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Estimation of protein-coding regions in numerical DNA
sequences using variable length window method based on
3D Z-curve

Hamidreza Saberkari®, Mousa Shamsi & Mohammad Hossein Sedaaghi

Department of Electrical Engineering, Sahand University of Technology, Tabriz, Iran

Abstract

In recent years, estimation of protein-coding regions in numerical deoxyribonucleic acid (DNA) sequences
using signal processing tools has been a challenging issue in bioinformatics, owing to their 3-base periodicity.
Several digital signal processing (DSP) tools have been applied in order to Identify the task and
concentrated on assigning numerical values to the symbolic DNA sequence, then applying spectral analysis
tools such as the discrete Fourier transform (DFT) to locate the periodicity components. Despite of many
advantages of Fourier transform in detection of exotic regions, this approach has some restrictions, such as
high computational complexity and disability in locating the small length coding regions. In this paper, we
improve the performance of the conventional DFT in estimating the protein coding regions utilizing a
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Gaussian window with variable length. First, the DNA strands are converted to numerical signals via the 3-
D Z-curve method. Z curve is a robust, independent, less redundant approach, and has clear biological
interpretation which can be regarded as a useful visualization technique for DNA analysis of any length. In
the second stage, non-coding regions besides the background noise components are completely suppressed
using the Gaussian variable length window. Also, we use a narrow-band band-pass filter in order to extract

2
the period-3 components with Tﬂ central frequency. Performance of the proposed algorithm is tested on

F56F11.4 from C.elegans chromosome III, also two eukaryotic datasets, HMR195 and BG570, is compared
with other state-of-the-art methods based on the nucleotide evaluation metrics such as sensitivity, specificity,
approximation correlation, and precision. Results revealed that, the area under the receiver operating
characteristic (ROC) curve is improved from 4% to 40%, in HMR195 and BG570 datasets compared to
other methods. Furthermore, the proposed algorithm reduces the number of incorrect nucleotides which are
estimated as coding regions.

Keywords: Protein coding regions, Period-3, Digital signal processing, DNA, Variable length window,
Band-limited filter.
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(Figure-7): Block diagram of the proposed algorithm
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(Figure-15): DFT and Anti-notch filter approaches in locating the protein coding regions by selecting the window with the length of 351
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(Figure-14): Designed user friendly package in order to numerical and spectral analysis of DNA sequences
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(Figure-16): Applying the proposed algorithm by selecting the variable length window in FS6F11.4 gene sequence
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(Table-2): Comparison of different algorithms in FS6F11.4
gene sequence.

Method Sn Sp AC
DFT 0.80 0.18 0.09
AN-filter 0.80 0.24 0.26
Asif 0.80 0.19 0.13
AMDF 0.80 0.21 0.20
TDP 0.80 0.50 0.56
Proposed 0.80 0.83 0.79
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(Table-3): Comparison of different algorithms in chromosome 3 of C. elegans.

Sn
%20 %40 %60
| Methods | AUC | Fp | Sp | AC | Fp | Sp | AC [ Fp [Sp | AC |
AN-filter  0.6471 157 71 0.17 372 663 021 727 60 0.20
| TDP [ 0.6115]196] 70 [0.15]436] 65 [0.18 [ 796 [ 59 0.19 |
Proposed 0.7091 128 80.5 0.24 293 76.5 029 615 61 0.30

BG570 g HMR195 o513 oS L 90 31 slawls :(F- Jgus)
(Table-4): Summarizing of two HMR195 and BGS70 datasets

3o N _
2% paud . . -~

- . S 3
o s 5 T+ % = 3 2
2 = 2 A 1 ¢
Y i AN

14 948 1383720 195  oljutey HMR195
1537 2649 2892149 570  ollsene  BG570

HMR195 g BG570 0015 o5 90 )0 99290 s shg; plw U (g0lavin oo 5651 s Lo :(0— Jgu)
(Table-5): Comparison of proposed algorithm and other different methods for two HMR195 and BG570 datasets.

BG570 HMRI195
Sn Sn
%10 %30 %350 %10 %30 %50

Methods AUC Fp Sp Fp Sp Fp Sp AUC Fp Sp Fp Sp Fp Sp
DFT 0.6540 279 458 767 433 1412 343 0.6782 438 51.5 1184 45 2064 41.7
AN-filter  0.6765 121 55 499 49.7 1103 36.7 0.7615 151 644 526 574 1217 S5l.1
Asif 0.5748 140 342 330 31.7 554 29.1 0.6261 214 47.1 473 446 787 399
AMDF  0.6600 340 40.8 770 394 1309 353 0.6980 410 47.9 1010 46.8 1821 433
TDP 0.7560 160 62 408 56 805 494 0.7850 262 64.8 627 60.4 1128 56
Proposed 0.8743 79 805 214 72 534 64 08850 134 76 392 72 828 64

HMR195 g BG570 0015 o5 90 30 99290 (35 (sodld (gl (o 37 (Ko 3l :(F— Jgua)
(Table-6): Quantities of approximation correlation for gene sequences of two HMR195 and BG570 datasets

BG570 HMR195

Method Sn Sp AC Sn Sp AC
DFT 0.80 0.28 0.18 0.80 031 0.18
AN-filter 0.80 0.26 0.17 0.80 0.39 0.32

| Asif | 080 | o025 [ o010 [ 08 [ 030 | 015 |
AMDF 0.80 0.29 0.20 0.80 0.37 0.27

| TDP | o80 [ 037 | o031 | o8 | 044 | 038 |
Proposed 0.80 0.48 0.45 0.80 0.51 0.53
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(Table-7): Comparison of execution time of proposed algorithm and other methods for gene sequences
in GenBank, HMR195 and BG570 datasets.

Gene Sequence . .
identifier  Length (bp) Average Computational Time (Second)
Proposed method AN-filter DFT
F56F11.4 9833 695.2015 714.6968 718.4017
AF009962 7422 450.0254 712.2368 391.0609
AJ223321.1 5321 639.3497 710.5081 546.2907
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