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1. Research activity (max 1.000 words)

The research aims to create a workflow for the study of biodeterioration in cultural heritage through the application of molecular techniques, for the identification of deteriogenic organisms to prevent and restore artifacts. 
One of the main limitations in this field is the lack of standard protocols applicable in different substrates, and a genetic database ad hoc for cultural heritage.
We aim at developing a workflow that includes five steps (non-invasive sampling methods, DNA extraction, amplification, sequencing, and taxonomic identification) optimized for different artifact materials: paper and parchment, stne, and environmental (i.e. soil, wood, water, or lake core). 
Regarding sampling, there is a regulation (UNI EN 16085), which states we must always try to use sampling as less invasive as possible. Therefore, the sampling methods can be divided into: invasive (like scalpel or chisel to scratch the surface); micro-invasive (like adhesive tape); non-invasive (sterile swab or nylon membrane) 

The choice of methods depends on the type of material and the seriousness of the damage. In recent times different techniques have been tried such as a PVC eraser (Fiddyment et al., 2015; Piñar, Tafer, et al., 2020) or a micro-aspiration (Piñar, Sclocchi, et al., 2020).  

The DNA extraction can be done after in vitro culture or directly from the sample. The first method has been widely used in recent years but is not very effective as it allows to isolate only about 10% of microorganisms, the second method, instead, is much more effective since many more microorganisms can be identified through direct extraction, and in less time than passing through in vitro growth as also confirmed during my master's thesis.

As for the analyses, for a long time, visual or microscope analysis represents the most used approaches, over recent years, the use of biomolecular analyses is gaining momentum even applied to cultural heritage. Today, PCR and Next Generation Sequencing (NGS) speeded up the analyses and in particular, the Oxford Nanopore Technologies (3rd Gen Seq) allowed the sequencing of multiple samples at once in a very short time (about 24h) lowering incredibly the cost per unit sequenced.

In particular, their pocket-sized sensor device, the MinION, it's easy to use, just connect it to a laptop through a USB cable.
The lack of a specific genetic database certainly does not help studies of this type and their standardization, for several reasons:

1) Searching and aligning sequences in a general database represents a much longer and more difficult task since it has to compare sequences with any living organism;

2) A well-stocked database of biodeteriogenic microorganisms for cultural heritage would allow those who analyse to identify a particular microorganism, and consequently also the type of problem that usually creates and suggest methods of intervention to prevent or restore an asset.

During the three years of the PhD the aims is testing on real case studies the workflow for the application of biomolecular techniques in cultural heritage, to create standards according to the material, and to release an ad hoc database for the species affecting the cultural heritage artifacts. The workflow consists of five steps, each of which will be tailored for each type of artifact: (1) sampling, (2) DNA extraction, (3) amplification, (5) sequencing, (6) data analysis and database generation.

1. Sampling

Sampling, in molecular biology, is a more complicated problem since enough material must be available to extract a good quantity and quality of DNA, and sometimes this is very difficult to obtain with non-invasive methods.

Then, during the first part of the research, more effective sampling methods will be tested, like PVC eraser.
2. DNA Extraction

DNA extraction will be performed directly from the sample. Is usually carried out with standard kits or through extraction methods already used in the past and working. However, since the material cultural assets are always different, often the standard kits are not good, and different ones must be tried to find the most suitable one.
The aim is therefore to compare different extraction methods and kits based on the type of material and find the most suitable.

3. Amplification

The third step of the workflow is the amplification of a DNA fragment, through PCR, for subsequent analyses. In this type of screening PCR, universal primers that amplify conserved regions in the DNA of every kingdom are used; specifically the ITS regions, the ribosomal genes 18S, and 16S, other ribosomal DNA (e.g., LSU) regions, cytochromes inter alia. In this way, we can provide an almost exhaustive "screening" of all organisms present on the surface of an artifact. 

In the case of materials of animal or plant origin, through PCR is possible to trace and determine the species used for producing the artifact and get more information about the material, and in some cases geo-localize its origin. 

The purpose of the research in this point: comparing different primers and trying different amplification methods that solve the problem of low amount of DNA.
4. Sequencing

Sequencing can be performed with the innovative device MinION (ONT). The use of this tool allows to perform much faster sequencing (about 24h) and also to sequence a DNA pool at the same time.
5. Bioinformatics analysis and database

Following sequencing, the raw data obtained by the instrument must be analysed by a bioinformatics expert and entered one of the online databases to identify the species. A  parallel purpose to the workflow will also be the bioinformatics study that allows the creation of a database in which the species that will be found in the analyses will be inserted, and those already present in the literature. The creation of a database will facilitate identification operations since the search will not be carried out on a generic one but on a restricted database, which will therefore make the operation faster.

International Mobility

The international mobility will take place in the Institute of Science and Technology in Art (ISTA) in the Akademie der Bildenden Künste Wien with Dr. Piñar and Dr. Graaf who have been dealing with the use of Nanopore in cultural heritage. 

2. Research products 
Poster in International Biodeterioration and Biodegradation Symposium (IBBS18) “Next Generation Sequencing applied to Cultural Heritage: detection of microorganisms present on the parchment surface of an ancient Gradual of the 13th century” -Vassallo Y., Beccaccioli M., Cecchetti V., Faino L., Reverberi M.

