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Microplastics

Both primary (beads, pellets) and secondary (fibers, fragments) sources

Wagner et al. (2014)
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Microplastics in the Environment:

Global freshwater environments contain 102 to 10* particles/m3 (Adam et al., 2019)
> 10~ to 10 particles/L

o Most sizes > 330 um particles




Microplastics in the Environment:

North and South American freshwater environments contain 0.16 to 3,437.94
particles/m3 (Sarijan et al., 2021)

> 10 to 3.4 particles/L
° Sizes > 360 um



Microplastics in the Great Lakes Region
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Fig. 1. Distribution of plastic particles by count for 21 samples collected in three of
the Laurentian Great Lakes,



Microplastics in the Great Lakes Region
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Microplastics in Biota:
Great Lakes Fishes
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Figure 2. Mean microplastic concentration in fish (a) and mean microplastic surface water concentration
(b) between Muskegon, Milwaukee, and St. Joseph Rivers during summer 2016. Letters indicate significant

difference between sites at P < 0.05.



Microplastics in Biota:
Great Lakes Fishes

2

Lake Ontario

.

No. Anthropogenic Particles (per Fish)

Location

E3 Hamilton Harbour
E3 Humber Bay
B3 Toronto Harbour ~

!

BB CS ES FM RG SS WS YP

a—
0
S

Species

(C)

= 1501

Fish

[

es (pe

S

No. Anthropogenic Particle
n
o

2 100

%#

o

Lake Superior

Yal o

Location

B2 Mountain Bay
E3 Nipigon Bay
Ed Thunder Bay

RW WS

YP



Microplastic Effects:
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Microplastic Effects:
Microbiome

An assemblage of microbes associated with a host organism

> Bacteria — our study focus
° Fungi
o Algae
May be found in or on organisms’:
o Skin
> Mouth

o Gastrointestinal tract



Biotic and abiotic factors
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Study Design:
Objectives & Hypotheses

1. To measure the impact on sublethal endpoints including growth, condition
factor, and hematocrit.

a) All three endpoints will decrease in treatment groups compared to
controls.

2. To investigate changes in gut microbial communities.

a) There will be differences in diversity and community composition between
treatment groups and the controls.

3. To assess expression of representative immune and stress related liver genes.
a) There will be a change in expression in cypla, gsta, and ncf2



Study Design: Microplastic Incubation




Study Design:
Ingestion Test

28-day chronic exposure
Adult fathead minnows

Even numbers males and
females

16 fish food pellets per fish per
day

Flow-through — Muskegon Lake
water

Microplastic | Non-
Microplastic




Methods:
Sample and Data Collection

Before After
Weigh and measure Blood sample Fecal and gut samples Liver tissue
Growth & condition factor Hematocrit Microbial community Gene expression

16S amplicon sequencing gPCR




Methods:
Gut Microbial Community
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o Amplified and sequenced the V4 Vi | =510bp for Roche 454
re gl on V3.va | ~428 bp for MiSeq PE
V3-V5 | ~548 bp for Roche 454
o Used the dada2 pipeline for sequence \‘ - P
proceSSIng ~562 bp for Roche 454 l V6-V9 J
o Designated ASVs = amplicon sequence | V1-V9 (Full-length) J

Pacific Biosciences

variants

Source: https://help.ezbiocloud.net/16s-rrna-and-16s-rrna-gene/




Methods:
Gene Expression

o Extracted RNA from the livers of the male replicates

o Compared five replicates from each treatment

o RNA amplification and relative quantification

o Difference between reference gene (efl1a) and target genes (cypla, gsta, ncf2)

o Assessed relative gene expression



Change in mass (g)

0.6 1

0.51

0.4 1

0.3 1

0.21

0.1

0.01

Growth

Female Male

0.001

B

Change in FCF

Health Endpoints

Condition Factor
Female Male
039 —
0.21
0.11 B
0.0- |
-0.1-
-0.2-

C

50+

Hematocrit

10+

Hematocrit

Female

Male

W
o

N
o

Treatment

. Control

Low
B High



Microplastic Samples

Microbial
Community on
Microplastics
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Females By Treatment vs. Over Time:
ected fecal pellets
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Sex Effects
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Conclusions

o The decline in growth in males is in line with other studies, but effects are
likely sex, species, and polymer dependent
o Microplastic exposure may leave organisms or populations vulnerable to
other stressors such as climate change or water quality




Conclusions

o There are limited studies on microplastic impacts on gut microbial community
o We saw clear differences by sex and over time, which may outweigh the
impacts of microplastic ingestion




Conclusions

o The effects of microplastics on gene expression has been variable in the
literature
o This was measured after chronic exposure; if there were mild, acute stress
effects, these may have been compensated for over the course of the study




Future Work

o Replicated exposures
o Reproductive endpoints
o Full lifecycle

o Increased sample size
o Test each sex

o Additional gene expression
o Female samples

o Other target genes or tissues

o Additional polymers, types, etc.
o Environmentally collected microplastics







