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RESUMO
Dissertacdo de Mestrado
Programa de Pds-Graduagdo em Zootecnia
Universidade do Estado de Santa Catarina

IDENTIFICAQAS) DE GENES E POLIMORFISMOS ASSOCIADOS COM A
MANIFESTACAO DE HERNIA UMBILICAL EM SUINOS UTILIZANDO
SEQUENCIAMENTO DE NOVA GERACAO

AUTOR: Igor Ricardo Savoldi
ORIENTADORA: Monica Corréa Ledur
Chapecd, 30 de Julho de 2020

A hérnia umbilical (HU) é uma condicdo que afeta a producéo de suinos, reduzindo o bem-
estar e 0 desempenho dos animais. As potenciais causas que podem levar a HU sdo os
distdrbios associados ao metabolismo do colageno, estrutura muscular e reparo do tecido
conjuntivo, levando a uma maior fragilidade e flacidez da regido umbilical, fazendo com
que a abertura umbilical ndo feche corretamente e que os intestinos projetem-se pela parede
abdominal formando o saco herniario. Contudo, os componentes genéticos envolvidos com
a UH sdo pouco compreendidos. Portanto, o objetivo deste estudo foi identificar genes e
polimorfismos associados com a manifestacdo de hérnia umbilical em suinos utilizando
sequenciamento de nova geracdo. Para isso, 10 leitoas com 90 dias de idade, 5 herniadas e
5 ndo-herniadas foram selecionadas. A extracdo de DNA foi realizada com o Purelink
Genomic Mini Kit (Invitrogen), as bibliotecas exémicas foram preparadas usando o kit
SeqCap EZ Library SR (1.0) (NimbleGen / Roche) e o sequenciamento foi realizado no
equipamento lllumina HiSeq 2500 (2x100pb). Além disso, também foram utilizados dados
de transcriptoma do anel umbilical disponiveis no banco de dados SRA para identificacdo
de variantes. As leituras exdmicas e transcriptdmicas foram submetidas ao controle de
qualidade utilizando a ferramenta Trimmomatic e mapeadas contra 0 genoma suino de
referéncia (Sscrofall.l) utilizando o software BWA-MEM para 0 sequenciamento exémico
e 0 STAR para o transcriptomico. A identificacdo dos polimorfismos foi realizada usando o
Genome Analysis Toolkit (GATK) e o Variant Effect Predictor (VEP) do Ensembl foi
usado para anotar e predizer o efeito das variantes. Essas variantes foram também
comparadas com resultados de um estudo de associacdo gendmica (GWAS). No exoma
foram identificadas 209 variantes, 5 localizadas em regides intergénicas e 204 localizadas
em 72 genes. No transcriptoma foram identificadas 81 variantes localizadas em 42 genes.
Dessas, 29 variantes do tipo SNP (Polimorfismo de Nucleotideo Unico) foram classificadas
através do VEP como variantes missense. Comparando as trés metodologias, obtivemos 79
variantes concordantes entre o exoma e o transcriptoma, localizadas em 23 genes. Além
disso, 8 genes também foram identificados pela analise de GWAS. Portanto, destacamos as
variantes nos genes FYN, SPN, ITGB2, MYLPF, MYH13, MYH8, MYH2, MYH3, MYO19,
VIM, ROCK2, RABGEF1 e UBASH3B como fortes candidatas no desenvolvimento de UH
em suinos. Destaca-se também a importancia da combinacdo das trés abordagens para
identificar genes e polimorfismos potencialmente envolvidos no desencadeamento da UH.
Palavras-chave: Genes, defeitos congénitos, transcriptoma, exoma, GWAS, suinos.
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Umbilical hernia (UH) is a condition that affects pig production, which reduces welfare and
performance. The potential causes that can lead to UH are disorders associated with
collagen metabolism, muscle structure and connective tissue repair, leading to a weakness
and flabbiness in the umbilical region. In consequence, umbilical opening do not close
properly and the intestines project through the abdominal wall, forming the herniary sac.
However, the genetic components involved with UH are poorly understood. Therefore, the
aim of this study was to identify genes and polymorphisms associated with the
manifestation of umbilical hernia in pigs using next generation sequencing. Therefore, 10
gilts with 90 days of age, 5 herniated and 5 non-herniated were selected. DNA extraction
was performed with the Purelink Genomic Mini Kit (Invitrogen), the exomic libraries were
prepared using the SeqCap EZ Library SR (1.0) kit (NimbleGen / Roche) and the
sequencing was performed in the lllumina HiSeq 2500 (2x100pb) equipment. Moreover,
transcriptome data available in the SRA database were also used to identify variants. The
exomic and transcriptomic sequencies were subjected to quality control using the
Trimmomatic tool and mapped against the swine reference genome (Sscrofall.l) using the
BWA-MEM software for the exomic and the STAR for the transcriptomic sequencing.
Polymorphisms were identified using the Genome Analysis Toolkit (GATK). The
Ensembl's Variant Effect Predictor (VEP) was used to annotate and predict the effect of the
variants. These variants were also compared with results from a genome-wide association
study (GWAS). In the exome, 209 variants were found, 5 located in intergenic regions and
204 located in 72 genes. In the transcriptome, 81 variants were identified, which were
located in 42 genes. From those, 29 single nucleotide polymorphisms (SNP) were classified
with the VEP tool as missense variants. Comparing the three methodologies, we obtained
79 concordant variants between the exome and the transcriptome, located in 23 genes.
Moreover, 8 genes were also identified by GWAS analysis. Therefore, we highlight the
variants in the FYN, SPN, ITGB2, MYLPF, MYH13, MYH8, MYH2, MYH3, MYO19, VIM,
ROCK2, RABGEF1 and UBASH3B genes as strong candidates in the development of UH in
pigs. We also highlight the importance of combining the three approaches to identify genes
and polymorphisms potentially involved with the onset of UH.

Keywords: Genes, congenital defects, transcriptomics, exome, GWAS, swine.
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1 CAPITULOI
REVISAO DE LITERATURA

1.1 SUINOCULTURA

A suinocultura exerce um papel de destaque mundial na producao de carne devido ao
investimento tecnoldgico que foi implementado nos modelos de sistemas de criacdo dos
suinos. Este avango proporcionou um crescimento de 45,7% na producdo mundial de carne
suina nos ultimos 24 anos, passando de 78,2 milhdes de toneladas em 1995 para 116,4
milhdes de toneladas de carne em 2019 (ABCS, 2020). O continente asiatico detém a maior
producdo de carne suina do mundo (66,2 milhdes de toneladas) e a Europa é o segundo
maior produtor de suinos com 28,4 milhdes de toneladas, seguida das Ameéricas,
com 22,2 milhdes de toneladas (ABPA, 2020).

A suinocultura brasileira passou pelo processo de intensificacdo e inovagédo
tecnoldgica no decorrer dos dltimos anos, de modo que tal avango proporcionou um
aumento significativo na criacdo e producdo de suinos. Em 2006, a producgdo de suinos era
de 2,94 milhdes de toneladas, aumentando para 3,75 milhdes de toneladas em 2017
(USDA, 2018). Portanto, em 11 anos houve um crescimento significativo na producéo,
avanco que exemplifica claramente a evolucdo tecnolégica do setor nas &reas de genética,
nutricdo, sanidade e manejo. Desta forma, 0s suinos puderam ser abatidos com maior peso,
menor quantidade de gordura e melhor conversdo alimentar (ABCS, 2018). Este avanco
propiciou ao Brasil um lugar de destaque na suinocultura mundial, ocupando a quarta
posicdo de maior produtor, com aproximadamente 3,98 milhdes de toneladas, sendo 19%
desta destinada a exportacdo, conferindo ao pais a posicdo de quarto maior exportador
mundial. Os outros 81% da producéo sdo destinados ao mercado interno (ABPA, 2020).

Contudo, um dos maiores desafios impostos na suinocultura moderna é a melhoria de
alguns aspectos produtivos para torna-la mais eficiente, como: oferta e procura de insumos,
auséncia de investimento, abandono da atividade, perdas produtivas, sanidade e outros.
Dentre eles, os problemas congénitos, como as hérnias escrotais e umbilicais, estdo entre 0s

principais responsaveis pelas perdas produtivas (PETERSEN et al., 2008).
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1.2 HERNIA UMBILICAL

A hérnia umbilical (Figura 1) é caracterizada pela migracdo de parte das visceras
abdominais do intestino através do anel umbilical, formando um acimulo de volume na
area ventral do abdémen (JAY GROSFELD et al., 2006). Isso ocorre devido ao
enfraquecimento dos musculos ao redor do umbigo, fazendo com que a abertura umbilical
ndo feche corretamente e que os intestinos se projetem pela parede abdominal (STRAW;
BATES; MAY, 2009), formando o saco herniério. Além disso, distirbios associados ao
metabolismo do colégeno e a estrutura muscular lisa podem comprometer a reparacdo de
tecido conectivo pelos fibroblastos (BENDAVID, 2004) e a flacidez nessa regido inguinal
pode evoluir para hérnia (BEUERMANN et al., 2009; FRANZ et al., 2001).

Figura 1: Leitoa comercial com aproximadamente 90 dias de idade acometida pela hérnia
umbilical.

Fonte: Arquivo Pessoal.

As hérnias afetam negativamente a conversdo alimentar e ganho de peso, aumentando
a contaminacdo de carcacga devido a ruptura do intestino, podendo ocasionar a morte dos
suinos. Desta forma, a ocorréncia das hérnias reduz o bem-estar animal (GRINDFLEK et
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al., 2006) e causa perdas econdmicas significativas. Straw, Bates e May (2009) observaram
correlacdo entre a mortalidade e o tamanho do saco herniario. Para avaliacdo do tamanho
das hérnias sugeriu-se uma escala de escores entre pequeno, médio e grande. As taxas de
mortalidade foram 4,0%, 3,1% e 8,3%, respectivamente (STRAW; BATES; MAY, 2009).
Leitdes acometidos por hérnias umbilicais apresentam menor ganho de peso antes do
desmame em relacdo a leitdes normais (SEARCY-BERNAL, GARDER e HIRD, 1994).
No frigorifico, as carcagcas com hérnia tém menor valorizagdo do que as demais (STRAW,;
BATES; MAY, 2009), sendo esta desvalorizacdo muito significativa para as industrias de
carne. No Brasil, Zanchin (2015) avaliou 235 suinos comerciais suspeitos de apresentar HU
no frigorifico, sendo que 153 carcacas foram confirmadas com a presenca de HU. Destas,
100 (65.4%) foram classificadas como ndo exportaveis (destinadas ao mercado interno), 48
(31,4%) foram destinadas para tratamento térmico que inclui conservas e embutidos
cozidos e 5 (3,3%) foram para a graxaria (farinha de carne), evidenciando, dessa forma,
grandes perdas produtivas e econdmicas tanto para a industria como para produtor.

Na Dinamarca, verificou-se que a ocorréncia de hérnia umbilical foi de
aproximadamente 6,6%, mostrando a alta incidéncia desta condicdo em suinos destinados a
producdo (PETERSEN et al., 2008). Em plantéis de suinos em Ontario (Canada), foram
observadas incidéncias variando entre 0,4% e 1,5% (KEENSLISIDE, 2006), refletindo o
grande impacto que esse problema causa na suinocultura. E importante ressaltar que no
Brasil apenas um estudo foi identificado relatando a incidéncia de hérnia umbilical nos
rebanhos suinos. Poltronieri et al. (2015), avaliando a incidéncia de hérnias
escrotais/inguinais e umbilicais durante o desmame de leitdes aos 21 dias em uma granja de
suinos comerciais, verificaram que do total de 4.000 leitdes nascidos no periodo avaliado,
60 apresentaram hérnias escrotais/inguinais e 20 apresentaram hérnias umbilicais,
representando, respectivamente, 1.5% e 0.5% do total de leitdes nascidos. No Brasil, 32
milhGes de suinos sdo abatidos anualmente. Se considerarmos que destes, 0,5% forem
acometidos com heérnia umbilical, estima-se que 160 mil suinos sdo comercializados com
HU por ano. Leitdes herniados mantidos na granja tém um valor de mercado 50% menor
qgue animais sadios. Considerando a suinocultura brasileira, isto geraria um prejuizo

superior a R$ 20 milhdes de reais por ano, sem considerar 0s possiveis Obitos. Essas
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estimativas ndo consideram ainda as perdas econémicas no desempenho e as causadas por
problemas de bem-estar animal.

Sevillano et al., (2015) estimaram a ocorréncia da hérnia inguinal/escrotal em duas
populacdes de suinos das racas Large White (LW) e Landrace (LD), observando que a raca
LW possui um maior indice de ocorréncia (0,42%) em comparacdo com a raca LD (0,34%).
Para a hérnia umbilical, estima-se que a prevaléncia desta anomalia em linhas puras esteja
entre 1,2 e 2,1%, conforme relatado para as ragas Duroc e Large White, respectivamente
(SEARCY-BERNAL, GARDER e HIRD, 1994).

1.3 FATORES PREDISPONENTES A HERNIACAO

Para compreender os mecanismos biol6gicos e genéticos do desenvolvimento da
hérnia umbilical, grande parte dos estudos é realizada com a espécie humana, extrapolando-
se, portanto, as descobertas descritas em humanos para as outras espécies animais
semelhantes como, por exemplo, os suinos (MEIER et al., 2001). De uma forma geral, a
hérnia umbilical estd associada a fatores genéticos e ambientais, podendo, portanto, ser
classificada em congénita ou adquirida (COATS; HELIKSON; BURD, 2000). A adquirida
é desencadeada ap0s o parto em consequéncia da fraqueza na cicatrizacdo do umbigo dos
recém-nascidos ou também por diversos fatores como trauma, lesdo e infec¢des do umbigo
(PETERSEN et al., 2008). A congénita € observada durante a fase embrionaria devido a um
defeito no desenvolvimento dos muasculos na parede abdominal ocasionando a protrusdo de
parte do intestino para fora do abdémen (BRANDT, 2008). Este tipo de falha pode estar
associado a fatores genéticos (FALL et al., 2006; FRANZ, 2008).

Brandt (2008) define que todos os recém-nascidos apresentam um pequeno defeito
no umbigo ao nascimento, através do qual os vasos umbilicais atravessam (BRANDT,
2008; FALL et al., 2006). Posteriormente, o fechamento do anel umbilical é espontaneo.
Sendo assim, este tipo de processo € o unico que é programado geneticamente para fechar
(FALL et al., 2006). Contudo, a base molecular para o fechamento do anel umbilical é
pouco conhecida, porém, existem evidéncias de que mecanismos geneticos afetam o
fechamento do anel umbilical (COATS; HELIKSON; BURD, 2000; MEREI, 2006). Em

humanos, criangas afro-americanas e africanas apresentam uma incidéncia muito maior de
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hérnias umbilicais (MEIER et al., 2001). Além disso, alguns distdrbios ja foram associados
com o0 aumento da ocorréncia de hérnia umbilical em criancas, incluindo a sindrome do
gigantismo (Beckwith Wiedemann - SBW) e a sindrome de Down (BRANDT, 2008; FALL
et al., 2006).

Geralmente, as hérnias abdominais ocorrem devido a disturbios dos tecidos ao redor
do umbigo (FRANZ et al., 2001), incluindo perda funcional muscular de sustentacdo, falha
ao fechamento do anel umbilical através de uma falha no tecido colagenoso ou por falha da
cicatrizacdo do tecido ao passar por um procedimento cirurgico (BRANDT, 2008). O
metabolismo anormal do colageno ja foi diretamente associado com o desenvolvimento da
hérnia, sendo que moléculas imaturas de colageno foram relacionadas ao processo de
herniagdo (HUTSON et al., 2015), indicando uma base genética para a formacao da hérnia.

A hidroxilacdo desordenada das fibras do colageno foi associada ao aumento da
atividade proteolitica desse tecido causando fraqueza estrutural (FALL et al., 2006). Um
gene que esta diretamente associado ao colageno é o gene da matrix metaloprotease (MMP)
que atua diretamente na formac&o dos fibroblastos e sua superexpressdo ja foi associada ao
desenvolvimento de hérnia inguinal em humanos (BELLON et al., 2001). Em pacientes
com hérnia inguinal, os niveis de expressdo dos genes MMP13 e MMP2 estavam elevados
indicando que a alta expressdo da matrix metaloprotease esta relacionada com o
desenvolvimento da hérnia inguinal (BELLON et al., 2001; ZHENG et al., 2002). Além
disso, a diminuicdo nos niveis de RNAm do coléageno tipo | e 11l na pele de pacientes com
hérnia incisional mostrou uma baixa presenca deste tipo celular no saco herniario indicando
uma visivel falha na cicatrizagdo deste tecido no local da hérnia (BELLON et al., 2001;
FRANZ, 2008).

Processos inflamatérios também ja foram associados com o desenvolvimento das
hérnias, onde ha o envolvimento de varias células pré-inflamatérias e células de defesa
como macrodfagos e linfocitos (KATSUMI et al., 2005). Quando um tecido esta lesionado
ou mais susceptivel ao dano, este perde sua for¢a de sustentacdo no que corresponde a fase
de inflamacdo (BRANDT, 2008; FRANZ, 2008). Portanto, uma fase prolongada de
inflamacdo é vista pelo organismo como um componente estranho o qual inibe a

cicatrizacdo do tecido bloqueando a sintese de coladgeno, a contracdo tecidual e a
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cicatrizacdo do local, tornando-o propicio para o desenvolvimento de hérnias (FRANZ,
2008).

1.4 COMPONENTES GENETICOS ASSOCIADOS AS HERNIAS

Sabe-se que a ocorréncia de hérnias em suinos estéa sob forte influéncia do ambiente
e do manejo dos animais, além de estar associada com a linhagem (MANALAYSAY et al.,
2017). Estimativas de herdabilidade para hérnia escrotal/inguinal de 0,31 (SEVILLANO et
al., 2015) e para hérnia umbilical de 0,25 (SEARCY-BERNAL, GARDNER E HIRD,
1994; THALLER; DEMPFLE; HOESCHELE, 1996) foram observadas, evidenciando a
influéncia genética no surgimento destes defeitos.

Muitos estudos na area genémica sdo voltados para a identificacdo de regides de QTL
(Quantitative trait loci), que sdo caracterizadas como regiGes possivelmente responsaveis
pela expressdo de caracteristicas fenotipicas de interesse (LI et al., 2019).

As hérnias inguinais sdo provocadas pela fraqueza da regido inguinal e abdominal,
atrelados a falhas na formacéo dos tecidos no periodo embrionario (BRANDT, 2008). Além
disso, disturbios ligados aos fibroblastos poderiam comprometer a reparacdo do tecido
conectivo (FRANZ, 2008) comprometendo a regido inguinal, podendo se desenvolver para
hérnia escrotal (BEUERMANN et al., 2009). Grindeflek et al. (2006), utilizando a
metodologia de analise de ligacdo, identificaram regiGes genémicas associadas com a
formagdo da hérnia inguinal nos cromossomos SSC 3, 6, 7, 12 e 15 dos suinos. Nessas
regides foram localizados alguns genes como o COL9A1, ESR1, BAX, HOXB9 e 0 HOXBS,
gue podem ser importantes para o desenvolvimento desta anomalia em suinos. Segundo
Gatphayak et al. (2007), polimorfismos encontrados nos genes INSL3 e BAX dos suinos
podem estar diretamente associados ao desenvolvimento da hérnia inguinal/escrotal, uma
vez que estes dois genes sdo importantes para a formacéo e diferenciacdo do gubernaculo.

Ja a hérnia umbilical é diagnosticada pela protrusdo do contetddo abdominal
formando o saco herniario na regido umbilical. Geralmente, nesses casos, as musculaturas
ao redor do umbigo estdo enfraquecidas, permitindo que a abertura umbilical ndo feche
adequadamente e propiciando a formacdo da hérnia umbilical (SEARCY-BERNAL,
GARDNER E HIRD, 1994). No entanto, a manifestacdo clinica da doenca é variavel e a

confirmacdo da anomalia logo nos primeiros dias de vida do suino pode ser confusa, pois
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geralmente aparece entre 9 e 14 semanas de idade (PETERSEN et al., 2008). Com isso, ha
uma maior necessidade de elaboragdo de estudos aplicados ao melhoramento genético e
formas de reducdo do problema. Ding et al. (2009) identificaram 11 regies associadas a
hérnia umbilical nos cromossomos SSC1, 2, 3, 6, 7, 8, 10 e 11, indicando o locus SWR1928
no SSC7 e 0 SW830 no SSC10 como os microssatélites mais relacionados a esta anomalia.
Atualmente, 55 QTLs relacionados a hérnia umbilical ja foram identificados e inseridos na
base de dados QTLdb (https://www.animalgenome.org/cgi-
bin/QTLdb/SS/traitmap?trait_ID=596) (SOUZA et al., 2020), auxiliando para o melhor
entendimento dos mecanismos genéticos que controlam a manifestacdo desse defeito nos
suinos.

E indiscutivel que os SNPs sdo a maior fonte de variagdo genética dos individuos em
termos de nimeros (LANDER, 2011). No entanto, a descoberta das CNVs (do inglés, copy
number variation) abriu uma nova possibilidade para entendimento da variacdo fenotipica,
evolucdo e susceptibilidade as doencas. CNVs sdo definidas como alteragcdes gendmicas
com pelo menos 1 kb de extensédo, que envolve ganhos ou perdas genéticas em comparagdo
com um genoma de referéncia (IAFRATE et al., 2004; LEVY et al., 2007; SCHERER et
al., 2007; SEBAT et al., 2004). Para o genoma humano, as CNVs compreendem
aproximadamente 12% do genoma do individuo (REDON et al., 2006). Numericamente, a
estimativa da variacdo individual humana pode chegar a mais de 350 milhdes de pares de
base, colocando definitivamente as CNVs como uma importante fonte da variacdo genética
(REDON et al., 2006; WOODWARK; BATEMAN, 2011).

Novas metodologias como RNA-seq (ROMANO et al., 2020), sequenciamento do
exoma (GUIATTI et al., 2015), genotipagem e GWAS (Genome-wide association studies)
(SEVILLANO et al., 2015) séo ferramentas importantes que cada vez mais estdo sendo
utilizadas nas pesquisas voltadas para a producdo animal. Além disso, estas metodologias
inovadoras também estdo sendo implementadas nos programas de melhoramento genético
por meio da selecdo gendmica dos suinos. Contudo, poucos trabalhos vém sendo
desenvolvidos com o intuito de elucidar melhor quais sdo 0s componentes genéticos
associados com o desenvolvimento da hérnia umbilical em suinos e compreender suas vias

de atuacdo em relagéo a esse problema.
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1.5 METODOLOGIAS GENOMICAS E APLICACAO DO SEQUENCIAMENTO DE
NOVA GERACAO

O sequenciamento do DNA ou a determinagdo da sequéncia das bases nitrogenadas
iniciou-se com a técnica descrita por Sanger (MAJEWSKI et al., 2011) e aprimorada
posteriormente com o método de eletroforese por capilar. A partir de 2005, as novas
plataformas de sequenciamento surgiram, trazendo consigo uma nova tecnologia, o
Sequenciamento de Nova Geracdo, do inglés: Next generation sequencing (NGS)
(MAJEWSKI et al., 2011; SAWYER et al., 2016). Essas novas plataformas, representadas
pelas empresas llumina, lon Torrent da Life Technologies, PacBio e MinlON, utilizam
métodos diferentes de sequenciamento (METZKER, 2010). Portanto, 0 NGS € capaz de
fornecer a leitura de milhares de pares de base em uma Unica reacdo (corrida),
possibilitando o sequenciamento de varios genes em paralelo, o0 exoma inteiro ou o genoma
de um organismo em uma Unica corrida (MAJEWSKI et al., 2011; METZKER, 2010).

Dessa forma, a partir do sequenciamento dos genomas por NGS foi possivel
identificar um nimero maior de SNPs nas diferentes espécies (OZAKI et al., 2002), o que
permitiu a construcdo de painéis de alta densidade de SNPs para genotipagem
(SEVILLANO et al., 2015), possibilitando estudos de associacdo global do genoma
(GWAS) também em animais de producdo (MCCARTHY et al., 2008). Além disso,
estudos do transcriptoma e do exoma também se tornaram possivel em outras espécies
devido a reducdo do custo do sequenciamento (METZKER, 2010). Essas trés metodologias

serdo abordadas a seguir.

1.5.1 ESTUDOS DE ASSOCIACAO GLOBAL DO GENOMA (GWAS)

Os estudos de associacdo global do genoma (GWAS) permitem a associagdo de
milhares de loci genémicos com caracteristicas complexas permitindo compreender melhor
a relacdo entre gendtipo e fenotipo dos individuos (MCCARTHY et al., 2008). Esses
estudos vém sendo aplicados em diferentes espécies animais e vegetais buscando
compreender melhor 0s mecanismos genéticos atuantes na expressdo do fenétipo
(BARBAN et al., 2016; SANTANA et al., 2015; WOLFE et al., 2016). Dessa forma,
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busca-se identificar regides de maior efeito sobre a caracteristica de interesse para,
posteriormente, realizar uma investigacao aprofundada das func¢des bioldgicas dos genes e
das regides funcionais, visando compreender melhor a influéncia genética sobre a
expressao do fenotipo (XIANG et al., 2015).

Neste tipo de analise sdo utilizados os SNPs que sdo a forma de variacdo mais
frequente no genoma (OZAKI et al., 2002), mas CNVs também podem ser utilizadas (LEE
et al., 2012; WANG et al., 2015). Os SNPs, por exemplo, estabelecem localizagbes no
genoma conhecidas como marcadores moleculares que contribuem para a variabilidade
genética das populacbes (LLINARES-LOPEZ et al., 2015). O objetivo da busca da
associacao entre os alelos ou gen6tipos com o fen6tipo é determinar se um alelo associa-se
com determinada doenca ou caracteristica produtiva na populacéo de interesse (ROSELLI
et al., 2018) e esta associacdo pode indicar a relacdo causal direta ou indireta com o
desenvolvimento de uma determinada doenca (SANNA et al., 2011).

A metodologia foi desenvolvida inicialmente através de estudos epidemiol6gicos
humanos (MCCARTHY et al., 2008), porém, vem sendo aplicada em diferentes espécies
como, por exemplo, humanos (BARBAN et al., 2016), bovinos (SANTANA et al., 2015),
plantas (WOLFE et al., 2016), aves (PERTILLE et al., 2017; MOREIRA et al., 2019) e
suinos (GRINDFLEK et al., 2018; SEVILLANO et al., 2015). Por meio de GWAS foi
possivel identificar SNPs para varias doencas complexas, incluindo cancer de mamas
(EASTON et al., 2007; GHOUSSAINI et al., 2012), Parkinson (LI et al., 2012), artrite
reumatoide (KURREEMAN et al., 2012; PLENGE et al., 2007) e diabetes tipo 1 e 2
(EASTON et al., 2007; LU et al., 2012; SANDHOLM et al., 2012; ZEGGINI et al., 2008)
em humanos.

Em suinos, os estudos de associagdo global do genoma tém permitido também a
identificacdo de regifes genémicas e genes associados com a manifestacdo das hérnias.
Genes candidatos presentes em regibes de QTLs previamente descritas vém sendo
associados com o desenvolvimento da hérnia inguinal/escrotal. Entre eles, o INSL3 (insulin
like 3), que esté relacionado ao crescimento e diferenciagdo do guberndculo mediando a
descida testicular intra-abdominal (BURKHARDT et al., 1994; RICHARD, 2007), o MIS
(Mikimopine synthase), que provoca a regressdo dos ductos de Muller no embrido

masculino e atua na diferenciacdo de células foliculares (REY et al., 2003) e 0 CGRP
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(Calcitonina), que € responsavel pela regeneracdo do tecido nervoso apds lesdo
(WOOLLEY et al., 2017).

Sevillano et al. (2015) identificaram, através da analise de GWAS, SNPs
relacionados ao desenvolvimento da hérnia escrotal/inguinal em duas ragas de suinos. Para
a raca Large White, 10 SNPs foram identificados em cinco regides de QTLs localizados
nos cromossomos 3, 5, 7, 8 e 13, sendo que o SNP mais significativo em cada regido de
QTL explicou entre 1,22% e 1,60% da variancia total da incidéncia destas hérnias na
linhagem. Para a raca Landrace, 22 SNPs foram significativos em cinco regides de QTL
localizadas nos cromossomos 1, 2, 4, 10 e 13. O SNP mais significativo em cada regido de
QTL explicou entre 1,15% e 1,46% da variancia total da incidéncia da hérnia
escrotal/inguinal na populagdo Landrace (SEVILLANO et al., 2015). Este estudo relatou a
identificacdo de novas regifes associadas ao desenvolvimento da hérnia escrotal/inguinal
bem como a sugestdo dos genes RHOA, LEF1 e EGF como candidatos a suceptibilidade a
essa anomalia em suinos, o que permitiu avancar no conhecimento de regibes gendmicas
associadas a manifestacdo da hérnia escrotal/inguinal.

Em outro estudo de GWAS, Liao et al. (2015) identificaram dois loci sugestivos para
predisposicdo a hérnia umbilical em suinos, um no SSC2 (rs81358018) e outro no SSC17
(rs81479278), em uma populacdo de suinos das raca Duroc. Esses autores sugerem o gene
SRC como candidato posicional e funcional a suceptibilidade a essa anomalia. Long et al.
(2016), avaliando as racas de suinos Duroc, Landrace e Yorkshire, identificaram oito
regibes de CNVs (do inglés, copy number variation) associadas ao desenvolvimento de
hérnias umbilicais, incluindo uma CNV no locus do gene NUGGC (Nuclear GTPase
Germinal Center Associated), sendo que todos os animais afetados compartilharam um
haplo6tipo do gene NUGGC. Dessa forma, os autores concluiram que as CNVs encontradas
no gene NUGGC contribuem para a ocorréncia de hérnias umbilicais em suinos.

Grindflek et al. (2018) identificaram, através de GWAS, 126 SNPs no SSC14 entre a
posicdo 47,16Mb e 58,91Mb associados ao desenvolvimento da hérnia umbilical na raca
Landrace explicando cerca de 8,6% da varidncia fenotipica para essa condicdo. Ainda,
nesta regido de QTL, os autores identificaram os genes Leukemia inhibitory factor (LIF) e
Oncostatin M (OSM) como candidatos para essa anomalia. Além disso, Fernandes et al.

(2018) identificaram cinco SNPs associados com hérnia umbilical em suinos comerciais



20

nos cromossomos 4, 6, 11 e 13, sendo que alguns genes candidatos foram identificados
nessas regides, como o TBX15 (T-box 15), WARS2 (tryptophanyl-tRNA synthetase 2), LIPI
(lipase 1) e RBM11 (RNA Binding Motif Protein 11). Mais recentemente, Li et al. (2019)
detectaram um SNP no gene CAPN9 (Calpain 9) do cromossomo 14 do suino
significativamente associado a hérnia umbilical. Além disso, mais dois SNPs significativos
nos cromossomos SSC9 e 16 foram identificados. Neste mesmo estudo, uma mutagéo no
exon 10 do gene CAPN9 foi identificada nos animais afetados com hérnia umbilical a qual

nao existia em animais sem hérnias.

1.5.2 SEQUENCIAMENTO DO TRANSCRIPTOMA

O transcriptoma é o conjunto completo de transcritos de uma célula, podendo
proporcionar conhecimento dos processos bioldgicos que estdo ocorrendo em uma célula
em determinado momento (LI et al., 2012). A regulacdo do transcriptoma é fundamental
para processos fisioldgicos, patoldgicos e de desenvolvimento, ja que o perfil de expressao
do mRNA (RNA mensageiro) determinara as caracteristicas das células ou dos tecidos em
seu estado especifico (MARIONI et al., 2008). Os perfis de um transcriptoma em resposta a
estimulos bioldgicos e fisiologicos fornecem informacdes e respostas valiosas para a
interpretacdo dos elementos funcionais do genoma revelando mecanismos moleculares das
células e para a compreensdo do desenvolvimento de processos bioldgicos fundamentais
(FU et al., 2009).

O sequenciamento do RNA (RNA-seq) é uma abordagem desenvolvida recentemente
para quantificar e mapear genes de um transcriptoma, sendo uma ferramenta poderosa de
andlise de expressdo génica (TRAPNELL et al., 2013). ApoOs a extracdo total do RNA,
seleciona-se 0 RNAm, que é fragmentado e convertido em uma biblioteca de cDNA, que
representa de maneira abrangente a composicdo do transcriptoma (WANG et al., 2011).
Apbds o sequenciamento, as sequéncias oriundas dos transcritos expressos em um
determinado tecido podem ser alinhadas contra um genoma de referéncia (WANG;
GERSTEIN; SNYDER, 2009), permitindo descobrir novos genes, quantificar a expressao
génica, montar e anotar novos transcritos, quantificar sitios de splicing e identificar
mutacdes e polimorfismos de interesse (TRAPNELL et al., 2013; YU et al., 2012).
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A utilizacdo da técnica de RNA-seq como ferramenta para analise de expressao
génica ja foi descrita em diferentes espécies como, por exemplo, avaliando niveis de
RNAm de derivados de globulina em bovinos e equinos (CORREIA et al., 2018), regides
de splicing em tecido muscular cardiaco de adolescentes (STARK; GRZELAK;
HADFIELD, 2019), regulacdo da espermatogénese em camundongos (JI et al., 2019),
doencas do sistema imunolégico em peixes (SUDHAGAR; KUMAR; EL-MATBOULI,
2018) e problemas locomotores em aves (PEIXOTO et al., 2019).

Além disso, alguns estudos utilizando RNA-seq em suinos ja foram desenvolvidos.
Romano et al. (2020) identificaram os mecanismos bioldgicos e genéticos envolvidos na
ocorréncia e manifestacdo da hérnia escrotal em suinos utilizando analises do
transcriptoma. Dos 13.498 genes expressos no tecido do anel inguinal, 703 foram
diferencialmente expressos, sendo que 209 estavam mais expressos e 494 menos expressos
nos suinos herniados em relacdo aos ndo-herniados. Os genes MYBPC1, BOK, SLC25A4,
SLC8A3, DES, TPM2, MAP1CL3C e FGF1 foram destacados como fortes candidatos no
desenvolvimento da hérnia escrotal. Ja, Souza et al. (2020) avaliaram o perfil de expressdo
génica no anel umbilical de suinos normais e acometidos pela hérnia umbilical utilizando
RNA-seq. Foram identificados 13.216 genes expressos no tecido herniario. Destes, 145
foram menos expressos e 85 mais expressos nos suinos herniados em relacdo aos néo-
herniados. Além disso, as vias bioldgicas mais importantes identificadas foram as do
sistema imune, desenvolvimento anatdmico, adesao celular e matriz extracelular, sendo os
genes ACER2, SLC2A6, PTGS1, LGALS3, KANK3 e FOS destacados como importantes

candidatos envolvidos no desenvolvimento da hérnia umbilical em suinos.

1.5.3 SEQUENCIAMENTO DO EXOMA

O sequenciamento do exoma é uma metodologia gendmica importante para
caraterizagcdo do genoma funcional que sequencia todos os exons de genes codificadores de
proteinas, que representa entre 1 e 2% do genoma, dependendo da espécie (WARR et al.,
2015). Na espécie humana, os exons correspondem a menos de 2% do genoma e é nesta
porcdo do DNA que se concentram parte das mutagdes com potencial patogénico que
podem ser determinadas geneticamente (MAJEWSKI et al., 2011; SAWYER et al., 2016).

Além disso, em humanos, aproximadamente 85% das mutagcdes causadoras de doencas
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conhecidas podem ser encontradas na regido codificadora ou nos locais de splicing dos
genes codificadores de proteinas (BARBAN et al., 2016; CHOI et al., 2009; ZHAO et al.,
2016).

O DNA é constituido por nucleotideos que sao ligados uns aos outros pelas ligacoes
fosfodiester, dando origem a formacdo da longa fita (ALBERTS et al., 2017; ZAHA,
FERREIRA e PASSAGLIA, 2014). Esse DNA constitui os genes, que sdo divididos em
exons e introns. Os exons sdo as sequéncias (regides) codificadoras de proteinas que s&o
intercaladas por sequéncias (regides) nao codificadoras chamadas de introns (ALBERTS et
al., 2017; ZAHA, FERREIRA e PASSAGLIA, 2014). Para o sequenciamento do exoma, a
prioridade é sequenciar a parte codificadora do DNA (METZKER, 2010), ou seja, 0s
exons. Portanto, é necessaria a retirada das regides ndo codificadoras, como os introns,
regides regulatorias e regides intergénicas (ZAHA, FERREIRA e PASSAGLIA, 2014).
Para isso, a deplecao dos introns € realizada através de kits especificos que contem sondas
que capturam somente a parte codificadora do genoma, permitindo o sequenciamento das
regibes funcionais. Esta metodologia de sequenciamento permite identificar variantes
funcionais localizadas no genoma e predizer as alteracGes estruturais na formacdo das
proteinas (WARR et al., 2015). De Ligt et al. (2012) avaliaram pacientes com déficit
intelectual grave e, a partir do sequenciamento do exoma dessas amostras, obtiveram 79
polimorfismos associados a este problema. Destes, 16 eram sindnimos e 63 n&o sindnimos,
afetando genes envolvidos com déficit intelectual grave. Han et al. (2019) sequenciaram o
exoma completo de um grupo de pessoas com transtorno bipolar e identificaram diversos
genes associados a esse disturbio, incluindo um SNP no gene KMT2C (Lysine
Methyltransferase 2C) que regula a metilacdo do gene H3K4 (histona H3 lisina 4)
envolvido na remodelagdo da cromatina.

O sequenciamento total do exoma (do inglés, whole-exome sequencing - WES) ja
provou ser um excelente método de deteccdo de cancer metastatico, identificando varias
alteracdes frequentes em genes supressores de tumores conhecidos, como ATM, RB1, TP53,
CDKN2A/B, PTEN e PPP2R2A (ADALSTEINSSON et al., 2017). Além disso, a
metodologia de analise do exoma permite identificar padrdes de alteracdo de CNVs entre

pacientes doentes e saudaveis.
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O estudo do exoma tem acelerado a descoberta de variantes codificadoras de
proteinas atuantes nas caracteristicas fenotipicas em humanos e camundongos (BADEMCI
et al., 2014). Robert et al. (2014) validaram esta metodologia em suinos, em que o
sequenciamento do exoma mostrou-se ser uma 6Otima ferramenta para identificar variacdes
em regides codificadoras associadas a caracteristicas de producdo, funcdo embrionéria e
neonatal. Em animais cujo objetivo é a producdo, h& poucos trabalhos utilizando
informagdes sobre o sequenciamento do exoma, relacionando essas descobertas com 0s
problemas enfrentados no sistema atual de producdo. Guiatti et al. (2015) realizaram uma
comparagdo entre o exoma e 0 genoma de referéncia do suino Sscrofal0.2 e observaram
um total de 232.530 SNPs, dos quais 20,6% foram mapeados em regides exdmicas e 49,5%
em regides intronicas. Porém, com suinos ainda ha a necessidade de desenvolver estudos
gue consigam associar a genética com o desenvolvimento de determinadas anomalias.
Dessa forma, esta metodologia pode ser usada para o estudo de fatores desencadeadores de

hérnias que sdo anomalias ligadas ao desenvolvimento dos suinos.
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2 OBJETIVOS

2.1 Objetivo geral

Identificar genes e polimorfismos associados com a manifestacdo de hérnia umbilical em
suinos utilizando o sequenciamento de nova geragao.

2.1.1 Objetivos especificos

Identificar polimorfismos (SNPs, insercGes e delecdes - InDels) e genes presentes no
exoma e no transcriptoma do anel umbilical de suinos normais e afetados com HU.

Identificar os polimorfismos (SNPs e InDels) e genes associados a hérnia umbilical a partir
do sequenciamento do exoma e do transcriptoma.

Comparar os polimorfismos e genes identificados entre o exoma e 0 transcriptoma
associados a hérnia umbilical.

Comparar os polimorfismos e genes encontrados pelas metodologias do exoma e do
transcriptoma com resultados de estudos de associacdo global do genoma (GWAS).

Caracterizar as estruturas proteicas resultantes das variantes funcionais identificadas entre o
exoma e o transcriptoma.

Avancar no conhecimento dos mecanismos moleculares que atuam na manifestacdo da
hérnia umbilical em suinos.
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3 CAPITULOII
MANUSCRITO

Os resultados desta dissertacdo sdo apresentados na forma de um manuscrito, com sua

formatacdo de acordo com as orientacdes da revista BMC Genomics.
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3.1 MANUSCRITO I

A joint analysis using exome, transcriptome and GWAS data identifies candidate

polymorphisms and genes involved with umbilical hernia in pigs

Autores: Igor Ricardo Savoldi, Adriana Mércia Guaratini Ibelli, Mauricio Egidio Cantéo,

Jane de Oliveira Peixoto, Michele Porto Pires, Marcos Antdnio Zanella Mores, Essamai

Brizola Lagos, Jader Silva Lopes, Ricardo Zanella, Ménica Corréa Ledur

De acordo com normas para publicacdo em: BMC Genomics
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Abstract

Background: Umbilical Hernia (UH) is characterized by the passage of part of the
intestine through the umbilical canal forming the herniary sac. There are several potential
causes that can lead to the umbilical hernia such as bacterial infections, management
conditions and genetic factors. Since the genetic components involved with UH are poorly
understood, this study aimed to identify polymorphisms and genes associated with the

manifestation of umbilical hernia in pigs using next generation sequencing.

Results: In the exome sequencing, a total of 459,728 polymorphisms were identified in all
10 samples evaluated and, when comparing normal and UH-affected pigs, 209 variants
located in 72 genes were identified. In the transcriptome, a total of 160,555 polymorphisms
were found and, when comparing normal and UH-affected pigs, 81 variants were identified,
located in 42 genes. Out of those, 29 variants were of SNPs type classified through the VEP
as missense variants. Comparing the two methodologies, we obtained 79 concordant
variants between the exome and transcriptome analyses, which were located in 23 genes.

Moreover, 8 genes were also shared with the GWAS data, totaling 91 identified genes
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distributed in 48 biological processes (BP). Among the BP involved with UH it is possible

to highlight muscle contraction, immune response, and cell-matrix adhesion.

Conclusions: We have generated the first exome sequencing related to normal and
umbilical hernia-affected pigs, which allowed us to identify several variants involved with
this disorder. Moreover, comparing these variants with the results from RNA-Seq and
GWAS, it was possible to identify variants and genes that had not been previously related
to the development of umbilical hernia in pigs. We highlight the variants in the FYN, SPN,
ITGB2, MYLPF, MYH13, MYH8, MYH2, MYH3, MYO19, VIM, ROCK2, RABGEF1 and
UBASH3B genes as strong candidates in the development of UH in pigs, as well as the
importance of combining the three approaches to identify candidate genes and

polymorphisms involved with UH.

Keywords: Candidate genes, congenital defects, transcriptomics, GWAS, swine.

Background

Umbilical hernia (UH) is a condition that negatively affects pigs, being considered the most
common congenital defect in this species and is characterized by the abdominal content
protruding through the umbilical ring [1]. In addition to economic losses caused by reduced
performance, UH results in welfare concerns to the modern pig industry [1,2,3]. This
condition occurs due to weakened support of muscles around the umbilical ring or
umbilicus of the animal [4], causing the non-closing of the umbilical area properly and,
consequently, the intestines protrude through the abdominal wall to form the herniary sac.
Moreover, collagen metabolism can be involved with the UH development [5].

The etiology of UH is likely to be multifactorial, affected by genetic and
environmental factors, such as physical injury, obesity, inappropriate removal of the
umbilical cord and infections [6]. It has been reported that the occurrence of UH ranges
from 0.40 to 2.25%, affecting mainly 9 to 14 week-old pigs [1,7]. Moreover, animals under

the same management conditions may be affected or not by hernias [8] and the heritability
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estimate of 0.25 for UH in pigs [9] indicate that the development of umbilical hernia is
controlled by a genetic component.

Few studies have already been developed seeking to understand the UH genetic
inheritance. Ding et al. [10] observed significant linkage between markers and
scrotal/inguinal and umbilical hernia in pigs on 12 different chromosomes. Liao et al. [8]
identified two suggestive loci predisposing to umbilical hernia on SSC2 and SSC17 in a
Duroc population. In a genome-wide association study (GWAS) with commercial pigs,
Fernandes at al. [11] identified five SNPs associated with umbilical hernia: one in SSC4
(rs334706328), two in SSC6 (rs80813241, rs81337222), one in SSC13 (rs337360700) and
the other with unknown position in the pig genome. Moreover, Grindflek et al. [12],
studying the Norwegian Landrace pigs, identified a highly significant Quantitative Trait
Loci (QTL) for umbilical hernia, detected between 48 and 51 Mb on SSC14.

Even though some studies have been performed, they suggested that this disorder is
complex and affected by multiple genes and causal variants. Thus, further studies are
required to identify additional susceptibility loci and causative genes for UH in pigs using
different strategies. Therefore, to clarify the genetic basis of swine umbilical hernia, this
study aimed to identify polymorphisms and genes associated with UH in pigs through the

whole-exomic sequencing, and additional transcriptome and GWAS data analyses.

Methods

Animals and sample collection

A total of 10 Landrace purebred females (with approximately 90 days of age) was used in a
case-control design. These gilts were selected from the same nucleus farm with high
sanitary status, located in Santa Catarina State, south of Brazil. From those, 5 were affected
by umbilical hernia and 5 were healthy selected from families with no history of umbilical
hernia. The animals were transported to the Embrapa Swine and Poultry National Research
Center to be necropsied and to confirm the presence or absence of UH, as described by
Souza et al. [13]. The euthanasia was performed by electrocution for 10 seconds following

the procedure approved by the Embrapa Swine and Poultry National Research Center
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Ethical Committee of Animal Use (CEUA) under the protocol number 011/2014. Ear tissue

samples were collected and stored at -20 °C until DNA extraction.

DNA isolation

Genomic DNA was extracted from 70-100 mg of ear tissue using Purelink Genomic DNA
Mini kit (Thermo Fisher Scientific, Waltham, MA, USA). Briefly, tissue digestion was
performed adding 200uL of Genomic Digestion Solution Buffer and 20uL Proteinase K for
4 hours at 55 °C. The samples were centrifuged at 14,000 rpm for three minutes at room
temperature, and 20uL RNAse, 200uL Pure Link Lysis/Binding Buffer and 200uL 100%
alcohol were added. The solution was pipetted into the silica column with the washing steps
performed with 500pL Wash Buffer 1 and 2 centrifuged at 12000 rpm per 1 minute to bind
DNA to the silica column. Finally, the DNA was eluted in 50uL Elution Buffer solution.
The concentration and quality of samples were measured in a Biodrop spectrophotometer
(Biodrop, England, UK) and in a 1,5% agarose gel electrophoresis. Only DNA samples
showing the 260/280 ratio between 1.8 and 2.0 were used for further analyses.

Exomic capture and sequencing

To prepare the Next Generation Sequencing (NGS) libraries, the SeqCap EZ Exome Probes
v3.0 kit were used. The DNA fragmentation was performed using the Bioruptor®
equipment (Diagenode, Denville, NJ, USA) following the recommendations of the
protocols. The gDNA was fragmented to an insertion size of approximately 150 bp,
generating dsDNA fragments with 3' or 5' overhangs to index the transport adapters for
sequencing. Samples with a concentration of 10 ng/pl diluted in TE (10 mM Tris, 1 mM
EDTA, pH 7.5 - 8.0) were pipetted into 0.1 ml Bioruptor® Microtubes. The sonication was
performed in three stops of seven minutes each containing 15 cycles (30”/ 30” on / off
time) submerged in water at 4 °C.

After fragmentation, the clean-up of fragmented DNA was performed using
purification beads (SPB), followed by the blunt end repair (ERP3). After the final repair,
the library size was selected using SPB beads. Next, the adapters were ligated and samples
were prepared for the probe hybridization. Finally, the enrichment of the DNA fragments
was performed, as this process selects and enriches the DNA fragments that have adapters
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at the ends and amplifies the amount of DNA in the library. Furthermore, sequencing was
performed on Illumina’s HiSeq 2500 at the ESALQ/USP Functional Genomics Center (S&o
Paulo/Brazil) using a paired-end 100 bp library.

Sequencing analysis and annotation
The FASTQ files were submitted to quality control (QC) analysis using the Trimmomatic
tool [14) to remove low-quality sequences (PHRED < 20). The remaining reads were
mapped against the Sus scrofa reference genome (Sscrofall.l) using the BWA-MEM [15].
Variant calling (SNP and InDel) was performed with GATK tool v.3.6 following the
general guidelines for whole-exome sequencing (WES) [16]. The variant effect predictor
(VEP) tool available in the Ensembl 98 [17] was used to annotate and identify the effects
and consequences of all variants that differed between normal and UH-affected pigs. For
this analysis, the data resulting from the GATK were imputed in the VCF format. The list
of variants was submitted to the VEP tool from Ensembl 98 using its standard criteria, in
which additional identifiers for genes (gene symbol, transcript version, and protein),
transcripts and variants were used (transcript biotype, exon and intron numbers, phenotypes
and Upstream/Downstream distance 5,000 bp), co-located variants and frequency data.
Additionally, the SIFT score (Sorting Intolerant From Tolerant) [17,18], available in
the VEP tool, was used to identify the potential impact of amino acid substitutions on
protein structure and function, which can, consequently, alter the phenotype. The use of this
tool implies in a better prediction of the effect of non-synonymous coding variants [19].
The SIFT score is given for each variant by which one can predict whether the variant can
affect the protein function or not. A SIFT score ranging from 0.00 to 0.05 classifies a
variant as deleterious and from >0.05 to 1.00 as tolerated. However, SIFT also assigns
values classified as tolerated low confidence. These values are assigned to SNPs located in
conserved regions of the genome, which could indicate that this substitution may be at a
position that had no time to evolve and it is conserved by chance and, hence, predicted to
be deleterious [17, 19].

Transcriptome variants involved with UH
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To verify the concordance of variants found in the DNA using the exomic sequencing from
those found in the transcriptome between healthy and herniated pigs, samples from the
Bioproject PRINA445856 were used. This transcriptomic data was previously described by
Souza et al. [13], which was generated with the same animals used for the exome
sequencing. The sequences generated in the transcriptome analysis were submitted to
quality control using the Trimmomatic tool [14] to remove low-quality sequences (PHRED
< 20) and mapped against the reference genome Sus scrofa (NCBI Sus scrofa 11.1 —
Ensembl 98) using the STAR tool [20]. The identification of different variants between
both groups was performed using the GATK tool v. 3.6, following the Guide of Best
Practices for using GATK [16]. Subsequently, the data obtained was submitted to the VEP
Ensembl 98 program for annotation and prediction of variants using the same input criteria

as those used for the exome analysis.

Genome-Wide Association Study (GWAS)

Here, GWAS results obtained from a previous study from our group (Lagos, in preparation)
were used in an integrated analysis with the exomic and transcriptomic data. Briefly, a total
of 325 commercial pigs (92 herniated and 233 non-herniated) were genotyped using the
GGP Porcine Bead Chip 50 K (Neogen, Lincoln, NE, USA). The Blossoc [21] program,
which consists in a multiple marker approach, was used to identify SNPs associated with
UH. A total of 735 genes located in regions associated and suggestively associated with UH
was prospected in commercial pigs and, in the current study, this set of genes was used to
compare the results found (identified polymorphisms and genes) using the other two
methods.

Functional analysis with the three approaches

To evaluate the functions of the common identified genes with the exome, transcriptome,
and GWAS approaches, the DAVID 6.7 database (https://david.ncifcrf.gov) [22] was used
to classify the Gene Ontology (GO) categories of cellular component, biological process
(BP) and molecular function. Afterwards, the BP enriched with genes through the DAVID
were grouped using REVIGO (http://revigo.irb.hr) [22] for better visualization. Interactions
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between genes  were  predicted  with  the NetworkAnalyst ~ program
(https://www.networkanalyst.ca) [23]. Furthermore, it was verified whether the genes found
in our study were in QTL regions previously mapped for umbilical hernia in pigs or not
using the Pig QTLdb from the Animal Genome Database
(http://www.animalgenome.org/QTLdb/app).

Results

Whole-exomic analysis

Using the GATK for variant discovery, a total of 459,728 variants (SNPs and InDels) were
identified in all 10 samples evaluated. The highest number of variants was found in the
swine chromosome (SSC) 6, 2 and 1, respectively (Fig. 1).
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Figure 1. Total number of variants detected in each chromosome using the pig exome
sequencing.

Considering only the variants between the two groups (healthy and UH-affected
pigs), 209 polymorphisms were identified (Table 1). From those, 158 have already been
described in pigs, and the other 41 are new polymorphisms that were firstly described here.

From the 209 variants, using the VEP tool, 5 were classified in intergenic regions and 204
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were classified in gene regions according to their coding consequence, where 61% were
grouped as synonymous, 38% as missense and 1% as frameshift variant.

From all the variants that differed between healthy and UH-affected pigs, 197 were
located in the autosomes with the largest number mapped in the SSC3, 6 and 12 (Table 1).
Also, two variants were mapped on the X chromosome. The SSC3 had the largest number
of variants identified, with a total of 118 variants located in 34 genes (Table 1). We
highlight some of them: RAB Guanine Nucleotide Exchange Factor 1 (RABGEF1),
sulfatase modifying factor 2 (SUMF2), Chaperonin containing TCP1 subunit 6A (CCT6A),
zinc finger protein 713 (ZNF713), integrin subunit alpha M (ITGAM), Vitamin K epoxide
reductase complex subunit 1 (VKORC1), serine protease 53 (PRSS53), calcium release-
activated calcium modulator 3 (ORAI3), sialophorin (SPN), rho associated coiled-coil
containing protein kinase 2 (ROCK2), myosin light chain phosphorylation fast skeletal
muscle (MYLPF), and ring finger protein 40 (RNF40) (Table 1). On SSC 6, 27 variants
were identified, located in 8 genes, such as EPH receptor B2 (EPHB2), elongin A (ELOA),
cannabinoid receptor 2 (CNR2) and Chloride Intracellular Channel 4 (CLIC4) (Table 1). On
SSC12, 23 variants were identified in 12 genes, such as myosin XIX (MYO19), Acetyl-
CoA carboxylase alpha (ACACA), myosin-13 (MYH13), myosin-8 (MYH8), myosin, heavy
chain 2, skeletal muscle, adult (MYH2), myosin-3 (MYH3) and ADP-ribose/CDP-alcohol
diphosphatase, manganese dependent (ADPRM) (Table 1).

Table 1. Total number of variants detected by analyzing the exome between normal and
umbilical hernia-affected pigs.

SNP name Location Gene/Symbol
rs332203161 1:3427322 -
rs707913396 1:3427328 -
rs713738573 1:3427330 -

rs81505732 2:7592175 SLC22A11
rs333210122 2:7592186 SLC22A11
rs322282589 2:7592192 SLC22A11

new 2:7592249 SLC22A11
rs787087930 2:7592295 SLC22A11
rs334404716 2:7598086 SLC22A11
rs338734805 2:7598137 SLC22A11
rs792193084 2:7602943 SLC22A11

new 2:7602945 SLC22A11

new 3:15942680 ENSSSCG00000007733
rs81309268 3:15953792 ENSSSCG00000007733



new
rs713010025
rs337976532
rs320729536
rs323726488
rs333208968
rs333661817
rs326053487
rs336316568
rs329707669
rs713060696
rs701844432
rs324583382
rs345204099
rs327324699
rs329831862
rs332144111
rs323662654
rs335859180
new
rs332268785

new

rs330731365
rs343913735
rs701592732
rs691819169
rs706237879
new

rs1108762720
rs1113974639

rs336023254
rs341960076
rs339277541
rs331020706
rs340816565
rs327975767
rs325589354
rs337698799
rs318863693
rs329457108
rs334498862
new
rs693699557
rs324279159

rs788766021

3:16078557
3:16376678
3:16382428
3:16382619
3:16383246
3:16383250
3:16383284
3:16383454
3:16383763
3:16383919
3:16383936
3:16383956
3:16384043
3:16384270
3:16384293
3:16384540
3:16384634
3:16384658
3:16385181
3:16385215
3:16385727

3:16844063 -

16844064
3:16844265
3:16844271
3:16844932
3:16844934
3:16844935
3:16847861
3:16851119
3:16852667
3:16854410
3:16855237
3;16958038
3:16958150
3:16958194
3:16958979
3:16959068
3:16959239
3:16959265
3:16959434
3:16959634
3:16959718
3:16959721
3:16960031

3:16960220 -

16960224

ENSSSCG00000007733

RABGEF1
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7
KCTD7

SUMF2

CCT6A
SUMF2
CCT6A
SUMF2
CCT6A
SUMF2
CCT6A

ENSSSCG00000033141

CCT6A
CCT6A
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713

ZNF713

36



rs336887529
rs343256392
rs325887031
rs337918521
rs320802395
rs330288467
rs323115420
rs335343250
rs329911516
rs342012840
rs324205762
rs333780109
rs343615406
rs328383315

new

rs342352307
new
new
new
new
new
new
new
rs702384560
rs709083818
rs324169719
rs330223831
new
rs318763073
rs344858642
rs326942919
rs323402259
rs327289001
rs327947675
rs337670844
rs328098289
rs341530377
rs344714132
rs344526901
rs334776843
rs322669402
rs793318116
rs327942559
rs339276563
rs330957838
rs340370195

3:16960465
3:16960493
3:16960740
3:16960969
3:16961030
3:16961219
3:16964045
3:16964916
3:16970816
3:16971089
3;16971143
3:16971156
3:16971169
3:16971295

3:17001571 -

17001575
3:17001888
3:17026001
3:17033960
3:17033997
3:17034051
3:17034234
3:17034293
3:17034405
3:17034426
3:17034534
3:17034589
3:17034658
3:17243996
3:17243999
3:17244108
3:17246305
3:17246405
3:17254444
3:17399455
3:17399477
3:17430228
3:17457840
3:17458203
3:17458409
3:17458467
3:17459844
3:17460656
3:17466860
3:17468216
3:17468302
3:17479170

ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713
ZNF713

SEPTIN14

SEPTIN14
SEPTIN14
LOC106509673
LOC106509673
LOC106509673
LOC106509673
LOC106509673
LOC106509673
LOC106509673
LOC106509673
LOC106509673
LOC106509673
ITGAM
ITGAM
ITGAM
ITGAM
ITGAM
ITGAM
PRSS53
ZNF646
STX4
HSD3B7
STX1B
HSD3B7
STX1B
STX1B
HSD3B7
SETD1A
HSD3B7
SETD1A
SETD1A

37



rs345676220
rs332536957
rs344892486
rs345908614
rs335540465

new

rs1107804156

rs789266896
rs319144424
rs696120779
rs792624385
rs324849698
rs343172093
rs706476605
rs706021010
rs690340579
rs335008558
rs340945745
new
new
new
rs328258515

new

new
rs319871479
rs329715150
rs345481021
rs326115442
rs337528160
rs81389080
rs343091930
rs337803448
rs327572607
rs323316435
rs81389091
rs710496863

new

new

rs342283188
rs8§1389092
rs346223430
rs325312968
rs328228830

3:17491423
3:17497571
3:17610468
3:17613140
3:17613531
3:17617319 -
17607323
3:17618533
3:17628688
3:17631027
3:17636757
3:17639370
3:17639613
3:17639636
3:17639641
3:17639643
3:17639901
3:17640590
3:17767030
3:17979825
3:17979826
3:17979827
3:101613325

3:125492648 -

125492649
4:89321959
4:128985819
5:17364441
6:80824380
6:80824416
6:80824455
6:80826802
6:80836094
6:80836565
6:80837841
6:80840438
6:80842615
6:80842862
6:80843072 -
80843073
6:80843074 -
80843081
6:80843098
6:80843265
6:80843336
6:80843363
6:80843833

ORAI3
ORAI3
ZNF629
ZNF629
ZNF629

ZNF629

RNF40
ZNF629
ZNF629
PHKG2

RNF40

RNF40

RNF40

RNF40

RNF40

RNF40

RNF40
ZNF689

SPN
MYLPF
SPN
GALM

ROCK2
DEDD

GRASP
EPHB2
EPHB2
EPHB2
EPHB2
EPHB2
EPHB2
EPHB2
EPHB2
EPHB2
EPHB2

EPHB2

EPHB2

EPHB2
EPHB2
EPHB2
EPHB2
EPHB2
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rs331678844
rs81389093
rs81233096
rs328260148
rs344493496
rs329148574
rs325089032
rs345825612
rs332149968
rs321503722
rs322593756
new
rs696812713
rs712855168
rs328470251
rs345798145
rs332848504
rs706216562
rs690508595
rs698813384
new
new
rs335136145
rs331463738
rs340781986
rs324236192
rs327539493
rs324996684
rs341831793
rs346367824
new
new
new
new
new
new
new
new
new
new
rs319222050
rs337961174

new

new
rs342689686

6:80843991
6:80844018
6:80897035
6:80977371
6:80984204
6:81000551
6:81571496
6:81681049
6:81681123
6:82401042
7:96619078
7:113442605
8:6157581
8:6157582
9:1324980
9:49630761
10:8836715
10:15297251
10:15297252
10:15297253
10:43353476
12:19348500
12:38026003
12:38129509
12:38624687
12:38624714
12:55096339
12:55097665
12:55099832
12:55103125
12:55146905
12:55152605
12:55164179
12:55164180
12:55164182
12:55197434
12:55197435
12:55205557
12:55263362
12:55267170
12:55356662
12:55356663
12:55372418 -
55372420
12:55438152 -
55438155
13:12410437

EPHB2
EPHB2
TEX46
LUZP1
LUZP1
LUZP1
ELOA
FUCAl
CNR2
CLIC4
PAPLN
FBLN5
OTOP1
OTOP1
LOC100736607
UBASH3B
ENSSSCG00000038539
LOC102166270
LOC102166270
LOC102166270
CUBN
DUSP3
MYO19
DHRS11
ACACA
ACACA
MYH13
MYH13
MYH13
MYH13
MYHS8
MYH8
MYHS8
MYH8
MYHS8
MYH2
MYH2
MYH2
MYH2
MYH2
MYH3
MYH3

MYH3

ADPRM
RARB

39
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rs330943524 14:108858300 MMS19
rs324529516 15:50299014 UNCS5D
rs790346070 X:39631586 -

new X:46911316 ENSSSCG00000045777

From those 209 total variants, 10 were classified as chromosome scaffold
(additional file 1) and 12 were insertion and deletion (InDels) and were located in the
following genes: potassium channel tetramerization domain containing 7 (KCTD7), septin
14 (SEPTIN14), zinc finger protein 629 (ZNF629), solute carrier family 66 member 3
(SLC66A3), fibulin 5 (FBLN5), transmembrane protein 220 (TMEM220), ZNF713, RNF40,
ROCK2, EPHB2, MYH3, ADPRM, SUMF2 and ENSSSCGO000000331. The other 199
variants were classified as SNP and were located in several genes (Tables 1 and 2).

Moreover, according to the VEP, some variants were located in 2 or more genes,
because the position of the genes in the genome depends on which strand (forward or
reverse) it is located, with different (transcribed) consequences. In general, all variants were
grouped into gene, flanking or intergenic regions. In the flanking regions, VEP subdivided
the variants in upstream, with 26 (9%) variants, 5> UTR with 12 (4%) variants, downstream
with 62 (20%) variants and 3> UTR with 58 (19%) variants. For the coding and intronic
gene regions, 55 (18%) variants were grouped in the exons (21 missense, 26 synonymous
and 1 frameshift variant) and 86 (28%) were located in the introns. Moreover, 5 (2%)

variants were located in intergenic regions (Fig. 2).

2%

H exon

B intron

= 5" UTR
H3'UTR

B downstream
B upstream

intergenic

Figure 2. Gene position of 209 variants (SNPs and InDels) generated with the VEP tool
when analyzing the pig exomic sequencies.
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The 209 polymorphisms identified in the whole exome sequencing between healthy

and UH-affected pigs were located in 72 different genes (Table 2). However, several

polymorphisms were located in the same gene, for example, the KCTD7 gene had 19

polymorphisms, most of which were located downstream and 3 'UTR, the ZNF713 gene
had 28 variants, some of which located in 3' UTR, and the EPHB2 gene had 18
polymorphisms located in different gene positions (additional file 1).

Table 2. Position of the variants obtained by whole-exome sequencing located within 72
genes in the swine genome.

Variant position

Gene symbol

Exon

Intron

Upstream

5'UTR

Downstream

3'UTR

MYO19, MYH8, MYH3, MYH2, SLC22A11, ZNF713, ITAGM,
ZNF646, SETD1A, RNF40, ELOA, OTOP1, LOC106509673, SPN,
HSD3B7, ZNF629, CCDC189, LOC100736607, STX4, TYWY and
CCT6A

DUSP3, DHRS11, MYH13, MYH8, MYH3, MYH2, MMS19, UNCS5D,
SLC22A11, KCTD7, ZNF713, SEPTIN14, ITGAM, SETDA1,
ZNF629, RNF40, CCDC189, MYLPF, DEDD, NIT1, GRASP,
EPHB2, TEX46, LUZP1, LYPLA2, CNR2, FUCAL, PAPLN, FBLNS5,
LOC110259104, CCT6A, TYWY, CUBN, ENSSSCG00000038539,
LOC102166270, RARB, ENSSSCG00000047703 and
ENSSSCG00000033141

MYH3, HSD3B7, SETD1A, ORAI3, RNF40, PFDN2, CNR2, CLIC4,
UBASH3B, LOC100514433, ENSSSCG00000049720,
LOC106509673, ENSSSCG00000018553, ENSSSCG00000033141,
SUMF2 and ENSSSCG00000007735

ZNF713, BCKDK, ZNF629, RNF40, ZNF689, CNR2, TYWY and
LOC106509673

DHRS11, ADPRM, TMEM220, KCTD7, ZNF713, SEPTIN14,
PRSS53, VKORC1, HSD3B7, STX1B, SETD1A, RNF40, ZNF629,
PHKG2, SRSF7, GALM, ROCK2, SLC66A3, NIT1, EPHB2,
ENSSSCG00000045777, LOC100514433, LOC110259104,
ENSSSCG00000047341, ENSSSCG00000018553,
ENSSSCG00000033141 and ENSSSCG00000027233

DUSP3, DHRS11, MYO19, DHRS11, ADPRM, KCTD7, ZNF713,
STX1B, HSD3B7, ORAI3, FBXL19, ZNF629, PHKG2, EPHB2 and
CCT6A




42

Variants in the transcriptome analysis
When analyzing variants in the transcriptome of the same 10 samples, a total of 160,555
polymorphisms (SNP and InDel) were identified. The highest number of variants was

found in chromosomes 6, 3 and 2, respectively (Fig. 3).
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Figure 3. Total number of variants detected in each chromosome using the transcriptomics
sequencing from normal and umbilical hernia-affected pigs.

To identify possible polymorphisms related to UH, the comparison between the two
groups resulted in 81 different polymorphisms (SNPs and InDels) between herniated and
non-herniated pigs (additional file 2). The 81 variants were located in coding regions,
introns and flanking or regulatory regions. From those, 67 (82.7%) were existing variants
and 14 (17.3%) were new, and they were classified according to their coding consequence,
where 71% were synonymous, 22% missense and 7% were frameshift variants. Only 4
variants were InDels, located in the SUMF2, CCT6A, ENSSSCG00000033141, ZNF629,
RNF40 and EPHB2 genes. Furthermore, similar to the exome results, some variants were
classified according to the gene position in more than one different gene, where 28 (22%)
variants were located in exons (comprising 11 synonymous, 6 missense and 2 frameshift
variants), 9 (7%) in introns and 92 (71%) in flanking regions (including 33 (26%)
downstream, 12 (9%) upstream, 7 (5%) 5'UTR and 40 (31%) 3'UTR variants) (Fig. 4).
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Figure 4. Classification of 81 variants (SNPs and InDels) generated with the VEP tool
when analyzing pig transcriptomic sequences according to their position in genes.

The 81 polymorphisms were located in 42 genes (Table 3). Some genes harbored a
high number of variants, such as the KCTD7 gene, with 13 variants located in the 3 'UTR
and downstream positions, whereas the EPHB2 gene had 10 variants located in exons
(synonyms and missense variants) and 3' UTR, and the ITGAM gene presented 4 exon

variants (synonyms and missense variants).

Table 3. Position of the variants obtained by transcriptomics sequencing located within the
42 genes in the swine genome.

Variant position Gene symbol
NCOA7, SEC62, ZNF713, ITGAM, ZNF646, SETD1A, RNF40, ELOA,
Exon ACACA, HSD3B7, ORAI3, ZNF629, EPHB2, CCT6A, TYW1 and
ENSSSCG00000031037
Intron VIM, DHRS11, TBC1D20, KCTD7, SLC5A2, ZNF629, CCT6A, LMO4,

and ENSSSCG00000006928

PHACTR2, DHRS11, ITGB2, CREB3L2, KCTD7, PRSS53, VKORC1,
Downstream  SETD1A, STX1B, BCL7C, RNF40, RPRD1A, ENSSSCG00000033141
and ENSSSCG00000018553

TRDMT1, HSD3B7, SETD1A, SUMF2, ENSSSCG00000033141 and

Upstream - ENSSSCG00000018553
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FYN, DHRS11, EOGT, ITGB2, CREB3L2, KCTD7, C160rF58,
3'UTR HSD3B7, ORAI3, BCL7C, ZNF629, IL18R1, IL1RL1, EPHB2, CLIC4,
RPRD1A and CCT6A

5'UTR ZNF713, BCKDK and ZNF629

Variants with effects on proteins

The VEP tool in the Ensembl 98 uses the extension SIFT which is a value that predicts
whether an amino acid substitution affects the function of the protein or not. The general
status of the SIFT score obtained using VEP is summarized in Table 4.

From the exome analysis, according to the SIFT prediction, 21 variants of the SNP
type were classified as missense, possibly altering the amino acid as a result from the
substitution, and 5 variants were classified as deleterious in the following genes: solute
carrier family 22 member 11 (SLC22A11) (0.03), ZNF713 (0.02), ITGAM (0.01) and two in
the SPN gene (0 and 0.05). Moreover, 13 SNPs were designated as tolerated with the SIFT
score > 0.05 to 1.00 and 3 SNPs were classified as tolerated low confidence on the SET
domain containing 1A, histone lysine methyltransferase (SETD1A) and olfactory receptor
7A17-like (LOC106509673) genes with SIFT scores ranging from 0.00 to 0.05 (Table 4).

When analyzing the RNA-Seq variants, 8 were classified as missense on
chromosomes 3 and 6, located in 6 genes. There was only one deleterious variant according
to the SIFT score located in the ITGAM gene and one classified as tolerated low confidence
in the SETD1A gene. The other polymorphisms were classified as tolerated and were
located in the ZNF713, zinc finger protein 646 (ZNF646), RNF40 and ELOA genes (Table
4).
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Table 4. Missense variants observed between normal and umbilical-hernia affected pigs

with SIFT score calculated in the dbSNP database (Ensembl).

Approach EX|_st|_ng Location  Gene Symbol SIFT
variation
rs792193084 2:7602943 SLC22A11 Tolerated (0.37)
new 2:7602943 SLC22A11 Deleterious (0.03)
rs337918521 3:16960969 ZNF713 Deleterious (0.02)
rs323115420 3:16964045 ZNF713 Tolerated (0.65)
new 3:17033960 LOC106509673 tolerated zgvg 7c)onfldence
new 3:17034293 LOC106509673 tolerated Iz)c\)lv8§onfldence
rs327289001 3:17254444 ITGAM Deleterious (0.01)
rs337670844 3:17399477 ZNF646 Tolerated (0.1)
(5330057838 3:17468302  SETD1A  tolerated zgvéj)"”f'dence
rs789266896 3:17628688 RNF40 Tolerated (0.62)
new 3:17979825 SPN Deleterious (0.01)
Exomic new 3:17979826 SPN Deleterious (0.05)
rs325089032 6:81571496 ELOA Tolerated (0.1)
rs696812713 8:6157581 OTOP1 Tolerated (0.58)
rs712855168 8:6157582 OTOP1 Tolerated (0.53)
5335136145 12:3852600 MYO19 Tolerated (0.36)
new 12:5551 4690 MYH8 Tolerated (0.51)
new 12:5501 6418 MYH8 Tolerated (0.1)
new 12:55:9743 MYH2 Tolerated (0.1)
new 12:5556717 MYH2 Tolerated (0.1)
rs319222050 12:555’ 5666 MYH3 Tolerated (0.19)
rs323115420 3:16964045 ZNF713 Tolerated (0.65)
rs327289001 3:17254444 ITGAM Deleterious (0.01)
. . 1s337670844 3:17399477 ZNF646 Tolerated (0.1)
Transcriptomic tolerated low confidence
s rs330957838 3:17468302  SETDIA ol (0.5
rs789266896 3:17628688 RNF40 Tolerated (0.60)
rs325089032 6:81571496 ELOA Tolerated (0.1)

SIFT score varies from 0 to 1; Deleterious: SIFT score <=0.05; Tolerated: SIFT score >0.05.
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Polymorphisms and common genes identified with the exome, transcriptome and
GWAS approaches

Comparing the exome with the umbilical ring transcriptome [13], 47 genes were unique in
the exome, 19 genes were unique in the transcriptome and 23 genes were common to both
approaches (Fig. 5). Moreover, 79 identical variants were found with both methodologies
(additional file 3). From these, 12 variants were located in 3 genes of the zinc finger protein
family (ZNF629, ZNF646 and ZNF713), 11 variants in 5 genes of anti-inflammatory
response and immune system (ITGAM, RNF40, BCKDK, PRSS53 and DHRS11), 5 in the
SETD1A gene, 10 variants in 3 genes of amino acid metabolism (ACACA, HSD3B7 and
SUMF2), 14 variants in 3 genes of blood pressure and size (TYW1, CCT6A and EPHB2), 1
polymorphism in the ELOA gene, 4 variants in 3 genes of transport of molecules
(VKORC1, CLIC4 and STX1B), 16 polymorphisms in 2 genes of calcium and potassium
modulator (ORAI3 and KCTD7), and 6 variants in 2 new genes ENSSSCG00000018553 and
ENSSSCG00000033141 (additional file 3). Furthermore, when comparing the results from
the exome/transcriptome with those of GWAS from Lagos, (in preparation), we have 8

genes in common (Fig. 5, Table 5).

exome transcriptome

GWAS
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Figure 5. Venn diagram grouping all 72 genes obtained through the exome, 42 obtained
from the transcriptome and 735 obtained from the results of a GWAS, indicating the

number of common genes among the three methodologies.

Table 5. Common candidate genes for umbilical hernia identified with the three different
methodologies
Methodology Gene Symbol

EPHB2, TYW1, SUMF2, ITGAM, BCKDK, PRSS53, ORAI3, ZNF629,
Exomic/ SETD1A, RNF40, DHRS11, ACACA, ENSSSCG00000018553, CCT6A,
Transcriptomics STX1B, ELOA, ZNF646, ZNF713, HSD3B7, ENSSSCG00000033141,
VKORC1 and KCTD7

ITGAM, BCKDK, PRSS53, STX4, STX1B, ZNF646, VKORC1 and
ENSSSCG00000049720

GWAS

Functional analysis and gene enrichment

The gene ontology analysis carried out with all 91 genes obtained through the analysis of
the exome and transcriptome and the 8 common genes from the GWAS was performed in
the DAVID database. Forty-eight biological processes (additional file 4) were found, which
were summarized in 6 superclusters with the REVIGO tool: protein localization to
membrane, cardiac septum development, cellular response to chemical stimulus,

locomotion, metabolism and organic substance metabolism (Fig. 6).
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Figure 6. Superclusters of biological processes enriched by genes involved with umbilical
hernia found in the exome, transcriptome and GWAS approaches. Different colors show
different superclusters and the size of each box is determined by the uniqueness of the
categories.

To elucidate the interaction between genes and BPs, the 91 genes obtained through
the three methodologies were used to build a network with the NetworkAnalyst tool using
the KEGG database (Kyoto Encyclopedia of Genes and Genomes). A total of 10 BPs was
found including 21 genes (Fig. 7). Immune response and muscle contraction were some of
the most enriched BP, grouping genes that interact with natural killer cell activation and
cell-matrix adhesion.
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Figure 7. Bipartite gene network of genes and biological processes related to umbilical
hernia in pigs built with the NetworkAnalyst tool using the KEGG database (Kyoto
Encyclopedia of Genes and Genomes). The yellow and red nodes indicate the number of
predicted genetic interactions, where yellow nodes indicate low and red nodes indicate high
direct interaction with genes. Hub genes are highlighted in blue.

The central group, including the genes MYLPF, MYH13, MYH2, MYH8 and MYH3,
are mainly involved in the formation of myosin and differentiation of actin and myosin
filaments (Fig. 7). When analyzing the exome and transcriptome, several variants were
identified in SSC12, located in some genes of the myosin family, responsible for muscle
contraction (Table 1). Among the main variants, the SNP rs335136145 identified in the
MYO19 gene and located in a missense exon region (additional file 1) can be highlighted.
In the MYH13 gene, two SNPs (rs341831793 and rs346367824) were identified in
synonymous regions (additional file 1). In the MYH8 gene, four new variants were

identified and in the MYH2 gene, five new variants were found (additional file 1).
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Moreover, three new variants were identified in intronic regions of the MYLPF gene
(additional file 2).

Another group of genes was related to immune response, natural killer cell
activation and cell-matrix adhesion: Integrin subunit beta 2 (ITGB2), Interleukin 1 receptor-
like 1 (IL1RL1), Interleukin 18 receptor 1 (IL18R1) SPN, CNR2, and FBLN5 (Fig. 7).
Several variants were found in the exome and transcriptome analyses on SSC3, 6, 7 and 13
(additional files 1 and 2). Among the main variants, three new variants were identified only
in the exome, in the SPN gene located on SSC3 (additional file 1). The CNR2 gene is
located on SSC6 and two SNPs (rs345825612 and rs332149968) were identified in this
gene (additional file 1). Another gene identified only in the exome was the FBLNS, located
on SSC7, with a new InDel type variant identified in an intronic region of this gene
(additional file 1). In the transcriptome, two new variants were identified in the ITGB2 gene
located on SSC13 (additional file 2). Moreover, a new polymorphism was identified in the
regulatory region 3'UTR of the IL1RL1 and IL18R1 genes in SSC3 (additional file 2).

Also, a SNP (rs331463738) was identified in the 3 'UTR region of the DHRS11
gene on SSC12, which is responsible for oxidoreductase activity and coenzyme binding,
and a new variant located on SSC10 was identified in an intronic region of the Cubilin
(CUBN) gene, which is responsible for steroids metabolic process (Fig. 7). Moreover, other
important genes have also been found interacting with BPs: the carbohydrate metabolic
process included the alpha-L-fucosidase (FUCAL), galactose mutarotase (GALM),
phosphorylase kinase catalytic subunit gamma 2 (PHKG2) and solute carrier family 5
member 2 (SLC5A2) genes (Fig. 7). The protein metabolic process involved the ACACA
gene. The cellular amino acid catabolic process included BCKDK and the exocytosis BP
involved the syntaxin 4 (STX4) and STX1B genes (Fig. 7). In addition, we observed through
the NetworkAnalyst tool the gene-gene interactions with the 91 genes identified (Fig. 8).
Therefore, some of the genes, such as MMS19, FYN, VKORC1 and VIM could be
considered hubs, since they are involved in the expression of several other genes in the
network (Fig. 8).
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Figure 8. Gene enrichment analysis and biological processes related to umbilical hernia in
pigs using the NetworkAnalyst tool. Nodes indicate the number of predicted gene
interactions. Strong and large circles contain high number of genes. Blue circles are the
genes identified in this study and grey circles are gene interactions.

Discussion

The knowledge regarding genes that act in the UH formation is still scarce. Understanding
the role and function of the variants in genes is extremely important since they can alter
their function and expression and, as a consequence, can directly influence the formation of
some anomalies, such as UH [4,24]. Despite the importance of this problem in pig farming,
the knowledge in this field is still limited, although some previous studies using different
methodologies pointed out some candidate genes and important biological processes related
to umbilical hernia in pigs [11,12,13]. To fill this gap, we have generated the first WES of
healthy and UH-affected pigs. Moreover, this is the first study integrating three
methodologies: WES, RNA-Seq and GWAS to identify putative variants and genes

involved with the development of UH in Landrace pigs.
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Several genetic and environmental factors contribute to the formation and
development of UH [4,5]. Some environmental factors like infection of the umbilical cord
during birth [2] contribute to the development of hernias. Furthermore, it is known that the
weakness of muscle tissue around the umbilical area interferes in the closing of the
umbilical canal allowing the intestinal loops to project through the abdominal wall [4,25].
However, the genetic control of UH is still unknown. A hereditary cause has been
suggested by [7], who carried out a progeny test in purebred pigs and showed that the
chance of finding a pig with umbilical hernia is different between breeds. Some studies
[12,26,27] revealed that the development of UH is a polygenic trait, which justifies that just
a few candidate genes have already been reported for UH [6]. Therefore, in the current
study, polymorphisms and genes related to the formation of UH were identified. Using the
three approaches, exome sequencing, RNA-Seq and GWAS, allowed us to identify
different genes and variants related to UH with a great confidence. A total of 209 variants
were identified differing between normal and UH-affected pigs from the exome sequencing
(additional file 1), which were located in 72 genes (Table 1). In the transcriptome, 81
variants were identified (additional file 2) in 42 genes (Table 2), with 79 of these variants
being concordant with the exome, comprising 23 genes common to both approaches. In
addition, 8 genes identified as involved with UH in both the exome and transcriptome from
a Landrace purebred were also found suggestively associated to UH in a GWAS carried out
in a commercial pig population. To better clarify the UH etiology, the identification of
genes and biological processes involved with this disorder is essential. From the 48 BP
found in our study (Fig. 6, Fig. 7), muscle contraction, immune response, and cell-matrix
adhesion are highlighted. Altogether, our results allowed a close observation of the

relationship of the genes with these BP, as further discussed.

Muscle Contraction related to Umbilical Hernia

It is suggested that the muscle tissue plays an important role in the development of
umbilical hernia [2]. In children, it has been reported that the muscles of the umbilical
region influence the development of the umbilicus [29]. Xu et al. [30] deduced by
histologically examining human fetuses with 8 to 40 weeks of age that muscle contraction

probably plays a critical role in closing the umbilical ring after birth, tracing a strong
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correlation between the umbilicus and the abdominal wall. In our study, several
polymorphisms (additional file 1, additional file 2) were identified in genes related to the
muscle contraction BP using both the exome and transcriptome methodologies (Fig. 6, Fig.
7). The MYLPF, MYH13, MYH2, MYH3, MYH8, MYO19 and ROCK2 genes are responsible
for the formation of myosin, actin filaments and protein kinase, skeletal muscle
development and muscle contraction [31, 32, 33, 34, 35].

The MYLPF had three new mutations found in its 1/7 intron region (additional file
1). MYLPF acts in the calcium ion binding, metal ion binding and structural constituent of
muscle [36]. Wang et al. [37] produced healthy and knockout mice for MYLPF and
observed that the lack of MYLPF transcription causes a complete lack of skeletal muscle
during development. Therefore, three new variants in introns can interfere in the alternative
splicing process of this gene [37], which can act in the generation of different transcripts of
this gene, influencing the healthy formation of muscle tissue [36] This happens because the
myosin molecule without its subunit-containing two heavy chains can be degraded by the
cellular mechanism to remove incorrectly folded proteins during embryogenesis [36].
Another possibility is that the myosin heavy chains were unable to form thick filaments;
therefore, the lack of thick filaments would prevent healthy myofibrillogenesis leading to
functional loss of cell and muscle tissue [37].

Several variants have been identified in the myosin family: four polymorphisms
were identified in regions of exon (synonymous variant) and intron of the MYH13 gene
(additional file 1). This gene is a fundamental component for the microfilament motor
activity and actin-binding [32]. Three variants were found in the MYH3 gene, two located
in exons of the type missense and synonymous variant and a new deletion located in the
region upstream of the gene (additional file 1). MYH3 function includes nucleotide binding,
motor activity and protein binding [33]. In the MYH2 gene, another member of the myosin
family, five new variants located in regions of exons (missense and synonymous variant)
and introns were identified (additional file 1). The MYH2 is responsible for the generation
of mechanical force in eukaryotic cells and skeletal muscle contraction [32]. Moreover, in
the MYHS, we identified four new polymorphisms also in regions of exon (missense and
synonymous variant) and intron (additional file 1). This gene is predominantly expressed in

fetal skeletal muscle [33].
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In the mammalian genome, myosin is composed by 16 genes, encoding proteins
expressed in muscle and non-muscle tissues [32]. In our results, we identified variants in
five myosin genes. Xu et al. [30] identified several genes of the myosin family in skeletal
muscle in humans and observed that changes in the expression of this family of genes
interfere with muscle contraction. Here, the results indicate that the variants found in
myosin genes can be strong candidates to trigger UH in pigs, because the musculature, in
particular muscular contraction, is extremely important to prevent the passage of the
intestinal loops through the umbilical ring causing UH [28]. Furthermore, genes from the
myosin family, the 1/3 myosin light chain skeletal muscle isoform (MYL1) and myosin
light chain 3 (MYL3) have been described as candidate genes to the development of scrotal
hernia in pigs [38], emphasizing the importance of muscle contraction in the development
of hernias.

Moreover, a variant was identified in an exomic region (missense) of the MYO19
gene (additional file 1), which is also responsible for ATP binding and actin-binding [30].
Finally, on SSC3, a new deletion in a downstream regulatory region of the ROCK2 gene
was identified (additional file 1). This gene is involved in regulation of smooth muscle
contraction, actin cytoskeleton organization, stress fiber and focal adhesion formation [35].
ROCK2 is a key regulator of the actin cytoskeleton that acts in the formation of the
actin/myosin filaments [22]. Human studies indicate that ROCK2 promotes cancer growth,
in addition to degrading MMP2 [39]. In mouse, the lack of this gene can cause cardiac
hypertrophy [40]. Furthermore, we identified a SNP (rs330195537) in the VIM gene
(additional file 1), involved with the formation of the intermediate class Il filaments found
in several non-epithelial cells that make up the actin microtubules and microfilaments,
which compose the cytoskeleton [41] and that is associated with ROCK2. Therefore, this
new mutation in the ROCK2 gene associated with VIM could impair the formation of the
actin/myosin filaments, preventing the complete formation of muscle tissue around the

navel, leaving this region flaccid and susceptible to the formation of UH.

Cell-matrix adhesion
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The cell adhesion BP is related to the formation of UH since it is responsible for cell
connections, cell adhesion, tissue development and maintenance, cell differentiation,
migration and communication [42]. Some genes identified in the current study were
classified in BPs in pigs, such as cell adhesion (Fig. 7), cell motility (GO: 0048870), cell
activation (GO: 0001775) and cell migration (GO: 0016477) (Additional file 4), for
example, the ubiquitin associated and SH3 domain containing B (UBASH3B), LIM domain
only 4 (LMO4), RABGEF1, FYN, ITGB2, ROCK2, FBLN5 and EPHB2 (additional file 1,
additional file 2).

Most of these genes have functions that can be related to the herniation process. The
RABGEF1 gene acts on cell recycling, also acting as an ubiquitin ligase by similarity [43].
The UBASH3B gene can inhibit the endocytosis of the epidermal growth factor receptor
(EGFR) and promote the accumulation of activated target receptors, T cells and EGFR on
the cell surface [44]. The EPHB2 is involved in several cellular processes, including cell
motility, division and differentiation [45]. The LMO4 gene encodes a protein that plays a
role as a regulator of transcription [46]. The FBLN5 promotes the adhesion of endothelial
cells through the interaction of integrins (ITGB2/ITGAM) [47]. The FBLN5 and
ITGB2/ITGAM play a very important role in the cell adhesion process promoting cell
binding. Mutations in these genes were associated with delayed growth and development of
the tissues and, also, the Fibulin can be regulated by growth factors [48].

In the current study, the RABGEF1 presented one SNP (rs713010025) and the
UBASH3B another SNP (rs345798145), both located in upstream regulatory regions. These
genes are involved with increasing levels of epithelial growth factors (EGF) and
transforming growth factor (TGF) [49]. Studies have indicated that when there is injury,
epithelial cells, macrophages and fibroblasts produce growth factors such as EGF and TGF
to heal the injury [50, 51]. Further, in the injury site, there is an increase in the rates of
healing and regeneration of the composite fibrous tissue by Fibulin [52,53]. However, when
these growth factors are not balanced, the problem becomes chronic [54]. Probably, those
SNPs in the RABGEF1 and UBASH3B genes could modulate the expression of growth
factors, since these variants are located in upstream regulatory regions. Therefore, they may
trigger an immune disorder in the umbilical ring tissue, favoring the defense cells to attack

the tissue itself, thus, favoring the occurrence of umbilical hernias in pigs.
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Immune Response

In our study, several genes were enriched in biological processes related to the
immune system (additional file 4). Also, the DAVID database indicated some significant
PBs: regulation of immune response, with the main genes ITGAM, ITGB2 and FYN,
regulation of leukocyte degranulation (STX4, SPN) and regulation of myeloid leukocyte
mediated immunity (ILLRL1, IL18R1) (Fig. 6, Fig. 7).

The ITGAM and ITGB2 genes are involved in several receptor interactions of
monocytes, macrophages and granulocytes [53]. Integrin ITGAM/ITGB2 is also a
fibrinogen receptor and regulates the migration of neutrophils [55]. The FYN gene is
responsible for regulating cell growth and survival, cell adhesion, integrin-mediated
signaling and cytoskeletal remodeling [56], while STX4 acts on the coupling of transport
vesicles [57]. SPN is predominant on the surface of the leukocyte cell, directly influencing
T cells, regulating their proliferation, differentiation and migration [58]. The
ILIRL1/IL18R1 are receptors that are induced by pro-inflammatory stimuli, helping in the
connection between tissue and auxiliary T cells [59].

Umbilical disorders, including omphalophlebitis, present a significant challenge to
the health and well-being of a newborn [60]. Omphalophlebitis is an inflammation or
infection of the umbilical region [61], which is the main cause of abscesses [62]. In pig
farming, this condition can be caused by mismanagement of cutting or cleaning the
umbilical cord [63,64]. The omphalophlebitis can develop in animals with compromised
immune systems and concomitant health problems [65]. Several polymorphisms in genes
related to the immune system were identified in our study, pointing to an ongoing
inflammation process. Therefore, the FYN, SPN, IL1RL1/IL18R1, STX4, ITGAM and
ITGB2 genes might be strong candidates for the development of UH in pigs.

Genes located in QTL regions

Some studies using different approaches have already been developed seeking to identify
QTLs for umbilical hernia in pigs [10, 12, 13]. We identified through the exome analysis
that the papillin proteoglycan like sulfated glycoprotein (PAPLN) gene was located in a

QTL region already described in the literature for umbilical hernias in pigs [10].
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The PAPLN is a component of the extracellular matrix (66), widely studied in
humans, and it has been related to liver diseases and growth [66, 67]. It is one of the main
glycoproteins in the extracellular matrix [67, 68]. Suppression of Papillin in Drosophilas
has already been associated with embryonic death during embryogenesis due to disorders
and abnormalities in muscle formation and Malpighi tubules malformation [68]. Moreover,
in humans, the Papillin is known to have an important role in the modulation of
metalloproteins during organogenesis, acting directly in the differentiation of the three
germ leaflets [67]. This indicates that this gene can interfere in the differentiation of
ectoderm, mesoderm and endoderm for the formation of organs. However, there is not
much information about the performance of this gene in pigs and this is the first time that
this gene has been related to the development of UH.

Variants and candidate genes that cause UH

Combining the results from the three methodologies (Fig. 5) and those from the VEP tool
using the SNPdatabase, we evaluated the consequences of the polymorphisms found when
they were predicted to affect the production of amino acids. Twenty-one variants in the
exome and six variants in the transcriptome were classified with the SIFT score (Table 3).
Polymorphisms in the regulatory and coding regions of the genome may be implicated in
the development of diseases and congenital problems. Generally, non-synonymous SNPs,
such as missense type variants, lead to amino acid changes in protein products, in which
they represent approximately half of the known genetic problems responsible for human
hereditary diseases [69]. The ITGAM, SPN, MYH8, MYH2, MYH3 and MYO19 genes were
identified in the three methodologies. Some variants located in these genes were identified
in the DNA (genomic) and were also expressed in the mRNA of the umbilical ring tissue
from normal and UH-affected pigs. As previously discussed, integrin and sialophorin are
important components of the immune system and cell adhesion [55,58]. Therefore, this
shows that some variants, mainly of the missense type, that alter proteins are strong
candidates as factors predisposing the occurrence of UH. These variants and many others
have been identified in many genes present in several BP; some of them already discussed
above are key genes for triggering UH. These results show that the variants found in our

study are fundamental pieces for understanding the etiology of the UH.
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Our results have shown that many of these genes were associated with the
development of UH for the first time. The polymorphisms identified in these genes are
strong candidates for the development of UH in pigs. However, further studies are required
to validate the function of these groups of polymorphisms and genes in the development of
UH. Nevertheless, the combination of the three methodologies used greatly improved the
reliability of our results, providing the discovery of variants possibly involved with the
onset of UH and the paths to understand the umbilical hernia development.

Conclusions

We have generated the first exome sequencing related to normal and umbilical hernia-
affected pigs, which allowed us to identify several variants involved with this disorder.
Moreover, comparing these variants with the results from RNA-Seq and GWAS, it was
possible to identify variants and genes that had not been previously related to the
development of umbilical hernia in pigs. Muscle contraction, immune response and cell-
matrix adhesion were the main active biological processes related to the umbilical hernia
occurrence. Therefore, the variants found in the FYN, SPN, ITGB2, MYLPF, MYH13,
MYH8, MYH2, MYH3, MYO19, VIM, ROCK2, RABGEF1 and UBASH3B genes can be
highlighted as strong candidates to the development of UH in pigs. These results contribute
to better understand the genetic mechanisms involved with the occurrence of UH in pigs

and possibly in other mammals, including humans.
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Additional file 1: Total number of variants (SNPs and InDels) identified in the whole-exome sequencing that differed between normal

and umbilical hernia-affected pigs and its annotation and consequence predicted with the VEP tool.

SS Allele Allele Consequence
SNP name c start end (ref)  (alt) Gene Symbol Gene name (transcript)
rs332203161 1 3427322 3427322 T C - new intergenic variant
rs707913396 1 3427328 3427328 T C - new intergenic variant
rs713738573 1 3427330 3427330 T G - new intergenic variant
(81505732 2 7592175 7592175 T c  ENSSSCG00000020 ) ~oppqq SOlUtecarrierfamily 22— g o oot
831 member 11
1333210122 2 7592186 7592186 A G  ENSSSCG00000020 o) ~y5aqq SOlutecarierfamily 22 g o\ ocont
831 member 11
rs322282589 2 7592192 7592192 T c  ENSSSCGO0000020 ) ~ynaqg SOlutecarrierfamily 22 g oo cont
831 member 11
new 2 7592249 7592249 G A ENSSSCGO00000020 o) ~yppqq SOIUte carrierfamily 22 o 00 oo
831 member 11
[s787087930 2 7592295 7592295 C c  ENSSSCG00000020 o) ~y5aqq SOlutecarierfamily 22 g oo cont
831 member 11
[s334404716 2 7598086 7598086 G A ENSSSCGO0000020 o) ~)5nqp sSOlute carrier family 22 oo o oo
831 member 11
rs338734805 2 7598137 7598137 G t  ENSSSCG00000020 ) ~oppgq SOlUtecarrierfamily 22— g 0o ont
831 member 11
rs338734805 2 7598137 7598137 G c  ENSSSCG00000020 ) ~oppgq SOlutecarrierfamily 22— g 0o ont
831 member 11
new 2 7602943 7602943 C G  ENSSSCGO0000020 g ~opppq SOlUtecarrierfamily 22— ...\ oriant
831 member 11
[s792193084 2 7602943 7602943  C T ENSSSCG00000020 ) ~oppgq SOlUte carrierfamily 22 ..o\ oriant
831 member 11
new 2 7602945 7602945 G ENSSSCGO0000020 o) ~yopqp SoOlute carrierfamily 22 oo cier \ariant
831 member 11
new 3 1594268 15942680 G C ENSSSCG00000007 new tRNA-yW synthesizing intron variant
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0 733 protein 1 homolog
1s81309268 1595379 15953792 ENSSSCG00000007 new tRNA-yW synthesizing 5 ' UTR variant
2 733 protein 1 homolog
1s81309268 1595379 15953792 ENSSSCG00000007 new tRNA-yW synthesizing intron variant
2 733 protein 1 homolog
new 1607855 16078557 ENSSSCG00000007 new tRNA-yW synthesizing synonymous variant
7 733 protein 1 homolog
RAB guanine
(713010025 1637667 16376678 ENSSSCG00000007 - p ABGEF1  nucleotide exchange ~ UPStream gene
8 735 variant
factor 1
potassium channel
(5337976532 1638242 16380498 ENSSSCGO0000040  \~ty7  tetramerization domain  90Wnstream gene
8 985 . variant
containing 7
potassium channel
5320729536 1035261 16382619 ENSSSCON0000040 KeTD7  tetramerization domain  3* UTR variant
containing 7
potassium channel
1s320729536 1638261 16382619 ENSSSCG00000040  \-1p7  tetramerization domain  dOWMsStream gene
9 985 . variant
containing 7/
potassium channel
5323726488 1638324 " 16383246 ENSSSCON0000040 keTD7  tetramerization domain  3* UTR variant
containing 7
potassium channel
5323726488 1638324 16383246 ENSSSCGO0000040 -7 tetramerization domain  d0WNStream gene
6 985 - variant
containing 7/
potassium channel
5333208968 1095325 16383250 FNSSSCON0000040 keTD7  tetramerization domain 3 UTR variant
containing 7
potassium channel
5333208968 1038325 " 16383250 ENSSSCON0000040 keTD7  tetramerization domain do""”\igﬁgnmt gene

containing 7



potassium channel
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5333661817 1638328 15383084 ENSSSCG00000040 o107 tetramerization domain ~ 90Wnstream gene
4 985 .. variant
containing 7
potassium channel
rs333661817 1632328 16383284 ENSSSCQ%gOOOOMO KCTD7 tetramerization domain 3 'UTR variant
containing 7
potassium channel
rs326053487 1632345 16383454 ENSSSCQ%(;OOOOMO KCTD7 tetramerization domain 3 "'UTR variant
containing 7
potassium channel
(5326053487 1638345 16383454 ENSSSCG00000040 -7 tetramerization domain ~ d0Wnstream gene
4 985 .. variant
containing 7/
potassium channel
1336316568 1632376 16383763 ENSSSCQ%gOOOOO“O KCTD7 tetramerization domain 3 ' UTR variant
containing 7
potassium channel
1336316568 1638376 5383763 ENSSSCGO0000040  \~1p7  (etramerization domain  30Wnstream gene
3 985 .. variant
containing 7/
potassium channel
rs329707669 1638391 16383919 ENSSSC9(2(5)000004O KCTD7 tetramerization domain 3 'UTR variant
containing 7
potassium channel
(329707669 1638391 6353919 ENSSSCG00000040  \«~17  tetramerization domain  d0Wnstream gene
9 985 .. variant
containing 7
potassium channel
rs713060696 1638393 5383036 ENSSSCG00000040 | ¢~rn7  tetramerization domain OCWnsiream gene
6 985 .. variant
containing 7/
potassium channel
1713060696 1632393 16383936 ENSSSCgC;(;OOOOMO KCTD7 tetramerization domain 3 ' UTR variant

containing 7



potassium channel
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(5701844432 1638395 16383956 ENSSSCG00000040 o107 tetramerization domain ~ 90Wnstream gene
6 985 .. variant
containing 7
potassium channel
rs324583382 1632404 16384043 ENSSSCQ%gOOOOMO KCTD7 tetramerization domain 3 'UTR variant
containing 7
potassium channel
(5324583382 1638404 16384043 ENSSSCGO0000040  \~tp7  tetramerization domain  90Wnstream gene
3 985 .. variant
containing 7
potassium channel
1345204099 1638427 16384270 ENSSSCQ%C;OOOOO“O KCTD7 tetramerization domain 3’ UTR variant
containing 7
potassium channel
(5345204099 1638427 1 6384970 ENSSSCGO0000040  \~1p7  tetramerization domain  d0Wnsiream gene
0 985 .. variant
containing 7
potassium channel
(327324699 1632429 16384293 ENSSSCQ%C;OOOOO“O KCTD7 tetramerization domain 3’ UTR variant
containing 7
potassium channel
rs327324699 1638429 15384203 ENSSSCG00000040 | ~rn7  tetramerization domain OCWnsiream gene
3 985 .. variant
containing 7/
potassium channel
(329831862 1638454 1 6384540 ENSSSCG00000040  \«~17  tetramerization domain  d0Wnstream gene
0 985 .. variant
containing 7
potassium channel
rs329831862 1633454 16384540 ENSSSC9(2(5)000004O KCTD7 tetramerization domain 3 'UTR variant
containing 7
potassium channel
rs332144111 1632463 16384634 ENSSSCgC;(;OOOOMO KCTD7 tetramerization domain 3 "'UTR variant

containing 7



potassium channel
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15332144111 3 1038463 16384634 g  ENSSSCG00000040  \orp7  tetramerization domain  dOWnStream gene
4 985 .. variant
containing 7
potassium channel
rs323662654 3 1632465 16384658 C ENSSSCQ%gOOOOMO KCTD7 tetramerization domain 3 'UTR variant
containing 7
potassium channel
(323662654 3 050405 16asa6rg c  ENSSSCGO0000040  \~rr7  tetramerization domain  GoWnstream gene
8 985 .. variant
containing 7
potassium channel
15335850180 3 090918 1gam51g1 c  ENSSSCGO0000040  \orp7  tetramerization domain  dOWnstream gene
1 985 .. variant
containing 7/
potassium channel
rs335859180 3 16323518 16385181 C ENSSSCQ%(;OOOOMO KCTD7 tetramerization domain intron variant
containing 7
potassium channel
(s335859180 3 1632518 16385181 C ENSSSCQ%C;OOOOO“O KCTD7 tetramerization domain 3’ UTR variant
containing 7
potassium channel
new g 1638521 44ae0is cc  ENSSSCGO0000040  \~r1h7  tetramerization domain  d0Wnstream gene
5 985 .. variant
containing 7/
potassium channel
new 3 1632521 16385215 CC ENSSSC;;(S)OOOOOA'O KCTD7 tetramerization domain 3 "'UTR variant
containing 7
potassium channel
new 3 1632521 16385215 CC ENSSSC9(2(5)000004O KCTD7 tetramerization domain intron variant
containing 7
potassium channel
rs332268785 3 1633572 16385727 A ENSSSCgC;gOOOOMO KCTD7 tetramerization domain intron variant

containing 7
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rs332268785 1633572 16385727 G A ENSSSCQC;(;OOOOMO KCTD7  tetramerization domain 3 'UTR variant
containing 7
new 1684406 16844064 GC i ENSSSCG00000007 SUME2 sulfatase modifying upstream gene
3 745 factor 2 variant
new 1684406 16844064 GC i ENSSSCG00000033 new new downstre_am gene
3 141 variant
1684406 ENSSSCG00000020 chaperonin containing : .
new 3 16844064 GC - 808 CCT6A TCP1 subunit 6A 3" UTR variant
1684426 ENSSSCG00000020 chaperonin containing , .
rs330731365 5 16844265 G A 808 CCT6A TCP1 subunit 6A 3'UTR variant
(s330731365 1684426 16844265 G A ENSSSCG00000033 new new downstre_am gene
5 141 variant
15330731365 1684426 16844265 G A ENSSSCG00000007 SUME? sulfatase modifying upstream gene
5 745 factor 2 variant
1684427 ENSSSCG00000020 chaperonin containing . .
rs343913735 1 16844271 A G 808 CCT6A TCP1 subunit 6A 3'UTR variant
(s343913735 1684427 16844271 A G ENSSSCG00000033 new new downstre:\am gene
1 141 variant
15343913735 1684427 16844271 A G ENSSSCG00000007 SUME?2 sulfatase modifying upstream gene
1 745 factor 2 variant
1684493 ENSSSCG00000020 chaperonin containing , .
rs701592732 9 16844932 T C 808 CCT6A TCP1 subunit 6A 3"UTR variant
1684493 ENSSSCG00000020 chaperonin containing . .
rs701592732 2 16844932 T C 808 CCT6A TCP1 subunit 6A intron variant
(s701592732 1684493 16844932 T C ENSSSCG00000007 SUME2 sulfatase modifying upstream gene
2 745 factor 2 variant
(s701592732 1684493 16844932 T C ENSSSCG00000033 new new downstre;am gene
2 141 variant
1684493 ENSSSCG00000020 chaperonin containing , .
rs691819169 4 16844934 A G 308 CCT6A TCP1 subunit 6A 3"'UTR variant
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(s691819169 1684493 16844934 A ENSSSCG00000033 new new downstre_am gene
4 141 variant
15691819169 1684493 16844934 A ENSSSCG00000007 SUME? sulfatase modifying upstream gene
4 745 factor 2 variant
1684493 ENSSSCG00000020 chaperonin containing . .
rs691819169 4 16844934 A 808 CCT6A TCP1 subunit 6A intron variant
1684493 ENSSSCG00000020 chaperonin containing , .
rs706237879 5 16844935 A 808 CCT6A TCP1 subunit 6A 3'UTR variant
(5706237879 1684493 16844935 A ENSSSCG00000033 new new downstre:am gene
5) 141 variant
1684493 ENSSSCG00000020 chaperonin containing . .
rs706237879 5 16844935 A 808 CCT6A TCP1 subunit 6A intron variant
(5706237879 1684493 16844935 A ENSSSCG00000007 SUME2 sulfatase modifying upstream gene
5 745 factor 2 variant
non coding
new 1681'786 16847861 T ENSSSCS(iOOOOO?’?’ new new transcript exon
variant
1684786 ENSSSCG00000020 chaperonin containing . .
new 1 16847861 T 808 CCT6A TCP1 subunit 6A Intron variant
new 1684786 16847861 T ENSSSCG00000007 SUME?2 sulfatase modifying upstream gene
1 745 factor 2 variant
rs110876272 1685111 ENSSSCG00000020 chaperonin containing .
0 9 16851119 A 808 CCT6A TCP1 subunit 6A synonymous variant
rs110876272 1685111 16851119 A ENSSSCG00000033 new new upstrea_m gene
0 9 141 variant
rs110876272 1685111 16851119 A ENSSSCG00000018 new new downstre:am gene
0 9 553 variant
rs111397463 1685266 16852667  C ENSSSCG00000018 new new downstrgam gene
9 7 553 variant
rs111397463 1685266 ENSSSCG00000020 chaperonin containing . .
9 7 16852667 C 808 CCT6A TCP1 subunit 6A intron variant
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rs111397463 1685266 16852667 C T ENSSSCG00000033 new new upstrea_m gene
9 7 141 variant
(s336023254 1685441 16854410 G A ENSSSCG00000018 new new downstre_am gene
0 553 variant
1685441 ENSSSCG00000020 chaperonin containing . .
rs336023254 0 16854410 G A 808 CCT6A TCP1 subunit 6A Intron variant
1685523 ENSSSCG00000020 chaperonin containing . .
rs341960076 7 16855237 A C 808 CCT6A TCP1 subunit 6A Intron variant
1685523 ENSSSCG00000020 chaperonin containing .
rs341960076 7 16855237 A C 808 CCT6A TCP1 subunit 6A synonymous variant
(s341960076 1685523 16855237 A C ENSSSCG00000018 new new upstrea_m gene
7 553 variant
(s339277541 1695803 16958038 T C ENSSSCG00000029 ZNE713 o _ downstre_am gene
8 029 zinc finger protein 713 variant
(s331020706 1695815 16958150 G A ENSSSCG00000029 ZNE713 o _ downstre_am gene
0 029 zinc finger protein 713 variant
(s340816565 1695819 16958194 T C ENSSSCG00000029 ZNE713 o _ downstre_am gene
4 029 zinc finger protein 713 variant
(5327975767 1699897 15058979 A G ENSSSCE00000029  Zppgqp | 3" UTR variant
9 029 zinc finger protein 713
5325589354 1695906 16050068 ¢ 7 ENSSSCGO0000029 - op\poyg | 3" UTR variant
8 029 zinc finger protein 713
5337608799 1699923 15050239 A G ENSSSCG00000029  Zp\pgqp | 3" UTR variant
9 029 zinc finger protein 713
5318863693 1699926 16050065 T ¢ ENSSSCGO0000029 - Znpggg | 3" UTR variant
5 029 zinc finger protein 713
5329457108 1695943 1eo50434 G A ENSSSCEO0000029  7npggs . 3" UTR variant
4 029 zinc finger protein 713
5334498862 1699963 1go50g34 T ¢ ENSSSCEO0000029 - Znpgg | 3" UTR variant
4 029 zinc finger protein 713
new 1695971 16959719 CT - ENSSSCG00000029  ZNF713  zinc finger protein 713 3 'UTR variant
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8 029
(693699557 1695972 15050721 G c  ENSSSCG00000029  7np7q3 . 3" UTR variant
1 029 zinc finger protein 713
(324279159 1696003 16960031 A ¢ ENSSSCGO0000029  oppgqs . 3" UTR variant
1 029 zinc finger protein 713
1696022 AAA ENSSSCG00000029 , .
rs788766021 0 16960224 cT 029 ZNF713 zinc finger protein 713 3'UTR variant
1336887529 1696046 1cog0a65 T @ ENSSSCGO0000029  oppgqs . 3" UTR variant
5 029 zinc finger protein 713
(5343256392 1696049 15060403 A @ ENSSSCGO0000029  p\poqs . 3" UTR variant
3 029 zinc finger protein 713
1325887031 1696074 15060740 =~ a  ENSSSCGO0000029  -p\pogs . 3" UTR variant
0 029 zinc finger protein 713
(337918521 1696096 15060069 ¢ a4 ENSSSCGO0000029  p\poqs . missense variant
9 029 zinc finger protein 713
1696103 ENSSSCG00000029 :
rs320802395 0 16961030 G A 029 ZNF713 zinc finger protein 713 synonymous variant
1696121 ENSSSCG00000029 )
rs330288467 9 16961219 T C 029 ZNF713 zinc finger protein 713 synonymous variant
rs323115420 1696404 16964045 T A ENS55C 00000029 ZNF713 . . missense variant
5 029 zinc finger protein 713
rs335343250 1696491 16964916 G C ENS55C 00000029 ZNF713 . . intron variant
6 029 zinc finger protein 713
1329911516 1697081 15070816 A @ ENSSSCGO0000029  op\pogs . intron variant
6 029 zinc finger protein 713
(342141649 1697081 15570819 7 ENSSSCG00000029  7np7q3 . intron variant
9 029 zinc finger protein 713
(342012840 1697108 15971089 T c  ENSSSCG00000029  np7q3 . 5' UTR variant
9 029 zinc finger protein 713
(324205762 1697114 15071043 7T c  ENSSSCG00000029  o\ip793 . 5' UTR variant
3 029 zinc finger protein 713
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rs333780109 16971156 T C ZNF713 N . 5"UTR variant
6 029 zinc finger protein 713
5343615406 1697116 yg971160 T ¢ ENSSSCGO0000029 - onpgyg | 5' UTR variant
9 029 zinc finger protein 713
rs328383315 1697129 16971295 T A ENSSSCG00000029 ZNF713 L : intron variant
5 029 zinc finger protein 713
new 1700157 17001575 ATTT - ENSSSCG00000007 SEPTIN14 . intron variant
1 G 751 septin 14
rs342352307 1700188 17001888 T C ENSSSCG00000007 SEPTIN14 . intron variant
8 751 septin 14
new 1702600 17026001 T C ENSSSCG00000007 SEPTIN14 _ downstre:am gene
1 751 septin 14 variant
1703396 ENSSSCG00000036 LOC106509 olfactory receptor . .
new 0 17033960 T C 685 673 7 A17-like missense variant
1703399 ENSSSCG00000036 LOC106509 olfactory receptor .
new 7 17033997 G A 685 673 7 A17-like synonymous variant
1703405 ENSSSCG00000036 LOC106509 olfactory receptor .
new 1 17034051 A T 685 673 7 A17-like synonymous variant
1703423 ENSSSCG00000036 LOC106509 olfactory receptor .
new 4 17034234 A G 685 673 7 A17-like synonymous variant
1703429 ENSSSCG00000036 LOC106509 olfactory receptor . .
new 3 17034293 T C 685 673 7 A17-like missense variant
1703440 ENSSSCG00000036 LOC106509 olfactory receptor .
new 5 17034405 C T 685 673 7 A17-like synonymous variant
1703442 ENSSSCG00000036 LOC106509 olfactory receptor :
rs702384560 5 17034426 G A 685 673 7 A17-like synonymous variant
1703453 ENSSSCG00000036 LOC106509 olfactory receptor :
rs709083818 4 17034534 A G 685 673 7 A17-like synonymous variant
1703458 ENSSSCG00000036 LOC106509 olfactory receptor : .
rs324169719 9 17034589 C 685 673 7 A17-like 5" UTR variant
rs330223831 1703465 17034658 C ENSSSCGO00000036 LOC106509 olfactory receptor upstream gene
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8 685 673 7TA17-like variant
new 1722399 17943996 ENSSSC%ZOOOOOO? ITGAM integrin sm:\t/alunlt alpha intron variant
(5318763073 1723399 17243999 ENSSSC%ZOOOOOW ITcAM  'Ntegrin Sﬁ“”'t alpha4iron variant
rs344858642 172;1410 17244108 ENSSSC%ZOOOOOO? ITGAM Integrin Sl:\l/)Iumt alpha synonymous variant
rs326942919 1722630 17246305 ENSSSC%ZOOOOOO? ITGAM Integrin Sl:\l/)Iumt alpha synonymous variant
5323402259 1124990 17246405 ENSSSCE00000007  yrgay - Tntegnin sLOUNItalPha yron variant
rs327289001 1722444 17254444 ENSSSC%ZOOOOOO? ITGAM Integrin Sl:\?lumt alpha missense variant
(s307947675 1739945 17399455 ENSSSCG00000007 PRSS53 _ downstre:am gene
5 765 serine protease 53 variant
vitamin K epoxide
rs327947675 1739945 17399455 ENSSSCGO0000035 /i ore1 reductase complex  Gownstream gene
5 364 . variant
subunit 1
1739945 ENSSSCG00000026 :
rs327947675 5 17399455 817 ZNF646 zinc finger protein 646 synonymous variant
branched chain keto
(5327947675 1732945 17399455 ENSSSC7%gOOOOOO7 BCKDK  acid dehydrogenase  5' UTR variant
kinase
branched chain keto
5337670844 LS99 17390477 ENSSSC7%gOOOOOO7 BCKDK  acid dehydrogenase  5' UTR variant
Kinase
(s337670844 1739947 17399477 ENSSSCG00000007 PRSS53 _ downstre:\am gene
7 765 serine protease 53 variant
vitamin K epoxide
(5337670844 1733947 17399477 ENSSSC3%20000035 VKORC1  reductase complex do""”\igﬁznmt gene

subunit 1
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rs337670844 17399477 ZNF646 L . missense variant
7 817 zinc finger protein 646
(s328098289 1743022 17430228 ENSSSCG00000049 new new upstrea_m gene
8 720 variant
rs328098289 1743022 17430228 ENSSSCG00000007 STX4 . synonymous variant
8 768 syntaxin 4
rs341530377 1745784 17457840 ENSSSCG00000021 STX1B . 3"UTR variant
0 238 syntaxin 1B
hydroxy-delta-5-
1s341530377 1745784 17457840 ENSSSCG00000032 HSD3B7 steroid dehydrogen_ase, downstre_am gene
0 369 3 beta- and steroid variant
delta-isomerase 7
(s341530377 1745784 17457840 ENSSSCG00000021 STX1B _ downstre:am gene
0 238 syntaxin 1B variant
hydroxy-delta-5-
15344714132 1745820 17458203 ENSSSCG00000032 HSD3B7 steroid dehydrogen_ase, downstre:am gene
3 369 3 beta- and steroid variant
delta-isomerase 7
(5344714132 1745820 17458203 ENSSSCG00000021 STX1B _ downstrgam gene
3 238 syntaxin 1B variant
s344714132 1745820 17458203 ENSSSCG00000021  gry1p . 3" UTR variant
3 238 syntaxin 1B
5344526901 1745840 17458409 ENSSSCG00000021 g1y . 3" UTR variant
9 238 syntaxin 1B
hydroxy-delta-5-
15344526901 1745840 17458409 ENSSSCG00000032 HSD3B7 steroid dehydrogen_ase, downstre:\am gene
9 369 3 beta- and steroid variant
delta-isomerase 7
1s344526901 1745840 17458409 ENSSSCG00000021 STXI1B downstrgam gene
9 238 variant
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hydroxy-delta-5-
15334776843 1745846 17458467 ENSSSCG00000032 HSD3B7 steroid dehydrogen_ase, downstre_am gene
7 369 3 beta- and steroid variant
delta-isomerase 7
(s334776843 1745846 17458467 ENSSSCG00000021 STXIB _ downstre_am gene
7 238 syntaxin 1B variant
rs334776843 1745846 17458467 ENSSSCG00000021 STX1B . 3"UTR variant
7 238 syntaxin 1B
hydroxy-delta-5-
15322669402 1745984 17459844 ENSSSCG00000032 HSD3B7 steroid dehydrogen_ase, 3" UTR variant
4 369 3 beta- and steroid
delta-isomerase 7
(5322669402 1745984 17459844 ENSSSCG00000021 STX1B _ downstre:am gene
4 238 syntaxin 1B variant
SET domain
15322669402 1745984 17459844 ENSSSCG00000007 SETD1A containing _lA, histone downstre_am gene
4 782 lysine variant
methyltransferase
SET domain
(5793318116 1746065 17460656 ENSSSCG00000007 SETDIA containing _1A, histone downstre:\am gene
6 782 lysine variant
methyltransferase
(5793318116 1746065 17460656 ENSSSCG00000021 STX1B _ downstrgam gene
6 238 syntaxin 1B variant
hydroxy-delta-5-
1746065 ENSSSCG00000032 steroid dehydrogenase, :
rs793318116 5 17460656 369 HSD3B7 3 beta- and steroid  Synonymous variant
delta-isomerase 7
SET domain
rs336707684 1742684 17466842 ENSSSC%(;OOOOOO? SETD1A  containing 1A, histone intron variant

lysine
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hydroxy-delta-5-
15336707684 1746684 17466842 ENSSSCG00000032 HSD3B7 steroid dehydrogen_ase, upstream gene
2 369 3 beta- and steroid variant
delta-isomerase 7
SET domain
(5327942559 1746686 17466860 ENSSSCG00000007  gprpygp - CONtAning 1A, histone 0 oriant
0 782 lysine
methyltransferase
hydroxy-delta-5-
15327949559 1746686 17466860 ENSSSCG00000032 HSD3B7 steroid dehydrogen_ase, upstream gene
0 369 3 beta- and steroid variant
delta-isomerase 7
SET domain
(5339276563 1746821 17468216 ENSSSCGO0000007  gpppypa - CONMAINING LA, histone oo moic variant
6 782 lysine
methyltransferase
hydroxy-delta-5-
15339276563 1746821 17468216 ENSSSCG00000032 HSD3B7 steroid dehydrogen_ase, upstream gene
6 369 3 beta- and steroid variant
delta-isomerase 7
hydroxy-delta-5-
15330957838 1746830 17468302 ENSSSCG00000032 HSD3B7 steroid dehydrogen_ase, upstream gene
2 369 3 beta- and steroid variant
delta-isomerase 7
SET domain
5330957838 1145830 17468302 FNSSSCE00000T seTp1a Conta'”"l‘gsil@’ histone 1 issense variant

methyltransferase
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SET domain
(340370195 L7417 47470170 A ENSSSCG00000007  gprpygp - CONtAining 1A, histone 00\ ariant
0 782 lysine
methyltransferase
SET domain
(s345676220 1749142 17491423 G ENSSSCG00000007 SETDIA containing _1A, histone upstrea_m gene
3 782 lysine variant
methyltransferase
ORAI calcium release-
5345676220 VA2 17a01423 G ENSSSCEI0000007 orar3 activated calcium 3" UTR variant
modulator 3
15332536957 1749757 17497571 T ENSSSCG00000028 EBXL19 F-box and Ieuc_me rich 3" UTR variant
1 186 repeat protein 19
ORAI calcium release-
5332536957 1749757 17497571 T ENSSSCG00000007 qpars activated calcium upstream gene
1 770 variant
modulator 3
rs344892486 1761046 17610468 T ENSSSCG00000007 ZNF629 - . 5"UTR variant
8 780 zinc finger protein 629
5345008614 1761314 17613140 A ENSSSCG00000007  7\pgpg . intron variant
0 780 zinc finger protein 629
1761353 ENSSSCG00000007 :
rs335540465 1 17613531 T 780 ZNF629 zinc finger protein 629 synonymous variant
1761731 CAG ENSSSCG00000007 downstream gene
new 9 17617323 AA 786 RNF40 ring finger protein 40 variant
1761731 CAG ENSSSCG00000007 , .
new 9 17617323 AA 780 ZNF629 zinc finger protein 629 3" UTR variant
rs110780415 1761853 17618533 G ENSSSCG00000007 ZNF629 o _ intron variant
6 3 780 zinc finger protein 629
rs110780415 1761853 17618533 G ENSSSCG00000007 RNFE40 o _ downstrgam gene
6 3 786 ring finger protein 40 variant
rs789266896 1762868 17628688 T ENSSSCGO00000007  ZNF629  zinc finger protein 629 3"UTR variant



82

8 780
5789266896 1762868 17628688 G  ENSSSCE00000007  pnpgg . missense variant
8 786 ring finger protein 40
(5319144424 1763102 17631027 A ENSSSCG00000007 ZNE629 o _ downstre_am gene
7 780 zinc finger protein 629 variant
15319144424 1763102 17631027 A ENSSSCGO0000007  pnpgg . intron variant
7 786 ring finger protein 40
1696120779 1763675 17636757 c  ENSSSCG00000007  pnpgg . 5' UTR variant
7 786 ring finger protein 40
phosphorylase kinase
(5696120779 1763675 47636757 c  ENSSSCGO0000007 by ypsn catalytic subunit  downstream gene
7 788 variant
gamma 2
1696120779 1763675 17636757 c  ENSSSCG00000007  -opeigg - colled-coil domain intron variant
7 778 containing 189
phosphorylase kinase
1s792624385 1763937 17639370 A ENSSSCG00000007 by catalytic subunit  doV/nstream gene
0 788 variant
gamma 2
5792624385 1763937 17639370 A ENSSSCGO0000007  nopyqgg - colled-coil domain o it
0 778 containing 189
rs792624385 1763937 17639370 A ENSSSCG00000007 RNF40 . . intron variant
0 786 ring finger protein 40
phosphorylase kinase
(5324849698 1763961 17630613 c  ENSSSCGO0000007 by ypsn catalytic subunit  downstream gene
3 788 variant
gamma 2
5324849698 1763961 17639613 c  ENSSSCG00000007  pnpgg . intron variant
3 786 ring finger protein 40
5324849698 1763961 17639613 c  ENSSSCG00000007  oopnigq  coiled-coilldomain oy yariant
3 778 containing 189
phosphorylase kinase
(5343172093 1762963 17639636 G ENSSSC%;OOOOOW PHKG2 catalytic subunit do""”\igﬁznmt gene

gamma 2
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5343172093 1763963 17630636 ENSSSCGO0000007  nopyqgg  Colled-coil domain o oiant
6 778 containing 189
5343172093 1763963 17630636 ENSSSCG00000007 pnpgo . intron variant
6 786 ring finger protein 40
phosphorylase kinase
5706476605 1763964 17639641 ENSSSCG00000007  ppyy o catalytic subunit  downstream gene
1 788 variant
gamma 2
5706476605 1763964 1 7630641 ENSSSCGO0000007  nopyqgg - Colled-coil domain o oiant
1 778 containing 189
5706476605 1763964 17630641 ENSSSCGO0000007  pnpgo . intron variant
1 786 ring finger protein 40
5706021010 1763964 1 7639643 ENSSSCGO0000007  nopyqgg  Colled-coil domain o oiant
3 778 containing 189
5706021010 1763964 17630643 ENSSSCG00000007 pnpgo . intron variant
3 786 ring finger protein 40
phosphorylase kinase
(5706021010 1763964 17639643 ENSSSCG00000007 by catalytic subunit  downstream gene
3 788 variant
gamma 2
phosphorylase kinase
rs690340579 1763990 47639901 ENSSSCG00000007 b0 catalytic subunit downstream gene
1 788 variant
gamma 2
rs690340579 1763990 17639901 ENSSSCGO0000007  ~opyqgg - Colled-coil domain o o variant
1 778 containing 189
1690340579 1763990 17639901 ENSSSCG00000007 RNE40 o _ upstrea_m gene
1 786 ring finger protein 40 variant
phosphorylase kinase
5335008558 1109959 " 17640590 ENSSSEEI000000T phke2 catalytic subunit 3" UTR variant
gamma 2
1s335008558 1764059 17640590 ENSSSCG00000007 RNFE40 o _ upstrea_m gene
0 786 ring finger protein 40 variant
rs335008558 1764059 17640590 ENSSSCG00000007 CCDC189 coiled-coil domain ~ synonymous variant
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0 778 containing 189
(s340945745 1776703 17767030 T ENSSSCG00000047 new new downstre_am gene
0 341 variant
5340045745 1776703 47767030 T ENSSSCGO0000033  7\pggg . 5' UTR variant
0 496 zinc finger protein 689
1797982 ENSSSCG00000035 . .
new 5 17979825 A 256 SPN sialophorin missense variant
myosin light chain,
new 179;982 17979825 A ENSSSC%SOOOOOW MY LPF phosphorylatable, fast intron variant
skeletal muscle
myosin light chain,
new 1792982 17979826 A ENSSSngOOOOOO? MY LPF phosphorylatable, fast intron variant
skeletal muscle
1797982 ENSSSCG00000035 . .
new 6 17979826 A 256 SPN sialophorin missense variant
myosin light chain,
new 179;982 17979827 T ENSSSC%SOOOOOW MY LPF phosphorylatable, fast intron variant
skeletal muscle
1797982 ENSSSCG00000035 i
new 7 17979827 T 256 SPN sialophorin synonymous variant
15328258515 1016133 10161332 T ENSSSCG00000008 SRSE7 serine gn_d arginine rich downstrgam gene
25 5 484 splicing factor 7 variant
(5328258515 1016133 10161332 T ENSSSCG00000008 GALM downstrgam gene
25 5 486 galactose mutarotase variant
Rho associated coiled-
new 1254926 12549264 TA ENSSSCG00000008 ROCK?2 coil containing protein downstrgam gene
48 9 629 . variant
kinase 2
new 1254926 12549264 TA ENSSSCG00000008 SLCE6A3 solute carrier family 66 downstre_am gene
48 9 631 member 3 variant
new 8932195 89321959 T ENSSSCG00000006 DEDD death effec_to_r domain intron variant
9 365 containing
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8932195 ENSSSCG00000006 upstream gene
new g 89321959 A 366 PFDNZ 1 efoldin subunit 2 variant
new 8932195 89321059 A ENSSSCG00000037 g - intron variant
9 793 nitrilase 1
new 8932195 89321959 A ENSSSCG00000037 NIT1 o downstre_am gene
9 793 nitrilase 1 variant
rs319871479 128199858 128998581 C - new intergenic variant
general receptor for
(5329715150 1736444 19364441 A ENSSSCGO0000000  ~pagp  Phosphoinositides 1o 0 o iang
1 234 associated scaffold
protein
8082438 ENSSSCG00000003 .
rs345481021 0 80824380 G 507 EPHB2 EPH receptor B2 synonymous variant
8082441 ENSSSCG00000003 .
rs326115442 5 80824416 C 597 EPHB2 EPH receptor B2 synonymous variant
8082445 ENSSSCG00000003 . .
rs337528160 5 80824455 G 597 EPHB2 EPH receptor B2 intron variant
8082680 ENSSSCG00000003 i .
rs81389080 5 80826802 T 597 EPHB2 EPH receptor B2 intron variant
8083609 ENSSSCG00000003 . .
rs343091930 4 80836094 C 597 EPHB2 EPH receptor B2 intron variant
8083656 ENSSSCG00000003 . .
rs337803448 5 80836565 T 597 EPHB2 EPH receptor B2 intron variant
8083784 ENSSSCG00000003 .
rs327572607 1 80837841 C 507 EPHB2 EPH receptor B2 synonymous variant
8084043 ENSSSCG00000003 i .
rs323316435 3 80840438 A 597 EPHB2 EPH receptor B2 intron variant
8084261 ENSSSCG00000003 , .
rs81389091 5 80842615 C 507 EPHB2 EPH receptor B2 3" UTR variant
rs710496863 8084286 80842862 ENSSSCG00000003 EPHB2 EPH receptor B2 3'UTR variant
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2 527
8084307 ENSSSCG00000003 | .
new 2 80843073 CA - 597 EPHB?2 EPH receptor B2 3 "'UTR variant
GGC
new 8082307 80843081 GGG - ENSSSC;;(;OOOOOO?’ EPHB2 3' UTR variant
CA EPH receptor B2
8084309 ENSSSCG00000003 | .
(5342283188 % 80843098 T G o EPHB2 £PH receptor B2 3' UTR variant
8084326 ENSSSCG00000003 | .
(581389092 5% 80843265 A G o EPHB2 £PH receptor B2 3' UTR variant
8084333 ENSSSCG00000003 | .
(5346223430 %0 80843336 C T o EPHB2 £PH receptor B2 3' UTR variant
8084336 ENSSSCG00000003 | .
(5325312968 %0 80843363 A G o EPHB2 £PH receptor B2 3' UTR variant
8084383 ENSSSCG00000003 downstream gene
(5328228830 % Bosa3sm T C o EPHB2 £PH receptor B2 strean
8084399 ENSSSCG00000003 downstream gene
5331678844 9% gosazeer G T o EPHB2 £PH receptor B2 stream
8084401 ENSSSCG00000003 downstream gene
581389093 0! sosaso1s A G o EPHB2 £PH receptor B2 strean
581233096 8089703 gngg7035 A ¢ ENSSSCGO0000003  ppyyg . intron variant
5 530 testis expressed 46
(5328260148 8091737 80977371 T  C ENSSS%%CZ’OOOOOOB LUZP1 'e“C'”eZ'plper Protein 4 ron variant
(5344493496 P0940 Boogaz04 A G ENSSSCS%CZ’OOOOOO?’ LUZP1 'e“C'”eZ'plper protein 4 ron variant
(5329148574 SLO00%S goo0ss1 T ENSSSC5%(2’OOOOOO3 LUZP1 'e“C'”eZ'plper protein 4 ron variant
5325089032 8157149 1571406 G ENSSSCG00000025 ) oo . missense variant
6 440 elongin A
rs345825612 8168104 81681049 C T ENSSSCG00000027 CNR2 Interleukin 18 receptor 5" UTR variant
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9 849 1
5345825612 8168104 81681049 7 ENSSSCG00000027 onpo - intron variant
9 849 cannabinoid receptor 2
5345825612 8168104 g1681049 7 ENSSSCG00000027 pyong . intron variant
9 659 alpha-L-fucosidase
5345825612 8168104 g1681049 7 ENSSSCG00000023 ) yp) a9 . intron variant
9 191 lysophospholipase 2
5332149968 8168112 41681123 7 ENSSSCGO0000027 oy - intron variant
3 849 cannabinoid receptor 2
5332149968 8168112 81681123 7 ENSSSCGO0000027 pyopnq . intron variant
3 659 alpha-L-fucosidase
(s332149968 8168112 81681123 T ENSSSCG00000027 CNR? o upstrea_m gene
3 849 cannabinoid receptor 2 variant
5332149968 8168112 81681123 7 ENSSSCG00000023 ) yp) pp . intron variant
3 191 lysophospholipase 2
15321503722 8240104 82401042 C ENSSSCG00000038 cLICA chloride intracellular upstream gene
2 994 channel 4 variant
papilin, proteoglycan
5322593756 2002907 96619078 T ENSSSCENO000Z - papLN like sulfated intron variant
glycoprotein
1134426 11344260 ENSSSCG00000002 : .
new 05 5 CA 444 FBLN5S fibulin 5 Intron variant
15696812713 6157581 6157581 c  ENSSSCG00000008  h1qp, . missense variant
731 otopetrin 1
rs712855168 6157582 6157582 C ENSSSCG00000008 OTOP1 . missense variant
731 otopetrin 1
ENSSSCG00000042 LOC100736 olfactory receptor i
rs328470251 1324980 1324980 T 620 607 10A3 synonymous variant
ubiquitin associated
5345798145 496?)76 49630761 T ENSSSC&gOOOOMS UBASH3B  and SH3 domain psiream gene

containing B
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non coding
(5332848504 10 8836715 8836715 G A ENSSSCS%gOOOOO% new new transcript exon
variant
non coding
rs706216562 10 1522725 15297251 A T ENSSSC(%;OOOOOM LOC102166 new transcript exon
270 variant
(s706216562 10 1529725 15297951 A T ENSSSCG00000031 LOC102166 new spllce_reglon
1 683 270 variant
(690508595 10 1529725 15297252 C T ENSSSCG00000031 LOC102166 new spllce_reglon
2 683 270 variant
non coding
(690508505 10 1°%'%° 15207252 C T ENSSSCG%(;OOOOO‘“ LOC102166 new transcript exon
270 variant
non coding
(698813384 10 1522725 15207253 A G ENSSSC6C;gOOOOO31 LOC102166 new transcript exon
270 variant
(698813384 10 1529725 15297953 A G ENSSSCG00000031 LOC102166 new spllce_reglon
3 683 270 variant
new 10 P3347 4assauzg ¢ 7 ENSSSCGO00000LL gy . intron variant
6 030 cubilin
new 12 1934850 19348500 T G ENSSSCG00000020 DUSP3 dual specificity 3" UTR variant
0 744 phosphatase 3
new 12 1934850 10348500 T G ENSSSCG00000020 DUSP3 dual specificity intron variant
0 744 phosphatase 3
5335136145 12 002600 sgo6003 g A ENSSSCGO0000023 o\ yps  Zincfinger HIT-type o yrp yarjant
3 373 containing 3
15335136145 12 002000 38006003 g 4 ENSSSCGO0000017 \yyhg . 3" UTR variant
3 682 myosin XIX
15335136145 12 002000 38006003 g 4 ENSSSCGO0000017 \yyhg . missense variant
3 682 myosin XIX
rs335136145 12 3802600 38026003 G A ENSSSCG00000027 new new downstream gene
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3 233 variant
rs331463738 12 3813950 38120509 T C ENSSSCGCSgOOOOON DHRS11 dehydmgsini‘sle/red”"ta 3 UTR variant
(s331463738 12 3812950 38129509 T C ENSSSCG00000017 DHRS11 dehydrogenase/reducta downstre_am gene

9 690 se 11 variant
rs331463738 12 3813950 38120509 T C ENSSSCG%g()OOOO” DHRS11 dehydrogsi”i‘sle’red”da intron variant
(5340781986 12 002408 sgeonee7 g A ENSSSCGO00000L7 pppca acetyl-CoA synonymous variant

7 694 carboxylase alpha
(5324236192 12 002471 3geou714 g A ENSSSCGO0000017 p\cpca acetyl-CoA synonymous variant

4 694 carboxylase alpha
1327530493 12 2209633 gpngea39 G  ENSSSCGO0000024  \4viiq3 . intron variant

9 416 myosin-13
1324906684 12 209700 gpog7665 A ¢ ENSSSCG00000024 - iyyg . synonymous variant

5 416 myosin-13
1341831793 12 2209983 gpng0g3p T a4 ENSSSCGO0000024 a3 . intron variant

2 416 myosin-13
rs346367824 12 5510312 55103125 A C ENSSSCG00000024 MYH13 . intron variant

5 416 myosin-13

new 12 5514630 55146905 T G ENSSSCG00000018 MYHS . missense variant
S) 005 myosin-8

new 12 5515260 55152605 A C ENSSSCG00000018 MYHS . intron variant
S) 005 myosin-8

new 12 5516417 55164179 G A ENSSSCG00000018 MYHS8 . synonymous variant
9 005 myosin-8

new 12 P47 ooien179 G A ENSSSCGO00000018 4\ /ig . intron variant
9 005 myosin-8

new 12 16418 6180 G  ENSSSCGO0000018  \4viig . intron variant
0 005 myosin-8

new 12 16418 6180 g  ENSSSCGO0000018  \4viig . missense variant
0 005 myosin-8



5516418

ENSSSCG00000018
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new 12 2 55164182 C G 005 MYHS8 myosin-8 intron variant
5516418 ENSSSCG00000018 )
new 12 2 55164182 C G 005 MYHS8 myosin-8 synonymous variant
new 12 919743 ooi97434 T g  ENSSSCGO0000029 \,vpyo  myosin, heavychain 2, o000 variant
4 441 skeletal muscle, adult
new 12 919743 ooig7434 T G  ENSSSCGO0000029  \avpyp  myosin, heavy chain 2, uoconce variant
4 441 skeletal muscle, adult
new 12 5519743 55197435 T C ENSSSCG00000029 MYH2 myosin, heavy chain 2, synonymous variant
5 441 skeletal muscle, adult
new 12 °P19743 ooig7435 T c ~ ENSSSCG00000029 \,vyyo  myosin, heavychain 2, 00 variant
5 441 skeletal muscle, adult
new 12 5520555 55205557 T C ENSSSCG00000029 MYH2 myosin, heavy chain 2, synonymous variant
7 441 skeletal muscle, adult
new 12 9920555 goonsss7 T c  ENSSSCG00000029 4o myosin, heavychain 2, 00 variant
7 441 skeletal muscle, adult
new 12 5526336 55263362 T C ENSSSCG00000029 MYH2 myosin, heavy chain 2, intron variant
2 441 skeletal muscle, adult
new 12 5526717 55267170 G C ENSSSCG00000029 MYH2 myosin, heavy chain 2, intron variant
0 441 skeletal muscle, adult
new 12 5526717 55267170 G C ENSSSCG00000029 MYH2 myosin, heavy chain 2, missense variant
0 441 skeletal muscle, adult
5535666 ENSSSCGO00000018 ] )
rs319222050 12 5 55356662 G T 007 MYH3 myosin-3 missense variant
5535666 ENSSSCGO00000018 )
rs337961174 12 3 55356663 C T 007 MYH3 myosin-3 synonymous variant
5537241 i ENSSSCG00000018 upstream gene
new 12 5 55372420 CGG 007 MYH3 myosin-3 variant
new 12 5537241 55372420 CGG - ENSSSCG00000018 MYH3 myosin-3 intron variant
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8 007
ADP-ribose/CDP-
new 12 %815 gouggiss aTcg . ENSSSCGO00000018  apppi aiconol diphosphatase,  dOWNStream gene
2 009 variant
manganese dependent
New 12 5543815 55438155 ATCG i ENSSSCG00000036 TMEM220 transmembrane protein downstre_am gene
2 454 220 variant
ADP-ribose/CDP-
new 12 5542815 55438155 ATCG - ENSSSCO%gOOOOOB ADPRM  alcohol diphosphatase, 3'UTR variant
manganese dependent
5342680686 13 To0% 12410437 T ¢ ENSSSCOO00000LL - papg  retinolc ACKTECRIOn inyon variant
MMS19 homolog,
rs330943524 14 108080583 108805830 A C ENSSSCSC;E))OOOOOlO MMS19 cytosolic iron-sulfur intron variant
assembly component
15324520516 15 029901 5opgen1s ¢ 7 ENSSSCGO0000015S - jNesp . intron variant
4 830 unc-5 netrin receptor D
3963158 : . :
rs790346070 X 5 39631586 A G - new Intergenic variant
new X 4691131 46911316 C T ENSSSCG00000045 new new downstrgam gene
6 777 variant
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Additional file 2: Total number of variants (SNPs and InDels) identified in the transcriptome analysis that differed between normal

and umbilical hernia-affected pigs its annotation and consequence predicted with the VEP tool.

SS Allele Allele SYMBO Consequence
SNP name C start end (ref)  (alt) Gene L gene name (transcript)

new 1 21441491 214414 C T ENSSSCG000000041 PHACT  phosphatase and actin downstre_am gene
91 32 R2 regulator 2 variant

new 1 21441491 214414 C 1 ENSSSCG000000041 PHACT  phosphatase and actin downstre_am gene
91 32 R2 regulator 2 variant

new 1 21441491 214414 C 1 ENSSSCG000000041 PHACT  phosphatase and actin downstre_am gene
91 32 R2 regulator 2 variant

new 1 21441491 214414 C 1 ENSSSCG000000041 PHACT phosphatase and actin downstre_am gene
91 32 R2 regulator 2 variant

new 1 21441491 214414 C 1 ENSSSCG000000041 PHACT  phosphatase and actin downstre_am gene
91 32 R2 regulator 2 variant

new 1 21441491 214414 C 1 ENSSSCG000000041 PHACT phosphatase and actin downstre:am gene
91 32 R2 regulator 2 variant

new 1 3712030 371222 o ¢ ENSSSCG000000042 - p7 - Nuclear receptor frameshift variant
30 22 coactivator 7

new 1 3712030 371222 o ¢ ENSSSCG000000042 o n7 - Nuclear receptor frameshift variant
30 22 coactivator 7

new 1 37122230 °71%22 ¢ 7  ENSSSCG000000042 oy p7  Nuclear receptor frameshift variant
30 22 coactivator 7

FYN proto-oncogene,
new 1 77585583 772255 T A ENSSSC(;200000044 FYN Src family tyrosine 3'UTR variant
Kinase
FYN proto-oncogene,
new 1 77585583 772255 T A ENSSSC(;200000044 FYN Src family tyrosine 3'UTR variant
Kinase

new 1 77585583 775855 T A ENSSSCG000000044 EYN FYN prot_o-oncog_ene, 3" UTR variant

83 21 Src family tyrosine
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Kinase
TRNA-yW
new 16078557 162;85 ENSSSC%(;OOOOOOW TYW1  synthesizing protein 1 synonymous variant
homolog
TRNA-yW
new 16078557 162;85 ENSSSC%(;OOOOOOW TYW1  synthesizing protein 1 synonymous variant
homolog
TRNA-yW
new 16078557 162;85 ENSSSCC:;)’(:))’OOOOOOW TYW1  synthesizing protein 1 synonymous variant
homolog
TRNA-yW
new 16078557 162;85 ENSSSC%(%OOOOOO?? TYW1  synthesizing protein 1 synonymous variant
homolog
TRNA-yW
new 16078557 162;85 ENSSSCC:;)’(:))’OOOOOOW TYW1  synthesizing protein 1 synonymous variant
homolog
potassium channel
rs32072953 16382619 163826 ENSSSCG000000409 KCTD7 tetramerization domain downstre:am gene
6 19 85 . variant
containing 7
potassium channel
r332052953 16382619 162826 ENSSSCC;(;OOOOOA'OQ KCTD7 tetramerization domain 3'UTR variant
containing 7
potassium channel
rs32072953 16382619 163826 ENSSSCG000000409 KCTD7 tetramerization domain downstre:\am gene
6 19 85 . variant
containing 7
potassium channel
rs32072953 16382619 163826 ENSSSCG000000409 KCTD7 tetramerization domain downstre:\am gene
6 19 85 . variant
containing 7
potassium channel
r5323g2648 16383246 162232 ENSSSC(;(;OOOOOA'OQ KCTD7 tetramerization domain down\igﬁznmt gene

containing 7



potassium channel
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r3323g2648 16383246 162232 ENSSSCC;(;OOOOO409 KCTD7 tetramerization domain 3'UTR variant
containing 7
potassium channel
rs32372648 16383246 163832 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
8 46 85 . variant
containing 7
potassium channel
rs32372648 16383246 163832 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
8 46 85 . variant
containing 7
potassium channel
rs33320896 16383250 163832 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
8 50 85 . variant
containing /7
potassium channel
rs333§0896 16383250 162832 ENSSSC%(;OOOOOA'OQ KCTD7 tetramerization domain 3'UTR variant
containing 7
potassium channel
rs33320896 16383250 163832 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
8 50 85 . variant
containing 7
potassium channel
rs33320896 16383250 163832 ENSSSCG000000409 KCTD7 tetramerization domain downstre:\am gene
8 50 85 . variant
containing /7
potassium channel
rs33366181 16383284 163832 ENSSSCG000000409 KCTD7 tetramerization domain downstrgam gene
7 84 85 - variant
containing 7
potassium channel
rs333;36181 16383284 162232 ENSSSC%(;OOOOOA'OQ KCTD7 tetramerization domain 3"UTR variant
containing 7
potassium channel
rs33366181 16383284 163832 ENSSSCG000000409 KCTD7 tetramerization domain downstre;am gene
7 84 85 . variant
containing 7
rs33366181 16383284 163832 ENSSSCG000000409 KCTD7 potassium channel downstream gene
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7 84 85 tetramerization domain variant
containing 7
potassium channel
rs32605348 16383454 163834 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
7 54 85 .. variant
containing 7
potassium channel
r3326$5348 16383454 162234 ENSSSCC;(;OOOOO409 KCTD7 tetramerization domain 3 'UTR variant
containing 7
potassium channel
rs32605348 16383454 163834 ENSSSCG000000409 KCTD7 tetramerization domain downstre:am gene
7 54 85 . variant
containing 7
potassium channel
rs32605348 16383454 163834 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
7 54 85 .. variant
containing /7
potassium channel
rs33636452 16383470 163834 ENSSSCG000000409 KCTD7 tetramerization domain downstre:am gene
0 70 85 . variant
containing 7
potassium channel
r3336g6452 16383470 163334 ENSSSCC;(;OOOOOA'OQ KCTD7 tetramerization domain 3 "'UTR variant
containing 7
potassium channel
rs33636452 16383470 163834 ENSSSCG000000409 KCTD7 tetramerization domain downstre:\am gene
0 70 85 .. variant
containing /7
potassium channel
rs33636452 16383470 163834 ENSSSCG000000409 KCTD7 tetramerization domain downstrgam gene
0 70 85 .. variant
containing 7
potassium channel
rs32970766 16383919 163839 ENSSSCG000000409 KCTD7 tetramerization domain downstre:\am gene
9 19 85 .. variant
containing 7
rs32970766 16383919 163839 ENSSSCG000000409 KCTD7? potass_lum_ channel_ 3" UTR variant
9 19 85 tetramerization domain



containing 7
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potassium channel

rs32970766 16383919 163839 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
9 19 85 . variant
containing 7
potassium channel
rs32970766 16383919 163839 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
9 19 85 . variant
containing 7
potassium channel
rs71306069 16383936 163839 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
6 36 85 . variant
containing /7
potassium channel
rs713g6069 16383936 162239 ENSSSC%(;OOOOOA'OQ KCTD7 tetramerization domain 3'UTR variant
containing 7
potassium channel
rs71306069 16383936 163839 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
6 36 85 . variant
containing /7
potassium channel
rs71306069 16383936 163839 ENSSSCG000000409 KCTD7 tetramerization domain downstre:am gene
6 36 85 . variant
containing /7
potassium channel
rs70184443 16383956 163839 ENSSSCG000000409 KCTD7 tetramerization domain downstrgam gene
2 56 85 - variant
containing 7
potassium channel
rs701§4443 16383956 162239 ENSSSC%(;OOOOOA'OQ KCTD7 tetramerization domain 3"UTR variant
containing 7
potassium channel
rs70184443 16383956 163839 ENSSSCG000000409 KCTD7 tetramerization domain downstre:\am gene
2 56 85 . variant
containing 7
potassium channel
rs701§4443 16383956 162239 ENSSSC(;(;OOOOOA'OQ KCTD7 tetramerization domain down\igﬁznmt gene

containing 7



potassium channel
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rs32458338 16384043 163840 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
2 43 85 - variant
containing 7
potassium channel
rs324§8338 16384043 162240 ENSSSC%(;OOOOOA'OQ KCTD7 tetramerization domain 3'UTR variant
containing 7
potassium channel
rs32458338 16384043 163840 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
2 43 85 .- variant
containing 7
potassium channel
rs32458338 16384043 163840 ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
2 43 85 . variant
containing /7
potassium channel
rs34520409 16384270 163842 ENSSSCG000000409 KCTD7 tetramerization domain downstre:am gene
9 70 85 . variant
containing 7
potassium channel
r834550409 16384270 16";342 ENSSSCC;200000409 KCTD7 tetramerization domain 3'UTR variant
containing 7
potassium channel
rs34520409 16384270 163842 ENSSSCG000000409 KCTD7 tetramerization domain downstre:\am gene
9 70 85 . variant
containing /7
potassium channel
rs34520409 16384270 163842 ENSSSCG000000409 KCTD7 tetramerization domain downstrgam gene
9 70 85 - variant
containing 7
potassium channel
rs32366265 16384658 163846 ENSSSCG000000409 KCTD7 tetramerization domain downstre:\am gene
4 58 85 . variant
containing /7
potassium channel
r532326265 16384658 162346 ENSSSC(;(;OOOOOA'OQ KCTD7 tetramerization domain 3'UTR variant
containing 7
rs32366265 16384658 163846 ENSSSCG000000409 KCTD7 potassium channel downstream gene
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4 58 85 tetramerization domain variant
containing 7
potassium channel
rs32366265 16384658 163846 T ENSSSCG000000409 KCTD7 tetramerization domain downstre_am gene
4 58 85 .. variant
containing 7
potassium channel
rs33252 6878 16385727 162357 G ENSSSCC;(;OOOOO409 KCTD7 tetramerization domain intron variant
containing 7
potassium channel
rs33252 6878 16385727 162357 G ENSSSC%(;OOOOOA'OQ KCTD7 tetramerization domain 3 "UTR variant
containing 7
potassium channel
r3332§ 6878 16385727 163357 G ENSSSCC;200000409 KCTD7 tetramerization domain intron variant
containing 7
potassium channel
rs33252 6878 16385727 162357 G ENSSSC%(;OOOOOA'OQ KCTD7 tetramerization domain intron variant
containing 7
potassium channel
rs694§ 6103 16385959 162859 G ENSSSCC;(;OOOOOA'OQ KCTD7 tetramerization domain intron variant
containing 7
potassium channel
r3694§ 6103 16385959 162859 G ENSSSC%(;OOOOOA'OQ KCTD7 tetramerization domain 3 'UTR variant
containing 7
potassium channel
rs694§ 6103 16385959 162859 G ENSSSCC;(;OOOOOA'OQ KCTD7 tetramerization domain intron variant
containing 7
potassium channel
r3694§3 6103 16385959 162859 G ENSSSC%(;OOOOOA'OQ KCTD7 tetramerization domain intron variant
containing 7
new 16844063 168440 CG ENSSSCG000000077 SUME2 Sulfatase modifying upstream gene variant
64 45 factor 2



168440

ENSSSCG000000208

Chaperonin containing
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new 16844063 64 CG - 08 CCT6A TCP1 subunit 6A 3" UTR variant
new 16844063 168440 CG ) ENSSSCG000000331 new new downstre_am gene
64 41 variant
168440 ENSSSCG000000208 Chaperonin containing , .
new 16844063 64 CG - 08 CCT6A TCP1 subunit 6A 3" UTR variant
168440 ENSSSCG000000208 Chaperonin containing , .
new 16844063 64 CG - 08 CCT6A TCP1 subunit 6A 3" UTR variant
new 16844063 168440 CG i ENSSSCG000000077 SUME? Sulfatase modifying upstream gene variant
64 45 factor 2
new 16844063 168440 CG i ENSSSCG000000077 SUME? Sulfatase modifying upstream gene variant
64 45 factor 2
rs33073136 16844265 168442 G A ENSSSCG000000077 SUME2 Sulfatase modifying upstream gene variant
5 65 45 factor 2
rs33073136 168442 ENSSSCG000000208 Chaperonin containing : .
5 16844265 65 G A 08 CCT6A TCP1 subunit 6A 3'UTR variant
rs33073136 16844265 168442 G A ENSSSCG000000331 new new downstre_am gene
5 65 41 variant
rs33073136 168442 ENSSSCG000000208 Chaperonin containing , .
5 16844265 65 G A 08 CCT6A TCP1 subunit 6A 3" UTR variant
rs33073136 168442 ENSSSCG000000208 Chaperonin containing , .
5 16844265 65 G A 08 CCT6A TCP1 subunit 6A 3" UTR variant
rs33073136 16844265 168442 G A ENSSSCG000000077 SUME? Sulfatase modifying upstream gene variant
5 65 45 factor 2
rs33073136 16844265 168442 G A ENSSSCG000000077 SUME?2 Sulfatase modifying upstream gene variant
5 65 45 factor 2
rs34391373 16844271 168442 A G ENSSSCG000000077 SUME?2 Sulfatase modifying upstream gene variant
5 71 45 factor 2
rs34391373 168442 ENSSSCG000000208 Chaperonin containing , .
5 16844271 71 A G 08 CCT6A TCP1 subunit 6A 3'UTR variant
rs34391373 16844271 168442 A G  ENSSSCGO000000331  new new downstream gene
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5 71 41 variant
rs34391373 168442 ENSSSCG000000208 Chaperonin containing : .

5 16844271 71 A G 08 CCT6A TCP1 subunit 6A 3'UTR variant
rs34391373 168442 ENSSSCG000000208 Chaperonin containing : .

5 16844271 71 A G 08 CCT6A TCP1 subunit 6A 3'UTR variant
rs34391373 16844271 168442 A G ENSSSCG000000077 SUME? Sulfatase modifying upstream gene variant

5 71 45 factor 2
rs34391373 16844271 168442 A G ENSSSCG000000077 SUME? Sulfatase modifying upstream gene variant

5 71 45 factor 2
rs11087627 16851119 168511 A G ENSSSCG000000185 new new downstre:am gene

20 19 53 variant
rs11087627 168511 ENSSSCG000000208 Chaperonin containing .

20 16851119 19 A G 08 CCT6A TCP1 subunit 6A synonymous variant
rsll(;%7627 16851119 162311 A G ENSSSC?&OOOOO?’?& new new upstream gene variant
rs11087627 168511 ENSSSCG000000208 Chaperonin containing .

20 16851119 19 A G 08 CCT6A TCP1 subunit 6A synonymous variant
rs11087627 168511 ENSSSCG000000208 Chaperonin containing .

20 16851119 19 A G 08 CCT6A TCP1 subunit 6A synonymous variant
rs341é9 6007 16855237 162352 A C ENSSSC(;%OOOOOlSS new new upstream gene variant
rs34196007 168552 ENSSSCG000000208 Chaperonin containing .

5 16855237 37 A C 08 CCT6A TCP1 subunit 6A synonymous variant
rs34196007 168552 ENSSSCG000000208 Chaperonin containing .

5 16855237 37 A C 08 CCT6A TCP1 subunit 6A synonymous variant
rs34196007 168552 ENSSSCG000000208 Chaperonin containing : .

5 16855237 37 A C 08 CCT6A TCP1 subunit 6A intron variant
r53233 1542 16964045 162240 T A ENSSSC(;(;OOOOOZQO ZNF713  zinc finger protein 713 missense variant
fo3az120e 16071089 ‘00010 1 ¢ ENSSSCON0000Z0 anEr13 i finger protein 713 5* UTR variant



rs32420576

169711

ENSSSCG000000290
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5 3 16971143 43 29 ZNF713 zinc finger protein 713 5"UTR variant
rs333g 8010 3 16971156 162211 ENSSSC(;(;OOOOOZQO ZNF713 zinc finger protein 713 5"UTR variant
rs343§ 1540 3 16971169 162;11 ENSSSC(;(;OOOOOZQO ZNF713  zinc finger protein 713 5'UTR variant

170820 ENSSSCG000000077 Chromosome 3 , .
new 3 17082026 26 53 Cl6orf58 C160rf58 homolog 3" UTR variant
new 3 17082026 170820 ENSSSCG000000240 SLCEA? Solute carrier family 5 intron variant
26 58 member 2
170820 ENSSSCG000000077 Chromosome 3 , .
new 3 17082026 26 53 Cl6orf58 C160rf58 homolog 3 "UTR variant
new 3 17082026 170820 ENSSSCG000000240 SLCEA2 Solute carrier family 5 intron variant
26 58 member 2
170820 ENSSSCG000000077 Chromosome 3 : .
new 3 17082026 26 53 Cl6orf58 C160rf58 homolog 3 "UTR variant
r3344§5864 3 17244108 175;141 ENSSSCC;ZOOOOOO?? ITGAM integrin Sl,:\t/)lunlt alpha synonymous variant
r3344;35864 3 17244108 175241 ENSSSCC;ZOOOOOO?? ITGAM integrin sm:\l/alunlt alpha synonymous variant
r3344;35864 3 17244108 175241 ENSSSCC;ZOOOOOO?? ITGAM integrin sm:\l/alunlt alpha synonymous variant
r3344;35864 3 17244108 175241 ENSSSCC;ZOOOOOO?? ITGAM integrin sm:\l/alunlt alpha synonymous variant
rs344§5864 3 17244108 173;41 ENSSSC(;ZOOOOOO?? ITGAM integrin Sl:\k/)lunlt alpha synonymous variant
rs344§5864 3 17244108 173341 ENSSSC(;ZOOOOOO?? ITGAM integrin Sl:\k/)lunlt alpha synonymous variant
rs344§5864 3 17244108 173;141 ENSSSCC;ZOOOOOO?? ITGAM integrin Sl:\k/)lunlt alpha synonymous variant
rs32694291 3 17246305 172463 ENSSSCG000000077 ITGAM integrin subunit alpha synonymous variant



102

rs326294291 17246305 17%4:163 G A ENSSSCCEé):OOOOOO?? ITGAM integrin s{%unit alpha synonymous variant
rs326§4291 17246305 173;163 G A ENSSSCC;ZOOOOOO?? ITGAM integrin Sl:\l/alunit alpha synonymous variant
rs326§4291 17246305 173;163 G A ENSSSCC;ZOOOOOO?? ITGAM integrin Sl:\l/alunit alpha synonymous variant
rs326§4291 17246305 173;163 G A ENSSSCC;ZOOOOOO?? ITGAM integrin Sl:\l/alunit alpha synonymous variant
rs326§4291 17246305 173263 G A ENSSSC%ZOOOOOOW ITGAM integrin Sl:\k/)Iunit alpha synonymous variant
rs326§4291 17246305 173263 G A ENSSSC(;ZOOOOOO?? ITGAM integrin Sl:\k/)lunit alpha synonymous variant
rs327128900 17954444 173244 C 1 ENSSSC(;ZOOOOOO?? ITGAM integrin Sl:\k/)lunit alpha missense variant
rs327128900 17954444 173244 C 1 ENSSSC(;ZOOOOOO?? ITGAM integrin Sl:\k/)lunit alpha missense variant
rs327128900 17954444 173244 C T ENSSSC(;ZOOOOOO?? ITGAM integrin Sl:\l?lunit alpha missense variant
rs327128900 17954444 173244 C T ENSSSC(;ZOOOOOO?? ITGAM integrin Sl:\l?lunit alpha missense variant
rs327128900 17954444 173244 C T ENSSSC(;ZOOOOOO?? ITGAM integrin Sl:\l?lunit alpha missense variant
r3327128900 17954444 172244 C T ENSSSCC;ZOOOOOO?? ITGAM integrin sm:\l/alunit alpha Mmissense variant
r3327128900 17954444 172244 C T ENSSSCC;ZOOOOOO?? ITGAM integrin sm:\l/alunit alpha Mmissense variant
r3327§4767 17399455 172294 A G ENSSSCC;(;OOOOOO?? PRSS53 serine protease 53 down\i;rﬁznmt gene
FS3234 10T 17300455 V300 A G ENSSSCOD000002S pnpges finger protein 64g  SYnomymous variant
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rs32794767 173994 ENSSSCG000000268 :
5 17399455 55 17 ZNF646 zinc finger protein 646 synonymous variant

rs32794767 173994 ENSSSCG000000353 VKORC ~ Vitamin K epoxide downstream gene

17399455 reductase complex .
5 55 64 1 . variant
subunit 1

rs32794767 17399455 173994 ENSSSCG000000077 PRSS53 _ downstre_am gene

5 55 65 serine protease 53 variant
Branched chain keto
r3327§ 4767 17399455 172294 ENSSSC%?)’OOOOOO?? BCKDK  acid dehydrogenase 5'UTR variant
Kinase

rs32794767 173994 ENSSSCG000000268 :

5 17399455 55 17 ZNF646 zinc finger protein 646 synonymous variant
rs33767084 17399477 173994 ENSSSCG000000077 PRSS53 _ downstre:am gene
4 77 65 serine protease 53 variant

rs33767084 173994 ENSSSCG000000268 . :
4 17399477 77 17 ZNF646 zinc finger protein 646 missense variant
1533767084 17300477 173994 ENSSSCGO00000268  7\pggg . missense variant
4 77 17 zinc finger protein 646
rs33767084 173994 ENSSSCG000000353 VKORC ~ Vitamin K epoxide downstream gene
17399477 reductase complex .
4 7 64 1 . variant
subunit 1
rs33767084 17399477 173994 ENSSSCG000000077 PRSS53 _ downstre:\am gene
4 77 65 serine protease 53 variant
vitamin K epoxide
rs33767084 17399477 173994 ENSSSCG000000077 BCKDK reductase complex 5'UTR variant
4 77 63 :
subunit 1
rs33767084 173994 ENSSSCG000000268 . :
4 17399477 77 17 ZNF646 zinc finger protein 646 missense variant
SET domain containing
r5322§6940 17459844 173298 ENSSSCC;(;OOOOOO?? SETDIA 1A, histone lysine down\i;rﬁznmt gene

methyltransferase
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rs32266940 17459844 174598 ENSSSCG000000212 STX1B _ downstre_am gene
2 44 38 syntaxin 1B variant
hydroxy-delta-5-steroid
rs32266940 17459844 174598 ENSSSCG000000323 HSD3B7 dehydrogengse, 3 beta- 3' UTR variant
2 44 69 and steroid delta-
isomerase 7
rs32266940 17459844 174598 ENSSSCG000000212 STX1B _ downstre_am gene
2 44 38 syntaxin 1B variant
rs32266940 17459844 174598 ENSSSCG000000212 STX1B _ downstre:am gene
2 44 38 syntaxin 1B variant
hydroxy-delta-5-steroid
rs32266940 17459844 174598 ENSSSCG000000323 HSD3B7 dehydrogengse, 3 beta- 3" UTR variant
2 44 69 and steroid delta-
isomerase 7
SET domain containing
rs34048002 17460060 174600 ENSSSCG000000077 SETDIA 1A, histone lysine downstre:am gene
8 60 82 variant
methyltransferase
rs34048002 17460060 174600 ENSSSCG000000212 STX1B _ downstre:\am gene
8 60 38 syntaxin 1B variant
hydroxy-delta-5-steroid
rs34048002 17460060 174600 ENSSSCG000000323 HSD3B7 dehydrogengse, 3 beta- 3' UTR variant
8 60 69 and steroid delta-
isomerase 7
rs34048002 17460060 174600 ENSSSCG000000212 STX1B _ downstre:\am gene
8 60 38 syntaxin 1B variant
rs34048002 17460060 174600 ENSSSCG000000212 STX1B _ downstre:\am gene
8 60 38 syntaxin 1B variant
hydroxy-delta-5-steroid
rs34048002 17460060 174600 ENSSSCG000000323 HSD3B7 dehydrogengse, 3 beta- 3" UTR variant
8 60 69 and steroid delta-

isomerase 7



rs79331811

174606

ENSSSCG000000077

SET domain containing
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downstream gene

5 17460656 56 82 SETD1A 1A, histone lysine variant
methyltransferase
rs79331811 17460656 174606 ENSSSCG000000212 STX1B ' downstre_am gene
6 56 38 syntaxin 1B variant
hydroxy-delta-5-steroid
rs79331811 174606 ENSSSCG000000323 dehydrogenase, 3 beta- .
5 17460656 56 69 HSD3B7 and steroid delta- synonymous variant
isomerase 7
rs79331811 17460656 174606 ENSSSCG000000212 STXI1B _ downstre_am gene
6 56 38 syntaxin 1B variant
rs79331811 17460656 174606 ENSSSCG000000212 STXI1B _ downstre_am gene
6 56 38 syntaxin 1B variant
hydroxy-delta-5-steroid
rs79331811 174606 ENSSSCG000000323 dehydrogenase, 3 beta- .
5 17460656 56 69 HSD3B7 and steroid delta- synonymous variant
isomerase 7
SET domain containing
rs33977171 17461694 174616 ENSSSCG000000077 SETDIA 1A, histone lysine downstrgam gene
6 94 82 variant
methyltransferase
rs33977171 17461694 174616 ENSSSCG000000212 STX1B _ downstrgam gene
6 94 38 syntaxin 1B variant
hydroxy-delta-5-steroid
rs33977171 174616 ENSSSCG000000323 dehydrogenase, 3 beta- .
5 17461694 94 69 HSD3B7 and steroid delta- synonymous variant
isomerase 7
rs33977171 17461694 174616 ENSSSCG000000212 STX1B _ downstre:am gene
6 94 38 syntaxin 1B variant
hydroxy-delta-5-steroid
rsgggg it 17461694 17;'216 ENSSSC(;800000323 HSD3B7 dehydrogenase, 3 beta-  synonymous variant

and steroid delta-
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isomerase 7
r$32593749 174666 ENSSSCG000000077 SET domain containing .
5 17466691 91 82 SETD1A 1A, histone lysine synonymous variant
methyltransferase
hydroxy-delta-5-steroid
rs32593749 17466691 174666 ENSSSCG000000323 HSD3B7 dehydrogengse, 3 beta- upstream gene variant
8 91 69 and steroid delta-
isomerase 7
hydroxy-delta-5-steroid
rs32593749 17466691 174666 ENSSSCG000000323 HSD3B7 dehydrogengse, 3 beta- upstream gene variant
8 91 69 and steroid delta-
isomerase 7
(534389420 174667 ENSSSCG000000077 SET domain containing _
9 17466745 45 82 SETD1A 1A, histone lysine synonymous variant
methyltransferase
hydroxy-delta-5-steroid
rs34389420 174667 ENSSSCG000000323 dehydrogenase, 3 beta- :
9 17466745 45 69 HSD3B7 a¥1 q s'?eroi d delta- upstream gene variant
isomerase 7
hydroxy-delta-5-steroid
rs34389420 174667 ENSSSCG000000323 dehydrogenase, 3 beta- :
9 17466745 45 69 HSD3B7 33:] q s'?eroi d delta- upstream gene variant
isomerase 7
(533927656 174682 ENSSSCG000000077 SET domain containing _
3 17468216 16 82 SETD1A 1A, histone lysine synonymous variant
methyltransferase
hydroxy-delta-5-steroid
rs33927656 17468216 174682 ENSSSCG000000323 HSD3B7 dehydrogene_lse, 3 beta- upstream gene variant
3 16 69 and steroid delta-
isomerase 7
rs33927656 17468216 174682 ENSSSCG000000323 HSD3B7 hydroxy-delta-5-steroid  upstream gene variant
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3 16 69 dehydrogenase, 3 beta-
and steroid delta-
isomerase 7
rs33095783 174683 ENSSSCG000000077 SET domain containing
17468302 SETD1A 1A, histone lysine missense variant
8 02 82
methyltransferase
hydroxy-delta-5-steroid
rs33095783 17468302 174683 ENSSSCG000000323 HSD3B7 dehydrogengse, 3 beta- upstream gene variant
8 02 69 and steroid delta-
isomerase 7
ORAI calcium release-
1534567622 17491423 174914 ENSSSCG000000077 ORAI3 activated calcium 3'UTR variant
0 23 70
modulator 3
SET domain containing
r3345(()3 7622 17491423 173214 ENSSSCC;(;OOOOOO?? SETD1A 1A, histone lysine upstream gene variant
methyltransferase
ORAI calcium release-
r$32419800 17491763 1749ty ENSSSCG000000077 ORAI3 activated calcium synonymous variant
7 63 70
modulator 3
SET domain containing
r3324719800 17491763 172217 ENSSSCC;gOOOOOOW SETDIA 1A, histone lysine  upstream gene variant
methyltransferase
BAF chromatin
rs3218 3288 17584544 172245 ENSSSC%EOOOOOOW BCL7C  remodeling complex 3"'UTR variant
subunit BCL7C
BAF chromatin
r333992 5561 17588899 178888 ENSSSCC;(;OOOOOO?? BCL7C  remodeling complex 3'UTR variant
subunit BCL7C
BAF chromatin
rs323§ 6238 17589735 172297 ENSSSC%SSOOOOOO?? BCL7C  remodeling complex 3'UTR variant

subunit BCL7C
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rs69738131 3 17591079 175910 A ENSSSCG000000077 BCL7C  remodeling complex downstre_am gene
7 79 76 . variant
subunit BCL7C
BAF chromatin
rs699867730 3 17591133 172211 C ENSSSC(?(;OOOOOO?? BCL7C  remodeling complex down\i;rresgnmt gene
subunit BCL7C
BAF chromatin
rs70606594 3 17591138 175911 C ENSSSCG000000077 BCL7C  remodeling complex downstre_am gene
0 38 76 . variant
subunit BCL7C
BAF chromatin
new 3 17591144 172211 G ENSSSCC?(%OOOOOO?? BCL7C  remodeling complex downs‘;rﬁgnmt gene
subunit BCL7C
rs344§ 9248 3 17610468 172é04 T ENSSSC%?)OOOOOO?? ZNF629 zinc finger protein 629 5'UTR variant
rs71322 3949 3 17612980 172329 C ENSSSC%?)OOOOOO?? ZNF629 zinc finger protein 629 synonymous variant
r333555 4046 3 17613531 173135 T ENSSSCC;?)OOOOOO?? ZNF629 zinc finger protein 629 synonymous variant
new 3 17617319 17%73 CAAGA ENSSSCC;?)OOOOOO” ZNF629  zinc finger protein 629 3" UTR variant
new 3 17617319 176173 CAGA ENSSSCG000000077 RNE40 o _ downstrgam gene
23 A 86 ring finger protein 40 variant
new 3 17617319 176173 CAGA ENSSSCG000000077 RNF40 o _ downstrgam gene
23 A 86 ring finger protein 40 variant
new 3 17617319 176173 CAGA ENSSSCG000000077 RNF40 o _ downstrgam gene
23 A 86 ring finger protein 40 variant
new 3 17617319 176173 CAGA ENSSSCG000000077 RNFE40 o _ downstre:am gene
23 A 86 ring finger protein 40 variant
rsll%28041 3 17618533 17%85 G ENSSSC(;%OOOOOO?? ZNF629 zinc finger protein 629 intron variant
rs11078041 3 17618533 176185 G ENSSSCGO000000077 RNF40  ring finger protein 40 downstream gene
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56 33 86 variant
rs11078041 3 17618533 176185 G T ENSSSCG000000077 RNE40 o _ downstre_am gene
56 33 86 ring finger protein 40 variant
rs11078041 3 17618533 176185 G T ENSSSCG000000077 RNF40 o _ downstre_am gene
56 33 86 ring finger protein 40 variant
rs11078041 3 17618533 176185 G T ENSSSCG000000077 RNF40 o _ downstre_am gene
56 33 86 ring finger protein 40 variant
rs789§ 6689 3 17628688 172586 T G ENSSSCC;?)OOOOOO?? ZNF629 zinc finger protein 629 3'UTR variant
r$78926689 3 17628688 176286 T G ENSSSCG000000077 RNF40 . . missense variant

6 88 86 ring finger protein 40
r$78926689 3 17628688 176286 T G ENSSSCG000000077 RNF40 . . missense variant
6 88 86 ring finger protein 40
578926689 3 17628688 176286 T G ENSSSCG000000077 RNF40 . . missense variant
6 88 86 ring finger protein 40
r$78926689 3 17628688 176286 T G ENSSSCG000000077 RNF40 . . missense variant
6 88 86 ring finger protein 40
new 3 51803551 512235 T C ENSSSC(;gOOOOOOSl IL18R1 Interleuk|n118 receptor 3" UTR variant
new 3 51803551 512235 T C ENSSSC(;(;OOOOOSZ? IL1RL1 Interleu:<i|kne11receptor 3" UTR variant
12890309 128903 ENSSSCG000000476 i .
new 4 4 094 A T 05 new intron variant
new 4 128940309 120899403 A T ENSSSCC;gOOOOO%Q LMO4 LIM domain only 4 intron variant
new 4 128940309 120899403 A T ENSSSCC;gOOOOO%Q LMO4 LIM domain only 4 intron variant
rs34548102 808243 ENSSSCG000000035 .
1 6 80824380 80 T G o7 EPHB2 EPH receptor B2 synonymous variant
rs34548102 808243 ENSSSCG000000035 .
1 6 80824380 80 T G o7 EPHB2 EPH receptor B2 synonymous variant
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rs345;1 8102 80824380 802543 T ENSSSC(;(;OOOOOO% EPHB2 EPH receptor B2 synonymous variant
rs345;1 8102 80824380 802543 T ENSSSC(;(;OOOOOO% EPHB2 EPH receptor B2 synonymous variant
rs32621 1544 80824416 80%44 T ENSSSC(;(;OOOOOO% EPHB2 EPH receptor B2 synonymous variant
rs32621 1544 80824416 80%44 T ENSSSC(;(;OOOOOO% EPHB2 EPH receptor B2 synonymous variant
rs32621 1544 80824416 80%44 T ENSSSC(;(;OOOOOOQ’S EPHB2 EPH receptor B2 synonymous variant
rs32621 1544 80824416 80%44 T ENSSSC(;(;OOOOOOQ’S EPHB2 EPH receptor B2 synonymous variant
r332775 7260 80837841 802:1%78 T ENSSSCC;(;OOOOOO% EPHB2 EPH receptor B2 synonymous variant
r332775 7260 80837841 802:1%78 T ENSSSCC;(;OOOOOO% EPHB2 EPH receptor B2 synonymous variant
r332775 7260 80837841 802:1%78 T ENSSSCC;(;OOOOOO% EPHB2 EPH receptor B2 synonymous variant
r332775 7260 80837841 802278 T ENSSSCC;(;OOOOOO% EPHB2 EPH receptor B2 synonymous variant
581389001 80842615 Uop 0 T FNSSSCODO00000% epp2 receptor B2 3" UTR variant
581389001 80842615 Uop 0 T FNSSSCODO00000% epp2 receptor B2 3" UTR variant
581389001 80842615 OUopc0 T FNSSSCOO00000055 gpppz receptor B2 3" UTR variant
581389091 80842615 OUopc0 T FNSSSCOO0000005S gpppz receptor B2 3" UTR variant
new 80843072 0.0 CA FNSSSCOO00000055 gpppz receptor B2 3" UTR variant
80843072 808430 CA ENSSSCG000000035 EPHB2 EPH receptor B2 3" UTR variant
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73 27
new 80843072 80%30 CA ENSSSCGZ(;OOOOOOSS EPHB2  £oud receptor B2 3" UTR variant
new 80843072 80%30 CA ENSSSCGZ(;OOOOOOSS EPHB2  cop roceptor B2 3" UTR variant
new 80843074 0010 25EC FNSSSCOD000000% epp2 receptor B2 3' UTR variant
new 8043074 00 %0 Z5EC FNSSSCOD000000% epp2 receptor B2 3' UTR variant
new 80843074 °o%0 BEES FNSSSCOO0000005S gprpz receptor B2 3' UTR variant
new 80843074 00 %0 2273 FNSSSCOO0000005S gpppz receptor B2 3' UTR variant

34228318 aosazoss B0 1 ENSSSCGO00000035 gy, T S UTR variant

34228318 aoazoss B0 1 ENSSSCGO00000035 gy, weonor 52 S UTR variant

34228318 soazss B0 1 ENSSSCGO00000035 gy, eonor 82 S UTR vartant

S34228318 soazss B0 1 ENSSSCGO00000035 gy, eonor 82 S UTR vartant

(581389092 80843265 Uge>. A FNSSSCOO00000055 gpppa receptor B2 3" UTR variant

581389092 80843265 802232 A ENSSSCC;;’OOOOOO% EPHB2  £oul receptor B2 3' UTR variant

581389092 80843265 802232 A ENSSSCC;;’OOOOOO% EPHB2  £oul receptor B2 3' UTR variant

581389092 80843265 802232 A ENSSSC%‘;OOOOOO% EPHB2 Loyl recentor B2 3' UTR variant

534622343 sosazszs 04 ENSSSCGO00000035 gy, eonor B2 2 UTR variant
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808433

ENSSSCG000000035
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0 6 80843336 36 T o7 EPHB2 EPH receptor B2 3"'UTR variant
rs34622343 808433 ENSSSCG000000035 , .
0 6 80843336 36 T o7 EPHB2 EPH receptor B2 3"'UTR variant
rs34622343 808433 ENSSSCG000000035 , .
0 6 80843336 36 T o7 EPHB2 EPH receptor B2 3"UTR variant
rs32508903 6 81571496 815714 A ENSSSCG000000254 ELOA _ missense variant
2 96 40 elongin A
rs32508903 6 81571496 815714 A ENSSSCG000000254 ELOA _ missense variant
2 96 40 elongin A
rs70905576 6 82481037 824810 A ENSSSCG000000389 cLICA chloride intracellular 3' UTR variant
5 37 94 channel 4
rs70905576 6 82481037 824810 A ENSSSCG000000389 cLICA chloride intracellular 3' UTR variant
5 37 94 channel 4
Regulation of nuclear
rs32301504 5 11976311 119763 C ENSSSCG000000277 RPRDIA  pre-mRNA domain 3' UTR variant
7 6 116 00 .
containing 1A
Regulation of nuclear
rs32301504 5 11976311 119763 c ENSSSCG000000277 RPRDIA  pre-mRNA domain 3' UTR variant
7 6 116 00 L
containing 1A
Regulation of nuclear
rs32301504 5 11976311 119763 C ENSSSCG000000277 RPRD1A  pre-mRNA domain downstrgam gene
7 6 116 00 .. variant
containing 1A
rs33071 9553 10 43520964 432309 C ENSSSC(;%OOOOOllO VIM Vimentin intron variant
rs33019553 435209 ENSSSCG000000213 TRDMT  TRNA aspartic acid .
7 10 43520964 64 C 09 1 methyltransferase 1 upstream gene variant
rs33071 9553 10 43520964 432‘2109 C ENSSSC%?,’OOOOOHO VIM Vimentin intron variant
rs33019553 435209 ENSSSCG000000213 TRDMT  TRNA aspartic acid .
7 10 43520964 64 C 09 1 methyltransferase 1 upstream gene variant
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7 10 43520964 64 G C 33 VIM Vimentin intron variant

rs33146373 12 38129509 381295 n c ENSSSCG000000176 DHRS11 Mitochondrial rRNA 3" UTR variant
8 09 90 methyltransferase 1

rs33146373 12 38129509 381295 T C ENSSSCG000000176 DHRS11 Mitochondrial rRNA intron variant
8 09 90 methyltransferase 1

rs33146373 12 38129509 381295 T C ENSSSCG000000176 DHRS11 Mitochondrial rRNA 3' UTR variant
8 09 90 methyltransferase 1

rs33146373 12 38129509 381295 T C ENSSSCG000000176 DHRS11 Mitochondrial rRNA downstre:am gene
8 09 90 methyltransferase 1 variant

rs34078198 12 38624687 386246 G A ENSSSCG000000176 ACACA Acetyl-CoA synonymous variant
6 87 94 carboxylase alpha

rs34078198 12 38624687 386246 G A ENSSSCG000000176 ACACA Acetyl-CoA synonymous variant
6 87 94 carboxylase alpha

rs34078198 12 38624687 386246 G A ENSSSCG000000176 ACACA Acetyl-CoA synonymous variant
6 87 94 carboxylase alpha

rs34078198 12 38624687 386246 G A ENSSSCG000000176 ACACA Acetyl-CoA synonymous variant
6 87 94 carboxylase alpha

rs32423619 12 38624714 386247 G A ENSSSCG000000176 ACACA Acetyl-CoA synonymous variant
2 14 94 carboxylase alpha

rs32423619 12 38624714 386247 G A ENSSSCG000000176 ACACA Acetyl-CoA synonymous variant
2 14 94 carboxylase alpha

rs32423619 12 38624714 386247 G A ENSSSCG000000176 ACACA Acetyl-CoA synonymous variant
2 14 94 carboxylase alpha

rs32423619 12 38624714 386247 G A ENSSSCG000000176 ACACA Acetyl-CoA synonymous variant
2 14 94 carboxylase alpha

EGF domain specific

rs71095578 13 50397619 503976 C T ENSSSCG000000115 EOGT O-linked N- 3" UTR variant

1 19 04 acetylglucosamine
transferase
rs71095578 13 50397619 503976 C T  ENSSSCG000000115 EOGT  EGF domain specific 3'UTR variant
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1 19 04 O-linked N-
acetylglucosamine
transferase
EGF domain specific
rs71095578 13 50397619 503976 ENSSSCG000000115 EOGT O-linked N-_ 3" UTR variant
1 19 04 acetylglucosamine
transferase
SEC62 homolog,
new 13 10867670 108676 ENSSSCG000000296 SEC62 preprotein translocation frameshift variant
7 707 08
factor
SEC62 homolog,
new 13 10867670 108676 ENSSSCG000000296 SEC62 preprotein translocation frameshift variant
7 707 08
factor
SEC62 homolog,
new 13 10867670 108676 ENSSSCG000000296 SEC62 preprotein translocation frameshift variant
7 707 08 factor
new 13 207561365 206755613 ENSSSC%(%OOOOOZM ITGB2 Integrin subunit beta 2 3'UTR variant
new 13 20751365 207513 ENSSSCG000000251 ITGB2  Integrin subunit beta 2 downstrgam gene
6 656 33 variant
new 13 20751365 207513 ENSSSCG000000251 ITGB2  Integrin subunit beta 2 downstrgam gene
6 656 33 variant
new 13 207561365 206755613 ENSSSC%?))OOOOOZ& ITGB2 Integrin subunit beta 2 3"'UTR variant
rs699§ 6894 14 48800543 482205 ENSSSCC;(;OOOOOIBlO new new synonymous variant
rs11104746 17 34777839 347778 ENSSSCG000000360 TBC1D2 TBC1 domain family intron variant
09 39 81 0 member 20
CAMP responsive
r5334§1 6356 18 11660822 112208 ENSSSC(;(;OOOOOHSS CREZBBL element binding protein 3'UTR variant

3 like 2
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rs33446356
8

116608

18 11660822

G

ENSSSCG000000165 CREB3L

2

CAMP responsive
element binding protein
3 like 2

downstream gene
variant

Additional file 3: Polymorphisms, genes and regions associated to umbilical hernia in pigs annotated in the exome, transcriptome and

GWAS analyses.
Exome and Transcriptome
Allele
(ref/ Gene name Consequence (transcript)
SNP name Positions alt) Symbol
rs345481021 6:80824380 TIG EPHB2 EPH receptor B2 synonymous variant
rs326115442 6:80824416 TIC EPHB2 EPH receptor B2 synonymous variant
rs327572607 6:80837841 T/C EPHB2 EPH receptor B2 synonymous variant
rs81389091 6:80842615 T/C EPHB2 EPH receptor B2 3"UTR variant
rs342283188 6:80843098 T/G EPHB?2 EPH receptor B2 3" UTR variant
rs81389092 6:80843265 A/G EPHB2 EPH receptor B2 3" UTR variant
rs346223430 6;80843336 CIT EPHB2 EPH receptor B2 3' UTR variant / Downstream
new 6:80843072 CA/- EPHB2 EPH receptor B2 3" UTR variant
6:8084307 GGCG 3" UTR variant
new 4 80843081 GGCA/- EPHB?2 EPH receptor B2
tRNA-yW synthesizing i
new 3:16078557 G/A TYW1 protein 1 homolog synonymous variant
sulfatase modifying factor .
new 3:16844063 GCl- SUMF2 2 upstream gene variant
sulfatase modifying factor ¢ i
1s330731365 3:16844265 GIA SUMF2 2 upstream gene variant
sulfatase modifying factor ¢ i
1s343913735 3:16844271 AIG SUMF2 2 upstream gene variant
rs326942919 3:17246305 G/A ITGAM integrin subunit alpha M synonymous variant
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rs344858642 3:17244108 CIT ITGAM integrin subunit alpha M synonymous variant
rs327289001 3:17254444 CIT ITGAM integrin subunit alpha M missense variant
Branched chain keto acid 5 ' UTR variant
rs327947675 3:17399455 AlG BCKDK dehydrogenase kinase
vitamin K epoxide
reductase complex 5'UTR variant
rs337670844 3:17399477 CIT BCKDK subunit 1
rs327947675 3:17399455 A/G PRSS53 serine protease 53 downstream gene variant
rs337670844 3:17399477 CIT PRSS53 serine protease 53 downstream gene variant
ORAI calcium release-
activated calcium 3"UTR variant
rs345676220 3:17491423 G/A ORAI3 modulator 3
ORAI calcium release-
activated calcium synonymous variant
rs324198007 3:17491763 C/IA ORAI3 modulator 3
rs344892486 3:17610468 TIC ZNF629 zinc finger protein 629 5"'UTR variant
rs335540465 3:17613531 T/C ZNF629 zinc finger protein 629 synonymous variant
3:1761731 CAGA 3' UTR variant
new 9 17617323 Al- ZNF629 zinc finger protein 629
rs110780415 : .
6 3:17618533 GIT ZNF629 zinc finger protein 629 Intron variant
rs789266896 3:17628688 T/G ZNF629 zinc finger protein 629 3" UTR variant
SET domain containing
1A, histone lysine downstream gene variant
rs322669402 3:17459844 AlG SETD1A methyltransferase
SET domain containing
1A, histone lysine downstream gene variant
rs793318116 3:17460656 CIT SETD1A methyltransferase
SET domain containing SYNONVITIOUS Variant
rs339276563 3:17468216 TIC SETD1A 1A, histone lysine ynony
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SET domain containing
1A, histone lysine

missense variant

rs330957838 3:17468302 T/IC SETD1A methyltransferase
SET domain containing
1A, histone lysine upstream gene variant
rs345676220 3:17491423 G/A SETD1A methyltransferase
3:1761731 CAGA downstream gene variant
new 9 17617323 Al- RNF40 ring finger protein 40
rs110780415 downstream gene variant
6 3:17618533 GIT RNF40 ring finger protein 40
rs789266896 3:17628688 T/G RNF40 ring finger protein 40 missense variant
Mitochondrial rRNA 3" UTR variant
rs331463738 12:38129509 TIC DHRS11 methyltransferase 1
acetyl-CoA carboxylase SYIONVIMOUS Variant
rs340781986 12:38624687 G/A ACACA alpha ynony
acetyl-CoA carboxylase SYIONVIMOUS Variant
rs324236192 12:38624714 G/IA ACACA alpha ynony
rs110876272 ENSSSCGO000000 new downstream gene variant
0 3:16851119 AIG 18553
ENSSSCG000000 new upstream gene variant
rs341960076 3:16855237 A/C 18553
chaperonin containin , .
5330731365 3:16844265 GIA CCT6A TCP1 SUbUit 6A 3 UTR variant
chaperonin containin , .
15343913735 3:16844271 A/G CCT6A TCP1 SUbunit 6A 3" UTR variant
rs110876272 chaperonin containing SVNONVMoUs variant
0 3:16851119 AlG CCT6A TCP1 subunit 6A ynony
chaperonin containing intron variant
rs341960076 3:16855237 AIC CCT6A TCP1 subunit 6A
rs339771716 3:17461694 CIT STX1B syntaxin 1B downstream gene variant
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rs322669402 3:17459844 AlG STX1B syntaxin 1B downstream gene variant
rs325089032 6:81571496 G/A ELOA elongin A missense variant
rs327947675 3:17399455 AlG ZNF646 zinc finger protein 646 synonymous variant
rs337670844 3:17399477 CIT ZNF646 zinc finger protein 646 missense variant
rs323115420 3:16964045 T/IA ZNF713 zinc finger protein 713 missense variant
rs342012840 3:16971089 T/C ZNF713 zinc finger protein 713 5"UTR variant
rs324205762 3:16971143 T/C ZNF713 zinc finger protein 713 5" UTR variant
rs333780109 3:16971156 T/C ZNF713 zinc finger protein 713 5"'UTR variant
rs343615406 3:16971169 T/C ZNF713 zinc finger protein 713 5'UTR variant
hydroxy-delta-5-steroid
dehydrogenase, 3 beta- , .
a)rlld stgeroid delta- 3" UTR variant
rs322669402 3:17459844 AlG HSD3B7 isomerase 7
hydroxy-delta-5-steroid
dehydrogenase, 3 beta- i
and steroid delta- synonymous variant
rs793318116 3:17460656 CIT HSD3B7 isomerase 7
hydroxy-delta-5-steroid
dehydrogenase, 3 beta- i
and steroid delta- upstream gene variant
rs336707684 3:17466842 AlG HSD3B7 isomerase 7
hydroxy-delta-5-steroid
dehydrogenase, 3 beta- upstream gene variant
and steroid delta- P g
rs339276563 3:17468216 T/C HSD3B7 isomerase 7
hydroxy-delta-5-steroid
dehydrogenase, 3 beta- upstream gene variant
and steroid delta- P g
rs330957838 3:17468302 T/IC HSD3B7 isomerase 7
new 3:1684406 16844064 CG/- ENSSSCG000000 new downstream gene variant
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33141
ENSSSCG000000 new downstream gene variant
rs330731365 3:16844265 G/A 33141
ENSSSCG000000 new downstream gene variant
rs343913735 3:16844271 AlG 33141
rs110876272 ENSSSCG000000 :
0 3:16851119 AJG 33141 new upstream gene variant
vitamin K epoxide
reductase complex downstream gene variant
rs327947675 3:17399455 AlG VKORC1 subunit 1
vitamin K epoxide
reductase complex downstream gene variant
rs337670844 3:17399477 CIT VKORC1 subunit 1
potassium channel
tetramerization domain 3'UTR variant
rs320729536 3:16382619 T/C KCTD7 containing 7
potassium channel
tetramerization domain downstream gene variant
rs323726488 3:16382619 T/C KCTD7 containing 7
potassium channel
tetramerization domain 3'UTR variant
rs333208968 3:16383246 CIT KCTD7 containing 7
potassium channel
tetramerization domain downstream gene variant
rs333661817 3:16383246 CIT KCTD7 containing 7
potassium channel
tetramerization domain 3'UTR variant
rs326053487 3:16383250 G/A KCTD7 containing 7
potassium channel
tetramerization domain downstream gene variant
rs329707669 3:16383284 CIT KCTD7 containing 7



potassium channel
tetramerization domain
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3'UTR variant

rs713060696 3:16383284 CIT KCTD7 containing 7
potassium channel
tetramerization domain 3"UTR variant
rs701844432 3:16383454 CIG KCTD7 containing 7
potassium channel
tetramerization domain downstream gene variant
rs324583382 3:16383454 CIG KCTD7 containing 7
potassium channel
tetramerization domain 3"UTR variant
rs345204099 3;16383763 AlG KCTD7 containing 7
potassium channel
tetramerization domain downstream gene variant
rs327324699 3:16383763 AlG KCTD7 containing 7
potassium channel
tetramerization domain downstream gene variant
rs323662654 3:16383936 G/A KCTD7 containing 7
potassium channel
tetramerization domain 3"UTR variant
rs332268785 3:16384043 CIT KCTD7 containing 7
potassium channel
tetramerization domain downstream gene variant
new 3:16383956 AlG KCTD7 containing 7
GWAS Region 11
Chromosom Gene name
e Positions Symbol
3 17136161 17273657-1 ITGAM integrin subunit alpha M
3 17375352 17402204-1 BCKDK branched chain keto acid dehydrogenase kinase
serine
3 17390437 173968521  PRSS53 protease 53
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3 17416842 17431053-1 STX4  syntaxin 4

3 17439581 17459516 1 STX1B syntaxin 1B
zinc finger

3 17384088 17406624-1 ZNF646 protein 646

3 17386441 173968401 VKORCL1 vitamin K epoxide reductase complex subunit 1
long-non-

3 17431140 174391541 IncRNA coding RNA

Additional file 4: GO biological process enriched based on the candidate genes identified for umbilical hernia through the analyses of
the whole exome, RNA sequencing and GWAS data.
DAVID Bioprocesses Enriched genes

GO:0072657 protein localization RABGEFL, SEC62, STX4, ITGB2, ROCK2
to membrane

G0:0050865 regulation of cell

L UBASH3B, DUSP3, LMO4, RABGEF1, STX4
activation

DUSP3, RABGEF1, TYW1, FBXL19, ACACA, LMO4, ZNF629, VIM, FYN, FUCA1, RARB,
G0:0008152 metabolic process UBASH3B, SRSF7, ELOA, MMS19, GALM, SLC66A3, EOGT, DEDD, RNF40, PHKG2,
RPRD1A, ITGB2, STX1B, ZNF713, SLC22A11, LYPLA2, FBLN5, NCOA7, ROCK2

G0:0090150 establishment of

. e RABGEF1, SEC62, STX4, ROCK2
protein localization to membrane

GO0:0051130 positive regulation
of cellular component EPHB2, RNF40, STX4, PFDN2, FYN, ITGB2, ROCK2
organization

G0:0003279 cardiac septum

LMO4, LUZP1, RARB
development

G0:0031400 negative regulation

: A UBASH3B, DUSP3, RABGEF1, FYN, ROCK2
of protein modification process



GO0:0040011 locomotion

LMO4, EPHB2, RABGEF1, CNR2, STX4, FYN, ITGB2, ROCK2
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G0:0050866 negative regulation
of cell activation

UBASH3B, DUSP3, RABGEF1

G0:0019222 regulation of
metabolic process

UBASH3B, DUSP3, SRSF7, RABGEF1, ELOA, MMS19, RNF40, RPRD1A, ITGB2, LMO4,
ZNF713, ZNF629, VIM, FBLN5, FYN, RARB, NCOA7, ROCK2

G0:0051128 regulation of
cellular component organization

LMO4, EPHB2, RABGEF1, RNF40, STX4, PFDN2, VIM, FYN, ITGB2, ROCK2

G0:0060255 regulation of
macromolecule metabolic
process

UBASH3B, SRSF7, DUSP3, RABGEF1, ELOA, MMS19, RNF40, RPRD1A, ITGB2, LMO4,
ZNF713, ZNF629, VIM, FYN, RARB, NCOA7, ROCK2

G0:0031323 regulation of
cellular metabolic process

UBASH3B, DUSP3, SRSF7, RABGEF1, ELOA, MMS19, RNF40, RPRD1A, ITGB2, LMO4,
ZNF713, ZNF629, FBLN5, FYN, RARB, NCOA7, ROCK2

G0:0051129 negative regulation
of cellular component
organization

LMO4, EPHB2, RABGEF1, VIM, ROCK2

G0:0048598 embryonic
morphogenesis

LMO4, EPHB2, LUZP1, RARB, ITGB2

GO0:0051241 negative regulation
of multicellular organismal
process

UBASH3B, EPHB2, RABGEF1, VIM, RARB, ROCK2

GO0:0051674 localization of cell

LMO4, RABGEF1, CNR2, STX4, FYN, ITGB2, ROCK2

G0:0048870 cell motility

LMO4, RABGEF1, CNR2, STX4, FYN, ITGB2, ROCK2

G0:0006928 movement of cell
or subcellular component

LMO4, EPHB2, RABGEF1, CNR2, STX4, FYN, ITGB2, ROCK2

G0:0003205 cardiac chamber
development

LMO4, LUZP1, RARB

G0:0010468 regulation of gene
expression

SRSF7, LMO4, ELOA, ZNF629, MMS19, ZNF713, RNF40, VIM, FYN, RARB, RPRD1A,
NCOA7, ROCK2

G0:0009888 tissue development CREB3L2, LMO4, MYLPF, VIM, LUZP1, RARB, ITGB2, ROCK2



GO0:0051093 negative regulation
of developmental process
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UBASH3B, EPHB2, VIM, RARB, ROCK2

G0:0044802 single-organism
membrane organization

RABGEF1, SEC62, STX4, ITGB2, ROCK2

GO0:0007417 central nervous
system development

LMO4, EPHB2, VIM, FYN, RARB

G0:0042325 regulation of
phosphorylation

UBASH3B, DUSP3, LMO4, RABGEF1, FYN, ITGB2, ROCK2

GO0:0080090 regulation of
primary metabolic process

UBASH3B, SRSF7, DUSP3, RABGEF1, ELOA, MMS19, RNF40, RPRD1A, ITGB2, LMO4,
ZNF713, ZNF629, FYN, RARB, NCOA7, ROCK?2

GO0:0071704 organic substance
metabolic process

DUSP3, RABGEF1, FBXL19, ACACA, LMO4, ZNF629, VIM, FYN, FUCAL1, RARB, SRSF7,
UBASHS3B, ELOA, MMS19, GALM, SLC66A3, EOGT, RNF40, PHKG2, RPRD1A, ITGB2,
STX1B, ZNF713, SLC22A11, LYPLA2, NCOA7, ROCK2

G0:0050686 negative regulation
of mMRNA processing

SRSF7, RNF40

G0:0045595 regulation of cell
differentiation

UBASH3B, LMO4, EPHB2, VIM, FYN, RARB, ROCK2

G0:0016477 cell migration

RABGEF1, CNR2, STX4, FYN, ITGB2, ROCK2

G0:0070887 cellular response to
chemical stimulus

CREB3L2, RABGEF1, CNR2, ACACA, STX4, FBLNS5, FYN, ITGB2, ROCK2

G0:0002064 epithelial cell
development

VIM, RARB, ROCK?2

G0:1903312 negative regulation
of MRNA metabolic process

SRSF7, RNF40

G0:0061024 membrane
organization

RABGEF1, SEC62, STX4, ITGB2, ROCK2

G0:0002886 regulation of
myeloid leukocyte mediated
immunity

RABGEF1, STX4



G0:0043300 regulation of
leukocyte degranulation

RABGEF1, STX4
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G0:1901655 cellular response to
ketone

ACACA, ROCK2

GO0:0051641 cellular
localization

CREB3L2, UBASH3B, RABGEF1, SEC62, STX4, FBLNS, FYN, ITGB2, ROCK2

G0:0034394 protein localization
to cell surface

STX4, FBLN5

G0:0034613 cellular protein
localization

RABGEF1, SEC62, STX4, FBLNS5, FYN, ITGB2, ROCK2

GO:0070727 cellular
macromolecule localization

RABGEF1, SEC62, STX4, FBLNS5, FYN, ITGB2, ROCK2

GO0:0001775 cell activation

UBASH3B, DUSP3, RABGEF1, STX4, FYN

G0:0010605 negative regulation
of macromolecule metabolic
process

SRSF7, UBASH3B, DUSP3, RABGEF1, RNF40, FYN, RARB, ROCK2

G0:0010563 negative regulation
of phosphorus metabolic process

UBASH3B, DUSP3, RABGEF1, ROCK2

G0:0045936 negative regulation
of phosphate metabolic process

UBASH3B, DUSP3, RABGEF1, ROCK?2

G0:0032269 negative regulation
of cellular protein metabolic
process

UBASH3B, DUSP3, RABGEF1, FYN, ROCK2

GO0:0050776 regulation of
immune response

DUSP3, RABGEF1, STX4, FYN
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4 CONSIDERACOES FINAIS

O estudo do exoma de suinos normais e afetados pela hérnia umbilical (HU) foi
realizado visando identificar variantes (SNPs e InDels) e possiveis genes candidatos a
formacéo e ao desenvolvimento da HU, proporcionando avanco no conhecimento cientifico
relacionado ao surgimento da HU. Esses resultados contribuem para a compreensdo dos
mecanismos genéticos que envolvem a manifestacdo da HU em suinos e, possivelmente,
em outras espécies de mamiferos, incluindo humanos.

Do total de polimorfismos identificados, 204 atraves do exoma e 81 através do
transcriptoma, 79 foram iguais entre 0 exoma e o transcriptoma. Os 114 genes identificados
(72 provenientes do exoma e 42 do transcriptoma) foram submetidos a uma base de dados
para enriquecimento e andlise dos processos bioldgicos (PB). Destacam-se 0S processos
biol6gicos de contracdo muscular, resposta do sistema immune, ativagdo de células Natural
Killer e adesdo da matrix celular, pois apresentam afinidade com os fatores fisioldgicos
envolvidos na manifestacdo de hérnias. Além disso, os 79 polimorfismos em comum entre
0 exoma e o transcriptoma estéo localizados em 23 genes.

Os resultados deste trabalho demonstram um grande nOmero de genes e
polimorfismos que podem causar e que estdo envolvidos com o processo de herniacdo em
suinos da raca Landrace. Com isso, este estudo confirma que a manifestacdo da HU ocorre
devido a atuacdo de varios genes e polimorfismos. No entanto, sdo necessarios mais
estudos com o intuito de validar esses genes em outras populacdes de suinos e verificar se
os polimorfismos identificados estdo segregando nas proximas geracdes, além de avaliar
animais de outras racas e idades. Também se faz necessario investigar a atuacdo desses
polimorfismos quanto a alteragdo nos aminoacidos e proteinas relacionadas a HU, para
aprimorar a interpretacdo dos mecanismos de regulacdo génica destes genes. O
conhecimento dos fatores genéticos envolvidos na manifestagdo da hérnia umbilical é de
grande importancia para a cadeia produtiva de suinos, bem como para melhorar o bem-estar
desses animais na producéo, pois estes estudos favorecem o desenvolvimento de estratégias

efetivas para reduzir o surgimento destes defeitos nos rebanhos.
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6 ANEXOS

E ] ETICA
ks Certificado de Conduta Etica »

CERTIFICADO

Certificamos que o Protocolo n°(000/AAAA): 011/2014, sob titulo “Identificacdo de genes

e polimorfismos associados a formacédo de hérnias em suinos pela combinacédo do

sequenciamento exémico total e do RNA”, sob responsabilidade de Ménica Ledur esta

de acordo com os Principios Eticos na Experimentacdo Animal, adotados pelo Colégio
Brasileiro de Experimentacdo Animal (COBEA), TENDO SIDO CONSIDERADO
APROVADO PELA Comissao de Etica no Uso de Animais (CEUA/CNPSA) em reunido
realizada em 07/ 11/ 2014.

CERTIFICATE

We certify that the Protocol n° (000/YYYY): 011/2014, under the following title
“Identification of genes and polymorphisms associated with formation of hernias in

swines combining RNA and whole exons sequencing.” is in agreement with the Ethical

Principles in Animal Research adopted by Brazilian College of Animal Experimentation
(COBEA) and was approved by the Embrapa Swines and Poultry Ethical Committee for
Animals utilization in experimentation (CEUA/CNPSA) in 11/07/2014.

Concordia, 07/11/2014.
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