
more environmentally friendly hydrochloro-
fluorocarbons, for example4,6.

Perhaps the most challenging of all such
oxidative additions involves the C–C bond,
not only because it is relatively strong, but
also because it is always buried so deep within
the molecule. The reaction studied by 
Milstein and colleagues2 is shown in Fig. 1b.
The C–C bond to be broken, shown in red, 
is first enticed into close proximity with the
metal reagent (rhodium) by attaching groups
containing phosphorus or nitrogen atoms to
the substrate (at points Q and Q8). These
atoms initially bind very strongly to rhodium,
and in doing so draw the central ring with its
target C–C bond close to the metal. Because
the phosphorus atom is larger than nitrogen,
the orientation of the C–H and C–C bonds in
the substrate is affected. This allows the sub-
strate containing two phosphorus atoms to
undergo both the easier C–H bond cleavage
to yield product 1, and the more difficult C–C
cleavage to give product 2. But when the
smaller nitrogen atom replaces one phospho-
rus, the substrate orientation is altered so that
rhodium only has ready access to the C–C
bond. Rapid breaking of this bond occurs and
only structure 2 is produced3,4.

The results of Milstein and colleagues’
investigations2 indicate that if the metal

reagent can be brought close enough to the
C–C bond, the actual barrier to the oxidative
addition is relatively low. The next step is to
investigate whether this concept can be
developed for use in industrial processes.
One promising possibility would be a tech-
nique for rearranging the carbon skeleton of
the substrate by selectively breaking its C–C
bonds. This sort of chemical surgery can be
achieved through catalytic cracking — widely
used in the petrochemical industry — but
only at temperatures of around 500 7C. In
contrast, Milstein and colleagues’ reaction
occurs rapidly at room temperature. But it
relies on the phosphorus and nitrogen
groups to direct the rhodium catalyst to the
desired bond. To become useful in industrial
catalysis, such reactions must work without
needing these directing groups. This remains
a formidable challenge for the future. n
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We tend to think of evolutionary
change as resulting in something dif-
ferent or new. But evolution going

backwards, in which an organism reverts to a
previous state, has its own possibilities and
puzzles. Teotónio and Rose1 (page 463 of this
issue) show that, in captive populations of
the fruitfly Drosophila melanogaster, the
effects of 100–200 generations of adaptation
to a particular environment can be undone
in as little as 20 generations when the flies are
returned to their original environment. A
few traits did not revert, however, even when
the flies had enough genetic variation to go
all the way back. These cases shed light on
why evolution does not necessarily reverse. 

Evolution undoing previous evolution
has often been thought to be improbable.
But one must distinguish between molecular
genetic and phenotypic reversibility. In the
first instance, the question is whether the
original genetic changes have been undone,
recreating the ancestral genotype. In the sec-
ond, the question is whether the organism’s
morphological, physiological or behaviour-

al traits have reverted to an ancestral state
(for example, the re-evolution of wings in a
flightless insect), without regard to the genet-
ic basis of that reversion. As in most earlier
work on reversibility, Teotónio and Rose look
at the evolution of phenotypic traits. 

The common view that phenotypic evo-
lution is largely irreversible is codified in
Dollo’s law, dating from the late 1800s. A
broad interpretation of this law is simply 
that evolution cannot go back to recreate 
an organism in exact detail. More narrowly,
and sometimes recognized as Abel’s law or
Meyrick’s law, it has been interpreted to
mean that lost structures (wings, say) are 
not regained2,3. The narrow sense of Dollo’s
law certainly has its exceptions. Darwin 
recognized that domesticated organisms 
sometimes regain ancestral features when
returned to the wild. Many lab experiments
also show that when artificial selection on a
trait is relaxed, that trait often reverts fully or
partially to the ancestral condition4. 

A striking case of reversibility is seen in
the live, attenuated virus of the Sabin polio-

100 YEARS AGO
In the October issue of the American
Naturalist, Prof. H. F. Osborn reconsiders the
evidence in favour of the existence of a
common ancestral stem from which have
diverged dinosaurs and birds. It is argued that
many of the resemblances between these
groups are adaptive rather than genetic, while
the apparent close correspondence in the
structure of the pelvis between adult birds
and the herbivorous dinosaurs (which are
specialised types) is due in a considerable
degree to a misinterpretation of the homology
of some of their elements. Nevertheless, the
resemblances between the two groups are so
numerous as to justify the belief of kinship.
And special importance attaches to the
opinion that some sort of bipedalism was a
common character of all dinosaurs, the
suggestion being countenanced that certain
forms, like Stegosaurus, have reverted from a
bipedal to a quadrupedal mode of progression.
From Nature 22 November 1900.

50 YEARS AGO
To inquire into the early stages of development
of a scientific theory is no idle curiosity. Indeed,
no adequate appreciation of its present state
is possible if the various aspects which have
gained prominence in the course of time are
not traced back to their roots. This is especially
true for the quantum theory of atomic systems,
which presents such unfamiliar features and
has led to such far-reaching conceptions as
Niels Bohr’s idea of complementarity. The
history of quantum mechanics is, in fact,
particularly instructive as an illustration of the
inherent logic of the growth of scientific
ideas. At the same time, it is not lacking in
dramatic surprise: it forcefully reminds us
that a vigorous flight of imagination can
sometimes unexpectedly quicken the pace of
a more methodical progress. It would be futile
to try to date the birth of quantum mechanics
from a particular discovery, or to relate it to a
particular name… Nevertheless, it is possible
to point to one inspiring idea, which gave the
whole development unfailing guidance: it is
Bohr’s principle of correspondence, or (as he
prefers to call it) correspondence
“argument”… The young physicists who
nowadays solve wave-equations as a matter
of routine are not always taught how
essential the correspondence point of view
remains for the physical interpretation of the
new formalism. Still less can they realize how
essential an instrument it has been in the
pioneering period of elaboration of this theory.
From Nature 25 November 1950.

Evolutionary biology

Déjà vu
J. J. Bull

A long-term study of fruitflies adds to the evidence that evolution can run
backwards. To what extent the genetic underpinnings revert to the original
is unclear.
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virus vaccine. This virus often reverts to a
more virulent form within the vaccinated
person; such reversion does not harm the
person concerned but can cause polio when
transmitted to others who have not been 
vaccinated or previously infected5. 

Teotónio and Rose conducted a large
experiment using caged populations of
Drosophila that were originally maintained
for other purposes. For 25 years, one popu-
lation has been kept under standard rearing
conditions (the ‘standard’ line). Twenty years
ago, a subset of the standard flies was used 
to start another population that was then
selected for late-life fecundity (this line was
originally used to test evolutionary theories
of senescence). Eleven years ago, flies from
the standard line were used to found two
additional populations, one being selected
for resistance to starvation, the other for
intermediate generation time. Finally, eight
years ago, a fourth population was started
from the standard line, selecting for flies that
developed into adults especially quickly.

About three years ago, flies from these
four lines were returned to the original stan-
dard conditions. Since then, eight different
phenotypic traits have been monitored
across five replicates of each line: male and
female development time; male and female
resistance to starvation; early fecundity at
high and low population densities; female
dry body weight; and female lipid content.
Teotónio and Rose observed three different
patterns of reversibility: complete, partial
and none. Most traits reversed completely,
although the time taken for this varied from
20 to 50 generations. Partial reversals were
not merely slower versions of complete

reversals, because their initial rate of reversal
was rapid but then reached a plateau. 

Why did some traits — such as fecundity
at high population densities — fail to reverse
at all or to completely attain the ancestral
condition? The limitation could be genetic
— that is, genetic variation was absent or
exhausted by selection. Or epistasis could
have blocked the return. Epistasis is an inter-
action in the effects of different mutations,
such that the consequence of one mutation
changes depending on whether another
mutation is present or absent. 

An example is seen in bacteria that have
become resistant to antibiotics. Although
mutations that give rise to drug resistance are,
by themselves, generally deleterious in the
absence of antibiotic, the ending of antibiotic
treatment does not ensure the evolutionary
reversal to antibiotic sensitivity. This is
because drug-resistance mutations often
impair essential cellular functions and so are
followed by other, compensatory mutations
that restore those functions. In the absence of
antibiotics, the antibiotic-resistance gene and
the compensatory mutations are each singly
more harmful than they are in combination.
So reverse evolution is blocked because nei-
ther gene can undergo reversal on its own6. 

To explore similar possibilities in the
fruitfly, Teotónio and Rose created hybrid
populations between the selected and stan-
dard lines. These hybrid populations were
genetically variable, and so should have
reverted more easily because they lacked
many types of genetic barriers to reversion.
Correcting for the fact that the hybrid popu-
lations started their return from intermedi-
ate values, the replicates behaved essentially

as the evolved populations did, suggesting
that genetic limitations did not explain the
lack of reversion. Teotónio and Rose specu-
late that the form of selection was instead
altered by the original evolution — that is,
for some traits the nature of selection
depended in subtle ways on the genetic back-
ground of the population, which changed
over the course of the experiment. 

But is phenotypic reversal accompanied
by genetic reversal? Genetic reversal seems
less likely than phenotypic reversal, because
there are often several genetic routes to an
adaptation, and because mutational biases
and epistasis may effectively preclude a
reversal back down the original pathway.
Genetic reversions have been observed in
microbes7,8, but resolution of this question 
in Drosophila awaits further work. None-
theless, Teotónio and Rose’s study adds to 
a growing body of body of work on adap-
tation, in which natural or semi-natural
replicates tend to reveal that natural selec-
tion has a powerful influence on phenotype.
Their work suggests that there is essentially
no intrinsic barrier opposing the return to
formerly adaptive states, and that reversals of
many types of phenotypic traits can occur. n
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Porous materials are extremely
useful in catalysis and selective
molecular filtration, and can even
serve as miniature laboratories for
conducting chemistry with just a
few molecules at a time.

Most natural porous minerals,
such as zeolites, are laced with
pores whose width is no greater
than the size of small molecules
(less than 2 nm). But materials
scientists and chemical engineers
want to make synthetic
‘mesoporous’ solids with larger
pores (2–50 nm) that are selective
for larger molecules. 

Although much effort has gone
into finding new ways of making
such mesoporous solids, the
atomic-scale structure of the pores
is not well known and so refining
their structure is a matter of trial-

and-error. This is due partly to the
difficulty in obtaining large single
crystals for conventional diffraction
studies using X-rays or neutrons.
Elsewhere in this issue (Nature 408,
449–453; 2000), Galen Stucky and
colleagues report a method that
uses high-resolution electron
microscopy to obtain images that
can be mathematically treated to
give a full three-dimensional (3D)
structure of mesoporous materials. 

Electron microscopy uses
electrostatic lenses to form a
magnified image of the sample (by
recombining the diffracted electron
beams). This has the advantage that
it can be carried out on very small
areas, because the focused electron
beam is only a few micrometres in
diameter. The technique does not
depend on the actual resolution of

the images, but provides more
complete information about the
structure. So, compared with
conventional methods for structural
analysis of crystalline and
amorphous materials, this approach
is generally applicable to soft
materials that have disorder at the
atomic length scale, but order at the
mesoscopic scale.

The picture here shows the 3D
structure of a mesoporous silica
material obtained by Stucky and
colleagues. This image provides
information about the sizes and shape
of the pores at the nanoscale level, as
well as their connectivity. Further
analysis reveals an unusual bimodal
structure, in which there are different
sized micro- and mesopores. 

What makes this imaging method
so attractive is that, compared with

X-ray diffraction, it provides full
structural information without using
pre-assumed models or parameters.
Moreover, it can reveal high-
resolution details of pore structure at
different scales in porous composites.
The technique could be used to
characterize the detailed structure
of a wide range of composite
materials. Vincent Dusastre

Materials science

Pore characterization
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