


    Understanding gene function    
       through ENU mutagenesis 

•  ENU, (N-ethyl-N-nitrosourea (C3H7N3O2)), is a 
highly potent mutagen. 

•  ENU induces about 1point-mutation every 1 
to 2 megabases. 

•  ENU targets spermatogonial stem cells 
•  ENU induced mutations include loss-of-

function as well as gain-of-function 
mutations. 



   Classical Workflow 
   for ENU mutant screen 

Adapted from: Hans Hedrich (editor). The Laboratory Mouse, Elsevier Academic Press. ISBN 0-12-336425-6  



   ENU Mutagenesis 

Courtesy of: Anselm Enders, ANU 



   Breeding scheme for  
   positional cloning 

Adapted from: Hans Hedrich (editor). The Laboratory Mouse, Elsevier Academic Press. ISBN 0-12-336425-6  



   Positional cloning necessitates 
   large scale animal breeding 

Adapted from: Hans Hedrich (editor). The Laboratory Mouse, Elsevier Academic Press. ISBN 0-12-336425-6  



ENU Mutagenesis: Shortcut 
through sequencing 

Identify ENU induced 
mutations directly through 
sequencing DNA from a 
restricted number of G3 
animals carrying the trait of 
interest.  



  ENU mutagenesis project 
  at CNG 

Infection and Immunity Genomics Consortium 
(IIGC) 

Collaboration between the Australian National 
University (ANU) and CNG 

Scope of the project: 
  generate a library of new ENU mutants with defects 

affecting autoimmunity, vaccination and immunity to 
tuberculosis infection 

  develop ways to refine phenotype screens and 
accelerate the identification of mutations.  



  Immunization and FACS  
  screen 



 Immunization screen:  
 Example 1 ENU7B6 71 



 Immunization screen:  
 Example 2 ENU6WTNIH33 



  Strategy: 
  Whole-genome sequencing; 
  6-8x coverage for homozygous individuals of G3 

individuals carrying the phenotype of interest; 
  Illumina GA paired-end sequencing (~50 Gbases/

flow cell = 1 flow-cell per mouse genome; 

   Identifiction of mutations 
   by HT sequencing 



   CNG Sequencing 
    Pipeline 

Schema courtesy of Mario Foglio, CNG 



   WG Sequence from two  
   ENU  mouse strains 



   Workflow: Genotyping  
   aligned sequences 

6. Genotype Prediction 

Genotypes 

6 S. Heat; 7 M. Foglio; 8 V. Renault; 10 Z. Wang. 

Mapped reads 

7.Operon DB System 

9.SV 

S. Variations 

SNP AA Effect 

8.AA 

Annotations 

10. IC 

Images 
Paired reads 



   Visualizing aligned  
   sequence quality 

Reference Repeat in lower case 



   Identification of sequence   
     variants in Operon 

Chr1: 3.542.811-11.814.379 



   Identification of gene 
   variants 

T=Total 
R=Repeat 
N=None  
repeat 

Individual CHC433: I=Intron, E=End, C=Coding, P=Promoter, U=UTR, N=ncRNA, A=AAchange  



    Advantages of WG  
    sequencing of ENU mutants 

Traditional ENU screen 
• Labor/time intensive 
intercrosses/backcrosses  

• Careful choice of strain for 
intercross 

• Needs sometimes large number 
(>100) animals for positional 
cloning 

• Long, costly positional cloning 
(linkage study, candidate gene 
sequencing) 

WG Sequence assisted ENU 
screen 
• Can be carried out directly on 
G2 (dominant) or G3 (recessive) 
mice  

• Can be carried out on same 
strain background 

• Few animals are needed 

• Directly provides candidate 
genes/mutations within weeks 

• Facilitates identification of 
double hits 



  ENU mouse models can help understand gene 
function by providing phenotypes due to point 
mutations, even in cases where ko models are lethal. 

  The combination of ENU mouse models models with 
new sequencing technology can accelerate the 
identification of the phenotype causing mutations from 
months/years to weeks. 

  As most ENU mutations inducing phenotypic changes 
are exonic, exon capture prior to sequencing could 
further decrease complexity of the analysis. 

   Conclusions/Outlook 
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