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The Rodenticide Resistance Action Committee (RRAC) is a 
working group within the framework of CropLife 
International.  Participating companies are: 

BASF Envu

LiphaTech S. A. Pelgar

Rentokil Initial Syngenta 

ZAPI Aktiva



The RRAC Resistance guide Co-Authors

Provided un-published data to resistance maps:

Colin Prescott, Clare Jones & colleagues, D Rymer, K Baert, Tanja Blazic, 
H-M Kohn, Freise & Runge, J Mooney, Y Motro, A Iacucci, T Montalvo, 

RRAC, St Endepols, and others

Website content preparation:

Nicole Klemann, Stefan Endepols

Webdesign:

Heiko Heeren, Kölner Medienwerk GmbH, Cologne

www.rrac.info



Principle of Anticoagulant Resistance 
and Resistant Strains



Anticoagulants inhibit the Vkorc1 gene that drives 
the vitamin K cycle and blood coagulation



Rat:  VKOR Variant Strain Westphalia resistent

Gene variant Tyr139Cys (= Y139C):  

At Position 139 in the VKOR-gene: exchange of amino acide Tyrosin by Cystein.  Due to

the exchange on the gene of one nucleotide (Adenine/Guanine)

Marker of strain Westphalia-resistent, also present in NL, Be, UK, F, DK.

-ACC-ACC-TAT-GCC-

Codon 139

VKORC1

wildtype

Rost et al.,

2004

-ACC-ACC-TAT-GCC-
wild 

susceptible

-ACC-ACC-TGT-GCC-

Thr Thr Tyr Ala___ ___ ___

Westphalia 

resistant

Thr Thr Cys Ala___ ___ ___

Thr Thr Tyr Ala
___ ___ ___



Marking the Genotypes of VKOR

Resistance area VKOR Polymorphism

Westphalia, DK, NL, F, 

UK Tyrosin 139 Cystein Tyr139Cys, Y139C

Position of the Amino 

Acide in Enzyme



Marking the Genotypes of VKOR

Amino acide neu, 

“Mutant”

Amino acide wildtyp 

(“normal”)

Resistance area VKOR Polymorphism

Westphalia, DK, NL, F, 

UK Tyrosin 139 Cystein Tyr139Cys, Y139C



ED50
male

ED50
female

RF
m

RF 
f

Coumatetralyl 0.36 0.44 42.2 94.1 Endepols et al. 2007

Bromadiolone 0.47 0.62 17.0 15.5 Endepols et al. 2007

Difenacoum 0.65 0.79 1.6 2.9 JKI

Brodifacoum 0.22 0.23 1.2 1.8 JKI

Flocoumafen 0.29 0.34 0.8 1.0 JKI

Difethialone 0.43 0.49 0.5 0.8 JKI

RRAC, study at JKI:  Rat  Y139C

Determination of effective doses in BCR test: 
ED50Baseline (mg/kg) and Resistance Factor (RF).



Y139C
Y139F
Y139S
L120Q
L128Q

Norway rat:  Resistant Strains in Europe



SNPs confer practical resistance to AVKs of Brown Rat (R. 
norvegicus) and  House Mouse (M. musculus)

AVKs Active Ingredients are 

• Either active in practice and recommended to control these strains      

• Or partially or totally inactive and not recommended for control of them 
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Brown Rats

House Mice

VKOR SNPs FGARS Bromadiolone Difenacoum Brodifacoum Flocoumafen Difethialone Different MoA: Cholecalciferol

L120Q

L128Q

Y139C

Y139F

Y139S

VKOR SNPs FGARS Bromadiolone Difenacoum Brodifacoum Flocoumafen Difethialone Different MoA:  Cholecalciferol

L120Q no data available

L128S

Y139C

Y139S no data available

spretus 

introgression



Website Content

Results RRAC – www.rrac.info







RRAC – www.rrac.info

Need for samples from white areas:
Contact me for details.



RRAC website



Thank you for attention!

www.rrac.info

Stefan.Endepols@envu.com



VKOR SNPs FGARS Bromadiolone Difenacoum Brodifacoum Flocoumafen Difethialone

L120Q

L128S

Y139C

Y139S

spretus 

introgression

no data available

no data available
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