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RESUMO

O melhoramento genético em bovinos visa a selecdo de caracteristicas
para facilitar o manejo, a qualidade da carne, a resisténcia a doencas e
a adaptacdo ao meio ambiente. Polimorfismos de nucleotideo uUnico
(SNPs) podem gerar grandes efeitos sobre essas caracteristicas
fenotipicas. Os microRNAs sdo pequenos RNAs nao-codificadores que
atuam como reguladores da expressao pés-transcricional através de sua
ligacdo a mMRNAs alvo. No presente estudo, realizamos o cruzamento de
dados entre ~56 milhGes de SNPs contra todas as sequéncias
conhecidas de miRNA bovino e analisamos in silico, seus possiveis
efeitos. Seguindo a predicado dos alvos, mostramos que 82% dos alvos
foram alterados como consequéncia dos SNPs que ocorrem na regiao
de seed de miRNAs maduros. Em seguida, identificamos variacdes na
Energia Livre Minima (MFE) que representam a capacidade de alterar a
estabilidade das moléculas e, consequentemente, a maturacdo dos
MiRNAs. Também encontramos 129 SNPs em miRNAs, que alteraram
sua predicdo com alvos, ocorrendo em regides de QTL e, por ultimo, a
analise dos escores de conservacao evolutiva para cada locus de SNP
sugeriu que eles tém uma funcdo bioldégica conservada através do
processo evolutivo. Nossos resultados sugerem que os SNPs em
microRNAs tém o potencial de alterar os fenotipos bovinos e sdo de
grande valor para a pesquisa de melhoramento genético, bem como

para a producéao.

Palavras-chave: microRNA, SNP, bovino.



SOUSA, M. A. P. Single nucleotide polimorfisms affect miRNA target
prediction in bovine. 2019. 51 f. Dissertacéo (Mestrado) — Faculdade
de Medicina Veterinaria, Universidade Estadual Paulista, Aracatuba,
2019.

ABSTRACT

Genetic improvement of cattle is aimed at selection of characteristics to
facilitate the handling, quality of the meat, resistance to diseases and
adaptation to the environment. Single nucleotide polymorphisms (SNPs)
can generate large effects on these phenotypic characteristics.
MicroRNAs are small non-coding RNAs that act as regulators of post-
transcriptional expression through their binding to target mRNAs. In the
present study, we scanned ~56 million SNPs against all known bovine
MIRNA sequences and analyzed in silico, their possible effects.
Following target prediction, we show that 82% of targets were altered as
a consequence of SNPs that occur in the seed region of mature miRNAs.
Next, we identified variations in the Minimum Free Energy (MFE) which
represent the capacity to alter molecule stability and, consequently, the
maturation of the miRNAs. We have also found 129 SNPs in miRNAs,
with altered target prediction, occurring in QTL regions and, lastly,
analysis of evolutionary conservation scores for each SNP locus
suggested that they have a conserved biological function through the
evolutionary process. Our results suggest that SNPs in microRNAs have
the potential to alter bovine phenotypes and are of great value for

genetic improvement research, as well as production.

Keywords: microRNA, SNP, bovine.
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1 INTRODUCAO GERAL

1.1 REVISAO DE LITERATURA

A domesticacdo de animais e plantas teve inicio no neolitico e permitiu
que as populagbes humanas, antes nbmades, pudessem estabelecer-se
formando civilizagdes, com abundancia de alimentos e seguranca. Dentre os
rebanhos, o bovino destacou-se, pois, sua forca de tracdo e uso em rituais
religiosos elevaram sua importancia para além do fornecimento de leite,
peles e carne. Devido a esta diversidade de vantagens que a criagao bovina
trouxe ao homem, a preocupacdo com caracteristicas que facilitem o
manejo, alojamento e pastagem sempre se fez presente, induzindo a
selecdo artificial destes animais, modificando-os atravées do tempo
(AJMONE-MARSAN et al., 2010)(TANG; HO, 2007).

A compreensado dos processos biolégicos em animais e plantas tem se
expandido rapidamente através dos estudos relacionados ao
sequenciamento gendmico. (BENDER, 2004).

Conrad Waddinton usou o termo epigenética (epi: acima, sobre) pela
primeira vez em meados de 1940 para relacionar as interacdes entre os
genes e o0 ambiente, indicando as diferentes possibilidades de
desenvolvimento de uma célula (NOBLE, 2015), e ao controle da expressao
génica considerando ndo apenas a sequéncia primaria do DNA, mas sim, a
organizacdo da cromatina (BENDER, 2004). Deste modo, a epigenética
revolucionou a genética molecular tornando-se imprescindivel para o estudo
da gendmica funcional.

Para Levenson & Sweatt (JONATHAN M. LEVENSON; J.DAVID
SWEATT, 2005) a epigenética se trata dos processos que regulam a
expressdo génica sem afetar o cdédigo genético. Através do controle de
sequéncias génicas sem alterar a sequéncia nucleica em si, células
geneticamente idénticas sdo capazes de se distinguir fenotipicamente,
dependendo de sua localizacdo e/ou funcdo. As mudancas na expressao
génica podem ser herdadas pelo processo mitético e ao longo das geracoes.
A programacao epigenética dos gametas, e dos embrides em inicio de
desenvolvimento, € condicdo vital para o desenvolvimento de um novo

organismo (TANG; HO, 2007). Trés processos epigenéticos envolvem esta
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programacao: a acdo dos RNA nao-codificadores, o remodelamento das
histonas e a metilacdo do DNA. Estes eventos epigenéticos regulam a
expressao génica através do controle da transcri¢cdo e/ou tradugdo. Segundo
Lund & Lohuizen (ANDERS H. LUND; MAARTEN VAN LOHUIZEN, 2004), o
remodelamento das histonas e o padrdao de metilacdo do DNA modificam a
acessibilidade da cromatina para a regulacdo da transcricdo localmente ou
globalmente, pelas modificacdes no DNA e pelas modificagées ou rearranjos
dos nucleossomos. Ja os RNAs ndo-codificadores podem atuar interferindo

na transcricdo e também na traducéo de genes (TANG; HO, 2007).

1.1.2 MicroRNAs

MicroRNAs (miRNAs) sdo uma classe de RNA pequenos, nao-
codificadores, de cadeia simples, que atuam na repressao pos-transcricional,
ligando-se na regido 3’ de genes alvo nado traduzidos (ZHAO et al., 2012).
Inimeros processos biolégicos sdo controlados por miRNAs, como o
desenvolvimento e diferenciacdo celular dos organismos, controle do
crescimento, apoptose, regulacao da resposta imune, entre outros processos
fisiol6égicos, além de processos patolégicos como o céancer e doencas
degenerativas (BUENO; DE CASTRO; MALUMBRES, 2008; FILIPOWICZ;
BHATTACHARYYA; SONENBERG, 2008; KEDDE; AGAMI, 2008; STEFANI,
SLACK, 2008; BARTEL, 2009; O'CONNELL; RAO; BALTIMORE, 2012).

Na biogénese dos miRNAs ha duas vias: canbdnica e ndo candnica.
Na via candnica os genes de miRNA localizam-se em regides intergénicas
ou em clusters. Na via ndo candnica os genes de miRNA localizam-se em
regides intrénicas.

Os miRNAs séao transcritos pela RNA Polimerase Il em um precursor
primario chamado pri-miRNA, e na sequéncia processados, ainda no nucleo.
Na via candnica, o pri-miRNA é processado pela enzima RNAse Il Drosha e
na via ndo candnica, por um spliceossoma. Em ambos os casos o pri-miRNA
forma um hairpin de 70 nucleotideos (SALIMINEJAD et al.,, 2018). Apos
transporte deste pré-miRNA para o citoplasma, outra enzima RNAse lll, a
Dicer, cliva o pré-miRNA em um duplex de aproximadamente 20

nucleotideos, o tamanho final do miRNA maduro de fita simples (MAUDET et
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al., 2014). Este miRNA duplex se associa a proteinas como Argonauta e
TRNC6 formando o chamado complex RISC (do inglés “RNA-induced
silencing complex”) para exercer a fungdo de repressdo de mRNA, que
contenham complementariedade de sequéncia com os miRNAs, impedindo a
traducdo deste RNAm alvo, ou ainda promovendo a deadenilacdo e
consequente degradacdo destes alvos (Figura 1) (HUNTZINGER,;
IZAURRALDE, 2011; EULALIO; SCHULTE; VOGE, 2012).

Mirtron

miRNA intergénico Agrupamento de miRNAs (regices intronicas) Exon
— —eee—— — _ = == — —
— — —
Pol Il Polll Pol Il
Via Canénica

Via ndo canénica

Transcricdo de ndo codante

Via Candbnica Pri-miRNA
- (Pre-mRNA)
5'cap = 5'cap
AAAN 3’ AAAN 3’ 5 AAAN 3’
Scap DDGC:S Spliceossoma
® el AAAN 3’ 5 i i AAAN 3
Microprocessamento Dobra por l
acdo de enzima
4—
Nucleo
; Pre-miRNA Laco do Mirtron
3 - e
wn
.
= c I
7\ 3
o w
Dicer
TRBP —
5 L3.
*T1 o
i AEE
Citoplasma fita dupla de Ribossamo
miRNA maduro
TNRC6  OCR4-NOT
complex
Desestabilizacao do mRNA Pareamento DOX6 4e1
e repressao de traducao suplementar 3’ RISC

(complexo silenciador
induzido por RNA)

Figura 1 — Biogénese do miRNA e ligagdo com mRNA
Fonte: adaptado de SALIMINEJAD et. al., 2018
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1.1.3 Polimorfismos de nucleotideo Unico

Os Polimorfismos de nucleotideo Unico (SNPs) representam a forma
mais abundante de variacdo genética em ambos os genomas de plantas e
animais (Jiang, 2008). Essas variacdes tém como base as alteracfes mais
elementares da molécula de DNA, ou seja, mutacdes em bases Unicas da
cadeia de bases nitrogenadas (adenina (A) ou timina (T) ou citosina (C) ou
guanina (G)) (CAETANO, 2009). Quimicamente, os nucleotideos podem ser
agrupados em purinas (A - G) e pirimidinas (C - T). SNPs dentro dos grupos
sdo chamados transicbes e aqueles entre 0s grupos sao chamados
transversodes. Portanto, ha duas transigdes possiveis (C &« T e A & G) e
quatro transversodes possiveis (A -« C, G - T, A & T, C « G) (Figura 2),
sem considerar as direcbfes das mutacdes. As transicbes ocorrem mais

frequentemente nos genomas de plantas e animais (JIANG et al., 2008).

Figura 2 — Diferengas entre transigdes e transversdes

Transi¢bes purina para purina pirimidina para purimidina
A t— G T - » C
Transversdes purina para pirimidina pirimidina para purina
AT T < A
C G

G < C <:
T A
Fonte: Elaborado pelo autor

Meuwissen et al. em 2001 prop6s o estudo denominado “Genome Wide
Selection” (GWS) (MEUWISSEN, T. H. E.; HAYES, B. J.; GODDARD, 2001).
Este modelo de estudo usa um grupo de gendtipos definidos por um
conjunto de SNPs para selecionar fenoétipos de interesse atraves
consideraveis calculos matematicos (SEIDEL, JR., 2010). Desta forma, estes
polimorfismos sédo um recurso Util na criacdo de mapeamentos gendmicos

assim como estudos populacionais. Entre as vantagens do uso de SNPs
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como marcadores genéticos em comparacdo com oS microssatélites, pode-
se destacar o fato de que ocorrem em grandes quantidades, sdo herdados
de forma estavel, e sdo facilmente testados com o uso da maioria das
tecnologias disponiveis (BEUZEN; STEAR; CHANG, 2000).

Portanto, SNPs sédo importantes marcadores que vinculam os genes as
mudancas fisiologicas normais, doencas, resposta a agentes patogénicos,
respostas a produtos quimicos, medicamentos, vacinas e outros
agentes (RILEY et al., 2005; KIM; MISRA, 2007). O estudo dos SNPs também
é importante em programas de melhoramento genético de plantas e bovinos,
pois a informacdo obtida pode ser usada para localizar loci que afetam
caracteres quantitativos, identificar regides cromossdémicas sob selecéo,
histéria da populacéo estudada e caracterizar/gerenciar recursos genéticos e
diversidade (RAFALSKI, 2000; DU; CLUTTER; LOHUIS, 2007).

Diferencas de nucleotideos em regides codantes podem alterar a
composicao final de proteinas, ou ainda SNPs nas regifes promotoras de
genes podem causar ganhos/perdas de elementos de resposta e resultar em
uma regulacéo diferencial da transcricdo (JIANG et al., 2007). No entanto, o
possivel efeito de SNPs em controladores pés-transcricionais como miRNAs

ainda necessita ser elucidado.

1.2 OBJETIVO

O presente trabalho tem como objetivo mapear os SNPs que ocorrem
em sequéncias de microRNAs de bovinos e analisar seus possiveis efeitos
na ligacdo com seus alvos e na estrutura primaria do miRNA, visando a
criacdo de um banco de dados de regifes de interesse para futura anélise
da expressdao de alvos entre racas e/ou individuos polimérficos e

fenotipicamente distintos.
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2.1 Abstract

Background: Genetic improvement of cattle is aimed at selection of traits to
facilitate the handling, quality of the meat, resistance to diseases and
adaptation to the environment. Single nucleotide polymorphisms (SNPs) can
generate large effects on these phenotypic characteristics. MicroRNAs are
small non-coding RNAs that act as regulators of post-transcriptional
expression through their binding to target mRNAs. In the present study, we
scanned ~56 million SNPs against all known bovine miRNA sequences and
analyzed in silico, their possible effects.

Results: Following target prediction, we show that 82% of targets were
altered as a consequence of SNPs that occur in the seed region of mature
mMiRNAs. Next, we identified variations in the Minimum Free Energy (MFE)
which represent the capacity to alter molecule stability and, consequently, the
maturation of the miRNAs 48.63% of the sequences analyzed showed values
within those reported as sufficient to alter maturation. We have also found
129 SNPs in miRNAs, with altered target prediction, occurring in QTL regions
and, lastly, analysis of evolutionary conservation scores for each SNP locus
suggested that they have a conserved biological function through the
evolutionary process.

Conclusions: Our results suggest that SNPs in microRNAs have the
potential to alter bovine phenotypes and could be of great value for genetic
improvement research, as well as production.

Keywords: microRNA, SNP, bovine



18

2.2 Background

Concerns about the genetic improvement of cattle dates back to the
time of domestication of these animals, including characteristics that facilitate
management, meat production, milk and adaptation to the environment[1].
Single nucleotide polymorphisms (SNPs) are single-base exchanges that
occur naturally in the genome and have long been studied as valuable
genetic markers, as they can affect phenotypic traits [2]. SNPs can occur in
both genic and intergenic regions [3], with the former resulting in alterations
that can be more easily related to consequent phenotype effects, i.e.
changes in protein or alteration of cis-acting elements.

MicroRNAs (miRNA) are small, non-coding RNAs of approximately 22
nucleotides that act as post-transcriptional regulators of gene expression,
binding to 3 UTR target genes by antisense complementarity in a
conformation known as RISC (RNA-induced silence complex) [4]. Following
complex formation, there are two ways of translational control: target miRNA
cleavage or translational inhibition [5].

In humans, the occurrence of SNPs at target sites of miRNAs on
messenger RNAs (mRNAs) may alter the mRNA:miRNA binding, creating or
destroying targets, and potentially regulating a wide variety of diseases,
including cancer [6]. Notwithstanding, the presence of SNPs can also affect
the miRNA sequence itself [7][8]. In bovine, the effects of SNPs in specific
MIiRNA sequences or miRNA target sites were reported as being related to
mastitis [9] and fertility [10].

Through the use of bioinformatic tools and the largest bovine SNP

database currently available (1000 Bulls Genome Project), we sought to
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identify SNPs that occur in miRNA sequences and to perform in silico
predictions on the effects of the presence of these SNPs on target binding

and primary miRNA formation.

2.3 Results
SNPs in miRNA primary sequences

We performed a scan in 1064 miRNA primary sequences and found
452 miRNA sequences with SNPs, 263 produced by canonical pathway and
the remaining 189 by non-canonical pathway (Fig l1la). Some miRNAs
harbored more than one SNP per sequence. Nucleotide changes were

comprised of 42% transversions and 58% transitions (Fig 1b).
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Changes in target prediction

Out of 193 miRNA mature sequences with SNPs, 70 had alterations
in target prediction. Another 21 mature miRNA had SNPs in their seed
region, however, no changes were observed in target prediction. Out of all
predicted targets for these 70 miRNAs, 48.2% were created and 33.8% were
lost (Fig 2a and b) as a consequence of the presence of a SNP. Only 18% of
the targets were unaltered by the presence of SNP within the seed region of
the miRNAs (Fig 2b). No significant difference in target alteration was
observed between transitions and transversions (1171 vs 1347 average

target alteration, respectively).
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Effects of SNPs on miRNA hairpin structure

In order to investigate the influence of a SNP in the hairpin structure
of the miRNAs, we calculated the energy change (AAG) between reference
and altered sequences (Fig 3A) using the RNAfold Program [11]. We
observed that the presence of SNPs can alter hairpin conformation due to
loss or acquisition of base pairing, consequently altering free energy (Fig 3B,
3C). In our study we found 58% transitions and 42% transversions, and
statistical analysis indicated that there was a significant difference regarding
the MFE variation between the two types (-0.83 vs -1.61, transitions and

transversions, respectively; p-value<2.348e-05).



24

(@)

400
3501
3001
2501

Number of miRNAsS
[ ]
[ ]
[ -]

150 1
100 1
50 1
O.
[-9.29,-7.29] (-7.29,-5.29] (-5.29,-3.29] (-3.29,-1.29] (-1.29,0.71] (0.71,2.71] (2.71,4.71]
MFE variation
(b) (c)
bta-mir-2425-3p bta-mir-2901

1992 TR980

=

‘.ﬁo.‘¢o+g P

AAG = 3.6 kcal/mol AAG = 5.5 kcal/mol

Fig 3 — Frequency distribution of energy variation between reference and
altered miRNA sequences (a). lllustration of bta-mir-2425-3p with a G to C
transversion (b) and bta-mir-2901 with a G to A transition (c) and the

alterations in conformation.

(4.71,6.71]



25

Presence of miRNAs with SNPs in QTL regions

Focusing on mature miRNAs with altered target prediction, we
crossed their positions with that of known QTL regions (Table 1). We found

that 45 traits had one or more SNP in miRNA sequence within their locations.
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Table 1 - Mature miRNA with SNPs affecting target prediction in QTL regions

Trait categories

Number of miRNAs

Reproduction traits

Calving ease

Calving ease (maternal)
Calf size

Birth index

Stillbirth

Scrotal circumference
Udder swelling score
Calving to conception interval
Age at puberty

Calving index

Length of productive life

=
=

P PP P NNNWDNO

Milk production traits

Milk caproic acid content

Milk palmitoleic acid content
Tridecylic acid content

Milk butyric acid content

Margaric acid content

Milk decenoic acid content

Milk myristoleic acid content

Milk capric acid content

305-day milk yield

Milk oleic acid content

Milk alpha-lactalbumin percentage
Milk lauroleic acid content

Milk yield

Milk beta-casein percentage

Milk conjugated linoleic acid content
Monounsaturated fatty acid content
Trans-15-C18:1 fatty acid content
Cis-10 Heptadecenoic acid content

=
=

P P P PP DNDNMNMDNMNDNDNOWWWWW>~MOOO

Conformational traits

Body weight (weaning)
Body weight (yearling)
Residual feed intake
Somatic cell score
Average daily gain
Body weight (birth)
Conformation score
Non-return rate (EBV)

e L S S e

Meat production traits

Shear force
Intramuscular fat

~



Subcutaneous fat
Muscle iron content
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Environmental adaptation traits

Cold tolerance
Heat tolerance

Disease tolerance traits

Tick resistance
Bovine tuberculosis susceptibility
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PhyloP Conservation scores for SNPs within primary sequences

To investigate the conservation level of each altered base occurring
in MiIRNA primary sequences, we obtain the PhyloP score based on the
alignment of 100 vertebrates [12]. Positive, neutral and negative values are
employed to indicate slow, neutral and fast-evolving variations, respectively.
We aligned and obtained the phyloP score of 214 sequences of primary
miRNAs (Fig 4). All miRNAs containing a SNP in their seed region, had a

positive phyloP score, regardless of target alteration.

100

60 —

40

Number of miRNAs

[ I I I I I |
-15 -10 -5 0 5 10 15

PhyloP scores of each miRNA

Fig 4 — Frequency distribuition of PhyloP scores for each SNP position in

mMiRNA sequences.
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2.4 Discussion

We were able to contrast the largest SNP database available in the
bovine species to date, with all available miRNA sequences. The publicly
available SNP databases, Bovine Genome Database [13] and SNPchiMp v.3
[14][15], that gathers data from SNPs used on several chips produced by
lllumina and Affymetrix, have a combined total of 2 million SNP annotations.
The dataset used in this study, Run 5 of the 1000BGP, has more than 56
million SNP annotations.

Guo et al. have recently demonstrated that transversions have more
pronounced regulatory effects than transitions [16], though their effects on
non-coding sequences is yet to be elucidated. Likewise, we found a
significant increase in MFE variation in transversions when compared to
transitions, suggesting different effects of transitions and transversions on
non-coding RNAs.

In humans, a single miRNA can regulate hundreds of thousands of
genes, and it is estimated that they regulate 90% of all genes in the genome
[17]. The impact of SNPs in miRNA sequences or in a miRNA target sites is
related to loss or gain of target genes in humans [18] and plants [19]. In our
study, SNPs within seed sequences greatly affected target prediction, with
less than 20% of targets remaining unaltered between reference and altered
alleles. [20]. Interestingly, 21 miRNA sequences with SNPs in their seed
region that did not alter their binding to targets, and in all these sequences
the SNP was located at the last nucleotide of the seed, suggesting that SNPs
in this position do seem to affect target prediction. Further, the influence of

SNPs on the divergence of traits between cattle breeds, or within breed, are
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well reported in several studies, as revised by Seidel [21] . In fact, a GWAS
analysis detected the presence of SNPs in a QTL region linked to calving
ease, without the presence of protein-coding genes at this site, but rather of a
MIiRNA [22]. In our study, we have identified 140 miRNAs with SNPs in
previously identified QTL regions. Although these loci are large, spanning
several Kbs within chromosomes, 129 of these miRNAs associated with
QTLs presented altered target prediction as a consequence of a SNP within
their seed region, which could translate directly in significant protein
differences in individuals harboring different bases.

Presence of SNPs in primary miRNAs sequences may also alter the
production of mature miRNAs. This is due to the alterations in recognition by
their cleavage proteins, which identify the conformation of the secondary
structure of the molecule and not simply the nucleotide sequence [23][24].
Association between the presence of SNPs in the pre-miRNA flanking region
and cancer has been reported in humans [25]. Alteration in MFE in miRNA
primary sequences, caused by SNPs, are reported and validated in carp [26].
Values ranging from 2.1 to 7.1 were reported as sufficient to alter the
production of mature miRNAs [27]. In our study 48.63% of miRNAs primary
sequences with SNPs showed AAG greater than these values. MFE
alteration between wild-type and SNP-type pre-miRNA-2467 has already
been reported in a study with five bovine breeds (Angus, Jersey, Holstein-
Friesian, Limousin, Hereford), where a loss of stability resulted from the
formation of a new loop in the hairpin structure following the loss of base

pairing [28]
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Evolutionary conservation of miRNAs, as well the conservation of
their target genes, have already been evidenced in previous studies [29][30].
In this study we decided not to limit ourselves to determining the
conservation of miIRNA sequences based on homologous occurrence in
other vertebrates, but rather to infer conservation relevance by retrieving
phyloP scores. PhyloP scores with positive values represent conservation,
while scores with negative values represent rapid evolution. Our analysis
showed that ~86% of the loci of 214 aligned miRNA sequences where SNPs
occurred had scores greater than 0, suggesting a conserved biological
function through the evolutionary process, where natural selection favored
individuals who maintained this conserved position, increasing their
frequency in populations. Therefore, a change in these conserved positions
could indicate unfavorable phenotypes, influenced by altered maturation of
primary miRNAs or misregulated post-transcriptional repression promoted by

mature miRNAS.

2.5 Conclusions

The present study is the first to perform a global analysis of SNPs
that occur in miRNAs in cattle. Through the use of computational tools, we
have created a database that can aid in the investigation of epigenetic
regulation of phenotypes in cattle. We demonstrated that SNPs can alter
target prediction for miRNAs, as well as pre-miRNA processing, increasing or
decreasing mature miRNA production, which in turn could affect production

traits in cattle.
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2.6 Methods

Bovine Assembly and Database

In this study we used the Bos taurus UMD 3.1.1 [31] as the
reference genome. SNP positioning of approximately ~56 million SNPs were
acquired from the Run5 of the 1000 Bulls Genome Project (BGP;
http://www.1000bullgenomes.com/). Primary and mature miRNA location,
positioning, and sequences were obtained from miRbase (www.mirbase.org),
release 21 [32][33][34][35][36][37][38]. Positions of QTLs were extracted from

the Animal QTLdb [39].

Mapping of SNPs in miRNA sequences
An in-house Python (2.7) script was used to identify all SNPs (Run5
of BGP) that are located within all bovine miRNA sequences available on

miRBase (release 21).

Prediction of miRNA targets

The miRmap [40] package was adapted for target prediction through
Python (3.6.4) scripts, using 13,345 3'UTR bovine sequences available
within the same package. Target prediction was performed for all miRNAs
containing SNPs. Reference sequences (similar to UMD 3.1.1) and alternate
sequences (alternate allele from Run5) were then classified in regards to
target gene prediction as: 1) targets were created as a result of SNP; 2)

targets were lost; and 3) targets were unaltered. Welch Two Sample t-test
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was employed to compare transitions and transversions in regards to target

alteration.

Prediction of energy change in primary miRNA sequences

To calculate variations in Minimum Free Energy (MFE) between
reference and altered sequences of primary miRNAs, the program RNAFold -
ViennaRNA Package 2.0 [11] was utilized. This tool can calculate changes in
MFE, which can affect the formation of mature miRNAs, based on alterations
to the hairpin structure of primary miRNAs caused by unpairing of bases
within the double strand section of the hairpin. Welch Two Sample t-test was
used to compare transitions and transversions in regards to the MFE change

induced.

PhyloP Scores

PhyloP scores are used to measure nonneutral nucleotide
substitution rates, indicating conservation and acceleration independently at
each nucleotide [41]. To calculate PhyloP scores [12], we performed a
BLAST [42] search (e-value <1073) [43] of all primary miRNA sequences
against the human genome, then the identified human sequences were
located on the UCSC Genome Browser [44][45]. Once sequences were
located, an alignment was performed using MUSCLE [46], followed by
manual search of the corresponding human base pair to the original bovine
SNP position. Lastly, the conservation track Cons 100 Verts (phyloP100way),
available on the UCSC genome browser, was used to obtain the PhyloP

value to each position of interest.
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