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The features of the nucleotide sequences in both replication and promoter regions have been investigated in many organisms.
Intrinsically bent DNA sites associated with transcription have been described in several prokaryotic organisms. The aim of the
present study was to investigate intrinsic bent DNA sites in the segment that holds the chromosomal replication origin, oriC, of
Xylella fastidiosa 9a5c. Electrophoretic behavior analyses, as well as in silico analyses of both the 2-D projection and helical
parameters, were performed. The chromosomal segment analyzed contains the initial sequence of the rpmH gene, an intergenic
region, the dnaA gene, the oriC sequence, and the 5' partial sequence of the dnaN gene. The analysis revealed fragments with
reduced electrophoretic mobility, which indicates the presence of curved DNA segments. The analysis of the helical parameter
ENDS ratio revealed three bent DNA sites (b1, b2, and b3 ) located in the rpmH-dnaA intergenic region, the dnaA gene, and the
oriC 5' end, respectively. The chromosomal segment of X. fastidiosa analyzed here is rich in phased AT tracts and in CAnT
motifs. The 2-D projection indicated a segment whose structure was determined by the cumulative effect of all bent DNA sites.
Further, the in silico analysis of the three different bacterial oriC sequences indicated similar negative roll and twist >34.00°
values. The DnaA box sequences, and other motifs in them, may be associated with the intrinsic DNA curvature.
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Introduction

After the structure of DNA was solved (1), it was pro-
posed that DNA molecules could exist in several structural
conformations (2). The discovery of alternative structures,
such as curvature in the promoter and replication origins
that were either induced by the intrinsic DNA sequence or
produced by DNA flexibility, permitted the establishment of
a relationship between structure and function (3).

Intrinsic bent DNA sites are usually caused by adenine/
thymine-rich tracts that are in phase with helical repeat

~10.5 base pairs (bp) (4). Alternatively, flanking sequences
can have a significant influence on DNA conformation;
some curvatures have been described in the absence of A/
T (5).

Curved DNA sequences have been found at regulatory
sites, including prokaryotic (6) and eukaryotic (7) gene
promoters. It is known that the intrinsic curvature of DNA
plays an important role in cellular processes such as
nucleosome compaction (8), recombination processes (9),
fragile sites (10), tandem repeated sequences (11), repli-
cation origins (12,13), Scaffold/Matrix Attachment Regions
(S/MARs) (14) and MARs associated with replication ori-
gins (13,15).

Investigation of the nucleotide sequences of Archae-
bacteria has revealed that genomic DNA sequences of
replication initiation contain similarities, as described for
eukaryotes (16). The replication origins of prokaryotes and
lower eukaryotes are located in specific DNA sequences
that are always found at the same site of the chromosome.
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These sequences are by definition segments of DNA nec-
essary and sufficient for molecular replication (17). Specif-
ic protein-binding sequences in prokaryotic replication sites
can present conserved structural domains such as curved
DNA, which plays an important role in DNA replication (18).

Xylella fastidiosa 9a5c is a Gram-negative microorgan-
ism that causes citrus variegated chlorosis disease in
citrus trees (19). The complete genome sequence of strain
9a5c has been reported (20). The replication origin, which
controls the duplication of the single chromosome of X.
fastidiosa, contains AT-rich segments, five putative DnaA
box sequences (R1-R5), and a box of 24 nucleotides with
eight ACC repetitions (21). The box of 24 nucleotides
replaces the traditional box of 13 nucleotides reported for
the Escherichia coli chromosome (22). These regions are
important for both protein-binding and the opening of DNA
in the bacterial replication process. A report, which states
that the genetic transformation of X. fastidiosa 9a5c is
possible only with plasmids building from the chromo-
somal X. fastidiosa replication origin (21), suggests that
this oriC has an essential feature that other oriC lack. Thus,
the evidence implies that this chromosomal origin is es-
sential for the X. fastidiosa transformation system and is
structurally different from the E. coli origin consensus.
Thus, the aim of the present study was to map intrinsic bent
DNA sites in the X. fastidiosa replication origin by electro-
phoretic behavior and by in silico analyses. In order to
compare these results with other bacterial replication ori-
gins, we performed in silico analyses as 2-D projections
and evaluated the roll and twist helical parameters in the
oriC sequences of the X. fastidiosa strain Temecula1,
Bacillus subtilis, and E. coli.

Material and Methods

DNA fragments
The recombinant plasmids p16KdAori and p16Kori

were kindly provided by Patrícia B. Monteiro (Fundação
para a Defesa da Citricultura, Fundecitrus, Araraquara,
SP, Brasil). These plasmids contain DNA fragments that
include the replication chromosomal origin of X. fastidiosa
(21). The clone p16KdAori was constructed in a pBluescript
(pBS) plasmid, along with an insert of 4139 bp that con-
tains the X. fastidiosa ribosomal operon promoter (rop), the
gene for resistance to kanamycin (kanr), and a fragment of
1892 bp. This fragment contains the initial sequence of the
rpmH gene, a 141-bp intergenic region, the dnaA gene, the
oriC region, and 24 initial nucleotides of the dnaN gene.
The oriC fragment is restricted to the intergenic region
dnaA-dnaN with 296 bp. The p16Kori clone contains the
oriC within a 364-bp fragment. The recombinant plasmids

p16KdAori and p16Kori were transformed in DH5α E. coli
competent cells (23), and the plasmid DNA was purified by
the CTAB method (24) and/or by alkaline lysis (23). After
purification, the plasmids were cleaved with different re-
striction enzymes according to manufacturer instructions.

Electrophoretic analysis of fragments
The restriction subfragments were electrophoresed on

1% agarose gels (AGA) at room temperature and on 6%
polyacrylamide (PA) gels at 4°C without ethidium bromide
(EtBr). To confirm the presence of bent DNA, the samples
were incubated overnight with 1 µg/mL EtBr and electro-
phoresed on previously run 6% PA gels with 1 µg/mL EtBr
in the running buffer (PA + EtBr). EtBr acts locally between
base pairs, abolishing the intrinsic DNA curvature and
straightening the fragments (25). All gels were run in 1X
TBE buffer (45 mM Tris-borate, 1 mM EDTA, pH 8.0),
molecular weight marker 1-kb Ladder Invitrogen, stained
after running with 0.1 µg/mL EtBr, and documented with a
UVP BioImaging System, USA, under UV light. The gel
concentration, running time, and running voltage were
adjusted relative to the size of the fragments analyzed. The
mobility pattern of each fragment was obtained by the
calculation of the R-value (ratio of apparent/real fragment
size observed in each gel system). R-values between 0.90
and 1.09 indicate no alterations in mobility, those higher
than or equal to 1.10 indicate reduced mobility, and those
lower than 0.90 indicate fast mobility (14,26).

In silico analysis of the curvature
In silico analysis of the DNA sequence curvature pro-

vided results that are compatible with electrophoretic data
(18). In the present study, we used the dinucleotide wedge
model of Bolshoy et al. (27) to predict the 3-D path of the
1892-bp DNA segment. The 2-D projection and structural
parameters were calculated by Map15a and 3-D15m1
softwares (28), using the algorithm of Eckdahl and Ander-
son (18) and the helical parameters of Bolshoy et al. (27),
as described by Pasero et al. (11) and Marilley and Pasero
(29). Each plotted value takes into account the contribution
of the surrounding nucleotides. Putative bent segments
were identified using the ENDS ratio, which describes the
ratio of the contour length of a fragment helical axis to the
shortest distance between the fragment ends. The twist
angle (horizontal rotation between 2 consecutive bp), var-
iations of the roll angle (which estimates the rolling-open of
the base pairs along their long axes) and ∆G values, which
predict the stability of the DNA duplex, were calculated
with the Map15a software. These calculations used a 120-
bp window width and a 10-bp step for the 1892-bp seg-
ment, as well as a 30-bp window width and a 10-bp step for
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the oriC segments from X. fastidiosa 9a5c (NC_002488),
X. fastidiosa strain Temecula1 (NC_004556), Bacillus sub-
tilis (NC_000964), and E. coli (AC_000091).

By convention, if base pairs open toward the minor-
groove side, the roll angle is positive. Conversely, negative
roll angles that cause a narrow minor groove suggest a
bent region (30). The 3-D15m1 software was used to
obtain both the 2-D projection of the 3-D fragment trajec-
tory and the ∆G values.

Results

Electrophoretic mobility
Restriction fragments of the p16KdAori and p16Kori

clones were analyzed by electrophoresis on AGA gels, PA
gels, and PA + EtBr gels. On PA gels, the migration of DNA
fragments was dependent on both size and structure.

Fragments containing bent DNA segments migrated
through the mesh of this gel with lower or higher apparent
molecular sizes than expected from the fragment length. In
contrast, the migration of fragments through AGA gels,
which form an irregular mesh, is dependent only on their
size. The PA gels confirm the presence of bent DNA sites
in fragments. EtBr on these gels intercalates between the
DNA base pairs and the fragments, abolishing DNA curva-
ture, and thus the fragments have a regular mobility in this
gel. In the p16KdAori clone, the restriction enzymes EcoRI,
BamHI and XbaI did not cut the rop promoter sequence or
the kanr gene, keeping the remaining insert linked to the
pBS plasmid (Figure 1, black arrow on gels). Double diges-
tion with the BamHI + XbaI produced two subfragments:
one 997-bp fragment containing the initial sequence of the
rpmH gene, the 141-bp intergenic region, and part of the
dnaA gene, and a second 895-bp fragment that contains

Figure 1. Analysis of the electrophoretic
mobility of the oriC chromosomal seg-
ment from Xylella fastidiosa 9a5c. The
restriction map of the p16KdAori (7100
bp) clone is at the top. The numbers
above each fragment are the R-values.
White vertical and horizontal arrows indi-
cate fragments with reduced mobility, with
R-values ≥1.10; black horizontal arrows
represent a fragment that contains the
ribosomal operon promoter (rop) and the
gene for resistance to kanamycin (kanr ),
which remain linked to the plasmid
pBluescript (pBS) in this restriction en-
zyme cleavage. M = molecular weight
marker 1-kb Ladder; AGA = 1.0% aga-
rose gel; PA and PA + EtBr = 6% poly-
acrylamide gels without and with ethidium
bromide, respectively. The white rect-
angle on the PA gel corresponds to the
997- and 895-bp fragments which run to-
gether, because the 895-bp fragment has
a reduced electrophoretic migration (R-
value 1.10). Lane 1, BamHI (B) + XbaI
(X); lane 2, EcoRI (E) + BamHI (B) re-
striction sites.
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The 364-bp fragment (Figure 2, lane 1, white arrow), which
contains the X. fastidiosa oriC replication origin, presented
reduced electrophoretic mobility (R-value 1.12).

Bent structure
The sequence of the 1892-bp fragment was analyzed

with the Map15a software for helical curvature param-
eters, and with the 3-D15m1 software for 2-D projection.
The helical parameters of ENDS ratio, ∆G value, roll angle,
and twist angle confirmed the presence of the bent DNA
sites at the 160- (b1), 860- (b2) and 1570-bp (b3) positions
(Figure 3). The highest ENDS ratio value, 1.19, was ob-
served for the b1 bent DNA site within the 290-bp fragment
(BamHI/EcoRI). This site is located in the intergenic region
between the rpmH and dnaA genes, a region with a nega-
tive roll angle (-0.15) and a twist angle greater than 34.00°
(34.08°). The DNA bent site b2 was located at the end of
the 621-bp fragment. This site showed the smallest ENDS
ratio value 1.13, a twist angle of 34.11°, and a higher
negative roll angle of -0.34. The X. fastidiosa oriC replica-
tion site presented the bent DNA site b3, with an ENDS
ratio value of 1.16, a roll angle of -0.77 (the most negative

Figure 2. Electrophoretic mobility analysis
of the Xylella fastidiosa oriC. The restriction
map of the p16Kori clone is at the top. The
R-value of 1.12 is shown above the frag-
ment, which is indicated on the gels by
white vertical arrows; black horizontal ar-
rows indicate the plasmid pBluescript
(pBS). M = molecular weight marker 1-kb
Ladder; AGA = 1.0% agarose gel; PA and
PA + EtBr = 6% polyacrylamide gels with-
out and with ethidium bromide, respective-
ly; B = BamHI; S = SmaI restriction sites.

the 3' end of the dnaA gene, the oriC origin, and the initial
sequence of the dnaN gene (Figure 1, lane 1). On PA gels,
these two fragments migrate with the same mobility (Fig-
ure 1, lane 1, rectangle) because the 895-bp fragment has
a reduced migration (R-value 1.10, lane 1, white arrow).
This same clone was cleaved with the enzymes EcoRI/
BamHI (Figure 1, lane 2), and the 621-bp EcoRI subfrag-
ment presented normal migration on PA gels (R-value
0.90). The 290- and the 981-bp fragments had a significant
reduction of mobility on PA gels (Figure 1, lane 2, white
arrows), with R-values of 1.19 and 1.12, respectively.

The 981-bp fragment (Figure 1, lane 2), which is 86-bp
longer than the 895-bp fragment (Figure 1, lane 1), did not
show a total return to its real molecular weight on the PA +
EtBr gel. This effect may be due to transitory formation of
the alternative cruciform structures on the left side of this
segment. Structures other than bent DNA are not affected
by EtBr, which can explain the electrophoretic behavior
observed for the 981-bp fragment on the PA + EtBr gel.

The p16Kori clone was cleaved with the restriction
enzymes SmaI + BamHI (Figure 2, lane 1). The 1300- and
803-bp fragments contain the rop promoter and kanr gene.
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Figure 3. In silico analysis of the Xylella fastidiosa 9a5c oriC
chromosomal segment. The restriction map is at the top; it
contains the rpmH gene initial sequence, the 141-bp intergenic
region, the dnaA gene, the replication origin oriC, and the 5' end
sequence of the dnaN gene. The arrows indicate the start and
direction of genetic transcription. The intrinsic bent DNA sites at
the 160- (b1), 860- (b2 ), and 1570-bp (b3 ) position are shown.
The Map15a software, with 120-bp window width and a 10-bp
step, was used to calculate the helical parameters ENDS ratio,
∆G, roll angle, and twist angle.

supercoiling value), and a twist angle greater than 34.00°
(34.07°). The lowest ∆G value was observed for the bent
DNA site b3.

Negative roll angles, that cause a narrow minor groove,
suggest a bent region that, associated with a twist parameter
of >34.00°, indicates curved negative supercoiling DNA.
This structure has been reported to have high affinity for
proteins such as DnaA (31). These parameters suggest that
the bent DNA site b3 is actively involved in oriC activity.

The 2-D projection of the 1892-bp fragment was ob-
tained using the 3-D15m1 software (Figure 4), which al-
lows the visualization of the global structure of the frag-
ment produced by the cumulative effect of the bent sites
b1, b2, and b3. We observed low ∆G values (227, 219 and
207, respectively), which arise from the AT-rich tracts
(Figure 4, black rings). Five putative DnaA boxes (R1-R5)
and the eight ACC repetition box with 24 nucleotides
previously reported (21) are located in this region. The
rotation of the fragment sequence by 30° and 60° confirms
that the bent sites are important for the maintenance of the
shape of these fragments and should be essential for the
maintenance of the function of these regions.

Nucleotide sequence analysis
Intrinsic bent DNA sites occur in regions containing

tracts of adenine/thymine phased with the DNA helix turn
(~10.5 bp). The CAnT motif is located either in the center or
near the curvature and seems to be responsible for high
bent peak formation (7). For the analysis of the nucleotide
sequences in the bent DNA sites described in the present
study, we confirmed the DNA helix turn phasing of two or
more adenine/thymine tracts, which were located around
the sites, and the presence of the CAnT motifs. Figure 5
shows the three bent DNA sites, b1, b2, and b3, in which
the curvature peak is represented by a square. The b1 site,
located in the intergenic region between the rpmH and
dnaA genes, is flanked by CAnT motifs (double under-
lined). The b2 site, located inside the dnaA gene, is formed
by phased AT tracts (underlined) and by an upstream
CAnT motif (double underlined). The b3 site, located at the
5' end of the oriC, is also formed by A and/or T phased
tracts (underlined). The GATC motif (Figure 5, bold and
italic) was observed to be distributed in the sequence
analyzed.

A detailed analysis of the oriC replication origin in X.
fastidiosa shows the previously described AT-rich tracts
with 16 nucleotides (bold), five DnaA boxes (R1-R5), and
24 nucleotides of the ACC repetition box (bold and under-
lined). In the present study, we identified a motif containing
four tracts of six nucleotides called ATP-dependent DnaA
box (Figure 5, wavy lines) (32).

oriC DNA curvature
In order to confirm the structural aspects of oriC among

related prokaryotes, 2-D modeling of the 3-D DNA path,
the ENDS ratio, and the roll and twist helical parameters
were obtained for the nucleotide sequence of the replica-
tion origins from X. fastidiosa 9a5c, X. fastidiosa Temecula1,
B. subtilis, and E. coli (33). We used the Map15a software
to assess helical curvature parameters and the 3-D15m1
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Figure 4.Figure 4.Figure 4.Figure 4.Figure 4. 2-D projection of the 3-D trajec-
tory of the Xylella fastidiosa oriC chromo-
somal segment. The three intrinsic bent
DNA sites, at the 160- (b1), 860- (b2), and
1570-bp (b3) positions, indicated by the
of ENDS ratio (Figure 3) are shown. On
the left side of the figure, rings of different
sizes represent the free energy variation
(∆G), which predicts the stability of the
double helix. The larger gray rings repre-
sent higher ∆G values, and the small black
rings represent lower values. The oriC
replication origin is indicated by the pres-
ence of five DnaA boxes (R1-R5) and
eight ACC repetition boxes of 24 nucleo-
tides. The cube indicates the beginning of
the sequence and the planned direction of
the 2-D projection. The anticlockwise 30°
and 60° rotation of these fragments,
shown on the right side, confirms that the
three bent DNA sites are important for the
maintenance of the fragment shape.

Figure 5.Figure 5.Figure 5.Figure 5.Figure 5. Sequence analysis of the intrin-
sic bent DNA sites b1, b2, and b3. The
nucleotides on the peaks of the bent DNA
sites are within the rectangle. The initial
sequence of the rpmH gene (105 bp in
capital letters), an intergenic region of 141
bp (lower case letters), part of the dnaA
gene, the replication origin segment oriC,
and the initial sequence of the dnaN gene
(24 bp in capital letters) are indicated. Two
or more adenine/thymine tracts phased
with the DNA helix turn are underlined.
The CAnT motif, which can be observed
in the center or around the curvature, is
indicated by double underlining. Two
tracts of 16 AT-rich nucleotides are indi-
cated for the oriC (in bold). Motifs of the
six nucleotide consensus sequence for
the ATP-dependent DnaA box are repre-
sented by wavy lines, and the location
and direction of the five DnaA boxes (R1-
R5 in gray) are indicated. The ACC box
with 24 nucleotides is in bold and under-
lined. The five GATC repetitions are in
italic and bold. The oriC sequence starts 3
bp upstream of the center of the bent DNA
site b3 (star).
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to model the 2-D projection (Figure 6A-D, respectively).
For each origin, we identified the positions of the most
prominent curvature peaks with circles in the 2-D projec-
tion. The X. fastidiosa 9a5c origin sequence shows two
main peaks in the ENDS ratio: 1.06, located before the first
DnaA box at the 36-bp position, and 1.07, located between
the first and second DnaA boxes at the 117-bp position
(Figure 6A). The observed ENDS ratios for the X. fasti-
diosa Temecula1 origin were: 1.06, located before the first
DnaA box at the 36-bp position, and 1.07 located within the
second DnaA box at the 117-bp position (Figure 6B). For
B. subtilis, we identified two prominent ENDS ratio peaks
located at positions 90 and 147 bp. These two peaks show
the same ENDS ratio value of 1.04, with the first located

Figure 6. Figure 6. Figure 6. Figure 6. Figure 6. In silico analysis of the bacterial oriC. The nucleotide sequences from Xylella fastidiosa 9a5c (A), X. fastidiosa Temecula1
(B), Bacillus subtilis (C), and Escherichia coli (D) are described in DoriC, a database of the oriC region in bacterial genomes (33). The
3-D15m1 software was used for 2-D projection, and the helical curvature parameters (ENDS ratio, twist angle, and roll angle) were
calculated using the Map15a software with a 60-bp window width and a 10-bp step. The ENDS ratio positions are indicated by a circle
in the 2-D projection.

between the second and third DnaA boxes and the second
located after the third DnaA box (Figure 6C). The E. coli
origin (Figure 6D) shows three prominent ENDS ratio
peaks with 1.03 values, as well as two others with a value
of 1.02. The first, at the 90-bp position, is located between
the second and third DnaA boxes. The other four peaks (at
the 183-, 234-, 270-, and 315-bp positions) are located
after the third DnaA box.

The replication origins of these four organisms were
analyzed by the roll and twist helical parameter values
(Figure 6A-D). There is a predominance of negative roll
angle, in addition to twist values above 34.00°, at the same
position as the ENDS ratio peaks described for all oriC
analyzed.
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Discussion

Electrophoretic and in silico analysis revealed that the
1892-bp fragment analyzed in the present study, which
contains the chromosomal replication origin (oriC ) of X.
fastidiosa, showed intrinsic bent DNA sites. The R-values
(1.19, 1.12, and 1.10) are in accordance with all described
bent DNA sites, which are greater than or equal to 1.10
(34). The electrophoretic behavior of these fragments is
consistent with the 3-D modeling, which shows the pres-
ence of sequence-directed curvature.

In silico analysis of this fragment showed at least three
bent sites at the 160- (b1), 860- (b2 ), and 1570-bp (b3)
positions, all with ENDS ratio values higher than  1.11. The
b1 site is located in the promoter region of the dnaA and
rpmH genes, and can play a role in the transcription of
these genes. The b2 site is located inside the dnaA gene.
There is no explication for this location, since bent DNA
sites have only been described in promoters, intronic re-
gions, and replication origins (14). The b3 site is located in
the replication origin of X. fastidiosa and may be involved in
the replication process of this bacterium’s chromosomal
DNA. Regarding the bent DNA site b3, its relationship with
the dnaN gene promoter is difficult to establish because it
is located -293 bp from the starting point of this gene. It has
been reported that a bent DNA site upstream of the prokary-
otic promoter is always located at -50 to -200 bp (30).

ENDS ratio values of 1.15 or higher were defined as
indicative of bent DNA elements in the Bacillus thuringien-
sis chromosome, for which an average of eight ENDS ratio
values yielding a mean greater than 1.2 for each 10-kb
segment has been reported (35). However, ENDS ratio
values lower than 1.10 were reported for the Xenopus
laevis ribosomal intergenic sequence (36). On the basis of
these results, it is clear that the ENDS ratio value contri-
butes importantly to fragment curvature. Several peaks
with lower ENDS ratios can determine a strongly curved
segment. The length of the observed fragment and the
calculation parameters, such as the window width and the
interval steps, contribute to the establishment of the ENDS
ratio value (30).

The helical parameters twist and roll angles were also
evaluated for the replication origin of three additional bac-
terial oriC segments. We found negative roll angles rang-
ing from -0.15 to -0.76 for this region, as well as twist
angles ranging from 34.07° to 34.11°. These data show
negative roll angles and twist angles above 34.00°, in
agreement with curved regions with negative supercoiling,
as described for regions with high affinity for the DnaA

protein (31). According to Molina et al. (37), bending and
supercoiling are requirements for the creation of the unique
structure of oriC that allows the cell to initiate DNA replica-
tion correctly and at the proper time. Furthermore, it has
been reported that the SeqA protein in bacterial cells,
which represses DNA replication activity, promotes helical
changes in DNA structure that cause positive supercoiling
of the segment (38).

To support studies about bent DNA structure, atomic
force microscopy has recently been performed in the M13
plasmid replication origin (39), providing independent evi-
dence that this replication origin contains a stable bend.

The analysis of the 1892-bp fragment of the X. fasti-
diosa nucleotide sequence shows two or more adenine/
thymine tracts phased with the helical turn, located around
the bent DNA sites. Similarly, the CAnT motif can also be
found in DNA sequence-directed curvatures (40). Sequence
analyses of the three bent sites revealed a predominance
of stretches of multiple poly (dA) and poly (dT) tracts
around the bent sites, showing a periodicity of ~10 bp or
multiples of this value. It is also possible to observe five
GATC motifs, two of which are located in the replication
origin (oriC). It has been reported that the GATC motif also
contributes to intrinsic DNA curvature at oriC, and the
degree of bending is modulated by methylation (37). Fur-
thermore, we also identified tracts of six nucleotides, named
ATP-dependent DnaA box (32).

The results reported here show that the oriC of the
related prokaryotes X. fastidiosa 9a5c and X. fastidiosa
Temecula1 show great similarities in both their 2-D trajec-
tories and helical parameters for curvature. In the other two
bacterial oriC analyzed here, from B. subtilis and E. coli,
both the value of the ENDS ratio peaks and the 2-D
trajectory of the curvature increased.

The present study demonstrated that the X. fastidiosa
9a5c oriC has particular features such as intrinsic bent
DNA sites which induce a curved DNA structure in this
region. This structure is probably involved in the initiation
of DNA replication for this organism. Furthermore, in silico
analysis of three related bacterial oriC sequences showed
similar negative roll angles, as well as twist values greater
than 34.00°. A particular 2-D trajectory was observed for
each replication initiation segment.
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