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ABSTRACT

In this study we tested a non-invasive, swab-based DNA sampling method that can be
used in situ for the monitoring of Patella candei candei endangered populations. These
DNA samples, obtained from the limpet mucus, must provide DNA for the implementa-
tion of genome reduced-representation methodological approaches (ddRAD) to obtain
thousands of markers dispersed trough the genome in a cost-effective way. The use of
relevant, but non-ideally collected and/or preserved DNA samples, including those from
non-invasive mucosal swabs sampling provided acceptable genotyping results. The
generated data allowed the correct use of SNPs identification pipelines and population
genetic structure analysis. The achieved results are relevant for the design and moni-
toring of conservation strategies for the endangered majorera limpet in Fuerteventura
Island.
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RESUMEN

En este estudio probamos un método de muestreo de ADN no invasivo basado en hisopos
que se puede utilizar in situ para el seguimiento de poblaciones en peligro de Patella
candei candei. Estas muestras de ADN, obtenidas del mucus de la lapa, deben proporcio-
narADN para laimplementacién de enfoques metodoldgicos de representacion reducida
del genoma (ddRAD), para obtener miles de marcadores dispersos a través del genoma
de una manera efectiva. El uso de muestras de ADN relevantes, pero no idealmente re-
colectadas y / o preservadas, incluyendo las muestras de mucosas no invasivas, propor-
ciond resultados aceptables para la genotipificacion. Los datos generados permitieron el
uso correcto de sistemas de identificacion de SNP y el andlisis de la estructura genética
de la poblacion. Los resultados obtenidos son relevantes para el disefio y seguimiento
de estrategias de conservacion de la lapa majorera en peligro de extincion en la isla de
Fuerteventura.

PALABRAS CLAVE: muestreo de ADN, ddRAD

INTRODUCTION

The development and testing of non-invasive sampling methods is crucial for the collec-
tion of samples for molecular taxonomy studies and analysis of the population genetic
structure of critically endangered organisms, avoiding a negative impact on small and /
or endangered populations.

Non-invasive samples have been proposed and evaluated for genetic analysis in order
to minimize the impact on the studied populations using different DNA sources (Balazs
at al., Domingues at al., Morinha et al., 2014). Of particular interest are those works that
have successfully demonstrated the feasibility of analysis from fish and mollusc mucus
(Domingues atal., 2019; Kim and Roe, 2021; Morinha at al., 2014). Although the non-inva-
sive method that has the least effect on the environment and organisms is based on en-
vironmental DNA (eDNA), it does not allow obtaining individualized genetic information.

The limpet P. candei candei d’Orbigny, 1840 is endemic to Fuerteventura and Selvagens
islands. The critical state of the “majorera limpet”, from the unique Fuerteventura pop-
ulation in the Canary Islands, provoked its inclusion in the Spanish Catalogue of En-
dangered Species under the category ‘in danger of extinction’ (Gonzalez-Lorenzo et al.,
2015). In contrast, the population of the remote Selvagensislandsis diagnosed as healthy
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(Gonzalez-Lorenzo et al., 2015; Hernandez-Dorta, 1992).

The use of genome reduced-representation methodological approaches (RAD) allows to
obtain thousands of markers dispersed trough the genome in a cost-effective way (Baird
atal.,2008; Etter at al., 2011; Kess at al., 2016; Peterson at al., 2012).

In this study we tested a non-invasive, swab-based DNA sampling method that can be
used in situ during the sampling and monitoring of Patella candei candei endangered
populations. These DNA samples, obtained from the limpet mucus, must provide DNA
that generates results, in terms of the number of reads and ddRAD loci, similar to those
obtained from standard samples.

MATERIALS AND METHODS

The Patella candei candei samples were obtained from the abundant and healthy pop-
ulation of the Selvagens Islands (N = 30). From the Fuerteventura critically endangered
population they were obtained samples from archived collections (1995) and from the
seizure of illegal catches (N =3). Additionally, they were collected by non-invasive mucosal
swabs sampling (N = 2, Jandia, Fuerteventura). Samples were immersed in tubes with
RNALater (Thermofisher) for their conservation, being temporarily 4°C and later at -20°C.
Total DNA was isolated with the E.Z.N.A.® Mollusc DNA kit (Omega Bio-Tek). DNA was then
ultrafiltrated with Amicon-M100K (Millipore). Quantity and integrity of purified DNA was
estimated with a Biophotometer Eppendorf D30, Qubit fluorometer and visualized elec-
trophoretically in 1% agarose gel.

The genomic libraries were elaborated by ddRAD methodology using the isolated DNA
from the diverse sample typology and sequenced in Miseq (Illumina) (Baird et al., 2008;
Etteretal.,2011; Kess et al., 2016; Peterson et al., 2012). SNPs identification and analysis
were performed with Stacks and dDocent pipelines (Catchen at al., 2013; Puritz at
al.,2014).

RESULTS AND DISCUSSION

The integrity of the DNA isolated from the limpet samples Patella candei candei from the
population of Fuerteventura was similar for all the samples, without important differenc-
esbetween the three types of analysed samples: archived samples, recent seized samples
and non-invasive samples. Along with high molecular weight DNA (HMW DNA), DNA with
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a certain degree of degradation is observed (Fig. 1A). This electrophoretic profile was
modified after ultrafiltration in the Amicon-100K device, being removed most of the deg-
radation smear, highlighting the HMW DNA fraction. After ultrafiltration, a lower amount
of HMW DNA is observed in the samples from non-invasive sampling compared to the
rest of samples (Fig. 1B).
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Figure 1.- Electrophoresis (1% agarose) of (A) total DNA isolated from diverse samples
(N=10) of the limpet, P. candei candei, sampled in Fuerteventura Island. The total DNA
after ultrafiltration (B) in Amicon-M100K (Millipore). The samples 9 and 10 were obtained
by non-invasive mucosal swabs sampling.

When compared with the conspecific samples, captured in the Selvagens islands pop-
ulation, the Fuerteventura sample showed a low DNA concentration. The total DNA
isolated from Selvagens population (Mean=30.57 ng; SD=65.29) was clearly higher than
values from Fuerteventura sample (mean=2.17 ng; SD=1.89) (Figure 2A). Consequently,
the amount of loaded DNA for the ddRAD libraries construction (Mean = 471.54 ng; SD
=302.75) was clearly higher in the case of the Selvagens libraries (Mean = 39.02ng; SD =
33.96), with respect to those of Fuerteventura (Figure 2B).
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Figure 2.- DNA concentration (ng/uL) of isolated DNA (40uL) (A) and quantity finally
loaded for ddRAD library construction (B).

The final results obtained for each of the libraries, samples from Fuerteventura and
Selvagens, did not reflect the large initial discrepancy in the amount of initial DNA.
Even so, the number of reads obtained from the individual libraries of the Selvagens
sample was slightly higher than that of the Fuerteventura libraries (Mean= 162369,6;
SD= 59109,05) (Figure 3A). Similarly, when depth coverage was considered, Selvagens
libraries showed higher values (Mean= 9,48; SD= 1,59) than those from Fuerteventura
(Mean=11,11; SD=2,44) (Figure 3B). In both cases the mean number of reads and depth
coverage was slightly lower than that of other libraries built in the same experiment from
Patella crenata samples.
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Figure 3.- Results from the NGS sequencing of the ddRAD libraries. The total number
of obtained reads (A) and the depth coverage for P. candei candei libraries sampled in
Selvagens (PcanSV) and Fuerteventura Island (Pcan FV) (B).
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In contrast, regardless of the pipeline used (Stacksand dDocent), the number of loci
detected was slightly higher in the case of the Fuerteventura libraries (Mean=1300
-Stacks-, 3481 -dDocent-) than those of Selvagens (Mean=1074 -Stacks-, 3199 -dDocent-).

The initial concentration of DNA to be incorporated in the ddRAD library construction
methodology is an important factor in generating the final number of reads. However,
the variation of the PCR cycles used to perform the barcodes incorporation, makes it
possible to slightly harmonize the number of fragments available in each library. Thus, a
difference of about an order of magnitude in the initial DNA concentration can generate a
more approximate number of reads, ifincreasing by a number of 2 to 3 PCR cycles for that
library with less DNA. However, the number of cycles to be increased must be kept to the
minimum necessary to avoid the generation of excessive PCR replicates.

The use of relevant, but non-ideally collected and/or preserved DNA samples, including
those from non-invasive mucosal swabs sampling still provide acceptable genotyping
results. Particularly, for the monitoring of critically endangered limpet species, Patella
candei candei, the generated data allowed the correct use of SNPs identification pipelines
and population genetic structure analysis (Figure 4). The achieved results are relevant
for the design and monitoring of conservation strategies for the endangered majorera
limpet in Fuerteventura Island.
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Figure 4.- Examples of analysis performed with SNP data attained from ddRAD libraries;
including (A) estimation of the number of groups for structure type analysis; (B) PCA analysis
and (C) Structure estimation of the membership probability for the individual libraries.
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CONCLUSIONS
« Archived samples, non-ideally collected and non-invasive mucosal swabs
sampling are adequate sources of DNA for genome reduced-representation me-
thodological approaches (RAD) in limpets.
« Number of reads, depth coverage and loci number are similar in the diverse
sample typology tested.
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