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1. INTRODUCTION 

Microbiomes, the collection of microorganisms re-
siding on or within an animal, are known to influence 
the health, physiology, behavior, and ecology of their 
hosts (Apprill 2017). Recent microbiome research has 
focused on humans and captive animals, with limited 
research on wild organisms (Hird 2017). Despite 
being surrounded by a vast and diverse array of mi-
crobes, marine invertebrate microbiomes remain 
largely unexplored, with most research focused on 
corals, sponges and shellfish. Existing at this dynamic 
organism−water interface, dermal microbiomes play 
particularly important roles in pathogen protection, 
and there is emerging evidence that some marine dis-
eases result from microbial dysbiosis, or a disruption 

to an organism’s microbiome (Egan & Gardiner 2016). 
Still, relatively little is known about the role of the 
host microbiome in the onset and progression of mar-
ine diseases, particularly for invertebrates. 

Between 2013 and 2015, an outbreak of sea star 
wasting disease (SSWD) in the Northeast Pacific 
affected populations of at least 20 asteroid species 
and had cascading ecological impacts (Hewson et al. 
2014, Montecino-Latorre et al. 2016). Although the 
causative agent and etiology of the disease remains 
elusive, shifts in microbial community richness and 
composition are associated with the onset and pro-
gression of the disease (Lloyd & Pespeni 2018, 
Aquino et al. 2021). Whether SSWD is initiated by a 
causative agent or not, a disruption of natural micro-
biomes could play a role in the onset and progres-
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sion of disease, or microbiomes could be altered in 
response to failing host biology as a result of disease. 

Swabs are often used to sample dermal microbio-
mes, and many commercial kits are available for 
extracting DNA from swabs. The choice of extraction 
kit has been shown to influence the resulting micro-
bial community profile (e.g. Bjerre et al. 2019, Pear-
man et al. 2020). Thus, obtaining unified methods to 
extract and characterize sea star dermal microbiomes 
is important not only to further investigate SSWD eti-
ology, but also to better understand the ecology and 
physiology of echinoderms more generally (e.g. 
Jackson et al. 2018). Previous work with sea star 
microbiomes has used a range of different extraction 
kits and methods, complicating the ability to com-
pare between studies (e.g. Jackson et al. 2018, Lloyd 
& Pespeni 2018, Aquino et al. 2021, Loudon et al. 
2023). In the present study, DNA was extracted from 
dermal swabs obtained from 2 common intertidal sea 
star species (Dermasterias imbricata and Pisaster 
ochraceus) using 5 DNA extraction kits frequently 
used for medical and environmental studies. Param-
eters related to extraction success (DNA yield, ease 
of PCR amplification) were compared, as well as 
microbial richness, diversity and composition. 

2. MATERIALS AND METHODS 

2.1. Sample collection and DNA extraction 

Dermal swabs were collected from 11 asympto-
matic sea stars (n = 8 Pisaster ochraceus and n = 3 
Dermasterias imbricata) in Heriot Bay, British Co -

lumbia, Canada (50.1153° N, 125.2205° W). Individu-
als were rinsed with 0.22 μm filtered seawater and a 
sterile swab (Puritan Medical Products) was rolled 
along the aboral surface of each arm for ~10 s, result-
ing in 5 swabs per individual, 1 swab per arm for 
each extraction kit. Swabs were placed in cryovials 
and stored at −70°C at the Hakai Institute’s Quadra 
Island Observatory until extraction. DNA was ex -
tracted using 5 kits, with minor modifications made 
to manufacturer’s protocols (Table 1). An extraction 
negative, consisting of a new swab, was also in -
cluded, for a total of 12 swabs per kit. DNA was 
quantified using a Qubit Fluorometer (Invitrogen) 
and samples were normalized to 2.5 ng μl−1 using 
nuclease free water, or when the concentration was 
less than 2.5 ng μl−1, undiluted DNA was used for 
PCR reactions. 

2.2. Library preparation and  
bioinformatic processing 

The V4 region of the 16S rRNA gene was targeted 
for microbial community profiling using the primer 
pair 515F-Y (Parada et al. 2016) and 806RB (Apprill et 
al. 2015) with a fusion primer-based approach (Kozich 
et al. 2013), as detailed in Text S1 in the  Supplement 
at www.int-res.com/articles/suppl/a089p119_supp.
pdf). Successful triplicate PCR reactions were pooled, 
purified using SPRI paramagnetic beads (Beckman 
Coulter) and quantified using a Quant-iT™ dsDNA 
Assay Kit. Samples and negatives were pooled in 
equimolar amounts (7.5 ng DNA per sample) and se-
quenced using an Illumina MiSeq V3 600-cycle kit. A 
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Extraction kit                             Abbreviation     Modifications                                                    Elution vol. (μl) 
 
Qiagen DNeasy Blood                     Q.BT              Increased volumes of Buffers ATL and AL (QIAGEN)             100 
 & Tissue                                                           to 500 μl and volume of 100% ethanol to 250 μl 
Qiagen DNeasy Blood &               Q.BTQ         Added extra step using QIAshredder spin column                100 
 Tissue +                                                                  QIAshredder tubes 
Qiagen DNeasy PowerSoil         Q.PSO             TissueLyser used for bead beating (5 min at 25 Hz,                50 
 Kita                                                                          reorient tubes, 5 min at 25 Hz) 
Qiagen DNeasy PowerSoil             Q.PSP         TissueLyser used for bead beating (5 min at 25 Hz,                50 
 Pro                                                                          reorient tubes, 5 min at 25 Hz) 
Zymo Research Quick-DNA         ZYMO         Added dithiothreitol (final concentration of 10 mM) to the           20 
 Fungal/Bacterial                                                  Genomic Lysis Buffer in place of beta-mercaptoethanol 
 Microprep                                                             Added swab directly into ZR BashingBead™ Lysis 
                                                                                Tube TissueLyser used for bead beating (5 min at  
                                                                                 25 Hz, reorient tubes, 5 min at 25 Hz) 

aKit discontinued

Table 1. Modifications made to manufacturer protocols for each extraction kit

https://www.int-res.com/articles/suppl/a089p119_supp.pdf
https://www.int-res.com/articles/suppl/a089p119_supp.pdf
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series of troubleshooting steps were carried out for 
samples that did not initially amplify (see Text S1). In 
addition to DNA yield, amplification success was used 
as a metric for evaluating kits. 

Sequences were quality controlled and denoised 
using the cutadapt and dada2 plugins in QIIME2 
(Bolyen et al. 2019) and classified using the naïve 
Bayes classifier (Bokulich et al. 2018) trained to the 
Silva database version 138. Detailed bioinformatic 
methods are available on GitHub (https://github.com/
hakaigenomics/seastar-swab-extmethods) and in Text 
S1. Potential contaminant amplicon sequence variants 
(ASVs) were identified and removed using the decon-
tam package in R (Davis et al. 2018). Low read count 
samples (<9000 reads per sample post-decontamina-
tion) were also removed, leaving 46 samples contain-
ing 2921 ASVs, with a mean read count of 287 362 
reads per sample. The 16S rRNA gene sequence data 
are available in the NCBI Sequence Read Archive un-
der BioProject number PRJNA839850. 

2.3. Statistical analyses 

All visualizations and statistical tests were con-
ducted in R version 4.2.2 (R Core Team 2022). A 
 significance value of 0.05 was used for all statistical 
tests. Richness was calculated using the 
breakaway package in R (Willis & 
Bunge 2015), while alpha diversity 
(Shannon Index) was calculated using 
the DivNet package (Willis & Martin 
2022). Differences in richness and 
Shan non diversity due to extraction kit 
and sea star species were determined 
using repeated measures analysis of 
variance (ANOVA) models or t-tests 
in the rstatix package (Kassambara 
2022). When ANOVA and t-test as -
sumptions were not met, we used the 
non-parametric Skillings−Mack and 
Wilcoxon tests in place of ANOVAs and 
t-tests, respectively (Table S1). Permu-
tational multivariate analysis of vari-
ance (PERMANOVA) in the vegan R 
package was used to test for dif -
ferences in community composition 
among kits and between species (Ok-
sanen et al. 2022), while principal coor-
dinate analysis (PCoA) ordination plots 
in the phyloseq R package (McMurdie 
& Holmes 2013) and heat maps in the 
ampvis2 R package (Anderson et al. 

preprint https://doi.org/10.1101/299537) were used 
to visualize these differences. PERMANOVA and 
PCoA used Bray-Curtis dissimilarity on ASV abun-
dances normalized to the total reads per sample (i.e. 
proportions). 

3. RESULTS 

3.1. DNA extraction and amplification 

The 5 extraction kits had different DNA yields, 
with higher, more variable yields from the Q.PSO 
and Q.PSP kits, and lower, more consistent yields 
from the ZYMO and 2 Q.BT kits (range: 6 to 3000 
ng; average 401 ng. Fig. 1A). These results align 
with other studies that also found variable DNA 
yields among extraction kits (e.g.  Pearman et al. 
2020). Ease of PCR amplification varied among 
kits, with the ZYMO kit having the highest 
success rate (91% amplified without troubleshoot-
ing) and the Q.PSO the lowest success rate (55%, 
Fig. 1B). All samples except one (Dermasterias im -
bricata swab 3 with the PowerSoil Kit) were suc-
cessfully amplified either in the first PCR or after 
some degree of troubleshooting, but not all were 
retained after sequencing due to low read counts. 
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Interestingly, higher DNA yields did not confer 
greater amplification success. In fact, the kit yield-
ing, on average, the most DNA (Q.PSO) required 
the greatest degree of troubleshooting. 

3.2. Richness and diversity among kits 

Estimates of richness ranged from 577 ASVs (Q.PSP), 
to 861 ASVs (ZYMO), with an average of 724 ± 66 
(±SE) ASVs across all kits. There were no significant 
differences among the 5 extraction kits in terms of 
ASV richness with both species combined (Table S1, 
Fig. 2A), nor within D. imbricata or Pisaster och -
raceus (Table S1). However, P. ochraceus had signif-
icantly higher ASV richness than D. imbricata, with 
an average of 823 (±77 SE) and 477 (±108 SE) ASVs, 
respectively (Fig. S1A). There were no significant 
differences in Shannon diversity among the 5 kits 
with both species combined, nor within D. imbricata 
or P. ochraceus (Table S1, Fig. 2B) Similar to richness, 
P. ochraceus had significantly higher microbial diver-
sity than D. imbricata Fig. S1B). 

3.3. Microbial community composition 

Microbiome samples clustered by sea star species 
rather than extraction kit (Fig. 3A) and there was no 
obvious grouping by extraction kit within each spe-
cies. Samples also generally clustered by individual 
specimen (Fig. 3B). Dispersions were homogeneous 
among the 5 extraction kits (betadisper, p = 0.96), 
and a PERMANOVA revealed a significant effect of 
sea star species (p = 0.001) on beta diversity, but no 
significant effect of extraction kit (p = 0.85), nor any 
interaction between extraction kit and species (p = 
0.95). 

While broad trends in relative abundances of the 
top 12 phyla were consistent among kits, certain 
phyla had notably different abundances (Fig. 4). For 
example, D. imbricata swabs from the Q.PSO kit had 
a greater proportion of Cyanobacteria and Bacte -
roidota (Fig. 4A), while P. ochraceus from the Q.PSO 
kit had higher proportions of Campylobacterota 
(Fig. 4B). For the phylum Bdellovibrionota, which 
was found almost exclusively on D. imbricata, there 
was a relatively higher proportion detected in sam-

ples extracted by the Q.BT and Q.PSP 
kits (23.2 and 15.4%, respectively), 
compared with only 2.7% detected 
using the Q.PSO kit (Fig. 4A). 

Microbiome compositions between 
the 2 sea star species were also no -
tably different (Fig. 4). While the der-
mal microbiome of D. imbricata was 
dominated largely by Proteobacteria 
(ranging from 72 to 80% of read 
counts), the P. ochraceus microbiome 
had more even representation of 
Spirochaetota (average 42.8%), Pro-
teobacteria (average 25.1%) and Bac-
teroidota (average 17%). There was a 
particularly large difference in the rel-
ative abundance of Spirochaetota 
between the 2 sea star species, with 
much greater abundances on P. ochra-
ceous (average of 42.8% across all 
kits) compared with D. imbricata 
(average of 0.3%). 

4. DISCUSSION 

Five DNA extraction kits were com-
pared in terms of their ability to char-
acterize sea star dermal microbiomes. 
All kits yielded measurable DNA from 
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swabs and most samples were successfully ampli-
fied, with varying amounts of troubleshooting. No 
significant differences in richness or diversity were 
found among the 5 extraction kits for Pisaster ochra-
ceous or Dermasterias imbricata. Instead, most of the 
observed variability in richness and diversity was 
attributed to the 2 sea star species, as well as some 
inter-specimen variability (Fig. 3). These results sug-
gest that any of the 5 kits tested here are likely 
appropriate options for detecting ecological variabil-
ity and patterns in sea star microbiomes. These find-
ings align with previous studies that also found min-
imal or no effect of kit on microbial richness and 
diversity (e.g. Evans et al. 2018). However, other 
studies have detected differences in microbial com-
munity profiles based on extraction kit (e.g. Pearman 
et al. 2020) and thus choice of kit remains an impor-
tant consideration in microbiome studies and may 
require optimization for a specific sample type. 

While it is not possible to determine the most accu-
rate results in terms of richness, diversity and commu-

nity composition without the use of 
mock communities, the 5 kits were 
evaluated to see if they produced com-
parable results. The ZYMO kit de-
tected the highest number of ASVs, 
but did not have the greatest Shannon 
diversity (Fig. 2). The Q.PSP kit had 
noticeably lower richness and diversity 
values compared with the other kits. 
However, all estimates of richness and 
diversity had quite high margins of er-
ror, due largely to the relatively small 
sample size and the distinct differences 
in richness and diversity between the 
2 sea star species (Fig. S1). While it 
is somewhat arbitrary to determine 
which kit is best for examining dermal 
microbiomes, selection may depend on 
the research priorities and factors such 
as DNA yield, ease of amplification 
and cost per sample. 

Extraction kit did not have a signi -
ficant effect on beta diversity and dis-
persion was homogenous among all 
5 kits (Fig. 3). In general, all kits re -
vealed similar trends in relative abun-
dances of prokaryotic phyla; however, 
some taxa had notably variable abun-
dances among kits. For example, there 
was a wide range in the abundance 
of phylum Bdellovibrionota de tected 
across the 5 kits, from a mean read 

percentage of 2.7% detected by the Q.PSO kit to 
23.2% detected by Q.BT. Further, the Q.PSO kit 
detected a higher proportion of Cyanobacteria and, 
to a lesser extent, Bacteroidota on D. imbricata than 
the other 4 kits (Fig. 4). 

While our primary goal was to compare among ex-
traction kits, notable differences in prokaryotic diver-
sity and composition were observed between 2 com-
mon intertidal sea star species: P. ochraceous and D. 
imbricata. Specifically, D. imbricata microbiomes had 
lower diversity and richness and were dominated by 
Proteobacteria, whereas P. ochraceous had more even 
representation from the top 3 most abundant phyla: 
Proteobacteria, Spirochaetota and Bacteroidota. While 
the 2 species had 2287 ASVs in common, there were 
619 and 15 ASVs unique to P. ochraceous and D. im-
bricata, respectively. Evans et al. (2018) found similar 
results, with microbial communities clustering by tu-
nicate species, but not extraction kit. These results 
also align with previous research that found high vari-
ability in microbial taxa among different sea star spe-
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cies (Jackson et al. 2018), including the predominance 
of Spirochaetota on P. ochraceus (Lloyd & Pespeni 
2018, Loudon et al. 2023). Even though phylosymbio-
sis is increasingly well-documented across animals 
(Mallott & Amato 2021), it is interesting to note the ex-
istence of seemingly different microbial communities 
on 2 sea star species that vary in their susceptibility to 
sea star wasting (Montecino-Latorre et al. 2016) — an 
observation that warrants continued investigation. 
Reliably characterizing sea star microbiomes is im-
portant in the context of marine diseases (e.g. sea star 
wasting disease) as well as understanding the micro-
bial landscape of echinoderms and marine inverte-
brates more broadly. 
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