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ABSTRACT

NotI and Sfil genomic restriction maps were used to
detect and characterize a ring chromosome 11 in a
Schizosaccharomyces pombe strain with a meitotic
defect on chromosome II. The ring chromosome was
formed by an intrachromosomal fusion near, or at, the
very ends of chromosome II.

INTRODUCTION

The fission yeast Schizosaccharomyces pombe is a well
characterized single-celled eukaryote (1). More than 460 genes

have been defined by mutation analysis and by molecular cloning
(1, 2). Over 270 genes have been genetically mapped either to
one of the three linkage groups (which make up a total meiotic
map length of 1700 centimorgans (cM)) or to the mitochondrial
genome (1, 2, 3). The three chromosomes from S.pombe can

be visualized microscopically (4) and have been resolved by
pulsed field gel electrophoresis (PFG: 5). The sizes of the
chromosomes are 5.7 megabase pairs (Mb), 4.7 Mb, and 3.5 Mb
for chromosome I, II, and HI, respectively, as determined from
the NotI and SfI restriction maps (6, 7). The existing physical
maps should allow immediate access to any segment of the
genome that can be detected genetically or biochemically. They
can also be used to indicate the occurrence of large DNA
rearrangements on the genome. This work reports the detection
and characterization of a ring chromosome II in S*pombe.

MATERIALS AND METHODS

Wild type S.pombe strain, 971 h- (8) (obtained from
M.Yanagida) was used in this study. Strains MR102 (h+ dea2
adal-102) and MR414 (h+ dea2 adal-414) were obtained from
the authors' collection. Strain MR414 and MR102 were derived
from strains isolated in a screen for adenosine deaminase mutants
starting with an h+ade10-1 dea2 strain (Rochet et al.,
unpublished results). The adal locus probably encodes an

adenosine deaminase (Rochet et al., unpublished results). Growth
media and genetic methods were those described by Gutz et al.
(8), except that the minimal media contained 750 mg/L, instead
of 5 mg/L, (NH4)2SO4. Protocols for the purification of yeast

chromosomal DNA in agarose inserts and subsequent enzyme

digestion, as well as PFG fractionation conditions were described
previously (6, 9).

RESULTS AND DISCUSSION
Circular fonn of chromosome II detected in strain MR414
by PFGintact S.pombe chromosomal DNAs made in agarose

blocks were fractionated by PFG (Figure 1). As shown in Figure
1, three chromosomal DNA bands were detected for S.pombe
strains 972 h- Oane 1) and MR102 (lane 2), while only two
chromosomal bands (chromosome I and IH) were detected for
strain MR414 (lane 3). It appeared that chromosome II is missing
from the latter strain. However, it is not likely that S.pombe cells
could survive missing the entire chromosome II. Instead, the
results suggested that chromosome II in strain MR414 might have
some special DNA conformation that caused abnormal
electrophoretic behavior. For instance, experiments (12) with the
4.7 Mb (13, 14) circular Escherichia coli chromosome predict
that a circular 4.7 Mb S.pombe chromosome II would not enter
an agarose gel under the PFG fractionation conditions shown in
Figure 1. The recombination frequency among genetic markers,
as well as the observed inhibition of meiotic recombination on

chromosome II of strain MR414 were consistent with the circular
model (Rochet et al., unpublished observations). For instance,
at least two cross-overs are required for one successful
recombinational event to occur between two circular
chromosomes or between one circular and one linear
chromosome.
An attempt was made to use ry-irradiation to prove the existence

of a ring chromosome II in strain MR414. Genomic DNA from
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strain MR414 was subjected to 137Cs -y-radiation before PFG in
order to linearize any putative circular molecules. In these
experiments, the irradiated sample had sub-stoichiometric
amounts of a DNA species at the expected PFG position for
chromosome II. This result was not surprising. Megabase DNA
is exquisitely sensitive to nuclease contamination. Furthermore,
Poisson statistics predicts that the maximum number of molecules
that can exist as intact linear forms containing single, double-
strand breaks, is one third.

Conversion of two telomeric NotI fragments from
chromosome II to one larger fragment in strain MR414
The NotI (6) and SfiI (7) restriction maps of the S.pombe genome
were used to characterize the genomic rearrangements in strain
MR414 directly. Intact genomic DNAs made from strains
MR414, MR102 and 972 h- were digested with restriction
enzyme NotI and fractionated by PFG (Figure 2A and B). All
the NotI fragments from chromosome I and HI, and all the internal
NotI fragments from chromosome II from strain MR414 were

Figure 1. Intact Spombe chromosomal DNAs fractionated by PFG. PFG analysis
was carried out on an LKB Pulsaphor apparatus at 3 V/cm for 150 hr using a
4500 sec pulse time. Lanes 1-3 contain chromosomal DNAs from Spombe strains
972 h-, MR102 and MR414, respectively.
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exactly the same as those in strains 972 h - and MR 102.
However, the two telomeric NotI fragments of chromosome II,
fragments C (Figure 2A lane 3) and M (Figure 2B lane 2) were
missing from strain MR414. Instead, a new fragment, called
fragment X was found (Figure 2A lane 3). Fragment X was 1.8
Mb in size. This size corresponds to the combined sizes of
fragment C (1.5 Mb) plus fragment M (0.24 Mb). This result
suggested that strain MR414 contains an intrachromosomal fusion
near or at the very ends of the chromosome H and that the fusion
chromosome retained almost all the DNA content of chromosome
II. Analysis of the Sfi1 restriction fragment pattern of strain
MR414 further supported this interpretation (data not shown).

Loss of telomeric sequences from the ring chromosome II
Strong hybridization signals were obtained with the S.pombe
telomeric sequence probe, contained on plasmid pSPT16 for the
NotI telomeric fragments of chromosome I from (NotI fragment
L and I) and chromosome III (NotI fragment A) from strain
MR414. However, this same probe gave a very weak
hybridization band for NotI fragment X, (Figure 2C lane 3).
Densitometric analysis of the autoradiograph shown in Figure
2C indicated that the ratio of the hybridization signal of NotI
fragment A (3.5 Mb) to that of Notl fragment C (1.5 Mb) for
strain MR102 was 2.5:1 (data not shown). If the NotI fragment
strain MR414 retained all the telomeric repeat sequences from
NotI fragment C and NotI fragment M, the ratio of hybridization
signal of NotI fragment A to that of NotI fragment X (Figure
2C lane 3) should be smaller than 2.5:1. However, densitometric
analysis gives a significantly larger ratio of 4:1 (data not shown).
This suggests that many, if not all, of the telomeric repetitive
sequences on chromosome II were lost during the formation of
the ring chromosome. Alternatively, interstitial telomeric
sequences in a ring chromosome may have been lost by
recombination within the repeat element after fusion. It is
noteworthy that the ratio of the hybridization signals of NotI
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Figure 2. PFG fractionation and hybridization analysis of S.pombe chromosomal DNAs digested with the restriction enzyme Notl. (A) PFG analysis was carried
out using a pulse-program: 4500 sec pulse time for 100 hr; 800 sec pulse time for 46 hr and 200 sec pulse time for 22 hr at a field strength of 3 V/cm. Lane I
contains intact chromosomal DNAs from strain 972 h . Lanes 2-4 contain Not! digests of DNAs from strain MR 102, MR414 and 972 h -, respectively. (B) PFG
analysis was carried out at 10 V/cm for 30 hr using a 20 sec pulse time. Lane 1 contains strain MR102 DNA digested with Not!. Lane 2 contains strain MR414
DNA digested with Notl. (C) Hybridization of the PFG gel shown in (A) with S.pombe telomeric probe pSPT16.
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fragments A and I (500 kb) remained constant in lanes 2, 3 and
4 of Figure 2C.
A circular chromosome generated by homologous

recombination in the budding yeast Saccharomyces cerevisiae and
was used to study interhomolog recombination and sister-
chromated exchange in yeast (15, 16). In Drosophila
melanogaster, a ring chromosome was found to be composed
of two X chromosomes joined at both ends (17). The circular
S.pombe chromosome H could have been formed in a number
of ways. Clarification of how the circular chromosome H was
formed awaits further characterization of the junction point.
However, the loss of most of the telomeric repeats from the fusion
NotI fragment suggests that homologous recombination between
the telomeric repeats might be responsible for generating the ring
chromosome.
The occurrence of a large ring chromosome in S.pombe

provides a means to understand more about the behavior and
formation of aberrant chromosomal structures. For example, how
did the circularization of the chromosome arise? Is there any
equilibrium between the circular and the linear forms of the
chromosome? The ring chromosome can also be used as unique
material to study basic biological problems, such as DNA
replication, DNA recombination, gene transcription, chromosome
dynamics and chromosome segregation (18). For instance,
preliminary experiments indicate that diploids heterozygous for
ring chromosome II are fairly unstable (data not shown).
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