COMMENT

SRK. Since SLG resembles the extracellular domain of
SRK, and since the efficiency of SI increases as the hom-
ology between the two increases, it is reasonable to suppose
that, while both molecules must interact with SCR emitted
by the pollen [perhaps binding it as SLG and SLR1 bind
PCPs (Ref. 7)], some feature of this interaction must
regulate the kinase activity of SRK.

A role for SLG in the activation of SRK?

One possibility is that SLG acts as a shuttle vector, binding
SCR at the outer face of the papillar wall, and transporting
it to the extracellular domain of SRK below. Differences in
affinity for SCR between SLG and SRK could then encour-
age SCR to abandon SLG for the receptor kinase. The
results of Takasaki et al.'> might therefore be explained in
terms of differing affinities between SLG and SCR. Thus,
where homology between SLG and SRK is very high, such
as occurs between alleles within the same class (either class
I or IT), and particularly between the SRK and SLG of indi-
vidual alleles, the affinity between SCR and SLG would be
strong (reflecting the presumed high affinity of SCR for the
extracellular domain of the SRK of that particular allele).
As a consequence, large numbers of SCR molecules would

Self-incompatibility

bind to SLG and would subsequently be presented to the
SRK. Where SCR/SLG homology was lower, for example
between class I and class II alleles, this affinity would be
lessened, resulting in the shuttling of fewer SCR molecules
to the SRK at the stigmatic plasma membrane, and the
consequent activation of a smaller proportion of the receptor
kinases (Fig. 2). Alternatively, the SCR/SLG complex might
itself associate with the extracellular domain of SRK (itself
also binding one or more SRC molecules) in a ‘pseudo-
dimerization’ event resulting in the activation of the kinase.
SRK can certainly dimerize'> and extra ‘copies’ of the
extracellular domain in the form of SLG could markedly
increase the sensitivity of the system to the presence of the
ligand (Fig. 3), and thereby increase the efficiency of the SI
response.

Concluding remarks

The key to understanding SLG function clearly lies in the
nature of its interaction with SCR, SRK and perhaps even
the PCPs (Ref. 6). Hopefully, imaginative approaches to
the study of these interactions i vitro (as in Ref. 13) will
begin to throw light on the role of this suddenly redundant
stigmatic factor.
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GENOME ANALYSIS

H. pylori origins of replication

Graphical genome comparison
rearrangements and replication origin of
Helicobacter pylori

he comparative genomics of bacterial strains can reveal

interesting facts about their genome organization,
evolution and pathogenicity. By comparing the sequences
of Helicobacter pylori strains 26695 (Ref. 1) and J99, Alm
et al? have inferred a set of rearrangements that can
account for the divergent orders of open reading frames
(ORFs) in these strains. These authors mentioned that one
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of the similarities of the two genomes was the absence of
an identifiable replication origin (oriC), because no
regions of sequence organization typical for bacterial oriC
sites’ could be found in either strain.

Here I present a graphical analysis of the genome
rearrangements, which provides clues to the location of
the putative oriC and can serve as a useful tool for
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examining genome reorganization and evolutionary
history.

This approach is based on the observations that bac-
terial chromosomes can be divided into two halves of differ-
ent base composition*®. In one DNA strand, an excess of
guanines vs cytosines (G > C) is detected in one half, and
G < C in the other. Cumulative skew diagrams’, or plots
of numerically integrated GC skew [(G — C)/(G + C) in
small adjacent windows over the chromosome length], are
a convenient method for identifying the points where base
composition changes. Singular global minima on these
diagrams coincide with the location of oriC in all genomes
with known origins; thus the leading strand in replication
is G-richer.

This has suggested the possibility of predicting the lo-
cation of oriC for the less-studied genomes. Some of the
predictions have already been proved experimentally,
for example for the bacteria Borrelia burgdorferi’ and
Mycobacterium tuberculosis'®. This approach has also
shed light on archaeal replication. Cumulative diagrams
clearly indicated a singular (as in bacteria) oriC in
Methanobacterium thermoautotrophicum’. That finding,
further supported by other in silico analyses!'"'?, was
somewhat unexpected, given that archaea and eukaryotes
share many more similarities in their replication machin-
ery than either do with bacteria'®. Additional evidence for
the single-origin replication model has been recently
reported for another archaeon, Pyrococcus abyssi, whose
oriC position suggested by cumulative diagrams is in
agreement with experimental data'“.

In H. pylori, such prediction may seem problematic
since the GC skew diagrams for two strains are not identi-
cal. The global minimum is clearly seen in strain J99 at
position 1.557 Mbp (Fig. 1a), but in strain 26695 there
are several adjacent minima (Fig. 1b: to the right of
1.63 Mbp). For a circular chromosome, the base pair pos-
itions of the right- and left-hand ends of the plot are the
same, and the minimum in strain 26695 has been assigned
to 1 bp®7. Another prediction, using genome-wide skew of
the oligomer pattern RRTAGGGG, placed oriC in strain
26695 between positions 1.566 Mbp and 1.64 Mbp, with
the probability P = 4.9 X 10 of the observed skew
occurring by chance!!. With the 18 most skewed
oligomers (a handful of which had the pattern
RRTAGGGG), the centre of the predicted region was at
1.59 Mbp, but the result was not as significant''.

What is the cause of these differences in the skew plots?
The ‘jagged’ diagram of H. pylori, in contrast to many
other genomes, has been hypothesized” to result from fre-
quent rearrangements and horizontally transferred DNA.
For example, an inversion would swap the corresponding
fragments of the leading and lagging strand and create a
local minimum and maximum at the inversion bound-
aries. Using that fact and highlighting rearrangements on
the plot (Fig. 1), one can transform cumulative diagrams
into a convenient tool for comparative genomics.

This display illustrates interstrain differences in a novel
way (like a genome-wide dot-plot combined with a com-
position analysis—rearrangement predictor). Inversions are
clearly seen to result in mirror symmetry transformations
of the respective diagram fragments (e.g. b, h, ¢ and n).
Several local extrema are in the ‘plasticity zone’?, contain-
ing the majority of strain-specific genes (areas shaded gray
near b, f, g and h). The cag pathogenicity island'’, possibly
acquired in a single ancestral insertion event'®, marks a
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FIGURE 1. Graphical genome comparison
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Cumulative GC skew diagrams of (a) strain J99 and (b) strain 26695 of Helicobacter pylori (black curve,
green tip around the global minimum corresponds to the putative oriC-containing fragment, red curve
fragment shows the cag pathogenicity island™®, cagPAl). The y axis gives the cumulative GC skew’,
multiplied by window size (120 bp) and divided by genome length. These are integral plots, where a
minimum corresponds to the point where mean GC skew changes from negative to positive (and vice
versa for a maximum). Genome rearrangements (designated with letters a—h, j—n) are shown as
coloured areas under the curve. All fragments represent inversions (and, in most cases, translocations),
except for the rearrangements designated ‘a’ (only translocation), ‘j’ and ‘e’ (reciprocal exchange). Areas
shaded in light grey show strain-specific genes, retaining short ORFs annotated in strain 26695 and not
in strain J99. A small number of strain-specific genes are not shown; these reside inside larger
rearrangements. Note the mirror symmetry of the curve fragments corresponding to inversions
designated by the same letters in the two strains.

prominent local maximum. Further studies of this organ-
ism are likely to reveal rearrangements corresponding to
other local peaks of the diagrams.

What can be inferred from this graphical genome com-
parison? A notable feature of the plots is that three
sequence fragments (I, m and n) form a contiguous block
in strain J99. All these fragments are inverted and two of
them are shifted to different positions to the left in strain
26695. This suggests that the inversions and translo-
cations took place in the strain 26695 sequence, disrupting
the original arrangement of these fragments. As a result,
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the total skew (the right-hand end of the plot) in that
strain is further away from zero than in strain J99.

Moreover, GC skew across the contiguous block l-m-n
in strain J99 is practically uniformly positive. Assuming
that was the original order of these fragments in the com-
mon ancestor, the cumulative GC skew diagram of H.
pylori appears to be very similar to diagrams of other bac-
teria. Despite the above rearrangements near the putative
origin at the global minimum, the immediate surroundings
of oriC (green tip, Fig. 1) are conserved between the two
strains. The minimum of the green tip resides over the
putative ORF JHP1416 in strain J99 (HP1527 in strain
26695), next to the dnaA gene, which encodes the
chromosome replication initiation protein. This is an ad-
ditional indication that the minimum is close to oriC of
H. pylori, because dnaA is found near the global minimum
of cumulative GC skew (and the assigned origin) in many
other bacterial genomes, including B. burgdorferi, Bacillus
subtilis, Mycoplasma genitalium, Mycoplasma pneumo-
niae, M. tuberculosis and Treponema pallidum. Taken
together, these facts point to a putative oriC location,
which can be tested experimentally. The presence of dnaA
in this region has also been noted by Salzberg et al.!!,
although the midpoint of their predicted oriC-containing
interval (with 18 oligomers) is some 20 kbp to the left of
this gene.

Interestingly, the cag island and the plasticity zone are
practically devoid of the ubiquitous and most skewed

H. pylori origins of replication

octamer RRTAGGGG (not shown). This implies that the
plasticity zone is not a result of differential retention of
ancestral DNA in these strains but is a product of
horizontal transfer, in agreement with Alm et al.?, who
suggested this region might represent pathogenicity
islands.

Restoring the order l-m-n increases the number of
genes transcribed in the direction of replication (given the
oriC location next to dnaA). Such ‘co-directional’
organization is seen in many bacterial genomes and has
been interpreted in terms of minimizing ‘head-on’
collisions between DNA and RNA polymerases'.
However, despite these differences in gene orientation,
26695 is a viable strain and it remains to be seen if
the rearrangements so close to oriC have decreased its
fitness.

In conclusion, the described method of compact repre-
sentation of large-scale genome differences can be applied
for the graphical comparison of other genomes and strains
to help in linking their organizational features (such as
oriC), rearrangements and base composition. Perl scripts
for calculating cumulative diagrams are available on
request from the author.
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MEETING REPORTS

Wolbachia meeting

Influential passengers come of age

1st International Wolbachia Conference, Orthodox Academy, Kolymbari, Crete, Greece, 7-12 June 2000

To a good approximation, in 1990 nobody worked
on Wolbachia. By contrast, a mere ten years later,
110 biologists from 21 countries assembled for the
first meeting dedicated to these master manipulators of
arthropod reproduction'?. Wolbachia, which infect a
quarter of all insects!?, are not-so-distant relatives of
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Rickettsia, and belong to the bacterial division from which
mitochondria are descended. Perhaps the ability to
‘cross-talk’ with mitochondrial pathways underlies the
success of these obligate intracellular parasites in
altering host biology to enhance their own transmission'?
(Fig. 1).
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