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Abstract
GenX is a chemical used to manufacture nonstick cookware,
waterproof coatings, and more, but its eﬀects on organisms
are largely unknown. To better understand them, we exposed
C. elegans to GenX and analyzed expression of genes such as
nhr-49 and pxmp-4, which are involved in metabolism.
qRT-PCR reveals that GenX aﬀects gene expression in C.
elegans, decreasing expression of these genes.

Results

Methodology
Maintenance of C. elegans

Hypothesis:
Exposure to GenX through Escherichia coli (E. coli) causes an
increase in nhr-49 and pxmp-4 gene expression in C. elegans.

C. elegans
● Common model organism
○ Chosen for its short lifespan, size, transparency, ability
to easily reproduce, and simple maintenance.1
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● GenX aﬀects C. elegans through pxmp-4 and nhr-49 at the
tested concentration (Fig. 3).
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C. elegans

● nhr-49
■ Decreased expression indicates that GenX negatively
impacted the organism’s energy metabolism, fat
usage.
■ Adult lifespan could be aﬀected if the exposure did
not stop at L4. 3

Worm Synchronization
Purpose: to isolate eggs and arrest them at the
larval stage 1 (L1) before treatment.

Figure 2. Melt curve plots showing ampliﬁed qRT-PCR products of (A)
nhr-49 and (B) pxmp-4 primers. The plots were created by
QuantStudioTM Design & Analysis Software v1.5.1.
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Control Condition

GenX Exposure

E. coli cultured in regular
LB added to synchronized
L1 worms.

E. coli cultured in LB with 280
ng/L GenX added to
synchronized L1 worms.

RNA Extraction
48 hours after exposure started, worms were
harvested and homogenized. RNA was
extracted using the TriZol method.

● Potentially similar gene expression eﬀects in humans, due
to pxmp-4 and nhr-49 being also present in humans.6
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● Melt curve analysis shows there is a secondary
ampliﬁcation product for one technical replicate of pxmp-4,
but taking out that data point will not aﬀect our conclusion .
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Figure 3. Heatmap showing
diﬀerential gene expression
responses in “control worms” and
“GenX worms”. Red indicates a
higher expression level and green
indicates a lower expression level.
nhr-49 and pxmp-4 are
highlighted. nhr-49 had a fold
change of 0.234 and pxmp-4 had a
fold change of 0.551. This ﬁgure
was generated using JMP Pro 14.
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GenX:
● Per- and polyﬂuoroalkyl substances (PFAS) are synthetic
chemicals that include PFOA, PFOS, and GenX.
● GenX is used in the production of ‘’high-performance
polymers” (coating textiles, paper products, cookware, etc.).
● GenX is a PFOA replacement with largely unknown toxicity
and an environmental pollutant.2
Genes
● Nuclear Hormone Receptor-49 (nhr-49) - regulator of fat
usage, controls energy metabolism, and helps to determine
adult lifespan; ortholog of HNF4A and HNF4G in human.3
● Peroxisomal Membrane Protein-4 (pxmp-4) - encodes
peroxisomal membrane protein. Peroxisomes are involved
in lipid metabolism. It is an ortholog of PXMP4 in human.4
Treatment
● C. elegans were fed with E. coli incubated in 280 ng/L GenX
(EPA health advisory limit).5

Target Gene Research

● GenX exposures were conducted only from L1 to early adult
stages in worms. Next steps should include exposing worms
into adulthood.

nhr-49 - plays a role in fat
metabolism

Figure 1. Photo of C. elegans at
larval stage 4 (L4). The photo was
taken using a microscope at 10X
magnification.
nhr-49 primers
Forward: TTTTGTTAGTCAACTCATTCCGTT
Reverse: GCGGAAGAATCCCTTACACC
pxmp-4 primers
Forward: TGCTGCTCTTGTCATGGGAT
Reverse: TGGGAAGACTGGGAAGTTTGG

qRT-PCR

qRT-PCR was performed with iTaq Universal SYBR® Green kit

Data Analysis
2-ΔΔCt analysis was performed for the qRT-PCR results. t-test was
performed for ΔCt values to determine statistical signiﬁcance. A p
value of less than 0.05 was considered as statistically signiﬁcant.
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Study Limitations &
Future Directions
● Worms were only exposed to one concentration of GenX.
Experiments should be conducted at more concentrations
of GenX.
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prx-11
pxmp-4 - important in
peroxisomal membranes

● pxmp-4
■ Slightly decreased expression suggests decreased
demand for peroxisome membrane proteins, and
potentially impacted on lipid metabolism.4

● Experiments used pooled worms, and cannot account for
individual variations.
Figure 4. Average ΔCt
values of nhr-49 and
pxmp-4. The data from this
graph was obtained through
the QuantStudio™ 3 System.
The graph compares
average ΔCt values in
control worms and
GenX-exposed worms for
nhr-49 and pxmp-4, and
there is no statistically
signiﬁcant diﬀerences for
nhr-49 (p=0.07) and
pxmp-4 (p=0.30). The
standard deviations are
represented by the error
bars.

● C.elegans are distant from humans, and in the future, more
experiments on other model organisms should be
performed.
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FWD PXMP

TGCTGCTCTTGTCATGGGAT

REV PXMP

TGGGAAGACTGGGAAGTTTGG

GenX is a chemical used to manufacture nonstick cookware, waterproof
coatings, and more, but its dangers are largely unknown. To better
understand them, we treated C. elegans with GenX and analyzed expression
of genes such as nhr-49 and pxmp-4, which are involved in metabolism.
qRT-PCR reveals that GenX aﬀects gene expression in C. elegans, decreasing
expression of these genes making it potentially harmful to humans since
GenX is an environmental pollutant.

FWD NHR-49
REV NHR-49

TTTTGTTAGTCAACTCATTCCGTT

GCGGAAGAATCCCTTACACC

