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Table 1. Information pertaining to Escherichia Coli DNA sequences used in this study(extracted from

NCBI)
s J s J
. O PR
oyled 05 S8 el Lesl) g oSS
_ (45 445 )
(aeal (s A48 5)
1 NZ_JTFD01000048.1|Gene 01 467 1404 1404
2 NZ_JTFD01000048.1|Gene 02 310 933 933
3 NZ_JTFD01000048.1|Gene 03 348 1047 1047
4 NZ_JTFD01000048.1|Gene 04 949 2850 2850
5 NZ_JTFD01000048.1|Gene 05 381 1146 1146
6 NZ_JTFD01000048.1|Gene 06 569 1710 1710
7 NZ_JTFD01000048.1|Gene 07 383 1152 1152
8 NZ_JTFD01000049.1|Gene 01 396 1191 1191
9 NZ_JTFD01000049.1|Gene 02 551 1656 1656
10 NZ_JTFD01000049.1|Gene 03 382 1149 1149
11 NZ_JTFD01000049.1|Gene 04 637 1914 1914
12 NZ_JTFD01000049.1|Gene 05 378 1137 1137
13 NZ_JTFD01000049.1|Gene 06 312 939 939
14 NZ_JTFD01000050.1|Gene 01 614 1845 1845
15 NZ_JTFD01000050.1|Gene 02 366 1101 1101
16 NZ_JTFD01000050.1|Gene 03 466 1401 1401
17 NZ_JTFD01000050.1|Gene 04 457 1374 1374
18 NZ_JTFD01000050.1|Gene 05 344 1005 1005
19 NZ_JTFD01000050.1|Gene 06 383 1152 1152
20 NZ_JTFD01000047.1|Gene 01 339 1020 1020
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Table 2. Nucleotide composition of DNA Segments used in this study and their calculated entropies

,, 4 Y i g E g ¢t o 5
_} : \\%‘ o = . \ . ! ‘i }Q
> 1M v, @ f i oo 3
ko) 2 kS . R ;‘J S
1 NZ_JTFD01000048.1|Gene 01 1409 241 392 428 343 549 19695
2 NZ_JTFD01000048.1|Gene 02 933 175 195 315 248 603 19619
3 NZ_JTFD01000048.1/Gene 03 1047 226 231 284 306 564 19877
4 NZ_JTFD01000048.1|Gene 04 2850 573 417 971 889 653 19480
5  NZ_JTFD01000048.1|Gene 05 1146 275 243 334 294 548 19905
6 NZ_JTFD01000048.1/Gene 06 1710 228 350 588 544 662 19112
7 NZ_JTFD01000048.1/Gene 07 1152 197 206 367 382 65 19336
8 NZ_JTFD01000049.1/Gene 01 1191 278 250 294 369 557 19847
9  NZ_JTFD01000049.1|Gene 02 1656 454 289 461 452 551 19763
10 NZ_JTFD01000049.1/Gene 03 1149 256 292 282 320 523  1.9540
11 NZ_JTFD01000049.1/Gene 04 1914 463 420 494 537 539 19420
12 NZ_JTFD01000049.1/Gene 05 1137 268 269 319 281 528  1.9630
13 NZ_JTFD01000049.1|Gene 06 939 213 279 205 242 476  1.9892
14 NZ_JTFD01000050.1|Gene 01 1845 465 453 437 490  50.2  1.9987
15 NZ_JTFD01000050.1|Gene 02 1101 289 251 292 269 51 1.9984
16 NZ_JTFD01000050.1|Gene 03 1401 355 320 358 368  51.8  1.9980
17 NZ_JTFD01000050.1/Gene 04 1374 292 306 340 436 565 19814
18 NZ_JTFD01000050.1/Gene 05 1005 241 226 ~ 260 278 535  1.9956
19 NZ_JTFD01000050.1/Gene 06 1152 285 271 292 304 517  1.9988
20 NZ_JTFD01000047.1|Gene 01 1020 235 290 258 237 485 19947
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Table 3. Predicted mutual information of DNA segments in Escherichia Coli affecting mastitis
ankas

1 2 3 4 5 6 7 8 9 10
DNA

1 2 1.500 1.618 1.489 1.610 1.610 1.636 1.659 1.420 -
2 15 2.00 1.457 1.625 1.692 1.688 1.522 1.685 1.688 1.660
3 1.618  1.457 2.00 1.456 1.541 1.566 1.802 1.594 1.403 1.599
4 1489  1.625 1.456 2.00 1.736 1.659 1.518 1.688 1.756 1.815
5 1.610  1.692 1.541 1.736 2 1.921 1.641 1.869 1.598 1.574
6 1.610 1.688 1.566 1.659 1.921 2.00 1.649 1.870 1.601 1.562
7 1.636  1.522 1.802 1.518 1.641 1.649 2.00 1.701 1.445 1.704
8 1.659  1.685 1.594 1.688 1.869 1.870 1.701 2.00 1.566 1.611
9 1420 1.686 1.403 1.756 1.598 1.601 1.445 1.566 2.00 1.412

10 - 1.660 1.599 1.815 1.574 1.562 1.704 1.611 1.412 2.00

11 1.669  1.593 1.643 1.612 1.773 1.780 1.764 1.834 1.509 1.672
12 1.712 1416 1.630 1.428 1.508 1.514 1.718 1.442 1.375 1.809
13 1520 1.621 1.448 1.890 1.754 1.748 1.532 1.706 1.736 1.478
14 1.385  1.586 1.286 1.587 1.503 1.492 1.389 1.473 1.753 1.863
15 1427  1.696 1.385 1.760 1.601 1.587 1.434 1.561 1.934 1.406
16 1531 1.627 1.491 1.763 1.817 1.761 1.551 1.758 1.685 1.498
17 1596  1.625 1.657 1.626 1.785 1.825 1.769 1.869 1.508 1.668
18 1594  1.377 1.734 1.387 1.449 1.455 1.609 1.469 1.350 1.689
19 1598  1.677 1.562 1.745 1.864 1.921 1.645 1.764 1.614 1.566
20 1433 1.684 1.401 1.766 1.588 1.598 1.439 1.568 1.946 1.409

\. Linkage disequilibrium
v. Quantitative trait loci
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Table 4. Predicted mutual information of DNA segments in Escherichia Coli affecting mastitis-
continued

askad

DNA

11 12 13 14 15 16 17 18 19 20

1 1.669 1.712 1.520 1.385 1.427 1.531 1.596 1.594 1.598 1.423
2 1.593 1.416 1.621 1.586 1.696 1.627 1.625 1.377 1.677 1.684
3 1.643 1.630 1.448 1.286 1.385 1.491 1.657 1.734 1.562 1.401
4 1.612 1.428 1.890 1.587 1.760 1.763 1.626 1.387 1.745 1.766
5 1.773 1.508 1.754 1.503 1.601 1.817 1.782 1.449 1.864 1.588
6 1.780 1.514 1.748 1.492 1.587 1.761 1.825 1.455 1.921 1.598
7 1.764 1.718 1.532 1.389 1.434 1.551 1.769 1.609 1.645 1.439
8 1.834 1.442 1.706 1.473 1.561 1.758 1.869 1.469 1.764 1.568
9 1.509 1.375 1.736 1.753 1.934 1.685 1.508 1.350 1.614 1.964
10 1.672 1.809 1.478 1.863 1.406 1.498 1.668 1.689 1.566 1.409
11 2.00 1.584 1.617 1.439 1.503 1.635 1.864 1.521 1.785 1.611
12 1.584 2.00 1.434 1.341 1.377 1.456 1.569 1.815 1.507 1.375
13 1.617 1.434 2.00 1.604 1.725 1.870 1.632 1.395 1.751 1.718
14 1.439 1.341 1.604 2.00 1.732 1.566 1.441 1.321 1.508 1.387
15 1.503 1.377 1.725 1.732 2.00 1.667 1.520 1.374 1.603 1.934

16 1.635 1.456 1.870 1.566 1.667 2.00 1.678 1.819 1.685
17 1.864 1.569 1.632 1.441 1.520 1.678 2.00 1.515 1.791 1.521
18 1.521 1.815 1.395 1.321 1.374 - 1.515 2.00 1.446 1.347

19 1.785 1.507 1.751 1.808 1.603 1.819 1.719 1.446 2.00 1.611
20 1.611 1.375 1.718 1.387 1.934 1.685 1.521 1.347 1.611 2.00

pos oS sloml JSLs 51 (g SL DNA aakad Yoy (oo 5D V- S sl

s Sl (g3l A bl (g3 iS5 kil ol s osls LS S 50 Jaldr 3 Ol
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ot 3Ly e Lol 35 0 OLLS e i Sl S s Y-S S ol ol o el
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Table 5. Predicted Kullback — Leibler of DNA segments in Escherichia Coli affecting mastitis

b
1 2 3 4 5 6 7 8 9 10
DNA
1 0.0 -1.013  0.084 0.0 -0.011  0.005 -0.082 0.018 -0.013 0.021
2 0.013 0.0 0.098 0.013 0.009 0.018 -0.021  0.031 0.0 0.034
3 -0.081  0.093 0 -0.081  -0.09 -0.076  -0.073 -0.063 -0.094  -0.060
4 0 -0.013  0.084 0 -0.011  -0.046 -0.083 0.018 -0.013  0.021
5 0.011  -0.002 0.096 0.011 0 0.016 -0.019 0.032 -0.002 0.032
6 -0.005 -0.017  0.079 0.046  -0.016 0 -0.004 0.014 0.018 0.016
7 0.008 0.021  0.073 0.008 0.02 0.004 0 0.01 -0.022  0.014
8 -0.018 -0.031 0.065 -0.018 -0.03  -0.014 -0.01 0 -0.031  0.003
9 0.013 0 0.098 0.013 0.002 0.018 0.022 0.014 0 0.004
10 -0.021  -0.034  0.062 -0.021  -0.032 -0.016 -0.013 -0.003  -0.004 0

12 0.092 -0.004 0.094 0.091  -0.002 0.014 0.002 0.028 -0.004 0.03
12 0.017 -0.03  0.067 -0.002  -0.003 -0.012 -0.009  0.001 -0.03 0.004
13 0.001 -0.012  0.085 0.001 -0.01 0.006 0.01 0.02 -0.012  0.022
14 0.009 -0.004  0.093 0.008 -0.003 0.013 0.017 0.027 0.005 0.03
15 0.001 0.007  0.098 0.014 0.003 0.018  0.022  0.032 0.001 0.035
16 -0.003  0.016 0.081 -0.03 -0.004 0002 0.005 -0.015 0.006 -0.018
17 0.007 0.101  0.092 0.072  -0.004 0018 0.016 0.026 -0.006  0.025
18 -0.016 0.99 0.068  -0.016 -0.027 -0.011 -0.007 0.026  -0.029  0.005
19 0.011 -0.5 0.095 0.01 -0.001  0.015 0.012 0.029 -0.003 0.032
20 0.007 0.59 0.091 0.007 -0.004 0.012 0.015 0.026 -0.006 0.029
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Table 6. Predicted Kullback — Leibler of DNA segments in Escherichia Coli affecting mastitis-
continued
anlas
11 12 13 14 15 16 17 18 19 20
DNA
1 -0.009 0.017 -0.001 -0.009 -0.001 0.003 -0.007 0.016 -0.011 -0.007
2 0.003 0.030 0.016 0.006 -0.007 -0.016 -0.006 -0.028 0.003 0.006
3 -0.089 -0.064 -0.082 -0.087 -0.934 -0.077 -0.086 -0.066 -0.091 -0.087
4 -0.091 0.002 -0.002 -0.008 -0.013 0.029 -0.072 0.016 -0.010 -0.007
5 0.002 0.003 -0.010 0.003 -0.003 0.036 0.004 0.027 0.007 0.004
6 -0.014 0.012 0.006 -0.013 -0.018 -0.002 -0.019 0.011 -0.015 -0.012
7 -0.016 0.009 -0.010 -0.017 -0.022 -0.005 -0.015 0.007 -0.019 -0.015
8 -0.027 -0.001 -0.020 -0.027 -0.032 -0.015 -0.025 -0.003 -0.029 -0.025
9 0.004 0.030 0.001 0.005 -0.001 0.006 0.006 0.029 0.003 0.006
10 -0.030 -0.004 -0.022 -0.029 -0.034 -0.018 -0.028 -0.005 -0.031 -0.028
12 0.0 0.026 0.008 0.001 -0.005 0.012 -0.002 0.025 -0.001 0.002
12 -0.026 0.0 -0.008 -0.025 -0.031 -0.014 -0.024 -0.001 -0.027 -0.024
13 -0.004 0.018 0.0 -0.007 -0.012 0.004 -0.006 -0.019 -0.009 -0.006
14  -0.001 0.026 0.007 0.0 -0.005 0.011 0.001 0.024 -0.002 0.001
15 0.005 0.031 0.012 0.005 0.0 0.017 0.006 0.030 0.003 0.007
16 -0.012 0.014 -0.004 -0.011 -0.016 0.0 -0.010 0.028 -0.013 -0.010
17  0.002 0.024 0.006 -0.001 -0.007 -0.010 0.0 0.023 -0.003 0.001
18 -0.025 0.001 -0.017 -0.024 -0.029 -0.027 -0.023 0.0 -0.026 -0.026
19 0.001 0.028 0.009 0.002 -0.003 0.013 0.003 0.026 0.0 0.003
20 -0.002 0.024 0.006 -0.001 -0.007 0.010 0.002 0.023 -0.003 0.0

Yﬁ"fwéuuyt}h\e.l.b CJ)U&.} LSLAV.:{)‘}Q\ RLESY) .l.:\j&w;j;uu{‘ .JJ\KL;«
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v. Unsupervised

v. Hierarchical Clustering
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Figure 1. The results of creation of phylogenetic tree on investigated DNA segments. The numbers on
the branches of tree shows amount of Bootstrapping.
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Abstract

Background and objectives: Mastitis causes lots of cost annually in dairy farm
enterprises of different countries. Mastitis caused by Escherichia coli is common in
high-producing cows with low milk somatic cell count. The severity and effect of
Escherichia coli mastitis vary between cows of the same herd and between
different lactation stages in the same individual. The severe form of Escherichia
coli mastitis is associated with loss of milk production and can outcome in death of
the cow. As matter of fact that Escherichia coli bacterium plays enormous role in
causing and expanding mastitis, in this research it was tried those DNA sequence
segments of this bacterium involving in mastitis to be investigated using
information theory.

Materials and methods: In this study, first, Escherichia coli's DNA sequences
related to mastitis in dairy cattle were downloaded from Genbank (NCBI) and
saved in FASTA format. The DNA segment sequences were aligned. The amount
of entropy, mutual information among nucleotides and Kullback — Leibler distance
among DNA segment sequences were calculated using MATLAB software.

Results: The results shown that entropy of DNA sequences were different in this
bacterium but almost all of them had high amount of entropy (H(x) > 1.900). The
absolute values of Kullback — Leibler distance indicated that DNA sequences
investigated in this study were not similar. This might indicates that these DNA
sequences could be involved in different metabolic networks, therefore,
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manipulating them - like silencing —might bring about unpredicted consequences.
The results of mutual information turned up that DNA bases in different DNA
sequence segments have different degree of association, which could transparent a
type of linkage disequilibrium among different DNA bases.

Conclusion: In general, it was concluded that for managing mastitis, it is possible
to single out those DNA sequences segments bearing up high amount of entropy as
drug and biotechnological targets; since in this study it was assumed that those
DNA sequence segments that exert high amount of entropy, would have higher
degree of influence on mastitis in dairy cows.

Keywords: Escherichia coli, Mutual Information, Entropy, Kullback— Leibler,
Mastitis
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