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Abstract—We comment on the flexibility profiles calculated by Zeng et al., and show that these profiles do not represent the local
flexibility of the DNA molecule. If one takes into account the physics of elasticity, the averaged flexibility profile show an additional peak
which is missed in the original calculation. We show that it is not possible to calculate the flexibility of a 6-mer using tetranucleotide
elastic constants, the shortest sequence is a 7-mer. For 6-mers, dinucleotide or trinucleotide parameters are needed. We present
calculations for dinucleotide flexibility parameters and show that the same additional peak is present for both 7-mers and 6-mers.

Index Terms—Promoter analysis, DNA elasticity, flexibility profiles

Zeng et al., in their work on promoter recognition [1],
introduce an index which uses tetranucleotide flexibility
parameters obtained from Ref. 2. These flexibility param-
eter have the physical dimension of an elastic constant
per mol, see Eq. 1 in Ref. 2. As described in their Egs. (3—
5), Zeng et al. use a simple consecutive summation
of these elastic constants. Specifically, they use three
consecutive tetranucleotide parameters to calculate a 6-
mer index f

fi = tiits + tig1ita + tigo,ivs, (1)

where i is the starting position of the 6-mer in the
genomic sequence.

To understand how to obtain the elastic constant of
a longer sequence from shorter segments, one has to
imagine a DNA molecule as composed of a certain num-
ber of coupled springs. Since these springs are chained
tail-to-head to each other, it is possible to calculate an
equivalent elastic constant which represents the longer
molecule. For a 7-mer we would use two tetramers
with one overlapping position which is where the two
tetramers are chained together. It is therefore not pos-
sible to obtain a 6-mer elastic constant from tetramers.
Furthermore, it the equivalent elastic constant of a 7-
mer is obtained from the inverse summation of the
elastic constants of the two tetramers. A direct sum-
mation as proposed in Eq. (1) would be representative
of 3 tetramers in parallel which does not represent the
physical configuration of DNA elasticity. As a result, the
index f in Eq. (1) does not represent the elastic property
of an 6-mer but has become essentially an arbitrary
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index.

Nevertheless, the index f is built from elastic con-
stants. It is therefore legitimate to ask to which extent
does this index compare to a flexibility profile? To an-
swer this question we calculated the equivalent elastic
constants for 7-mers using the same human promoter
sequences from DBTSS (version 5.2.0) [3] and tetranu-
cleotide parameters from Ref. 1.

For a 7-mer the resulting equivalent elastic con-
stant ¢; 7 is calculated from tetranucleotide elastic con-
stants ¢; ; 13,
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where the subscripts i, j represent the start and end posi-
tion of the segment. Eq. 2 results from a straightforward
application of Hookes law and is easy to understand
intuitively. Given two coupled springs, say one soft and
the other rigid, the force exerted will deform much more
the softer spring. Overall, the chained springs are easier
to deform than each individually. Therefore, the resulting
equivalent elastic constant is dominated by the softer
part of the elastic constant. Using the same example as
in Egs. (4-5) of Ref. 1, the equivalent elastic constant of
a 7-mer becomes
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This highlights yet another problematic aspect of the
parameter f which is that the central part of the molecule
becomes over-represented.

Unavoidably, using either Eq. (1) or Eq. (2) will result
in different profiles. In Fig. 1la we show the profiles
recalculated from Ref. 1. Using Eq. (2) we observe ad-
ditional peak in Fig. 1b, close to transcription starting
position, which is missed altogether when using Eq. (1).
Interestingly, the region around —28 retains its rigid char-
acter even when the flexibility is calculated according
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to Eq. (2). This result is surprising and non-trivial since
Eq. (2) generally favours softer elastic constants. It also
confirms the interpretation from Zeng et al. that this
region is notably rigid when tetranucleotide parameters
from Ref. 2 are used.
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Fig. 1. Promoter profiles for the (a) 6-mer f-index, (b) 7-
mer equivalent elastic constant, and elastic constants
calculated using dinucleotide parameters for (c) 6-mers
and (d) 7-mer. The gray boxes show the width of a 6-mer
and a 7-mer sliding window.

The comparison of Figs. 1la and 1b raises two further
questions. The first question is whether the additional
peak in Fig. 1b does result from Eq. (2) or from a longer
sliding window? The next question is how should one
proceed to calculate profiles for 6-mers? Starting with
the second question, one way to obtain the elastic prop-
erties of 6-mers would be to use nucleotide parameters
of dimers or trimers. For instance, using dinucleotide
flexibility parameters one can generalise Eq. (2) for N-
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Figure 1c and 1d shows the flexibility profiles calculated
using dinucleotide elastic constants from Ref. 4. Both 6-
mer and 7-mer flexibility profile show nearly identical
results. Therefore, it seems reasonable to assume that the
missed peak of Fig. 1a results from the way the f index
is calculated and not from a shorter sliding window.
We take this opportunity to comment on the use of
flexibility parameters from different methods and exper-
iments [2], [4], as these provide some interesting insights
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into the flexibility properties of promoters. Packer et
al. [2] used data from X-ray diffraction measurements to
obtain their elastic constants. This type of measurements
probes essentially the static configuration of the DNA
molecule and from Fig. 1b one is lead to conclude
that the region around -28 should be largely rigid. On
the other hand, the parameters from Ref. 4 result from
melting temperatures and as such probe the dynamics
of the DNA molecule. In this case Figs. 1lc,d indicate
an exceptionally soft region around -28, in contrast to
Fig. 1b.

In conclusion, we show that the f-index is not the
appropriate representation of the elasticity of the DNA
molecule. However, this does not imply in its inade-
quacy for promoter recognition. Zeng et al. [1] showed
that the f-index is useful for promoter recognition and
this remains unchanged. Our finding only concerns the
interpretation of these results in terms of DNA elasticity,
and draws attention to the problems which arise when
comparing f-profiles with flexibility profiles.
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