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Abstract

The main research direction of this project is the impact of microplastics on the ocean
on the environment and the distribution and composition of microbial communities
attached to the surface of microplastics. It mainly studies whether plastic material,
water temperature, salinity, ph and sea area will affect the distribution and composition
of microbial communities. This project used second-hand data collection and used
DADAZ2? to preprocess the data, and then used R studio to perform image analysis on
the data. Finally, it was found that the impact of microplastics on the marine
environment and ecological environment is serious. Plastic material, water temperature,
salinity, pH and the composition and distribution of the microbial community in the sea

all have a certain impact.



1.0 Introduction

1.1 Background

With the development of chemical industry, the global total industrial output of plastic
products has increased year by year due to the demand of light, durable, cheap and easy
to be made into disposable products. By 2018, the world's total production of plastics
has reached 360 million tons, and Europe's plastic production has reached the peak
value of 62 million tons (Plastics Europe, 2018). Plastic materials have been widely
used in a variety of applications in the 1970s. Due to the imperfection of waste plastics
treatment schemes in the world, the plastic wastes produced are transported by wind,
transported by rivers and discharged by sewage treatment plants into the marine
environment, which leads to a more serious situation of plastic waste pollution in the
marine environment. According to statistics, the total amount of plastic waste floating
in the marine environment is as high as 250000 million tons (Eriksen, et al, 2013),
which makes people realize that plastic garbage in the ocean is already a serious

environmental problem.

In 1972, when a large number of tiny plastic particles were found on the surface of the
Sargasso Sea, the world first realized that microplastics existed in the marine
environment (Carpenter & Smith, 1972). According to Goldberg's statistics, the total
amount of marine plastic waste produced worldwide in 1975 was only about 6.4 million
tons (Goldberg, 1975). After entering the 21st century, in 2010, the total amount of
plastic waste entering the ocean reached 12.7 million tons (Jambeck et al, 2015).
According to the current production rate of marine plastic waste, the amount of plastic
waste entering the ocean will reach 32 million tons by 2050 (Neufeld et al, 2016). In
the marine environment, the effects of marine plastic waste pollution on ocean and
coastal ecosystem have been widely studied (Eriksen et al, 2014). These include

ingestion by marine organisms as bait, entanglement of marine organisms, suffocation



and death of entangled organisms, release of plastic additives and adsorption of
persistent organic pollutants in the environment. As a floating substrate in the marine
environment, it can spread invasive species or pathogenic microorganisms, which will
cause serious harm to the marine ecosystem (Oberbeckmann, et al, 2014). In the current
global environmental problems, in addition to the familiar global climate change, ozone
depletion and ocean acidification, marine plastic pollution is also included (Galloway
& Lewis, 2016). At the same time, due to the stable chemical properties of plastics and
degradation time as long as hundreds of years, the plastic waste entering the marine
environment did not degrade because of the passage of time. Under the action of
physical, chemical and biological processes in the natural environment, large pieces of
plastic waste gradually become old and form more and more microplastic waste

fragments disperse into the world ocean with the ocean current movement every corner.

1.2 Microplastics

Microplastics is a kind of high molecular compound, which has strong hydrophobicity
and anti-biodegradation ability. It has variable density, various colors and different
shapes. In 2004, British scientist Thompson put forward the concept of microplastics
in science magazine (Thompson, 2004), so that microplastics came into people's view.
According to the EU Maritime Strategic Framework Directive, the size of large-scale
plastics is larger than 25mm, the size of medium-sized plastics is between Smm and
25mm, and the size of micro plastics is less than Smm. When the size of plastic
fragments is as small as 1nm ~ 100nm, it is called nano micro plastics (Galgani et al,
2013). Microplastics generally refer to tiny plastic particles or fragments with radius
less than Smm, which are too small to be found by naked eyes. Compared with
particulate matter 2.5 (PM2.5 refers to particulate matter with a diameter less than or
equal to 2.5 microns in the bai atmosphere) in the ocean, the amount of microplastics
in the ocean can reach 35400 tons (Rochman et al, 2014). Microplastics are ubiquitous

in the environment, including toothpaste and facial scrub cream. About 280 million tons



of plastics are disposed of as waste every year. In the natural environment of fresh water,
ocean and land, the accumulation of micro plastics has become increasingly prominent.
Most plastic wastes will also be degraded by light sources, oxygen, and organisms, or
be affected by physical effects such as waves to form broken small objects. And under
long-term chemical action, it degrades into smaller fibers, fragments, films and small
balls to form microplastics (Cozar, et al, 2014). At present, high concentrations of micro
plastic waste have been found in the ocean, remote fresh water lakes, saltwater lakes
and other waters, and even in the remote places such as the north and south poles.
(Koelmans et al, 2014). From the origin of microplastics, it can be divided into two
categories: consumer goods and industrial raw materials production debris. According
to the erosion level, the microplastics can be divided into novel, UN weathered and
initial transformed ones. According to their composition, they are polyethylene
microplastics (PE), polystyrene (PS) and polypropylene microplastics (PP) (Brunner,
et al, 2015). The primary source of microplastics in the ocean is the input from land,
and the discarded plastic products are dispersed into the ocean through the current. The
wastes piled up near the coastline, factories and domestic sewage discharge will enter
the water environment through the sewage treatment system. In the ocean, plankton
feed on microplastics, which are wrapped in feces. Other organisms can ingest
microplastics indirectly by eating fecal balls, and then enter the ocean (Arthur, et al,

2009).

1.3 The Harm of Microplastics

At present, microplastics mainly affect marine organisms, followed by freshwater

organisms and soil organisms.

First of all, it causes physical harm to marine organisms. When the microplastics are
ingested by marine organisms, it may inhibit the digestive tract function, and block the
digestive tract of marine organisms, causing feeding disorders. This effect is universal

and extensive (Xu, 2020). Secondly, microplastics will cause chemical hazards to



marine organisms. For example, plastic products will be produced by adding different
chemical reagents according to different ways of use, such as stabilizers, plasticizers,
plasticizers, foaming agents, colorants and lubricants (Koelmans, et al, 2013). In
addition, when microplastics enter the ocean, they are easy to absorb the chemical
pollutants in the water. When the microplastics are ingested by organisms, these toxic
chemical additives will be released in the organisms, causing chemical toxicity to the
feeding organisms (Punyauppa-path, et al, 2020). Finally, the floating plastic waste has
more stable physical and chemical properties, and can be used as a continuous substrate
to provide habitat for marine organisms, which may bring new organisms to the sea
area and cause biological damage to the local marine environment (Horton, 2020). So
far, statistics and forecasting of microplastic waste around the world is a difficult task.
However, this new environmental problem has aroused the research of the majority of

academic enthusiasts and scientists.

1.4 Plastisphere

According to the results of study, there is a significant difference between the microbial
community attached to the surface of plastic waste floating in fresh water and that in
sea water. In the study, the combined environment of micro plastics and attached
microorganisms is named " Plastisphere" (Zettler, et al, 2013). At the same time, it is
found that there are potential pathogens in the community of plastic attached organisms.
When the ingestion of this type of microplastics by the feeding organisms, the risk of

disease may occur.

The concept of Plasticsphere makes people more deeply realize the severity and
complexity of the impact of marine plastic pollution on marine ecosystem. First of all,
microorganisms inhabiting on the plastic will change the adsorption state of pollutants
on the surface of plastics and affect the decomposition rate of plastics in seawater
(Diaz,et al, 2013). In some biological communities, autotrophic bacteria produce

oxygen during photosynthesis, which accelerates the oxidative decomposition of



microplastics. Some fungi have been proved to have the function of decomposing
plastics (Bond, 2020). On the other hand, to assist foreign species and community
spread and diffusion, micro plastic as attached microbial habitats, its adherent microbes
can do it with the micro plastic in the ocean vertical and horizontal distance to travel,
so may lead to the spread of invasive species and diffusion problem, Especially when
the micro-plastic attached microorganisms contain microorganisms related to aquatic
animal diseases, the impact on the marine ecological environment is more significant

(Onda, et al, 2020).

1.5 Microplastics on Other Researcher

Since microplastics are common pollutants in marine sediments and seawater, the
environmental hazards of microplastics have been questioned. Marine microplastics

pollution has gradually become the focus of scientific research.

The latest study found that the amount of microplastics less than Smm in the ocean is
about 90% less than the predicted amount. This may be due to the fact that some
microplastics have been decomposed or broken into smaller plastic particles by
microorganisms. In addition, these microplastics have been swallowed by marine
organisms or have settled into deep-sea sediments (Cordova, 2020). Due to the
characteristics of small particles, large specific surface area and strong hydrophobicity,
microplastics are easy to adsorb persistent organic pollutants (POPs) and heavy metals.
In addition, some clay particles and organic debris may be accumulated on the surface
of microplastics, and the proportion of microplastics will increase, which will
eventually lead to the accumulation of microplastics in the deep sea (Cordova, 2020).
Therefore, microplastics can carry POPs and other pollutants from the surface water to
the seabed sediments, which increases the exposure risk of marine benthos to POPs
(Mato, et al, 2001). The toxic additives contained in plastics, such as plasticizers, flame
retardants, pigments and other additives, can be released into the sea water after

entering the marine environment. A large amount of hexabromocyclododecane



(HBCDs) was detected in expanded polystyrene (EPS) fragments from Korea and the
Coast of Asia Pacific. EPS fragments may be the source of HBCDs in marine
environment and marine food web (Jang, et al, 2017). Therefore, microplastics in
marine environment are not only the source of pollutants, but also the carrier of toxic
substances transmission, which has obvious transport effect on the environmental
migration of toxic substances (Batel, et al, 2018). The heterogeneity of microplastics in
polymer type, particle size, shape and density lead to different ecological effects on
marine environment. The unique characteristics of different types of microplastics
affect their interaction with chemical pollutants (Naji, et al, 2017). For example,
microplastics made from non-polar monomers such as polyethylene (PE),
polypropylene (PP), and polystyrene (PS) adsorb POPs from the surrounding Marine
environment and concentrate them at concentrations up to a million times that of the
environment (Hirai, et al, 2011). Based on floating buoys and physical ocean models,
it is found that plastic floating on the ocean surface can migrate from the east coast of
the United States to the interior of the North Atlantic subtropical circulation in less than
60 days (Zettler, et al, 2013). Therefore, the pollutants carried by microplastics also
migrate. Plastic particles in the marine environment provide carriers for the migration
of seaweed, seaweed, microorganisms and even some invasive species. Aggressive
alien invaders can drift into different ecological environments with these vectors,
causing ecological disasters. Marine microplastics double the chance of biological
species migrating to other latitudes (Barnes, 2002). Microplastics have increased the
opportunity for migration and spread. For example, the Membranipora tuberculate

found on plastic particles in New Zealand originated in Australia (Gregory, 2009).

With the continuous migration of microplastics, it may promote the rapid spread of
pathogenic bacteria attached to its surface, leading to large-scale infections and even
endangering human health. In addition, microplastics can also provide a stable habitat
for plankton, allowing them to obtain rich nutrition, thereby attracting lower trophic

fishery organisms to eat microplastics, and at the same time may aggravate the toxic
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effects caused by ingestion. Relevant studies have found that benthic diatoms,
dinoflagellate and harmful dinoflagellate are attached to microplastics on the northwest
coast of the Mediterranean Sea (Maso, et al, 2003). Once these microplastics migrate
to sea areas suitable for the growth of harmful dinoflagellates, they may rapidly
multiply and diffuse, leading to the release of large amounts of toxins that affect the
quality and safety of aquatic products, and ultimately cause potential harm to human

health.

In the marine environment, microplastics are not only easily treated as plankton by
predators, but also ingested by marine organisms into the food chain (Moore, 2008).
Moreover, microplastics are also easily adsorbed on the surface of marine life, and enter
the food chain as they are ingested. Gutow (Gutow, et al, 2016) found that the surface
of fucales was easy to adsorb microplastic particles in laboratory experiments. The
presence of microplastics was found in the stomach and intestines of conch after feeding

on the algae polluted by microplastics.

As a new biological habitat in the marine environment, marine microplastics are
significantly different from the surrounding environment. Zettler used high-throughput
sequencing technology for the first time to study the microorganisms attached to Marine
microplastics. By comparing and analyzing the microbial communities in
polypropylene (PP), polyethylene (PE) and seawater samples, he found that the
microbial communities on plastics were significantly different from those in the
surrounding environment. Some types of microbes were found in polypropylene (PP)
and polyethylene (PE) plastic materials, but not in environmental water samples. At the
same time, more than 1000 OTUs (OTU refers to the general term of taxonomic units
as objects in quantitative taxonomy. There are species, varieties and individuals, such
as a specific genus, a specific family, and a specific order) were detected on each surface
of the microplastics, and a high abundance of potential pathogenic bacteria Vibrio was
found on the surface of some of the microplastics samples. Therefore, the researchers

named the structure of microplastics and attached microbial communities as
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"plastisphere" (Zettler, et al, 2013).

Microplastics are also the transmission media of many harmful microorganisms in the
marine environment. The physical and chemical properties of plastic materials are more
stable than the natural floating objects in the natural environment. According to Lyons's
research results, compared with the free distribution of microorganisms in the water
environment, when the microbial communities gather together, the biological
metabolism efficiency in the polymerized microbial community will be significantly
improved, and the abundance of culturable Vibrio and fecal indicator bacteria in the
aggregation community will increase (Lyons et al, 2010). When conducting
experiments on the aggregation of the animal infectious parasite Toxoplasma gondii,
Shapiro discovered that the plastic debris floating in the ocean has a spreading effect
on harmful microorganisms (Shapiro, et al, 2014). However, in different regions and
environments, the abundance and species of pathogenic microorganisms attached to
marine plastic waste are quite different. Goldstein found halofoliculina corallasia on
the surface of plastic waste in the North Pacific Ocean. This ciliate is the pathogen
causing coral bone erosion (Goldstein, et al, 2014). Additionally, found that a harmful
dinoflagellate was present in the bacterial community attached to the microplastics
while studying the marine microplastics in the Australian offshore waters (Reisser, et

al, 2014).

Plastic is a kind of artificial polymer, which is mainly composed of hydrocarbon. It can
be used as carbon source by heterotrophic microorganisms in the environment (Shah,
2008). After immersion in the bay for 6 months, the weight of bio attached olefin
polymers is reduced, the surface cracking occurred, and the mechanical properties and
chemical functional groups were changed (Sudhakar, et al, 2007). Artham and Doble
research pointed out that microorganisms attached to plastics can not only obtain energy
through degradation, but also use extracellular polymers secreted by other attached
organisms as carbon sources (Artham & Doble, 2009). Finally, Microorganisms

attached to microplastics also play an important role in the adsorption of persistent
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organic pollutants (POPs), In an experiment to evaluate the adsorption of microplastics
to environmental chemicals, Gouin found that microorganisms attached to
microplastics can significantly reduce the absorption rate of POPs by microplastics
(Gouin, et al, 2011). To sum up, The impact of microplastics on the environment is
extensive and complex, and the microorganisms in microplastics are still not well
understood. This project will research and explain plastic microorganisms in the next

few chapters.

1.6 Aims and Objectives

The purpose of this project is to study the biological communities associated with
microplastics in the Northern Corsica, North Sea, Adriatic Sea and coast of Italy. In
order to systematically understand the biodiversity and function of microbial
communities on the surface of micro plastics, this project will try to explore the
essential factors of marine pollution and plastic pollution. Dada2 was used to preprocess
the collected data, and then r studio was used to analyze the pretreatment data to study
the microbial community and environmental impact of different plastic materials in

different pH, salinity, temperature and marine environment.
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2.0 Methods

All data processing models for this project were built with the assistance by Dr Umer
Zeeshan [jaz and Ciara Keating of Glasgow University, and provided relevant training
to help me independently complete the relevant data processing and analysis in the later

stage.

2.1 Data Collection

The main research direction of the project is to process and analyze the metadata of
microorganisms adsorbed on microplastics, so all the data of the project will be second-
hand data sources, which means that other researchers and related scholars have
discovered in this field And the relevant data can be used at any time, which will save
a lot of the collection and processing of the original data, and improve the efficiency of

the project progress.

In order to make the project data closer to the research theme, the data mainly collected
academic articles related to the V3-V4, microplastics and microbes, and finally decided
to use the data in the following four academic articles as the data basis for the project

research for processing and analysis:

® The plastisphere in marine ecosystem hosts potential specific microbial degraders
including Alcanivorax borkumensis as a key player for the low-density
polyethylene degradation (Delacuvellerie, et al, 2019).

® Major Role of Surrounding Environment in Shaping Biofilm Community
Composition on Marine Plastic Debris (Basili, et al, 2020).

® Bacterial Community Profiling of Plastic Litter in the Belgian Part of the North
Sea (De Tender, et al, 2015).

® The composition of bacterial communities associated with plastic biofilms differs

between different polymers and stages of biofilm succession (Pinto, et al, 2019).
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According to the research content of each academic article and extract the relevant data

codes are as follows:

PRINA495136
PRINAS58771
PRINA272679

PRINAS515271

Using the above project data codes, the relevant research data can be downloaded from

https://www.ncbi.nlm.nih.gov/. The specific data download will be elaborated in part

of 2.2 model’s organization.

2.2 16S rRNA

All data of this project are from 16S rRNA. 16S rRNA is an important part of the
ribosome. Together with 22 proteins, it forms the 30S subunit on the ribosome
(Schluenzen, et al, 2000). Because the functions performed are very basic and important,
the structure of 16S rRNA is very conserved during evolution. The length of 16S rRNA
is about 1500 bp. In addition to the typical GC and AU base complementation, its
secondary structure is also full of atypical base pair linkages such as GU and GA,
forming more than 50 helical structures, and Single chain ring structure between spiral
structures (Woese, et al, 1983). Due to the influence of secondary structure, the
evolution rate of different nucleic acid sites on 16S rRNA is not the same. The part of
single strand loop structure does not need complementary pairing, so the evolution
speed is faster, while the spiral part needs to complete complementary pairing by gyric
structure, which is very conservative. The evolution rate between the fastest evolving
site and the slowest evolving site can differ by as much as 1000 times. According to the
speed of evolution, the full length of 16S rRNA is usually divided into 9 highly variable
regions (V1-V9) And the relatively conserved regions in between (Van, et al, 1996).

For this project research, all data will use the highly variable region of V3-V4 for final
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research and analysis. Carl Woese first proposed that rRNA has good clock
characteristics and can be used to trace the evolutionary relationship of organisms, thus
becoming a pioneer in TRNA research (Woese, 1987). On the basis of Carl's work,
Norman initiated a molecular biological method for microbial diversity research, which
was represented by rRNA gene sequencing. They directly sequenced 16S rRNA gene
in environmental samples and directly captured the evolution and diversity information
of environmental microorganisms by bypassing the cultivation step (Pace, 1997). With
the application of molecular biology technology represented by 16S rRNA research,
researchers have gradually realized that compared with a few microorganisms that can
be cultured, most of the microorganisms that cannot be cultured have higher diversity
and more important ecological functions, such as alpha diversity, beta-diversity, taxa

bars, environmental filtering.

2.3 Illumina Miseq

Benefiting from the development of sequencing technology, the throughput of
sequencing platforms is getting higher and higher. If only one microbial community
sample is sequenced in each sequencing batch, it is obviously a big waste. At this time,
you need to use multiplexed sequencing, barcoded sequencing and indexed sequencing
technology (Goodrich, et al, 2014). The core of this method is that when the target
fragment of 16S rRNA gene is amplified by PCR, a characteristic barcode of
oligonucleotide segment is added to the primer, and the PCR product will also carry the
same sample specific barcode. The barcode carried by the PCR primers of each sample
is different. After the sequencing is completed, the barcode sequence can be detected to
know which sample each sequence belongs to. In this way, the DNA template of
hundreds or even thousands of samples can be mixed in the same sequencing batch,

which greatly improves the detection efficiency and utilization rate.

The Illumina MiSeq platform pioneered the use of external barcode design. The barcode

sequence is not directly connected to the PCR primers used to amplify the target
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fragment. There is an extension adapter in the middle. The actual sequencing starts from
the end of the extension adapter. The final sequencing sequence only contains the PCR
primer and the target fragment. After the target fragment is sequenced, the barcode
regions at both ends are separately sequenced to obtain the sample information of the
sequence (Illumina, 2013). The advantage of this design is that through high-quality
short fragment sequencing, the barcode sequence detection will be more accurate; and
the barcode area does not occupy the sequencing read length of the target fragment, and
the utilization rate is higher. At the same time, [llumina Miseq platform sequenced and
identified barcode regions automatically during the sequencing process. The final
sequencing results have been separated according to the samples, and no additional

bioinformatics analysis is required.

Forward Reads Reverse Reads

Quality Score

Quality Score

Sequence Base Sequence Base

2.4 DADAZ2 Analysis

With the development of high-throughput PCR sequencing, it is of great significance
to the study of environmental microbial community. In amplification sequencing, a
specific gene sequence is amplified from the DNA extracted from the target population
and sequenced on the next generation sequencing platform. This technology avoids the
necessity of microbial cultivation and detection, and effectively provides in-depth

investigation of microbial communities (Callahan, et al, 2016). In the process of
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amplicon sequencing, some incorrect sequencing will be introduced into the data, which
makes the results of serious deviations and complicates interpretation. DADA2 brings
a brand-new algorithm, which can model the errors introduced in the amplification
process and use the error model to infer the real sample composition. (Callahan, et al,

2015).

The starting point of the DADA2 pipeline is a set of demultiplexed fastq files
corresponding to the samples sequenced by amplicons. In other words, DADA?2 expects
that each sample will have two separate fastq files, one forward and one reverse. Like
the DADA?2 features introduced before, the ASV table records each sequence and its
quantity information to obtain microbial classification information with higher
resolution than the OTU table obtained by traditional clustering (Bolyen, et al, 2019).
The appendix provides a brief description of how to generate virtual barcodes and
explains how to combine forward and reverse barcodes together (see the appendix
figure 2 and figure 3). After the analysis and processing of DADA?2, the project finally
obtained 11566 ASVs for the final data analysis (see the appendix figure 8).

2.5 Biological Diversity

In order to study the microbial diversity of microplastics and plastisphere in the ocean,
the statistical analysis methods of alpha diversity and beta diversity will be used in this
project. Alpha diversity refers to the diversity of microorganism in a specific area or
ecosystem, and it is a comprehensive indicator reflecting abundance and uniformity.
Alpha diversity is mainly related to two factors, one is the number of species, which is
richness, the other is diversity, the uniformity of individual distribution in the
community. Community richness index mainly includes Chao index and Ace index.
Community diversity index, including Shannon index and Simpson index (Reese &

Dunn, 2018).

® Simpson Index. It is an index commonly used in ecology. It reflects the status and
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role of dominant species in the community. If a community has more dominant
species, the proportion of other non-dominant species will decrease. Then Simpson
index value is larger, which indicates that the community diversity is low, and this
index is negatively correlated with other diversity indexes.

® Shannon index. One of the indexes used to estimate the diversity of
microorganisms in the sample. Both it and the Simpson diversity index are
commonly used indexes of alpha diversity. The larger the Shannon value, the

higher the community diversity.

The term beta-diversity was proposed by Whitaker (Whittaker, 1960). It is defined as
the degree of community composition change, or the degree of community
differentiation, which is related to the complex gradient of the environment or the

pattern of the environment (Legendre, 2014).

® Bray—Curtis dissimilarity. Difference in microbial abundance between two samples.
0 means that the two samples have the same species richness. 1 is the species
richness of two samples that are completely different

® Jaccard distance.0 indicates that two samples have the same species, and 1 indicates
that the two samples have no common species.

® UniFrac. sequence distances (phylogenetic tree), unweighted UniFrac is based on
sequence distance, but does not consider abundance information. weighted UniFrac

considers abundance information and sequence distance.

2.6 R Studio

In this project, R studio will be used to analyze the pre-processing data, and box plot,
two-dimensional distribution chart and histogram will be used to give the results in
alpha diversity, beta diversity, environmental filtering and taxa bars. Based on the
standard of plastic type, the effects of different conditions (such as water temperature,

salinity, pH and sea area) on microbial community composition were analyzed.
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3.0 Results

Northern Corsica North Sea Adriatic Sea coast of Italy
ph 8.5 8 8.2 8.2
Temperature 20 8 21 18.6
Salinity g/L 38 33.5 38.3 38
Plastic type PP, PE, PVE, PE LDPE, HDPE, PE, PP
PVE-DEHP,
LDPE PVE-DIHP,
PVE-DINP

Table 1: Basic Data

As showed in Table 1, The table summarizes the specific values of the relevant analysis

collected in this project.

3.1 Alpha Diversity

This chapter will show 4 graphs, which use pH, salinity, temperature and sea area as

variables to analyze the microbial communities on different plastic materials. Each

graph will analyze each index in order to more clearly reflect the impact of each variable

on the microbial community.
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As showed in Figure 2, the influence of pH value on the diversity of microbial

community on different types of plastic materials. ph value would be divided into two

variables of 8.5 and 8-8.2 to show the distribution of microbial diversity on different

types of plastics. Under the Simpson index, according to the P value (P < 0.05%*, P <

0.01**, P <0.001***), it can be concluded that the difference in microbial diversity on

the sample groups of different materials of plastic is weakly significant. In a single

sample group, the sample distribution is relatively Similar , so the difference between

individual samples is small. The Simpson index value of nearly 1 reflects the low

microbial diversity. By comparing LDPE and PVC-DEHP, the P value between the two

groups is P < 0.05*. The distribution between the two groups of samples is relatively

similar, which indicates that the difference in the microbial community becomes a

weaker display.
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Figure 3: Plastic Type and Salinity in Alpha Diversity

As showed in Figure 3, salinity was divided into three variables: 38 g/L, 33.5 g/L and
38.3 g/L to show the diversity of the microbial community on the different plastic types
(PE, PP, PVE, LDPE, PVC-DEHP, PVC-DIHP,PVC-DINP, HDPE) and the impact
salinity has on this. Three salinity levels were compared (38 g/L, 33.5 g/LL and 38.3 g/L).
According to richness index, P value (P < 0.05*, P < 0.01**, P < 0.001***.) can be
concluded that the difference of microbial diversity among different materials of plastic
samples is significant. By comparing PE and PVC-DINP, the P value between the two
groups of samples is shown as P < 0.001***, the distribution of samples is not
concentrated, so the difference between individual samples is great. It can be seen that
the diversity of the samples is different due to the rich microbial species. In the samples
of PE and PVC-DINP, when the salinity is 33.5g/L, the richness index is close to 6.
When the temperature is 38g/L, the richness is directly close to 4. Therefore, when the

salinity is lower, the types of microorganisms would be rich.
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Figure 4: Plastic Type and Temperature in Alpha Diversity

As showed in Figure 4, the effect of water temperature on the diversity of microbial

communities on different types of plastic materials. The measured water temperature is

divided into four variables of 20°C, 21°C, 8°C and 18.6°C to illustrate the distribution

of microbial diversity on different types of plastics (20°C, 21°C, 8°C and 18.6°C).

Evenness data pointed out that the small P value leads to significant differences in the
microbial diversity of the sample groups on different plastic materials. By comparing
HDPE and PVC-DEHP, the P value between the two groups of samples is shown as P

< 0.001*** the sample distribution is not concentrated, and the comparison between
samples also shows the diversity, which the difference is significant. Therefore, the

large number of microorganisms in the sample leads to difference in diversity. In the
samples of PE and PVC-DEHP, when the temperature is 8°C, the evenness index is
close to 0.9. When the temperature is 21°C, the evenness is directly close to 0.7.
Therefore, when the temperature is lower, the number of microorganisms would

Increase.
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Figure 5: Sea Area-Plastic Type of Alpha Diversity

As showed in Figure 5, this project collected plastics of the same material from four
different regions of the sea to analyze the distribution of microbial diversity. According
to the observation of the Shannon index, the P value is significantly smaller than the P
value in the Simpson index. The difference in microbial community diversity displayed
under this index is significant. In a single sample group, the sample distribution is not
concentrated, But the comparison between the sample and the sample shows that there
are six groups (PVC-DEHP and PE, PVC-DEHP and HDPE, PVC-DINP and PE, PVC
and HDPE, PP and PE, PE and PVC) with significant differences in microbial diversity
and four groups (LDPE and PE, LDPE and PVC-DEHP, PP and HDPE, HDPE and
PVC-DINP) with weakly significant differences.

According to the analysis of the above four graphs, the differences in the diversity of
the microbial communities shown in the project data are significant, and the uniformity
and richness are also relatively large. Because the content displayed by each graphic is
not much different. Therefore, the influence of external environmental factors on the

microbial community on different plastic materials is not significant.
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3.2 Environmental Filtering
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Figure 6: Sea Area-Plastic Type of Environmental Filtering

As showed in Figure 6, Analyzed ecological driving factors to determine whether the
composition of the microbial on the different plastic types with respect to geographical
location is related to any environmental pressure. When the ordinate value is greater
than 2, NRI and NTI have significant clusters in the phylogenetic tree, which indicates
a clustered phylogeny where coexisting taxa are more related to each other than
expected by chance — therefore environmental pressure . When it is less than -2, this
indicates members of these communities are less related to each other than expected by
chance (i.e. phylogenetically over dispersed). — therefore, stochastic no environmental
pressure.. When there are many clusters of phylogenetic trees, this is enough to indicate
that environmental factors or other related parameters are involved in data analysis.
According to Figure 6, the value of NRI is between 0-3, while the value of NTI is
basically between 5-7, which is enough to show that the impact of environmental
factors on the microbial community is significant. Since the marine environment is an
infinitely open external environment, there will be more factors involved in it and affect
the composition of the microbial community. Therefore, under the NTI index, the

impact of different sea areas on the microbial community is increasing.
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3.3 Beta Diversity
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Figure 7: Sea Area and Plastic Type in Unifrac Bate Diversity

As showed in figure 7, Using unifrac to analyze Beta diversity, unifrac is phylogenetic
distance, which considers whether the sequence appears in the community, and does
not consider the abundance of the sequence. The p value of sea location is 0.001, which
is lower than p value of plastic type. This indicates that the difference in the microbial
community on the sea location is a weaker indication. Through the observation of R-
squared, the microbial community on the sea location (19%) is more than the plastic
type (8%) Comparing the distance between the Adriatic Sea area and the North Sea area,
it can be seen that there is a large difference, which is sufficient to show that the
difference in the microbial communities in these two areas is obvious, and the
distribution of microbial communities is relatively wide. Comparing the distance
between the Northern Corsica area and the coast of Italy area, it is found that they are
very close to each other, which means that the microbial community difference between

the two areas is not significant and the similarity is high.
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Figure 8: Sea Area-Plastic Type of Wunifrac Bate Diversity

As showed in figure 8, Using wunifrac to analyze Beta diversity, On the basis of uniFrac,
weighted unifrac is phylogenetic distance but considers species abundance., it can
distinguish the difference in species abundance. The p value of sea location is 0.001,
which is same as p value of plastic type. This indicates that the difference of microbial
community in plastic type and sea location is the same. Through the observation of R-
squared, the microbial community on the sea location (28%) is lower than the plastic
type (42%). Adriatic Sea area, Northern Corsica area and coast of Italy area. These three
areas overlap completely, and the distribution of microbial communities is relatively
concentrated. This is enough to show that the composition of microbial communities in
these three areas is very similar and the differences are weakly significant. The distance
between the North Sea area and the above three areas is also very close, and the
distribution of microbial communities in this area is also very concentrated. Therefore,
regardless of sequence abundance, the difference in the composition of microbial
communities is weakly significant. Unweighted unifrac can detect the presence of
variation between samples, while weighted unifrac can further quantify the variation

that occurs in different lineages between samples.
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3.4 Composition of the microbial communities on

microplastics

The analysis of taxa bars will use the top 25 most abundant genera to reflect the distribution of

different microbial species on different plastic materials.
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Figure 9: Plastic Type of Family Taxa Bars

As showed in figure 9, in the family level, Bacteroidota, Bacteroidia, Flavobacteriales and
Flavobacteriaceae account for the highest proportion of all plastics of different materials.
Proteobacteria, Alphaproteobacteria, Rhodobacterales and Rhodobacteraceae have the second
highest proportion of bacteria. The third highest percentage (about 30%) of bacteria are
Cyanobacteria, Cyanobacteria, Chloroplast and Chloroplast. These three types of bacteria account
for the largest proportion of all plastic materials, and the distribution of other bacteria is relatively
uniform. However, Proteobacteria, Gammaproteobacteria,  Alteromonadales and

Pseudoalteromonadaceae are distributed (about 70%) in PP more than other plastic types.
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Figure 10: Plastic Type of Phylum Taxa Bars

PVC-DINP

As showed in figure 10, in the phylum level, the proportion of Proteobacteria (about 50%) is the

highest among all plastics of different materials. Secondly, Bacteroidetes (about 15%) has the

second highest proportion. The proportion of Cyanobacteria (about 10%) is the third highest. These

three bacteria are the three types with the largest proportion of microorganisms in all plastic

materials, and the distribution of other bacteria is relatively even. PE contains the most types of

microorganisms in all plastics, which also shows that PE provides a good environment for the

formation of microbial communities.

29




4.0 Discussion

In this research i aimed to environmental impact of microplastics and the impact of
microbial communities on microplastics. It was found that according to the analysis
results in Chapter 3, the change of location increases the impact of the environment on
the microbial community, but environmental factors (pH, seawater temperature and
salinity) have no significant impact on the composition and impact of the microbial
community. Under extreme environmental conditions (Antarctic, Arctic, and submarine
volcanoes), it can have a significant impact on the formation and composition of
microbial communities (Li, et al, 2014). However, according to the data analysis in
Chapter 3, it can be seen that the samples used are from ordinary marine environments,
such as sand and gravel sediments and microplastics floating in shallow waters, which
are not extreme environments under such environmental conditions. Therefore, this
chapter will focus on the impact of microplastics and microbes on the marine and

ecological environment.

4.1 Microplastics and Microbes

After entering the marine environment, microplastics are easy to absorb excrement,
organic matter and inorganic nutrients, and then attract microorganisms and
phytoplankton to adhere to the surface. according to the data analysis in Chapter 3,
bacteria such as Bacteroidetes, Proteobacteria and cyanobacteria were attached on the
surface of plastic particles collected from the North Sea. At the same time, a study in
the North Pacific Circulation Zone showed that the microorganisms gathered on the
surface of the microplastics mainly include Bacillus, Coccus, and pinnate diatoms
(Carson, et al, 2013). In this project, high-throughput sequencing technology was used
to analyze the bacterial community on the micro plastic samples. It was found that the
main bacteria were Alphaproteobacteria, Gammaproteobacteria, Flavobacterium,

acidobacteria and cyanobacteria. According to the information in Fig. 9 in Chapter 3,
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Vibrio pathogenic was detected on the surface of the micro plastic (Kirstein, et al, 2016).

Figure 11: SEM Images of Microbial Biofilm on PE and PP (Basili, et al, 2020)

As showed in figure, Images A, B and C show microorganisms on the surface of PP,
and images D, C and E show microorganisms on the surface of PE. Microplastic
surfaces exposed to seawater are prone to form visible microbial communities on their
surfaces (De Tender, 2015). A few studies have shown that the formation of microbial
communities will affect the physical and chemical properties of microplastics to a
certain extent. This includes: increasing the weight of microplastics, enhancing the
ability of microplastics to resist ultraviolet radiation, reducing the hydrophobicity of
the microplastics surface, and changing the buoyancy and density of microplastics
(Weinstein, et al, 2016). From the analysis of Phylum level in chapter, the early and
middle stages of biofilm formation on the surface of PE and PP are mainly
Proteobacteria and Bacteroidetes. The late stages are mainly Proteobacteria,
Bacteroidetes and Verrucomicrobia. Studies have shown that Proteobacteria is the

primary colonizing organism for the formation of marine bacterial biofilm, and
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Actinobacteria is the secondary colonizing organism for the formation of biofilm. These
two types of bacteria play an important role in the formation of marine biofilm (Elifantz,

etal, 2013).

4.2 Microplastic Degradation

The strains bacillus and Pseudoalteromonadaceae is one that helps degrade microplastics PE and
PP. According to the enrichment of PE and PP plastic degrading bacteria by Indian scientists, a strain
with obvious degradation ability was isolated from the water body and identified as
Pseudoalteromonadaceae (Sudhakar, et al, 2007). In addition, Indian scientists have also isolated
different types of PE degrading bacteria from the coastal waters of the Arabian Sea, including
Kocuria palustris, Bacillus pumilus and Bacillus subtilis (Harshvardhan, et al, 2013). At the
same time, Indian scientists used the isolation of a strain of Bacillus to treat plastics for 90 days. By
means of weight determination, microbial metabolic activity, and atomic force microscope
observation, they proved that the bacteria can degrade PE and PVC plastics. In addition,
Arthrobacter and pseudoalteromonadaceae, which can degrade HDPE, were isolated by Indian
scientists, which could reduce the crystallinity of HDPE within 30 days (Balasubramanian, 2010).
Indian scientists also tried to carry out plastic degradation experiments and initially found that
Pseudoalteromonadaceae from marine sources can partially degrade PC and release products such

as Bisphenol A and BPA (Artham & Doble, 2012).

The degradation of plastic by marine microorganisms first comes into contact with the plastic and
forms a biofilm on the surface of the plastic. In order to understand the degradation process of plastic
by marine microorganisms, Oberbeckmann used PET plastic bottles as attachment substrates and
enriched in the water environment of different stations in the North Sea for 35 to 42 days. The
analysis found that the main group of microorganisms on the surface of plastic bottles was
Bacteroidetes, which specifically included In order to efficiently degrade complex organic carbon,
bacterial groups, such as Flavobacteriaceae, Cryomorphace-ae and Saprospiraceae
(Oberbeckmann, 2016). This indicates that the separation and purification of plastic-degrading

bacteria from microplastics and their use for plastic waste treatment are forward-looking. However,
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whether these bacteria only degrade plastics or use the chemical components in plastics to
participate in the metabolism is still unknown, and which factors will affect the degradation process

remains to be studied.

4.3 Influence in Marine Environment

The buoyancy and stability of microplastics can support the survival and long-term
drifting of surface microorganisms. Keswani's research has shown that floating plastic
particles diffuse with ocean currents and waves, which can bring microbial
communities into new habitats (Keswani, et al, 2016). Special attention should be paid
to the presence of toxic or pathogenic bacteria on microplastics. With the drift of
microplastics, there may be a large number of alien species that invade new habitats,
and multiply due to suitable conditions, which will change the ecological risk of the
community structure in the area. Studies have shown that Vibrio alginolyticus can
adhere to PS, PE and PVC in a large amount, and it can easily spread with rivers.
(Snoussi, et al, 2009). Several coral pathogens such as Halofolliculina have been
detected in 95 plastics and debris in the Eastern Pacific Ocean, which are considered to
be potential invaders that migrate with plastics (Goldstein, et al, 2014). The high
abundance of Vibrio, a potential human pathogen, was frequently detected on plastic
particles in the North Sea, Baltic Sea and North Atlantic Ocean, which further

confirmed Zettler's inference.

According to the research results of this project, the pathogenic bacteria Vibrio was also
found on the plastic materials of PE and PP. This makes people have to notice that
microplastics not only affect the environment, but also the bacteria attached to the

surface will also affect the environment. Human health poses a threat.

The biofilm attached to the microplastics is extremely complex and contains many
bacteria, which may lead to gene exchange between biofilm communities or between

biofilm communities and surrounding environmental communities (Stewart, 2013).
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Stewart pointed out that in oligotrophic salt seas, there are a variety of bacteria attached
to organic particles. Due to the strong wvariability of bacteria, community
communication occurs through the horizontal transfer of bacteria, such as the
absorption and utilization of DNA in the environment, cell transformation, and
transduction through phage. Therefore, organic particulate matter may become a
hotspot for bacterial communication, resulting in new bacteria. Since microplastics are
organic particulate matter discharged from human activities, the pathogenic
microorganisms attached to it are rich in pathogenic bacteria, which spread through the
water flow, leading to the outbreak of pathogenic bacteria in the transmission path, and
thus triggering large-scale infections. Therefore, in addition to being a carrier for the
diffusion and migration of microorganisms, microplastic particles are also carriers for
the exchange and transformation of various pathogenic bacteria, such as Vibrio. In this
project, plastics made of PP and PE were found in these three sea areas (Northern
Corsica, North Sea and coast of Italy). Through research, it was also found that the

surfaces of these plastics were all adsorbed by pathogenic bacteria Vibrio.

In the marine environment, due to its small particle size and large specific surface area,
microplastics are easy to adsorb organic pollutants in the environment, and thus produce
compound toxic effects on marine organisms. Commonly adsorbed organic pollutants
include PCB, PAH and PBBs, etc (Scopetani, et al, 2018). in addition to some heavy
metals such as zinc, copper, lead, chromium and cadmium (Ashton, et al,2010). This
will become a carrier of pollutants and cause compound pollution in the marine
environment, and its compound toxicity is much higher than that of a single toxicity. In
addition, the surface of microplastics will also adsorb some microorganisms, such as
bacteria and viruses. When these microorganisms enter the organism, they will cause
the bioaccumulation of microorganisms at various trophic levels (Gregory, 2009). In
addition, compared with a single microplastic, the microplastics after the aggregation
of microorganisms can produce a stronger compound toxicity effect, which can cause

biological infections, which in turn poses a serious threat to the survival of marine life
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and human health (Wagner, et al, 2014).

4.4 Limitations

At present, at the level of science and technology, there are still many problems and

deficiencies in the global response to marine plastic waste and micro plastic pollution.

In terms of microplastic analysis methodology, as a new type of marine pollutant,
international research on marine microplastics still lacks unified technical standards for
monitoring, analysis and evaluation. The quantitative and qualitative analysis
methodologies of microplastics still need to be further explored and improved (Shim,
et al, 2017). Especially in the collection methods, characterization methods and spectral
analysis of microplastic samples from different environmental media, further

investigation is needed.

Marine micro plastic pollution control measures. Marine plastic waste and micro plastic
pollution are global environmental problems. So far, there is a lack of global joint
research in the world. The efficient collection and removal technology of plastic waste
and microplastics in terrestrial and marine environments also needs to be developed.
Governance in rivers is internationally recognized as an effective way to reduce the
entry of plastic waste into the ocean, but so far there has not been a significant and

efficient technology or project to treat river plastics globally (Auta, 2017).

Evaluation of potential ecological risks of microplastics. In the actual environment,
there is no direct evidence that marine microplastics have affected ecosystems. The
toxic effects and mechanisms of marine plastics and microplastics at ambient
concentration levels are still not clear (Peng, et al, 2018). In summary, microplastics
have become a new type of pollutant, which has an important impact on the marine

ecological environment and freshwater ecological environment.
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5.0 Conclusion

Microplastics have become a new type of pollutant and have an important impact on
the marine ecological environment. Due to the biological adhesion effect, microplastics
can become the growth carrier of microorganisms and algae, and carry them for long-
distance migration, which brings the potential risk of biological invasion. The
compound of microplastics and other pollutants can produce toxic effects and
accumulate in the human body through the food chain effect, which poses a potential
threat to human life and health. In addition, the risks to the ecological environment
caused by the accumulation of microplastics on the seafloor are issues that urgently

require more attention and research.

According to the meta-analysis of microorganisms on the surface of microplastics in
this project, it can be seen that ph, salinity, temperature, sea area and plastic materials
will all affect the composition of the microbial community. It can be known from the
analysis that different bacteria have an effect on the degradation of microplastics. At
the same time, the bacteria Vibrio found on the surface of microplastics is a kind of

disease-curing bacteria, which will cause certain harm to human health.
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Appendix

DATA?2 Organization

In order to realize the function and flexibility of FASTQ files, all the settings will be
established in the Linux environment:

mkdir cbz # this command is to create my own project folder

cd cbz # this command is to go to my own project folder

mkdir sequences # this command is to create my own project data folder

After the sequences folder is created, the next step is to download the required data into
the folder. For the specific operation steps (see, fig 1).

gunzip -r /home/eng/MScBioinf/Caroline/cbz/sequences # this command is to
extract all downloaded data into the current folder

mkdir qiime2_tutorial # this command is to create a folder for qiime2 to process the

data.
Step 1.«

‘‘‘‘‘‘‘‘‘‘‘‘‘‘

export PATH=/home/opt/edirect;SPATH¢
Step 2. Get all the SRR numbers associated with a bioproject PRINA#<
esearch -db sra -query PRINA495136 | efetch --format runinfo |cut -d *," -f 1 > SRR.numbers«

AP PPPP AP

el

Step 3: Retain only the SRR numbers in the files¢!
awk "/SRR/" 3RR.numbers > SRR:numbers filtered«

el

Step 4. of you can use the command in a for loop

for 1 in $(cat SRR.numbers filtered); do echo Processing §; fastg-dump --split-files --origfmt
--gzip i ; done®

Figure 1: Download of Data
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In sequences folder;«

MAcBicanilbacksr, ~/ynss/s5dusnssals for 1 in §(awk -F"_" "{print §1}'
<(ls *.fastq) | sort | upig: do mkdir $i; mhdir Si/Raw: mv $i*.fastg
$yRaw.f : done+

Em&m ~/YmgElS cd giime2? tutoriale
EERRIGAREERREESE, ~/ YBRE/ T ine2_TUSREIALLE!

There are different ways in which we can import data to giime2:
hitps:/idocs. giime2. org/2020. 2futorials/importings «

S
~/yBSE/ SSARSDERALE A="/home/gng/MScBiinE/Caroline/Mu/sequences/” ;-

(M3cBiginilkscksx, ~/umsk/ssAnsnseals cd .. /qiime? tutoriald

Mext step is to generate fictitious barcodes required to import data in Earth Microbiome Project
(EMP) format (consult

hitp-/ifuserweb.eng.gla.ac. uk/umer.ijaz/bicinformatics/oneliners. him#PERLOL on how | have
written one-liner in pgrl to generate fictitious barcodes):«

el

(MERBIRAREERREKSE, ~/ WIRK/ Tiine2_tuRorialls. t=5(1s $d | wg -1) ¢
MGcBiginifhecker ~/umer/giime2 tutorisl]s paste <(1ls $d) <(pgrl -le
"sub p{my $l=pop #_;unless(E_) {return map [$_],B51;}return map { my
$11=5_; map [B511,% 1,851} p(B )} Ba=[A,C,G,T]; print join("", 8§ ) for
pl(Ra,8a,Ba,8a,8a, . Ba,Ba  Ba);' | awk -v kE=§t 'NB<=k{print}') | awk
'BEGIN{print "sample-id\tbarcode-sequencei\n#g?:types\tcategorical’}l' >
sampls metadata.tew’

el

This command shows yvou the harcodes on your samplses:+
(MAzBiginflhecksr, ~/umagp/giine2 turorizslls cat sample metadata.tsv
gample-id barcode-sequence+

#UZLRVEES categoricals

Step 2: Generate barcodes for each read using the file as above+«

rel

[(MSsBiginifhecker ~/umer/giime2_tutorizl]$ (for i in $(ls $d); do
be=$ (awk -v k=53 '$1—k(print §2}' sample.metadata,isv): bioask -cfasts
-v k=§pg '{print "E"$1" "S$4"\p"E"\n+":for(i=0;i< length(k) ;i++) {printL
"#"}:printf "\n"}' §d/§i/Raw/* 1.fastqg ; done) > barcodes.fastg

Essentially, we are extracting the read headers from all the forward FASTQ files, and we assign
the barcodes generated from sample. metadata isy file to those headers«

&
(MAgBloinilhecksr, ~/upgk/giime2_tuzprialls head barcodes.fastq:
@M01359:18:000000000-A5HVT;1:1101:15645:3435 1:N:0:1094

Figure 2
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ARLARRARH

.'_;_l

LRSS 41 o

EMD1359:18:000000000-A5HYT;1:1101515642:3453 1:N:0:108¢
AARARRRRM

.'_,_l

LRSS 1o

€M01359:18:000000000-A5HVT;1:1101;22693:3963 1:N:0:108¢
ARLARRARH

(MacBlainifhsckss, ~/ungr/aiime2_turoriall tall barcodes.fasta:
.'_;_l

gEesisss

€M01359:18:000000000-A5HVT;1:2114;15029: 28668 1:N:0: 68
ARLARCCGH

.'_;_l

FEEEEEESC

M01359:18:000000000-25HVT;1:1106:13378:23600 1:N:0:7+

ABRARCCTH
.'_,_l
LRSS 41 o

e

-

Step 3: Collate all the forward reads from all the folders together in a single fonward fastg files
e

[M3cBiainilheckes, ~/Umsr/giine2_tuzorislls, (for i in §(1s §d); do cat
$4/$i/Raw/*_1.fastq ; done) > forward,faskg”

e

ol

Step 4: Assemble all the reverse reads from all the folders together in a single [gyerse jasiy file«
-l

[M3gBiciniluecker, ~/umer/aiine2 gugorialls (for i in §(ls §d); do cat
$d/§1/Raw/*_2.fastq ; done) > reyerse.fasta-

«

See if the numbers match~
e

[M3sBiainilhsckar, ~/umer/aiine2_turorialls, 1se

barcodes.laste fopward.fashe IsVSLas.lsskd  SEmRls.pehadalantavd
[M58BiainilReckas, ~/ YRR/ oline2_TuRoziakls. bioavk -gEastk 'END{print
NR}' £QINWArd.fasa”

88E96EE

[MSRBiaiRiERRRkaR, ~/ UBeE/ 3line2_tusosiatls, bioavh -cEasts 'END{print
NR}' o

8HE96EE-

[MSsBiainilRackas, ~/UBeE/ Tline2_turosiakls. bioavk -gEasts 'END{print
NR}' bargodes.fastg”

SHE96E G

[uﬁgﬁ3gigggg§gg§; ~fga§€fqiime2 EHRQS&;} 5#

Fu]

Figure 3
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Step 5 (in your giime? tutorial folder): EZip all the FASTO files and
move them to emp-paired-end-sequences [older:

(MirRiinilRscker, ~/gmsk/ aiine2_turerialls, gzip *- fasta
[M5cBiginilhreker, ~/ whnk/aiine2_tukorialls. mkdir, emp-paired-end-

sequences; mv *.gz emp-paired-end-segquences/.:
(M3cRioinilhrckss, ~/umsr/aiine2_turorialls 1s¢
;Eml:"Paimd*“‘%ﬁi‘&%?ﬁ%».é@@&ﬂm
[ﬂﬁiﬁ&ﬁnﬂéﬁﬁﬁ%ﬁﬁ, ~/gmeE/aiine2 tutorialls:

Hext, we enable Qiime? on the Orion cluster

[MSSBIRAREERRCKSE, ~/ URRE/ aiine2_tusorialls, export

PATH=/home/opt/miniconda? /bin: $PATH:

MScBininffhecker ~/umer/giimed tutorizlls source activate giime2-2015.7

Step 6: Import the sequences to Qiime2:

(MAcBioinilhacker, ~/upsk/aiime2_furorialls. giime, tools import --type
EMPPairedEndiequences --input-path emp-paired-end-sequences --output-
path emp-paired-end-gequences.dqza

Step 7: Demultiplex the sequences in Qiime?2:

(qiine2-2018.7) [M3sBicinilbacken ~/uBer/Tiine2 tukeriails. giime demus

emp-paired --p-no-gglay-error-correction --i-seqs emp-paired-end-

SeAUEnses, 9za ~-m-barcodes-file sample metadata,tsv, --m-barcodes-column
barcode-sequence --o-per-sample-sequences demux.gza —-C-€rror-

correction-details demux-details.gza

Step &: Depends on the qgquality of your run, we want to fine tune Dada2
algorithm by specifying the thresholds:

(giime2-2018.7) [M3zBininffhecker ~/umer/giimeZ tutcrialls giime demux

summarize --i-data ./demux.gza --o-visualization ./demux.gzv
(giime2-2019.7) [MSgBiginflhecksr ~/umsr/giime2 tugoriallf giime tools

export —-input-path demux.gzy --output-path output:

Figure 4
As showed in figure 1, 2 and 3, next download the file to your local computer by double
clicking ‘demux.qzv’ file in Cyberduck. File should go to your Downloads folder on
your laptop.
Next drag and drop the file on the Qiime2 viewer https://view.qgiime2.org and manually
figure out the thresholds, i.e., where the quality drops down significantly.
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[MScBioinf(@
-len-f 240

wmmand linﬂ appli(a‘rionisi Thls may print messages to stdout and/or stderr.
be manually re-run as they will depend on temporary files that no lc

mmand: run_dac aired. i mp/ tmpcvyil tput.tsv.biom /tmp/tmpcvyibg@j/track.tsv /tmp/tmpcvyibg
|_f /tmp/tmpcvyib

will be used fo
6 total bases in 11\11175 les will be used

e remaining samples CoacooonCoscacEoraotont oG

819.7) [MScBioinf@be
.7) [MScBioinff 1" phyl i f r i-sequ s rep-seqs.qza --o-alignment a
d-aligned-rep- qu~ qza --p-n-threads e r ee. qz: rooted-tree rooted-tree.qza

) tu all$ qi fe assifier classify-s r r /softwa
i-reads rep-seqs.qza --o-classification taxonomy STLVA.qza

[MScBioinf@becker ~/Caroline/c ime2 | iall$ giime tools export --input-path table.qza --output-path output
[MScBioinf@ 7 i ime2 ti $ giime t export --input-path rep-segs.qza --output-path output
[MScBioinfl 7 ine/c ime2_ti $ giime tools export --input-path n ree.qza --output-path output

[MScBioinfl r~/ ine/c ime2 qiime tools export --input-path taxonomy_SILVA.qza --output-path output

/qiime2 tu $ 1s
emp-paired-end-sequences.qza reverse_names. tx table.gza

Figure 5

9.7) [MScBioinf@becker ~/Caroline/chz/qiime2 tutoriall$ giime tools export --input-path taxonomy SILVA.gza --output-path output

9.7) [MScBioinf@becker ~/Caroline/chz/q tutoriall$ ls
aligned-rep-seqs.qza demux.gzv enp-paired-end-sequences. gza reverse_names.txt  table.qza
denux-details.qza denoising-stats.qza forward_names. txt rooted-tree.qza taxonomy_SILVA.qza
masked-aligned-rep-seqs.qza  rep-seqs.qza sample_metadata.tsv unrooted-tree.qza
019.7) [MScBioinf@becker ~/Caroline/cbz/qiime2 tutoriall$ cd output
019.7) [MScBioinf@becker ~/Caroline/chz/qiime2 tutorial/output]$ biom convert -i feature-table.biom -0 feature-table.tsv --to-tsv
019.7) [MScBioinf@ecker ~/Caroline/chz/qiime2 tutorial/output]$ sed -i s/Taxon/taxonomy/ taxonomy.tsv | sed -i s/Feature\ ID/FeatureID/ taxonomy.tsv
(qiime2-2619.7) [MScBioinf@becker ~/Caroline/cbz/qiime2_tutorial/output]$ biom add-metadata -i feature-table.tsv -o feature w_tax.biom  --observation-met
adata-fp taxonomy.tsv  --observation-header FeatureID,taxonomy,Confidence --sc-separated taxonomy --float-fields Confidence
9.7) [MScBioinf@becker ~/Caroline/cbz/qiime2_tutorial/output]$ 1s
dna-sequences. fasta forward-seven-number-summaries. csv tree.nuk
denultiplex-summary.pdf feature-table.biom  index.html quality-plot.html
feature-table.tsv  overview.html reverse-seven-nunber-summaries, csv
feature_w_tax.biom per-sample-fastg-counts.csv taxonomy. tsv

(qiime2-2019.7) [MScBioinf@becker ~/C ulo\uwﬂlr(/quuwz tutoriall$ giime picrust2 full-pipeline --i-table table.qza --i-seq rep-seqs.qza --output-dir g2-picru
st2_output ds t pic --p-max-nsti 2 --verbc

rning - 220 input sequences aligned poorly to reference sequences (--min_align option specified a minimum proportion of 6.8 aligning to reference sequences)
These input sequences will not be placed and will be excluded from downstream steps

This is the set of poorly dhqnnd input sequences to be exc : df23431a7fdd5016259f2eeb95fa251a, 96eba814054aedde273cbe8d00cBlel6, 2d2368472f41daec3a3scast
ca1c200c, 7d31 a bbaededlbels, b2a338, d7e6fd687b1c58f5ac60d1dd77d44187, 9b8416d1bd2d8ceacddc3dcbScebOcad, 6b21c7eddfd2
67ebd, H)(Pr—'( 11bledcalc41009c . 50323 3f6af5ff04059d5d11c7, 40beBelfd4945d4052bb929d591045a0, S5d0dad3778f9287c8b26568d38f0575d,
[86a74eb2ab208f168008171430612f1, 1985865€921 314673 1f701df7adc14fc 8fdb66ebee, 90674df037e13cd6d9 2016 7b256a2cbcas58b9 017
6f2bb5040f, 71d63f975df117a07f4cb3e437179598, 66dd13e965815369c3608f19f840d3a2, d33c4a71df5b2696df28d7dc785bedos, c h2a45f5498f1037fdee83bf, 4dbaadeess
ee753e9da647d0a2343598, 4d823e5cdB4cBebSb708b6456880c 08, 936a2206a319a07df3d6eB9067f3cfb, fabad3adf131le37b3e386105ac0c631, 9a3edab20des3055e885849ch12babod
, daSee06cc0d063a536bf3f3a5a5d3fe4, f32bbec9a76c122b9470cc7fal efe866467bfbféb5ladelfd, b7c3fabdaac5fdf2e11379bfbd66a242, bl92bdaff68c79bd67e6
04d99385e5fe, 6b61e7a7cfd61c27188c76e0342a4022, 5ff971d39150f 345c f58e845e7bde8], 58885d672f8482aa8fdbb1952b7b23, bobd19626e5812b56fc f9956060cbbbb, aadddast
27bc8236139667205c06e767d80, d924951097754e177727f0f21a5a5319, le26ced2225¢7e457balce58027b326b, 6 10814faf52f98687233f3610
592, a7f69880c55c47cf2dbfas aBa518, 8ff60abbeed2405316bc720c775b32e8, 81198615afd7d589 bo f , 151ea907e5306764c4
2cd4e9f5ae a26870d0c0023 316a28f eeel744f9f4ca54, (H'Hnﬂ‘whmu(zh 12425 3786, a b763a0fa, fl
370d585d91bbd0756 78884 ce2bfflcdc7 aefdeb2e cd5 e0as e 9
881f1423ab5c 17e9690444727de97bd7, 5871aeb34c9 >r‘hfr3h!h cee3ecefb, nxﬂﬂ'nl/munmhﬂr? c17c7 , 0320b249921077ba004fe. 1hrmfr.rmaa, c03fb13b77d1e2ed
453742b35677d6, 3¢13f2149f5192a43d466bc f4856¢, 27c0e5258c65670fa2fb7e90a5f004aa, 52e760e55d4682407d5baafal591bedc, adb5509af034115948ff745be201a389, 280
291deSe079a9fe9a25303892db, 45797308d427elee71267d184b83faed, j,xhlymlluhh-!u/)l‘whi).lhjnHhHU}lH, f56bd6afagdl5foacee7e78d6171094b2, 8b205f94b697e5fddd81bOc9I82
f52fad, ©9149cffabf51bc7983f05de68f7c50f, 8b1ba65c8ead3646c35ed27e9431, al3f1445f5c458f299884272d500a ddb93bb7fBafd6de2blbbfefa’b2f6d6, d3d7a7828f4027
oda7127 fbc5d5bo145, 0161d7d7cad1b54ebe79dc f1583d21ea, c18dabo51fae33ag0dbdc fa2db 6 4 9 b 696bcdac xbtlh(vl)bdb 3a4434, f
05910b7c2aea3afd efad2e2a, e 9eaa75fb3723, c7 0 0 5 4 , b7620682e023988308
PAREVLVER b67€ 47dd4 6 e8 2764999336916 5 17 3 b 9
h85¢£72113423560d265, 362a6b24265811837 febbadebe28c62f, Bfbfef7db6146d5a2f71{7f6a26dc12c, deac3le c 4c21e132a5da2, ddfa02838ef3cd356293ab8ce .17Mm
26048db7beb9ab3c 3c2a4: fagobl, 6felb7643a876f27c99b4fadfd4a9354, f7d9afaas6f4f2d1b78833744ee6c1b7, 9d15ff3fodd22ce0746f0ca839baa: foe11f4bd974bdo2eeafe
e9abdeafo0, 0c553eS 88745d3adefa5c654f, 41fb8ladec0521d7ae06687baadf5fdl, 494a8aa55bccdfd5bb2625605449a116, cf70cc426bdbff0fa5960c7b3ab443ed, da7cd2dald
c99165d5f463baccc8Bech, 68af914711ce f64f1b6b60C, f5313edcddf7b33001162c7edcAc 9 3ace55c577ad0d42f5ebad3db, 5015234e417880868a315b6k
7750a94c94091b1d695c8796c2eaecde, c26fbfd5338650a962cdob79a7bbfoe, 2ff5fade372f433126ad0f23db1c0ar3, ecd2cc07f058ce62a5c58ae2e1dc3b6d, 7a3640d0bAc320c65d15
64480131cbdfB8428d48a33dale90f7ch, 20f292a17518b4f83c23f9bed36473c4, 6d46c8a08fd16a0dbfd5a60612689d47, 74cfd70dbe63c971fd7edcaaed: doe, €6489d09
cOefe22f768d365bc2dc9dd9, 90fc69b6alb7947f79402b616429ala7, 782a8755884ca’e530a9321e39bfa045, d0abafecc6f264e36206c20a32720e73
€305d7d a45b8cad52c31a32bca, 0doa3abed283ble294cad439186a, 5829cbcbbc17b744787 404399, 261a2b3062d6477219701289c7bfbbc2, 4f8lae32a99
bea7f25f382c fb, 8d87e91530711c1f5e3a89a1f7f7ee67, 6efllb3e535c73e9d83324727b855941, 865cbc7ef5e90306b30cde2af2bb31a2, 1e61883380d41332edff28ff7d72359
2c 1bc7ce57e9523015dd4b3fc6, b79776c75febac31b539ded07d558fd8, b26cde8a295ec 72f36e3f4296c6756, 7f580d100ce8deb3Bel52346c147b79%, 8b298e9ab3cc29aba9c802c79f0c
de98, falcce87783cadc1b30f7ce865ad5285, 6b091cba22d921d91fe84d5193eb0c75, edf5ee7900c8b207e4bfa275ad53311b, 961505ac83f2fadc252b82c¢60b0413c9, 0985a33019489df6
10d4d890297ac86d, 6e028ea8f1a3977fbd304e14844b3932, 821f270b12873281c99778a2f474e6b, b210eef2ce97e0b63bc87bO7c35c2e9c, Oc15b0704b070216205237e59ed2d0dd, 260¢
d2d70d369df09c37f4c588d79e73, 8452ffdb@316c7e26e5c9daecad53ca7, 364dddae5d783bab019dB556491a8e6e, b6ddIc6c603ac67d84dbaffd8a07f446, 30fB8aBbb5f861410fbb701bedb
2e33dc, 0e019e6c04975a8fel9c5fc1d1d05403, 7cdodef 94b206828428bb6, 1c4b0f40de5f21b9de7bfIc73fa605 (m/bl( 24fclae85dc33722b0484b202, 2cde
2 cbe52, c9c9l4deaal2a62a487flaadqeldos 09b72dbbabdadc c1bdec 6aadae38ee554bdb7cd79 e4dcf3, 199fdb7bbeBeeb36615023910921dbae,
823f567cc7a8e03c68, cB87c2941e 6 bd3cdee, 3ae23b00c17ebblec 14 39fbd 738276258729, bdadfla 9d8
390edb136dfab34a48 6 < 3a3 93cdB808c2abBe718f33, 61abc549199¢

Figure 7
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242 of 11566 ASVs were above the max NSTI cut-off of 2.8 and were removed.

242 of 11566 ASVs were above the max NSTI cut-off of 2.8 and were removed.

d q2-picrust2 output/
2-picrust2_output]$ giime tools export --

aroline/cbz/qiime2 tutorial/q2-picrust2 output]$ giime tools export --
t/pathway_abundance.bi

line/cbz/q

icrust2 output]$ cd output

input-path ko_metagenome.qza

input-path ec_metagenome.qza

input-path pathway abundance.gza

--output-path output;

--output-path output;

--output-path outp

aroline/cbz/q icrust2 output/output]$ biom convert -i ko metagenome.biom -o ko metagenome.tsv --to-tsv
aroline/cbz/qii 2 output/outputl$
ine/cbz/q ial/q2- $
2 put/output]$
2_output/output]$ biom convert -i

biom convert -i bi t

a
abundance.biom -0 pathway abun

Figure 8

As showed in figure 1,2,3,4,5,6 and 7, it will be going to organize our data in such a

manner that for every sample we have the folder name extracted from the paired-end

files, and we are going to dump the raw sequences in a “Raw” folder.

® Step 9: Re-Run Dada?2 algorithm

® Step 10: Generate the phylogenetic tree for the ASVs

® Step 11: Generate taxonomy for these ASVs (If you are not getting a very good
taxonomy profile, use BLCA approach at the end of this Qiime2 tutorial)

® Step 12: Export all the files that Qiime2 generated

® Step 13: Attach the abundance table of ASVs with their corresponding taxonomy
to generate the biom file that you will use in the downstream statistical analysis.
For making Biome file compatible with R and phyloseq, please check
https://github.com/joey711/phyloseq/issues/821. Go inside the "output" folder
generated in the previous step and write these commands

® Step 14: Use Picrust2 to do the
https://github.com/picrust/picrust2/wiki

® Step 15: Export q2_picrust2_output files as biom files and then as TSV files

functional analysis
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