
in the twilight zone (according to the percent iden-
tity to Pseq calibration in Figure 4(b)), structural
similarity is more signi®cant than sequence simi-
larity (having a smaller P-value or more negative
log P-value). In contrast, for pairs with more than
�30 % identity, the situation is reversed, with a
given pair having more signi®cant sequence simi-
larity than structural similarity. One possible
interpretation of this reversal is as follows. Struc-
ture is always more highly conserved than
sequence, so usually a given amount of structural
similarity is not as signi®cant as a corresponding
amount of sequence similarity. However, this is
true only when meaningful sequence similarity

actually exists; thus, it does not apply in the twi-
light zone, where sequence similarity is by de®-
nition not signi®cant. Note that all pairs in our
comparison share at least the same fold, implying
that they always have a signi®cant amount of
structural similarity.

In other words, for closely related sequences,
differences in sequence similarity are more mean-
ingful, whereas for highly diverged sequences that
share the same fold, the differences in structural
similarity are more signi®cant.

Fitting two lines to the Pstr versus Pseq graph
suggests that the same might be done for other
scoring schemes. It is possible to some degree to ®t

Figure 2. RMS as a function of percent identity. (a) A simple scatter plot of our pairs, relating RMS separation to
percent sequence identity. This is similar to the presentation given by Chothia & Lesk (1986), but in this survey we
looked at 30,000 pairs, 1000 times the number they compared. Outliers (pairs with RMS scores further than two stan-
dard deviations from the mean for their percent identity) are excluded from this graph; they represent domains that
are very closely related with the exception of a conformational change. (b) A simpli®ed graph with a number of ®ts
to the data. For each percent identity bin we show the median RMS value, indicated by (^) and the top and bottom
quartile RMS values, indicated by the bars. Two ®ts are drawn through the median RMS values. The thin line,
labeled SINGLE, is a simple exponential ®t through the medians. It has the form:

R � 0:21e0:0132H

where R is the RMS deviation after least-square ®tting, H is the percent difference between the sequences (H for
Hamming distance), and H � 100 % ÿ I, where I is the percent sequence identity. The thick line, labeled MULTI, is a
multigraph ®t, which is described in the legend to Figure 4. The relation between RMS and percent identity according
to this ®t is expressed by the equation:

R � 0:18e0:0187H

The twilight zone of sequence identity and below is labeled TZ. In this region, sequence similarity is not signi®cant
and not reliable for predicting structural similarity. This is why the median values in this area of the graph deviate
signi®cantly from the ®ts, which consider only data above 20 % sequence identity. For reference we include the orig-
inal data points from Chothia and Lesk's, 1986 paper (A.M. Lesk, personal communication), indicated by X. Their
data follow the form:

R � 0:40e0:0187H

The difference between the Chothia & Lesk trend and our relationship is due to the different trimming methods used
in calculating the RMS score. Chothia and Lesk imposed a 3 AÊ cut-off in determining the conserved core residues; we
de®ned the core as the better matching (in terms of Ca distances) half (50 %) of the residue pairs. (c) and (d) The
effect our trimming has on median RMS values. The RMS values in (c) are calculated from all the matched residues
in each pair; the values in (d) are calculated from the better matching 50 % of the residues.
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