria were found, to 
which Spiroplasma spp. belongs; which are common bac-
teria in the gut and haemolymph of insects and known as 
male-killing bacteria (Hurst et al., 1999a; Majerus et al., 
1999; Nakamura et al., 2005). Interestingly, in one insect, 
bacteria belonging to the Chlamydiae were detected, which 
are obligate intracellular pathogens mostly known as the 
causative agent of sexually transmitted diseases in humans, 
but also associated with insects (Thao et al., 2003).

We also identifi ed animal pathogenic bacteria, such as 
Burkholderia, Rhodococcus and Anaplasmataceae spp., 
such as Neorickettsia helminthoeca and Ehrlichia ovina, 
which are often transmitted by ticks (Ekner et al., 2011; 
Matysiak et al., 2016). Another group of mostly endosym-
biotic or pathogenic bacteria is the Rickettsiales, which we 
recorded in four samples. These microorganisms are com-
mon in arthropods (Weinert et al., 2009), so it is curious 
that were recorded them in only a few of the samples of 
ladybirds studied. The Wolbachia genus also belongs to 
this family and we identifi ed W. pipientis in a single beetle. 
This bacterium is the causative agent of reproductive al-
terations in arthropods (Stouthamer et al., 1999). R. qing-
shengii is a carbendazim-degrading bacterium recorded in 
contaminated soil in China (Xu et al., 2007). However, it is 
also a pathogen of Atlantic salmon (Avendano-Herrera et 
al., 2011) and recorded in an alpine glacier at a site subject 
to high levels of human activity (Lee et al., 2011) so this 
bacterium might be associated with ladybeetles collected 
from polluted soil around wind turbines. The second spe-
cies of this genus recorded in all samples was R. baikonu-
rensis, which is a soil bacterium (Yoon et al., 2010) and 
was isolated for the fi rst time in the air in the Mir space sta-
tion (Li et al., 2004). R. baikonurensis is known to degrade 
oil (Lee et al., 2006) and its presence on ladybeetles, like 
that of R. qingshengii, might be linked with the polluted 
environment around wind turbines.

This study is the fi rst metagenomic research on the bac-
terial fl ora associated with the invasive ladybird H. axyrid-
is. Results indicate that the bacterial community associated 
with H. axyridis consists mostly of symbiotic organisms, 
widely distributed in the environment. The results also 
support the enemy release hypothesis applying in the case 
of this ladybird invasion. Pathogenic bacteria were found 
in only a few samples. Moreover, male-killing bacteria, 
such as Spiroplasma spp., Wolbachia spp. and Rickettsia 
spp., were only found in single insects so they cannot be 
responsible for the observed alterations in the sex-ratio of 

the ladybird population studied (the sex-ratio was strongly 
skewed towards females – 65.9% female, chi-square with 
Yates correction χ2 = 60.813, p < 0.0001 – unpubl. data). 
The comparison of the two kits for DNA isolation revealed 
signifi cant differences (a mean of 145 vs. 50 species of 
bacteria were detected). The NucleoSpin Tissue Kit iso-
lated much more material than the DNA Mini Kit, which 
might be a consequence of the greater purity of the DNA 
extracted by the fi rst kit (Queipo-Ortuno et al., 2008). Thus 
based on this comparison it is recommended that the Nu-
cleoSpin Tissue Kit be used in future research.
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