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Wilhelm Johannsen first proposed the distinction between genotype and phenotype in the study of heredity while working in
Denmark in 1909. The distinction is between the hereditary dispositions of organisms (their genotypes) and the ways in which
those dispositions manifest themselves in the physical characteristics of those organisms (their phenotypes). This distinction
was an outgrowth of Johannsen’s experiments concerning heritable variation in plants, and it influenced his pure line theory of
heredity. While the meaning and significance of the genotype-phenotype distinction has been a topic of debate—among
Johannsen’s contemporaries, later biological theorists, and historians of science—many consider the distinction to be one of the
conceptual pillars of twentieth century genetics. Moreover, some have used it to characterize the relationships between studies
of development, genetics, and evolution [5].
Johannsen introduced the concepts genotype and phenotype in 1909 in his textbook on heredity research, titled Elemente der
exakten Ereblichkeitslehre (The Elements of an Exact Theory of Heredity [6]), and he developed them more fully in a 1911 paper
titled “The Genotype Conception of Heredity”. The concepts of genotype and phenotype were an outgrowth of Johannsen’s
pure-line breeding experiments on barley (Hordeum vulgare [7]) and the common bean (Phaseolus vulgaris [8]).
Johannsen’s pure-line experiments began around the time that he accepted a position as lecturer of botany and plant physiology
at the Royal Veterinary and Agricultural College in Copenhagen, Denmark, in 1892. In these experiments, Johannsen raised
barley and bean plants that had been self-fertilized, and he measured the physical dimensions of the seeds in every generation.
He found that he could separate these pure lines into distinct groups based on the characteristics of the seeds that they
produced. Using a combination of pedigree and statistical analyses, Johannsen demonstrated that the group to which a plant
belonged was a stronger predictor of the characteristics of the seeds that it produced than were the characteristics of its mother
plant. When he first reported the results of his experiments in 1903, Johannsen referred to this group identity as its type, but in
1905 he rebranded it with the term genotype. He contrasted the genotype of a group or organism with its phenotype, defining the
latter as the individual qualities of those organisms.
These experiments took place within a broader attempt among researchers of heredity to characterize the kinds and nature of
variation in organisms at around the turn of the twentieth century. At the time, biologists disagreed about how to understand the
relationship between variation, heredity, and evolutionary change. Followers of Darwin contended that evolution [5] resulted from
the action of natural selection [9] upon continuous heritable variation. Others argued that continuous variation was rarely
heritable, or that even if it was, such variation had limits so that it could not possibly be the basis for long-term evolutionary
changes. Advocates of the latter position, emboldened by the so-called rediscovery of Gregor Mendel's theory of inheritance,
argued that evolution [5] must proceed by discontinuous leaps. For Johannsen, the genotype-phenotype distinction contributed to
the latter position: he took the genotype to be especially immutable, and he took the power of natural selection [9] as limited to
sorting out pre-existing genotypes within heterogeneous natural populations.
The genotype-phenotype distinction was part of Johannsen's campaign against what he called the transmissionconception [10] of
heredity, according to which the characteristics of individual organisms are transmitted directly to their offspring. Examples of the
transmission conception [10] of heredity include Charles Darwin [11]'s theory of pangenesis [12], in which the changing tissues and
organs of an organism continually modify its germinal material, thereby impressing the characteristics of that organism on its
eventual offspring. Johannsen's concept of genotype, by contrast, was ahistorical: the phenotypic characteristics of a mother
and her offspring would arise under the influence of the same hereditary disposition, passed from generation to generation, and
immune to the environmental circumstances in which it was expressed. Johannsen’s genotype-phenotype distinction has some
similarity to August Weismann’s late nineteenthc century distinction between the germ and soma, in that both thought that the
causal interactions between an organism's hereditary disposition and its physical characteristics was unidirectional. Although
Johannsen acknowledged this affinity with Weismann’s ideas, he was unwilling to engage in what he considered to be
unjustified speculations about the material basis of the genotype, as he argued Weismann had done.
Johannsen's genotype-phenotype distinction explicitly proscribed a relationship between the study of development and the study
of heredity. According to Johannsen, the genotype of an organism gives rise to the organism's phenotype through the process of
development, under the influence of the environment. Johannsen felt comfortable equating the genotype with the notion of
Reaktionsnorm (norm of reaction) proposed by Richard Woltereck in Germany in 1909, which, for a domain of different possible
environments in which an organism could develop, referred to the full range of potential variations in an adult characteristic for
that organism. Under the schema of the genotype-phenotype distinction, developmental biology was construed as the study of
how genotypes give rise to phenotypes. This construal ran contrary to the views of many embryologists at the time who saw
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heredity as a process or production, the mechanisms of which were inseparable from those of development itself.
The proper application of the terms genotype and phenotype was a subject of some dispute following its introduction. The
zoologist Herbert Spencer Jennings [13] in the US, for example, interpreted the notions of genotype and phenotype as noncontrasting, arguing in a 1911 letter to the journal Science that while the abstract term genotype referred to the particular
hereditary constitution of an organism, the phenotype more concretely referred to a group of individuals having the same
physical characteristics. George Shull, also in the US, allegedly consulted Johannsen on the matter, and Shull responded to
Jennings in 1912. Shull contended that the terms were equally abstract and opposed, the phenotype referring not to a group of
physically similar individuals itself, but the shared characteristics that were the basis for delimiting the group. The relationship
between genotype and phenotype—in terms of both its mechanistic and conceptual content—has been a recurring point of
contention within evolutionary biology.
As the debate over the role of continuous and discontinuous variation inevolution [5] wore on, and as both experimental and
theoretical advances led biologists to converge around the notion of the gene, the language of genotypes and phenotypes
gained broad acceptance. Historian of science Jan Sapp has argued that the genotype-phenotype distinction served to alienate
embryologists from mainstream heredity research, enabling a gulf between developmental biology and what would become the
population genetic account of evolutionary change at the heart of the Modern Evolutionary Synthesis. Later debates about the
units of selection, and about the relation between microevolutionary and macroevolutionary processes, were largely framed in
terms of the genotype-phenotype distinction. Some theorists and philosophers have characterized the modern field of
evolutionary developmental biology [14] as filling in the so-called black box between genotype and phenotype.
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Wilhelm Johannsen in Denmark first proposed the distinction between genotype and phenotype in the study of heredity in 1909.
This distinction is between the hereditary dispositions of organisms (their genotypes) and the ways in which those dispositions
manifest themselves in the physical characteristics of those organisms (their phenotypes). This distinction was an outgrowth of
Johannsen's experiments concerning heritable variation in plants, and it influenced his pure line theory of heredity. While the
meaning and significance of the genotype-phenotype distinction has been a topic of debate-among Johannsen's
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contemporaries, later biological theorists, and historians of science-many consider the distinction one of the conceptual pillars of
twentieth century genetics. Moreover some have used it to characterize the relationships between studies of development,
genetics, and evolution.
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