
Limited microsynteny between the genomes of
Pristionchus paci®cus and Caenorhabditis elegans
Kwang-Zin Lee, Andreas Eizinger, Ramkumar Nandakumar1, Stephan C. Schuster1 and

Ralf J. Sommer*

Abteilung fuÈr Evolutionsbiologie and 1Genomzentrum, Max-Planck Institut fuÈr Entwicklungsbiologie,
Spemannstrasse 37, 72076 TuÈbingen, Germany

Received February 12, 2003; Revised and Accepted March 20, 2003

ABSTRACT

Nematodes are an attractive group of organisms for
studying the evolution of developmental processes.
Pristionchus paci®cus was established as a satellite
organism for comparing vulva development and
other processes to Caenorhabditis elegans. The
generation of a genetic linkage map of P.paci®cus
has provided a ®rst insight into the structure and
organization of the genome of this species.
Pristionchus paci®cus and C.elegans are separated
from one another by >100 000 000 years such that
the structure of the genomes of these two nema-
todes might differ substantially. To evaluate the
amount of synteny between the two genomes, we
have obtained 126 kb of continuous genomic
sequence of P.paci®cus, ¯anking the developmental
patterning gene pal-1. Of the 20 predicted open
reading frames in this interval, 11 have C.elegans
orthologs. Ten of these 11 orthologs are located on
C.elegans chromosome III, indicating the existence
of synteny. However, most of these genes are dis-
tributed over a 12 Mb interval of the C.elegans
genome and only three pairs of genes show micro-
synteny. Thus, intrachromosomal rearrange-
ments occur frequently in nematodes, limiting the
likelihood of identifying orthologous genes of
P.paci®cus and C.elegans based on positional
information within the two genomes.

INTRODUCTION

Pristionchus paci®cus is a free-living nematode of the
Diplogastridae family that has recently been developed as a
satellite organism for functional studies in evolutionary
developmental biology (1±3). By comparing P.paci®cus to
the model organism Caenorhabditis elegans, evolutionary
alterations of developmental processes resulting in cellular
and morphological changes can be identi®ed (4). One
developmental process that has been studied in great detail

is the development of the vulva, the egg-laying structure of
nematode females and hermaphrodites. In C.elegans, vulva
formation is well characterized and at least four signaling
systems are known to be required for the development of this
organ (5). Comparative studies of vulva development between
P.paci®cus and C.elegans revealed the existence of many
differences at the cellular level. Although homologous
precursor cells are involved in generating vulval tissue in
both species, the precise cell±cell interactions differ greatly
(for review see 1). Genetic screens for vulva-defective
mutants in P.paci®cus identi®ed many loci involved in the
generation of vulval tissue (2). The comparison of mutations
in lin-39, mab-5 and vab-7 between both species revealed
substantial changes in the function of these homologous genes
during vulva formation (6±9). These surprising results indi-
cated that a candidate gene approach would not be suf®cient to
study P.paci®cus mutations.

Genetic and molecular studies in P.paci®cus have recently
been complemented by a genomic approach. Wild isolates of
P.paci®cus from Pasadena (California, USA) and Port
Angeles (Washington, USA) show a substantial number of
DNA polymorphisms that can be used for the generation of a
genetic linkage map of the organism (10,11). A BAC library
was generated and completely end sequenced (12). Using
single-stranded conformational polymorphism analyses
(SSCP), a total of 133 polymorphisms were generated in
BAC end and expressed sequence tags (EST) sequences.
These markers were tested on a meiotic mapping panel,
providing a ®rst genetic linkage map of P.paci®cus (12).
Currently the genetic linkage map is complemented by the
generation of a physical map (J.Srinivasan and R.J.Sommer, in
preparation). Eventually, the genetic and physical maps will
be integrated because both are derived from the analysis of
BAC clones. In addition, an ongoing EST sequencing project
has generated ~10 000 sequences (13).

Pristionchus paci®cus and C.elegans have been separated
from one another for ~100 000 000±200 000 000 years (Fig. 1)
(6). Despite this relatively long evolutionary separation time,
initial studies had provided some indication for the existence
of synteny. For example, the homeotic genes lin-39, mab-5
and vab-7 are on chromosome III of C.elegans. In P.paci®cus,
the orthologous genes are also linked on one chromosome,
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which has been designated as chromosome III (12). A similar
situation is given for chromosome IV, where let-60/Ras, the
Twitchin genes Cel-unc-22 and Ppa-unc-1 and others are
present on the same chromosome in both species (12). Also,
ESTs of several P.paci®cus vitellogenin have been shown to
be located on the X chromosome, as in C.elegans (12).

When genomes of related organisms are compared, the
level of conservation of gene order can be expressed as
synteny. The term microsynteny indicates that the order of
individual genes in considered genomes is exactly conserved.
For example, the comparison of the genomes of
Caenorhabditis briggsae (14) and Brugia malayi (15) with
C.elegans revealed high rates of rearrangements and only
limited microsynteny. Consistent with the different evolution-
ary separation times of these two species from C.elegans
(Fig. 1), however, the C.briggsae genome has a higher degree
of microsynteny to C.elegans than B.malayi, i.e. the order of
genes is more similar between C.elegans and C.briggsae than
between C.elegans and B.malayi. In this context, P.paci®cus
has an intermediate phylogenetic position, but is more
distantly related to C.elegans than C.briggsae (Fig. 1). Here,
we have extended our analysis of the P.paci®cus genome to
evaluate the degree of synteny between the genomes of
C.elegans and P.paci®cus. The existence of microsynteny
would be a useful tool for the identi®cation of developmental
control genes, some of which are not highly conserved at the
sequence level. If microsynteny is present between the
genomes of both species, rapidly evolving genes could be
cloned using positional information for these genes in
C.elegans. We describe the complete sequence of a BAC
clone 7E22 that provides a continuous sequence of 126 kb, the
largest continuous genomic non-rhabditid nematode DNA
sequence. It contains a region ¯anking the caudal homolog
pal-1 of P.paci®cus, and contains 20 predicted open reading
frames (ORFs), 11 of which have putative orthologs in
C.elegans. Ten of these 11 orthologs are located on C.elegans
chromosome III, indicating the existence of synteny.
However, most of these genes are distributed over more than
a 12 Mb interval of the C.elegans genome and only three pairs
of genes show microsynteny.

MATERIALS AND METHODS

Ppa-pal-1 cloning

Ppa-pal-1 was cloned by PCR using the degenerate primers
5¢-CGTCAGMGTACTGCNTAYAC-3¢ in the N-terminal and
5¢-CATGCKACKRTTYTGRAACCA-3¢ in the C-terminal
region of the homeodomain. To clone the 5¢ and 3¢ regions
of Ppa-pal-1, we used RACE (rapid ampli®cation of cDNA
ends) experiments (16±20). The GenBank accession no. for
the Ppa-pal-1 sequence is AY216679.

BAC clone preparation and sequencing

PPBAC-7E22 was sequenced using the shotgun approach
(21). BAC DNA was sheared, blunt end cloned into the pCR4-
TOPO vector and transformed into Escherichia coli (Shotgun
Subcloning Kit; Invitrogen). The plasmid DNA from the
shotgun library was prepared using the TurboPrep Kit from
Qiagen. Sequencing reactions were perfomed by using the
BigDye Sequencing Kit (Version 2; Applied Biosystems) on
an ABI prism 3700. 1000 plasmid clones were sequenced from
both ends to yield 83 coverage of the BAC clone. The
sequencing reads were analyzed and assembled using the
Phred/Phrap/Consed package (Washington University)
(22,23). Gaps were resolved by resequencing of clones
under conditions that give increased read lengths and by
primer walking. The annotated sequence is available in
GenBank (accession nos 4716387±4716404).

Bioinformatics

The ®nished sequence of PPBAC-7E22 was compared to the
GenBank non-redundant database (nucleic acid and protein)
and dbEST and the C.elegans database WormBase, using
BLAST (24,25). GeneFinder was used to determine predicted
ORFs.

Veri®cation of gene predictions

To con®rm gene predictions from PPBAC7E22, primers were
designed and PCR was performed on oligo(dT)-primed
P.paci®cus mixed stage cDNA with gene-speci®c primers.
Secondary PCR experiments have been performed using
nested primers. RT±PCR experiments for predicted ORFs that
could not be con®rmed have been repeated at least three times
independently. The predicted exon±intron structure of the
genes PPBAC7E22.9 and PPBAC7E22.10 has been con®rmed
by sequencing RT±PCR products after cloning.

RESULTS

Cloning of Ppa-pal-1

The nematode caudal ortholog pal-1 encodes a transcription
factor with a homeodomain and is an important regulator of
several embryonic and post-embryonic developmental pro-
cesses in C.elegans (18±20). Cel-pal-1 is located on chromo-
some III of C.elegans and contains several interesting genes in
its neighborhood, including the cell death adaptor protein
ced-4 (Fig. 2A). Various attempts to clone Ppa-ced-4 by low
stringency hybridization and PCR approaches have proven
unsuccessful (data not shown). Therefore, we have used this
region of the genome to investigate the degree of synteny
between the genomes of P.paci®cus and C.elegans. We cloned

Figure 1. Phylogenetic relationship of the four nematodes compared at the
genomic level. Caenorhabditis elegans and C.briggsae are sister species.
Their estimated separation time is ~50 000 000 years. Pristionchus paci®cus
belongs to the Diplogastridae, another family of the Rhabditida and is
thought to have separated from Caenorhabditis ~100 000 000±200 000 000
years ago. The parasite B.malayi shared the last common ancestor with
C.elegans ~300 000 000 years ago.
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pal-1 from P.paci®cus using a PCR approach and obtained the
complete ORF by 5¢-RACE and 3¢-RACE experiments (17).
The pal-1 proteins of P.paci®cus and C.elegans are most
similar in the homeodomain, but also contain small stretches
of similarity in the N-terminal and the C-terminal parts of the
protein (Fig. 2B). In total, the overall amino acid identity
between the PAL-1 proteins of the two nematodes is 36%.

Next, we generated an SSCP marker in one of the introns of
Ppa-pal-1 by comparing the SSCP pattern of P.paci®cus wild-
type DNA from California with the DNA of the polymorphic
strain from Washington. This SSCP marker was placed on the
genetic linkage map and showed that Ppa-pal-1 is located on
chromosome III, as is Cel-pal-1 (data not shown). Therefore,
the pal-1 region quali®es for the analysis of synteny, as there is
no obvious translocation in that region of the genome.

Sequencing of the BAC clone 7E22

Hybridization experiments with a small fragment of Ppa-pal-1
identi®ed six BAC clones from the P.paci®cus HindIII BAC
library (12) which contain this locus. We chose PPBAC-7E22
for further analysis and sequenced this BAC using the shotgun
method followed by gap ®lling using speci®c oligonucleotide
primers. We obtained a total of 126 255 bp of continuous
sequence (Fig. 3). The GC content is 43% and is similar to the
value obtained previously from BAC end sequencing as a
representation for the complete genome (12,14). In total, 20
ORFs have been predicted on PPBAC-7E22 with an average
gene density of one gene every 6.3 kb.

Comparison of predicted ORFs

Next, we wondered if the predicted ORFs on PPBAC-7E22 are
true genes and if they have homologs or even putative
orthologs in C.elegans. Among the 20 predicted ORFs on

PPBAC-7E22, three were known from existing P.paci®cus
EST clones (PPBAC-7E22.17, PPBAC-7E22.18 and PPBAC-
7E22.19) and 12 were con®rmed from RT±PCR experiments
(Table 1). For the remaining ®ve predicted ORFs, PPBAC-
7E22.2, PPBAC-7E22.4, PPBAC-7E22.5, PPBAC-7E22.6
and PPBAC-7E22.8, we were unable to con®rm these
predicted ORFs by RT±PCR and there are no EST sequences
available (Table 1). Interestingly, no clear C.elegans homolog
could be assigned to these predicted ORFs, and the C.elegans
sequence with the best hit for these ORFs have e values
between 0.6 and 0.045 (Table 1). Therefore, there is no
experimental support for these ®ve gene predictions.

Fifteen of the predicted ORFs have a C.elegans homolog
with high sequence similarity (e values < ±10). Putative
orthologs could be assigned to 11 of these genes, whereas for
the four other predicted ORFs, several paralogous genes of
C.elegans show equivalent sequence similarities (Table 1). In
particular, PPBAC-7E22.1, PPBAC-7E22.7, PPBAC-7E22.9,
PPBAC-7E22.10, PPBAC-7E22.12, PPBAC-7E22.13,
PPBAC-7E22.14, PPBAC-7E22.15, PPBAC-7E22.17,
PPBAC-7E22.19 and PPBAC-7E22.20 show sequence iden-
tities in the range of up to 80% to their C.elegans orthologs
(Table 1). Given the amount of sequence similarity, these
P.paci®cus ORFs are most likely 1:1 orthologs of the
corresponding C.elegans genes. In contrast, for the predicted
ORFs PPBAC-7E22.3, PPBAC-7E22.11, PPBAC-7E22.16
and PPBAC-7E22.18, no orthology relationship could be
assigned. For example, the predicted gene PPBAC-7E22.16,
which encodes a putative S-adenosylmethionine synthetase,
has equivalent sequence similarity to C.elegans genes
C06E7.1a, C06E7.3 and T13A10.11a, respectively (Table 1).
As the complete sequence of the P.paci®cus genome is not
known, it is possible that there are other S-adenosylmethionine

Figure 2. (A) Organization of the pal-1 region of C.elegans chromosome III. (B) Sequence alignment of the P.paci®cus and C.elegans PAL-1 proteins.
Identical amino acids are shown in black.
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synthetases with higher sequence similarities to these particu-
lar C.elegans genes. However, the comparison of the genomes
of C.elegans and C.briggsae (14) indicated a high amount of
gene duplication within nematodes. Therefore, it is more
likely that gene duplications of S-adenosylmethionine synthe-
tases have occurred in the Pristionchus and/or Caenorhabditis
lineage such that a 1:1 orthology relationship of individual
genes cannot be assigned.

In summary, the 20 predicted ORFs on PPBAC-7E22 can be
divided into three categories: (i) genes with a putative
C.elegans ortholog (11 of 20 predicted ORFs); (ii) genes
with several C.elegans paralogs of similar sequence similarity
(4 of 20 predicted ORFs); (iii) predicted ORFs that show no
obvious sequence similarity to C.elegans genes and that have
not been con®rmed by EST and RT±PCR experiments (5 of 20
predicted ORFs).

Gene organization in relation to C.elegans

To evaluate the degree of synteny between the genomes of
P.paci®cus and C.elegans, we determined the genomic
localization of the C.elegans orthologs of those genes
identi®ed on PPBAC-7E22. As indicated above, 11 ORFs in
this BAC have a putative C.elegans ortholog (Table 1). Ten of
these 11 orthologs are located on chromosome III in
C.elegans. The only exception is the C.elegans gene
F56C11.2, which is located on chromosome I and is the
C.elegans gene with the highest similarity to PPBAC-7E22.7

(Fig. 3 and Table 1). These results support the existence of
synteny between the genomes of the two nematode species.
However, more detailed analysis indicates that 9 of the 10
C.elegans orthologs are not from the pal-1 region (Fig. 3 and
Table 1). For example, Y37D8A.2, the ortholog of PPBAC-
7E22.12, is localized at position 12.81 Mb, whereas Cel-pal-1
is at position 4.80 Mb (Table 1 and Fig. 3). Together, the
C.elegans orthologs and homologs of P.paci®cus genes of
PPBAC-7E22 span a region of >12 Mb on chromosome III
(Fig. 3).

Microsynteny is only observed for a few genes on PPBAC-
7E22. PPBAC-7E22.15 encodes the arl-1 (C38D4.8) ortholog
of C.elegans. arl-1 is the only gene to be found in the
neighborhood of pal-1 in both species. In C.elegans, arl-1 and
pal-1 are ~10 kb apart, whereas in P.paci®cus they are only
1.6 kb apart. Besides pal-1 and arl-1, two additional pairs of
genes exist that show linkage in both species. The P.paci®cus
genes PPBAC-7E22.9 and PPBAC-7E22.10 are closely
linked, like their C.elegans orthologs Y71D11A.3a and
Y71D11A.5 (see below for detailed description). Similarly,
PPBAC-7E22.12 and PPBAC-7E22.13 are closely linked in
P.paci®cus, as are their C.elegans orthologs Y37D8A.2 and
Y37D8A.1 (Fig. 3). Thus, the PPBAC-7E22 interval of the
P.paci®cus genome contains three pairs of genes that are also
linked to one another in C.elegans. However, these three pairs
of genes are distributed across 13 Mb of the 14 Mb C.elegans
chromosome III (Fig. 3). Taken together, these data indicate

Figure 3. The PPBAC-7E22 contig compared to the C.elegans genome. Eleven of the 20 predicted genes of PPBAC-7E22 have a C.elegans ortholog. All but
one of these orthologs are located on C.elegans chromosome III and span a region of >12 Mb. For detailed information on the predicted P.paci®cus genes see
Table 1.
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that microsynteny is limited between the P.paci®cus and
C.elegans genomes, a notion that is in agreement to previous
analysis in B.malayi (15). Thus, attempts at cloning
P.paci®cus genes by microsynteny to C.elegans is not a tool
likely to be successful in most cases.

Genes within genes

Despite the absence of massive microsynteny, the organ-
ization and structure of individual genes can be well conserved
between P.paci®cus and C.elegans. Large-scale genome
sequencing in different organisms has revealed many cases
in which a gene is located in the intron of another gene that is
transcribed in the antiparallel direction (26±29). The two
genes PPBAC-7E22.9 and PPBAC-7E22.10 provide such
examples (Fig. 4A). Interestingly, both genes have orthologs
in C.elegans, Y71D11A.3a and Y71D11A.5, respectively, that
are organized in similar ways. The two gene pairs show
sequence identities of 65% (PPBAC-7E22.9/ Y71D11A.3a)
and 70% (PPBAC-7E22.10/ Y71D11A.5) at the amino acid
level (Fig. 4B and C). PPBAC-7E22.9 and Y71D11A.3
encode a 2-amino-3-carboxylmuconate 6-semialdehyde de-
carboxylase and contain a large intron of ~8.6 kb in
P.paci®cus and 17 kb in C.elegans. PPBAC-7E22.10 and
Y71D11A.5 encode ion channels and are located in the two
large introns of PPBAC-7E22.9 and Y71D11A.3a, respect-
ively (Fig. 4A). In C.elegans, another predicted gene,
Y71D11A.4, is also located in the same intron (Fig. 4A).
This predicted gene encodes a transposase and has not yet

been con®rmed experimentally. No sequence similarity to
Y71D11A.4 has been identi®ed on PPBAC-7E22, further
supporting the notion that Y71D11A.4 might not be a true
gene. However, the predicted and con®rmed gene PPBAC-
7E22.11 is also located in an intron of PPBAC-7E22.9 and is
transcribed in the same direction as PPBAC-7E22.10
(Fig. 4A). Interestingly, PPBAC-7E22.11 encodes a protein-
tyrosine phosphatase with three similar genes in C.elegans, all
of which are located on chromosome I (Table 1). Thus, this
complex gene arrangement shows conserved as well as non-
conserved elements such that it remains unknown what the
ancestral gene arrangement looked like.

In addition to gene organization, the exon±intron structures
of PPBAC-7E22.9 and Y71D11A.3a as well as PPBAC-
7E22.10 and Y71D11A.5 are also very similar. More than half
of the exon±intron boundaries are exactly conserved between
P.paci®cus and C.elegans in both gene pairs (Fig. 4).
However, the P.paci®cus genes contain more introns than
the C.elegans genes. Speci®cally, PPBAC-7E22.9 contains 10
introns, whereas Y71D11A.3a contains only seven. Similarly,
PPBAC-7E22.10 contains 14 introns, whereas there are only
11 introns in Y71D11A.5. The additional introns in
P.paci®cus are usually small with a size of ~100 bp. Both,
the presence of additional introns and their smaller size seem
to represent a general trend of the P.paci®cus genome
compared to C.elegans, and similar observations have been
made previously during the analysis of several developmental
control genes (4). Taken together, this example indicates that

Table 1. Gene predictions on PPBAC-7E22

PPBAC7E22.x Protein length
(amino acids)

C.elegans
homolog

Location e-value Con®rmation Gene prediction

1 502 Y75B8A.4 LGIII 5.9e-52 RT±PCR ATPases associated with various cellular activities (AAA)
2 143 F42G9.4 LGIII 0.46 Not con®rmed Similarity to E.coli hypothetical protein YDBL precursor
3 932 F20B4.7 LGX 5.6e-88 RT±PCR Reverse transcriptase
± ± F09C3.6 LGI 3.8e-82 ± Reverse transcriptase
± ± Y58G8A.2 LGV 9.7e-81 ± Reverse transcriptase
4 231 Y40B1A.2 LGI 0.42 Not con®rmed Similarity to Pfam domain: PF00397 (WW domain)
5 144 F56H11.3 LGIV 0.045 Not con®rmed Similarity to yeast hypothetical protein GNS1
6 458 K09A11.2 LGX 7.6e-32 Not con®rmed Similarity to Cytochrome P450
± ± K09A11.4 LGX 1.4e-29 ± Similarity to Cytochrome P450
± ± R04D3.1 LGX 2.2e-25 ± Similarity to Cytochrome P450
7 848 F56C11.2 LGI 9.5e-48 RT±PCR ptr-1
8 378 ± LGX 0.68 Not con®rmed ±
9 371 Y71D11A.3a LGIII 8.0e-48 RT±PCR 2-Amino-3-carboxylmuconate-6-semialdehyde decarboxylase
10 519 Y71D11A.5 LGIII 2.2e-37 RT±PCR Ion channel protein
11 447 F25H5.7 LGI 1.8e-19 RT±PCR Protein-tyrosine phosphatase
± ± F55F8.7 LGI 1.1e-17 ± Protein-tyrosine phosphatase
± ± F47B3.1 LGI 2.7e-12 ± Protein-tyrosine phosphatase
12 440 Y37D8A.2 LGIII 5.5e-74 RT±PCR ±
13 409 Y37D8A.1 LGIII 9.5e-38 RT±PCR Similarity to Arp2/3 complex subunit p21-Arc
14 1314 ZK328.1a LGIII 1.1e-115 RT±PCR EF hand/ubiquitin C-terminal hydrolases family 2
15 193 C38D4.8 LGIII 3.4e-26 RT±PCR arl-1
16 527 C06E7.1a LGIV 1.6e-56 RT±PCR S-adenosylmethionine synthetase
± ± C06E7.3 LGIV 1.6e-54 ± S-adenosylmethionine synthetase
± ± T13A10.11a LGIV 2.3e-53 ± S-adenosylmethionine synthetase
17 563 C38D4.6 LGIII 2.4e-23 EST pal-1
18 147 E03H12.10 LGIV 2.2e-29 EST Member of the sperm-speci®c family, class P gene class
± ± C35D10.11 LGIII 9.7e-29 ± MSP (major sperm protein)
19 247 F47D12.4a LGIII 1.5e-58 EST hmg-1.2-like protein
20 357 C18F10.7a LGIII 5.8e-53 RT±PCR Ankyrin-repeat ubiquitin interaction motif

Putative ORFs are numbered as in Figure 3, and the C.elegans homolog and their location in the C.elegans genome are indicated. Gene predictions have been
con®rmed by EST clones and RT±PCR experiments.
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although microsynteny in general is limited between
P.paci®cus and C.elegans, complex gene arrangements and
exon±intron structures can be conserved between both
organisms.

DISCUSSION

Pristionchus paci®cus is an important satellite organism in
evolutionary developmental biology (3). After the generation
of a genetic linkage map (12) and a physical map (J.Srinivasan
and R.J.Sommer, in preparation), this study initiates a second
step in the genomic analysis of this organism. The 126 kb
fragment of genomic sequence of P.paci®cus is the largest
continuous genomic fragment of a non-rhabditid nematode
known to date. Fifteen of the 20 predicted ORFs on PPBAC-
7E22 have a C.elegans homolog, with 11 of these 15 ORFs

having putative C.elegans orthologs. For the other ®ve
predicted ORFs, it remains unknown if they correspond to
real genes, as we have not been able to con®rm them by
RT±PCR. Thus, this study does not provide evidence for
unique P.paci®cus genes. However, some of the P.paci®cus
genes might be the result of independent gene duplications
that occurred after the phylogenetic separation of C.elegans
and P.paci®cus. It should be noted, however, that some of the
predicted ORFs that were not con®rmed experimentally are
clustered together and are ¯anked by genes that are syntenic.
One could speculate that this pattern is the result of a major
insertion/deletion event.

If the 126 kb contig is a good representation of the
P.paci®cus genome, the gene complement is likely to be
equivalent to that of C.elegans, an observation that has
recently also been made for B.malayi, in which a 83 kb

Figure 4. (A) Gene in gene organization of PPBAC-7E22.9 and PPBAC-7E22.10 and Y71D11A.3 and Y71D11A.5. PPBAC-7E22.9 and Y71D11A.3 encode
a 2-amino-3-carboxylmuconate 6-semialdehyde decarboxylase and contain a large intron of 8.6 and 17 kb, respectively. PPBAC-7E22.10 and Y71D11A.5 en-
code ion channels and are located in the large intron of PPBAC-7E22.9 and Y71D11A.3, respectively. In C.elegans, Y71D11A.4 is a predicted reverse tran-
scriptase that is also localized in the large intron of Y71D11A.3. No sequence similarity to Y71D11A.4 is observed in the large intron of PPBAC-7E22.9 or
anywhere else on PPBAC-7E22. More than half of the exon±intron boundaries are conserved in both gene pairs. Identical colors of exons indicate homolo-
gous sequence. Exon±intron borders are often conserved, i.e. exon 3 of PPBAC-7E22.9 and exon 4 of Y71D11A.3a. In some cases one exon of Y71D11A.3a,
such as exon 7, corresponds to several exons in PPBAC-7E22.9. It remains unknown which of the two patterns represents the ancestral situation. Both intron
gain or intron loss could account for the observed patterns. Exons shown in white cannot be clearly aligned to one another by sequence and intron boundaries.
(B and C) Sequence alignement of the P.paci®cus PPBAC-7E22.9 and C.elegans Y71D11A.3 proteins (B) and P.paci®cus PPBAC-7E22.10 and C.elegans
Y71D11A.5 proteins (C). Identical amino acids are shown in black. Intron positions are indicated by triangles.
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fragment has been sequenced (15). However, smaller differ-
ences in genome size and gene complement cannot be
excluded and might result from the different organization of
smaller regions of the genomes. So far, the analysis of the
P.paci®cus genome predicted a genome size of ~100 Mb
(12,30). However, genetic analysis revealed substantial
differences of the genetic distances of the different chromo-
somes of P.paci®cus. Unlike in C.elegans, where all six
chromosomes are ~50 cM, SSCP marker analysis indicated
that at least two P.paci®cus chromosomes are substantially
larger than 50 cM (12). At the same time, two other
chromosomes are genetically smaller than 50 cM (12)
(W.Sinz and R.J.Sommer, unpublished observation). How
these different genetic properties of C.elegans and P.paci®cus
affect the genome size and the gene complement remains
unknown.

The comparison of the genes on PPBAC-7E22 with the
genomic localization of their putative C.elegans orthologs
revealed that synteny is common, although microsynteny is
limited. There are only three pairs of genes that show
microsynteny, pal-1/arl-1, Y71D11A.3, PPBAC-7E22.9/
Y71D11A.5, PPBAC-7E22.10 and Y37D8A.2, PPBAC-
7E22.12/Y37D8A.1, PPBAC-7E22.13, respectively. Various
genetic mapping experiments of vulva-defective mutants in
P.paci®cus, using the end-sequenced HindIII BAC library and
EST clones support this observation: putative orthologs of
various C.elegans genes are linked on one chromosome as
they are in C.elegans. However, their exact order at a
microscale level differs strongly from C.elegans (W. Sinz
and R.J. Sommer, unpublished observation). These results are
similar to observations in other invertebrates, but differ
strongly from ®ndings in vertebrates. For human, mouse and
puffer®sh, a substantial amount of microsynteny has been
observed, indicating that intrachromosomal exchange is rare
(31). In contrast, the data from C.elegans, C.briggsae,
P.paci®cus and B.malayi suggest that intrachromosomal
exchanges occurred frequently within nematodes. This high
level of rearrangement limits the likelihood of identifying
orthologous genes of P.paci®cus and C.elegans based on
position information within the two genomes. For example,
Ppa-ced-4 is not found in the neighborhood of Ppa-pal-1, as is
the case in C.elegans. Furthermore, this result strengthens the
previous observation, mainly based on a comparison of
Caenorhabditis and Drosophila species, that in general,
nematodes show a faster rate of genome rearrangements
than other phyla (32).

The recent generation of a genetic linkage map in
P.paci®cus provides the basis for extending the analysis of
this species from developmental biology to other areas of
biology, including genomics. Given the phylogenetic separ-
ation time of 100 000 000±200 000 000 years between
C.elegans and P.paci®cus, genomic comparisons of these two
organisms may provide information on structural properties of
nematode genomes that cannot be deduced from within-genus
comparisons, such as between C.elegans and C.briggsae.
Consistent with the different evolutionary separation times
(Fig. 1), the organization and sequence of orthologous genes
differs more strongly between P.paci®cus and C.elegans than
between C.briggsae and C.elegans. A larger sequencing effort
in P.paci®cus might therefore be informative for C.elegans
biology itself in addition to providing information on more

general aspects of nematode genomes. In C.elegans, the
identi®cation and analysis of regulatory control regions is
often hampered by the fact that important regulatory elements
can be located in the 5¢ untranslated region (UTR), in introns
and/or in the 3¢ UTR (33). Sequence similarities in potential
regulatory regions (promoters/introns) between two species
such as P.paci®cus and C.elegans that may have been
separated for as long as 200 000 000 years are most likely
based on functional restrictions. Therefore, sequence conser-
vation in untranslated regions of orthologous genes between
P.paci®cus and C.elegans might provide a way to identify
important regulatory elements (R. Hong and R.J. Sommer,
unpublished observation). Such candidate elements could then
be tested using GFP constructs in C.elegans. In a similar way,
the sequence comparison between C.elegans and C.briggsae
has been shown to be a useful tool for gene prediction and the
identi®cation of gene structure (14).
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