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Abstract. This lecture uses an integrative systems biological view of
the relationship between genotypes and phenotypes to clarify some con-
ceptual problems in biological debates about causality. The differential
(gene-centric) view is incomplete in a sense analogous to using differen-
tiation without integration in mathematics. Differences in genotype are
frequently not reflected in significant differences in phenotype as they
are buffered by networks of molecular interactions capable of substitut-
ing an alternative pathway to achieve a given phenotype characteristic
when one pathway is removed. Those networks integrate the influences
of many genes on each phenotype so that the effect of a modification
in DNA depends on the context in which it occurs. Mathematical mod-
elling of these interactions can help to understand the mechanisms of
buffering and the contextual-dependence of phenotypic outcome, and so
to represent correctly and quantitatively the relations between genomes
and phenotypes. By incorporating all the causal factors in generating a
phenotype, this approach also highlights the role of non-DNA forms of
inheritance, and of the interactions at multiple levels.
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