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Table 1- DNA bases mapping rules into binary

sequences
Rule Mapping

SW CorG=1AorT=0
RY AorG=1CorT=0
KM GorT=1AorC=0

A=1T,CorG =0
T=1A,CorG =0
C=1ATorG =0
G=1ATorC =0

o 0O 4>

4 Power-law correlations
5 Scale invariance
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2 Signal theory
3 Periodicity
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Table 2- Results and characteristics of the genes studied in this study
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050 000662 0540 2704 9 13 45027 EZR NP_776642.1 NM_174217 Milk protein
0.38 000353 0275 1611 17 9 7472 FGG NP_776336.1 NM_173911 Milk protein
049 000683 0311 2166 5 9 5254  KRT6A  NP_001076979.1  NM_001083510  Milk protein
0.36 000428 0453 1328 11 5 28842 RABIA  NP_001028800.1 ~ NM_001033628  Milk protein
044 000591 0643 1932 5 13 22981  EIF3L  NP_001030373.1  NM_001035296 Virgin
044 000563 0.622 3346 13 8 18982 TBCLD20 NP_001033118.1  NM_001038029 Virgin
051 000690 0291 2137 18 5 7336  ZNF419  NP_001095402.1  NM_001101932 Virgin
056 000697 0315 1061 3 3 6219  SI00A16 NP_001068686.1 NM_001075218 Virgin
0.39 001080 0622 1356 1 10 57201 MRPL3  NP_001073786.1 ~ NM_001080317  Pregnancy

2 Amplitude

! Decay exponent



58 001204 0518 1032 18 4 3580  TPPP3  NP_001029946.1 NM_001034774  Pregnancy
0.42 000614 0431 1583 9 12 20137 PHF10  NP_001033141.1 NM_001038052  Pregnancy
050 0.0974 0368 991 15 4 4245 MRPL16 NP_001029813.1 NM_001034641  Pregnancy
0.48 000324 0174 1538 23 7 4374 RRP36  NP_001098949.1  NM_001105479 lactation
0.47 000485 0.146 2413 10 9 12595 FAM161B NP_001019662.2  NM_001024491 lactation
051 000612 0252 3068 8 1 3068 SLC25A37 NP_001096025.1  NM_001102555 lactation
0.48 001150 0631 3298 23 7 97274  CDYL NP_001095693.1  NM_001102223 lactation
0.45 0.00565 0.146 3474 X 5 4824 ARMCX3 NP_001179382.1 NM_001192453.2 Involution

Table 2- Results and characteristics of the genes studied in this study (Continued)
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0.47 0.01239 0.605 1329 22 9 35176 SEC13 NP_001069033.1 NM_001075565 Involution
0.63 0.00627 0.221 1256 5 7 3358 TPI1 NP_001013607.1 NM_001013589 Involution
0.59 0.00617 0511 1852 19 6 4016 ARHGDIA-15 NP_788823.1 NM_001035401 Involution
0.46 0.00875 0.697 1054 2 2 4219 LOC515042  NP_001098840.2 NM_001105370  Mastitis
0.60 0.00689 0.148 978 18 5 2777 APRT NP_001020505.1 NM_001025334  Mastitis
0.60 0.00732 0.451 1389 19 19 3834 KRT19 NP_001015600.1 NM_001015600 Mastitis
0.51 0.01972 0569 1445 17 1 1445 YWHAH NP_776917.2 NM_174492 Mastitis

ail el (Sheusan 555 e S5 4 Ol g6 @S
CorGen 1l a s ol sad suly Hlas eud dwlas
solii) Wil aioly Mg Siwnad dalas 51 GC 3l
g Sl (03 S BISS 50 GC (g i 0K 0
€ plasd — (58 palsa g5 s9)le GC (s 5iae
oladas 5o age (K555 S i o Jlael DNA (g5,
3 S s5a) ssoe oled w DNA JIg (5,
Ol o sael s @l el s (VA48 )5Kan

Iy Bobead Lus® Wiy (punos Sose sL0S (a5

Wil duslae BB il diels (Shiwas Sl g @
(A A5 Y - ) adls wils IS 851l 45 (T oo s
S il SIS 508 4 lags e il (ha g5y ool o S
sbadls 5o bl slaglus cuos (Y Jsss)
sA0be sl a5L0 gaiad )yl oleMb) Wl o DNA
Sl VB Y JIKa) oS el 1) e gd o Shee
Al diels gl Siwan 5 (Yo Llused) GC (ol sinse
OLEd 03 58 @l 1) sad dlae (Ouly Llase)
o2 (ombs Dlasay) Wl wls sla Sicwan o 080 o0



Ve Jlo 1Y o)led YV uls / old pole (gl ying}y & i

w9 )L.»ﬁl ‘DQLJ Y¥

Jsb oilndl G fibrinogen gamma chain(FGG)
4_.' .A:'J‘J Ql.:f.\:i ‘_) GC L;J:\M o Li"if‘-}j‘ .A:'J_) cDNA
o3 515 2l (Al 5o 05 e ol SSa Soke
Olse oo @sld ol il aiia 5 a8 GC (gl siae
if .C:Lau‘ i:;tﬂl HJL::)L? ol 4f§uuL:-o Jllg Lialy Lss:lau%xuﬁ

.ML:&L;G ‘L?Laiyo :é..\.ail ‘L.u.uLM J:L.‘::

o5
o.s8 |
o.5s |
e o.Sa |
=
Z o.s5z
5
=] a.s |
s
= o.as |
o_as |
o.aa |
o.az
o 1325 ZE50 zaFs sSZoo
position Cbpl
@1
Fit
= oo 'h{v _” _
= |
5 |
= h
= !
=
£ i
= o ool E
OO0l
1 10 100 EE.TT EELT. Tt

Figure 3- The above diagram, the distribution of the
GC content of the Keratin 6A (KRT6A) gene and the
below diagram of the amplitude correlation
between nucleotides of the genes
In the double logarithmic transformation, the
correlation of the power function is indicated by its

straight line (the green line in the below diagram).
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Figure 4- The above diagram, the distribution of the GC
content of the RAB1A member of the RAS oncogene
family (RABIA) gene, and the below diagram of the
amplitude correlation between nucleotides of the gene
In the double logarithmic transformation, the correlation
of the power function is indicated by its straight line (the
green line in the below diagram).

LIy wle ks B 3

carrelation

[y e leh B

1e=—05

Ol S sosk w0 duls (lis GC (gl gias S 5
Goox BC (g5 sy S 5l L8 S iy 1) 5 50
Mitochondrial 5 o0 (JGe lsie 4 S

Armadillo 5 ribosomal protein L3(MRPL3)
siwlsl L repeat containing X-linked3(ARMCX3)
olis u a1, GC (s gine Ho omal€ sy, DNA J4bs
s keratin 6A(KRT6A) slans < Ja Hu wals

(C-content
<@
&

11500 23000 SFAS00 GE000
position cbp)
a1
Fit ——
G0l .
s ; 1o
= |
= LI LN 'F )
: ,
L :
£
:
Lo ale ek
1e—05
1 A1 p Rele] K lelal Ao R lelalale

Figure 1- The above diagram, the distribution of the
GC content of the Ezrin (EZR) gene and the below
diagram of the amplitude correlation between
nucleotides of the genes
In the double logarithmic transformation, the
correlation of the power function is indicated by its

straight line (the green line in the below diagram).
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Figure 2- The above diagram, the distribution of the
GC content of the Fibrinogen gamma chain (FGG)
gene and the below diagram of the amplitude
correlation between nucleotides of the gene
In the double logarithmic transformation, the
correlation of the power function is indicated by its

straight line (the green line in the below diagram).
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Figure 7- The above diagram, the distribution of the
GC content of the Armadillo repeat containing X-
linked 3(ARMCX3) gene and the below diagram of
the amplitude correlation between nucleotides of
the genes
In the double logarithmic transformation, the
correlation of the power function is indicated by its
straight line (the green line in the below diagram).

Figure 8- Decay power distribution in different
genes studied in this study
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Figure 5- The above diagram, the distribution of the
GC content of the eukaryotic translation initiation
factor 3 subunit L (EIF3L) gene, and the below
diagram of the amplitude correlation between
nucleotides of the genes
In the double logarithmic transformation, the
correlation of the power function is indicated by its

straight line (the green line in the below diagram).
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Figure 6- The above diagram, the distribution of the
GC content of the Mitochondrial ribosomal protein
L3 (MRPL3) gene and the below diagram of the
amplitude correlation between the nucleotides of
the genes
In the double logarithmic transformation, the
correlation of the power function is indicated by its

straight line (the green line in the below diagram).
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Introduction: For mathematically oriented investigators, DNA is a string. A DNA sequence is
considered as a string of symbols and correlation of its structure can almost completely be
characterized by base-base correlation functions at any range, short, long and/or their corresponding
power spectra. Long-range correlations between bases in the DNA sequence are a statistical feature
found in the genome of many eukaryotes. The existence of long-range DNA correlations indicates
the existence of DNA rearrangement or duplication processes. The phenomena is not directly
applicable to breeding and is mostly used in evolutionary studies. Our basic assumption in this study
was that by extracting long-range DNA correlations between all the different nucleotides within a
gene, it is possible to achieve a degree of correlation between them in the first place and possibly
better run SNP-based research. Due to various issues, not all investigations of a complete
characterization of long-scale correlation structure of DNA sequences were motivated by biology
arena. Rather, many such investigations were motivated by the issues of mathematical modeling,
cryptography language code detections, dynamical systems, stochastic processes, and noise
detections. Perhaps due to this reason, long-scale correlation structure has not yet become part of the
toolbox in the “mainstream” DNA sequence analysis in human genetics and breeding settings.
Prediction of DNA correlations from a sequence with finite length could be done with frequency-
count estimator, indirect and direct Bayesian estimator. In this study, we followed CorGen theory.

Material and methods: In this study, 24 dairy cow milk yield affecting genes were investigated. The
number, length and length of each exon as well as its position on the chromosome were obtained from
the NCBI gene bank and the sequences were saved in FASTA format. According to the research
request, the accession numbers of the studied genes were plugged in a previously designed program
(by #C language) and the appropriate output was obtained. CorGen software was used to calculate
the long-range DNA correlations of the genes involved in milk production. The objectives of this
study were:1) there has been discordant on the result of correlation structure in DNA sequences. Due
to this matter of what the actual result is, some researches still believe that DNA sequences do not



exhibit any feature long-range DNA correlation which cannot be explained by the basic known
stochastic processes such as random sequence or Markov chain. Resolving this disagreement can be
straightforward once everybody agrees to use the same measure of correlation, estimator, and apply
this estimator of the correlation to the same sequence, 2) to highlight more biologically-motivated
study of correlation structure of long range DNA sequences especially in animal breeding setting.
Results and discussion: The results showed that there is a significant level of long-term correlation
in DNA sequence of several genes such as EZR, FGG, KRT6A, RAB1A, EIF3L, TBC1D20, ZNF419,
S100A16, MRPL3, TPPP3, PHF10. The reduction power of the fitting function of the power function
was based on the long-range correlations obtained from genes of different lengths, in the range of
0.146 and 0.643. Hence it can be concluded that reducing the range of long-range correlations by
increasing the interval between DNA sequence intervals does not follow a random process.
Accordingly, the fractal geometry of nature was observed in these genes. In this study, we attempted
to address long-DNA correlation in dairy cattle genes. Although this research does not accomplish
this task, the intention was to at least put forward the issue. Most of the current studies of correlation
(especially the long range one) in DNA sequences are based-base base statistical correlations. This
base-base correlation won't be a powerful tool to reveal the correlation on a global scale or between
larger blocks in DNA-sequences. The genes studied have been shown to have high complexity and
mode of invariant on their DNA. This type of analysis can be generalized to the work of breeding
setting. A more complete characterization of long-range correlation between base pairs at both short
and long distances became possible only as long DNA sequences became more commonly available.
Nowadays, due to significant growth of DNA generating technologies, almost the whole genome of
an organism can cost- and time-effectively be sequenced. Therefore, a raw data shall be available to
researchers interested in checking new DNA correlation hypotheses in handy DNA sequences. The
claim of DNA base-base statistical correlation at long distances in DNA sequences is sought to be
still a few steps away from finding a simple organization principle of the genome.
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