Abstract

Background

Meiofauna — multicellular animals captured between sieve sized&nd 1000 m —

are a fundamental component of terrestrial, and marine benthic ecosystemry for

an integral element of food webs, and playing a critical roll in nutrient iegycl

Most phyla have meiofaunal representatives and studies of these taxa impact on a
wide variety of sub-disciplines as well as having social and economic inqlisat
However, studies of variation in meiofauna are presented with several important
challenges. Isolating individuals from a sample substrate is a time dogsum
process, and identification requires increasingly scarce taxonomidisgpdfinding
suitable morphological characters in many of these organisms is often tidireul

for experts. Molecular markers are extremely useful for identifyargtion in
morphologically conserved organisms. However, for many species markers need t
be developede novo, while DNA can often only be extracted from pooled samples in
order to obtain sufficient quantity and quality. Importantly, multiple independent
markers are required to reconcile gene evolution with species evolution. In this
primarily methodological paper we provide a proof of principle of a novel and
effective protocol for the isolation of meiofauna from an environmental sample. We
also go on to illustrate examples of the implications arising from subsequestiiag
for genetic variation at the level of the individual using ribosomal, mitochoradréal

single copy nuclear markers.

Results

To isolate individual tardigrades from their habitat substrate we used a non-tox

density gradient media that did not interfere with downstream biochemazzdgses.
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such as Ludox AM (Dupont, France) [35,36,37], Percoll (Pharmacia, Uppsala,
Sweden) [38] or 50% sucrose [39] may have detrimental downstream effects,
particularly for PCR. Using OptiPrep™ - Density Gradient Media (Axigld, UK)

we were able to isolate and identify all individual tardigrades and eggs flmtatha
substrata (see methods). Substrata used included fresh, frozen and dried herbarium
moss specimens. Contrasting with previous protocols OptiPrep is non-ionic, non-toxic
and does not require washing to remove the media. It has been used to fractionate
sub-cellular organelles and does not interfere with marker enzyme astiglte@ving
fractions of cell organelles to be analyzed without removal of the gradeshtim

[40]. In the current study it proved to be clean and efficient at extractingaue#of

from substrata, allowing biodiversity and biomass from each sample to beidetkrm
and detailed morphological examination without affecting subsequent DNA&@xtra

or downstream biochemical processes. Furthermore, tardigrades elxtractdresh

and frozen samples remained alive after the extraction process.

DNA extraction

Taking into account the limited amount of DNA available in a single tardigrade we
opted for a DNA release method rather than an extraction method to maximise the
amount of DNA available. We trialled several different release metho@®HNa
digestion, [22]; TE/ddED boil, [41]; Proteinase K freeze thaw cycles, [23]). All

these techniques were sufficient for amplification of 18S rDNA, as mang mor
expensive commercial kits have proven to be [24]. However, we found a 20 min boil
in 40 L of 5% chelex the most reliable technique across all gene regions, possibly
because the chelex beads inactivate inhibitors that would otherwise preaiereli
amplification. Obviously the risk of contamination and competition in PCR is

significant and all precautions are advised to prevent inadvertent introduction of









Utility for population comparisons

Traditionally in population studies a suite of variable markers are developed and used
to screen many individuals to explore intraspecific population structure usileg alle
frequency (genic) and genotype frequency (genotypic) approaches. Mariyrece
studies have taken advantage of the genealogical information available incgeque
data to investigate contemporand historical population processes [3, 44,45,46,47].
Our method potentially enables multiple gene sequences to be obtained from
individuals allowing genic, genotypic and genealogic analyses [48]. There has only
been a single molecular population genetic study of tardigrades [21]. ddiys st
provides an important contribution to the field as it indicatesBtianiscus testudo

has a high migration potential. Importantly though, the data were collected from
pooled individuals and are based on a single gene (CO1) which may not accurately
reflect the true population structure [49,50]. To thoroughly explore population
structure, multiple independent markers are required and intrapopulation variation
needs to be evaluated [51]. From our example we can demonstrate intraspecific
variation inDactylobiotus sp. samples in all three gene regions examined (the 8
Dactylobiotus specimens came from a single portion of moss and are presumed to be
conspecifics) and 5 sequence variable alleles avithgless locus forRamazzotius

oberhaeuseri from a single clump of moss.

Conclusions

We have described a method that allows for extraction of individual meiofaunal

specimens from their substratum. Our protocol for assessing between-individual












for 2 min followed by 24 cycles starting 94 °C 30 sec, 56 °C 30 sec, 72 °C 1 min but
decreasing annealing temperature from 56 °C to 45 °C by 0.4 °C each cycle and
increasing extension time by 2 seconds each cycle. This was followed Iiyes 112
cycles of 94 °C 30 sec, 45 °C 30 sec 72 °C 2 min increasing the extension time by 3
seconds each cycle. The reaction was terminated with a 4 min extension at 72 °C.
The second amplification used R of the first reaction as template but used more
conventional cycling conditions of 94 °C for 2 min followed by 35 cycles of 94 °C for
30 sec, 45 °C for 30 sec and 72 °C for 45 sec. This was followed by a 4 min
extension at 72 °C. Amplified products were sequenced by Macrogen inc. Seoul,
Korea. All sample information including GenBank accession numbers are available

as an additional file.

Analyses

Sequence trace files were base-called and aligned using Codoncode Aligner V1.6.3
(CodonCode Corp). Coding genes were checked for open reading frame and blast
searched (tblastx) to assess gene homology. Where highly divergent nucleotide
sequences proved difficult to align, sequences were converted to amino acids and
aligned by eye and back translated to nucleotide in SE-AL [59]. Ambiguous

alignment regions were excised from the analyses.

To determine an appropriate model of sequence evolution we used the iterative
optimisation approach suggested by Swofford [60] and validated by Sullivan [61].
The data was used to construct a neighbour joining (NJ) tree in PAUP*4 10b [62]
from which the likelihood parameters were estimated and used in a heuristic
likelihood tree search (NJ starting tree, TBR). After a minute the seaschto@ped

and likelihood parameters were estimated from the new tree. These pesaneete
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Figures

Figure 1 - Tardigrade phylogeny constructed from 18S rRNA

Phylogeny produced using maximum likelihood analyses under a GTRrddel

using 884 bases GBS rRNA. Numbers at nodes are support values generated from
1000 bootstrap pseudoreplicates. Terminal labels associated with unique numbers
were identified as: Macro 001-008acrobiotus furciger, Macro 048-52,68-077 —
Macrobiotus sp. (hufelandi type), Dacty Bactylobiotus sp., Acut —Acutuncus

antarcticus, Diph —Diphascon sp., RamO -Ramazzottius oberhaeuseri, Isohyp —
Isohypsibius asper, MilnT — Milnesium tardigradum, MilnC — Milnesium sp.

“charcot”, Bryod -Bryodelphax sp., EchinC —Echiniscus sp., EchinT —Echiniscus

testudo.
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Figure 2 — Tardigrade phylogeny constructed from CO 1 and Wingless

Phylogenies produced using maximum likelihood analyses under GTRadtlels
using: A. 534 bases of mitochondrial CO1 and B. 321 bases of Wingless. Terminal
labels correspond to those described in Figure 1. Support at nodes was generated

using 1000 bootstrap pseudoreplicates.
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