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Abstract

Specimens in natural history museums are a valuable resource for biological research,

such as taxonomic, biodiversity or evolutionary studies. However, the quality of DNA and

even morphological characters can decrease over time, depending on previous fixation

and long-term preservation methods.  In recent  years,  advances in DNA extraction and

sequencing techniques have allowed researchers to obtain DNA from museum specimens,

even  when  the  DNA  was  very  fragmented.  Extraction  methods  should  ideally  be

morphologically non-destructive, leaving diagnostic characters intact for future taxonomic

studies. Here, we assess whether the whole-body extraction widely used for several taxa

would be destructive for small crustaceans kept in wet collections. We extracted the DNA

from over 70 small (1-3 cm) and relatively fragile shrimps collected during the last 30 years

by using:  i)  a  piece of  abdominal  tissue and ii)  from the entire  remaining body of  the

animal.  We  photographed  several  samples  before  and  after  the  lysis,  focusing  on

taxonomically relevant characters. Although DNA concentration was higher in the whole-

body extractions, the presence of intact DNA was not correlated to the amount of lysed
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tissue. The resulting genomic libraries had little to no difference in yield. The taxonomically

relevant  characters  were  primarily  preserved  in  larger  specimens,  whereas  smaller

specimens (< 1.5 cm) became too fragile to handle or were damaged. We conclude that

this method must be carried out carefully in smaller crustaceans, depending on size and

taxon. We advise against using it with type specimens as the advantages do not outweigh

the risks.  Our experiment may provide future research with quantitative and qualitative

evaluations  to  help  scientists  weigh  their  decisions  when  extracting  DNA  from  wet

collection material.
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Introduction

About two centuries’ worth of biological information is currently contained in natural history

collections (NHC) (Billerman and Walsh 2019). While these institutions play an invaluable

role  in  taxonomic  and  evolution  research,  much  of  this  evergrowing  knowledge  has

historically been gained from morphological studies, with DNA often being poorly preserved

and sampled. This is particularly true for samples collected before or during the growth of

molecular biology in the past 40 years (Lindahl 1993, Dillon et al. 1996, Hahn et al. 2022).

Overlapping with the onset of the molecular era, the urgency of the biodiversity crisis has

twisted this trend by establishing a demand for defining (or challenging) the limitations in

retrieving this previously ignored type of  data (Alberch 1993, Krishtalka and Humphrey

2000, Billerman and Walsh 2019, Raxworthy and Smith 2021).

However, obtaining DNA from NHC is rarely straightforward. Different molecular biology

methods vary in their demands in terms of DNA molecular integrity: although the advances

in  next-generation  sequencing  (NGS)  have  introduced  us  to  a  genomic  era  where

retrieving  vestigial  DNA  from  virtually  any  type  of  sample  is  possible,  a  considerable

proportion of the research projects in systematics and biodiversity require DNA fragments

that are not too short to allow the amplification and sequencing of markers that vary from a

few hundred  up  to  a  couple  of  thousand basepairs  long.  In  general,  an  overall  intact

structure is largely preferred to avoid employing complex techniques to recover damaged

DNA, such as an ancient DNA approach (Mandrioli 2008, Zimmermann et al. 2008, Briggs

and Heyn 2012, Gansauge and Meyer 2013, Linderholm 2016, Prosser et al. 2016). Even

NGS  techniques,  which  have  shifted  the  demands  from  the  extracted  DNA  from

sequencing single markers to producing viable libraries, still exhibit a variety of protocols

and kits that require different degrees of integrity – i.e. with or without fragmentation step,

with or without PCR step or ability to skipping specific steps during library preparation (Van

Dijk et al. 2014).

While NGS techniques and the variety of approaches led to the development of alternative

methods for dealing with damaged and ancient DNA, NHC specimens still present a further
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challenge: the preservation of the specimen to allow future examination (Dillon et al. 1996, 

Gilbert et al. 2007, Thomsen et al. 2009). It became common to extract DNA from some

groups of small animals (especially arthropods) by submitting the entire body of the animal

to the lysis solution. This so-called ‘non-destructive’  approach relies on maximising the

number of lysed cells, while preserving the taxonomic characters in the exoskeleton that is

left more or less intact. However, the assessment and comparison of extraction methods

for museum specimens are mostly focused on samples that were not only collected a long

time ago but  are  also  preserved  in  ways  that  neglect  DNA preservation,  such  as  dry

collection or formalin (Dean and Ballard 2001, Dillon et al. 1996, Vink et al. 2005, Gilbert et

al. 2007, Zimmermann et al. 2008, Thomsen et al. 2009, Chen et al. 2010, Jaksch et al.

2016, Wang et al. 2019, Patzold et al. 2020, Straube et al. 2021, Hahn et al. 2022).

The assessment of these approaches also suffers from a taxonomic bias: although this

method has become commonplace for most small arthropods, such as mites (e.g. Klimov

and OConnor (2008)), the evaluation of methods is still centred around insects since they

are small, commonly studied and are typically preserved dry, pinned in collection boxes

(e.g. Dillon et al. (1996), Dean and Ballard (2001), Gilbert et al. (2007), Zimmermann et al.

(2008), Thomsen et al. (2009), Chen et al. (2010), Lang et al. (2015), Wang et al. (2019), 

Patzold et al. (2020)). With regards to wet collections, however, this sort of study focuses

on trying to salvage DNA from samples preserved in formalin (Zimmermann et al. 2008, 

Jaksch et al. 2016, Straube et al. 2021, Hahn et al. 2022).

Small crustaceans, despite their hard exoskeleton, often have sensitive external structures

like  setae,  teeth,  spinules  and  other  ornaments  (Garm  and  Watling  2013)  and  are

preferably kept in wet collections (e.g.  alcohol)  (Martin 2016, Uebeler et  al.  2022).  For

atyids, which range from ~ 1 up to 12 cm in body length, traits of taxonomic importance

often involve structures on the exoskeleton that may be small and/or delicate enough to be

easily destroyed or deformed – particularly in the smaller species in the Caridina group,

which rarely  surpasses 30 mm in  length (e.g.  de Mazancourt  et  al.  (2020)).  They are

usually preserved in ethanol 70-80% in long-term collections, but,  in the field, they are

often fixed and transported in ethanol 95% (Ng 2017, Uebeler et al.  2022). The higher

alcohol  concentration  is  suited  to  DNA  preservation  but  has  deleterious  impacts  on

morphological studies. Thus, a trade-off between alcohol and specimen fixation must be

considered by the researcher;  samples that  have been improperly  fixed earlier  in  their

collection may suffer with DNA degradation despite proper preservation in the long term.

Extraction methods and kits specifically focused on retrieving DNA from museum samples,

either old or ill-preserved, have been explored for a couple of decades (Raxworthy and

Smith 2021) and a number of methods and kits available to deal with low-quality or low-

quantity  DNA  have  been  developed  (Carøe  et  al.  2018,  Ruiz-Gartzia  et  al.  2022, 

Settlecowski et al. 2023). However, even though extracting DNA from the animal’s entire

body might be an option to increase the yield for molecular studies, museomics studies

either rely on proper taxonomy or lead to changes in it. Therefore, the specimens used in

such works should be available for taxonomists later and the molecular age should not

impede further morphological analyses and/or referencing. Since atyids are rather small

and possess various very fine taxonomic characters, we deem them as a good proxy for
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testing whether the whole-body extraction approach often used for terrestrial arthropods

amongst other groups is viable for smaller animals kept in the wet collection. Here, we

evaluate the efficiency and viability of a supposedly non-destructive whole-body extraction

for museum crustaceans by comparing the amount of extracted DNA and the effects of the

lysis process on the body.

Materials and Methods

Sample selection

We selected 74 specimens, each belonging to a single lot of atyid shrimps (Crustacea,

Decapoda)  from the crustacean wet  collection  of  the  Museum fuer  Naturkunde,  Berlin

(ZMB – former Zoologisches Museum Berlin). Each of the chosen specimens belongs to

an individual species and their collection dates ranged from three up to 30 years prior to

the DNA extractions (extractions were performed in 2022; sample collection years ranged

between 1992 and 2019; Suppl. material 1). None of those samples was a type specimen

of any kind. Since our main goal was to compare methods in terms of DNA yield and DNA

integrity, while assessing specimen destruction, we decided that 30 years was a good age

limit as older samples could be more vulnerable to contamination. Samples varied in size,

from ~ 1 up to 3 cm. Whenever the collection ID referred to lots with several individuals,

one specimen was chosen according to their state of conservation, including only those

samples  with  a  clear  light  colour  and  overall  intact  body  integrity.  However,  some

specimens that were already damaged (either by handling or by long-term preservation)

were  included  (e.g.  Fig.  3e)  to  test  how  it  may  affect  the  post-lysis  integrity  (see

Discussion). A piece of muscular tissue was retrieved from a dorsal section of the abdomen

that is not necessary for identification (Klotz et al. 2023), while the rest of the body was

preserved  for  the  alternative  extraction  method.  Thus,  two  sets  of  extractions  were

prepared for each individual: one with the fragment of muscular tissue (hereafter TS) and

one with the whole body (herafter WB). Twenty-six of the samples including species of

various  sizes  were  chosen  as  proxies  to  evaluate  the  preservation  of  taxonomic

characters. These were photographed with a focus on said characters prior to the lysis and

again after the DNA extraction. Photos were taken with a DMC6200 camera mounted on

an M205 C stereomicroscope (both by Leica) by using the Leica Application Suite software

(LAS) v. 4.13 following the protocol available in Uebeler et al. (2022).

DNA extraction

In order to prepare the samples for extraction, tissue pieces had the preservation alcohol

thoroughly dried, whereas the shrimp bodies were washed with distilled DNA-free water.

Although we did not have a sensitive enough scale to weigh the small pieces of muscle

tissue, we estimated the dry volume of samples using graph paper (~ 4 mm²). Following

the  instructions  in  the  protocol  ‘Purification  of  Genomic  DNA from Tissue  Samples  in

QIAamp® 96 DNA QIAcube®,’ reagents containing precipitate were incubated at 37°C until

the solution was clear. Then, all reagents were equilibrated to room temperature before the
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procedure. Both tissue samples and the whole shrimp bodies were submitted to the same

lysis  solution:  180  μL  ATL  buffer  +  20  μL  proteinase  K.  The  TS  samples  were  then

incubated for 6 hours at 55°C, whereas the WB samples were incubated for 30 minutes at

37°C. Following digestion, both sets of lysates were submitted to the automated extraction

programme in QIAcube® HT.

All  the  precautions  were  taken  during  extraction  to  avoid  contamination,  both

environmental and cross-contamination: all utensils and the counter were decontaminated

with ultraviolet light and DNA AWAY (ThermoFisher Scientific) before and after use; all new

tubes were kept in ultraviolet light for an hour before use; samples were washed from the

preservation alcohol in a closed environment under negative air  pressure before tissue

pieces were taken and dried in the same enclosure.

Quality assessment

DNA extracts were quantified in FLUOstar Omega® and had the fragment sizes assessed

through agarose gel  electrophoresis.  For  the 26 samples that  were photographed,  the

assessment was done in detail through Agilent TapeStation®. Differences in yield between

the two methods were statistically compared through a paired t-test. We visually checked

for DNA integrity in the electrophoresis quality control and classified for the presence and

absence of  fragments  larger  than  1500 bp.  The  difference  between the  methods  was

statistically compared through McNemar’s test.

In order to test whether any of the extraction methods would provide better results for NGS

methods, we chose five samples (ten total replicates: five TS and five WB) that had distinct

collection dates across the tested range and presented rather contrasting results between

the two methods and produced libraries from them. Libraries can be prepared with a very

wide variety of DNA sources, but samples with very low quality or quantity are likely to

require  specific  methods  or  some  sort  of  special  treatment  to  obtain  successful

preparations (Tyler et al. 2016, Mcdonough et al. 2019). Although further optimisation has

been  necessary  for  atyids  according  to  our  experience,  we  deemed  that  leaving  the

protocol as unaltered as possible would help to test the viability of the extracts and the

overall success rate of the methods. In addition, since contamination cannot be ruled out

without sequencing or, at the very least, with PCR using taxon-specific primers, we chose

samples with similar TapeStation profiles, which may be seen as an indication that DNA

from both samples had the same source.

Aliquots of 100 ng of DNA from the extracts were then used to prepare libraries with the

NEBNext® Ultra  II FS DNA Library Prep Kit for Illumina®, aiming for fragments 250-350

bp long.  We followed the protocol  made available by the manufacturer:  samples were

incubated for 6 min at 37°C for fragmentation (step 1.1.5), indices were diluted to 1.5 µM

(10 times) (step 1.2.1) and we used 7 cycles in the PCR enrichment (step 1.4.3). The

success of the procedure was measured by comparing the size and concentration of the

fragments in Agilent TapeStation. Library concentrations were compared through a paired

t-test.

TM
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Pictures of the samples from before and after the digestion were visually compared. The

examination checked for the integrity and shape of the characters that would allow the

identification of the species: rostrum length and indentation, carapace length, telson and

uropodia  length  and  preservation  of  the  setae,  thoracic  appendages,  dactyli  and

exoskeleton adornments. Comparison was made subjectively as to perceive changes that

would impede identification to species-level.

All  the  statistical  analyses  and  plots  were  made  in  R  (R  Core  Team  2021)  with  the

packages:  dplyr  (Wickham et  al.  2023),  tidyverse (Wickham et  al.  2019)  and ggpubr (

Kassambara 2021).

Results and discussion

As expected, there was a significant difference in yield between the TS and WB assays

(Fig. 1), as well as a clear correlation between age and yield. Our results also show that

such correlation (curve inclination) is stronger for WB, but this is likely due to the difference

in size of the individuals: since the size of the tissue fragments were similar, the maximum

amount of DNA that could be yielded from them was also similar, whereas the outliers in

body size increased the difference in yield between WB and TS. Meanwhile, there was little

difference in the DNA preservation profile: where we managed to retrieve genomic DNA

from samples, we did so in both sets (Fig. 2; Suppl. materials 2, 3). Obtaining DNA from

museum samples is generally more challenging than from fresh samples and DNA quality

is a main factor influencing the success of molecular methods (McGaughran 2020, Ruiz-

Gartzia et al. 2022). Thus, whole-body extraction might be helpful to obtain more DNA to

work with, which might be a necessity for very old samples and/or for projects that are in

their first stages, when protocols are still being standardised.

Figure 1.  

Distribution of the DNA yield per year of collection per extraction method: tissue extraction

(TS) and whole-body extraction (WB). A trend line with the respective standard deviation was

added for each extraction group. The grey shade representing the standard deviation range

was removed where it included negative values. The difference between methods is significant

(t = -8.49, df = 71, p-value < 0.01).
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A few of the samples had rather incongruent and unexpected profiles (intact DNA from the

TS and degraded DNA from the WB; see Suppl. materials 2, 3). It is noteworthy that all

these were large samples (larger than 2.5 cm in body length), which could suggest that it

might have something to do with penetration; either of the lysis solution or the alcohol

during fixation (Srinivasan et al. 2002). Although it cannot be ruled out, incomplete fixation

is less likely since almost all specimens used in this study were fixed in 95-96% ethanol

according to standard protocols for freshwater decapod crustaceans (particularly atyids) in

the field and permanent collections (Ng 2017, Klotz et al. 2023). Nevertheless, not all large

Figure 2.  

Comparison of  the Agilent  TapeStation® profiles of  photographed samples between tissue

(TS, left column) and whole-body (WB, right column) extractions. Scales on the left represent

fragment sizes in base pairs (bp). Samples are identified with their ZMB collection number.

(For detailed profiles including samples that were excluded due to suspicions of contamination

and the agarose gel images for the samples that were not photographed, see Suppl. material

2.)
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samples presented this problem and, without a proper test for contamination, we had to

exclude these samples from further consideration and assumed that the similar profile was

an indication that the DNA had the same source in both replicates.

A major problem we faced was due to the choice of extracting a piece of muscle from the

anterior abdomen: we chose that region instead of an appendage to obtain tissue that was

richer in DNA and, thus, have a fair comparison. However, several of our samples were

already damaged, either by age (or shortcomings in preservation) or by handling (previous

or our own) (e.g. Fig. 3e; see 'before' pictures in Suppl. material 2). Some of the smaller

individuals also had their bodies split in half and/or their carapace broken, but the only

taxonomic character that was visibly affected by this problem was carapace length. Since

this problem did not seem to affect the finer characters, which were our main target for

assessment and since damage by handling is a problem that many, if not most, collections

have to deal with, we decided to continue the procedure.

The lysis in and of itself  did not seem to damage the taxonomic characters enough to

hinder  identification.  However,  while  larger  specimens  presented  no  problems  with

preservation,  smaller  specimens  were  noticeably  softened  and  cleared.  In  these

individuals, the appendages became much more sensitive to breakage, detachment and

Figure 3.  

Selected  photographed  samples  before  (left)  and  after  (right)  lysis,  with  emphasis  on

characters  used  for  taxonomic  identification.  Specimens  shown  in  the  arrangement are

ZMB29135-2 (a), ZMB29425-3 (b), ZMB30245-1 (c), ZMB31573-3 (d) and ZMB32141-2 (e).

(For detailed pictures of all photographed samples, see Suppl. material 2.)
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loss or to being distorted or modified in a way that makes them difficult to study. In addition

to this, some small individuals (< 1.5 cm) became so transparent that they became hard to

find in the tube and so soft that they became very difficult to handle. Shorter lysis may

diminish these effects, but the digestion period we employed was already very short and

further reductions might be counterproductive in terms of yield. Different taxa have different

demands in terms of morphological preservation, but we suggest that this method must be

carried  out  carefully  with  smaller  individuals  because,  although  characters  are  not

destroyed, the analysis might be hampered. Destruction is, thus, not null, relative to the

nature of the characters required by taxonomic work. More importantly, we advise against

using this method with type specimens as the advantages do not outweigh the risks.

Library results  differences between TS and WB were not  significant  (Fig.  4;  p-value =

0.096). All samples used in the preparation had rather large DNA fragments (> 1000 bp;

Fig. 2), but all of them presented a wide range of fragment sizes. We predicted that WB

samples would yield more concentrated libraries despite the similar profiles in fragment

sizes because the initial  proportion of  larger  fragments would be higher.  However,  our

results show that even the most basic library preparation kits can produce viable libraries in

rather shorn DNA samples. Samples from the WB group were just slightly higher than their

TS counterparts in concentration and the library size between the two was similar.

Conclusions

Our experiment may provide future research with quantitative and qualitative evaluations to

help scientists to weigh their decisions according to what they have available. Overall, the

whole-body extraction significantly increases DNA yield while preserving morphologically

relevant traits. We must underline, though, that additional taxonomic characters that are

not limited to the exoskeleton might, in future, be employed and subsequently revealed to

be more sensitive to digestion. Plus, there are different levels of alteration in the samples'

bodies according to their size (and respective degree of penetration of the lysis solution).

The larger quantity afforded by the lysis of the entire shrimp body may compensate for

degradation (Mcdonough et al. 2019, McGaughran 2020, Settlecowski et al. 2023), but the

demand  for  specific  methods  or  procedures  to  treat  degraded  samples  remains  true,

especially for older samples.
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