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Abstract- Earlier study on thymine distribution in coding frames of mRNAs reveals that frame 1 prefers to have a defined number of thymine.
The same in untranslated regions (UTRs) are further looked in to check this distribution in different frames. The results reveal that there is no
such preference over the thymine distribution in different frames. Also confirms the earlier report of defined number of thymine in different
frames of coding regions.
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Introduction
The essential literature on untranslated regions is now available in
digital form globally. A review on functional characterization of eukaryotic mRNA untranslated regions is available [3].
During protein synthesis the initiation of translation mainly dependent on regulatory elements present in untranslated regions (UTRs).
The regulatory proteins bind to these regions and initiate the synthesis. The synthesis can either be activated or suppressed by mutation in UTRs. The up or down regulation of synthesis can cause
disease [10]. This well ordered UTR regions influence the rate of
translation. A comparison of single gene in different species on
UTR and coding regions are reported [5]. There are functional
RNAs which are again expressed by the regulatory elements [2].
Palanivelu and coworkers have developed tool for prediction of
patterns present in UTRs [6].
The role of thymine in different frames mRNA sequences are reported by us [1]. It reports that the thymine in protein coding
mRNAs is distributed with preference. Particularly the frame1 prefers to have definite amount of thymine. This is because of the thymine in frame 1 refers to codon XTX (where X stands for A, T, G or
C) which codes for large hydrophobic residues which again responsible for adding carbon adequately [4,9]. Further reduction in thymine is observed [7] which are responsible for hydration of proteins
during evolution [8]. Our question is, whether the thymine distribution is same in frames of UTRs as in the case of coding mRNAs?
This has been addressed here.
Methodology
The [Fig-1] gives the details on different regions of mRNAs. The
5’UTRs are just before the start codon and the 3’UTRs are immedi-

ately after stop codon. The regions between start and stop codons
are coding regions.

Fig. 1- Representation of coding sequence (CDS) and untranslated
regions (UTRs)
The mRNA sequences of human are taken in genbank format from
NCBI and extracted the 3’UTR, 5’UTRs and coding sequences
using WIBR UTR extractor (http://jura.wi.mit.edu/bioc/tools/utrs/).
The thymine content in all 6 frames of different sequence is computed using XTX tool available online. It tabulates the number of thymine in all six frames plus the total number of nucleotides. From
this table the fraction of thymine in each frame is computed. This
calculation is carried out for all sequences of different regions and
species. In fact 100 sequences are taken from each species and
computed in one go by using modified version of XTX tool called
DNAFRAME. The mean and standard deviation of the thymine fraction in different sequences are calculated using in house software.
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The mean value is taken as thymine fraction in that particular frame.
In a particular frame, the variation in thymine content in different
sequences is calculated using standard deviation value. This is
carried out for all frames, regions and species. The values are tabulated as shown in [Table-1] and plotted graph for comparison. The
results on species comparison are not given here as it is not the
focus of this research work.

ence of thymine fraction in different frames of UTRs. As discussed
earlier [1], frame 1 and 4 are having higher thymine fraction while
frame 3 and 6 least fraction. The fraction of thymine in frame 1 is
~0.09. A preliminary result on comparison of this fraction in different
species gives the same values. A complete result on this value will
be published elsewhere.

Table 1- The mean thymine fraction in different frames of different
regions is shown
Frame Number
1
2
3
4
5
6

5' UTRs
0.055
0.062
0.061
0.056
0.061
0.063

Coding
0.084
0.066
0.054
0.1
0.081
0.056

3' UTRs
0.088
0.089
0.091
0.09
0.09
0.088

Results and Discussion
Our earlier work on this topic concluded that frame 1 of coding
mRNA sequences prefers to maintain definite amount of thymine in
order to translate adequate number of large hydrophobic residues
to maintain required carbon content in the corresponding protein.
This result is confirmed again here. Beyond that what happens in
thymine distribution in pre(5’UTRs) and post(3’UTRs) coding sequences? To compare this in UTRs, hundred UTRs (both 3’ and 5’)
human mRNAs are taken. These extracted 3’UTR, 5’UTR and coding sequences are grouped into different file and thymine contents
were analysed.
The thymine fraction (thymine in frame1 divided by total number of
bases) in all these hundred sequences are computed and grouped
based on thymine content as shown in [Table-2]. From this a plot
[Fig-2] of thymine fraction versus number of sequence is obtained.
The fraction (0.09 here) at frequent number of sequence is taken as
the probable thymine content in the frame. This fraction is computed as distribution mean. This calculation was repeated for each
frame of CDS and UTRs. The fraction obtained is tabulated as
shown in [Table-1].
Table 2- Number of sequences with different fractions of thymine in
one frame is shown as example
Thymine Fraction
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
0.11
0.12
0.13
0.14

No. of Sequence
0
1
1
1
3
6
8
16
28
17
10
7
1
1

A graph showing this variation of thymine in different frames in different regions is obtained as shown in [Fig-3]. The blue line (♦)
indicates the thymine fraction in different frames of 3’ UTR. Similarly
the 5’UTR and coding regions are shown in brown (■) and green
(▲). The variation in thymine fraction in different frames is observed in coding regions and not in UTRs. Mild variation may be
discussed in 5’UTR compared to 3’UTR. Overall there is no prefer-

Fig. 2- Graph showing number sequences at different fraction of
thymine.

Fig. 3- Thymine fraction in different frames of human 3’UTRs,
5’UTRs and coding regions.

Fig. 4- Thymine fraction variation in different frames of 3’UTRs,
5’UTRs and coding regions as calculated from standard deviation.
One can calculate the standard deviation of the distribution curve.
[Fig-2] shows the distribution of data set. If the distribution curve is
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narrow, then the standard deviation will be less. In biological term
the particular frame prefers to have single specific fractional value.
Other side the broad curve indicates the variable fraction of thymine
in the frame. So the standard deviation value for each frames of
different regions are computed and tabulated as shown in [Table-1].
Again the graph obtained for this number is shown in [Fig-4].
Overall the coding regions have less standard deviation compared
to UTRs with exception to frame 2 & 6. This exception is due to the
thymine in frame 2 and 6 does not alter the translation of amino
acid in the protein. As the standard deviation is less in frame 1, 3, 4
and 5 of coding sequence, it try to maintain defined number of thymine for protein translation. Frame 3 has the least standard deviation. This may be important for protein translation. That is frame 3
should have less defined number of thymine. Any adjustment in
thymine content in frame 2 and 6 can be tolerated.
Generally the standard deviation is high in 5’UTR, stating that least
preference of thymine distribution in different frames. That is varying number of thymine observed in different frames. To be specific,
it can be any number in any frame. Compared to 5’UTR, the 3’UTR
has less standard deviation. From the mean and standard deviation
calculation of distribution, it is observed that high variation of thymine fraction in different frames is observed in coding regions while
it is minimal in 5’UTR and no variation in 3’UTR.
Conclusion
Thymine distribution analysis in different frames of coding and
UTRs is conclude that high variation of thymine fraction in different
frames is observed in coding regions while it is not so in 5’UTR and
no variation in 3’UTR. Thymine content is not specific in 3’ and
5’UTRs. Thymine in coding frames are ultimately important in producing proteins with adequate hydrophobicity.
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