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Some of the findings from experimental embryology have power through the clarity of an image. Such power is beautifully illustrated by the
Spemann-Mangold organizer experiment, which used amphibian embryos to test the organizing properties of a piece of prospective dorsal tissue. Hilde
Proescholdt (later Mangold) did preliminary experiments in which the graft and host were taken from twomembers of the same species, where host and
graft could not be distinguished, and she showed that such a dorsal piece, grafted to the opposite side of a host embryo, resulted in a twinned tadpole.
But what was the conclusion-was the secondary axis produced entirely by self-differentiation of the grafted piece, or might there have been an
interaction between the graft and host tissues?

In the definitive experiments, Hilde Proescholt employed two newt species with differently pigmented eggs to examine the twinning phenom-
enon. Her drawings of sectioned embryos showed that a lightly pigmented graft taken from the dorsal region contributed to dorsal midline structures,
including the notochord, while darkly pigmented host structures were diverted from their epidermal fate to make a second nervous system (Spe-
mann, 1938; Harland, 2008). The clear and profound interpretation was that the graft must have induced host tissues to become the organized
nervous system in the secondary axis, and that the second nervous system was not just self-differentiating from the graft.

In the featured paper, from Bob Gimlich and John Gerhart, the experiment addressed where dorsal identities lay in the earlier cleavage stages. Were
they in the same cells that produced the organizer, or was there a difference between early and later organizing activities? There was already ample
evidence from Peter Nieuwkoop and others that more vegetal cells had mesoderm inducing properties, but the special activity from dorsal-vegetal cells
was made unusually striking in an image (Fig. 6 in Gimlich and Gerhart’s 1984 paper) which showed that grafted dorsal-vegetal cells from a cleavage
stage embryo induced a normally patterned axis, including a nervous system, but the grafted cells did not contribute to the axis. Therefore, the dorsal
vegetal cells, themselves fated to become endoderm, could induce an axis at the early stage, without contributing directly to axial structures.

A similar conclusion was drawn by Dale and Slack (1987), though they used Nieuwkoop recombinates of vegetal cells with marked animal cap
ectoderm. Again, they found that the dorsal most vegetal cells at the 32-cell stage were able to induce organizer structures. This property of vegetal cells
that can induce the Spemann-Mangold organizer, was given the name “Nieuwkoop Center” by John Gerhart (Gerhart et al., 1989), as a region of the
early cleaving embryo that has the ability to induce the Spemann-Mangold organizer. In contrast to Nieuwkoop, who argued that there was a graded
signal from dorsal to ventral, the other groups found a sharp distinction between dorsal signalling restricted only to the dorsal-most vegetal cells, while
the rest induced mesoderm of a ventral character. This finding of a binary signal was also important in supporting the view that signalling from the
organizer at the later stage is essential for inducing the variety of fates found in the mesoderm, as part of the “three signal model” for patterning the early
embryo (Dale and Slack, 1987).

The inducing activity of the dorsal vegetal-most cells in both these experiments has often led to the view that this is the main source of early
dorsalizing signals, though a subsequent paper from Gimlich also showed that the tier of cells just above the vegetal tier also have dorsalizing activity
(Gimlich, 1986). However, these more animal cells not only induce dorsal structures, but are also able to self-differentiate into organizer, so the clean
experimental distinction of Nieuwkoop center from Spemann-Mangold organizer is not so striking as the experiment with the vegetal tier, where the
grafted cells do not contribute at all to the induced axis.

These elegant manipulations using classic tools of experimental embryology were key to develop an understanding of the cascade of signalling
events that begin with a simple egg, and progressively build the tissues of the complex tadpole. The embryological level of understanding demands a
molecular explanation, but also defines the specific questions on timing, signalling specificity and differentiation that must be answered. We now
understand the signals in terms of Wnt, Nodal, BMP and FGF, but the activity of these signalling factors has to be interpreted in light of the early
activities of the vegetal dorsalizing center (Nieuwkoop Center), versus the later signals from the Spemann-Mangold organizer.
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