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Summary of scientific research

W. Arber's main scientific interests are the mechanisms which promote and which limit the
spontaneous variation of genetic information in micro-organisms. In his doctoral dissertation he
explained that rare, spontaneous derivatives of the bacterial virus A have a part of the viral DNA
substituted by a segment from the chromosome of the host bacteria. The concept of these hybrid
transducing viruses later served others as a model for the design of cloning vectors in recombinant
DNA technology. Beginning in 1960, W. Arber explored the molecular basis of host-controlled
modification of bacterial viruses. This led to the discovery that this phenomenon acts at the DNA
level. Specific enzymes, now known as restriction endonucleases, serve in many bacterial strains
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to recognise foreign DNA upon its entry and they subsequently inactivate this DNA by cleavage.
An associated DNA methylase protects the cellular DNA from restriction cleavage. Restriction and
modification systems thus represent barriers limiting the exchange of genetic material between
different micro-organisms, thereby improving genetic stability. Soon after their isolation, restriction
enzymes proved to be extremely useful tools for molecular genetic studies, since they provide
specific fragmentation of the long DNA filaments, a prerequisite for detailed structural and
functional analysis. W. Arber has also intensively studied enzyme-directed processes in the
structural rearrangement of genetic material, in particular transposition and site-specific
recombination. These processes lead to the recombination of nonhomologous DNA and thus can
bring about new gene functions by fusion of previously independent DNA segments. They
represent part of the mecha nisms responsible for spontaneous mutagenesis and they are
important agents in both vertical and horizontal evolution. On the basis of his long-term experience
and taking into account knowledge accumulated over the past fifty years on molecular
mechanisms of mutagenesis and of different kinds of recombination of genetic information,
particularly in micro-organisms, W. Arber has postulated a theory of molecular evolution,
according to which the products of evolution genes carried in the genome are involved either in the
generation or in the limitation of genetic variation, without, however, implying a specific direction to
biological evolution. Rather, the course of biological evolution results from the casual action of the
products of evolution genes on DNA, from the conformational flexibility of the structures of
biologically active molecules, from the largely stochastic nature of any interaction affecting genetic
stability, and from chance environmental influences, whereby the steadily exerted natural selection
limits diversity according to the temporal fitness of the organisms involved. In brief, a multitude of
specific molecular mechanisms contribute to overall spontaneous genetic variation. These specific
mechanisms can be classified into three major natural strategies of genetic variation, namely,
small local changes in the nucleotide sequences, intragenomic rearrangement of DNA segments,
and acquisition of a segment of foreign DNA by horizontal gene transfer. These strategies differ in
the quality of their contributions to genetic variation and thus to biological evolution. The postulate
that the products of specific evolution genes together with intrinsic properties of matter are at the
origin of genetic variation which drives biological evolution has interesting philosophical
implications. Nature cares actively for biological evolution. The juxtaposition of evolution genes
and of the more classical genes acting to the benefit of individual lives implies an intrinsic duality
of the genome. These aspects have been discussed by W. Arber in some of his recent
publications, as well as the relevance of the acquired knowledge on spontaneous genetic variation
for the evaluation of conjectural risks of genetic engineering.
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