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of water skis, these show independence from
Joe-related variables under all conditions,
and drop out of consideration. Second, the
Bayesian network approach allows the
observer to start with a hypothesis about the
structure of a network, and to perform tar-
geted (as opposed to blundering) experi-
ments to test particular network structures.
Third, the particular approach used by Sachs
et al. fails to identify cases in which down-
stream events feed back into upstream events
(for example, when Joe’s bank balance hits
zero, he cannot take the bus). However, cou-
pling measurements of variables at different
time intervals with “dynamic Bayesian net-
works” may allow identification of feedback
relationships. Finally, existing methods can-
not identify causal connections between vari-
ables the Instrumentality does not know
exist. In this example, the probability that Joe
gets out of bed is influenced by whether he
has filled a prescription for an antidepressant
drug at the nearby drugstore the month
before. Thus, Joe’s antidepressant purchases
seem to be relevant upstream “causal” input
for the number of bus days. But if the
Instrumentality has not yet learned about

antidepressants and drugstores, it will not be
able to discover the additional causal link.

When we return from the Instrumentality
to our own world, we find that biologists are
very good at making targeted perturbations.
In genetically tractable organisms, perform-
ing these perturbations often depends on
making the right mutant. In cell lines and in
less tractable organisms, perturbations might
be better effected by RNA interference, “pro-
tein genetic,” or (for people) pharmacologi-
cal approaches. We also see that for Bayesian
network methods to realize their promise,
researchers will need to get much better at
measuring relevant variables. For intracellu-
lar events, variables include but are not lim-
ited to, numbers of regulatory molecules,
modified molecules, and specific molecular
complexes, and the percent occupation of
regulatory sites upstream of genes. To be
useful, measurement methods will need to
operate on individual cells, or, at the very
least, to allow large enough numbers of trials
to yield causal assertions reliable enough to
merit further experimental testing.

The Sachs et al. work is important because
it suggests how researchers might develop a

package of capabilities to enable systematic
fishing expeditions. Such a package would
generate testable ideas based on (relatively)
error-prone high-throughput measurements
made after (relatively) uninformed experi-
mental treatments and could help experi-
menters refine those ideas after quick tests.
Such capabilities seem well suited to one of
the grand challenges of 21st- century biol-
ogy: the grouping, ordering into pathways,
and description of function for the numerous
weakly acting and incompletely penetrant
genes that quantitatively modify important
phenotypes in humans and other organisms.
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A
key step in the evolution of eukary-
otic immune systems was the ability
to discriminate between self and non-

self. Evidence suggests that animals and
plants independently evolved dedicated and
highly variable receptor families for recog-
nition of nonself structures. The outcome of
interactions between plants and the patho-
genic microbes that invade them largely
relies on a repertoire of receptors that serve
as a radar system for detecting pathogen-
derived nonself molecules. The function
and specificity of these receptors were orig-
inally def ined by genetic studies. Such
studies revealed that for plants to recognize
their intruders and to mount an effective
resistance response, there needed to be a
match between a strain-specific pathogen
effector and its corresponding plant host
resistance (R) gene product (1). Detection
of a pathogen effector by a plant R receptor
frequently leads to rapid death of plant host
cells at sites of attempted invasion as part of
the immune response. Most known R genes

encode intracellular receptors containing a
nucleotide binding site and leucine-rich
repeats (LRRs) or membrane-bound sur-
face receptors containing extracellular
LRRs (2). Two new studies—by Coaker et
al. (3) on page 548 of this issue and by
Rooney et al. (4) in this week’s Science
Express—describe encounters between
pathogen-secreted effector molecules and
their host targets in Arabidopsis and the
tomato (Lycopersicon), respectively.
Although this interorganismal molecular
liaison has entirely different consequences
for the effector target proteins, in both
cases, their manipulation holds the key to a
better understanding of how plant immune
receptors recognize nonself. 

Many Arabidopsis ecotypes contain the
plasma membrane–associated intracellular
R protein RPS2 (see the figure). This pro-
tein specif ically detects and mounts an
immune response to strains of the bacterial
pathogen Pseudomonas syringae, which
produce the AvrRpt2 effector protein.
AvrRpt2 is delivered into the plant cytosol
by a specialized bacterial secretion system
and is cleaved near its amino terminus. The
carboxyl-terminal cleavage product is suf-
f icient to trigger the RPS2-dependent
immune response and is predicted to adopt

a secondary structure typical of a cysteine
protease (5). Although attempts to detect
direct interactions between RPS2 and
AvrRpt2 have been unsuccessful, both pro-
teins physically associate with the
Arabidopsis protein RIN4. A complex
between RPS2 and RIN4 is constitutively
present in healthy (unchallenged) plants,
but RIN4 disappears when AvrRpt2 is
delivered into plant cells. Importantly,
mutations in any of three amino acid
residues in the carboxyl terminus of
AvrRpt2 (predicted to be essential for cat-
alytic activity of the putative Pseudomonas
protease) disrupts the processing of
AvrRpt2, the RPS2-dependent immune
response, as well as elimination of RIN4
(5–7). This finding prompted the proposal
that RPS2 might recognize the result of
AvrRpt2’s proteolytic activity, that is, the
removal of RIN4.

Coaker et al. started from the puzzling
observation that processing of AvrRpt2
could be detected in all eukaryotic but not
prokaryotic extracts tested, including those
from P. syringae. This observation implies
the existence of a eukaryotic cofactor
required for AvrRpt2 processing. Using a
combined biochemical and genetic
approach, the authors identified this cofac-
tor as a single-domain cyclophilin, a fold-
ing catalyst that facilitates cis/trans isomer-
ization of prolyl bonds. Cyclophilin activity
is required for proper AvrRpt2 self-cleav-
age, and this in turn may be a critical step
for the correct subcellular localization of
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