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Abstract 

Immediate freezing is perhaps the most preferred method used for preserving gut microbial 

samples, but research on sample preservation has been principally based around samples from 

mammalian species, and little is known about the advantages or disadvantages relating to different 

storage methods for fish guts. Fish gut samples may pose additional challenges due to the different 

chemical and enzymatic profile, as well as the higher water content, which might affect the yield 

and purity of DNA recovered. To explore this, we took gut content and mucosal scrape samples 

from 10 rainbow trout (Oncorhynchus mykiss), and tested whether different preservation methods 

have any effect on the ability to construct high quality genomic libraries for shotgun and 16S rRNA 

gene sequencing. Four different storage methods were compared for the gut content samples 

(immediate freezing on dry ice, 96% ethanol, RNAlater and DNA/RNA shield), while two different 

methods were compared for mucosal scrape samples (96% ethanol and RNAlater). The samples 

were thereafter stored at -80°C. Our findings concluded that 96% ethanol outperforms the other 

storage methods when considering DNA quantity, quality, cost and labor. Ethanol works 

consistently well for both gut content and mucosal scrape samples, and enables construction of 

DNA sequencing libraries of sufficient quantity and with a fragment length distribution suitable for 

shotgun sequencing. Two main conclusions from our study are i) sample storage optimisation is an 

important part of establishing a microbiome research program in a new species or sample type 

system, and ii) 96% ethanol is the preferred method for storing rainbow trout gut content and 

mucosal scrape samples.  

 

Keywords: Aquaculture, Preservation methods, metagenomics, rainbow trout, PCR inhibition 
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Introduction 

The quality and quantity of DNA extracted from biological tissues lies at the heart of the success of 

most modern genome and microbiome studies. The focus on DNA has changed the prerequisites for 

sample preservation methods, as the methods used in microbiome research have to a large degree 

moved from traditional culture-based methods [1], to sequencing of environmental samples for the 

study of microbiome composition [2].  

Metagenomic research applies molecular techniques for analyzing microbial communities [3], 

which requires maintenance of not only the integrity of the microbial DNA itself [4], but also the 

community composition, during storage and transportation [5]. Traditionally, immediate freezing at 

-80°C was the preferred method for preserving fecal microbial communities, as immediate deep 

freezing allows for later cultivation of a bacterial sample [6]. However, freezing the samples for 

culture-dependent studies requires a continuous cold chain from sampling site to the lab. In contrast, 

preservation in stabilizing media have shown to better conserve the microbial community profile 

when the sample is exposed to repeated freeze and thaw cycles [5]. When conducting targeted gene 

and metagenomic studies using techniques such as bacterial 16S rRNA amplicon or shotgun 

sequencing, the ability to culture a sample no longer remains a prerequisite, so preservation media 

that kill the bacteria are now viable options. The choice of preservation method can help optimize 

cost and resource efficiency, and may be considered with regards to logistical and legal 

considerations, as well as sample type, when optimizing protocols for a specific project. 

 

While several studies have explored the effect of sample preservation and storage methods on gut 

microbiome samples, these have mainly focused on mammalian fecal samples, and on how the 

preservation method affects the microbiome composition [5, 7-10]. In contrast, the challenge of 
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extracting DNA of sufficient quantity for metagenomics from fish gut samples has received less 

attention, despite a plethora of studies on fish gut microbiota [11]. While some preservatives work 

well on fecal and/or mammal samples, they might not work sufficiently on other types of samples 

such as gut content from fish or other non-mammalian species. The reason for this may be a 

difference in density, water content and enzymatic and chemical properties [12], which may inhibit 

DNA extraction and PCR [13]. Previous studies on extracting DNA of sufficient quality and 

quantity for metagenomic studies have mainly focused on protocols for extraction and purification 

[14-16] but not on the effect of different preservation methods. 

In this study, we compared the efficacy of four methods commonly used to preserve microbial 

DNA, on samples taken as gut content, and mucosal scrape of gut epithelia, from rainbow trout 

(Oncorhynchus mykiss), a species accounting for a large share of the global aquaculture market 

[17]. Our emphasis was on the ability to extract microbial DNA of sufficient quality to perform 16S 

rRNA gene and shotgun sequencing, while keeping costs and labor intensity down when working 

on large sample sizes, something of increasing necessity to applied research on livestock and 

aquaculture-related experiments.   

 

Materials and methods 

Gut content and mucosal gut scrapes were taken from farmed rainbow trout (Oncorhynchus mykiss) 

and preserved using four common storage methods. The DNA was isolated and measured for total 

DNA concentration, prior to being assessed for bacterial DNA content and PCR inhibition using 

quantitative real-time PCR (qPCR). Shotgun libraries were built from the fragmented DNA extracts, 

and quality assessed for total DNA concentration and fragment length distribution.  
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Rainbow trout microbial samples 

Gut content and mucosal gut scrapes from farmed rainbow trout (Oncorhynchus mykiss) were 

obtained from a commercial farm located in saltwater near Bisserup, Zealand (DK) in December 

2017 and originally hatced at Vork Dambrug (Denmark). Gut content and mucosal scrapes were 

collected from 10 individuals. All 10 fish were randomly sampled from the same genetic cohort 

with an age of 3 years and insignificant size variation. The fish were too unripe to be reliably sexed 

individually, but normally the fish farm contains a female to male sex ratio of 60:40 at this life 

stage; regardless, since the main objective of this study is to solely evaluate the efficiency of 

different storage methods for preserving the quantity and quality of DNA, and not the microbial 

community composition, we do not expect any differences in sex or size to affect our conclusions. 

Four subsamples of gut content were sampled from each fish. First, the entire mid and distal gut 

sections were carefully dissected out of the fish and cleaned with saline water. Then we opened the 

gut with a sterile scalpel and carefully removed between 0.3 – 0.6 ml gut content from the mid gut 

and immediately stored it in one of the four different preservation methods; i) immediate freezing 

on dry ice in a Styrofoam container, and thereafter kept on -80°C, while the other three were 

immersed in ii) 96% ethanol, iii) RNAlater and iv) DNA/RNA Shield (Zymo Research, Irvine, 

CA), and then kept at -80°C. 

Lastly, we also sampled gut epithelial scrape samples for the comparison of two different storage 

methods. We washed the interior gut epithelial tissue with saltwater and carefully obtained two 

subsamples of mucosal scrapes with 4-5 scalpel scrapes over a surface area of 4-6 cm2. The scraped 

tissue samples were then immersed in two different preservatives; i) 96% ethanol and ii) RNAlater, 

and after 24 hours kept at -80°C until extraction. 
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Extraction of bacterial DNA from gut content and gut scrape samples 

DNA was extracted from ~0.1 g of sample using the MagAttract Powersoil DNA Kit (Qiagen, 

Venlo, NL), with a modified protocol using bead tubes from the Powersoil DNA Isolation Kit 

(Qiagen, Venlo, NL) and a KingFisher Duo robot (Thermo Fisher Scientific, Waltham, MA). 

 A total of 60 µl of lysis solution was added to the sample and incubated for 10 minutes at 65°C in a 

heat block. Samples were bead-beaten in a Tissuelyser II (Qiagen, Venlo, NL) for 10 minutes at 

30Hz prior to two cycles of freeze thawing (incubated at -80°C until completely frozen and 

subsequently thawed at 65°C), as modified from [14]. Four µl of proteinase K was added to the 

sample and incubated on a rotator for one hour at 56°C then cooled to room temperature. The 

samples were centrifuged at 10,000 x g for 2 minutes, and the supernatant was transferred to a 2 ml 

collection tube with 450 µl IRT solution, vortexed for 5 seconds and incubated for 10 minutes at 

4°C. Samples were subsequently centrifuged at 13,000 x g for 2 minutes, after which the entire 

volume of supernatant was transferred to a clean 2 ml collection tube, which was then centrifuged 

again at 13,000 x g for 2 minutes.  

The supernatant was transferred to a clean Kingfisher Deep Well 96 plate as summarized in Table 

S1, and the KingFisher MO BIO PowerMag Soil robotic program Version 2 was run to extract 

DNA. Extracted DNA was quantified using the Qubit dsDNA Broad Range Assay kit, transferred to 

1.5 ml lo-bind Eppendorf tubes and stored at -20°C. 

 

Assessment of bacterial DNA and inhibition level 

To assess DNA extraction efficiency, the relative amounts of bacterial DNA and detection of 

inhibitors was estimated through qPCR targeting the V3-V4 region of the bacterial16S rRNA gene 
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[18]. Undiluted and 1:20 dilutions were used, and extraction blanks and PCR negatives were 

included in every run. When comparing the amount of bacterial DNA among the preservation 

methods, the 1:20 dilution was used, to minimize the impact of inhibition on the Ct values. 

Inhibition was assessed by looking at the difference in Ct value between the undiluted and diluted 

sample. In an uninhibited and optimally amplifying sample, a △Ct value of one cycle should 

account for a double amount of PCR substrate, and a 1:20 dilution should result in a △Ct of ~4.3. In 

contrast, if inhibition is present, the △Ct between dilutions should decrease.  

 

Genomic DNA was qPCR amplified to target the V3-V4 variable region of the bacterial 16S rRNA 

gene (~465 bp) using the primer pair Bact-341F (5’-CCTAYGGG RBGCASCAG-3’) and Bakt-

806R (5’-GGACTACNNGGGTATCTAAT-3’) [18] with Illumina Nextera overhang adapters 

(Illumina Inc., San Diego, CA, USA). The qPCR mixture amplifying community bacterial DNA 

used 1X AccuPrime SuperMix II (Invitrogen, Eugene, OR, USA), 0.5 μM (each) forward and 

reverse primers, 2 µl DNA (following dilution series), 1 µl SYBR green and DNase/RNase-free 

water to a final volume of 20 μl. The qPCR profile consisted of an initial denaturation step at 95°C 

for 2 min, followed by 40 cycles of 95°C for 15 s, 52°C for 15 s, and 68°C for 40 s and a final step 

to estimate the dissociation curve from 55°C-95°C. All qPCR reactions were run on the Stratagene 

Mx3005p (Agilent Technologies, Santa Clara, CA).  

 

Sequencing libraries 

We subsequently tested the ability to build shotgun metagenomic sequencing libraries from the 

DNA extractions. For each preservation method, we built metagenomic sequencing libraries on 

three biological samples that exhibited varying results regarding total DNA and qPCR Ct value. 
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This was performed to observe how low, medium and high discrepancy in DNA concentration 

among the preservation methods would affect the quality of sequencing libraries.  

A M220 Focused Ultrasonicator (Covaris, Woburn, MA) was used to shear the DNA to about 

300bp fragments. Each sample was then processed with the BEST [19] library building protocol. 

The protocol includes four steps: blunt end-repair with T4 DNA polymerase, ligating with T4 DNA 

ligase, fill- in with Bst 2.0 Warmstart polymerase, a SPRI magnetic bead purification, and elution in 

EB buffer. The total DNA content of the libraries were measured on the Qubit Fluorometer HS 

Assay. Diluted libraries were run on a Tapestation 4200 High Sensitivity Assay (Agilent 

Technologies, Santa Clara, CA) to assess the fragment length distribution and concentration.  

 

Assessing DNA content for index PCR 

To assess the amount of cycles needed for index PCR, the libraries were diluted to 1:20 and run on 

the Stratagene Mx3005p qPCR. The qPCR mixture used 1X PCR Buffer, 0.2 μM (each) forward 

and index primers (BGI), 0.2 mM dNTPs, 2.5 mM MgCl2, 0.2 μl BSA (20mg/ml), 0.8 μl SYBR 

green, 0.1 U/μl Taq Gold (Thermo Fisher Scientific, Waltham, MA), 1 µl DNA (following dilution) 

and DNase/RNase-free water to a final volume of 20 μl. The qPCR profile consisted of an initial 

denaturation step at 95°C for 10 min, followed by 35 cycles of 95°C for 30 s, 60°C for 60 s, and 

72°C for 60 s and analyzed using the Stratagene Mx3005p.  

 

 

Library indexing and quality control 
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After the fragment length distribution and DNA concentration was measured, the libraries from the 

samples preserved in ethanol were selected for further downstream steps.  

Using the results from the library qPCR, an optimal cycle number for index PCR was calculated for 

each sample individually. The index PCR mixture used 1X PCR Buffer, 0.2 μM (each) forward and 

index primers (BGI), 0.2 mM dNTPs, 2.5 mM MgCl2, 0.1 U/μl Taq Gold, 20 µl DNA and 

DNase/RNase-free water to a final volume of 100 μl. Three PCR negatives were included. The PCR 

profile consisted of an initial denaturation step at 95°C for 12 min, followed by 3-16 cycles of 95°C 

for 20 s, 60°C for 30 s, and 72°C for 40 s, and a final step of 72°C for 5 min. 

Fifty μl of product was then purified using SPRI magnetic beads and eluted in 30μl EB buffer. Total 

DNA content of the purified product was then measured using the Qubit fluorometer HS Assay. The 

purified product was run on the Agilent 4200 Tapestation High Sensitivity Assay, to assess 

fragment length distribution and concentration.  

 

Statistical analysis and graphics 

We tested whether DNA concentration and Ct value were different between samples. First, the 

Kruskal-Wallis test was performed to jointly compare the four gut content preservation methods. 

When the Kruskal-Wallis test was significant we followed up with the Wilcoxon Signed-Rank Test 

to reveal which pairs of samples (two-tailed) were significant from each other. Statistical analyses 

were conducted in Microsoft Excel, using the add-in Real Statistics (http://www.real-

statistics.com/), and figures were made with R (https://www.r-project.org/). 
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Results 

One of the sampled rainbow trout had an empty gut, and was not included, leaving a total of nine 

different specimens from which gut content samples were taken. 

Total DNA concentration 

Gut content preserved in ethanol had the highest mean DNA content compared to all other storage 

methods (13.55 ng/µL), however, it also had the highest amount of within group variation as the 

concentrations for two out of nine sample DNA extractions being too low to quantify on the Qubit 

HS Assay (Fig. 1). Both the extracts from the frozen samples and those preserved in DNA/RNA 

Shield had very low DNA content (0.28 ng/µL and 0.45 ng/µL respectively; Fig. 1), with several 

too low to measure on the Qubit. DNA from samples preserved in RNAlater were the only ones 

with consistently readable results, although the average total DNA was lower than from those 

preserved in ethanol (2.36 ng/µL). The extractions of samples stored in RNAlater and ethanol had 

significantly higher total DNA content compared to samples stored frozen and in DNA/RNA Shield 

(P<0.05; n=9), while there was no significant difference between RNAlater and ethanol (P=0.203; 

n=9), or between frozen and DNA/RNA shield (P=0.078; n=9). 

 

The extractions from mucosal scrape samples stored in ethanol had a significantly higher (P<0.05; 

n=10) total DNA concentration (125.23 ng/µL) than from the samples stored in RNAlater (75.57 

ng/µL; Fig. 2). Two mucosal scrape samples preserved in ethanol were too high to measure with the 

Qubit HS Assay, and were included in the calculation with an estimate of the lowest possible result 

outside of the Qubit HS Assay range (i.e. 120 ng/µL). As the ethanol preserved samples showed the 

highest DNA concentrations, the potentially higher concentration of the samples (i.e. >120 ng/µL) 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

would only further reinforce our conclusion that ethanol is the best performing storage buffer when 

it comes to preserving high concentrations of microbial DNA.  

 

Comparison of 16S rDNA concentrations and assessment of PCR inhibition 

Bacterial DNA content was estimated in a preliminary qPCR. The DNA from gut content samples 

stored in RNAlater amplified on average earlier than DNA from the samples stored in ethanol 

(29.94 vs. 31.18 cycles) (Fig. 3), indicating that they have a higher amount of 16S substrate for 

PCR, despite the lower amount of total DNA measured. Both the DNA from the frozen samples 

(33.97 cycles) and the samples preserved in DNA/RNA Shield (34.68 cycles) amplified later than 

the DNA from the samples preserved in ethanol and RNAlater (Fig. 3). The DNA from the samples 

preserved in DNA/RNA Shield amplified later than the frozen samples, despite exhibiting a higher 

total DNA concentration, the difference was however not significant (P=0.16; n=9).  

 

The DNA from gut content samples stored in RNAlater PCR amplified significantly earlier than 

DNA from all the other preservation methods for gut content samples (P<0.05, n=9).  These results 

were also seen in the mucosal scrape samples (Fig. 4), where those stored in RNAlater amplified 

significantly earlier than the ones stored in ethanol (30.57 vs. 33.08 cycles, P<0.05, n=10).  

 

We also considered the qPCR results to assess the occurrence of inhibition among the preservation 

methods. In the gut content samples, moderate levels of inhibition were observed across all the 

preservation methods, with lower △Ct values than the expected 4.3 cycles (Fig. 5).  
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The DNA from mucosal scrape samples stored in RNAlater exhibited the least amount of overall 

inhibition of all preservation methods (Fig. 5), with a mean △Ct value of ~4.7, close to the optimum 

4.3 cycles. The DNA from mucosal scrapes stored in ethanol showed moderate amounts of 

inhibition (Fig. 5). 

 

Quality control of pre-indexing shotgun metagenomic sequencing libraries  

The total DNA Qubit HS measurement showed low mean amounts of DNA in the frozen (0.17 

ng/µL), DNA/RNA Shield (0.15 ng/µL) and RNAlater (0.25 ng/µL) gut content libraries, while the 

libraries for those preserved in ethanol had a slightly higher DNA content (0.68 ng/µL) (Fig. 6).  

 

The mucosal scrape libraries had higher average DNA concentration than the gut content libraries 

(3.22 ng/µL vs. 0.31 ng/µL) (Fig. 7), but showed large variation in concentration (ranging between 

0.314 ng/µl and 9.23 ng/µl for ethanol, 1.23 ng/µl to 7.78 ng/µl for RNAlater).  

 

Only the libraries built from the samples stored in ethanol had a consistent fragment length 

distribution and peaks close to the target 300bp and within the targeted size region of 100-700bp for 

both gut content and mucosal scrape samples (Figs. 8 and 9). The libraries built on the frozen 

samples and the samples preserved in DNA/RNA Shield performed very poorly, with overall 

concentrations either very low or too low to measure, and no peaks or visible fragments within the 

target region were observed except for one of the frozen samples (Fig. 8). The libraries built on 

samples stored in RNAlater showed a relatively high concentration and fragment sizes within the 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

targeted length interval for the mucosal scrape samples (Fig. 9), but for the gut content samples, the 

fragment size was larger than the targeted size range (Fig. 8). 

 

Discussion 

Our results indicate that preservation in 96% ethanol outperforms other methods for preserving 

Rainbow trout gut content and mucosal scrape samples for high throughput sequencing libraries.  

DNA concentration and inhibition 

For the gut content samples, preservation in ethanol and RNAlater yielded a significantly higher 

amount of total DNA compared to preservation by immediate freezing and in DNA/RNA shield. 

This contradicts some earlier reports, where DNA isolated from frozen samples for mammal gut 

microbiome studies were found to contain higher concentrations of total DNA than from samples 

stored in 96% ethanol and RNAlater [9, 20, 21]. A possible reason for this is that earlier studies 

were principally conducted on fecal samples [9, 20, 22], which are more solid and dense than the 

often more liquid and low density gut content samples. Both of the higher yielding preservation 

methods, ethanol and the ammonium salts-based RNAlater [23], dehydrate and concentrate the 

sample through osmosis, and after pelleting by centrifugation, the mass contains more DNA. On the 

contrary, DNA/RNA shield lyses the cells and dilutes the sample, while the frozen sample is not 

concentrated through osmosis as cells are maintained intact. Another possible explanation could be 

that ethanol, RNAlater or the PBS used to remove the RNAlater are changing the chemical 

properties, such as the pH of the sample, something that has shown an effect on extraction 

efficiency in earlier studies on eDNA [14]. It should be noted that we coupled the use of DNA/RNA 

shield from Zymo Research with the MagAttract Powersoil DNA Kit from Qiagen; extracting 
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samples stored in DNA/RNA shield with an accompanying kit from Zymo Research may reveal 

improved results from the ones reported in this study. 

The preliminary qPCR to determine bacterial content did not completely correlate with the total 

DNA concentration and the shotgun sequencing library efficiency. For example, DNA from 

mucosal scrape samples stored in ethanol had a much higher total DNA concentration in both the 

extractions and the shotgun libraries, yet mean Ct values from the amplification of the bacterial 16S 

target gene, and thus possibly bacterial DNA content, were similar to DNA from frozen gut content 

samples. A possible explanation could be that the large difference in total DNA concentration is 

partially influenced by the amount of host DNA being co-extracted. Indeed, a high concentration of 

host cells is particularly likely in the mucosal scrape samples that were taken along the intestinal 

host tissue.  

There were signs of PCR inhibition in most of the sample types. A possible source of inhibition in 

the samples stored in ethanol could be insufficient washing or time to dry, as ethanol is known to 

cause PCR inhibition [24]. 

DNA from mucosal scrape samples stored in RNAlater exhibited less PCR inhibition than DNA 

from samples stored in ethanol. Thus, given their similar DNA concentration and fragment length 

distribution, we propose that RNAlater could be a good alternative option for preserving mucosal 

scrape samples when high levels of PCR inhibitors are expected. 

Library quality 

The DNA from two out of three gut content samples stored in RNAlater did not fragment to the 

target size of 300bp, or within the targeted size region of 100-700bp (Fig. 8), indicating the 

presence of shearing inhibition. This could be due to leftover salts resulting from RNAlater 

stabilizing the DNA, making it resilient to ultrasonic shearing. Indeed, we also tried an alternative 
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library building protocol with an additional purification step and this showed a positive effect on the 

fragment sizes of the two resilient samples, without any significant loss of DNA, although they 

were still in the larger range (Fig. S1). Additional purification steps might allow DNA from 

RNAlater-preserved gut content samples to be consistently sheared to the optimal fragment size for 

metagenomic sequencing. The DNA from RNAlater-preserved mucosal scrape samples did 

fragment to within the desired length, and may be considered as a choice of preservation method, 

especially for samples with high levels of PCR inhibition, as mentioned earlier.  

Previous studies have shown ethanol-preserved metagenome samples to be more similar in 

composition and diversity to the less biased methods of fresh or frozen samples, compared to 

samples preserved in RNAlater [7, 20]. Ethanol also conserves the microbial composition better 

over time compared to RNAlater and immediate freezing without a preservation medium, when 

there is repeated thawing and refreezing [5]. Both preservation in RNAlater and DNA/RNA shield 

has been observed to have a strong negative effect on the alpha diversity of fecal microbiome 

samples [25].  

Logistic considerations 

The cost, labor-intensity and logistics are important aspects to consider when working with large 

sample sizes, commonly observed in many applied livestock and aquaculture-related studies. 

Although ethanol does pose some extra cost compared to immediate freezing, which is done in 

empty tubes, it is still considerably cheaper than RNAlater. Both ethanol and RNAlater have the 

advantage of making sampling in the field easier, as there is no need for a continuous cold-chain. 

Although, downstream processing of ethanol preserved samples requires extra work to remove it 

fully prior to DNA extraction, it is simpler to work with than RNAlater. RNAlater is of similar 

density to PBS, which caused difficulties in pelleting the sample prior to DNA extraction [25]. We 
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also speculate that remaining RNAlater may have caused the observed improper DNA shearing 

required for shotgun sequencing due to leftover salts after extraction. 

 

Conclusions 

Although immediate freezing has been seen as the gold standard preservation method for 

microbiome studies, our findings show that fish gut content samples preserved in 96% ethanol yield 

higher amounts of total DNA and produced shotgun sequencing libraries of more consistent quality 

than samples that have been immediately frozen, stored in RNAlater or DNA/RNA shield. 

RNAlater worked well on mucosal scrape samples, however the fragment length distribution for gut 

content samples was not optimal. Therefore, unless the samples are further purified, which is time 

consuming, we conclude that ethanol is the better option. However, RNAlater could be an option 

for mucosal scrape samples, or for samples intended for 16S rRNA gene sequencing exhibiting high 

levels of PCR inhibition, as the RNAlater-stored samples in this study showed the lowest levels of 

inhibition.  

In conclusion, two main conclusions emerged from our study. First, optimisation of sample storage 

method, which is often ignored, is an important part of establishing a successful microbiome 

research program in a new species or sample type system. Secondly, when jointly considering DNA 

quality, cost and labor, both in the field and in the lab, we recommend using 96% ethanol for the 

preservation of rainbow trout gut content and mucosal scrape samples intended for 16S rRNA gene 

and shotgun sequencing. 
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Figure legends 

 

Figure 1. Gut content extractions. Total DNA concentration (ng/μL) with median, quartiles and 

minimum/maximum are shown. Lower case letters indicate significant differences. DRS = 

DNA/RNA shield. 

 

Figure 2. Mucosal scrape extractions. Total DNA concentration (ng/μL) with median, quartiles and 

minimum/maximum are shown. Lower case letters indicate significant differences. 

 

Figure 3. Gut content extractions. Median, quartiles and minimum/maximum qPCR Ct values of gut 

content samples amplified with qPCR at 1:20 dilution. Lower case letters indicate significant 

differences. 

 

Figure 4. Mucosal scrape extractions. Median, quartiles and minimum/maximum Ct value of 

mucosal scrape samples amplified with qPCR at 1:20 dilution. Lower case letters indicate 

significant differences. 
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Figure 5. Difference in Ct value between undiluted DNA and DNA diluted to 1:20, when amplified 

with qPCR. The dotted green line indicates the optimal difference in Ct value when an uninhibited 

sample is diluted 1:20. A change in Ct value below 4.3 cycles indicates PCR inhibition.  

MS = Mucosal Scrape 

 

Figure 6. Gut content metagenomic libraries. Total DNA concentration (ng/μL) with median, 

quartiles and minimum/maximum are shown. 

 

Figure 7. Mucosal scrape metagenomic libraries. Total DNA concentration (ng/μL) with median, 

quartiles and minimum/maximum are shown. 

 

Figure 8. Gel image of metagenomic libraries from gut content samples. The black arrows indicate 

peaks in concentration. 

 

Figure 9. Gel image of metagenomic libraries from mucosal scrape samples. The black arrows 

indicate peaks in concentration. 

 

 

Figure S1. Gel image of metagenomic libraries from gut content samples preserved in RNAlater, 

built with the alternative library protocol including an additional purification step. The black 

arrows indicate peaks in concentration. 
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