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ABSTRACT
Pulsed field gel electrophoresis and large DNA technology

were used to construct a Not I restriction map of the entire ge-
nome of the fission yeast ~shizosaccharomyces poibe. There are
14 detectable Not I sites in S. pombe 972h : 9 sites on chromo-
some I and 5 sties on chromosome II, while no Not I sites were
found on chromosome III. The 17 fragments (including intact
chromosome III) generated by Not I digestion were resolved by
PFG electrophoresis. These fragments ranged in size from 4.5 kb
to approximately 3.5 Mb. Various strategies were applied in
determining, efficiently, the order of the fragments on the chro-
mosomes. The genomic size measured by adding all the fragments
together is about 14 Mb and the sizes of the three chromosomes are
I, 5.7 Mb, II, 4.6 to 4.7 Mb, and III, 3.5 Mb. These are general-
ly somewhat smaller than estimated proviously.

INTRODUCTION
The fission yeast, Schizosaccharomyces pombe, is an ideal

system to develop for studies of eukaryotic molecular biology (1
-5). In a number of its characteristics S. pombe appears to be
more similiar to the higher eukaryotes than is the budding yeast
Saccharomyces cerevisiae (4). An intron in a gene derived from a
mammalian system (the gene encoding the SV40 small t antigen) is
correctly spliced in S. poube (5) and the human gene CDC2HS has
been screened by genetic complementation in S. pombe when trans-
formed by a human cDNA library (2). S. poube chromosomes have
large centromeres (6) and condense during mitosis (7). Cytoplas-
mic microtubules disappear prior to mitosis, followed by the for-
mation of mitotic spindle (3). Furthermore, it was even reported
that S. poube chromosome III can replicate autonomously in mouse
cells (1).

A complete linked bacteriophage library of the bacterium
Escherichia coli has been finished (10). Similiar fine mapping
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projects are underway with the yeast Saccharomyces cerevisiae (4)
and the nematode Caenorhabditis elegans (12). These maps will
provide immediate access to any segment of the genome that can be
defined genetically. A complete macro-restriction map of the ge-
nome of E. coli (13) and some long-range restriction maps of spe-
cific regions of eukaryotic genomes (14) have been constructed
using pulsed field gel electrophoresis (PFG) (15,16) and other
large DNA technologies (17). These macro-maps are very useful
tools to assist the construction of finer restriction maps and
overlapping clone libraries. In addition, a macro-restriction
map allows the detection and analysis of chromosomal DNA rear-

rangements and studies of chromosomal structure and function to
be carried out at the entire genome level.

Recently the three chromosomes of S. pombe were resolved by
PFG (9). Here, we report the construction of a macro-restriction
map of this organism as a starting point for studying the large-
scale organization of the S. pombe genome and the relationship
between its chromosomal structure and function. A variety of
strategies and methods were used to construct a Not I restriction
map of the S. pombe genome. They include use of cloned, geneti-
cally mapped genes and purified large DNA fragments as probes in
hybridization experiments with complete or partially digested ge-

nomic DNA; and use of PFG purified single chromosomes. The S.
pombe project should serve as a model for the construction of
physical maps of other genomes.

MATERIALS AND METHODS

Strains and Plasmids
S. pombe 972h (18), a haploid wild type strain, was used for

all mapping experiments. Plasmids used for Southern blotting are

listed in Table 2.

Preparation of Yeast DNA Inserts and Restriction Enzyme Digests
S. pombe cells were grown to late logarithmic phase and har-

vested as decribed (19). After centrifugation, the cell pellets
were washed twice with 50 aM EDTA (pH 7.5) and finally resuspen-

ded in Zymo-buffer (20 aM citrate-phosphate buffer (pH 5.6), 50

EM EDTA (pH 5.6), and 0.9 M sorbitol) containing 0.3 mg/ml Zymo-
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lyase-lOOT (Seikagaku Kogyo); and incubated at 37 C for 2 hr.
The formation of spheroplasts was checked by looking at the
change of cell shape under a phase-contact microscope. A 2 ml
sample of apheroplasts was sixed with 2 ml 1% low gelling tem-
perature agarose at 50 C, distributed into 100 1 molds and al-

lowed to solidify on ice for about 15 min. The resulting inserts
were incubated in ESP (0.5 N EDTA (pH 9-9.5), 1% Lauroyl Sarco-

sine and 1 mg/ml Proteinase K) for 2 days at 50 C with gentle
shaking. Before restriction endonuclease digestion, DNA inserts,
stored in ESP solution, were washed twice (16), 2 hr per wash,
with TE buffer (10 mM Tris-HC1 (pH 7.5) and 1 mM EDTA) con-

taining 1 mN Phenylmethyl-sulfonyl Fluoride (PNSF), and then
washed three times with TE buffer only. In situ restriction en-
zyme digestions were carried out in an Eppendorf tube at a final

volume of 250 Ml for 6-12 hr. Complete digestions were obtained

using an enzyme to DNA ratio (Units:pg) of 15:1. Partial diges-

tions were carried out at various enzyme to DNA ratios (Units:pg)
0.1:1, 0.3:1, 1:1, 3:1 and 10:1 for 2-3 hr.

PFG Electrophoresis
PFG electrophoresis employed the Pulsaphor apparatus (Pharma-

cia-LKB) with electrodes set as describod elsewhere (16,17), ex-

cept for Figures 2 and 3, where a home-made CHEF apparatus was
used (20). A 1% agarose (Seakem LE Agarose, FNC) 20 cm square

gel was run at 15 C in modified TBE buffer (100 mM Tris-HCl (pH
8.0-8.4), 100 mM boric acid and 0.2 mM EDTA). Fragments smaller

than 1 Mb were resolved by PFG experiments run at 10 V/cm for 40

hr with 100 sec pulse times. Longer pulse times at lower volt-

ages were applied to separate the fragments larger than 1 Mb (see
below). Gels were then stained in 1X TBE buffer containing 1 mg

/ml ethidium bromide and destained for 30-60 min before photo-
graphing. Concatenated bacteriophage lambda DNA length standards

were prepared as described elsewhere (20,23).
Southern Blottinq

The DNA in the gel was nicked by exposure to 310 nm ultravio-

let light, then denatured with 0.5 N NaOH and 0.5 M NaCl for 1 hr

, neutralized with 0.5 X Tris-HCl, pH 7.5 and 1.5 N NaCl for 1 hr

and transfered to nitrocellulose filters using 15X SSC solution
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(16). Prehybridization and hybridization were carried out at the
same condition (3X SSC, lOX Denhart's, 1% SDS, 100 Mg/ml dena-
tured salmon sperm DNA, 68 C). Filters were washed subsequently
with 3X SSC and 1% SDS; 1X SSC and 1% SDS; 0.3X SSC and 1% SDS.
Each wash was carried out at 68 C for 20 min. All the S. pombe
genomic DNA clones used as probes for hybridization experiments
are summarized in Table 2. Probes were radiolabeled by random
oligonucleotide priming (21).
Two Dimensional PFG Experiments

An ordinary PFG gel was run for the first dimension. The
gels were stained with ethidium bromide and destained as de-
scribed above. DNA bands were visualized under 365 nm light and
excised. Individual gel blocks (about 120 ml) containing single
DNA bands were put into 1 ml solution containing 0.15 M NaCl and
30% isopropanol for 30-60 min with occasional inversion and then

washed with 5 ml TE buffer twice at room temperature for 2 hr

each. Restriction enzyme digestion and PFG electrophosis with
these gel blocks were then carried out as done with the original
DNA inserts described above.
Labeling of Not I Fragments by End-filling

Two pg of S. pombe DNA was digested with 30 Units of Not I in
a 100 Ml volume reaction containing 100 mM NaCl, 50 mM Tris-HCl
(pH 7.5), 10 mM MgCl2, 1 mM dithiothreitol, 4 Units Klenow poly-
merase (2 U/Mg DNA) and 50 MCi 32P-dGTP (25 MCi/Mg DNA) at 37 C
for 6 hr and then treated with ESP solution as described above.
Two tenths Mg labeled DNA samples were loaded onto both PFG gels
and ordinary gels. To detect the small fragments which may dif-
fuse out of the agarose inserts during the digestion and label-
ing, liquid portion of the reactions was phenol extracted. The
DNA was ethanol precipitated and loaded along with the samples in
the inserts.
Pre-association of Labeled Not I Fragments with Cold S. pombe
DNA

The labeled S. pombe Not I fragment DNA was mixed with cold
S. pombe DNA at various ratios (labeled DNA:cold DNA (ng:Mg): 1:
0.4, 1:2 and 1:10); boiled for 10 min and then kept at 68 C for 2
hr before being added to the hybridization bag.
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Figure 1. PFG separation of the fragments of Schizosacchar ces
pombe DNA produced by digestion with various restriction enzymes.
PFG electrophoresis was carried out at 10 V/cm for 40 hr using
100 sec pulse times, and the gel was stained with ethidium bro-
mide. Lanes 1 and 10 contain intact S. cerevisiae chromosomal
DNAs. Lanes 2 and 9 are sultimers of 48.5 kb lambda DNA used as
length standards. Lanes 3 to 8 contain wild type S. pombe 972h
chromosomal DNA digested with Mlu I, Not I, Not I plus Sfi I, Sfi
I, Sal I and Xho I, respectively.

RESULTS

Generation of Megabase Fragments from S. pombe Chromosomal DNA

Digests of S. pombe genomic DNA with various restriction en-
zymes: Mlu I, Not I, Sac II, Sal I, Sfi I, Sma I and Xho I, were
analyzed by PFG. Of the enzymes tested only the two known 8-base
specific nucleases (22) Sfi I and Not I yielded a small number of

relatively large fragments. A typical example of an ethidium
bromide stained PFG separation resolving fragments up to 1 Mb is
shown in Figure 1. The Not I digest was selected for further
analysis because its pattern was the simplest and the best re-

solved. Detailed analysis shows that S. pombe has 14 detectable
Not I sites: 9 sites on chromosome I and 5 sites on chromosome

II. Thus these two chromosomes are cut into 10 and 6 fragments,
respectively. Chromosome III has no Not I sites and remains

intact following digestion with the restriction enzyme Not I (see
below). The Not I fragments range in size from approximately 3.5
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Figure 2. 8. strain 927h- chromosomal DNA was digested

with Not I andl ~Irophoresed in an agarose gel by a home-made

CHEF- apparatus. Pulsed field electrophoresis was carried out at

7.0 V/cm for 24 hr using 45 sec (lanes 1 and 2) and 90 sec (lane

3) pulse times, or at 4.0 V/cm for 96 hr using a 600 sec pulse

time (lane 4). The gel was stained with ethidium bromide. A P

designate bands for Not I fragments. In this figure,, the size of

the lambda DNA r (lane 1) is 42.5 kb.

Nb to 405 kb, and are designated,, respectively,, fragment A

through Q. Multiple pulse times are required to resolve the

entire set of fragments, whose sizes cover a 800-fold range (see

Figures 2 and 3). For example,, tw unresolved doublets (G and H;

I and J) in a gel with a 90 sec pulse time can be separated by

using a 60 sec pulse time. The largest three fragments A,, 3,, and

C c-an only be resolved by exceedingly long pulse times (600-4500

Sec).

There is 800-fold size difference among the S. Not I

fragments. Thus, small genomic fragments may be missed if one

simply examines ethidium bromide stained gels because ethidium

bromide staining intensity is proportional to the size of DNA

fragments. In addition, small DNA fragments diffuse out of the

agarose inserts. The smallest fragment (Q), can not be detected

by ethidium bromide staining since only 0.2-0.4 pg DNA/lane is

loaded in PFM experiments, can be detected when the Not I frag-

ments were end-labeled with 32P-dGTP using Xienow polymerase as

described in Materials and Methods (data not shown).
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Figure 3. Identification of individual S. p Not I fragments
by hybridization with cloned DNA probes. Odd lanes are ethidium
stained bands; even lanes are autoradiograms. PFG was carried
out as described in the legend to Figure 2. Pulse times were 600
sec for lanes 1-4; 90 sec for lanes 5-6; and 45 sec for lanes
7-8. Hybridization probes were dg, lane 2; t lane 4; crml,
lane 6; and topl, lane 8.

Not I Fragment Sizes
Sizes of the fragments are shown in Table 1. The size of

fragments smaller than 1,200 kb was determined by comparing the

mobility of the DNA fragments with that of DNA size standards

composed of tandemly annealed lambda DNA oligomers electropho-

resed in adjacent lanes (16,23). Routinely such size markers

extend well beyond 1 Mb in size, but it is usually difficult to

resolve adjacent bands unequivocally above the 24-mer of lambda

DNA. There are three Not I fragments (A,B, and C) with sizes

above 1,200 kb. Their size was determined by several methods.

First, partial Not I digests of S. pobe chromosome I were

used to provide size standards in the 530-5,700 kb range and

these were then used to determine the sizes of fragments A, B,
and C shown in Table 1. Since the largest Not I fragment of

chromosome I is 1200 kb, the size of this chromosome can be de-

termined just by adding the sizes of all of its constituent frag-
ments. Then partial digests, like that shown in Figure 4, once

interpreted, yield bands of known size up to the full length of

the chromosome (44). Second, new Not I restriction sites were
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Table 1. Size- of the Not I fragments seen in a total digest of
S. pob 972 h. The *su- (except for fragments A, B and C)
were etermined by comparing the mobility of DNA bands with that
of DNA size standards composed of tandenly annealed lambda DNA
oligomers electrophoresed in adjacent lanes. Sizes of fragments
A, B and C were deterained by comparison with a partial Not I
digest of S. p chromosose I.

Fragments Size (kb) Chromosome

A 3,500 III
B 2,000 II
C 1,525 II
D 1,200 I
E 1,010 I
F 900 I
G 625 II
H 600 I
1 530 I
J 500 I
X 470 I
L 380 I
x 240 II
N 175 II
0 135 I
P 88 II
Q 4.5 I I

introduced into fragments A, B, and C on the chromosomes by
site-specific int--gration to generate smaller Not I fragments,
which could then be sized by comparison with lambda size stan-
dards. Adding these smaller fragments together yields consis-
tent sizes of fragments A, B, and C (Chikashige, Y. et al., un-
published data). Third, chromosome III, i.e. fragment A, was pu-
rified by PFG electrophoresis and digested by the restriction en-
zyme IagI, which recognizes the inner 6 nucleotides of the Not I
site. The fragments generated by Eag I digestion are all smaller
than 250 kb. Densitometor scanning was used to estimate the num-
ber of fragments in unresolved bands. Adding all these fragment
sizes together produced an estimate for the size of fragment A of
3.5 Mb, consistent with that obtained by the first two methods.
Physical Napping of Not I Fragments

Direct Southern blotting was used to determine the correspon-
dence between individual Not I fragments and the previously known
S. b genetic map. About 30 clones were used as DNA probes in
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Table 2. Probes Used for Hybridization

Hybridized
Clone Band(s)

Ylp (ade5) A
pAS1 A
pura4 A
pcdc2.19 B
pSM2 B
pDB(uei3) 2 B
pDB(NDAI)l B
pTOP2-1 B
pDB(NDA2)1 C
YIP (NDA 3) 1 C
pDB(mesl)l D
pFNA2302 E
pDB(uei 2)2 E
pUC(Nuc 2)2-2 E
HIP (crml) F

pcdclO.3 G
pUC18(Top 1) G
pHR140 H

pHR150 H
pFYM225 J
pCYl K
plysl K
pcdcl3 N
pCDC25-58 0
pYA113 P

pSPT16 A,C,I,L,N

pSS166 A,B,K

Reference

Niwa, 0. (pers. comm.)
Kohli, J. (pers. comm.)
Nurse, P. (pers. comm.)
26
27
28
29
30
31
32
Shimoda, C. (pers.comm.)
33
34
35
Adachi, Y. et al., to be

publTihed
36
37
Ohkura, T. et al., to be

published
ibid.
38
6
39-40
ibid.
41
42

43

6

1--teloxeric DNA.
2--centromeric DNA.

hybridization experiments (Table 2). They all are unique in the

genome except the teloxeric and centromeric probes. Figure 3

shows an example of typical results with the centromeric probe.

Altogether, the available probes allowed the unequivocal identi-

fication of 13 of the 17 bands. They also identified, collec-

tively, 5 bands which hybridized with the telozeric probe (A, C,

I, L, M) and 3 bands which hybridized with the centromeric probe

(A, B, X).
Partial digestion strategies were used for identification of

fragments neighboring those already assigned (13). Such strate-
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ade5
ade6
ura4
cdc2
mat2
mei3
ndai
top2
nda2
nda3
mesl
aro3
mei2
nuc2
crml

cdclO
topl
sds22

sds23
ural
cyhl

cdc13
cdc25
atb2

tel1
dgII2
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Figure 4. An example of the use of partial digestion for zapping
neighboring Not I fragments. A blot of a partial Not I digest of
S. pobe 972h chromosomal DNA was probed with the cdc25 gene on
chromosome I, which was assigned to fragment 0 (135 kb). From
left to right the digest is progressively more complete (Enzyme
Units:pg of DNA: 0.1:1, 0.3:1, 1:1, 3:1 and 10:1; 37 C for 3 hr).
The pattern of hybridization shows several intermediates, 515 kb,
635 kb, 1015 kb, 1.8 Mb and 2.2 Mb, besides the complete digest
band of 135 kb. The 1.8 Mb and 2.2 Mb fragments can not be well
resolved under the conditions used for this gel, thus a wider hy-
bridization band was seen at this region. We interpret the 515
kb band as fragment 0 plus fragment L (380 kb); the 635 kb band
as fragment 0 plus fragment J (500 kb); the 1015 kb band as frag-
ment 0 plus fragments L and J; the 1.8 Mb band as fragment 0 plus
fragments J and D (1200 kb); and the 2.2 Nb band as fragment 0
plus fragments L, J and D. The interpretion of the partial di-
gest shown at the top of the figure was further confirmed by hy-
bridization with an S.pombe telomeric probe (which hybridized to
fragment L) and with the ural gene (which hybridized to fragment
J).
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Figure 5. Not I digestion of single chromosomes purified by PFG
electrophoresis. This gel was run at 10 V/cm for 40 hr using 100
sec pulse times. Lanes 1 and 7 are lambda size standards. Lanes
2 and 6 are total S. pmbe chromosomal DNA digested with Not I.
Lanes 3, 4 and 5 are puified S. pome chromosome I, II and III,
respectively, digested with Not I. Since there is no Not I site
on chromosome III, only a very large fragment can be seen in lane
5 near the top of the gel. By comparing lane 2 with lanes 3 and
4, it is easy to tell that fragments E, F, H, I, J, K, L and 0
are from chromosome I while fragments G, M, N and P are from
chromosome II.

gies are necessary when a probe is not available that hybridizes
to a particular fragment and are an efficient method for fin-
ishing maps and proving that particular fragments are actually
adjacent. In order to see all the intermediates in a partial di-
gestion panel, pilot experiments using different digestion times
and different ratios of enzyme to DNA are necessary. An example
of a successful and informative partial digest analysis is shown
in Figure 4. This gel assigned four Not I fragments covering
more than 2,200 kb of chromosome I. The order of fragments from
the telomere is L, 0, J, D.

Since S. pombe has three chromosomes, 3 and 6 fragments are

expected, respectively, when PFG gels are probed with cross hy-
bridizing centromeric and telomeric probes. Only 5 fragments,
however, are found when probed with a teloseric sequence. This
is due to the absence of Not I sites on chromosome III, resulting
in only one intact chromosome band (see below). By subjecting
purified individual chromosomes to Not I digestion, the same
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Figure 6. Evidence that chromosome III contains no Not I sites.
A. An ethidium bromide stained gel. PFG electrophoresis was run
at 3 V/cm for 120 hr using 3600 sec pulse times. Lanes 1 and 7
are intact S. pombe chromosomes. Lanes 2 to 6 are Not I diges-
tions of S. pombe chromosomes with decreasing amounts of enzyme
(Units:pg: 12.5:1, 7.5:1, 3:1, 1:1, 0.1:1 at 37 C for 8 hr).
Lanes 8 to 11 are Sfi I digestions of S. pombe chromosomes with
decreasing amounts of enzyme (Units:1g: 12.5:1, 1:1, 0.1:1, 0.03
:1; at 50 C for 8 hr). B. Southern hybridization to the gel
3hown in part A using a probe composed of three genes (ura4, ade5
and ade6) from the ends and middle respectively of S. pombe chro-
mosome III.

probes can be used to assign the centromeric or telomeric bands
of each chromosome unambiguously. First, the three chromosomes
were separated by PFG electrophoresis, and agarose slices con-
taining these were excised as described in Materials and Methods.
Then the single chromosomes were digested in situ and loaded onto
a second gel. The resulting pattern of fragments clearly demon-
strates chromosome-specific bands as shown by the example in Fig-
ure 5. This approach was used to determine that telomeric frag-
ments L and I are located on chromosome I, and fragment M is lo-
cated on chromosome II. Partial digestion experiments were car-
ried out to locate telomeric fragments to specific chromosome
ends using nearby genes as probes. These results are consistent
with Southern hybridizations using the three unfractionated chro-
mosomes. The sizes of particular fragments from the digests of
both PFG-purified single chromosomes and the original DNA inserts
are the same, indicating that chromosomal DNAs remain intact dur-
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ing PFG electrophoresis. This approach provides a general method
to distinguish any ambiguous fragments from different chromo-
somes.

The results in Figure 5 show only a single ethidium stained
band for S. pombe chromosome III. This suggests that there are

no Not I sites on this chromosome. However, chromosome III is
running in the compression region of the gel where all DNAs lar-
ger than 1 Mb comigrate. Longer pulse time PFG analyses were

performed to confirm the absence of Not I sites on chromosome III
(Figure 6). In Figure 6A, both Not I and Sfi I digestions pro-

duce a fragment which appears to migrate as intact chromosome
III. However, hybridization with three chromosome III specific
probes reveals that Sfi I cleaves chromosome III while Not I
leaves it uncut (Figure 6B). Hence, the fragment that runs as

intact chromosome III seen in the Sfi I digestion must come from
chromosome I or chromosome II. The Sfi I fragments seen in Fig-
ure 6B allow a minimum estimate of the size of chromosome III of
3.5 Mb, which turns out to be consistent with other results des-
cribed previously. One weak hybridization band can be seen at
the bottom of Figure 6B lane 2 and lane 3. We believe this band
is due to random degradation of chromosome III by contaminated
endonucleases during the Not I digestion.

Unmapped large DNA fragments may be used directly as hybri-
dization probes in organisms with small genomes. Two S. pombe

Not I fragments were mapped using this strategy. A total Not I
digest of S. pombe was fractionated by PFG. Individual fragments
were excised from the gel; DNA was eluted from the agarose and
labeled with 32P-dCTP by random oligonucleotide priming. This
DNA probe was then used in hybridization to analyze samples par-

tially digested with the same enzyme, Not I. The labeled frag-
ment was subjected to a pre-association step (see Methods), using
cold S. pombe DNA, to block hybridization of any repetitive se-

quences on the probe to genomic DNA immobilized on nitrocellu-
lose. The sizes of the partial digestion fragments detected
allow one to deduce the sizes of neighboring fragments. Usually,
this is sufficient to locate the labeled fragment unequivocally.
The locations of fragments H and Q were defined in this way, and

both map to chromosome I. Recently, two genes, sds22 and sds23,
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which genetically map to the fragment H region, were cloned

(Ohkura, H. et al, unpublished results). Use of these clones as

hybridization probes confirmed the interpretation of the partial

digest pattern seen with labeled fragment H.

DISCUSSION

A Not I restriction map of the S. pombe genome was completed

using a variety of large DNA strategies (Table 1 and Figure 7).

Most of the Southern blotting data were double checked at both

Columbia University and Kyoto University. The fragment sizes

added together indicate that the size of the S. pombe genome is

about 14 Mb. This is somewhat smaller than the average of the

size estimates obtained by previous genetic and cytological stu-

dies (24-26). The sizes determined for the three S. pombe chro-

mosomes are I, 5.7 Mb, II, 4.6 to 4.7 Mb and III, 3.5 Mb. The

two large chromosomes are thus quite a bit smaller than earlier

size estimates (6,9,24).

This restriction map is the first complete restriction map

for any eukaryotic organism. Both high and low resolution re-

striction maps have been completed for E. coli (10,13) which has

a 4.7 Mb genome. The experiments described in the text show that

a low resolution restriction map may easily be completed for an

organism having a genome several times the size of E. coli. Thus,

the approaches discussed here can be applied to a wide variety of

organisms.
The analysis of large DNA molecules requires that their

sizes be known. Lambda phage concatemers can only be used to

size molecules up to about 1.2 Mb (23). The S. pombe chromosomes

themselves can now serve as size standards for DNA molecules up

to the size of chromosome I (5.7 Mb).
The existing Not I map will allow immediate access to any

segment of the genome that can be defined genetically or biochem-

ically. It can be used to indicate the occurence of large DNA

rearrangements. We are currently constructing an Sfi I map of

the S. poub genome. When coubined with Not I results, the phys-

ical map of this organism will be more detailed and more useful.

Any particular region of interest in S. pombe can now be easily

characterized by finer restriction mapping using indirect end
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labeling approaches from ends of Not I fragments. Probes for
such experiments can be generated from linking clones (17) by
using the half linking clone specific to the fragment.

The simplicity of the Not I map of S. pombe suggests that
this organism would be an excellent host for the cloning and
characterizing large mammalian DNA fragments, because it might be
relatively easy to distinguish any additional DNA pieces from the
normal S. poube genome. In fact, the recent demonstration that
S. pombe chromosome III can replicate in mammalian cells (1) sug-
gests this organism may be useful for developing a mammalian
large DNA cloning shuttle system.
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