journal of environmental sciences 106 (2021) 15–25

Available online at www.sciencedirect.com

www.elsevier.com/locate/jes

Fingerprinting fecal DNA and mRNA as a
non-invasive strategy to assess the impact of
polychlorinated biphenyl 126 exposure on
zebrafish
Mengyuan Liu 1,2,∗∗, Yumiao Sun 1,2,∗∗, Lizhu Tang 1,2, Chenyan Hu 3,
Baili Sun 1,2, Zileng Huang 3, Lianguo Chen 1,∗
1 State

Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of
Sciences, Wuhan 430072, China
2 University of Chinese Academy of Sciences, Beijing 100049, China
3 School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430072, China

a r t i c l e

i n f o

a b s t r a c t

Article history:

In toxicological studies, experimental animals are generally subjected to dissection to obtain

Received 29 October 2020

the tissues of concern, which causes great harm to the animals. In this regard, it is neces-

Revised 13 January 2021

sary to test and develop a non-invasive strategy to prevent the animals from anthropic injury

Accepted 13 January 2021

when achieving scientific objectives. Therefore, zebrafish fecal DNA and mRNA pools were

Available online 23 January 2021

assessed by using metagenomic and transcriptomic analyses based on their potential to diagnose toxicological impairment of polychlorinated biphenyl (PCB) 126, a model persistent
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organic pollutant. The results showed that there was abundant zebrafish DNA and mRNA
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in the feces, which were, however, associated with contrasting profiles of physiological ac-
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tivities. As compared to DNA fragments, fecal mRNA provided a better representation of
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zebrafish physiological status. PCB126 exposure dramatically shifted the composition of fe-
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cal zebrafish DNA and mRNA as a function of sex. The differential mRNA caused by PCB126
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clearly identified the toxicological fingerprint of PCB126. In summary, this study provides
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preliminary clues about the potential of fecal genes (mRNA in particular) in the development of non-invasive toxicological approaches. In the future, it is expected that more works
will be conducted to screen sensitive diagnostic biomarkers from feces to increase the rate
and reduce the cost of ecological risk assessment.
© 2021 The Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences. Published by Elsevier B.V.

Introduction
In toxicology research, experimental animals (e.g., teleosts
and mammals) are intensively used to investigate the detri∗
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mental effects of environmental pollutants. With regard to
the specific toxicity of concern, corresponding tissues will be
dissected to measure a suite of toxic events, aiming to reveal the molecular mechanisms of close relevance to adverse
toxic outcomes (Ankley et al., 2010). During traditional toxicological assays, the experimental animals generally need to
be killed or regionally injured to obtain the desired tissues
for subsequent molecular measurements. These invasive ap-
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proaches inevitably cause great harm to the animals. With the
increasing awareness of animal welfare and calls to reduce the
use of animals during scientific research (Bayne et al., 2015;
Schmidt, 2011), it is becoming necessary to test and develop
certain non-invasive strategies, which are expected to prevent
the animals from those anthropic harms as much as possible
while achieving the scientific objectives of toxicology.
Under the stress of exposure to environmental pollutants,
intestinal tissues of experimental animals are subjected to direct risks through dietary routes and the enterohepatic cycle (Salim et al., 2014; Snedeker and Hay, 2012). Therefore,
the intestine appears very susceptible to xenobiotic challenge,
showing the earliest and the most serious toxic responses,
while the other tissues (e.g., liver and brain) show relatively
latent responses (Chen et al., 2018a, 2018b). Therefore, exposure to environmental pollutants tends to result in substantial
molecular alterations and consecutive histological pathogenesis in the intestines. The apoptotic cells will be exfoliated into
the gut lumen. In addition, abnormally proliferating cells induced by xenobiotic exposure have less adhesion to the basement membrane, so they are shed at faster rates into the lumen (Anderson and Ahlquist, 2016). The vigorous abrasion between feces and the intestinal lesions will further facilitate
cell entry into the lumen (Carethers, 2020).
Feces expelled outside the animals contains materials (e.g.,
DNA and mRNA) from the feed intake, the commensal gut microbes and the intestinal cell debris (Carethers and Jung, 2015).
Because of their long dwelling time in intestines, fecal materials provide a good representation of the incidents occurring there (Carethers, 2020). For example, although DNA of human source only comprises a tiny minority of fecal total DNA
(i.e., 0.01%), advancement in technological platforms has enabled the separation and detection of minute amounts of human DNA from feces (Klaassen et al., 2003). The high resolution of this new technology thus enables fecal DNA tests to
be readily feasible for the diagnosis of human digestive diseases (Ahlquist, 2015). In this regard, noninvasive tests based
on fecal genetic fragments may also hold a promising future
in the manifestation of intestinal disturbances resulting from
xenobiotic challenge.
Although fecal testing based on genetic substances has
been introduced as a noninvasive approach in medical diagnosis, the likelihood of its applicability has not been tested
in toxicological field. Therefore, this study exposed adult zebrafish to a model environmental pollutant, polychlorinated
biphenyl (PCB) 126, which is a coplanar congener of high potency in activating aryl hydrocarbon receptor (AhR) signaling (Hennig et al., 2002). PCB126 pollution has been reported
worldwide due to its highly stable and lipophilic nature, consequently resulting in bioaccumulation and biomagnification
(Guo et al., 2012). Previous studies frequently documented
that PCB126 exposure causes remarkable damage to intestinal
physiological functions and structural integrity (Chen et al.,
2018c; Chi et al., 2019; Petriello et al., 2018). After exposure,
high-throughput metagenomic and transcriptomic sequencing were employed in the present study to construct the fingerprints of zebrafish DNA and mRNA assayed from the feces. Disturbances in intestinal biological pathways caused by
PCB126 were consequently enriched based on fecal DNA and
mRNA tests, attempting to assess the compatibility of the

non-invasive measurements with previous toxicological findings.

1.

Materials and methods

1.1.

Chemicals

PCB126 of purity >99.0% was purchased from AccuStandard
(New Haven, CT, USA). Stock solutions of PCB126 (106 μg/L)
were prepared using dimethyl sulfoxide of HPLC grade (DMSO;
Sigma-Aldrich Corp., St. Louis, MO, USA). The other chemicals
used in the present study were of analytic grade.

1.2.

Fish maintenance and exposure

Adult zebrafish (Danio rerio) 4 months in age were cultured
according to previous descriptions (Chen et al., 2018c) in a
semi-static system containing charcoal-filtered fully-aerated
tap water under a constant ambient temperature (28 ± 0.5°C)
and a photoperiod of 14-hr light: 10-hr dark (dissolved oxygen: 6.9 mg/L; pH 7.2). The fish were fed twice daily with flake
feed and newly hatched Artemia nauplii. After acclimation for
2 weeks, the zebrafish were randomly distributed to the exposure tanks. Male and female fish were exposed separately to
nominal 0 and 1 μg/L PCB126 for 7 days. Based on our previous clues about the toxicological interaction between the gut
and health (Chen et al., 2018c; Sun et al., 2019), the same exposure scenario was employed in this follow-up study to further explore the dynamics of fecal gene pools under PCB126
stress. The actual waterborne concentration of PCB126 was
previously measured to be 0.65 μg/L in the exposure tanks
(Chen et al., 2018c). All tanks received an equal amount of
DMSO (<0.001%). Each group included three replicate tanks
for male fish (n = 3) and three replicate tanks for female fish
(n = 3). Each tank contained approximately 20 male or 20 female zebrafish in 20 L of medium. The exposure media were
renewed daily to maintain appropriate chemical concentrations. During the 7-day exposure, the feces was freshly collected daily and preserved at −80°C for subsequent molecular
analyses.

1.3.

Omic analyses of fecal DNA and mRNA

In order to ensure enough sample for omic analyses, feces collected from the same tank during the last three days of exposure (5-7 days) was pooled together and then divided into two
aliquots for metagenomic and transcriptomic sequencing, respectively. Each group included three replicates (n = 3).

1.3.1.

Fecal DNA extraction and metagenomic sequencing

DNA was extracted from feces according to the instructions
of an E.Z.N.A. Stool DNA Kit (OMEGA Bio-tek, Norcross, GA,
USA). The quality and quantity of DNA were evaluated by
using a UV−Vis spectrophotometer (NanoDrop 2000; Thermo
Fisher Scientific, Waltham, MA, USA) and agarose gel electrophoresis. A DNA library was constructed and sequenced on
the HiSeq 2500 platform (Illumina, San Diego, CA, USA). After
trimming the low-quality sequences, clean reads were annotated by using Kraken2 software (Wood and Salzberg, 2014)
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Fig. 1 – Venn diagrams between metagenomics and transcriptomics showing the overlapped and unique genes in (a) male
and (b) female zebrafish feces.
against the D. rerio reference genome. The gene abundances
in feces were expressed as the expected number of Fragments
Per Kilobase of transcript sequence per Million base pairs sequenced (FPKM). DNA of significantly changed abundance in
the PCB126 exposure group relative to the control group was
identified based on two filtering criteria: P-value <0.05 and
fold change >1.5 or <0.7.

1.3.2. Extraction and transcriptomic sequencing of fecal
mRNA
Total RNA was extracted from the feces according to the
manufacturer’s instructions for QIAzol lysis reagent (Qiagen,
Hilden, Germany). The quality and quantity of RNA samples
were ascertained and determined by 1% agarose gel electrophoresis, a NanoPhotometer® spectrophotometer (IMPLEN,
CA, USA), Bioanalyzer 2100 system (Agilent Technologies, CA,
USA) and Qubit® 2.0 Fluorometer (Life Technologies, CA, USA).
After mRNA enrichment, the cDNA library was constructed
and sequenced using an Illumina Hiseq 2000 platform (San
Diego, CA, USA). After trimming the low-quality reads, the remaining clean reads were mapped to the D. rerio reference
genome by using the fast aligner HISAT (Kim et al., 2015). Gene
transcription abundances were expressed as FPKM. Differential transcripts of significantly changed abundance in PCB126
exposure group relative to the control group were identified
based on two filtering criteria: P-value <0.05 and fold change
>1.5 or <0.7.

1.3.3.

Bioinformatic analyses

Venn diagrams were plotted to show the overlapped and
unique genes (DNA or mRNA) among different groups. With
the input of differential genes, heatmaps were also drawn to
decipher the overall distribution, including changing directions and changing magnitudes. Principal component analysis (PCA) was performed by using PAST software according
to the variance-covariance matrix of the differential genes
(Tang et al., 2020). Functions of fecal DNA and mRNA were
manifested by Gene ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment. The GO
profile was analyzed by using the g:GOSt module of the web
server g:Profiler (Reimand et al., 2016). Significantly enriched
GO terms related to Biological processes, Cellular components
and Molecular functions were annotated by searching against
the inclusive database of D. rerio (adjusted P <0.05). KEGG pathway enrichment was analyzed by using the hypergeometric

distribution function phyper within the R framework (Q value
<0.05). The enrichment degree of each KEGG pathway was represented by the rich factor.

1.4.

Reverse-transcription PCR assays

The feces samples collected during 1-4 days or 5-7 days of exposure duration were pooled together as a biological replicate
for each tank (n = 3). Total RNA was extracted from the feces
samples using QIAzol lysis reagent (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. The quality and
quantity of RNA extracts were evaluated by using 1% agarose
gel electrophoresis and absorbance readings on a Nanodrop
2000 (Thermo Scientific, DE, USA). After removing contamination of the genomic DNA by gDNA digester, identical amounts
(0.5 μg) of RNA aliquot were transferred from each sample
to synthesize the first-strand cDNA following the manual of
a commercial reverse transcription kit (Yeasen Biotech Co.,
Ltd., Shanghai, China). PCR amplification of target genes (i.e.,
apolipoprotein Ea [apoea], ferritin, heavy polypeptide 1a [fth1a]
and transglutaminase 1 like 2 [tgm1l2]) was performed using an Ultra HiFidelity PCR Kit (TIANGEN Biotech Co., Beijing,
China) on a Thermal Cycler (Bio-Rad, Munich, Germany) based
on the following profile: 2 min at 94°C; then 35 cycles of 10
sec at 98°C, 30 sec at 60°C, and 15 sec at 68°C; and 5 min
at 68°C. Gene primers of representative genes were designed
using the online Primer 3 program (http://frodo.wi.mit.edu/).
Primer sequences are listed in Appendix A Table S1 of Supplementary Materials. Based on 1% agarose gel electrophoresis, the amplification products were clearly visible on the gel
without non-target bands, which verified the good specificity
and amplification efficiency of the primers. Gel band intensity
was then obtained using ImageJ software to quantify the transcript abundances. In addition, the cDNA products were retrieved using a TIANgel Midi Purification Kit (Tiangen Biotech
Co., China), sequenced on an ABI 3730xl DNA Analyzer (CD Genomics, NY, USA) and uploaded by BLAST to search the NCBI
nucleotide collection to find the highly similar sequences.

1.5.

Statistical analyses

All values in the present study were presented as mean ± SEM
of three replicates. Significant difference between the PCB126
exposure group and the control group was determined based
on an Independent-Samples T Test using SPSS version 22.0
software (IBM SPSS Statistics, IBM Corp., Armonk, NY, USA).
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Fig. 2 – Pathway enrichment of zebrafish DNA based on metagenomic analysis of (a) male and (b) female feces. Blue
intensity is proportional to the Q value of each pathway. Circle area represents the number of genes enriched. Pathways in
red font have significant enrichment.
A threshold of P <0.05 was set as the criterion of statistically
significant difference.

2.

Results

2.1.

Profile of fecal zebrafish DNA and mRNA

Metagenomic analysis showed that merely 0.01%-0.03% of fecal DNA could be accurately mapped to the zebrafish reference
genome (Appendix A Table S2). After analyzing the transcrip-

tomic sequences (Appendix A Table S3), genome mapping results showed that around 1% of fecal mRNA was identified to
be of zebrafish origin, while the majority of fecal mRNA actually originated from Artemia and bacteria (Appendix A Fig.
S1). However, the abundances of zebrafish transcripts in feces were not low, where over 25% of fecal zebrafish mRNA had
a FPKM >30 in either the male or female samples (Appendix
A Fig. S2). Inter-omics analysis of the characteristics of Venn
diagrams found that metagenomic and transcriptomic reads
corresponded to a tiny minority of common genes in both zebrafish sexes (Fig. 1).
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Fig. 3 – Pathway enrichment of zebrafish mRNA based on transcriptomic analysis of (a) male and (b) female feces. Blue
intensity is proportional to the Q value of each pathway. Circle area represents the number of genes enriched. Pathways in
red font have significant enrichment.

The high proportion of unique genes in each omic assay
was further verified by the large variation in the KEGG pathway enrichment profile. From the functional annotation based
on metagenomic sequences (Fig. 2), fecal zebrafish DNA in the
males was significantly enriched in one carbon pool by folate,
arginine and proline metabolism, glutathione metabolism, the
NOD-like receptor signaling pathway, cysteine and methionine metabolism, the citrate cycle (TCA cycle), as well as

parathyroid hormone synthesis, secretion and action (Fig. 2a).
In the females, fecal DNA from zebrafish was mainly associated with one carbon pool by folate, the NOD-like receptor signaling pathway, amino acid metabolism, glutathione
metabolism, energy production, and axon guidance as well as
parathyroid hormone synthesis, secretion and action (Fig. 2b).
Regarding the functional annotation of fecal zebrafish
mRNA (Fig. 3), a variety of biological processes were repre-

20

journal of environmental sciences 106 (2021) 15–25

Fig. 4 – Brief summary of differential DNA in zebrafish feces based on metagenomic analysis after acute exposure to
PCB126. (a) Number of differential DNA of significantly increased or decreased abundance in males and females. (b) Venn
diagram showing the common or unique DNA between male and female fish. (c) Heatmap showing the overall changes in
differential DNA from male and female feces. Red intensity is proportional to change in magnitude. Values are presented as
means of three replicates (n = 3). (d) Principal component analysis (PCA) with the input of differential DNA based on the
variance-covariance matrix.

sented and the top 20 KEGG pathways of significant enrichment are listed herein. In the males (Fig. 3a), zebrafish fecal
transcripts were predominantly enriched in bacterial and viral infection, immune function, lipid metabolisms (e.g., fatty
acid, cholesterol, fat), carbohydrate metabolism, amino acid
and protein metabolism, neurodegenerative and metabolic
diseases, as well as the endocrine system (i.e., glucagon, estrogen, peroxisome proliferator activated receptor (PPAR), insulin and gonadotropin-releasing hormone (GnRH) signaling
pathways). In the females (Fig. 3b), a similar profile of pathway
enrichment was observed as compared to that in the male zebrafish. GO analysis showed that the common zebrafish genes
between metagenomics and transcriptomics were related to
cytoskeleton-mediated activities (Appendix A Fig. S3).

2.2.

Analyses of differential zebrafish DNA in feces

Based on the filtering criteria, the zebrafish DNA of differential abundances in feces was determined in the PCB126 exposure group relative to the control group. In male fish, 31 and
34 DNA sequences of zebrafish origin were upregulated and
downregulated, respectively, while differential zebrafish DNA
in female feces was mainly downregulated by PCB126 exposure (Fig. 4a). The Venn diagram showed that male and female
fish only shared 5 differential fecal DNA, each having a majority of unique differential DNA (Fig. 4b). By inputting the list

of differential fecal DNA, a heatmap was constructed, further
showing that male and female feces had a highly varying composition of differential DNA after PCB126 exposure (Fig. 4c). In
the PCA plot, PCB126 acute exposure strongly drove the division of the samples along the PCA1 axis (Fig. 4d). However,
pathway enrichment analyses did not find significantly affected processes based on the present list of differential fecal
DNA.

2.3.

Analyses of differential zebrafish mRNA in feces

In feces, differential mRNA originating from zebrafish was also
filtered in the PCB126 exposure group relative to the control
group. In both male and female fish, most of the differential
mRNA was significantly upregulated by PCB126 (Fig. 5a). However, male and female zebrafish only shared a tiny minority of
mRNA in common (Fig. 5b), which was further confirmed by
the contrasting heatmap profiles of differential mRNA in male
and female feces (Fig. 5c). As shown by the PCA plot, the samples were clearly separated along the PCA1 and PCA2 axes as
a function of PCB126 and sex (Fig. 5d).
KEGG pathway analysis of differential fecal transcripts
found that biological activities related with vitamin digestion and absorption, ribosome, fat digestion and absorption,
cholesterol metabolism as well as amino sugar and nucleotide
sugar metabolism were significantly disrupted in male fish by
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Fig. 5 – Brief summary of differential mRNA in zebrafish feces based on transcriptomic analysis after acute exposure to
PCB126. (a) Number of differential transcripts of significantly increased or decreased abundance in males and females. (b)
Venn diagram showing the common or unique transcripts between male and female fish. (c) Heatmap showing the overall
changes of differential transcripts from male and female feces. Red intensity is proportional to change in magnitude. Values
are presented as means of three replicates (n = 3). (d) Principal component analysis (PCA) with the input of differential
transcripts based on the variance-covariance matrix.

PCB126 treatment (Fig. 6a). In female fish, only the oxidative
phosphorylation process was significantly affected by PCB126
(Fig. 6b).

2.4.

gets (Appendix A Fig. S4), suggesting that these transcripts
indeed existed in feces and were altered by PCB126.

PCR results of representative transcripts

3.
Based on the gel band intensity of PCR products, the abundances of representative mRNA (i.e., apoea, fth1a and tgm1l2)
were quantified in feces samples collected during 1-4 days
and 5-7 days of exposure to show the temporal changes. In
male feces, the abundances of apoea were consistently significantly upregulated by PCB126 exposure during the 1-4 day
and 5-7 day periods, while there was no significant difference in female feces (Fig. 7a). Regarding the fth1a transcript,
PCB126 exposure significantly downregulated its abundances
in both male and female feces collected during the 5-7 day
exposure period (Fig. 7b). A similar changing trend was also
noted for tgm1l2 fecal abundances (Fig. 7c). Based on the fecal abundances of representative transcripts (Appendix A Table S4), correlation analysis demonstrated good linearity between the PCR results and transcriptomic results (R2 = 0.679;
Fig. 7d). Furthermore, the PCR products of apoea, fth1a and
tgm1l2 transcripts were sequenced and searched in the NCBI
nucleotide collection. The BLAST results showed that PCR sequences were accurately matched to the corresponding tar-

Discussion

In the present study, the potential of fecal genes to evaluate
the impact of xenobiotics on zebrafish was tested with the assistance of high-throughput metagenomic and transcriptomic
platforms. There was an abundant pool of zebrafish DNA and
mRNA in the feces, which were, however, enriched in different biological pathways. It was apparent that zebrafish mRNA
was much more closely involved in the maintenance of the
gut micro-environment. In addition, PCB126 exposure dramatically altered the zebrafish gene profile in the feces as a function of sex. Disturbances in mRNA profile by PCB126 provided
a better representation of PCB126 toxicology. Based on current
preliminary clues, our ultimate objectives were to develop certain non-invasive approaches to sensitively diagnose and predict in vivo pathogenesis under environmental stresses without causing harm to the test animals. Along with more followup studies inspired by the results, it is expected that specific
molecular biomarkers from feces will be filtered and identified in the future, thus remarkably increasing the screening
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Fig. 6 – Pathway enrichment of differential zebrafish mRNA based on transcriptomic analysis of (a) male and (b) female
feces. Blue intensity is proportional to the Q value of each pathway. Circle area represents the number of genes enriched.
Pathways in red font have significant enrichment.

rate and reducing the cost of ecological risk assessment due
to the non-invasive and convenient nature of this method.
Inter-omic comparison showed that metagenomic and
transcriptomic sequences had a low-grade cross-connection.
Contrasting profiles of biological processes were modulated
by fecal zebrafish DNA and mRNA, respectively. Zebrafish genomic DNA fragments in the feces largely comes from the normal apoptotic cells of intestinal tissues (Carethers, 2014). Considering the complicated transcriptional regulation and mod-

ification, the presence of genomic DNA has less likelihood of
immediately reflecting the events occurring in the zebrafish
intestine. In comparison to DNA, the zebrafish mRNA pool in
the feces is a much better window into what is currently going
on in the intestinal ecosystem. Pathway enrichment analysis
confirmed that zebrafish fecal mRNA was tightly associated
with a suite of physiological activities, including bacterial and
viral infection, immune response, lipid metabolisms, carbohydrate metabolism, amino acid and protein metabolism, neu-
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Fig. 7 – PCR results of representative mRNA in zebrafish feces. (a) apoea; (b) fth1a; (c) tgm1l2; (d) Correlation analysis between
PCR and transcriptomic results. ∗ P <0.05, ∗∗ P <0.01 and ∗∗∗ P <0.001 indicate significant difference between the PCB126
group and the corresponding control group.

rodegenerative and metabolic diseases, as well as various endocrine systems. This implies that the fecal mRNA pool is an
abundant resource to be integrated into comprehensive toxicological assessment.
As a potent agonist of the AhR pathway, PCB126 remarkably
shifted the composition of fecal zebrafish DNA and mRNA.
It is increasingly clear that AhR signaling plays an important role in a myriad of key physiological functions within
the intestines, including epithelial cell proliferation and differentiation, immune cell function and xenobiotic metabolism
(Lamas et al., 2018; Muku et al., 2019). In addition, a sexspecific change in DNA and mRNA profiles for PCB126 was
noted here. Pathway enrichment of differential mRNA showed
that varying profiles of biological processes were affected by
PCB126 in males and females, respectively. After acute exposure to PCB126, metabolism and absorption of lipid, vitamin and carbohydrate were significantly changed in the male
gut, suggesting the functional impairment of intestine tissue,
while only the oxidative phosphorylation pathway relevant
to energy production was disturbed in the female gut. Consistently, previous reports on PCB126 exposure also showed
a clear sex-specific response with regard to lipid catabolism
(Li et al., 2019). Xenobiotic treatment is frequently documented to cause various toxic effects in a sex-specific manner (Chen et al., 2016; Kundakovic et al., 2013), which is presumably attributed to differences in inherent levels of sex hormones and detoxifying capacity (Chen et al., 2018). Crosstalk
between estrogen signaling and AhR signaling is found to promote the recruitment of co-repressors and then inhibit the

detoxification system (Marques et al., 2013), which further
contributes to the sex-specificity of toxicology because of the
high estrogen levels in females.
However, bioinformatic analysis in the present study
showed that differential DNA had no significant enrichment in biological pathways, further suggesting its lesser
implications to zebrafish health. In contrast, zebrafish fecal mRNA of differential abundance after PCB126 exposure
was informative of vitamin metabolism, protein translation, lipid metabolism, energy production and carbohydrate
metabolism, which is supported by our recent metagenomic
findings of intestinal bacteria activity on exposure to PCB126
(Chen et al., 2018c). It appears that the zebrafish fecal transcriptome and intestinal microbiota are well coupled to regulate the physiological functions in the pan-digestive system.
Similarly, previous PCB126 exposure significantly increases
the accumulation of glucose, cholesterol and triglycerol, leading to the onset of hyperglycemia, hyperlipidemia and nonalcoholic fatty liver disease (Chi et al., 2019). The hepatic
transcriptome of adult zebrafish acutely exposed to PCB126
showed disorders of lipid homeostasis (Aluru et al., 2018). Differential genes were significantly enriched in oxidative phosphorylation, ribosome and fatty acid metabolism pathways
(Aluru et al., 2017). Multiple metabolites related to glycolysis and lipogenesis are also interrupted by PCB126 exposure (Petriello et al., 2018). Furthermore, metabolomic fingerprinting of PCB126-exposed intestines found metabolic disturbances of diverse vitamins in zebrafish (Hu et al., 2021).
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Conclusions

In summary, this preliminary study explored the potential of
fecal DNA and mRNA to reflect the impacts of xenobiotics (e.g.,
PCB126) on zebrafish physiological health. Zebrafish DNA and
mRNA were abundantly present in the feces, which were, however, involved in contrasting biological processes. Relative to
fecal DNA, the mRNA pool appears to provide a better representation of zebrafish physiological activities. PCB126 acute
exposure dramatically shifted the structure of fecal zebrafish
DNA and mRNA as a function of sex. The significantly changed
mRNA was quite informative of the toxicological fingerprint
of PCB126. Overall, the present study introduced the potential
of fecal DNA and mRNA in toxicological diagnosis. Future research is warranted to screen sensitive mRNA biomarkers in
feces, eventually developing non-invasive strategies for toxicology risk assessment.
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