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Short, specific DNA sequences called as Autonomously Replicating Sequence (ARS) elements function as plasmid as
well as chromosomal replication origins in yeasts. As compared to ARSs, different chromosomal origins vary greatly
in their efficiency and timing of replication probably due to their wider chromosomal context. The two
Schizosaccharomyces pombe ARS elements, ars727 and ars2004, represent two extremities in their chromosomal
origin activity – ars727 is inactive and late replicating, while ars2004 is a highly active, early-firing origin. To
determine the effect of chromosomal context on the activity of these ARS elements, we have cloned them with their
extended chromosomal context as well as in the context of each other in both orientations and analysed their
replication efficiency by ARS and plasmid stability assays. We found that these ARS elements retain their origin
activity in their extended/altered context. However, deletion of a 133-bp region of the previously reported ars727associated late replication enforcing element (LRE) caused advancement in replication timing of the resulting plasmid.
These results confirm the role of LRE in directing plasmid replication timing and suggest that the plasmid origin
efficiency of ars2004 or ars727 remains unaltered by the extended chromosomal context.
[Pratihar AS, Tripathi VP, Yadav MP and Dubey DD 2015 Chromosomal context and replication properties of ARS plasmids in
Schizosaccharomyces pombe. J. Biosci. 40 845–853] DOI 10.1007/s12038-015-9572-y

1.

Introduction

In eukaryotes, DNA replication initiates at multiple sites
called origins during the S phase of the cell cycle. In
yeasts, specific small DNA sequences called as Autonomously Replicating Sequence (ARS) elements (reviewed
in Campbell and Newlon 1991) function as replication
origins in plasmids as well as in chromosomes. ARS elements
can be identified by cloning and transformation analysis (also
called ARS assay) as plasmids bearing them transform yeast cells
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at a high frequency (Hsiao and Carbon 1979; Stinchcomb et al.
1979). All ARS elements function as replication origins on
plasmid but only a subset of them functions as replication origins
in their chromosomal context. The reasons behind this are not
well understood yet (Dubey et al. 1991; Newlon et al. 1993;
Friedman et al. 1997; Linskens and Huberman 1988). In many
cases, probably the replication forks emanating from nearby
efficient, early-firing origins pass through the weak, late-firing
origins before the latter get a chance to fire (reviewed in Masukata
et al. 2004).
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Saccharomyces cerevisiae ARS elements are small (~100
to 150 bp) in size and they contain three functional domains
A, B and C. Domain A contains an 11-bp conserved ARS
Consensus Sequence (ACS) flanked by an easily unwound,
A+T-rich domain B (DNA unwinding element, DUE) at the
3′ end of its T-rich strand. Domain C has less sequence
specificity as it varies from ARS to ARS (Marahrens and
Stillman 1992). The ACS, which contains the recognition
site for the binding of a complex of six initiator proteins, the
Origin Recognition Complex (ORC; Bell and Stillman 1992;
Diffley and Cocker 1992; reviewed in Raghuraman and
Brewer 2010) and the DUE (Natale et al. 1993) are essential
for the origin activity.
In Schizosaccharomyces pombe, ARS elements are severalfold larger (reviewed in Masukata et al. 2004) than those of
S. cerevisiae and have no functionally conserved DNA sequences
except that they are rich in A + T content (As on one strand and Ts
on the other strand), which seems to be critical for their activity
(Zhu et al. 1994; Clyne and Kelly 1995; Dubey et al. 1996;
Okuno et al. 1999; Segurado et al. 2003; Dai et al. 2005). While
all the tested origins function as ARS elements in S. cerevisiae, the
relationship between ARS elements and chromosomal origins
appears to be different in S. pombe as its many origins do not
function as ARS elements (Dai et al. 2005; Dubey et al. 2010).
Also, S. pombe chromosomal origins show a greater extent of
variability in their activity as compared to S. cerevisiae origins and
majority of them are inefficient, firing in only a small fraction of a
cell population (reviewed in Masukata et al. 2004). ars2004 on the
left arm of chromosome II of S. pombe is a strong chromosomal
and plasmid origin which fires early in S phase while ars727 on
the right arm of the same chromosome is not active as a chromosomal origin but fires late in S phase when in a plasmid (Kim and
Huberman 2001; Yompakdee and Huberman 2004). A 200-bp
stretch of DNA containing a cluster of three close matches of a
10-bp, G-rich late consensus sequence (LCS) has been found to
enforce late replication timing on ars727 as well as another, earlyreplicating origin ars3001 in plasmid context (Yompakdee and
Huberman 2004). It has been recently shown that the chromosomal replication timing changes from early to late within 10 kb
of ars727 suggesting its involvement in delaying replication
timing in chromosomes also (Dubey et al. 2010). To study the
effects of chromosomal context on origin activity, we planned to
switch chromosomal locations of ars2004 with ars727 with or
without the late replication enforcing region (LRE).
We have made 12 clones for this purpose by PCR based
multistep, directional cloning and analysed their replication properties by yeast transformation and mitotic stability assays. Here,
we report that these ARS elements function efficiently irrespective
of their context and orientation. Using cell synchronization and a
two-dimensional electrophoresis (2D) technique, we show that the
deletion of a shorter version of the LRE from the extended ars727
results into an advancement of its replication timing suggesting a
similar role of LRE causing chromosomal inactivity of ars727.
J. Biosci. 40(5), December 2015

2.

Materials and methods
2.1

Strains and media

For all cloning experiments, Escherichia coli DH5α cells
were grown in Luria-Bertani medium supplemented with
100 μg/mL ampicillin at 37°C. All solid media contained
2% agar. The S. pombe strains D18 (ura4-D18 leu1-32 end1
h–) and cdc25 (cdc25–22 ura4-D18 leu1–32 h+) were used
for transformation assays. For yeast transformation, D18 and
cdc25 cells were grown at 30°C and 25°C in YES supplemented with 150 mg/L each adenine, leucine and uracil.
After transformation, D18 and cdc25 cells were plated onto
EMM medium without uracil and incubated at 30°C and
25°C, respectively.
2.2

Construction of plasmids

Multistep cloning strategy was used. The plasmids pGEM-T,
pTZ57R/T and pBluescript SK+ were used as cloning vectors.
The sequence data of chromosome II (GeneBank:
CU329671.1) and III (GeneBank: CU329627.1) were
downloaded from NCBI nucleotide data base. The regions on
chromosome II from 1544265-1546546 (ars2004 region), from
3379000-3381366 (ars727 region) and on chromosome III from
115348-117107 (ura4 region) were selected for the present
study (figure 1). To amplify different fragments of the selected
regions, total 20 primers with 5′ overhangs were designed using
primer 3 software tool (Supplementary table 1) and the restriction maps of these regions were prepared with the help of NEB
cutter V 2.0 and software pDRAW32-V 1.0 (freely available at
www.acaclone.com). Sequence editing was done with the help
of BioEdit Sequence Alignment Editor V 7.0 (Hall, 1999). First,
total eleven genomic DNA fragments, four from the ars2004
region (two left-flanking, one ARS containing and one rightflanking), six from ars727 region [two left-flanking, two ARS
containing (with and without LRE) and two right-flanking (with
and without LRE)] and one containing the ura4 gene, as shown
in figure 1, were PCR amplified and cloned in pTZ57R/T or
pGEM-T vectors making eleven primary clones. Different fragments flanking each ARS, and, the ura4 gene were brought
together in the subsequent cloning steps resulting into three
context clones, p41U2R, p71U2R and p71U2RLcs (figure 2).
Finally, ars2004 and ars727, the latter with and without LRE,
were ligated in forward and reverse orientations into the XhoI
site of the context vectors resulting into the twelve final clones
(figure 2).
2.3

ARS assay and mitotic stability

A modified lithium acetate protocol (Gietz et al. 1992) was
used to transform D18 S. pombe cells. 4×106 and 2×107 cells
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Figure 1. Chromosomal locations of ars2004, ars727 and the ura4 gene containing regions selected for making the PCR based constructs
containing ars2004 and ars727 in their extended/switched chromosomal contexts. The thin black lines represent different PCR amplified
fragments (41, 42 and 71, 72 are the first and second left-flanking fragments and 4R and 7R are the right-flanking fragments to ars2004 and
ars727, respectively) and the small black boxes at their ends represent the locations of the primers. The green bar marked as LRE shows the
location of the 133-bp region of the 200-bp Late Replication Enforcing region associated with ars727 (Yompakdee and Huberman 2004).

equivalent respectively to 8 ng and 40 ng DNA, were
plated on uracil lacking EMM plates for selection. Photographs of the plates with the transformants were taken
and the colonies were counted after 5–7 days of incubation at 30°C. pars3002 (Kim et al. 2001), a plasmid
containing S. pombe ura4 gene as a selectable marker

and extended ars3002, renamed here as p3002, was used
as the positive control. p41U2R, p71U2R and
p71U2RLcs (see figure 2), the plasmids made in this
study that contain the ura4 gene and the flanking regions of ars2004 and ars727 (with and without LRE) but
no ARS were used as negative controls.

Figure 2. The strategy used for cloning different fragments amplified from ars2004 (A) and ars727 (B) regions. The fragments flanking
ars2004 (41, 42 and 4R) are shown in blue, ars2004 in red, ura4 gene in orange, the fragments flanking ars727 (71, 72, 7R and 7RL) in
brown, ars727 in dark green and LRE in light green colour. The sizes of different fragments are indicated in base-pairs in parentheses. The
different unique, terminal, PCR-generated restriction sites used for cloning each fragment are indicated (Eg=EagI, Bg=BglII, Xb=XbaI,
Xh=XhoI, Ap=ApaI). The three context clones, p41U2R, p71U2R and p71U2RLcs were used to make the final 12 clones named p44F,
p44R, p47F, p47R, p47FL, p47RL, p74F, p74R, p77FL, p77RL, p74FL and p74RL, as indicated.
J. Biosci. 40(5), December 2015
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Mitotic stabilities of different clones were determined
as described (Dubey et al. 2010) except that the cells
were grown in selective medium for 4 days at 30°C and
then 400 cells were plated on both selective and nonselective plates and the colonies were counted after 5
days.
2.4

DNA isolation

The plasmid DNA was isolated using the standard alkaline
lysis protocol (Sambrook et al. 1989). For PCR, genomic
DNA preparation from the 972h– S. pombe cells was done
using the smash and grab method (Hoffman and Winston
1987). For 2D analysis, high quality total DNA from
temperature-synchronized cells was isolated by CsCl gradient centrifugation using the protocol of Huberman laboratory
(Huberman et al. 1987).
2.5

2.7

Two-dimensional gel analysis

15 μg of total DNA from each time point was digested
with 8-fold excess of ApaLI and BglII enzymes (New
England Biolabs). Neutral/neutral 2D gel electrophoresis
was carried out as described (Brewer and Fangman
1987). The DNA was transferred to Zeta Probe-GT
membrane (BioRad) using alkaline transfer method and
the membrane was hybridized with α32P-dATP labelled
937-bp XbaI-StuI fragment of the ura4 gene. Autoradiograms were obtained as 8-bit TIFF files on GE Typhoon
Trio+ PhosporImager and final images processed using
ImageJ and Adobe Photoshop 7 soft-wares.

Analysis of DNA duplex destabilization

We have determined duplex destabilization properties of
different plasmid constructs made in this study using
WEBTHERMODYNE (Huang and Kowalski 2003) and
WEBSIDD tools (Bi and Benham 2004). While the former
is based on the local A+T content only, the latter takes into
account denaturing behavior of all the adjacent base pairs
experiencing superhelical stress as it occurs in vivo in a
topologically constrained domain. The conditions for the
analysis of stress-induced duplex destabilization (SIDD)
and the basis of computation have been described
(WEBSIDD manual).
2.6

at 30% amplitude. 300 μL of 50 mM sodium citrate
containing 2 μM SYTOX Green (Molecular probes)
were added. Cell cycle analysis was done using FACS
Calibur and CellQuest Pro software.

Cell synchronization and Cell cycle analysis

For synchronization, cdc25 cells transformed with different plasmids were grown in uracil negative EMM medium at 25°C to a cell concentration of 0.5×107 cells/mL.
The cells were blocked at G2/M boundary by shifting
them to 36°C for 4 hours and then released by bringing
them back to 25°C. 200 mL cells were harvested at 6
time points (log phase cells and 0, 100, 120, 140 and
160 min post release) for genomic DNA preparation for
2D analysis. 600 μL of cells from each time point were
fixed in 70% ethanol and stored at 4°C for cell cycle
analysis. Fixed cells were spun at 10,000 rpm for 2 min
at room temperature and then re-suspended in 500 μL of
50 mM sodium citrate, vortexed vigorously for 30 s at
top speed and then centrifuged again. The supernatant
was discarded and the cells were re-suspended in 300
μL of 50 mM sodium citrate and 100 μg/mL RNaseA
and incubated for 2–3 h at 37°C. Just before FACS
analysis, samples were vortexed and sonicated for 10 s
J. Biosci. 40(5), December 2015

3.

Results and discussion

To study the effect of the chromosomal context on
replication origin activity and replication timing of
ars2004 and ars727, our first goal was to make context
specific clones containing the ura4 gene as a selectable
marker. This was achieved by PCR based multistep,
directional cloning as mentioned in materials and
methods and shown in figure 1 and figure 2. At each
step, at least five clones were confirmed by diagnostic
digestions with restriction enzymes in view of the possible errors introduced by PCR. Finally, 12 clones were
prepared as per the scheme shown in figure 2 and
confirmed by diagnostic restriction digestions (supplementary figure 1) as well as by sequencing. In these
clones 951-bp ars2004 and 697-bp ars727 are present in
both orientations and they are flanked by their own
context or the context of each other with or without
the 133-bp LRE (please see the Materials and methods,
figure 2 and supplementary table 1, for details). In all of
them, the selectable marker, ura4 gene, is present nearly
500 bp away from the core ARS elements at their left
side such that it transcribes away from the ARS. This is
important because transcription towards the ARS could
have a negative effect on its origin activity. Each of
these clones were given a four or five character name
with the first letter p for plasmid, the second and third
digits respectively for the context and the ARS (4 for
ars2004 and 7 for ars727), the fourth letter for orientation (F for forward, natural orientation and R for reverse
orientation), and the fifth letter L showing the presence of the
LRE. Thus, the six clones made in the context of ars2004 and
named as p44F, p44R, p47F, p47R, p47FL and p47RL differ

ARS plasmids in S. pombe
from each other only in the ARS, its orientation and the
presence/absence of LRE. Similarly, the six clones made in
the context of ars727are named as p74F, p74R, p77FL,
p77RL, p74FL and p74RL (figure 2; supplementary table 2).
To test the activity of ars2004 and ars727 in these new
constructs, we determined their ARS activity by
transforming them into D18 S. pombe cells. Figure 3A
shows the average relative transformation efficiencies (relative to the transformation efficiency 1 of the positive control,
p3002) of all the new clones as deduced from three separate
experiments. The three context specific clones, p41U2R,
p71U2R and p71U2RLcs, which lack the ars2004 and
ars727 fragments, failed to transform S. pombe cells suggesting a total lack of ARS activity. We used Student’s t-test
(P≤0.05) for statistical analysis of the transformation results
in different ways. As compared to the positive control,
p3002, all different ars2004- and ars727-containing plasmids
showed slightly reduced transformation efficiency.
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However, the plasmids with the same ARS in different
orientations with or without LRE showed similar transformation efficiencies suggesting that both, ars2004 and ars727
retain their origin activity in these plasmids irrespective of
their flanking sequences, orientation and presence or absence
of LRE.
As another measure of ARS efficiency, we determined
mitotic stability of these plasmids. Three transformants for
each plasmid were grown in selective liquid medium and equal
number of cells was spread on selective and nonselective
plates. The ratio of cells growing on selective and nonselective
plates was determined after growing them at 30°C for 5 days.
The results obtained from two sets of experiments suggest that
the mitotic stabilities of all the 12 plasmids are somewhat
lower than the control plasmid, p3002 (table 1; figure 3B).
The statistical analysis using t-test (P≤0.05) suggests the lack
of any significant effect of the chromosomal context, orientation and presence of LRE on mitotic stability. Therefore, on the

Figure 3. (A) Relative transformation efficiencies (relative to the transformation efficiency 1 of the positive control, p3002) of different
plasmids containing ars2004 and ars727 in two different contexts in opposite orientations. Standard deviations are indicated. The three
context plasmids, p41U2R, p71U2R and p71U2RLcs did not produce colonies and served as negative controls. In three different
transformation experiments, cells equivalent to 8 ng and 40 ng DNA were used for plating. (B) Mitotic stabilities of the same plasmids
was determined by growing three transformants on selective medium, plating equal number of cells onto selective and non selective plates
and calculating percentage of cells that retained plasmids. Standard deviations are indicated.
J. Biosci. 40(5), December 2015
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Table 1. Mitotic Stabilities of different plasmidsNIL: No data due to plate contamination.
Mitotic stability (% cells retaining plasmids after each cell division)
Experiment 1

Experiment 2

S.No.

Plasmids

1

2

3

1

2

3

Average

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

p3002
p44F
p44R
p47F
p47R
p47LF
p47LR
p77F
p77R
p74F
p74R
p74LF
p74LR

85.07
70.00
69.08
70.11
63.33
77.01
64.09
NIL
66.01
74.38
60.17
69.66
66.55

87.5
71.56
72.09
69.01
65.45
70.45
51.11
56.33
57.08
68.7
63.02
65.11
63.33

80.5
76.92
75.06
70.83
63.66
58.3
63.02
55.11
54.04
65.09
65.88
63.46
62.77

64.02
NIL
61.18
55.00
64.11
65.71
65.02
54.09
55.12
57.77
60.12
53.81
69.63

67.81
60.25
69.33
53.05
65.09
62.22
55.40
44.72
54.01
56.66
59.2
64.53
63.88

68.00
59.09
43.21
52.55
67.09
64.00
66.99
69.8
NIL
54.82
58.07
72.48
63.45

75.48
67.56
64.99
61.76
64.79
66.28
60.88
56.01
57.25
62.9
61.17
64.84
64.94

basis of the transformation and mitotic stability assays, we
conclude that ars2004 and ars727 retain their activity irrespective of their extension, altered context, orientation and the
presence of the LRE.
Due to the lack of any conserved nucleotide sequences,
ARS elements of S. pombe are not well defined unlike those
of S. cerevisiae. However, the presence of some nearby
regulatory sequences capable of modulating origin activity
has been reported earlier in S. pombe. The replication enhancer associated with ars3002 of the ura4 origin region on
S. pombe chromosome III has been characterized to some
extent (Kim and Huberman 1999; Kim et al. 2001). It has
also been noticed that a reduction in size of some other ARS
elements results into increased transformation frequency
(Okuno et al. 1997; Yadav and Dubey, manuscript in
preparation) suggesting the presence of some inhibitory sequences, yet to be defined. Our results imply that the 951-bp
ars2004 and the 697-bp ars727 contain all the information
necessary for supporting efficient plasmid replication and
extending these ARS elements or changing their immediate
context has no significant effect on their plasmid origin
efficiency. It clearly rules out the possibility of the presence
of any negative regulatory sequence element near ars727
causing its dormancy in the chromosome.
In view of the earlier report that the transformation frequency of S. cerevisiae ARS elements is proportional to the
ease of DNA unwinding (Natale et al. 1993), we analyzed
the unwinding properties of the new clones. Using the
WEBSIDD tool we have recently found that the origins are
the most destabilized regions in fission yeast genome (Yadav
et al. 2012). The results of the helical stability analysis show
that although the three context plasmids which lack ARS
J. Biosci. 40(5), December 2015

activity also contain one or more low SIDD valleys (unstable
regions), whenever present, the ARS elements are the most
unstable regions in these plasmids (Supplementary figure 2).
In spite of the presence of low SIDD regions comparable to
those in their ARS-containing counterparts, the context plasmids failed to transform S. pombe cells. This is consistent
with the fact that specific sequences, the ARS elements, are
required for the plasmid origin function in fission yeast. The
asymmetrical As and Ts present in these ARS elements are
known to bind SpOrc4p, one of the initiator proteins (Lee
et al. 2001). In absence of these binding sites the presence of
easily unwound region alone is not sufficient for the ARS
activity. It appears that the initiation of plasmid replication in
fission yeast differs from that in mammalian cells in which
the presence of a SIDD point alone is sufficient for an
aberrant origin function under certain conditions (Potaman
et al. 2003).
To test the effect of LRE on replication timing of p77FL,
the plasmid containing the extended ars727, we deleted a
133-bp region (figure 4A) containing all three LCSs
(Yompakdee and Huberman 2004) from p77FL by replacing
its XhoI fragment with the XhoI fragment of p47F and named
the new plasmid as p77F. S. pombe cdc25 cells were transformed with p77FL and p77F. Transformed cells were temperature synchronized in G2 and released for different time
periods before harvesting for cell cycle profiling and replication timing analysis by 2D gel electrophoresis as described
in materials and methods (see sections 2.6 and 2.7). As
shown in figure 4B, the S phase started at about 100 minutes
post release and finished at 160 min for both the cells
transformed with these plasmids (figure 4B, second and
fourth columns). In cells transformed with p77FL, the signal
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Figure 4. Deletion of a 133-bp region results into advancement of plasmid replication timing in S phase. (A) Nucleotide sequence of the
200-bp LRE showing the locations of three LCSs (underlined) and the 133-bp deleted region (in bold). (B) Cell cycle progression and
replication timing analysis of the plasmids, p77FL and p77F in cdc25TS cells. The plasmids are shown on the top. The FACS profiles of
cells transformed with p77FL (second column) and p77F (fourth column) are shown. The cells are grown at 25°C, arrested at G2/M border
for 4 h at 36°C and released by bringing back to 25°C. For FACS analysis, samples were collected at 0, 100, 120, 140 and 160 min post
release time points. The first and third columns show the results of 2D gel analysis with the replication intermediate (RI) signals marked by
arrows. The 937-bp XbaI-StuI fragment of ura4 gene (thick blue line) was used as probe to detect the large ApaLI-BglII plasmid fragment.
Note the maximum RI signal at 140 min time point for p77FL (first column) while p77F shows significant RI signal at 100 min time point
which peaks at 120 min (third column).
J. Biosci. 40(5), December 2015
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from Y-shaped replication intermediates (RIs) appeared first
at 120 min time point, peaked at 140 min and disappeared
after 160 min post release (figure 4B, column 1). On the
other hand, for p77F, the RI signal appeared first at 100 min,
peaked at 120 min and disappeared after 140 min time point
(figure 4B, column 3). This clearly shows that the replication
timing of p77F is advanced in the absence of the 133-bp
LCS-containing region suggesting its role in determining the
late replication timing of p77FL. The absence of the characteristic bubble arc from an origin containing fragment could
be due to many reasons. First, the bubble arc signal is best
detected when the ARS element (more precisely, the initiation site) is located in the centre of a restriction fragment and
the opposite forks move nearly at the same rate. Here, ars727
is not centrally located. Second, the initial half of the RI Yarc signal is lighter as compared to its later half part suggesting faster replication through this region. A similar situation has also been reported previously for ars727 containing
chromosomal fragments (see figure S2 in Dubey et al. 2010).
This might also contribute to the absence of the bubble arc
signal. Furthermore, in S. pombe cells, plasmids with single
weak origins (most of the origins are weak in S. pombe) tend
to multimerize so as to have many origins one of which can
fire during S phase. Consequently, most of the RI signal
comes from Y-shaped molecules. For the same reason,
Yompakdee and Huberman (2004) also got predominantly
Y arc signals from mono-ARS plasmids. Nevertheless, our
conclusion about the effect of LRE on replication timing
remains unaffected.
Taken together, the results of this study suggest the absence of any other auxiliary regulatory sequences flanking
ars2004 and ars727 except the replication timing controlling
LRE which has been earlier confined to a 200-bp region of a
~820-bp version of ars727 (Yompakdee and Huberman
2004). These authors concluded that the three matches of a
10bp LCS interacted with each other and with the rest of
LRE and were crucial in enforcing late replication timing on
a bi-ARS plasmid. They also found that the deletion of the
two sub-fragments of LRE, regions A and B (100 bp each),
caused an advancement of replication timing of the resulting
plasmid without affecting its ARS activity. Here we show
that the deletion of a 133-bp region encompassing the three
LCSs has a similar effect on replication timing of the extended ars727 in a plasmid. The lack of any noticeable effect
of LRE on ARS activity of the different plasmids used in this
study including those containing ars727 suggests that the
regulatory sequences in LRE do not overlap with the ARS
sequences contained in the 697-bp ars727 which are sufficient for ARS activity and that they are separable from each
other (Yompakdee and Huberman, 2004, this study). This
strongly suggests the possibility of the involvement of LRE
in delaying replication timing of ars727 and, consequently,
causing its passive replication by forks moving in from the
J. Biosci. 40(5), December 2015

nearby early-firing origin(s) in the chromosomes as envisaged by Dubey et al. (2010). An alternate possibility of the
wider chromosomal context of ars727 being not permissive
for origin activity is ruled out on the basis of these results.
Earlier, similar cis-acting sequences affecting replication
timing, albeit in an opposite manner, have been reported in
S. cerevisiae (Pohl et al. 2013). Whether the LRE functions
similarly in the chromosomes remains to be determined. To
find out its actual role in determining replication timing in
the chromosome, many of the plasmid constructs made in
this study have been used to make new S. pombe strains in
which the chromosomal locations of ars2004 and ars727 are
switched with or without the 133bp region. The replication
timing analysis of ars2004 and ars727 in these strains is in
progress (Tripathi and Dubey, unpublished results).
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