
The microbiome composition 
of a shelter building moth 
and implications for defense 
against parasitoid. 

 

Lei Ma 

Biology , ScB 

EEB 

Brown University 

 

 

 

 
Readers 
 
Daniel Weinreich 
 
Jeremy Rich 
 
 
 
 
 
 

April 28, 2013 



Lei Ma 

2 

Abstract 
Insects are an incredibly speciose group of animals and have recently 

been discovered to host a comparably diverse array of microbes. These 
microbes interact with their hosts in ways that provide an additional source 
of adaptive potential for both organisms. The ecology of microbes and their 
hosts is an ongoing field of research in not only insects, but also many 
other animal phyla, with applications to understanding ecosystem health, 
evolution, and disease. Insect microbiomes have effects on their 
reproduction and also on survival of parasitism. In this study, we 
characterize the diversity of bacterial endosymbionts in the fern moth 
Herpetogramma theseusalis (Crambidae) and analyze the associations 
between its associated bacterial species and rate of parasitism by the 
braconid wasp Alabagrus texanus. We created clone libraries from two 
moth larvae from each of three categories: parasitized, non-parasitized, 
and dead from unknown causes. Estimated species richness for the 
population studied was 8 phylotypes. There was no qualitative difference in 
the distribution of bacterial taxa between the microbiomes of parasitized 
and non-parasitized larvae, both of which were dominated by Spiroplasma. 
Further research is required to understand the effects of this Spiroplasma 
on this moth-wasp system. 
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Introduction 
Heritable symbionts can be either facultative or obligate. Obligate 

symbionts often have a reduced genome and have a mutualistic 
relationship with their hosts as a result of generations of coevolution. In 
contrast, facultative (or secondary) symbionts are more erratic in their 
distribution and effects, with some resembling pathogens and retain 
mechanisms for horizontal transmission. Facultative symbionts can broadly 
be divided into two categories: those than confer fitness benefits upon the 
hosts (e.g. (1) and (2)), and those that manipulate host reproduction by 
increasing production of daughters since heritably symbionts are usually 
maternally transmitted (e.g. (3) and (4)). Bacterial clades may contain a mix 
of obligate and facultative symbionts, with varying degrees of fitness effects 
on the host. (5)  

The taxonomic diversity of symbionts of insects is wide, spanning at 
least 19 bacterial orders when analyzed with deep sequencing, although 
there is heavy dominance by the most abundant taxa (6). For example, a 
survey of insect associated microbes across ants, moths, and butterflies 
shows Wolbachia to be the most prevalent, including in Lepidoptera (7). 
Among obligate, vertically transmitted endosymbionts, the interactions 
between a given species and its host can be unique from generations of 
adaptation. Codiversification of endosymbiont and host has been shown in 
multiple cases, where the invasion of a heritable endosymbiont is ancestral, 
followed by host speciation (5). Within a bacterial clade, transition from 
deleterious to beneficial and facultative to obligate are common and may 
happen rapidly. For example, the transition from male-killing to increasing 
fecundity of an invading Wolbachia population in D. simulans can be rapid, 
occurring over the course of 25 years (8). This indicates that there is strong 
selective pressure on heritable symbionts to benefit their hosts' 
reproduction. 

An insect's endosymbionts often have an influence beyond their 
immediate hosts, interacting with other trophic levels or organisms. For 
example, the gammaproteobacteria Hamiltonella defensa is an inherited 
endosymbiont of the aphid Aphidus ervi that protects the host from wasp 
parasitism (9). Protection occurs through the lysing of the bacteria by its 
bacteriophage, which releases toxins that target the eukaryotic tissue of 
growing wasp larvae (10). The endosymbiotic bacterium Spiroplasma 
similarly protects its host, the fruit fly Drosophila hydei, against wasp 
parasitism by curtailing wasp larval growth (11). Indigenous gut bacteria 
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may also contribute to increased host mortality, as in the case of 
susceptibility to Bacillus thuringiensis toxin in moths (12). Furthermore, 
since diet can have an effect on the microbiome composition of folivorous 
Lepidopterans (13), it is possible that diet may have an indirect effect on 
phenotypes mediated by microbes such as wasp parasitism.  

Although there have been studies on the microbiomes of ants and fruit 
flies, the microbiome of Lepidopterans are not as well known. A culture-
independent survey suggests that the diversity in moths is low, with only 15 
phylotypes at its most complex compared to the dozens identified in ants or 
termites (6,13), although the descrepancy may be a matter of sequencing 
effort. A majority of the phylotypes found in the moths belonged to the 
group gammaproteobacteria and a few from the group actinobacterium. 
Because of this relatively low diversity, elucidating the interactions between 
symbiont and host may be more straightforward.  

In this study we examine the microbial composition of the gypsy moth 
Herptogramma theseusalis as it relates to whether it survived into the adult 
moth stage or succumbed to parasitism by the wasp Alabagrus texanus or 
a sepsis-like death. H. theseusalis larvae hatch in the late spring where 
they feed on fern fronds. During this time, they may be subject to parasitism 
by A. texanus, which oviposits into the moth larvae, then emerges the 
following summer just before pupation of the moth. The moths overwinter in 
the litter from late summer to spring and emerge to feed and pupate by 
mid-July to late August. Previous work on this system done by Noah Rose 
suggested a relationship between fern defense compounds ingested by the 
larva and the survival of the larva against wasp predation.  
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Materials and Methods 
Our system consists of the wild-collected H. theseusalis from our field 

site at the Darling Marine Center in South Bristol, Lincoln County, Maine. 
All data collection was done by Noah Rose and are described by his thesis 
(14). This study works with 6 whole DNA extracts of moth larvae, two from 
each of the following categories: Parasitized, Healthy, and Sepsis. 
Parasitism was confirmed using PCR for wasp DNA. Parasitized larvae 
died before maturation from emergence of wasp larvae. Healthy larvae 
metamorphosed into moths and had no trace of wasp DNA. Larvae in the 
"Sepsis" category have no trace of wasp DNA and died rapidly at a critical 
prepupal size from unknown causes that resulted in a rotten appearance 
after only one day. 

Total DNA pools from the 6 larvae were PCR-amplified using the 
bacterial primers 27F (5'-AGAGTTTGATCMTGGCTCAG-3') and 1492R (5'-
GGTTACCTTGTTACGACTT-3'). Clone libraries were constructed using the 
TopoTA cloning kit (vector pCR™2.1-TOPO®) according to the 
manufacturer's instructions and then transforming into competent TOP10 
Escherichia coli cells. Transformed cells were plated on LB + 40µL of 40 
mg/mL X-gal and incubated overnight at 37°C. Colonies were screened for 
presence of insert using universal primers M13for and M13rev specific to 
the plasmids. An agarose gel (1%) stained with ethidium bromide was run 
to verify insert size. PCR products that had the target length were cleaned 
using ExoSap before sequencing using University of Rhode Island's 
Genomics and Sequencing Center. The total number of 16s rRNA 
sequences obtained after cleaning and editing the resulting sequences are 
summarized in Table 1. Sequences were assembled using CodonCode 
aligner and DNADynamo and ambiguities were manually removed.  

Sequences were aligned and classified using the online version of the 
Silva Incremental Alignment tool (SINA) with minimum identity of 0.95 and 
5 neighbors per query. Each sequence was classified based on the least 
common ancestor (LCA) method based on taxonomies hosted by SILVA. 
Marginal sums of classifications were then generated for each of the three 
categories of moth larva (table 2). Diversity analyses were conducted in R 
using the vegan package to plot the rarefaction curves (rarecurve, with 
default parameters) and calculate the dissimilarity indices (vegdist, with 
method = bray, horn, or morisita){veganCommunitEcol:uw}. 

The sequences were also aligned along with their top 5 BLAST bacterial 
16s hits using mafft and the result was run through Gblocks with minimum 
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block size set to 5, allowed gap positions set to with half, and the default 
values for the other parameters. A maximum likelihood tree was then 
constructed in RAxML using a random number seed of 12345, bootstrap 
number of 100 and a GTRGAMMA model of molecular evolution.  
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Results 
The phylogenetic tree generated by RAxML clustered samples from 

moth larva number 13 within a clade containing cyanobacteria and other 
photosynthetic organisms. A second BLAST search of these sequences 
without specifying bacterial origin revealed that the sequences most closely 
matched chloroplast RNA from ferns. Since H. theseusalis primarily 
consumes the sensitive fern, Onoclea sensibilis, from its shelter, the 
sequences for moth larva number 13 were discarded due to being 
contaminated by the fern. A second phylogenetic tree was generated after 
removing the contaminated sequences (Figure 1). 

The primary bacterial taxon found in both Healthy and Parasitized larvae 
was Spiroplasma, a Gram-negative, cell-wall-lacking Mollicute (Figure 2). 
Spiroplasma are characterized by their helical shape, corkscrew motion, 
and parasitic lifestyle. Often commensal or parasitic in a broad range of 
insects, some Spiroplasma are maternally transmitted and have fitness 
effects on their hosts(7). The Healthy and Sepsis larvae were also host to a 
number of Gammaproteobacteria, with a few from the Pseudomondales 
order and a few unclassified Gammaproteobacteria. This level of 
unclassified Gammaproteobacteria is consistent with a larger-scale survey 
of ant symbiotic bacteria (6). A few LCA classifications were exclusive to 
the Sepsis category, including Enterobacter, Acinobacter, and the 
unclassified Gammaproteobacteria, and no groups were exclusive to either 
the Healthy or Parasitized larvae.  

The range of LCA classifications for the Sepsis larvae is much greater 
than for the other two categories, and this result is supported by several 
dissimilarity indices, including the Bray, Morisita, and Horn indices(15) 
(Table 2) as well as the rarefaction curve (Figure 3). Thus it seems that the 
Sepsis category of moth larvae have a wholly different microbial community 
structure than the Healthy and Parasitized groups. The Bray index indicates 
a slightly higher dissimilarity between the Parasitized and Healthy groups 
than the Morisita-type indices (Table 2). However, Bray-type indices 
requires equal-sampling situations in order to be statistically meaningful, 
whereas the Morisita-type indices are more robust to undersampling and 
variable sample sizes (15). Therefore, for this dataset, the Morisita and 
Horn indices most likely provide a better estimate of the differences, with 
both indicating low dissimilarity between Parasitized and Healthy.  
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Discussion 
The cloning technique for examining the microbiome of the moth larvae 

reveals potential host-symbiont relationships and an unexpected diversity 
in the Sepsis-like deaths. 

Although there does not seem to be a difference between parasitized 
and non-parasitized moth larvae, the presence of Spiroplasma as the 
dominant group in the associated microbiome suggests the possibility of 
interactions not yet observed in this data set. Spiroplasma is a known 
insect symbiont and could have any number of interactions in this system. 
The most well-known Spiroplasma species are plant pathogens that are 
transmitted by insect vectors, such as S. citri, S. phoeniceum, and S. 
kunkelii (16). Some Spiroplasma are pathogens of animals such as the 
honeybee and shrimp (17). Of particular interest to this system of moths is 
that Spiroplasma from the poulsonii clade show male-killing (up to 17.7% of 
males) in Drosophila melanogaster, much like the alphaproteobacterium 
Wolbachia(3). It is thought that if an endosymbiont is maternally 
transmitted, as is the case for many Spiroplasma, the death of sons results 
in the production of female-biased broods and is advantageous for the 
endosymbiont(3,4). Male-killing has also been shown in moths(4), and this 
population of H. theseusalis does in fact show a skewed sex ratio of 40/60 
M/F (DH Morse, personal communication).  

There is also the possibility that Spiroplasma does mediate some sort of 
resistance against wasp parasitism. Experimental infection of Drosophila 
hydei show reduced wasp development within days of wasp attack(1). 
Because A. texanus attacks newly hatched H. theseusalis in summer and 
does not begin development until the moth overwinters and emerges in the 
spring, it is possible that infected and surviving moths do not contain 
detectable amounts of wasp DNA due to repelling parasitism rather than 
not being parasitized in the first place and were thus put in the Healthy 
category.  

Future Directions 
The major limitation of this study was the paucity of data points, giving 

limited options for analysis and inference. In order to understand the 
relative abundances of taxa in the insect microbiome, it is necessary to 
sample more densely from the population. It is common to use next 
generation sequencing (NGS) technologies to example microbiome 
composition, and two of the major types of NGS are Illumina and Roche 
454 (18,19). Both technologies greatly increase the coverage per sample in 
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comparison to traditional rRNA cloning, with Illumina offering more than 
twice the number of reads as the older 454 pyrosequencing (18). More 
sequences per library will give greater power to any diversity estimates of 
those libraries and allow finer comparisons of species abundance across 
samples. However, a better understanding of the limitations of these 
techniques, as described below, raises major problems in using NGS for 
calculations of diversity metrics within and between communities. 

Non-parametric estimates of community richness such as the Chao, 
Jackknife, Shannon, Simpson, and others are based on the probability of 
observing rare or abundant species and assume a sample is representative 
of the true population ratios (15). However, massively parallel sequencing 
attempts do not conform to the assumptions of these models and thus 
generate biased community diversity comparisons. In a sequencing run 
with high coverage, a greater sampling effort results in a greater number of 
artifactual singletons found due to sequencing error. In indices such as the 
Chao and Jackknife, this leads to a linear and sometimes quadratic (in the 
case of Chao) increase in species richness estimates due to those indices 
being proportional the number of singletons to doubletons(20). Besides the 
high error rate of 454 and in particular Illumina sequencing, it is difficult to 
control the number of reads per sample. Because indices such as Shannon 
and Simpson are highly sensitive to sample size. This is typically easy to 
control for in cloned sequences, but is unpredictable in high-throughput 
sequencing and can cause variations in standard error of the estimates 
from 12% to 96%(21).  

Some techniques such as rarefaction and sequence number 
equalization using subsampling can correct for this bias, although it does 
not solve all problems. Because the read lengths of NGS are very short – 
260bp for Roche Genome Sequencer FLX System and 36bp for Illumina 
Genome Analyzer (18) – the selection of variable regions in the rRNA 
molecule has an influence on the observed number of taxa and the 
proportion that is accurately classified at different taxonomic levels (19). In 
general, due to the combination of higher error rate and shorter read 
lengths, the Illumina system is reliable enough to be a suitable way to 
assess community diversity and coverage improvement does not result in 
increase insight into relative abundances of community members or 
detection of rare members(19). A combination of 454 pyrosequencing and 
cloning, such as in (6), is a compromise between the desire for more data 
and the need for accurate measures of diversity. Although NGS may detect 
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a greater number of OTUs in a sample, it should not be used as the sole 
source of community information. 

Experimental approaches to exploring questions related to the moth 
endosymbiont community are also appealing. Experimental infection with 
Spiroplasma has shown its parasite-repelling and sex-ratio-skewing effects 
in Drosophila (1,4). However, it is not possible to raise H. theseusalis in a 
laboratory setting due to the belowground overwintering part of their 
lifecycle and to the infection by A. texanus before overwintering. Despite 
having a more prolonged life cycle than Drosophila, H. theseusalis larvae 
can still be collected as they emerge from the ground and raised until 
maturity(14), and there has been limited success in raising the larvae from 
hatching to maturity (D.H. Morse, personal communication). From there is it 
possible to determine the role of plant induced compounds such as 
flavonoids and hydroxycinnamic acid derivatives on the composition of the 
larvae's microbiome. Because diet is known to have a multitrophic 
interaction in this system, the microbiota associated with each trophic level 
may be mediators of the effects seen with a change in diet(22). It may also 
be possible to feed larvae antibiotics as in (1), and experimentally infect 
with their native strain of Spiroplasma, since the genus is can be readily 
cultured (23).  

The relationships within this insect system are just beginning to be 
explored. Many questions remain, including those involving the 
hyperparasitoid of A. texanus and the bacterial composition at each trophic 
level. Due to the highly specialized nature of all participants, however, it is 
likely that their life cycles are tightly intertwined. Fully characterizing the 
interaction network here would be an engrossing and rewarding task for 
any microbiologist, ecologist, or entomologist.  
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Table 1. Total number of sequences obtained from the moth larvae 
 
 Healthy 

(Cat_12, 
Cat_5) 

Parasitiz
ed 

(Cat_37) 

Sepsis 
(Cat_D3, 

Cat_D12) 
Total 

16s 
Sequences 

35 16 25 97 
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Table 2 Three pairwise dissimilarity indices as calculated by the R 
package vegan 

 
Horn Index Healthy Parasitized Sepsis 
Parasitized 0.02215800   

Sepsis 0.80158138 0.86449864  
Total 0.05263621 0.12235872 0.60576250 

 
Bray Index Healthy Parasitized Sepsis 
Parasitized 0.3725490   

Sepsis 0.7333333 0.9024390  
Total 0.3693694 0.6521739 0.5049505 

 
Morisita 
Index 

Healthy Parasitized Sepsis 

Parasitized 0.01694915   
Sepsis 0.79130435 0.86046512  
Total 0.03794725 0.11742614 0.60576250 
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Figure 1. Maximum likelihood tree for all samples, generated by RAxML, 
with 100 bootstrap replicates. Branch labels indicate bootstrap support for 
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each branch. 
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Figure 2. Bar graph of classified species according to SILVA's online 
aligner and classifier. Purple: sum of all libraries; Green: libraries from 
Sepsis larvae; Red: library from Parasitized larva; Blue: libraries from 
Healthy larvae.  
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Figure 3. Rarefaction curve generated by R using the package vegan. 
Randomized samples without replacement of size 1 through n were taken 
from each category and the number of species plotted. 
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