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Table 1- The list of software and algorithms used in this research

Software Name* Performance Internet Address
Extraction of gene features It was written in C++
Geneinfinity Calculation of CPG islands http://www.geneinfinity.org/sms/sms_cpgislands.html
DBCAT Calculation of CPG islands http://dbcat.cgm.ntu.edu.tw/
SMS Calculation of CPG islands http://www.bioinformatics.org/sms2/cpg_islands.html
PMeS Calculation of protein methylation http://bicinfo.ncu.edu.cn/inquiries_PMeS.aspx

* This software was first developed by Dehganzadeh & Ghaderi in the C ++ and was used in present study. This software has been
noted in a paper published in Online Journal of Veterinary Research: Dehghanzadeh, H., Mirhoseini, S. Z., Ghaderi-Zefrehei, M.,
Tavakoli, H., & Esmaeilkhaniyan, S. (2017). Clustering dairy cattle genes by Kullback-Leibler divergence. Online Journal of
Veterinary Research, 21(9), 600-615. Volume 21 (9): 600-615, 2017); if necessary, the readers can contact the corresponding author
of this article.
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Table 2- Characteristics of candidate genes affecting on mastitis in this research

Gene Total

. . . Exon
name IGene Cytosine  Cytosine  Guanine Guanine% Annotated number Locus
ength number % number Spliced Exon
Length
IL-1 AC_000161.1
397637 20.29 23.84 1877 22.05 8509 21 (40580268..40643381,
complement
IL-2 AC_000170.1
260017 792 51.16 811 16.91 4795 8 (17540757..17586322)
IL-3 AC_000165.1
210639 526 23.93 485 22.06 2198 3 (87878331..87893188)
IL-4 AC_000164.1
660714 702 20.21 785 22.60 3472 4 (22993178..23001067,
complement)
IL-5 AC_000164.1
541559 407 16.95 432 17.99 2401 4 (23184382, 23186782)
IL-6 AC_000161.1
272996 364 22.60 1371 22.70 6099 6 (31576590..31582688)
IL-7 AC_000171.1
1158917 6834 20.91 6189 18.94 32672 6 (44095419..44187924,
complement)
IL-10 AC_000173.1
209807 2755 34.45 2825 35.32 7997 5 (4402474..4406412,
complement)
IL-11 AC_000175.1
24318 1619 22.23 1536 21.09 7280 4 (62560634..62565444)
IL-12 AC_000164.1
738823 4029 20.98 4029 20.98 19202 9 (73002003..73021204,
complement)
IL-13 324388 611 30.44 506 25.21 2007 4 AC_000164.1
TNF AC_000180.1
17623 985 25.19 1095 28.01 3909 4 (27533899..27537807,
complement)
IFNY 73150 815 16.89 958 19.85 4824 4 AC_000162.1

(45830158..45834981)

A: Interleukin 8 has been reported as an effective candidate for dairy cattle mastitis, but its DNA sequence was not present in the
CBI, therefore its study was excluded in this research.
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Table 3- Characteristics of CPG islands and predicted promoters in various software

Geneinfinity 4 SMS DBCAT
Start
Gene % of % of of the
Name CpG CpG  prom  Soore
CpG islands location ObstG/ExpC |sle_1nds CpG islands location ObsCpG/EXpC |s|e_1nds oters
pG ratio in pG in
promot ratio promot
er er
IL-1
- - - 433 - 4543 o 50 4800 1102
8288 -8508
IL-2 - - - - - 2700  1.165
IL-3 346-545 0.60
347-546 0.60
351-550 0.60
353-552 0.60
100 - - - 500 0.503
354-553 0.62
355-554 0.63
356-555 0.63
357-556 0.63
IL-4 _ - - - - - 900 1.165
IL-5 - - - - - - 554 0.96
IL-6 - - - 1796 - 2182 60 10 4100 1.193
IL-7 2495-4249 0.77
2838-4283 0.72
3313-4333 0.70 60 9594 -9814 55 0 4900 1.164
3921-3392 0.63
2001-2986 0.90
IL-10 116 -1019 63
2299-2498 0.68
34-233 0.62 2250 -2605 60
440-639 0.80 3205 - 3515 5
530-729 0.82 0 33 6000 1.010
63-262 071 5398 - 5801 63
2319-2518 1.01
845 -8815 62
IL-11 1-200 0.61
50-249 0.67
100-299 0.71 20 27 - 509 59 0 2600 0.690
150-349 0.75
2338-2537 0.92
1L-12 5683-5882 0.61
5691-5890 0.63
5693-5892 0.64 80 - - - 4100 1.188
5705-5904 0.65
12211-12410 0.66
IL-13 - - - - - - 900 0.615
TNF - - - - - - 1300 1.192

IFNy - - ) - - - 2532 0.99
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Table 4- Data related to protein methylation on the examined genes

Gene Interleukin 1 Interleukin 2 Int?ﬂ“;“" Interleukin 4 Interleukin 5
Protein code 365 776517 365 776517 776517 2813 85134 776345 776346 776346 776346 776347 2;63 776347
Methylation sites 44 84 85 128 185 58 113 122 71 77 123 103 109 111

DAS PEN KRK
Methylatedamino ~ YEP  SGKIL  ple VY soLpvTL LKL oo¥P  NKNLG  TEKET CRVGIE TLKDL EYIDL CGG KCGGE
acid lacation LR KKR-  OF% i~ SR- o DF-R-  FC-R- L-R- LER-  QK-R- ER- RW-R-
EDQ RLSLN MHT MKLEE VGIEL RIYRSH LKTIM KCGG WRV VKQFL
MNK  QF leQLFl X:HQE ISKTQLF FDF g/GLEL YL RR T KE ERW KQF DY
F Y L
The highest
probability of 86220 0.50 2236242 2'75398 0.734988 8é7940 8'16116 0.50000 2'46665 0.583436 0.528942 8'75390 2;97609 0.58435
methylation
Gene ~ Interleukin6 Interleukin 7 Interleukin 10 Interleukin gamma
Protein code 776348 776348 776349 ZGS ;7651 776513 776513 776513 776513 776511 365 776511
Methylation sites 144 192 82 42 45 120 122 124 125 150 152 154
TSLP PKS
Methylated amino CEA  okrikeL. AML o PIMEGekikr SEETOKTLRL O TLRLRL LSPKS  NLR - SNLRK
acid [acation KEASFLN-R- .. o R 3 LR- oy RL-R- RR-  NLR- KR RKR-
ASRKLRQ MSTE VIESGPH ill_a\lf: AAEG hRLRRC LRRC ESHRF gHRFLP IS(QR'P\(IR SEISL ;%NLF
LRC G EAK HRF E
The highest

. 0.563 0.6875 0.6424 0.7299 0.572 0.74662

probability of 0.657575 0.500 0.515543 76 45 0.603755 78 0.661306 0.528756 43 697 3

methylation
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Table 4- Continue

Gene Interleukin 11
Protein code 15323 15323 15323 15323 15323 15323 15323 15323 15323 15323 15323 15323 15323
'sv'ititshy'a“on 18 36 47 54 85 93 101 111 137 143 151 177 195
Methvlated ALSL " ppASPD DSAVL  RSLLADT LLGYQ DRGGK GLPGV  ADLFSYL ARLDR RLQLL LTLD

et ate - -
ammg acid \F’{‘{PD P-R- LT-R- -R- GG-R- GV-R- LT-R- -R- i'jS_TLQ LL-R- MS-R- IA_g'_AWGG \F’XAV
location ApAp AELDS  SLLADT QLAAQL DRGGK GLPGV ~LRADL HVQWLR o oo RLQLL  LALPQ i GLLLL

AV R Vv GV LT FS R MS VP
GPP KT

The highest 5 2093 0.61676
probability of g3 0.564150 0.568024 0.585233  0.507982 0598713 0.523018 0.638152  0.619633 ~ 0.632115 0.604458 0.656821
methylation
Gene Interleukin 12 Interleukin 13 TNF
Protein code 776780 776780 776780 776514 776514 347561
Methylation 58 205 207 81 120 8
sites
Methylated CILLHAF- LLHAFRI-
aminoacid SNTLQKA-R-QTLEFYS R- R- SNCSVIQ-R-TKKMLNA QFLKDLL-R- MSTKSMI-R-
location IRAVTID AVTIDRM HSRIVFR DVELAEE
The highest
probability of ~ 0.513102 0.606984  0.678525 0.551305 0.500000 0.515523

methylation
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genes influencing mastitis in dairy cows
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Introduction: Epigenetics is assumed as the most complex field of biological sciences. Generally,
epigenetics includes mechanisms that not only affect gene expression, but also bring about
functional changes in the next generation of mitotic cell division (autosomal inheritance) and
meiotic cell division (generational inheritance), though DNA nucleotide structure is not changed
(Barazandeh, 2016). DNA methylation refers to the enzymatic addition of a CH3 group to a
cytosine residue in DNA strand, which occurs almost particularly at CpG dinucleotides (i.e., a
cytosine located 5’ of a guanine) in animals. The enzymatic machinery responsible for DNA
methylation includes a family of DNA methyltransferases (DNMTSs), including the maintenance
methyltransferase DNMT1 (responsible for copying pre-existing DNA methylation patterns to the
new strand during mitosis) and the de novo methyltransferases DNMT3A/3B. DNA methylation is
considered as epigenetics factor. In mammalian, DNA methylation is necessary for both embryonic
development and stem cell differentiation and this phenomenon is basically occurring in CpG
dinucleotide. CpG dinucleotide intends to make cluster over genome that is called CpG island. CpG
islands are considered gene markers and represent an important feature of mammalian genomes.
CpG islands vary greatly among mammalian genomes (Medvedeva, 2011). Some factors such as
recombination rate and chromosome size might have influenced the evolution of CpG islands in the
course of mammalian evolution. Whenever CpG island in gene's promoter is not methylated and
suitable transcriptional factors are accessible, gene expression machine is activated and therefore
gene is expressed. However, methylation of CpG islands in gene promoter with compact form of
chromatin could lead to inhibition of gene expression (Shi et al., 2012). Hypermethlation of CpG
islands could cause a range of diseases such as cancer. Epigenetic process could modify proteins
after translation that actually refers to biochemical events inflicting on proteins. Some of these
events include: methylation, phosphorylation, glycosylation, sulfation, sumoylation, and
ubiquitinylation disulfide bonding.

Nutrition is seen as one of the greatest environmental determinants of an individual’s health.
Although nutrient quantity and quality could impart direct effects, the interaction of nutrition with
genetic and epigenetic is often overlooked despite being shown to influence different biological
variation in mammals (Murdoch et al., 2016). Understating and unrevealing complex traits, such as
those that are nutrition-related, to determine the genetic and epigenetic contributions toward a
phenotype would be a formidable job to get it done. Similar to other epigenetic endpoints, patterns
of DNA methylation could be susceptible to alterations by exposing to environmental treatments,
including contaminants (Head, 2014). These sort of alterations may persist in the absence of the
initial treatments as cells divide, and can even be inherited over generations provided that they
occur in the germ line. Although our knowledge concerning patterns of DNA methylation in
animals is increasing, a big gap remains in the literature, especially when it does come to species
outside of those generally used for biomedical researches. Unlike DNA, epigenetic markers could
be directly influenced by the environment factors; therefore, epigenetic markers have been shown to
be pivotal mediators of phenotypic responses to environmental signals. To understand how
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epigenetic modifications facilitate and affect gene expression, it is crucial to understand how and
when the epigenome is established (Faulk and Dolinoy, 2011). While we do not fully understand how
all of the complex epigenetic genome changes occur, yet some epigenetic information is sought to
retain and transmit to the next generation.

Materials and methods: In this study, first of all, some articles and resources that describe
candidate genes affecting mastitis were explored and some of the genes which were considered
candidate genes in bovine mastitis were chosen. These genes included 14 interleukins (in exception
of interleukin 8 and interleukin 9), interferon-gamma, and tumor necrosis factor (in total 13 genes).
Their DNA sequences and other features of selected genes (for example exon numbering, gene
length, guanine percentage and cytosine percentage) were obtained from NCBI database and saved
as FASTA format. The C++ based software and Promoter 2.0 Prediction Server were used to extract
characteristics of genes and detecting gene promoters, respectively. This software is generally used
to predict transcription factor-biding sites of DNA sequences in vertebrata. In order to detect CpG
islands, DBCAT, SMS, and Geneinfinity softwares were used. Also, primary structure of proteins
derived from these genes was extracted from NCBI database and finally protein methylation was
obtained by using PMeS software. Depending on the type of algorithm used to identify the CpG
islands, the number and length of the CpG islands found to be different. Predicted CpGs were used
as measurements to indirectly investigate the level of methylation over DNA level of genes.

Results and discussion: The investigated genes in terms of some features like total size based on
number of nucleotides, number of exons, total annotated spliced exon length, and percent of GC
content were quite different. The essence of gene heterogeneity from different features made
grouping of these genes a cumbersome job. In this research, our overall objective was to locate the
position and number of CpG in the promoter region of genes. Referencing of applied software to
detect CpG islands, number and length of detected CpGs was different. Results shown that
methylation was not evenly/ uniformly occurring in considered genes and in average, less than 50 %
of CpG islands were in promoter region of genes and methylated CpG was located in intergenic
regions. Also, the maximum amount of methylation was seen in interleukin 1, 2, and TNF gene,
which are among the most important genes in circumventing mastitis. The degree of methylation in
the proteins derived from the investigated genes showed fairly non-concurrence results with their
DNA methylation. However, protein derived from interleukin 11 undergoes methylation in large
portions of its original protein structure. It should be noted that different algorithm architectures
may give different results (Barazandeh, 2016; Medvedeva, 2011).

At the DNA level, this gene also had the highest CpG in its promoter. This may indicate the
complexity of epigenetic process with this gene. Therefore, this gene could be considered as a
suitable candidate for performing demethylation experiments and proving biological drugs to
circumvent mastitis. An integrative view to gene structure, DNA methylation and methylation of
proteins derived from the investigated genes in this research would provide the better idea
pertaining to methylation function in circumventing the mastitis in dairy cattle.

Conclusion: Out of the three software tested, the results of the two SMS and Geneinfinity software
were almost similar and probably use a similar algorithmic architecture. It should be noted that the
algorithms used in this study were not developed to identify specific CpG islands on the bovine
genome. The genes under study had undergone a methylation process at many levels of their
proteins. The results of this study depend on different algorithmic parameters and changing these
parameters were diverse. As matter of fact that mastitis heritability is low in general, such studies
could reveal a better role for single and group genes in the epigenetics process.
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