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Abstract

The main research direction of this projec
on the environment and the distribution ar
attached to the slutrfrmaaienloyf sntiwdioegpd awhetclser
water temperhathdr e,e as alrierai twy,| Ip affect the d
of mi crobi all hc ® mmudos) eéedctemsduds ed at a cod | ecti on
DADA2 to preprocesalRt seudiadt at oapdr tidem uma
the Habhally, it was found that the 1 mpac
environment and ecological environment i s ¢
salinity, pH andi $shei bomposi of onhanmwmhi cr obi s

al |l have a certain i mpact.



1.0l ntroducti on

11 aB kground

With the devel opment of chemical industry,
products has i ncr e adseemdaonidetatir, bdyu ryaebalre ,d uceh et aop
to be made intoBdi 8pada8abtbepwodludts. total

has reached 360 million tons, and Europe' s
val ue of ©62ZIlmisltliicen8BRib peet, e r2i0all swihdeeMey been
used in a variety Ofueapgml itcdheaet iianpserifrectth eo nl !
treatment schemes in the world, the plasti
transported by riverstramad mdnsclpdraged byntoe
environment, which | eads to a more serious
marine environment. According to statistic

in the marine envb0OMolelnit odrsit lomssmh3paglh, a2s0 12

whimahkes people realize that pl astic gar b:
environment al probl em.
Il n 1972, when a | arge number of tiny plast/|

Sargasso Seast thealwozreldd tfhiart mi croplastic
envir q@aremen tSenti t hAc d®r7®i ng to Gol dberg' s s
amount of marine plastic waste produced wor
to(Gsol dbetg7Aébeering the 21st <century, i n
plastic waste entering th@anmnkternkhalr,eazb®id) .
According to the current production rate o
waste enterimgathe3@ceah | (M®infedtlodad |2 02Z2®H 0
the marine environment, the effects of mar
coast al ecosystem h(Evekefieeal) WhzxiGkdy i s¢ udd e

i ngestion by marni emeatamgdreimems &3 Inmairt ne or
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d death of entangled organi sms, rel ease
rsistent organic phdlatfaindast iimg tdhebetnrva tr
vironment , It ciaes ser epat hoygamsi ¥« emis@ErO O (
use serious har nmMOber bbhekmanahne téhed dcyusrtreemm

obal environmental problems, in addition
pl etion and mariame agl a@sti ¢ ap o(@adlulto way i s
Lewi At 2t0Hé same time, due to the stabl e
gradation time as |l ong as hundreds of ye
Vironmedeégrdaedteamste of the passage of tim
ysicalgndahkkeimlcadi c al processes in the nat
astic waste gradually beamonmpel @asltd camwdhst e

agments disperse into the woewkdyoceanewi:t

2 Microplastics

ickraptics is a kind of high molecular c¢com
d -bainotdegradati on ability. |t has wvariabl
a.pes 2004, British scientist Thompson put
esncie mdglghaozmpnse®® 09 t hat micropl as.tics cart
cording to the EU Mariti me Str astceagiec Fr a
astics is larger tiared5mmasthessiszebet v
mm, thedsi ze of micro plastics 1s |less t
agments is as small as 1nm ~ 100nm, It
1B)cropl astics generally refer to tiny p
ss mnmhanwh5 ch are too smal.l to be found

rticul2a(BeM2mat treeff er s t o particul ate matte
ual to 2.5 micrgine time thee da,; talhenoasmphemte
the ocean c@®ochemanlal M5 20@ pt) arss i cs are u

the environment, incl udAboutt 02080 pnaisitiei aan



of plastics ar eedy slpne atehde onfa tausr aMa setnev iervo n me
ocean and | and, the accumul ation of. micro f
Most plastic wastes wil/ al so be degraded
be affected bsyucphhyassi cwaalv eesf fteoc tfsor m br oken s
|l ohg@rm chemical action, it degrades into s
ball s to fo(mzmirectr oafpll,ap2tCelsds)n.t , hi gh concent
plastic wakoendaive teenocean, remote fresh
and other waters, and even in the .remote

(Koel mansal Framl4he origin of microplastics

categories:s camduimedugtoroidal r awAcntactredriinag s |
to the erosion |l evel, the microplastics ca
initial transfor med ones. According to th

mi crop(lRp)ol gs{ PBRrde pol ypropyl(ePPB)r nin ceopl as
et al Th2O0Opb%) mary source of microplastics i
and the discarded plastic productdhare di s|
wastes npeialredt huep coastline, factories and dc
the water environment through the sewage t
feed on microplastics, which are wrapped
mi croplasthyseatnidngeteéet gl bal (Ag,t,haiad &a&ahegen
2009)

1. 3 HEemenMotr opl asti cs

At present, mi croplastics mainly affect m
organisms and soil organi sms.

First of all|, it rianes esr gpadiryiss ma.l Whem ttloe n
ingested by marine organisms, it may i nhi bi
digestive tract of marine organi sms, causi
and exXegnsda20&20c)onmdIcywr,opl astics will cause ¢



marine organi sms. For exampl e, plastic pro

ch
p |
ad
po
ch
fe
mo
t o

ar

emi cal reagents accagrmusesihngmst ctadibfiflerzents , w

asticizers,cof oamnhng alfaaltimgbhedsi cahhs 2013)

dition, when microplastics enter the o0ce
I lTutants in the water. When the micropl a
emi cal addi teidvesn wihlel obgamelsenss causing
eding (Pugpnapgtpaet aHi,na2ll0l2y0) the fl oating g
re stable physical and chemical properti e
providerhalki toatgahos mma whi ch may bring

ea and cause biological d@magedttad0) he | o

fastatistics and forecasting of microplasti

Ho

wever, tonsemeal epvobl em has aroused the

ademic enthusiasts and scientists.

1.4 Pl astisphere

According to the results of study, there i s
community attached tof ltdhat isug fiamef ndshpl st
sea water. I n the study, the combined env
mi croorganisms is named " Plastisphere"” (Z
found that there ar ennpumtigryt iod! pp atshhogermg tian
When the ingestion of this type of micropl
di sease may occur.

The conRapti olakleeasr epoeopl e more deeply real
complexity of the i mpact of mafFimstplodsaid
mi croorganisms inhabiting on the plastic w
on the surf adk eafoffecpl atshte ckdecaoomposi ti on r at
Di aet al, 1a0s3®dmMe bi ol ogi cal communities,
oxygen during photosynthesi s, which accel

8



mi cropl astics. Soneed ftuon gh a vhea vteh eb efewnn cptrioovn

pl asBomrd 20200 )t he otohearsshand,f otreign species

spread and diffusion, micro plastic as atte
can do it with thevemtroalplasdi bornzomealoc
so may |l ead to the spread ofEsmpeaisalviey swhke

the miasodic attached microorganisms cont ai
ani mal di seases, ttholomgpaat emvi henmantnes

Ondaet al, 2020).

1.Mi cropb&adgthiRes ear ch

Since microplastics are common pollutants
environment al hazards of mi crmptaspiast hay
pollution has gradually become the focus o
The | atest study found that the amount of

about 90% | ess thahhitshemapy elé ctdted amouwimt.
mi cr oglsashtave been decomposed or broken i
mi croorgani sms. Il n addition, these micropl
organi sms or h awe as etetd@anedoivaalOl@Wed ete@ t he

characteristciles,ofl agmgeal Ispgparntfiic surface ar
mi croplastics are easy t of Padassopgr bh epaevrys insetteanlt
Il n addition, some clay particles and organ
of mi cropltahset igrsgpoand on of mi cropl astics
eventually |l ead to the accumGobradowal 2d0f) . mi ¢
Therefore, micPO®alnals toitchserc gpnolcdaurtraynt s fr om
the seabed sedi ments, which increases the
(Mateo al ,Th2e0 Otlo)x.i ¢ additives contained in pl
retardant s, pi gneinvtess ,ancdanotbheerr ealdedased i nt

entering t he maAr i lnaer gen va mowmmte n b f hexabr on



(HBCDs) wasexganhdetegdgBP)® gtaygrmemd s from Kor ea
Coast of AESH 2 fPraacginheinct.s eaypyf béiBCbhe soOUMAT
environment andJamagene aTlp e RDfvE@Erpe , mi cropl a
marine environment are not only the source
Ssubstances transmission, whi cemvha®snméent ab:

mi gration of (Btadxieada <slhe t20eliB&sogenei ty of mi

pol ymer type, particle size, shape and den
marine environment. The wunisquef chhiacracplea $ t
affect t heir i nteractNagn ewi tahF pc h2eBnfidchepll ep o

mi croplastics -pmd dce frrooam menrosn s uch as pol
polypropylene (PP), and polystyrene (PS) a
emironment and concentrate them at concent
envir dhhimeani@t aBase2d0 laln fl oating buoys and p
it is found that plastic floati mcgpasnt tolfe o
the United States to the interior of the Nc
60 dagtst | etr aTher2edfladr)e, the pollutants carr

mi grat e. Pl astic particles eirs tfloeg mdrei nma ge
of seaweed, seaweed, mi croorgani sms and e\
alien invaders can dri ft i nto different e

causing ecol.Mgrcak thisaepbkbasti d@ds otlogbktal tt
species migrati(BagrmnhezaDeopl asttaodebave in
opportunity for mi gration and spread. For

found on plastic particles (Arneghod2g0)Zeal and

With the continuous migration of mi cropl as

pat hogenic bacteria attasktad et o nftestsonbkaa

endangering human healt h. Il n addiatbhiidm,t mi c
for plankton, all owing them to obtain rich
fishery organisms to eat mi cropl astics, an

10



effects caused by i ngestion. Rel eyant st
dinofl agell ate and harmful dinofl agell ate :
coast of the Mediterranean Sea ( Mas:, et a

to sea areas suitable for the growth of f

mul tiply and diffuse, |l eading to the relea
gual ity and safety of aquatic product s, an
heal t h.

I n the marine environment, mi clroampktacn i by a

predator s, but also ingested (Moyo,rre2008¢ . or g
Moreover, microplastics are also easily ads
the food chain Gust (Buhteywedr ed |lo,nmREOsitde)alt. t he st
offucaweas easy to adsorb microplastic part.
presence of microplastics was found in the

on the algae polluted by microplastics

As a newl bhabogatain the marine environme
significantly different.Zfetametrhiensowrgrgpuwidi |
sequencing technology for the first time toc
mi cropl asbompari nggy amd analyzing t he mi cr
pol ypr d@Pyl) epmod v dRBhaynde neeawat er sampl es, he
mi crobi al communities on plastics were si
surroundi ngSeme itryomenesnctwveme cbbwpd¢PR) ene

and pol yegahwnlséeme materi al s, but A6t tihe envi
same ti me, mor @TtUharefe0B30 t0OTWhe general te

as objects in quantspaciee, taxninemyes Taed e
as a specific genus, a )wpeei Jetetamid ph @mad
of the microplastics, and a higog/h bwh®ndance

found on the sumifcarcep lods t$ibcese edbabmpelheet he r es

named t he structure of mi cropl astics and

11



" plsapshtddeet,t leetr al , 2013) .

Mi croplastics are also the transmission me
mar i ne e nTvhier opnhnyesnitc al and chemical propert.i

stable than the natural f | Aatciomrg imnlg] @ ot 4 yior

research resul ts, compared with wheefree d
environment, when t he mi crobi al communi ti
met abolism efficiency in the polymerized m
i mproved, and the abundance of <culturable

aggateigon communi t@gyoved | al nwh2edalsOgg onducting
experiments on the aggregation of the anin
Shapiro discovered that the plastic debris
on har mfruga nni$dtragpiored aHqwewelrd4,) i n di fferent
environment s, the abundance and species of
marine plastic waGsotled sareed nq uiotuen dd ihfafl eorf eorl ti ¢
the surfaceastepliastihe North Pacific Oceart

causing cor dolldeneiajddddi@tifodnuanid yt,hat a har

dinofl agell ate was present i n the Dbacterie
while studying the marine micr ®Rel aestteir¢s i n
al, 2014) .

Pl astic is a kind ofaiarltyi fcioanipaols epdo loyf mehry,d rvol

be used as carbon source by hete@Sbdanhophic
20080)t er i mmer sion i nthe heeiba@alyt fofr Bi anoatt the
polymers is reduced, tnhde tshwer fmeeacd amriaca@aldi mpg o
chemical functi ond9u dghrackeyrs atve tr RRa0mIvagmd e Do b |
research pointed out that microorganisms at
through degradati on, hetr salsecraesedebyr at &l
organi sms as (AKratrhgomDodd 2OFiBrsaMilcyr,oor gani s ms

attached to microplastics also play an i mg

12



organic pol,lntamtex g eOiPmgabdbr ppi emabbamect bE
to environmental f ocuhtedma tc alms ,cr @Gomug aani S ms a
mi croplastics can significantly reduce the
(Goui net aTo S2wWmMhe piy mpact of mi cnmphéastiscs
extensive and compl ex, and the microorgani
understood. This project wild.l research and

few chapters.

16Ai ms Obpectives

The purpose of this project aisssotcd astewddywi t
mi cr opl asNtoirdash eir mN aQfote ha\ idxedaa tainmlo&e & .lom |t aly
order t o systematically understand t he b

communities on the surface of mi cro plast

essential factors of marine pollution and g
the collected data, and then r stsuduidoy was
the microbial community and environment al
di fferent pH, salinity, temperature and mal

13



20Met hods

Al |
Zees
t o h

stag

2.1

The
mi cr
hand
di sc
a | o

t he

5

data processing models for this projec

han I jaz and Ciara Keating of Gl asgow
el p me independently complete the rel e\
e .

Data Collection

main research diresdiamd odnalhyz e rtoh e cm

oorgani sms adsorbed on micropl astics, ¢
data sources, whi ch means that ot her
overed in this fieldd aAndantyh et irneel,e vwahnitc h
t of the collection and processing of

project progress.

rder to make the project data closer toc
emi ¢ taed iYc&V dtshmi elradpl asti cs and microbe
se the data in the following four acad

arch for processing and anal ysi s:

The plastisphere in mariine cecadayoithed earl § 0 st

i ncluding Al cani vor ax bor kume-dghsi tays a

pol yet hyl eneldeguwalalte oine, et al, 2019).

Maj or Rol e of Surrounding Environment |

Composition obebvBiags nkitPhdst i2d

., Bacteri al Community Profiling of Pl astic
Sea (De Tender, et al, 2015).
., The composition of bacteri al communities

bet ween diff eraegeas poofl yomea @i lamm ed utscad € s 2i0d. M )

14
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f

Accor di to researc

ng

codes are as ol |l ows:

PRINA495136
PRIJNB8771

PRINA272679
PRIJNAS515271

Using the above project

https:// www. nTihhe .

oR .ntlodeolrigsani zati on.

2216S r RNA
Al | data of this projRNA
ri bosome. Together wi t h

(Sc hl u,e nezte naBle,c a2u0s0e0 )t he f u

t he strucdiNAr @ sofvelr6S crons

spewcinf hcgdat a

-

h content of each ¢

data codes, the rel

dowalkrdad wi

iasr ea nf riomp olr6tSa nrt R Np

22 proteins, it f

nctions per,formed .

eT hwvee dl elrugRiNnAgo fe viod Su

i s about 1500 bp. I n addition to the typi
secondary structure is also full of atypi c
forming more than 50 helical structures, al
str udqWwuea,seeet aDpye 1983).he influence of sec
evolution rate of difR&NAents mwde¢!| ¢ iheef s@aime . s
single strand |l oop structure does not nee
speed is faster, while the spiral part neef¢
structure, whichlhies ewerlywtac @oms aravx atiibhveg .we en
site and the sl owest evolving site can di ff
speed of evolution, the full | ength of 16S
regi ov® ) (¥hd the relativel y( Yaonmd egtvleOd 6rnNegi
For this project research, all-vdatar wiihal:

15
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re
ch
be
N o

w a

of

t h

be
an

b a

Th

S e

search aGaWaeansad yvy$i § st PNApbaed gbbdt ct o
aracteristics and can be useditsonst r & da st |
coming aRNMAoOne §doermseil 9IBn7 )t he basi s of Car
rman initiated a molecular biological me t
s represented by rRNA gene sequennecing. T
environmental samples and directly capt
environment al mi cr oor ganilPsantse 1048 Thhy pa s s i |
e application of mol ecul ar birod sogar cthe,c hn
searchers have gradually realized that c.
cultured, most of the microorganisms th

d more i mportant sea@dhlpdagsi da Ivdefirusei d tyi, o th®|tx @

=

s, environmental filtering

A3l umi na Mi seq

nefiting from the devel opment of sequert
guencing platforms is getting higher and
mpl e i s sequenngd bian cehgch tsegueorbvi ousl y
u need to use multiplexed sequencing, bai
chn@oogy i eth aThe 2d0drdg .of this method i s

agment of 16&8mpriRNA eglenbey iPsCR, a <charact
igonucl eotide segment is added to the pri
me sampl e slpheec ibfairac oldeer ccamadea.i ed by t he PCR
di fferent. Afotmepd etthea ,s ¢ qilee bairrcg dies seque
ow which sampl e ealcrh tslteigueway, bteheo®nPBATL
ndreds or even thousands of samples can

ich greatly i mprowesd tuha | detad d toino mr ad fef.i c |

e Il lumina Mi Seq platform pi.obheebadcotde u

guence i s not directly connected to the

16



fragment. There i s an extension adapter in
the end of the extension adaptiems @The PCRal
primer and thaAftargeheftagment fragment i s

regions at both ends are separately sequen

(7]

equédrddami nahe 28d8ant age of thpgphhuddsitgygn i s
short fragment sequencing, the barcode seq

the barcode area does not occupy the sequer

the utilizatAiton hreatsea medVitIs iegphmp disdet gwosinmcee d a n ¢
identified barcode regions automatically
sequencing results have been separated acc

bi oinformatics analysis is required.

Forward Reads Reverse Reads

Sequence Base Sequence Base

24DADAAh al ysi s

With the devetlhorponuegnhtp uaf PhCRghsequenci ng, it
to the study of environment al mi crobi al C (
specific gene sequence is amplified from ¢t/

ansddequenced on the next generation sequenci
necessity of mi crobi al cultivati-woemptahnd de"

investigation of mi crobi al communities (Ci

17



ampl segquencing, some incorrect sequencing Vv

makes the results of serious deviations an

a bmemwd al gor it hm, which can model the err
processeathtde error model to (C€aét abhhae, real
2015) .

The isntgarpoi nt of t he DADA2 pipeline is a
corresponding to the samples sequenced by ¢
t hat each sample wil!/| have two separate fa
t he DADAe2s fienattruooduced before, the ASV tabl e
guantity i nformati on t o obtain mi crobi al
resolution than the OTU table obtained by
The appenda xbrmpireofvidescri ption of how to Qe
explains how to combine forward and rever
f ug2e andgy Akt 8&r the analysis and processing
obt ai ned 115h6e6 fA ShVasl (fdoare at he aurggpesdi x fi g

25Bi ol oDyivealsi ty

I n order to study the microbial diversity
the statistical analysis methods afhia&l pha
pr ojAd pth.a di versity ofeifemrcorigpanaihsenpdcvEersi ay
ecosystem, and it i's a comprehensive indic

Al pha diversity is maienliys rtehleatneudnbtea towo sfp.

richoné@es ot her i s di ver si tayl, dtihset rumbiut o omi t
commuiiomyuni ty richness index mainly inclu
Community diversity index, i ncl(Ree ng &hann
DunsaQ18)

., Simpson I ndex. 't 1 s an i nedcetxs ctohmemosntl ayt uuss

18



role of dominant species in the communit

species, the prdoopnoirntainotn sopfe coitehse rwinloln decr
index valwue is |l arger, which indlitchhites tF
i ndex i s negatively correlated with other
Shannon i ndex. One o f t he i ndexes us e
mi croorganisms in the sampl e. Both it a
commonly used indexestaodgeralpha Shaemaonty

hi gher the community diversity.

The tedmvéesiaty was pWhposadebyt WBHEOdkET ne
t he degree o f community composition chan
di fferentiati on, which is related to the

pattern of (Lkegeamvier, o R20d )

, BreGQurtis dDsé$imrkeacetyn microbial abunda
O means that the two samples have the s:
richness of two samples that are compl et e
Jaccard distance. 0 indicateantdhdti ndocaam
that the two samples have no common speci
Uni Frac. sequence distances (phyl ogenet i c
sequence distance, but does not consi der

consi der s ab unadnadn csee g unef nocremadtiisotnanc e .

26R tSudi o

I n this project, R st uepiroo cweislsli nbge dws ead tao d
t wobi mensi onal di stribution chart and histo
al pha di veirwdartsyi,t ypbeteanvi ronme Btasledf iolnt &rhien
standard of plastic type, the effects of d

salinity, pH and sea area) on microbial <col

19



3.0 Result
Northern| North Adriati ¢ coast ¢
p h 85 8 82 82
Temper 20 8 21 18.6
Sal igfhi 38 33.5 38 . 3 38
PPasti| PPPERVE, PE LDPEIPE, PE PP
PVBEHP,
LDPE PVBI HP,
PVBEI NP
Tabl Badic Dat a
As s hoVaebd EBhmM , s atmimar i zes the specific
collected in this project.
31 Al pha Diversity
This chapter wil/ show 4 graphsea vaesi € &
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FiguPlkagt aopifiapeha Diversity

As s howedguriterhiehf | uence of pH value on the
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As shoMed rttee 4def fect of water temperature o
communities on different types of plastic 1
di vidédurnvariab2®S3amd 2®06i |l l ustrate the
of mi crobi al di versity2®&n 241 fBaedem)B. 6 ypes
Evenness data pointed out that the smal.l P
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As shomMed rtiemis, @wd djeedted pl astics of the sa
di fferent regions of the sea t oAcacnoarldyizneg t h e
to the observation of the Shannon index, t
value in thdh®i mdpddreriemadcdex.i n microbial com
under this index is significant. Il n a sing
concenButattelde compari son between the sampl e
are si P¥YEoAu pasnd FHEHPPVG dPVHOPEP and PE, PV
and HDPE, PHEP aannd@iPPVEC)si gni fi cant difference:
and fou(LQDRBuprsd PE, -DIEIHFPE &rPd a\dCahhRIP E HDI
PVOI NRi whalkligni ficant differences.
According to the analysis of the above fou
the microbial communities shown in the proj
and richness are also relativel yaplhaircgei.s Be
not much different. Therefore, the influen
mi crobial community onnodti ghefeoctanplastic m
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oc aitsi ornel ated to any environment al pressul
han 2, NRI and NTI have significant cl ust
clustered phyl ogeny where coexisting ta
expecgt echhialntceer ef ore envi.r oWhemtiatl-2ipys ebssg et
ndi neamkesr s of these communities are | ess r
chancehyliogeneti caliltyheawdrorcdi,s pdroxcehd)s.t i ¢ n
pres.suWwheen there are mahygegebhissers efnopbglyl

t hat environmbet arefatéedr pabpameters are 1in

According to Figure 6, -3t,hewhvdleuet hef vNMRIUei

asicall y7,bewhnvieceln i55 enough to show that t
actors on the migaaindbicalntcodmwmrciet ¥ hies mair i n
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he composition of the microbi al communi t
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3.3 Beta Diversity
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As showed in figure 7, Using iusnipfhryalco gteon eatni.
di stance, which considers whether the sequ
not consider the abhemdmnweael wd dfhes akigqlueanatei.
is | ower than pTlhiag uiendifc pteaas eti Tantt ythlee md icfrf
community on the sea | dbabugh tbeaolwvseakent
sqguar ed, the microbial (é¢8fignumot y Ohanwm hehese
typeCo®dpari ng the distance between the Adri

it can be seen that there is a | arge diff
di fference i n t he mi cr obi al communities i
di striobutmiamr obi al communi ties i s rel ati ve

bet ween the Northern Corsica area and the
very close to each other, which means that

t he t wos amwoetassi gni ficant and the similarity
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As showed i nwufniigfurraec 8t,0 Ussnianlgyriz et Beit lha fHic & eo fs
wei ghubmiedr ac is phyl ogenetic di st,anicte cdaurnt c
di stinguish the diffTehrenmxevadlnue pefcieesa alban
which i s seanoef apsl Bgsitvsacliwwmgipeat es that the di
community in plastic tylthea caurgch o ehae lodcsetrivarn
sqguared, the microbi al (280 mmasmehtayn drh et tpd asd
typlé@)Adri amreaSe&®dorthern Corsica area and c
areas overlap completely, and the distribu
concentrated. This is enough to show that
theddheee areas i s very vgdaBilwnmi Tahned adtithset adni cfef
bet ween the North Sea area and the above
di stribution of microbial communi bres in t|
regardl ess of sequence abundance, the dif
communiwe e&ksliygsi Unwanghted wunifrac can dete
variation between sampl es, whil e weighted

that occurs in different |ineages between
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