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WITHIN us all a universe doth dwell;
And hence each people’s usage laudable,
That ev’ry one the Best that meets his eyes
As God, yea e’en his God, doth recognise;
To Him both earth and heaven surrenders he,
Fears Him, and loves Him too, if that may be.

1816.

THE METAMORPHOSIS OF PLANTS.

THOU art confused, my beloved, at, seeing the thousand
fold union

Shown in this flowery troop, over the garden dispers’d;
Any a name dost thou hear assign’d; one after another

Falls on thy list’ning ear, with a barbarian sound.
None resembleth another, yet all their forms have a likeness;

Therefore, a mystical law is by the chorus proclaim’d;
Yes, a sacred enigma! Oh, dearest friend, could I only

Happily teach thee the word, which may the mystery solve!
Closely observe how the plant, by little and little progressing,

Step by step guided on, changeth to blossom and fruit!
First from the seed it unravels itself, as soon as the silent

Fruit-bearing womb of the earth kindly allows Its escape,
And to the charms of the light, the holy, the ever-in-motion,

Trusteth the delicate leaves, feebly beginning to shoot.
Simply slumber’d the force in the seed; a germ of the future,
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Peacefully lock’d in itself, ‘neath the integument lay,
Leaf and root, and bud, still void of colour, and shapeless;

Thus doth the kernel, while dry, cover that motionless life.
Upward then strives it to swell, in gentle moisture confiding,

And, from the night where it dwelt, straightway ascendeth
to light.

Yet still simple remaineth its figure, when first it appeareth;

And ’tis a token like this, points out the child ‘mid the plants.
Soon a shoot, succeeding it, riseth on high, and reneweth,

Piling-up node upon node, ever the primitive form;
Yet not ever alike: for the following leaf, as thou seest,

Ever produceth itself, fashioned in manifold ways.
Longer, more indented, in points and in parts more divided,

Which. all-deform’d until now, slept in the organ below,
So at length it attaineth the noble and destined perfection,

Which, in full many a tribe, fills thee with wondering awe.
Many ribb’d and tooth’d, on a surface juicy and swelling,

Free and unending the shoot seemeth in fullness to be;
Yet here Nature restraineth, with powerful hands, the formation,

And to a perfecter end, guideth with softness its growth,
Less abundantly yielding the sap, contracting the vessels,

So that the figure ere long gentler effects doth disclose.
Soon and in silence is check’d the growth of the vigorous

branches,

And the rib of the stalk fuller becometh in form.
Leafless, however, and quick the tenderer stem then up-springeth,

And a miraculous sight doth the observer enchant.
Ranged in a circle, in numbers that now are small, and now

countless,

Gather the smaller-sized leaves, close by the side of their like.
Round the axis compress’d the sheltering calyx unfoldeth,

And, as the perfectest type, brilliant-hued coronals forms.
Thus doth Nature bloom, in glory still nobler and fuller,

Showing, in order arranged, member on member uprear’d.
Wonderment fresh dost thou feel, as soon as the stem rears

the flower

Over the scaffolding frail of the alternating leaves.
But this glory is only the new creation’s foreteller,
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Yes, the leaf with its hues feeleth the hand all divine,
And on a sudden contracteth itself; the tenderest figures

Twofold as yet, hasten on, destined to blend into one.
Lovingly now the beauteous pairs are standing together,

Gather’d in countless array, there where the altar is raised.
Hymen hovereth o’er them, and scents delicious and mighty

Stream forth their fragrance so sweet, all things enliv’ning
around.

Presently, parcell’d out, unnumber’d germs are seen swelling,

Sweetly conceald in the womb, where is made perfect the
fruit.

Here doth Nature close the ring of her forces eternal;

Yet doth a new one, at once, cling to the one gone before,
So that the chain be prolonged for ever through all generations,

And that the whole may have life, e’en as enjoy’d by each
part.

Now, my beloved one, turn thy gaze on the many-hued
thousands

Which, confusing no more, gladden the mind as they wave.
Every plant unto thee proclaimeth the laws everlasting,

Every flowered speaks louder and louder to thee;
But if thou here canst decipher the mystic words of the

goddess,

Everywhere will they be seen, e’en though the features are
changed.

Creeping insects may linger, the eager butterfly hasten,—

Plastic and forming, may man change e’en the figure decreed!
Oh, then, bethink thee, as well, how out of the germ of

acquaintance,

Kindly intercourse sprang, slowly unfolding its leaves;
Soon how friendship with might unveil’d itself in our bosoms,

And how Amor, at length, brought forth blossom and fruit
Think of the manifold ways wherein Nature hath lent to

our feelings,

Silently giving them birth, either the first or the last!
Yes, and rejoice in the present day! For love that is holy

Seeketh the noblest of fruits,—that where the thoughts are
the same,
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Where the opinions agree,—that the pair may, in rapt

contemplation,

Lovingly blend into one,—find the more excellent world.

1797.

PROVERBS.

’TIS easier far a wreath to bind,
Than a good owner fort to find.

*
I KILL’D a thousand flies overnight,
Yet was waken’d by one, as soon as twas light.

*
To the mother I give;
For the daughter I live.

*
A BREACH is every day,

By many a mortal storm’d;
Let them fall in the gaps as they may,

Yet a heap of dead is ne’er form’d.

*
WHAT harm has thy poor mirror done, alas?
Look not so ugly, prythee, in the glass!

1815.*
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Abstract – About 10 years ago, the ABC model for the genetic control of flower
development was proposed. This model was initially based on the analysis of mutant
flowers but has subsequently been confirmed by molecular analysis. This paper describes
the 200-year history behind this model, from the late 18th century when Goethe arrived
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on Arabidopsis and Antirrhinum in the late 20th century. © 2001 Académie des
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Résumé – Goethe et le modèle ABC de développement de la fleur. Le modèle
ABC qui supporte le contrôle génétique du développement floral a été proposé il y a une
dizaine d’années. Il a été initialement établi à partir de l’analyse de mutants du
développement et a été confirmé ultérieurement par l’analyse moléculaire. Cet article
retrace deux siècles d’histoire à l’origine de ce modèle: de la fin du 18e siècle, lorque
Goethe proposa le concept de métamorphose des plantes, jusqu’à celle du 20e siècle, au
cours duquel les études génétiques de mutants du développement floral ont été
réalisées chez Arabidopsis et Antirrhinum. © 2001 Académie des sciences/Éditions
scientifiques et médicales Elsevier SAS
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1. Introduction

At three in the morning on the 3rd September 1786,
Johann Wolfgang Goethe jumped into a coach, assumed a
false name, and set off for Italy. Goethe had just turned 37.
In his youth, he had achieved great success with the
publication of a tragic novel, The Sorrows of Young Wer-
ther. The book was so popular that a cult industry rapidly
grew around it. There were Werther plays, operas and
songs; even pieces of porcelain were made showing Wer-
ther scenes. In spite of his outstanding literary success,
Goethe chose at the age of 26 to serve for a period in the
court of Weimar, at the invitation of the Duke. At various
times during the next eleven years he assumed responsi-
bilities for the mines, the War Department, and the
Finances of the Duchy. However, life in Weimar eventu-

ally proved too restrictive and by the time he was 37
Goethe felt impelled to escape incognito to a new envi-
ronment.

Goethe travelled around Italy for about 20 months [1].
During this time he developed various scientific theories
concerning the weather, geology and botany. It may come
as a surprise that so famous a poet should have concerned
himself with science. Goethe though, had far ranging
interests in nature. His scientific work was particularly
important to him, and he spent much of his time seriously
dedicated to it. The aspect that most concerns us here is an
important botanical idea he had during his Italian journey.

2. A unifying theme

To understand Goethe’s idea and how he came to it we
need to go back a few years to a discovery he made during
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his period at Weimar at the age of 34 [2]. Goethe had been
struck by fundamental similarities in the structures of
different organisms and became convinced that they were
all formed in a common way. One of the most obvious
illustrations of this was the similar arrangements of bones
in the skeletons of many different animals. For instance,
the human thigh bone or femur, had an easily identified
counterpart in a dog, bull, lion or any other mammal.
However, although such a one to one correspondence
could be established for most bones in the body, there
were some apparent exceptions. For example, monkeys
had a bone in the middle of their face, called the intermax-
illa, which appeared to be lacking in man (this bone is also
known as the premaxillary). This was often taken to be an
important distinguishing mark that separated man from
ape. But Goethe’s belief in a fundamental unity between
organisms encouraged him to look much more closely at
the human skull. Eventually he discovered that the inter-
maxillary bone was also present in man but it had been
overlooked because it was tucked away in the upper jaw
and was closely joined with other bones (figure 1). His
conviction in the commonality of forms had led him to
discover something that others had missed. He was able to
show that rather than being a distinguishing mark, the
intermaxillary bone was a connecting link that unified
man with other animals.

One piece of evidence that Goethe used to support his
identification of the bone came from abnormalities. He
noted that in individuals born with a cleft palate, the cleft
almost always ran along the join between the proposed
intermaxillary region and the surrounding bones, pointing
to the intermaxillary bone as being a separate entity. He
was using a rare congenital defect, the cleft palate, as a
way of more clearly revealing what was normally going
on. It was a type of argument he was to employ again in
support his botanical theories.

During his time at Weimar, Goethe also developed a
profound interest in botany, helped by teachers from the
nearby Academy at Jena. The local forests, gardens and
estates provided an extensive flora for him to practice and
apply his botanical knowledge. But it was only when he
went to Italy that a unifying idea about plants started to
crystallise, as he explained in an autobiographical essay
later in life: “everything that has been round about us from
youth, with which we are nevertheless only superficially
acquainted, always seems ordinary and trivial to us, so
familiar, so commonplace that we hardly give it a second
thought. On the other hand, we find that new subjects, in

their striking diversity, stimulate our intellects and make us
realise that we are capable of pure enthusiasm; they point
to something higher, something which we might be privi-
leged to attain. This is the real advantage of travel and each
individual benefits in proportion to his nature and way of
doing things. The well-known becomes new, and, linked
with new phenomena, it stimulates attention, reflection
and judgement.” [3]

Exposed to a new flora during his Italian journey, Goethe
was stimulated to think about their deeper significance. As
with his work on skulls, he was searching for a fundamen-
tal unity that lay behind the surface of things. He came to
realise that there was a single underlying theme to plants,
epitomised by the leaf. It seemed to him that the same
theme occurred again and again throughout the life of
every plant:

“While walking in the Public Gardens of Palermo, it
came to me in a flash that in the organ of the plant which
we are accustomed to call the leaf lies the true Proteus
who can hide or reveal himself in all vegetal forms. From
first to last, the plant is nothing but leaf, which is so
inseparable from the future germ that one cannot think of
one without the other.

Anyone who has had the experience of being con-
fronted by an idea, pregnant with possibilities, whether he
thought of it for himself or caught it from others, will know
that it creates a tumult and enthusiasm in the mind, which
makes one intuitively anticipate its further developments
and the conclusions towards which it points.

Knowing this, he will understand that my vision had
become an obsessive passion with which I was to be
occupied, if not exclusively perhaps, still for the rest of my
life”. [1]

On returning to Germany, Goethe wrote up his idea in
an essay on The Metamorphosis of Plants, published in
1790 [4]. He began by describing the typical life of a plant.
After germination of the seed, a tiny shoot bearing one or
two small leaves, emerges from the ground. As the seed-
ling grows, foliage leaves are successively produced,
spaced out around the axis of the stem. At this stage all
there is to the plant is stem and leaves (Goethe was not
concerned with roots in his account). Eventually, however,
the plant starts to form flowers. The question was how
flowers might be related to the rest of the plant. Goethe
proposed that the different parts of a flower were funda-
mentally equivalent to foliage leaves; it was just that
instead of being spaced out along a stem, the parts of a
flower were all clustered together.

A flower typically has several types of organs, clustered
around each other in concentric rings or whorls (figure 2).
Here a whorl means a region or zone of the flower that
normally includes organs of one type (this is not quite the
same as a botanist’s definition but it will be more useful for
our purposes). Many flowers have four whorls of organs.
The outermost whorl comprises the sepals, usually small
green leaf-like structures that protect the flower when it is
in bud. Within these is a whorl of petals, usually the most
obvious and attractive parts of a flower. Next come the

Figure 1. Intermaxillary bone of humans and monkey.

2

E. Coen / C.R. Acad. Sci. Paris, Sciences de la vie / Life Sciences 324 (2001) 1–8



stamens, the male sex organs that bear pollen. Finally, in
the centre are the carpels, the female organs that when
pollinated will grow to form fruits containing seeds. This
concentric arrangement is shown diagrammatically in the
right part of figure 2.

Goethe proposed that the floral organs as well as all the
foliage leaves, were simply different manifestations of a
common underlying theme. This theme could be realised
in different ways during plant growth: first as foliage leaves,
then as the organs of a flower: sepals, petals, stamens and
carpels. It seemed as though an underlying organ was
simply passing through a series of different forms. He
called this process of change metamorphosis, by analogy
with the changes many insects experience (unlike insect
metamorphosis where the whole organism undergoes a
change, Goethe’s version is more abstract and refers to
only parts of the organism expressing a change, the various
leaf-like organs). Accordingly, above ground level, a plant
was made solely of stems and a series of different types of
organs based on a common theme.

In support of his claim, Goethe emphasised the many
similarities between flower organs and foliage leaves. It is
perhaps not too difficult to imagine that sepals are equiva-
lent to leaves because they usually have a very leaf-like
appearance. Petals are also not so different from leaves
give or take a bit of shape and colour. But what about the
sex organs? Apart from simply being plant appendages, the
male organs (stamens) do not bear any obvious resem-
blance to leaves. In the case of the female organs (carpels)
we sometimes get a faint leaf-like appearance when they
have been fertilised and grow into fruits or pods contain-
ing seed: a pea pod could be thought of as a leaf that has
been folded lengthways and had the edges stuck together.
But what about a tomato? Slice a tomato cross-wise and
you will see two or more segments, each containing seed.
Is a tomato several leaf-like organs joined together? The
tomato segments do not look like leaves, so it is not at all
obvious that they are the same sort of thing. As with his
studies on the human skull, Goethe turned to abnormali-
ties to help resolve the issue.

3. Helpful monsters

Monstrous flowers are curiously attractive. For years
gardeners have selected varieties with extra petals, some-
times called double-flowered forms. Roses, for example,
have only five petals in the wild, yet many of the com-
monly cultivated garden varieties have many more than
this. They have been selectively bred for their appeal to
humans. In some cases, these abnormal flowers have extra
petals at the expense of sex organs so they can no longer
reproduce properly by sexual means (many of them are
propagated vegetatively, by taking cuttings).

Although considered attractive to gardeners, most bota-
nists viewed these abnormalities with suspicion, as unruly
freaks of nature that would not repay further study. The
18th century philosopher Jean-Jacques Rousseau, also a
keen botanist, warned young ladies against the dangers of
such flowers:

“Whenever you find them double, do not meddle with
them, they are disfigured; or, if you please, dressed after
our fashion: nature will no longer be found among them;
she refuses to reproduce any thing from monsters thus
mutilated: for if the more brilliant parts of the flower,
namely the corolla [petals], be multiplied, it is at the
expense of the more essential parts [sex organs], which
disappear under this addition of brilliancy.” [5]

Rather than shunning these monstrosities, Goethe rea-
lised that they could provide important clues to under-
standing how flowers normally form. To Goethe, the mon-
strous flowers with extra petals in their centre suggested
that the sex organs could somehow been transformed into
petals. Surely this showed that the different organs of a
flower were inter-convertible and so fundamentally
equivalent. If this conclusion was granted, then the obvi-
ous similarity between foliage leaves and at least some of
the flower organs (sepals and petals) indicated that all of
the organs of a plant should be lumped into the same
equivalence group. The various parts of a flower were
equivalent to each other and to other types of leaves; they
were all variations on a common theme. As further confir-

Figure 2. Section through a typical flower (left) show-
ing organs arranged in concentric whorls of sepals,
petals, stamens and carpels. The overall arrangement is
shown in diagrammatic form on the right.
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mation of this idea, Goethe cited abnormal roses which,
instead of sex organs, had an entire shoot emerging from
their centre, bearing petals and leaves. Here was a clear
illustration of the equivalence between floral organs and
leaves.

At the time Goethe wrote his essay on plant metamor-
phosis, he was not aware that some of the ideas had been
arrived at 20 years before him, by Caspar Friedrich Wolff.
Wolff was one of the founding fathers of the theory of
epigenesis, the view that organisms develop by new for-
mation rather than being preformed in the egg. At the age
of 26, Wolff had produced a doctoral dissertation at the
university of Halle, Theoria Generationis, which was
remarkable in its scope and insights for such a young man.
It included a range of original microscopic studies on the
development of plants and animals. From his plant work,
he had been struck by how various parts, such as leaves
and floral organs, arise in a similar way at the growing tips
of the plant (Wolff was the first to describe the plant
growing tip). A few years later, in 1768, he considered this
in the light of abnormal flowers:

“one observes that the stamens in the Linnaean Polyan-
dria [species with lots of stamens in their flowers] are
frequently transformed into petals, thereby creating double
flowers, and conversely that the petals are transformed
into stamens; from this fact it may be concluded that the
stamens, too, are essentially leaves. In a word, mature
reflection reveals that the plant, the various parts of which
appear so extraordinarily different from one another at first
glance, is composed exclusively of leaves and stem, inas-
much as the root is part of the stem.” [3]

Wolff had come to the same conclusion as Goethe: the
various parts of a flower could be thought of as equivalent
to leaves and thus the whole plant above ground was
made up of only stem and leaf-like organs. Later on,
Goethe came across this work and acknowledged Wolff’s
precedence. Nevertheless, Goethe developed the idea of
the equivalence of plant organs much more extensively
than Wolff, and put it forward more coherently as a theory
of plant development.

The reception of Goethe’s theory was mixed. Some
biologists regarded his ideas as of the utmost importance,
and viewed him as a founding father of morphology
(Goethe coined the term), the scientific study of shape and
form. Others were less generous and saw Goethe’s contri-

bution as over-idealistic, trying to make nature conform to
his poetic views, rather than being a serious scientific
theory based on hard facts: they were the dabblings of an
amateur rather than an important scientific effort. As men-
tioned previously, Goethe’s own view was that his work
on science was much more than a mere adjunct to poetry.
He took his scientific studies very seriously and continued
with them for the rest of his life, dedicating much of his
later time to the study of optics.

One of the problems with assessing Goethe’s botanical
ideas has been that until quite recently, his theory could
not be followed up experimentally. He was much more
concerned with giving a general intuition of how plants
were formed than with laying the foundations of an experi-
mental programme of investigation. It was only with the
advent of new approaches to the study of flower develop-
ment that many of his ideas have come to be appreciated
again from a fresh perspective. Some of this recent work
will be described before returning to consider Goethe’s
contribution in the light of this.

4. Identity mutants

Many of the flower abnormalities of the type described
by Goethe are caused by mutations in particular genes.
Their significance became much clearer during the 1980s,
when a systematic collection of such mutants was obtained
by screening many thousands of plants for exceptional
individuals with abnormal flowers. The screens were
mainly carried out in two species: Arabidopsis thaliana
and the snapdragon, Antirrhinum majus. To see how these
studies helped illuminate the nature of floral monstrosities,
three important classes of mutant that emerged from these
screens, called a, b and c, need to be described.

A flower normally has four concentric whorls of organs,
which proceed from outside to inside in the order sepals,
petals, stamens and carpels. In mutants of class a, the
sepals and petals, which normally occupy the outer two
whorls, are replaced by sex organs: carpels grow in place
of sepals and stamens in place of petals (figure 3). If we
were to give a formula for the normal flower as sepal,
petal, stamen, carpel, the class a mutant would be carpel,
stamen, stamen, carpel (the organs that are altered com-
pared to normal have been underlined). In other words,
structures that are normally restricted to the inner regions

Figure 3. Normal flower compared to three
classes of mutant, a, b and c.
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of the flower, the stamens and carpels, have now taken
over the outer positions as well. It should be emphasised
that this does not involve any organs actually moving or
changing position. Rather, the outer organs develop with
an altered identity: as carpels and stamens rather than
sepals and petals. Each organ grows and develops in the
same location as in a normal flower, but the organs in the
outer whorls assume the same identity as those that are
normally found in the inner whorls.

In mutants belonging to the next class, b, the identity of
a different pair of organ types is affected: petals are replaced
by sepals, and stamens are replaced by carpels; giving the
formula sepal, sepal, carpel, carpel (figure 3). As with the
previous class, two whorls are affected but in this case it is
the pair lying between the outermost and innermost whorls,
where the petals and stamens normally form.

In mutants of class c, the two inner whorls of the flower
are affected: stamens are replaced by petals, and carpels
are replaced by sepals, giving sepal, petal, petal, sepal
(figure 3). This is essentially the opposite of what happens
in class a mutants: inner reproductive organs are now
replaced by outer sterile organs. Some garden varieties
with extra petals, may belong to this class. In some cases,
you can get numerous petals in this way because the
normal flower contains many stamens, each of which is
replaced by a petal. (It should be mentioned that there are
some additional complications with interpreting garden
varieties. In some cases the transformations towards petals
may not be complete, so you get only a proportion of the
sex organs being replaced, sometimes imperfectly. This
may be because the mutations have not fully inactivated
the relevant gene. A further complication is that class c
mutants can also have extra whorls within the flower, on
top of the usual four, for reasons that are not yet fully
understood.)

5. The ABC of hidden colours

What is remarkable about all these mutations is that
they seem to result in almost perfect transformations in the
type of organ made. We normally think of mutations as
messing things up in some way, but here stamens, for
example, appear to be replaced by perfectly formed pet-
als. That is why roses with numerous petals in place of
stamens can seem very attractive to us: their petals are still
well-formed. How is it that a mutation, the inactivation of
a gene, can lead to such a neat conversion?

The genes affected in the mutant flowers have a special
type of role that can be understood in terms of defaults. To
see how this works, a simple model that was designed to
account for three mutant classes a, b and c, needs to be
described. This model was arrived at independently by
two research groups in the late 1980s [6–8]. There are
various ways of presenting this model, but here it will be
described in terms of what shall be referred to as hidden
colours. It is important to bear in mind that these are
abstract, rather than real colours. Their only justification is

to provide a convenient way of explaining the different
types of floral mutant.

According to the model, the flower can be symbolised
as four concentric rings of hidden colour, corresponding to
the four whorls of organs: sepals, petals, stamens, carpels
(figure 4). These colours are themselves built up from a
combination of three basic colours, called a, b and c. The
outermost ring is coloured a, the next ring in is coloured
with the combination a + b, third in is b + c and finally c is
in the centre. These basic colours and their combinations
therefore give a different colour signature to each whorl.
Starting from the outer whorl and moving towards the
centre, the combinations are: a, ab, bc, c, representing the
identities sepal, petal, stamen, carpel respectively.

The key feature of the model is that if you remove one or
more colours, the identity of the organs will change to a
default determined by the remaining colours. Suppose, for
example, that colour b is missing (figure 5). Instead of the
colours being a, ab, bc, c, the flower will now have
colours a, a, c, c. Remembering that colour a alone
corresponds to sepal identity, and c alone signifies carpel
identity, a flower with rings a, a, c, c will have sepals in the
outer two whorls and carpels in the inner two, giving the
formula sepal, sepal, carpel, carpel. This is essentially
what the mutant flowers belonging to the b class look like.
The model has been expressly designed to account for the
b class of mutants in terms of the loss of a particular hidden
colour: b.

The a and c classes of mutants can be explained in a
similar manner, through loss of their respective colours. In
this case, though, there is an additional complication. To
predict the correct pattern of organ identities, we must
assume that the a and c colours are not completely inde-
pendent but oppose each other in some way. If for some
reason colour a is missing, then the c colour appears in its
place. Similarly, if c is missing, the a colour will substitute.
Thus, in a mutant that lacks a, the c colour appears in all

Figure 4. Concentric rings of
colour, corresponding to four
organ identities in a normal
flower.

Figure 5. Effect of losing the b colour on organ identity.
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rings but the b colour is not affected, giving the colours c,
bc, bc, c (figure 6), left). This would signify a flower with
the formula carpel, stamen, stamen, carpel, agreeing with
the appearance of class a mutants. On the other hand, if
we take c away, the a colour appears everywhere and we
get a, ab, ab, a, signifying a flower that is sepal, petal,
petal, sepal, as observed with class c mutants (figure 6,
right).

The model therefore gives us a set of rules for predicting
what type of organs will be made when a distinctive
regional quality, symbolised by a colour, is lost. We can
even predict what would happen if two hidden colours
were missing. Suppose both colours b and c are absent:
the flower would only be left with a, and because their is
no c to oppose it, a will appear in all rings, predicting a
flower that and only consists of sepals. This is precisely
what is seen when class b and c mutations are combined
in the same plant.

6. Identity genes

So far the effects of hidden colours have been described
in a rather negative sense, by showing what happens when
they are removed. This is because of the reverse way in
which we learn the DNA language through mutations,
looking at what happens when a particular gene is defec-
tive. From a positive viewpoint, we could say that there are
a specific set of genes in the plant, what I will call organ
identity genes, that are dedicated to producing the set of a,
b and c colours. The positive significance of these genes is
to ensure that particular colours are made. Mutations that
render one of these genes ineffective result in the loss of a
colour, and so change the identity of the whorls of organs
that develop.

It is important to emphasise that neither these genes nor
the colours they produce represent instructions for how to
construct a particular type of organ. They simply provide
distinctions between regions. It might be thought, for
example, that because a + b results in an organ develop-
ing with the identity of a petal, then this colour combina-
tion specifies how a petal should be made. To see why this
is not the case, look at figure 7, which compares flowers
from Antirrhinum with Arabidopsis. The basic organisa-
tion of the two types of flowers is the same: they are both
comprised of concentric whorls of sepals, petals, stamens

and carpels. This reflects a similar distribution of a, b and
c hidden colours in concentric rings. Nevertheless, the
structure of the various organs is quite different, allowing
us to distinguish the two species quite easily. For one
thing, the Antirrhinum organs are much larger, being about
ten times the size of Arabidopsis in the linear dimension
(for size comparison, see the tiny Arabidopsis flower within
the circle at the bottom right corner of figure 7). But even
adjusting for size, the organs obviously have a different
structure. The five petals of an Antirrhinum flower are
united together for part of their length to form a tube. At the
end of the tube, the petals become more separate forming
five lobes, the lower ones providing a platform for bees to
land on and prize open the flower, as shown in the side
view of figure 7. In contrast, the petals of Arabidopsis are
more spoon-shaped and are entirely separate from each
other. Together, they form symmetrical cross (hence the
name Cruciferae, for the family of plants this species
belongs to). Similar comparisons could be made for the
sepals, stamens and carpels: in each case there are numer-
ous differences in anatomy and shape that distinguish
corresponding organs of Antirrhinum from Arabidopsis.
So even though the identity of the organs in both species
depends on a similar set of hidden colours, the structure of
the organs is different.

The point is that if the a, b and c hidden colours were
giving precise instructions on how to make each type of
organ, the organs should be identical in both species. If the
details of how to make a petal were specified by the a + b
combination, a petal of Antirrhinum should look the same
as one from Arabidopsis. Clearly the colours are not giving
instructions of this sort. They merely provide a distinction
between different regions, allowing organs with separate
identities to develop. It is as if the colours provide a
common underlying pattern, but how this becomes mani-
fested in the final organs of a flower can vary greatly
according to the species.

In some cases, this variety of forms may go so far as to
contradict some familiar notions. We normally think of
petals as being the largest and most attractive organs of the
flower. Yet in some species, this is a feature of the outer
whorl of organs, the sepals rather than the petals. In
flowers of the genus Hydrangea, for example, the sepals
are often much more conspicuous than the petals, so the
colourful display we enjoy in garden varieties is almost

Figure 6. Effect of losing a colour (left) or c colour
(right) on organ identity.
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entirely due to the sepals (figure 8). Although the relevant
genes from these species have yet to be studied, it is
reasonable to suppose that they will have a comparable
set of a, b and c hidden colours to those in Antirrhinum or
Arabidopsis. It is just that in the case of Hydrangea, this
pattern becomes manifested in a different way.

7. A change in outlook

Looking back on Goethe’s views from our present per-
spective, we can see that many of his ideas turned out to

be insightful. The idea that the different organs of a plant
might be variations on a theme has a modern resonance
with the various hidden colours that confer distinct organ
identities. In my view, though, Goethe’s greatest insight
was his clear perception of how the study of abnormalities,
what we now call mutants, could be used to understand
the normal course of development. As he stated in his
essay on plant metamorphosis:

“From our acquaintance with this abnormal metamor-
phosis, we are enabled to unveil the secrets that normal
metamorphosis conceals from us, and to see distinctly
what, from the regular course of development, we can
only infer. And it is by this procedure that we hope to
achieve most surely the end which we have in view.” [4,
my italics].

He clearly saw that this reverse form of logic, arguing
from the abnormal to the normal, was a valid and impor-
tant way to proceed in unravelling development. Perhaps
it was Goethe’s breadth of mind, his desire to understand
the underlying unity of nature without too much concern
for experimental details, that led him to this remarkable
insight. This does not mean that everything Goethe said
about plants was gospel. Some of his ideas, like his notion
that organs change in appearance due to a sap being
gradually purified as plants develop, are of little modern
significance. But his clear appreciation of the significance
of abnormalities was certainly ahead of its time.

Figure 7. Comparison of Antirrhinum and Arabidopsis flow-
ers, adjusted to the same size, each shown in side and face
view. For size comparison, look at smaller Arabidopsis
flowers inset within the circle in the right bottom corner.

Figure 8. Flower of Hydran-
gea showing large showy
sepals.
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