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2. Background on rat poison

• Anticoagulant rodenticides (ARs) are used worldwide for vertebrate pest control in urban, suburban and agricultural
settings.
• How do they work?

=> Internal bleeding/death

• Two generations of AR

- First Generation: Warfarin, chlorophacinone and diphacinone => several days of feeding (problem of rat
resistant)

- Second Generation : bromadiolone, difenacoum, brodifacoum, flocoumafen, and difethialon => one
single feed (highly toxic) and in some states/countries limited to professional pest companies



Env.Sci.Technol 2014,48,8433-8445
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2. Background on rat poison: Secondary exposure  

=> Anticoagulant rodenticides were detected in more than 90% of stoats and weasels in Denmark (Elmeros et 2011). 

=> 62.8% of studied bird of prey with AR in Mediterranean region of Spain (Perea et al 2015)  

 Anticoagulants were detected in six of seven predatory species in Cape Town, South Africa (Serieys et al 2019).

Many animals do not exhibit any outward signs of poisoning (sensitivity of AR varies among species), 
Toxicants go undetected without specific testing

 Many more studies…

 AR residue in four mustelid species in France (Fournier-Chambrillon et al 2004)

Problems

How to understand the effect on long-term exposure?
Long-term monitoring
How to measure exposure? What markers?
Need to sample exposed and unexposed alive animals!
Need to know other variables (sex, age, sample conditions) for confounding 

 Increasing parasite and pathogens in great bustards with AR (Lemus et al 2011 )



2. Background on rat poison and study system

✓ Carnivores in the Santa Monica Mountains (and elsewhere) are chronically 
and pervasively exposed to ARs => in 2000, National Park Service started a 
carnivore monitoring (coyotes).

✓ In 2002-2005, rapid population decline due to notoedric mange in the bobcat
population  (50% of radiocollared animals died of mange in 2003) (Serieys et al. 
2014). 

✓ 90% bobcats detected positive to ARs

✓ Strong association between notoedric mange and exposure to AR (Riley et al. 
2007)

✓ Primary cause of death from exposure (hemorrhaging) is not observed in 
bobcats as in other species=> but clotting time is the most frequent methods 
to assess AR exposure



2. Background on rat poison and study system

Serieys et al 2013/ Serieys et al 2018 => Immunotoxic effects of AR

Measures of 65 biochemical markers of immune and organ function in 124 bobcats in the SMMNRP

• Simultaneous immunostimulation and immunosuppression effects

• Evidence for immune dysregulation in animals exposed to ARs

• The broad spectrum of immune activation that we observe may compromise ability to mount a specific immune 
response.



3. Gene expression analyses in a bobcat population

1. Do we have genes differentially expressed between bobcats exposed to ARs and not exposed?

2.      What biological processes are they involved in?

3.       Potential causal links between mange susceptibility and AR exposure in bobcats?



Challenges of RNA-Seq on natural populations

• Sampling is opportunistic- no knowledge of an animals experience of the environment prior 
to or after sampling (infection history, toxins not explicitly tested, etc.)

• AR detection in blood only indicates recent exposure, not lifetime exposure

• Can’t target specific tissues (i.e. liver) to measure differential 
expression 

3. Gene expression analyses in a bobcat population



3. Gene expression analyses in a bobcat population

✓ 52 RNA samples from blood (26 
exposed/ 26 non exposed) 

✓ Balancing with age and sex

✓ Metadata (disease, RIN, sequencer, 
season,location…)

Fraser et al. (2018) Molecular Ecology



3. Gene expression analyses in a bobcat population

Fraser & Mouton et al. (2018) Molecular Ecology



3. Gene expression analyses 
in a bobcat population

Similarities with the immuno-assay study!

Down regulated Genes Up regulated Genes



3. Gene expression analyses in a bobcat population

AR effect on immunity, ER stress, xenobiotic 
metabolism, epithelium integrity and 
hemostasis



3. Gene expression analyses in a bobcat population

T cell activation Inflammation process

Increasing expression T cell activation in AR positive bobcats
Decrease expression of inflammatory processes genes in AR positive bobcats

Fraser et al. (2018) Molecular Ecology

AR-negative (light color) and AR-positive (dark color)



26 bobcats exposed and 26 non exposed

Linear Model (limma) WGCNA

TOA/TRA 10 functional categories
GO 

Enrichment

Notoedrus cati

↓ Inflammatory 
Response

↑  ER stress 
response

Immune 
suppression

and 
activation

↓ Keratinocyte
proliferation

↓ Coagulation and 
Wound Healing

Fraser et al 2018 Molecular Ecology

Impact on fitness

1) Decreased defense
against extracellular
pathogens and 
allergens

2) Immune activation 
leading to immune

exhaustion
3)    Increased cell death
4)    Reduced epithelial
integrity, more vulnerable
to ectoparasites



DNA methylation is a major gene regulatory mechanism in mammals

- Environmentally responsive  (biotic stress, ..)
- Involved in aging
- Linked to many disease (e.g., cancer, 
diabetes, Alzheimer’s)
-- …
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4. Complementary ongoing study : methylation and rat poison

Link exposure to ARs with gene expression 
patterns using a RNA-seq approach 

Exposure to ARs and methylation level?



4. Complementary ongoing study : methylation and rat poison

Samples: 10 M « exposed » and 10 M  « unexposed » bobcats
Whole blood DNA extraction

Methods: RRBS (Reduced Representation Bisulfite Sequencing) (Meissner et 
al. 2008; Gu et al. 2011; Boyle et al. 2012 )

Macau (Differential methylation)



4. Complementary ongoing study : methylation and rat poison (preliminary results)

141 methylation sites differentially expressed (FDR< 0.1)

Genomation package

33 sites in promoter region=> closest gene => Gene ontology

• Regulation of cytokine (il6,il4,il2)

• Positive regulation of ER stress

• Macrophage differentiation

• T cell activation

• Regulation of platelet

•….

Same GO than RNAseq analyses!!

15 genes in common with
RNAseq => Biomarkers?? 



Conservation action

1 September 2020

29 September 2020

27

More studies on the sublethal effects of 
AR are needed!!
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