KEY NOTE LECTURE: GENERATION AND PHENOTYPING OF GENETICALLY ENGINEERED ANIMALS 
Gruber Achim D.

School of Veterinary Medicine Hannover, Department of Pathology, Hannover, Germany 

e-mail: achim.gruber@tiho-hannover.de  

Genetically engineered animals play an increasingly important role in biomedical research, such as, functional genomics, “gene farming”, drug testing and animal models of human diseases. 
Contemporary genetic engineering techniques include (i.) overexpression of an artificial gene construct using DNA microinjection into the pronucleus or retroviral vectors and (ii.) targeted mutagenesis using homologous recombination of the construct with the target genomic sequence. The latter approach is used to generate the so-called knockout- or knockin- animals in which a specific gene is either inactivated or replaced by a different gene. The first approach (i.) has been used in a large number of different species whereas the second approach (ii.) is usually restricted to the mouse. The two approaches are very different with regard to the definability of the obtained genetic manipulation, the required time and efforts and the interpretation of the phenotype. A recent and important extension of the knockout techniques is the use of conditional gene targeting using the Cre/loxP and Flp/FRT technologies. These systems are used to, for example, overcome the frequent problem of embryonal lethality by activating a knockout genotype only in a specific cell type or at a desired time point after birth.   
“Phenotyping” describes the process of the analysis of changes and lesions that are induced by a specific genetic alteration. Such analyses may comprise biological data, behavioral phenotyping, gross and microscopical morphology, biochemistry and challenge experiments (infections, carcinogenicity studies etc.). The pathology of genetically engineered animals usually plays the central role in the interpretation of a given phenotype. 
Interpretation of lesions in a genetically engineered animal not only requires a profound understanding of the genetic manipulation but also critically depends on the awareness of factors that frequently modulate a given phenotype. Modulating factors include spontaneous disease unrelated to the manipulation (so-called background pathology), environmental factors, such as, microbial conditions, housing, nutrition and, particularly in mice, the genetic background (strain) of the examined animal. Importantly, the inclusion of appropriate control animals (usually wild type littermates) helps to differentiate specifically induced changes from background pathology. It is imperative that these factors be considered in the interpretation of changes observed in a genetically engineered animal. 
