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RESUMO

NASCIMENTO, Carlos Souza do, D.Sc., Universidade Federal de Vicosa,
fevereiro de 2009. Expressao génica em bibliotecas de cDNA de pele de
bovinos F, (Holandés x Gir) infestados com o carrapato Riphicephalus
(Boophilus) microplus. Orientador: Simone Eliza Facioni Guimaraes. Co-
orientadores: Paulo Savio Lopes e Marco Antonio Machado.

A resisténcia bovina ao carrapato Riphicephalus (Boophilus) microplus é
herdavel e esta principalmente associada a animais zebu (Bos indicus), embora
esteja também presente em menor nivel em algumas racas taurinas (B. taurus).
A elucidagao da resisténcia genética € um dos fatores mais promissores para
reduzir as perdas de producgao e diminuir o custo de controle desse parasita na
pecuaria bovina tropical. Com o intuito de caracterizar genes funcionais
envolvidos na resisténcia/susceptibilidade dos bovinos ao carrapato, duas
bibliotecas de cDNA foram construidas a partir de pele de animais F;
(Holandés x Gir) resistentes e susceptiveis infestados com larvas de R.
microplus. Foram sequenciadas 4.070 etiquetas de sequéncia expressa (EST-
Expressed Sequence Tag) geradas a partir de amostras de pele de bovinos F;
(Holandés x Gir) infestados com o carrapato R. microplus. Do total de EST
geradas para as duas bibliotecas, foram obtidas 2.700 sequéncias de alta
qualidade. Os resultados do agrupamento geraram um conjunto nao-
redundante de 1.292 sequéncias unicas. Cerca de 790 destas sequéncias
compartilharam similaridade significativa com sequéncias de proteinas
conhecidas e 502 destas ndo apresentaram similaridade com sequéncias de
proteinas presentes no banco de proteinas ndo-redundante (NCBI - National
Center of Biotechnology Information). A analise do perfil funcional dos
transcritos permitiu identificar 54 termos de ontologia génica (GO-terms)
significativamente (P<0,01) representados nos conjuntos de dados de res e sus
quando comparadas ao genoma de B. Taurus. Foi estimada a porcentagem de
genes presentes nos conjuntos de dados de ESTs. As predicbes para
cobertura génica foram de 49% (RES) e 40% (SUS). QRT-PCR foi usada para
determinar o nivel de expressao de quatro genes identificados nas bibliotecas
de cDNA. As expressoes relativas dos genes S100A7, TPT1, TRV6 e CST6
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foram 2,01 (£0.6), 1,32 (x0.9), 1,53 (%1.2), 2,03 (£0.6), respectivamente. Esses
resultados indicam que esses transcritos foram diferencialmente expressos
(P=0.001) em lesbes de pele de animais susceptiveis. No entanto, a expressao
aumentada desses genes nao parece conferir prote¢cdo aos animais suscetiveis
a infestagcdo com carrapato. Até o momento, nenhum estudo de gendmica
funcional com animais cruzados (Holandés x Gir) tem sido relatado. Os
transcritos gerados neste estudo podem contribuir de forma substancial para o
melhor entendimento da genémica funcional da interagdo parasita-hospedeiro

neste tecido.
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ABSTRACT

NASCIMENTO, Carlos Souza do, D.Sc., Universidade Federal de Vigosa,
February 2009. Gene expression in skin cDNA libraries from F, cattle
(Holstein x Gyr) infested with the tick Riphicephalus (Boophilus)
microplus. Adviser: Simone Eliza Facioni Guimaraes. Co-Advisers: Paulo
Savio Lopes and Marco Antonio Machado.

It is known that resistance to cattle tick Riphicephalus (Boophilus) microplus is
inheritable and are primarily associated with zebu animals (Bos indicus),
although also present at lower levels in some breed taurine (B. taurus). The
elucidation of genetic resistance is one of the most promising factors to reduce
production losses and to reduce the cost of this parasite control in livestock
tropical bovine. In order to characterize the functional genes in involved
resistance / susceptibility of cattle to ticks, two of cDNA libraries were
constructed from skin of F, animals (Holstein x Gyr) resistant and susceptible
infested with larvae of R. microplus. We sequenced 4,070 Expressed sequence
tags (ESTs) from skin F, cattle (Holstein x Gyr) infested with the tick R.
microplus. From total of generated ESTs, 2,700 high quality sequences from
two cDNA libraries were obtained. Clustering results generated a non-
redundant set of 1.292 unique sequences. About 790 of the sequences shared
significant similarity with known protein sequences and 502 of these gave no
similarity to protein sequences deposited on non-redundant (nr) protein
database (NCBI - National Center of Biotechnology Information). The functional
profile analysis of transcripts indicated 54 Gene Ontology terms (GO-terms)
significant (P<0.01) over represented on res and sus datasets in relation to B.
taurus genome. We also estimated the percentage of genes presents on ESTs
dataset. The gene capture predictions were 49% (RES) e 40% (SUS). Real-
time polymerase chain reaction was used to determine the gene expression
level to four genes identified on cDNA libraries. The relative expression of the
S100A7, TPT1, TRV6 and CST6 genes was 2.01 (+0.6), 1.32 (x0.9), 1.53
(£1.2), (2.03+0.6), respectively. Our findings show that these genes were
differentially expressed (P=0.001) in skin lesions from susceptible animals.
However, the increased expression of these genes does not appear to confer

protection against to infestation with ticks. To date, no study of functional
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genomics to crossbreed animals (Holstein x Gyr) has been reported. The
transcripts generated in this study can contribute substantially to a better
understanding of the functional genomics of host-parasite interaction in this

tissue.



CAPITULO 1



1. REVISAO DE LITERATURA

1.1. O parasita Riphicephalus (Boophilus) microplus e sua importancia

econbmica

O Riphicephalus (Boophilus) microplus é um ectoparasita de bovinos
encontrado em regides tropicais e subtropicais do planeta. Recentemente
sugeriu-se que o género Boophilus seja parafilético ao género Riphicephalus,
de modo que o Boophilus pode ser classificado como subgénero do
Riphicephalus (Barker e Murrel, 2002). O carrapato é originario da Asia, com
foco de distribuigdo na india e na ilha de Java. No Brasil, segundo Andreoti
(2002), sua introdugado deu-se com a vinda de animais do Chile no inicio do

século XVIII em regides onde hoje se localiza o estado do Rio Grande do Sul.

Em termos econdmicos, o carrapato representa grande problema na
producao de bovinos em diferentes regides. Atualmente, as perdas econémicas

causadas por esse parasita decorrem, principalmente, do parasitismo bovino.

Segundo Gonzales (1995), a acado expoliativa da fémea do carrapato
promove a perda de sangue (2-3 mL) do bovino, promovendo reducédo na
producao de leite e carne, gerando perda média anual de 0,24 kg de peso vivo
por carrapato (Sutherst et al., 1982). Além disso, sdo também transmissores
dos protozoarios Babesia bovis e B. bigemina e de riquétsias do género
Anaplasma, agentes causadores da doenga denominada tristeza parasitaria
bovina (Horn e Arteche, 1985). O R. microplus causa ainda perdas associadas
a danos ao couro dos bovinos pelas reagoes inflamatérias provocadas no local
de fixagao (Seifert et al., 1968; Horn e Arteche, 1985).

Possuidor do maior rebanho comercial de bovinos do mundo com
aproximadamente 170 milhées de cabegas (Brasil, 2003), cerca de 18% do
rebanho brasileiro é destinado a bovinocultura de leite e o restante a atividade
de corte. Estima-se que cerca de 80% do rebanho bovino mundial esteja
infestado por carrapatos, sendo este o ectoparasito de maior impacto
econdmico na pecuaria de leite e corte nacional, por ocasionar um prejuizo
anual estimado em 2 bilhdes de délares (Grisi et al., 2002). Horn (1988)

descreveu gasto anual de 13,8 milhdes de dolares somente com acaricidas, o
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que representaria 15% do gasto total do Pais com defensivos na agropecuaria.
Além disso, a fixacdo do carrapato em seu hospedeiro provoca lesdes, que se
tornam portas de entrada para infeccbes bacterianas e miiases, acarretanto
depreciagdo do couro durante o beneficiamento nos curtumes (Sauer et al.,
1995).

Além dos danos diretos, as perdas indiretas causadas pelos carrapatos
sdo representadas pelos gastos com mao-de-obra, medicamentos, constru¢des
e medidas preventivas necessarias no combate ao ectoparasito. (Gomes,
1998). O uso de acaricidas, que em sua maioria, sdo substancias toxicas
(organoclorados, organofosforados, carbamatos, amitraz, piretréides sintéticos
e ivermectina) tem sido a medida de controle mais comum contra esses
ectoparasitas. Os principais problemas relacionados a essa pratica sdo o
desenvolvimento de linhagens resistentes de carrapatos, o aparecimento de
residuos quimicos nos produtos de origem animal e a poluicdo ambiental

causada pelo uso de acaricidas (Bullman et al., 1996).

1.2. Interacao hospedeiro-carrapato

Embora algumas espécies hospedeiras desenvolvam mecanismos de
resiténcia contra carrapatos, outras falham em adquiri-los. Essa falha na
elaboracdo de imunidade efetivamente protetora pode estar relacionada ao
mecanismo de escape do ectoparasita, que o torna capaz de modular a
resposta de algumas espécies de hospedeiros. Além disso, algumas espécies
hospedeiras desenvolvem resisténcia a essa modulacdo, tornando-se
refratarias a carrapatos.

Sabe-se que moléculas liberadas pelo carrapato R. Microplus durante a
ligacdo e a alimentagcdo da larva ao hospedeiro estimulam respostas
imunoldgicas inatas e adquiridas. A habilidade do hospedeiro em responder a
essas moléculas ira resultar em diferentes niveis de resisténcia. O carrapato
contra-ataca a resposta do hospedeiro com moléculas imunosupressivas
presentes na sua saliva. A saliva do R. microplus contém substancias que
afetam os linfocitos T, macréfagos, neutréfilos e células naturais de defesa e

influencia a classe de imunoglobulina produzida em resposta ao antigeno do



carrapato. Um exemplo € a saliva de carrapatos Ixodes, a qual contém
atividade antihemostatica, antiinflamatoria, inibidora da atividade da bradicinina,
de anafilatoxinas e desativadora de neutrofilos (Ribeiro et al., 1985; 1990).
Particularmente, as proteinases, peptidases e seus inibidores tém sido foco em
pesquisas com ectoparasitas. A importancia desse grupo de enzimas e
inibidores tem sido evidenciada em diversos trabalhos realizados nos ultimos
anos, os quais descrevem a existéncia de diferentes proteinases e seus
inibidores (Mulenga et al., 1999; Miyoshi et al., 2004; Seixas et al., 2003;
Andreotti et al., 2002).

1.3. Variabilidade genética da resisténcia ao carrapato em bovinos

Segundo Mattioli et al. (2000), a resisténcia ao ataque de carrapatos
varia entre as ragas bovinas. Em geral, animais B. indicus s&o mais resistentes
que os B. taurus. Ao longo do processo de domesticagdo, os bovinos foram
submetidos a intensa pressao de selegéo para varios fendtipos. O gado indiano
tem convivido ha milhares de anos com o carrapato R. microplus e
provavelmente houve eliminagdo natural dos animais mais sensiveis,
permitindo maiores oportunidades reprodutivas para os animais geneticamente
resistentes (Lemos et al., 1986).

Em bovinos, a resposta da interagdo carrapato-hospedeiro varia de
acordo com a raga bovina estudada e, mesmo depois de repetidas infestagdes,
animais de ragas suscetiveis apresentam maior carga de ectoparasitas que os
de ragas resistentes (Mattioli et al., 2000). A suscetibilidade do bovino é
herdavel e a resposta imune do hospedeiro exerce importante fungéo, mas os
mecanismos envolvidos ndo sao completamente entendidos. Diversos autores
(Hewetson, 1968; Wharton et al., 1970; Teodoro et al., 1984; Madalena et al.,
1985) obtiveram estimativas de herdabilidade variando de 20 a 49% em
zebuinos e mesticos, enquanto Verissimo et al. (1997) observaram baixas
estimativas de herdabilidade (0,89 a 0,91%) em mestigos leiteiros.

A selecado natural de zebus pelo parasitismo do carrapato ocasionou,
provavelmente, acimulo de grande quantidade de genes de pequenos efeitos,
0 que é caracteristico de heranga poligénica (quantitativa). Segundo Martinez

et al. (2004), esse tipo de resisténcia poligénica promove resposta rapida e
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efetiva a selecdo em ragas de moderada a alta resisténcia, mas nao em racgas
suscetiveis. A selecdo artificial produziu tipos distintos, associados
principalmente a produgao de carne e de leite. Em algumas regidées do mundo,
ragas se tornaram especializadas, por exemplo, para transporte de cargas em
altas altitudes ou se adaptaram a ambientes tropicais, desenvolvendo
caracteristicas como tolerdncia a temperatura adversa e patdégenos
especificos, ou mesmo resisténcia a doengas.

A selecdo de animais de ragas suscetiveis com base na resisténcia
poligénica ndo é viavel, por isso € necessaria a exploragdo de genes de efeito
maior (Major gene) que possam estar associados a resisténcia a carrapatos
(Martinez et al., 2004). Varios alelos DRB3 classe Il do complexo principal de
histocompatibilidade (BoLA) tém sido associados a resisténcia (Martinez et al.,
2006). Em ragas suscetiveis, infestagdes do bovino com R. microplus tem
comprovado que anticorpos IgG do hospedeiro sao suprimidos por moléculas
presentes na saliva do parasita (Kashino et al., 2005).

Utech et. al. (1978) observaram em rebanhos zebuinos grande
proporcdo de animais com alta resisténcia ao carrapato, enquanto Villares
(1941) verificou maior resisténcia da raca Zebu ao comparar o numero de
carrapatos encontrados em bovinos de diversas ragas. Apenas 5% do total de
carrapatos eram originarios de animais Zebus, 7% de ragas nacionais ou
criolas e 88% de ragas européias.

Na Australia, os animais Zebus tém sido utilizados intensamente em
cruzamentos com ragas europeéias, por sua maior resisténcia ao carrapato. As
diferencas de resisténcia entre os B. taurus e os produtos do cruzamento B.
taurus x B. indicus foram demonstradas por Byford et al. (1976), que
observaram, em geral, resisténcia de moderada a alta nos animais oriundos do
cruzamento.

No Brasil, Teodoro et al. (1984) estudaram a resisténcia de touros
mesticos (5/8, 3/4 e 7/8 Taurino x Zebuino) sob infestacdo artificial com
carrapatos e observaram que os animais 5/8 foram mais resistentes ao
carrapato, enquanto os 7/8 apresentaram menor resisténcia. Lemos et al.
(1985), estudando a resisténcia ao carrapato em novilhas de grupos genéticos

com diferentes propor¢cbes de gene zebu, também observaram maior carga



parasitaria e menor resisténcia nos animais com maior porcentagem de genes
europeus.

Kerr et al. (1994) encontraram evidéncias para existéncia de um gene
principal para resisténcia a carrapatos em uma linhagem proveniente do
cruzamento das racas Hereford e Shorthorn. Essa linhagem foi parcialmente
comercializada com o nome de Belmont Adaptaur ou HS e, em condi¢des
genéticas apropriadas, pode conferir até 100% de resisténcia (Frisch, 1999).
Em mais de 30 anos de trabalho, observou-se que cada copia do gene
Adaptaur no DNA dos animais reduziu sequencialmente a contagem dos
carrapatos em 75% e que a frequéncia desse gene na populagao foi de 25%
(Frisch, 1994).

A utilizagdo de cruzamentos visando a combinac¢ao de caracteristicas de
resisténcia ao carrapato e a tolerancia ao calor do B. indicus com a alta
produtividade leiteira e fertilidade do B. taurus foi sugerida por Rendel (1971).
Observando que o gado zebuino (B. indicus) é menos suscetivel ao carrapato,
criadores de bovinos tém realizado manejo reprodutivo buscando um rebanho
mais resistente a esse ectoparasito. A realizacdo de cruzamentos tém
resultado frequentemente em perdas de caracteristicas desejaveis, como a alta
produtividade de leite do gado europeu. Desse modo, um melhor entendimento
da agao génica dos carrapatos sobre os hospedeiros torna-se fundamental na

desestabilizacdo dessa relagao.

1.4. Gendbmica funcional de bovinos

Com a conclusao do projeto de sequenciamento do genoma bovino € a
disponibilidade de tecnologias de elevado processamento, a gendmica
funcional pode agora ser usada para investigar simultaneamente alteragdes na
expressdo de milhares de genes decorrentes de desafios ambientais e
fisiolégicos. Um dos principais objetivos nos estudos em genémica realizados
em mamiferos é caracterizar o padrdo de expressao génica que corresponde a
eventos fisiolégicos importantes relacionados a producdo e a saude dos
animais. Um recurso necessario para atender esse objetivo é obter sequéncias
dos clones que representam a expressdo do mRNA presente em uma célula

ou tecido submetido a determinada circunstancia de estudo. Cada uma dessas
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sequéncias € chamada Etiqueta de Sequéncia Expressa (EST - Expressed
Sequence Tag).

Atualmente, existem inumeros recursos disponiveis para estudo de
genbmica em bovinos, entre eles, o rascunho do genoma bovino, baseado na
cobertura de 7X do genoma (www.hgsc.bcm.tmc.edu/projects/bovine/). Existem
aproximadamente 8.163.902 EST disponiveis de humanos, 4.850.605 de
camundongos, 1.532.429 de suinos, 1.517.143 de bovinos taurinos e apenas
19.458 EST de zebuinos (http://www.ncbi.nIm.nih.gov/
dbEST/dbEST_summary.html). Outra importante fonte de informagdo de EST
pode ser encontrada no Bodymap-Xs (http:/lifesciencedb.jp/bodymap-xs), um
banco de dados que com informagdes de expressdo génica para inumeras
espécies, permitindo realizar comparagdes de expressao para genes ortélogos
e paralogos (Ogasawara et al., 2006).

Um maior numero de informacgdes sobre os transcritos € fundamental
para interpretar resultados de experimentos de gendmica funcional,
especialmente em razdo da escassez de informacdes disponiveis acerca das
sequéncias génicas de zebuinos. Essas ragas dominam o mercado de
producao bovina nas regides tropicais e a geracao de EST provenientes
desses animais € importante para construir ferramentas de estudos genémicos
que possam ser utilizadas na caracterizagdo da diversidade genética entre os
animais de origem taurina e zebuina quanto a saude e produgdo. Diante da
importancia dos animais zebus e mesticos na pecuaria leiteira nacional, €
evidente a necessidade de se aumentar o numero de EST. Este trabalho foi
realizado com o objetivo de gerar informagdes de transcritos expressos na pele
de bovinos F, (Holandés x Gir), avaliados como resistentes e suscetiveis,

submetidos a infestagdo com R. microplus.



OBJETIVOS

Este trabalho teve como objetivo geral analisar os perfis de expressao
génica em bovinos infestados com R. microplus. Os objetivos especificos
constituiram-se em:

1. Comparar a expressao géndmica funcional entre animais resistentes e
suscetiveis;

2. Comparar o perfil de cobertura génica nas EST amostradas nas duas
bibliotecas de cDNA,;

3. Avaliar a expressao génica diferencial entre grupos de animais

resistentes e suscetiveis;
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Construction and characterization of cDNA libraries generated from skin
tissue of F, cattle infested with the tick Riphicephalus (Boophilus)

microplus

C. S. Nascimento®, M. A. Machado®®, S. E. F. Guimardes®, M. F. M.
Guimardes®, J. O. Peixoto”®, J. Furlong®, M. C. A. Prata®, R. S. Verneque®, R.
L.Teodoro®, P. S. Lopes”®

ADepartment of Animal Science, Federal University of Vigosa - UFV, Campus Universitario,
36570-000, Vicosa- MG. Brazil

BEmbrapa - Brazilian Dairy Cattle Research Center, Eugénio do Nascimento, 610, Dom Bosco,
36038-330, Juiz de Fora- MG. Brazil

CCorresponding author. E-mail: machado@cnpgl.embrapa.br

Abstract

Background: Genetic resistance to bovine tick Riphicephalus (Boophilus)
microplus is one of the most important factors to reduce costs related to the
control of this parasite in tropical cattle systems. Tick resistance in cattle is
chiefly associated with zebu (Bos indicus) animals, although it is also present in

some taurine (B. Taurus) breeds.

Results: In order to characterize functional genes involved in tick resistance
/susceptibility in cattle, two cDNA libraries was constructed from skin cattle F»
animals (Holstein x Gyr). The expressed sequence tag (EST) approach was
used to compare transcripts distribution from resistant (res) and susceptible
(sus) animals infested by tick R. microplus. A total of 2,700 high quality
sequences (450 contigs and 889 singletons) from two cDNA libraries were
sequenced and compared with sequences in the GenBank database. Of the
1,292 EST, 790 (61.1%) sequences shared significant similarity with known
sequences in the NCBI non-redundant (nr) protein database, whereas 502
(38.9%) sequences produced no hit and are likely to represent newly described
genes. The protein family and domain analysis revealed that the most
frequently found gene was that of ribosomal protein with 35 and 55 homologous

followed by binding proteins 22 and 14, keratin and collagen 13 and 12, to res
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and sus libraries, respectively. Gene Ontology (GO) analysis was performed to
indicate the possible functions of these genes. Pearson chi-square tests of gene
ontology terms in the 3nd level between res and sus set showed no
significance. However, digital gene expression profiling using the B. taurus

genome showed 54 significant differentialy expressed.

Conclusion: The sequences we have identified in this work are a valuable
resource for future studies on functional genomics using cattle and represent an
important source for genomic sequencing projects, with partial or complete
sequences being made available for over 502 previously unsequenced bovine

genes.

Key words: animal breeding, functional genomics, gene expression
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Background

Riphicephalus (Boophilus) microplus is a cattle ectoparasite found in
tropical and subtropical regions worldwide (Willadsen and Jongejan, 1999). In
Brazil, this tick represents a great problem for cattle industry nation-wide and
the use of acaricides has been the most common control measure against this
ectoparasite. Due to its serious impact on cattle production, there is an urgent
need to understand and to unveil the underlying mechanisms involved in tick
resistance/susceptibility in cattle.

Genetic resistance to the bovine tick is one of the most important factors
to reduce costs related to the control of this parasite in tropical cattle systems.
Differences in domestication and selection processes have contributed to
considerable phenotypic and genotypic differences between Bos taurus taurus
and Bos taurus indicus cattle breeds. In general, Bos indicus animals are more
resistant to parasitic diseases than Bos taurus.Villares (1941) reported high
susceptibility of cattle breeds of European origin to B. microplus in Brazil,
including Holstein and Brown Swiss dairy breeds.

Little is known so far about the genetic mechanisms involved in the
genetic resistance of zebuinos animals to ticks. Genetic resistance can
contribute to decrease the tick population, costs with medications, mortality and
production losses and also to decrease environment pollution and intoxication
of the animal. To identify all regions involved in tick resistance, Martinez et al.
(2006) developed an F; originated from crossing F1 animals (72 Holstein:
Gyr) B. taurus x B. indicus F». An total of 360 F, animals were evaluated to
parasite load in two seasons (rainy and dry) and genome scan were performed
with microsatellite markers a cattered throughout the  whole genome
(unpublished data).

Expressed sequence tags (ESTs) analysis, which survey sequences
contained in cDNA libraries, is a powerful approach for identifying new genes
and profiling gene expression in tissues or cells. Genomic information is
becoming more abundant for many of the species involved, what could be used
to develop new control strategies. To understand the function of skin under
infestation with ticks parasite, an analysis of abundantly expressed genes in the

tissue is needed. To identify these host genes, one strategy is to isolate genes
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that are differentially expressed after tick infestation. The identification of new
genes and host antigens involved in the mechanism of resistance/susceptibility
to the parasite are a promising approach. (Douglas et al., 1999).

In bovine, the epithelium serves as the first line of barrier against
parasites and the innate immune response constitutes the first line of defense
against pathogen invasion. (Gumbiner, 1993). Disturbances in this barrier can
lead to the invasion of microorganisms and pathogenic agents, causing
subsequent desease. So far, few genes related to the nonspecific immunity
have been isolated and characterized in cattle. The innate immune response
plays an important role in protecting cattle against foreign invasion

There is extensive interest in enhancing resistance of dairy cattle to tick
and tick-borne diseases. The screening for immune-relevant functional genes in
cattle is important to identify the molecular mechanism for tick resistance.
Therefore, we conducted this experiment to clone cDNA sequences of skin
expressed genes from F, cattle to test the hypothesis that in addition to
housekeeping genes, the genes involved in resistance/susceptibility mechanism
are abundantly or less expressed in skin tissue, and to study the distribution of

genes abundantly expressed.
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Methods
Animals

The animals used in this study belonged to an F;, population originating from the
crossing of Fy females (50% Gyr: 50% Holstein) with F; sires of the same
genetic composition. All F, animals were raised together on an Embrapa’s
experimental farm located on the State of Rio de Janeiro, Brazil. The climate
corresponds to Cwa of Koppen'’s classification (Koppen and Geiger, 1936) mild,
dry winter and hot summer, with the dry season extending from April to
September (Teodoro and Madalena, 2003). Animals were studied in age
contemporary groups ranging from 10 to 14 months old. To determine tick
resistance, a total of 360 F, animals were artificially infested with approximately
10,000 tick larvae by placing them in the “dorsal-lumbar” region of the animals.
The absolute number of ticks determines the level of resistance of each animal.
The counts of adult female ticks were done 21st day after infestation. Tick
counts ranged from zero to 792 ticks per animal, showing an extreme genetic
variability in the F, population. Animals with extreme breeding values higtest
and lowest for tick resistance/susceptibility in this herd were selected for the
gene expression study. Six tick-resistant and six tick-susceptible F, animals

were selected based on their breeding value for the collection of skin biopsies.

Tissue colleting

Skin samples were collected on day 5 and 12 after artificial infestation. Skin
biopsies were obtained from the lesion area provoked by the ticks in susceptible
animals and from the healthy area of resistant animals. The animals continued
to be monitored until day 21 when semi-engorged females measuring 4.5 to 8.0
mm in diameter were counted. This procedure was used to determine the level

of resistance/susceptibility the selected animals.

RNA Preparation

After tissue colleting, 800 mg of biopsies from each animals was pooled in to

two pools and the extraction of total RNA was perfomed. Total RNA was
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extracted using the RNeasy® Maxi kit (Qiagen, Valencia, CA) according to
manufacturer instructions. The quality of the RNA was monitored by
examination of the 18S and 28S ribosomal RNA bands after electrophoresis
and quantified by spectrophotometry at 260 nm. Poly(A) RNA from skin tissue
was isolated using Oligotex® kit (Qiagen, Hilden, Germany), according to the

manufacturer’s instructions.

Construction of skin cDNA Libraries

Superscript™ Plasmid System with Gateway TM Technology for cDNA
Synthesis and Cloning kit (Invitrogen, Carlsbad, CA, USA) was used for
construction of the two cDNA libraries. Poly (A) RNA obtained from a pool of
equal amounts of RNA from each of two groups was reverse transcribed and
equimolar amounts cDNA of the reverse transcription product was used to
construct the libraries. The cDNA products were then size fractioned by column
chromatography according following the manufacturer’s instructions. Fractions
were collected and molecular weight was monitored by agarose gel
electrophoresis. Fractions greater than 0.3 kb were combined (fractions 7 to 13)
and used for non-normalized skin cDNA libraries construction. The cDNA was
then ligated to restriction enzyme digested pSPORT1 vector resulting in
directional cloning. After the ligation, plasmids were transformed into
Echerichia. coli DH5a Ultracompetent cells (Invitrogen, Carlsbad, CA, USA ).
Colonies resulting from transformation were plated in Agar medium containing
ampicillin. Individual colonies were randomly picked and inoculated into 96-well
microtiter plates containing 200 ul of 2xYT medium and incubated for 16 h at
180 rpm. Each microtiter plate was used into 96 deepwell plates for plasmid
DNA preparation cultures containing 900 ul of 2xYT medium and incubation
took 24 h at 180 rpm (Sambrook and Russel, 2001).

Plasmid DNA Purification

Plasmid DNA purification followed an alkaline lysis procedure developed by
Birnboim and Doly (1979), with some modification to fit a high-throughput
plasmid DNA preparation using 96-well PVDF filter plates (Corning, NY, USA).
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To resulting sobrenadanct, 30 % PEG-8000 in 1.6 M NaCl was added to
achieve a final concentration of 7.5% PEG-8000. Plasmid DNA was allowed to
precipitate from this solution for 24 hr at 4°C. Plasmid DNA was collected by
centrifuging at 10,000 X g for 45 minutes. The pellet containing the plasmid was
resuspended in 30 ul of buffer (10mM Tris, 1 mM EDTA , 150 mM NaCl, pH
8.0). Miniprep product quality control was done in 0.8 % agarose gels to assure
positive clones and to determine size insert. Positive clones where rearrayed
and diluted to appropriate concentrations. Only clones possessing insert size

greather than 0.3 kb were selected for DNA sequencing.

Nucleotide single-pass sequencing

Sequencing reactions were performed with 200 ng of plasmid DNA template
prepared in a 96-well microplates using DYEnamic ET dye terminator Kkit
(Amersham Pharmacia Biotech, Piscataway, NJ) with M13 Reverse Primer or
M13 Forward Primer, followed by sequencing reaction clean up to remove
residual dye and enzyme. Unidirectional single-pass sequencing was performed

on a MegaBACE 1000 capillary sequencer (GE Healthcare, Germany).

Quality assessment and feature editing of ESTs sequences

To verify the quality of the EST sequences and identify common features before
clustering, the raw traces were processed for submission using the trace2dbest
(Parkinson et al, 2004) and submitted to dbEST database (NCBI). ESTs
sequences were extracted from the raw data then rigorously screened with
default parameters to remove contaminating vector (minimatch 12, penalty -2,
minscore 20), poly-A/T tails (8), primers e adaptor sequences. Contaminating
bacterial sequences were masked using software Cross-Match (Green, 1999),
and eliminating any sequence of low-quality regions at both ends using the trim
option in the Phred with a cutoff of 20 (equivalent to 0.05 of sequencing error)
(Ewing et al., 1998). The comparison quality was set greater than 80% identity
over at least a 150-bp fragment acceptable after trimming were subject to

further analysis.
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Clustering and contig assembly

The ESTs were clustered and assembled into contigs using CAP3 (Contig
Assembling Program 3) (Huang and Madan, 1999) set to default parameters.
ESTs that did not form contigs designated singlets. Collectively, the resultant

contigs and singlets are referred to as unique sequences.

Sequence similarity searches

The trimmed sequences then undergo a standalone Blast against
nonredundanct databases (nucleotide and protein databases) from NCBI
GenBank using BlastN and BlastX algorithms (Altschul et al., 1990). GenBank
databases currently used are available at ftp://ftp.ncbi.nih.gov/blast/db/ using an
E-value of 1e-05. After analysis, a putative product was assigned to the results

from the similarity search to homologous genes and proteins.
Gene ontology analysis and functional profile

Assignments to the Gene Ontology (GO) database were performed using
Blast2GO  program (Conesa et al, 2005). The GO terms
(http://www.geneontology.org) to the resulting contigs and singlets were
automatically assigned against curated InterPro database. Frequency of each
functional category was then summarized and reported in a pie chart format at
an expect value of 10° and cutoff 80 to similarity. To assess the statistical
significance of terms, we used FatiGO (Al-Shahrour et al., 2004) to extract GO

categories over-or-under represented.
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Results
cDNA libraries and EST sequence quality analysis

Two independent bovine skin cDNA libraries from resistant and susceptible
animal's tissues were sequenced to generate EST datasets. Single-pass
sequencing was performed from 5'-end of 3,563 cDNA and 3’end of 507 clones
randomly picked from the two nonnormalized cDNA libraries. The efficiency and
reproducibility of our protocols were corroborated by comparing two sets of
ESTs for the res and sus cDNA libraries performed at same time. Of 4,245 total
clones, 175 sequences were excluded due to low sequencing quality and after
vector sequence trimming. Thus, finally 4,070 ESTs with high quality sequences
were used for computational analysis, 1,885 from the resistant and 2,185 from
the susceptible cDNA libraries. A summary with the statistic of ESTs can be

visualized in the Table 1.

Table 1: Statistic summary of ESTs from two cDNA libraries

Libraries
Resistance Susceptible
Sequencing analysis (res) (sus) Total
Category number of sequences and percentage (%)
ESTs sequenced 3'-279 (18.8)  3'-228 (10.4) 507 (12.5)
5'-1,606 (85.2) 5'-1,957 (89.6) 3,563 (87.5)
subtotal 1,885 (46.3) 2,185 (53.7) 4,070
Clusterization and assembly
Hight quality ESTs 1,235 (45.7) 1,465 (54.3) 2,700 (66.3)
Unique sequences 738 (55.1) 601 (44.9) 1,339
contigs 226 (30.6) 223 (37.1) 450 (33.6)
singletons 512 (69.4) 366 (62.9) 889 (66.4)
Mean unique sequence lenght
(nt) 471,3 424 1 4477

Clustering and contig assembly

The ESTs that passed through the above quality check procedures were
considered high quality ESTs. These sequences from both resistance and

susceptible libraries were assembled to form contigs using CAP3 with default
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parameters. ESTs that did not form contigs were designated singlets.
Collectively, the resultant contigs and singlets were referred to as unique
sequences.

After pre-processing, 1,885 clones from the res dataset have yielding
1,235 acceptable sequences (65.55 % of the sequenced clones ). For the sus
library, 2,185 clones have been sequenced, producing 1,465 acceptable ESTs
(67.00 % of the original total). Higher quality ESTs sequences were deposited
at the GenBank dbEST database (Boguski et al., 1993), jointly with their Blast-
based preliminary annotation. The accession numbers assigned to them were
GO0578626 to GO581239 and dbEST-Id 64942695 to 64945308. Low quality
sequences, including short sequences (less than 150-bp) were considered
uninformative and were eliminated from the analysis. A total of 738 unique
sequences were obtained from the res and 601 from the sus cDNA libraries.
The combined set of contigs and singletons from the two libraries, resulted in
1,339 unique sequences 450 (33.6%) contigs and 889 (66.4%) singletons,
respectively with an average size of 471,3 and 424,1 nucleotides to res and sus

libraries, respectively (Table 1).

Sequence similarity searches

Each unique sequence was subjected to BlastN and BlastX algoritms searches
against the nucleotides and protein non-redundanct (nr) Genbank databases at
the National Center for Biotechnology Information (NCBI, Bethesda, MD) for the

identification of putative homologies to known genes and proteins.

BlastN homologous searches: The unique sequences from the 1,339 unique
sequences were aligned against nr nucleotide database. The sequences
alignment and filtered using BlastN searches (E < 0.00001 and similarity > 80%)
to eliminate putative match to cloning vector and E.coli sequences. The
alignment resulted in 1,292 unique clean sequences. Thirty six unique
sequences produced alignments with vector sequence and two was hits to E.

coli sequences on library res. Nine sequences on library sus that showed to be
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a contamination vector sequences were removed. Statistics of blast analysis
are shown in Table 2. These unique sequences, based on their matches to
expression vector sequences and E. coli were not further considered (Table 2
S1.xlIsx).

Table 2. Statistic summary of BlastN vs Non-redundant nucleotide
database (nr) >80%

Number of sequences and percentage (%)

Libraries res sus Total
No. of unique

sequences 738 601 1,339
No. of contaminants 38 9 47
Unigue clean

sequences 700 592 1,292
No. of no hits 303 (72.8) 113 (27.2) 416 (32.2)
Hits to known gene 397 (45.3) 479 (54.7) 876 (67.8)
Hits to bovine gene 267 (72) 104 (28) 371 (42.3)

Based on the comparison against non-redundant nucleotide database, we were
able to assign a putative identity to 876 unique sequences matching the known
genes of various organisms and 371 matched sequences bovine gene (Table
2). From the total of the unique clean sequences, 416 showed no match to any

nucleotide sequences in dataset.

BlastX homologous searches: Putative functions of the unique sequences were
discovered using BlastX to translate each nucleotide query sequence into all
reading frames and then searching for matches in the NCBI non-redundant
database. BlastX hits that did not meet the following minimum requirements
were removed: (i) sequence similarity >80% and Evalue <0.00001. Table 3
summarize the statistics of BlastX hits on nr protein database. Based on this
comparison we were able to make an estimation of the number of proteins
represented by the 1,292 unique sequences (contigs and singletons). Analysis
of the positive BlastX on nr protein database revealed 790 hits to known
proteins. It indicated that 61.1% of unique sequences contained inserts of
known genes. From this, 495 (62.6%) and 295 (37.3%) unique sequences had

match to homologous proteins on res and sus libraries, respectively. Among
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them 129 queries exactly matched the sequences of bovine genes on the
database (Table 3 S1 and Table 3 S2). From the total of match to known
proteins, 129 queries matched known bovine protein and 661 shared high
similarities with genes of other species such as human, pig, horse and mouse

(data no shown).

Table 3. Summary of BlastX analysis of unique sequences from two skin cDNA libraries on
non-redundant protein database >80%.

No. of hits with

No. of unique No. of no hits (%) known protein

sequences

No. of hits with
protein bovine (%)

Libraries (%)
res 700 255 (50.8) 495 (62.6) 51 (10.3)
sus 592 247 (49.2) 295 (37.3) 78 (26.5)
Total 1,292 502 (38.9) 790 (61.1%) 129 (16.3)

The hits to known protein were clusterized into more abundant categories
classes based on BlastX blasts results with associated predicted or known
functions. The partial clusterization results are shown on Table 4 (res) and
Table 5 (sus). Assignment of homologous proteins by BlastX revealed 60
sequences with hits to hypothetical proteins on res (n=50) and sus (n=10)
libraries. The most frequently found genes were ribosomals proteins with 35
and 55 match to res and sus libraries, respectively, followed by binding proteins
22 and 14; structure cells proteins like keratin and collagen showed 13 and 12
hits. Others sequences showed hits with immune response genes. On the res
(n=3) library, homologous proteins showed matchs to interferon regulatory
factor 3 (Contig 2), cathepsin L2 precursor (Bs Res _03G10_rc), MHC class
antigen | (Contig 200). From the sus (n=8) dataset, TIMP metallopeptidase
inhibitor 2 (Bs_Sus_26A07), CD44 antigen (Contig 7), CD63 antigen
(Bs_Sus_18E06) and neutrophil beta-defensin 12 (Bs_Sus_19A09).
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Table 4. Partial list of putative proteins clusterized by more abundant class on res library from BlastX analysis (nr).

Clone ID Clone Length (pb) Evalue Frame Acession Protein Match
Hypothetical protein
Contig39 639 6,00E-57 3 XP_537826.2 PREDICTED: hypothetical protein
Contig95 527 3,00E-26 1 NP_519204.1 hypothetical protein RSc1083
Contig110 663 2,00E-07 2 NP_287959.1 hypothetical protein 26021
Contig115 475 8,00E-25 -2 YP_257828.1 hypothetical protein PFL_0686
Contig130 576 4,00E-25 1 YP_274711.1 hypothetical protein PSPPH_2515
Contig136 578 5,00E-16 -1 NP_888639.1 hypothetical protein BB2096
Contig154 592 2,00E-89 2 XP_876960.1 PREDICTED: hypothetical protein
Contig156 472 7,00E-55 -2 NP_249572 .1 hypothetical protein PA0881
Contig160 638 1,00E-113 -3 YP_258417.1 hypothetical protein PFL_1288
Contig167 602 2,00E-64 -1 YP_234884.1 hypothetical protein Psyr_1799
Contig179 355 2,00E-06 3 NP_973292.1 hypothetical protein TDE2694
Contig182 568 1,00E-17 -2 YP_335576.1 hypothetical protein BURPS1710b_A0417
Contig187 847 5,00E-57 1 YP_262488.1 hypothetical protein PFL_5420
Contig194 582 2,00E-08 -2 YP_276105.1 hypothetical protein PSPPH_3970
Bs Res 03DO03 rc 470 6,00E-27 3 YP_373045.1 hypothetical protein Bcep18194 B2290
Bs_Res 05H06 rc 427 4,00E-57 2 NP_001094725.1 hypothetical protein LOC616332
Bs_Res_06A07_rc 437 6,00E-15 -1 XP_598312.2 PREDICTED: hypothetical protein
Bs Res 06B09 rc 190 6,00E-14 3 YP_001019219.1 hypothetical protein Mpe_A0022
Bs_Res 00B11 634 2,00E-50 1 NP_780633.1 hypothetical protein LOC109314
Bs Res 01F08 448 2,00E-15 2 embCAD98105.1 hypothetical protein
Bs Res 04B11 585 2,00E-80 1 NP_001074179.1 hypothetical protein LOC242286
Bs_Res 04E11 661 2,00E-87 1 XP_544741.2 PREDICTED: hypothetical protein
Bs_Res_87D06 657 1,00E-115 -1 YP_258382.1 hypothetical protein PFL_1251
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Table 4. Partial list of putative proteins clusterized by more abundant class on res library from BlastX analysis (nr). Cont.

Clone ID Clone Length (pb) Evalue Frame Acession No. Protein Match

Hypothetical protein

Bs Res_88B02 609 1,00E-45 1 YP_257297.1 hypothetical protein PFL_0150
Bs Res 88HO05 268 6,00E-23 3 YP_159140.1 hypothetical protein ebA3751
Bs Res 89G09 492 3,00E-69 3 YP_261732.1 hypothetical protein PFL_4648
Bs Res 90A12 422 5,00E-66 2 YP_262194.1 hypothetical protein PFL_5115
Bs_Res 91D06 161 8,00E-11 3 NP_886811.1 hypothetical protein BB0262

Bs Res 92B11 538 2,00E-61 1 YP_261357.1 hypothetical protein PFL_4265
Bs Res 92F03 538 1,00E-51 -3 YP_261753.1 hypothetical protein PFL_4670
Bs Res 93A12 296 9,00E-21 -3 YP_772603.1 hypothetical protein Bamb_0710
Bs_Res_93B05 429 3,00E-16 -1 YP_257828.1 hypothetical protein PFL_0686
Bs Res 93E05 524 1,00E-18 -3 YP_260889.1 hypothetical protein PFL_3788
Bs Res 93E07 342 3,00E-13 1 pirB34087 hypothetical protein (L1H 3'

Bs Res 93F05 380 3,00E-12 1 NP_879266.1 hypothetical protein BP0397

Bs Res 94A03 446 5,00E-70 3 YP_345931.1 hypothetical protein PflO1_0198
Bs Res 94C09 358 6,00E-19 2 YP_361714.1 hypothetical protein XCVd0155
Bs Res 94H03 362 7,00E-31 2 YP_350622.1 hypothetical protein PflO1_4894
Bs_Res_95D07 574 1,00E-19 2 NP_644612.1 hypothetical protein XAC4318
Bs Res 95E04 582 5,00E-44 3 YP_234385.1 hypothetical protein Psyr_1296
Bs Res 95G09 540 2,00E-06 -3 YP_001269054.1 hypothetical protein Pput_3746
Bs_Res 95H01 433 6,00E-22 1 NP_774381.1 hypothetical protein blr7741

Bs Res 95H04 635 4,00E-71 -3 YP_262216.1 hypothetical protein PFL_5137
Bs_Res_96B01 321 4,00E-48 1 YP_346328.1 hypothetical protein PlO1_0595
Bs Res 96E07 365 3,00E-56 -2 YP_258417.1 hypothetical protein PFL_1288
Bs_Res_96G10 519 2,00E-62 -2 gbEAZ57512.1 conserved hypothetical protein
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Table 4. Partial list of putative proteins clusterized by more abundant class on res library from BlastX analysis (nr). Cont.

Clone Length

Clone ID (pb) Evalue Frame Acession Protein Match
Hypothetical protein
Bs_Res_96H08 176 2,00E-14 -2 NP_881713.1 hypothetical protein BP3148
Bs_Res_96H12 586 5,00E-56 -3 YP_350028.1 hypothetical protein PflO1_4300
Bs Res 97E06 304 6,00E-27 -2 NP_743702.1 hypothetical protein PP_1545
Bs_Res_97E07 444 9,00E-10 2 YP_350173.1 hypothetical protein PflO1_4445
Ribosomal protein
Contig4 487 4,00E-73 -2 gbAAX29364.1 ribosomal protein L27
Contig6 543 1,00E-79 -3 NP_035426.1 ribosomal protein S18
Contig8 661 1,00E-110 -3 NP_001070466.1 ribosomal protein L13a
Contig22 432 2,00E-66 -3 NP_000984.1 ribosomal protein L31 isoform
Contig34 937 1,00E-149 -2 NP_000997 .1 ribosomal protein S3a
Contig37 342 8,00E-28 -2 gbAAX36170.1 ribosomal protein S29
Contig41 491 9,00E-62 -2 gbAAX29203.1 ribosomal protein S20
Contig57 574 9,00E-59 -3 NP_000994 .1 ribosomal protein P1 isoform isoform
Contig80 455 5,00E-62 1 gbAAX43757 1 ribosomal protein S26
Contig96 486 2,00E-78 3 NP_001019712.1 ribosomal protein S15
Contig141 626 1,00E-101 1 gbAAX43400.1 ribosomal protein S5
Contig151 500 7,00E-58 3 NP_001026926.1 ribosomal protein L6
Contig158 248 3,00E-12 -1 XP_534560.2 similar 60S 60S
Contig176 345 1,00E-23 3 gbAAX43773.1 ribosomal protein L39
Contig185 798 1,00E-125 -3 NP_001038008.1 ribosomal protein L10
Contig188 396 2,00E-44 2 XP_590901.1 similar to yeast yeast
Contig196 536 5,00E-81 3 gbAAX43292.1 ribosomal protein S14
Contig212 545 3,00E-39 -1 NP_001076869.1 mitochondrial ribosomal protein

24



Table 4. Partial list of putative proteins clusterized by more abundant class on res library from BlastX analysis (nr). Cont.

Clone Length

Clone ID (pb) Evalue Frame Acession Protein Match
Ribosomal protein
Bs Res 03C04 rc 450 5,00E-59 -2 NP_001020492.1 ribosomal protein L35a
Bs_Res_00A02 256 7,00E-18 1 XP_537399.1 similar to 40S 40S
Bs_Res 00C06 438 2,00E-51 -1 NP_001005084.1 ribosomal protein S25

Bs Res 01E11 259 9,00E-26 2 gbAAS55896.1 40S ribosomal protein S28 S28
Bs Res 01F02 333 2,00E-49 1 gbAAX29338.1 ribosomal protein L8
Bs_Res_04F02 603 2,00E-90 1 XP_537583.2 similar to 40S

Bs_Res 87C06 653 1,00E-118 2 NP_777140.1 ribosomal protein L3

Bs Res 87E02 300 4,00E-32 1 gbAAX43793.1 ribosomal protein L38

Bs Res 87F03 291 2,00E-14 2 XP_922073.1 similar to ribosomal protein ribosomal
Bs_Res_88B04 429 1,00E-61 1 NP_001029667.1 ribosomal protein L35

Bs_Res 89C05 527 7,00E-83 2 NP_001003.1 ribosomal protein S8

Bs Res 89F07 662 1,00E-106 1 gbAAX29348.1 ribosomal protein S9

Bs_Res 92A02 562 4,00E-97 2 XP_231785.2 similar to 60S

Bs Res 95B12 423 3,00E-60 -2 gbAAX37110.1 ribosomal protein L34

Bs Res 95D12 401 5,00E-46 -2 dbjBAE75962.1 ribosomal protein L7

Bs Res 95H03 326 2,00E-32 -1 gbAAH03518.1 Similar to ribosomal protein

Bs Res 98D12 577 6,00E-98 3 gbAAX29834.1 ribosomal protein L11

Binding protein

Contig12 482 4,00E-52 -1 NP_777021.1 S100 calcium binding protein
Contig13 561 1,00E-53 -2 NP_777020.1 S100 calcium-binding protein A4
Contig30 461 4,00E-15 3 gbAAV38972.1 insulin-like growth factor binding
Contig71 520 3,00E-45 1 NP_777076.1 S100 calcium binding protein
Contig89 554 4,00E-74 -1 NP_001008670.1 cellular retinoic acid binding
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Table 4. Partial list of putative proteins clusterized by more abundant class on res library from BlastX analysis (nr). Cont.

Clone ID Clone Length (pb) Evalue Frame Acession No. Protein Match
Binding protein
Contig119 636 2,00E-70 3 YP_257343.1 cyclic nucleotide-binding protein
Contig131 595 1,00E-08 2 NP_881653.1 putative transport protein ATP-binding
Contig152 347 1,00E-20 -3 YP_348034.1 periplasmic binding protein/Lacl
Contig166 503 1,00E-43 1 XP_581277.2 similar to odorant
Contig172 391 2,00E-46 2 NP_001107197 .1 S100 calcium binding protein
Contig190 441 6,00E-06 -1 gbAAP94989.1 salivary androgen-binding protein beta
Bs_Res 03F04_rc 439 3,00E-09 -3 gbAAT85299.1 glycine-rich RNA-binding protein,
Bs_Res 01A09 356 3,00E-40 1 NP_071528.1 histidine triad nucleotide binding
Bs_Res_01F06 545 7,00E-73 2 NP_776740.1 fatty acid binding protein
Bs_Res 87C09 657 1,00E-114 1 NP_886542.1 putative extracellular solute-binding
Bs_Res_89D02 607 1,00E-106 3 NP_001032906.1 RAN binding protein 6
Bs_Res 90D12 311 4,00E-10 1 YP_523095.1 extracellular ligand-binding receptor
Bs_Res_92H06 217 1,00E-26 -3 YP_258203.1 GTP-binding protein Era
Bs_Res_93A01 590 1,00E-43 2 YP_236842.1 GAF:ATP-binding region,
Bs_Res 93B12 490 2,00E-53 -1 NP_776739.1 fatty acid binding protein
Bs_Res 95B06 247 1,00E-11 -1 YP_261563.1 DNA-binding response regulator
Bs_Res 96B02 467 5,00E-38 2 NP_252362.1 ABC transporter ATP-binding protein
Keratin/collagen
Contig18 977 1,00E-93 -1 NP_001008663.1 keratin 5 (epidermolysis bullosa
Contig47 1065 1,00E-108 2 NP_776802.1 keratin 10
Contig59 613 4,00E-65 2 NP_001003392.1 keratin 1
Contig65 882 1,00E-104 2 gbAAP36646.1 Homo sapiens keratin 14
Contig124 628 1,00E-102 3 XP_543647.2 similar to keratin
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Table 4. Partial list of putative proteins clusterized by more abundant class on res library from BlastX analysis (nr). Cont.

Clone Length

Clone ID (pb) Evalue Frame Acession Protein Match
Keratin/collagen
Contig216 615 5,00E-66 1 spP04264K2C1 Keratin, type Il cytoskeletal
Contig225 498 1,00E-16 2 spO77727K1C15  Keratin, type | cytoskeletal
Bs_Res_02B12 646 8,00E-91 3 XP_523648.1 keratin 35
Bs_Res_89G01 581 2,00E-44 2 NP_000414.2 keratin 2
Bs_Res_94A01 315 1,00E-34 3 XP_548101.2 similar to Keratin,
Contig11 1113 1,00E-160 1 NP_001029211.1  collagen, type |, alpha
Contig67 1376 0.0 3 NP_000081.1 collagen type lll alpha
Bs Res 05G03 rc 346 2,00E-23 -3 NP_001029211.1  collagen, type |, alpha
Unmamed protein/unknown
Contig168 479 5,00E-66 1 dbjBAC25377.1 unnamed protein product
Contig217 317 4,00E-07 -1 dbjBAB29079.1 unnamed protein product
Bs_Res 01H02 209 4,00E-19 1 dbjBAE38285.1 unnamed protein product
Bs_Res_89H06 627 5,00E-15 -2 dbjBAC30170.1 unnamed protein product
Contig28 461 7,00E-37 2 gbAAC25388.1 unknown
Contig140 644 4,00E-37 2 gbAAC09350.1 unknown
Bs_Res_88A01 331 1,00E-06 3 gbAAG22475.1 unknown
Bs_Res_89G07 433 5,00E-13 -2 gbAAK16226.1 unknown
Immune response
Contig2 327 6,00E-20 -3 gbAAZ38325.1 interferon regulatory factor 3
Bs Res 03G10_rc 595 1,00E-100 -2 spQ5E998CATL2  Cathepsin L2 precursor
Contig200 1136 1,00E-144 -2 gbAA091983.1 MHC class | antigen
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Table 5. Partial list of putative proteins clusterized by more abundant class on sus library from BlastX analysis (nr).

Clone ID Clone Length Evalue Frame Acession No. Protein Match
ribosomal protein n=55

Contig1 554 3,00E-78 -2 NP_001019712.1 ribosomal protein S15

Contighs 585 9,00E-59 -1 NP_000994 .1 ribosomal protein P1 isoform 1
Contig12 607 3,00E-48 3 NP_001020492.1 ribosomal protein L35a
Contig35 581 3,00E-84 -3 NP_001019642.1 ribosomal protein L27a
Contig37 209 2,00E-19 3 NP_001026926.1 ribosomal protein L6

Contig43 554 5,00E-87 3 gbAAX29372.1 ribosomal protein S11

Contig55 488 3,00E-36 2 gbAAH17386.1AAH17386 ribosomal protein S19

Contig58 339 1,00E-07 2 NP_001070466.1 ribosomal protein L13a
Contig62 316 1,00E-30 -2 gbAAX43326.1 ribosomal protein S13

Contig65 687 5,00E-81 2 NP_001014862.1 ribosomal protein L29

Contig79 463 8,00E-25 -1 gbAAS55896.1 40S ribosomal protein S28
Contig82 752 1,00E-104 1 gbAAI02075.1 Ribosomal protein, large, PO
Contig86 677 2,00E-99 -2 NP_001030383.1 ribosomal protein L5

Contig89 324 2,00E-36 -3 gbAAX29203.1 ribosomal protein S20

Contig90 259 5,00E-17 -1 spP51417RL15_CHICK 60S ribosomal protein L15 (L10)
Contig96 713 1,00E-106 1 NP_001038008.1 ribosomal protein L10

Contig99 583 5,00E-71 2 gbAAX36164.1 ribosomal protein L32
Contig101 523 1,00E-59 -2 gbAAX43301.1 ribosomal protein L30
Contig102 322 3,00E-32 2 XP_542250.2 PREDICTED: similar to ribosomal
Contig105 662 2,00 E-100 3 NP_000998.1 ribosomal protein S4, X-linked X
Contig107 562 2,00E-75 -3 NP_001070466.1 ribosomal protein L13a
Contig115 606 2,00E-82 1 XP_868296.1 PREDICTED: similar to ribosomal
Contig117 324 1,00E-27 1 gbAAH59443.1 Ribosomal protein S5
Contig127 467 4,00E-31 1 gbAAH03518.1AAH03518 Similar to ribosomal protein L23

28



Table 5. Partial list of putative proteins clusterized by more abundant class on sus library from BlastX analysis (nr) (Cont.)

Clone ID Clone Length Evalue Frame Acession No. Protein Match

binding protein n=55

Contig134 529 8,00E-58 1 XP_231785.2 PREDICTED: similar to 60S ribosomal
Contig140 355 1,00E-28 3 gbAAX36170.1 ribosomal protein S29

Contig145 453 8,00E-64 2 NP_000984.1 ribosomal protein L31 isoform 1
Contig147 212 2,00E-09 1 XP_510169.1 PREDICTED: similar to ribosomal
Contig148 549 4,00E-82 -1 XP_533657.2 PREDICTED: similar to ribosomal
Contig152 528 2,00E-67 3 spP26452.4RSSA_BOVIN 40S ribosomal protein SA
Contig153 263 6,00E-22 1 gbAAWS82138.1 ubiquitin-like/S30 ribosomal fusion
Contig156 595 5,00E-82 -1 NP_035426.1 ribosomal protein S18

Contig157 704 1,00E-112 3 NP_001070466.1 ribosomal protein L13a

Contig161 513 1,00E-62 -3 XP_520251.1 PREDICTED: similar to ribosomal
Contig164 742 1,00E-122 3 NP_001035610.1 ribosomal protein L7a

Contig173 434 4,00E-32 3 gbAAX43793.1 ribosomal protein L38

Contig179 510 3,00E-57 3 NP_001026926.1 ribosomal protein L6

Contig181 734 1,00E-103 -2 gbAAX29111.1 ribosomal protein S7

Contig186 737 1,00E-98 -2 NP_001019640.2 ribosomal protein L9

Contig188 660 1,00E-77 2 NP_001016.1 ribosomal protein S23

Contig196 516 1,00E-70 -2 NP_001007.2 ribosomal protein S12

Contig207 463 6,00E-59 1 gbAAK95209.1AF402835_1 40S ribosomal protein S26-2
Contig214 247 2,00E-14 -3 XP_208281.1 PREDICTED: similar to ribosomal
Contig218 523 3,00E-57 3 gbAAK31162.1 ubiquitin A-52 residue ribosomal protein
Bs Sus_10HO1 288 2,00E-36 -3 NP_777213.1 ribosomal protein P2
Bs_Sus_13E04 525 1,00E-66 3 gbAAX29348.1 ribosomal protein S9

Bs Sus_16F12 456 3,00E-73 3 NP_073163.1 ribosomal protein S14
Bs_Sus_18F09 291 6,00E-27 2 NP_001030580.1 ribosomal protein L28
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Table 5. Partial list of putative proteins clusterized by more abundant class on sus library from BlastX analysis (nr) (Cont.)

Clone
Clone ID Length Evalue Frame Acession No. Protein Match
binding protein n=55
Bs_Sus_21E04 274 8,00E-22 2 XP_863240.1 PREDICTED: similar to ribosomal
Bs_Sus_23B09 441 2,00E-51 1 NP_062621.2 ribosomal protein L21
Bs_Sus 23H03 458 3,00E-60 1 gbAAI02075.1 Ribosomal protein, large, PO
Bs Sus_26F05 547 5,00E-68 2 NP_075238.1 ribosomal protein L14
Bs Sus 29H12 469 2,00E-52 3 gbAAX29866.1 ribosomal protein S12
Bs Sus 30B03 426 2,00E-54 2 XP_851596.1 PREDICTED: similar to ribosomal
Bs Sus 30D07 435 3,00E-60 3 NP 001029846.1 ribosomal protein L14
binding protein n=14
Contig24 443 2,00E-46 -3 NP_001107197.1 S100 calcium binding protein A8
Contig67 340 3,00E-20 -2 NP_777076.1 S100 calcium binding protein A12
Contig69 821 3,00E-97 3 XP_581277.2 PREDICTED: similar to odorant binding
Contig113 860 6,00E-38 -3 XP_581277.2 PREDICTED: similar to odorant binding
Contig171 513 6,00E-49 3 NP_001029539.1 S100 calcium binding protein A2
Contig198 432 9,00E-53 1 NP_777020.1 S100 calcium-binding protein A4
Bs Sus_09A01 694 1,00E-115 2 NP_776993.1 poly(A) binding protein, cytoplasmic 1
Bs_Sus_13C04 628 4,00E-62 1 NP_001095828.1 pirin (iron-binding nuclear
Bs Sus_13G05 508 2,00E-09 3 NP_001093934.1 androgen binding protein beta
Bs_Sus_16A05 424 2,00E-54 2 XP_857871.1 PREDICTED: similar to Poly(rC)-binding
Bs Sus 22E02 491 1,00E-14 3 gbAAP44465.1 salivary androgen-binding protein beta
Bs Sus 24D03 234 5,00E-09 3 gbAAB28336.1 retinol-binding protein; RBP
Bs Sus_26A11 500 2,00E-77 2 NP_001106714.1 coronin, actin binding protein, 1B
Bs Sus 26E09 290 2,00E-21 1 ghAAP97261.1AF136171_1 heparin-binding protein HBp15
keratin/collagen n=12
Contig44 441 2,00E-50 2 XP_580946.1 PREDICTED: similar to keratinocyte
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Table 5. Partial list of putative proteins clusterized by more abundant class on sus library from BlastX analysis (nr) (Cont.)

Clone ID Clone Length Evalue Frame Acession No. Protein Match

keratin/collagen n=12

Contig103 384 1,00E-14 1 XP_580946.1 PREDICTED: similar to keratinocyte
Contig138 784 4,00E-23 -3 gbAAD05191.1 type Il keratin subunit protein
Contig162 345 6,00E-19 -1 spA1L595.1K1C17_BOVIN Keratin, type | cytoskeletal
Contig197 409 7,00E-34 3 gbAAR89460.1 keratin-associated protein 16.3
Contig201 652 1,00E-38 -3 NP_776802.1 keratin 10

Contig203 589 1,00E-08 2 spP04261K2C3_BOVIN Keratin, type Il cytoskeletal 60
Contig222 572 1,00E-77 2 NP_776802.1 keratin 10

Bs_Sus_11H05 502 1,00E-66 1 XP_548101.2 PREDICTED: similar to Keratin, type |
Bs Sus_19A03 661 4,00E-35 2 NP_001032911.1 keratin associated protein 5-5
Bs_Sus_27B12 419 4,00E-50 1 NP_001003392.1 keratin 1

Bs_Sus_29B10 423 7,00E-08 1 XP_543641.2 PREDICTED: similar to keratin 6L
hyphotetical protein n=10

Contig68 661 2,00E-41 3  XP_875921.1 PREDICTED: hypothetical protein
Contig74 591 5,00E-12 3 XP_601599.2 PREDICTED: hypothetical protein
Contig136 205 3,00E-08 2 NP_001016640.1 hypothetical protein LOC549394
Contig190 338 3,00E-07 3 gbAAO52805.1 hypothetical protein

Contig195 675 2,00E-12 2 XP_660558.1 hypothetical protein AN2954.2
Bs_Sus_14B12 608 2,00E-41 3  XP_414732.1 PREDICTED: hypothetical protein
Bs_Sus_23B02 240 2,00E-32 1 XP_609413.1 PREDICTED: hypothetical protein
Bs_Sus_23F10 510 5,00E-61 1 embCAD97677.1 hypothetical protein
Bs_Sus_24E07 546 6,00E-90 3  XP_876960.1 PREDICTED: hypothetical protein
Bs Sus 31B01 446 3,00E-09 2 dbjBAB64457.1 hypothetical protein

Immune reponse n=8

Bs_Sus 25D08 688 1,00E-88 2 NP_777056.1 ADAM metallopeptidase
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Table 5. Partial list of putative proteins clusterized by more abundant class on sus library from BlastX analysis (nr) Cont.

Clone
Clone ID Length Evalue Frame Acession No. Protein Match
Immune reponse n=8
Bs_Sus_26A07 489 1,00E-61 3 NP_776897.2 TIMP metallopeptidase inhibitor 2
1,00E-
Contig7 917 131 -1 NP_776438.1 CD44 antigen
Bs Sus 09H02 507 5,00E-43 2 NP_777073.1 male-enhanced antigen
Bs_Sus_18E06 651 1,00E-98 3 spQIXSK2CD63_BOVIN CD63 antigen
Contig128 433 2,00E-33 3 XP_873295.1 PREDICTED: similar to beta-defensin 2
Bs Sus_19A09 482 5,00E-30 1 gbAAD43032.1 neutrophil beta-defensin 12
Bs Sus 28B03 515 5,00E-51 2 embCAA70406.1 MHC class | molecule
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Significant hits on the nr database were followed up with protein function
searches in the Swissprot database, which provides value-added information
reports for protein functions. Roughly, we found 300 (23.2%) hits to homologous
proteins with similarity > 80%, whereas 992 (76.9%) have no putative
identification or showed similarity < 80% and 121 (40.3%) of the hits represent
bovine proteins. The Table 6 summarizes BlastX analysis to putative proteins
against Swissprot database.

Table 6: Statistic summary of BlastX vs Uniprot-Swissprot protein database >80% (%)

No. of No. of no No. of hits No. of hits No. of hits
Libraries unique hits with known with known bovine full
sequences protein bovine proteins

res 700 561 (56.6) 139 (46.3) 52 (43.7) 46 (45.1)
sus 592 431 (43.4) 161(53.7) 69 (56.3) 56 (54.9)
Total 1,292 992 (76.9) 300(23.2) 121 (40.3) 102 (84.3)

One particularly important criterion to determine the quality of a cDNA
library is the percentage of the clones with full length sequences. So, we
analyzed the similarity of these full ESTs with match to bovine homologous
proteins. The range of insert sizes (150 to 1,600 bp) suggested that the libraries
contained some fraction of full-length cDNAs. The Figure 1 shows the
distribution of the number of sequences by length to the BlastX hits against

Swissprot protein database.
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Figure 1. Distribution of the number of sequences by length to the BlastX hits
against Swissprot protein database to resistance and susceptible
datasets.

From the total of 300 hits to homologous proteins 102 was annotated on
Swissprot database as full sequences proteins. The res dataset had contributed
with 45.1 % total of number of hits and sus with 54.9%.

Gene Ontology analysis and functional profile

The automatic procedure by Blast2GO assigned GO terms and the
sequences were categorized in terms of their gene ontology terms at the level
3-rd annotation Al-Shahrour et al. (2004). Subsets of the unique sequences
were annotated with the GO terms. The GO database was used to identify the
biological process (P), cellular process (C) and molecular function (F) of the
putative homologous proteins found on the cDNA libraries. Figure 2 shows the
GO terms distribution. The two most representative ontology’s terms were
biological process and molecular function to both libraries. We annotated 1,175
successfully GO terms at a mean level 621 from to res datasets (Figure 2.A)
and 554 sus datasets (Figure 2.B).
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Figure 2. GO level distribution bar chart for skin cDNA libraries.
GO terms allowed to assign 621 annotations to res (A) library, mean level = 4.47,

standard deviation = 1.372 and 554 annotations to sus (B) library, mean level =
4.13, standard deviation = 1.302.

We examined the assigned biological process to determine differences in
the distribution of these processes among the libraries. From the total of 60
sequences mapped on biological process, two major of annotations on res
library were involved in macromolecule metabolic process (n=41), followed by
biosynthetic process (n=35) (Figure 3.A). In the sus library, others unique
sequences were mapped, respectively, to macromolecule metabolic process

(n=64) and biosynthesis process (n=56) from total of 86 unique sequences on
this dataset (Figure 3.D).
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C Molecular Function - res dataset
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E Cellular Component - sus dataset

B GO:0016020 membrane
W GO:0044424 intracellular part

B GO:0030529ribonucleoprotein
complex

W GO:0005622intracellular

W G0:0043229intracellular
organelle

® G0O:0043228 non-membrane-
bounded organelle

= G0O:0043227 membrane-
bounded organelle

F Molecular Function - sus dataset

W G0:0016491 oxidoreductase
activity

B GO:0022857 transmembrane
transporter activity

m G0O:0003676nucleicacid
binding

B GO:0003735structural
constituent of ribosome

m G0O:0005515 protein binding

B G0:0022892 substrate-specific
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Figure 3. Functional annotation of sequence consensus based on Gene

Ontology (GO) categorization.

Sequences were evaluated for their predicted involvement in Biological
Processes (A and D), Cellular Components (B and E) and Molecular Functions (C
and F), res and sus datasets, respectively. Data are presented at level three GO
categorization. Piers chart indicate the relative percentage of sequence
consensus in each group.

We also to attribute according to cellular components, distributed GO
terms into many: cell, cell part, organelle, extracellular region, extracellular
region part and extracellular matrix to library (Figure 3B and 3E). In total, 64 and
92 of unique sequences that have match to GO terms to both libraries. The
major categories were intracellular (n=59 and n=82) and intracellular part (n=58
and n=80), respectively, to res and sus cDNA libraries.

According to the molecular function classification, genes were distributed
into the following categories: binding, structural molecule activity, catalytic
activity, transport activity, enzyme regulatory activity and transcription regulatory
activity, motor activity and molecular transducer activity (Figure 3C and 3F). The
functional class protein binding (n=43 and n=40) and nucleic acid binding (n=27
and n=35) were the main categories found on both cDNA libraries.

In this work, the FatiGO tool was used to find protein terms that are over-
represented on skin cDNA dataset with respect to a reference Bos Taurus
genome. To reflect our prior expectation that some functional term related to
immune response was enriched, we used the adjusted p-value to control the
FDR (False Discovery Rate) with a threshold of 5% as the criterion for
significance. No significant GO terms was found using the corrected p-values
when both libraries were compared (data not were shown). However, 54 protein
terms were found to be significant over represented on both libraries in relation
to Bos taurus genome. These genes belong to processes such as biosynthetic
process or oxidative phosphorylation which are not necessarily immune
response specific and fall into a wide range of GO categories. The most
significant protein terms to res and sus datasets within the 3 main categories
from GO, Swissprot, Interpro and KEGG databases on bovine genome are

reported in Table 7.
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Table 7. Significant proteins terms over-represented relation to functional profile on sus and res datasets compared to

genome of Bos taurus p>0.05

Terms of DB Term Description Term ID Adjusted p value

GO-biological process (n=8) SUS library RES library
level 3 biosynthetic process G0O:0009058 3,172 _
level 3 cellular metabolic process G0:0044237 0,037 _
level 4 cellular biosynthetic process G0:0044249 1,562 _
level 5 macromolecule biosynthetic process GO0:0009059 0,087 _
level 5 electron transport G0:0006118 0,007 _
level 6 translation G0O:0006412 0,000 _
level 6 biopolymer biosynthetic process G0:0043284 0,029 _
level 7 translational elongation G0:0006414 0,002 _

GO-cellular component (n=19)
level 3 non-membrane-bound organelle G0:0043228 _ 0,029
level 6 proton-transporting ATP synthase complex G0:0045259 _ 0,008
level 7 proton-transporting ATP synthase complex, coupling factor F G0:0045263 _ 0,013
level 8 proton-transporting two-sector ATPase complex G0:0016469 _ 0,010
level 3 non-membrane-bound organelle G0:0043228 0,094 0,029
level 3 organelle part G0:0044422 0,001 _
level 4 intracellular G0:0005622 0,004 _
level 5 intracellular part G0:0044424 0,001
level 6 cytoplasm G0:0005737 0,000 0,008
level 6 ribonucleoprotein complex G0O:0030529 0,006 0,010
level 6 intracellular organelle G0:0043229 0,006 _
level 7 cytoplasmic part G0:0044444 0,000 0,008
level 7 intracellular non-membrane-bound organelle G0:0043232 0,300 _
level 7 intracellular organelle part GO0:0044446 0,005 _
level 8 ribosome G0:0005840 0,000 0,010
level 8 organelle envelope G0:0031967 0,010 _
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Table 7. Significant proteins terms over-represented relation to functional profile on sus and res datasets compared to
genome of Bos taurus p>0.05. cont.

Terms of DB Term Description Term ID Adjusted p value
GO-cellular component (n=19) SUS librariy RES library
level 9 large ribosomal subunit G0:0015934 0,001
level 9 organelle inner membrane G0:0019866 0,001 _
level 9 mitochondrial part G0:0044429 0,014 _
GO-Molecular function (n=13)
hydrolase activity, catalyzing transmembrane movement of
level 5 substances G0:0016820 _ 0,046
level 3 structural constituent of ribosome G0O:0003735 0,000 0,004
level 3 oxidoreductase activity GO0:0016491 0,002 _
level 4 electron carrier activity G0:0009055 0,002 _
level 4 heme-copper terminal oxidase activity G0:0015002 0,002 0,009
level 4 oxidoreductase activity, acting on heme group of donors GO0:0016675 0,002 0,009
level 4 cation transporter activity G0:0008324 0,015 0,002
level 5 monovalent inorganic cation transporter activity G0:0015077 0,003 6,199
level 5 oxidoreductase activity, oxygen as acceptor G0:0016676 0,004 0,031
level 5 NADH dehydrogenase activity G0:0003954 0,042 _
level 5 oxidoreductase activity, acting on NADH or NADPH, quinone G0:0016655 0,042 _
level 6 hydrogen ion transporter activity G0:0015078 0,003 2,400
level 7 cytochrome-c oxidase activity G0:0004129 0,045 _
KEGG (n=1) Oxidative phosphorylation bta00190 0,000~ 0,028*
Interpro
(n=15)
Interpro IPR0O01751 _ 0,000 _
Interpro IPR0O13787 _ 0,001 _
Interpro IPRO05755 _ 0,001 _
Interpro IPR005822 _ 0,001 _
Interpro IPR0O01813 _ 0,002
*ANEXO
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Table 7. Significant proteins terms over-represented relation to functional profile on sus and res datasets compared to

genome of Bos taurus p>0.05. cont.

Terms of DB Term Description Term ID Adjusted p value
Interpro (n=15) SUS librariy RES library
Interpro IPRO00883 _ 0,015 _
Interpro IPRO00915 _ 0,028 _
Interpro IPR0O01380 _ 0,028 _
Interpro IPR0O01505 _ 0,028 _
Interpro IPR002429 _ 0,028 _
Interpro IPR0O05568 _ 0,028 _
Interpro IPR0O05798 _ 0,028 _
Interpro IPRO11759 _ 0,028 _
Interpro IPR000298 _ 0,048 _
Interpro IPRO05797 _ 0,048 _
Swissprot (n=2)
Swissprot COX1_BOVIN _ 0,049 _
Swissprot RL13A BOVIN _ 0,049 _
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Within the biological process, 8 GO terms were identified for the up-
regulated genes in the sus group. The most significant GO terms were
translational (GO: 0006412, p=0.00013) and translational elongation
(G0O:0006414, p=0.00162) on level 6 and level 7, respectively. For the cellular
component category the number of up-regulated genes were 9 res and 19 in
sus datasets. The best cluster for this category was found for the ribosome sub-
category (GO: 0005840, p=0.00026) on level 8 and cytoplasmic part (GO:
0044444, p=0.00002) with p value on level 7. The third GO category, molecular
function, included 13 GO terms, which were up-regulated in res and sus groups.
Sub-category oxidoreductase activity (GO: 0016675, p=0.00169) on level 4 was
present on both libraries and hydrolase activity (GO: 0016820, p =0.046376)

was only represented on res dataset (level 5).
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Discussion

The identification and sequencing of EST have been useful to functional
genomics and contributed to research in microarray construction and
interspecies comparison. Previous studies on bovine had placed most attention
on its quantitative trait loci. EST analysis is an efficient and fast method for gene
discovery. In the present study, two cDNA libraries of F, cattle skin were
constructed and the 2,700 ESTs were analyzed to identify immune-related
genes. These ESTs were grouped in contigs and singletons. However, because
the sequences were 5-reads the possibility exists that clones from the same
gene might be more or less complete at the 5'-end and fail to assemble into a
contig. On the other hand, this number can be underestimated do to the fact
that genes with high sequence similarities, such as ribosomal, might be grouped
together into one contig.

Of the analyzed ESTs, a high percentage showed no significant similarity
to entries in the public protein databases. This was expected in view of the
small number of genetic studies in Zebu and/or Holstein x Gyr crossbred
animals Thus a significant achievement from our studies is to increase the
existing sequence information for this group with 661 new sequences. In this
study, 52 (res) and 69 (sus) transcripts matched with bovine proteins in the
Swissprot database. Twenty six transcripts matched no bovine genes in the
database but those with a high similarity (> 90%) to proteins of other mammals,
like human, are considered newly described bovine genes. The finding that
most of these proteins showed high similarities with human is consistent with
many previous studies on similarity between human and bovine (Wind et al ,
2005).

An reason may explain the fact that only 300 proteins were identified
from the 1,292 unique clean sequences: many genes could be novel and
therefore there are no orthologs existing in the GenBank and Swissprot. These
unidentified clones remain to be characterized in the future. These proteins
should be useful for analyzing gene function during tick infestation and for
developing molecular markers related to disease-resistance.

The most abundant group of unique sequences in this study belonged to

the ribosomals proteins. The high number of unique sequences associated with
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housekeeping processes such as metabolism and ribosomal proteins was to be
expected, due to the energy production and protein synthesis requirements in
both normal and regenerating tissues. This result was expected because
ribosomal protein genes are expressed ubiquitously at all development stages.
Moreover, the ribosomal protein family is generally well conserved and contains
55 proteins in prokaryotes and 88 in eukaryotes (Doudna and Rath, 2002). An
increasing number of studies have reported that numerous ribosomal proteins
show extra-ribosomal functions, such as involvement with several human
genetic disorders (Wool, 1996). Wang et al. (2008) studied the gene expression
profiling on cattle skin and found a huge number of ribosomals proteins up
regulated in response to a challenge with ticks in both High Resistance and Low
Resistance define animals. It is known that global changes in the expression of
ribosomal proteins can occur as a response to stress (Causton et al., 2001).
However, changes in the expression of individual ribosomal proteins could be
explained if the protein has an additional extra ribosomal function (Wool, 1996).

Binding proteins followed ribosomal proteins in abundance. These
included calcium binding protein, lipid binding protein and ATP/GTP binding
protein. For example, S100 proteins act as mediators of calcium-dependent
signal transduction. The S100A7 gene encodes a low molecular weight calcium-
binding protein responsible for the chemotactic migration of CD4+ lymphocytes
to the affected region (Jinquan et al., 1996). The extracellular matrix (ECM), or
connective tissue, provides the scaffolding in which all tissues are associated.
This tissue is organized in a complex array of molecules that consists of
collagens, proteoglycans, and glycosaminoglycans. The gene TIMP
metallopeptidase inhibitor 2 (Bs_Sus_ 26A07) encoding extracellular proteinase
inhibitor. Matrix metalloproteinases and their inhibitors are responsible for the
control of extracellular matrix degradation. Alterations in this enzyme system
might be involved in the extracellular matrix alterations associated with
glaucoma in humans (Rosa et al., 2000). Hence, the skin ephitelium can control
the status of the extracellular matrix through the secretion of metalloproteinases
inhibitors. A balance between proteinases and their inhibitors in the aqueous
humor can play a role in the processing, targeting and turnover of protein
messengers and/or membrane receptors involved in the modulation of the

aqueous humor out flow or in other biological functions. During wound healing,
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active remodeling of the ECM components is initiated. New matrix molecules
are produced by activated fibroblasts, whereas damaged tissue is
systematically degraded by native enzymes within the tissue as well as those
elaborated by the same activated fibroblasts, macrophages, and other
leukocytes.

Other gene, like cysteine proteinase inhibitor (Contig 26), also present on
sus library, are natural reversible inhibitors of papain-like cysteine proteinases
found in many plants and animals, such as cathepsins B, L, H and S. Cystatins
exert numerous specific functions in vertebrates, including the presentation of
antigens (Honey and Rudensky, 2003), development of the immune system
(Lombardi et al., 2005), epidermal homeostasis (Reinheckel et al., 2005),
extracellular matrix degradation, and neutrophil chemotaxis during inflammation
(Serveau-Avesque et al., 2006).

Some unique sequences are related to molecules of the immune
system. Some of them, such as Contig200 (res) and Bs_Sus_28B03 (sus), are
similar to MHC class |, that are not restricted to immune cells. Others, as such
the transcription factor interferon regulatory factor 3 (IRF-3) regulates genes in
the innate immune response.

CD44 (Contig7) present on library res, is a cell surface glycoprotein
involved in cell/cell and cell/matrix interactions. The CD44 antigen is a highly
glycosylated cell-surface polypeptide involved in diverse cellular functions,
including cell adhesion and lymphocyte-homing receptor activity. Expression of
cell adhesion molecules regulates epithelial cell differentiation and organization
of complex tissues such as skin. CD44 is also expressed in vivo by several
tumors, including astrocytomas, meningiomas, and colonic adenocarcinomas.
In addition, it has been shown that expression of CD44 appears to confer
metastatic potential to cell lines derived from certain adenocarcinomas. In the
skin, CD44 is normally expressed in epidermal keratinocytes and hair follicular,
sebaceous, and ecrine epithelial cells (Hale et al., 1995).

Contig128 and Bs_Sus 19A09, both from sus dataset, were
homologous to defensins. . The percentage of sequences associated with
inflammatory response in the sus dataset was more to double that of the res
library. At this tissue, wound healing is occurring and the immune response

must be activated against tick infestation. Defensins are members of an
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evolutionarily old family of related peptides (Crovella et al, 2005). Zhu (2008)
has studied the evolutionary relationships of defensins as a class of effectors of
innate immunity in three eukaryotic kingdoms. In the cow, B-defensins are
encoded by a large gene family expressed in a wide variety of tissues. Thirteen
B-defensins have been isolated from bovine neutrophils, although gene
expression is restricted to mature myelopoietic cells. To date, 3-defensin gene
expression has not been reported in macrophages, although defensins have
been shown to exhibit antimicrobial activity against intracellular pathogens of
macrophages (Selsted et al.1993).

The sequences from each library were processed using Blast2GO, but
showed very similar compositions when defined in terms of their biological
process, cellular components and molecular function (GO annotation level 3).
An example of this output is shown for both libraries in Figure 3 with the majority
of clones having either catalytic or binding activities. However, FatiGO was
used to perform statistical analyses using pair-wise comparisons between
libraries to identify any potential functional enrichment. Explicar melhor No GO
terms were found statistical significant between the libraries. However, GO
terms were found significant to level of genome bovine. For example,
translational elongation (GO: 0006414) was elevated only on sus library
compared to the control genome with single test p-values of 0.01. This was not
significant using the False Discovery Rate on res library. The problem with such
pair wise comparisons is that even though the comparative library was always
the control animals, the GO categories listed for each pair wise comparison
varied considerably and it was not possible using this technique to make global
statements of certain molecular functions being statistically enhanced in sus

library compared to res library.
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Conclusion

We successfully constructed two cDNA libraries from skin tissue of F;
animals. On hundred twenty nine (129) unique sequences could be assigned a
protein homologous in bovine. Six hundred sixthy one (661) sequences in the
non-redundant clustered dataset showed be new expression tags or do not
have proteins homologous in the bovine.

Annotation searches on biologically important putative functions showed
that the immune response GO term is sub-represented in the libraries datasets,

suggesting the presence of a relatively lower number of immune-related genes.
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ANEXO 1

Table 2 S1. List of contaminants sequences from cloning vector and Echerichia coli identified to both libraries

sequence name

sequence description

length min. eValue' sim. mean?

res (n=38)
Contig40 cloning vector pexpress-complete sequence 422 1.4E-25 95,20%
Bs _Res 03D02_rc cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs _Res 03E04_rc cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs_Res 03F11_rc cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs_Res_03G07_rc cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 03G11_rc cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 03HO02 rc cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs_Res 00A06 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 00EO06 cloning vector pexpress-complete sequence 348 4.8E-24 95,80%
Bs Res 00E09 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 00F03 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 00F10 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 00G05 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 00G08 cloning vector pexpress-complete sequence 196 5.9E-26 99,40%
Bs_Res 01A01 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 01A04 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs_Res 01A07 cloning vector pexpress-complete sequence 310 1.0E-25 98,44%
Bs Res 01A10 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 01A12 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 01B07 cloning vector pexpress-complete sequence 416 1.3E-25 93,20%
Bs Res 01B08 cloning vector pexpress-complete sequence 419 1.3E-25 94,40%
Bs Res 01B11 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 01C05 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 01C07 cloning vector pexpress-complete sequence 459 1.5E-25 94,68%
Bs Res 01G09 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs_Res _02B08 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs_Res 02H04 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 04G02 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 04G03 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs _Res 04G09 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 04G10 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 04G11 cloning vector pexpress-complete sequence 391 5.5E-24 92,90%
Bs Res 04H03 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 98H03 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 99A03 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Res 99B06 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs_Res 88F01 escherichia colicomplete genome 672 1.0E-0.0 74,90%
Bs Res 88H05 escherichia colicomplete genome 268 6.1E-34 72,40%
sus (n=9)
Contig59 expression vectorcomplete sequence 481 3.1E-123 100,00%
Contig72 expression vectorcomplete sequence 415 2.3E-35 93,50%
Bs Sus 10E12 expression vectorcomplete sequence 390 4.8E-50 100,00%
Bs Sus 18C05 cloning vector pexpress-complete sequence 197 5.9E-26 99,40%
Bs_Sus_ 20A01 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs_Sus 20A02 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs_ Sus 20HO03 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Sus 21F04 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
Bs Sus 24E01 cloning vector pexpress-complete sequence 195 5.8E-26 99,40%
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Table 3 S1. Putative protein with significatives hits from bovine homologous protein on nr protein database (BlastX, cutoff 80%, E value < 0.00001) to res library, n=51

QueryID QueryLen Accession No. Score hit Evalue Frame Organism Protein ID Description

Contig2 327 71564269 98.6 244 6,00E-20 -3 Bos AAZ38325.1 interferon regulatory factor 3
Contigs 859 19919708 464 1193 1,00E-129 1 Bos AAM08332.1 cytochrome oxidase subunit 111
Contig7 955 77736201 587 1513 1,00E-166 -1 Bos taurus  NP_001029799.1 gelsolin isoform b
Contig8 661 116000000 399 1026 1,00E-110 -3 Bos NP_001070466.1 ribosomal protein L13a
Contig11 1113 77404252 567 1462 1,00E-160 1 Bos NP_001029211.1 collagen, type |, alpha 1
Contig12 482 27807077 205 522 4,00E-52 -1 Bos NP_777021.1 S100 calcium binding protein A7
Contig13 561 27807075 211 537 1,00E-53 -2 Bos NP_777020.1 S100 calcium-binding protein A4
Contig14 685 4105170 414 1063 1,00E-114 -1 Bos taurus AAD02283.1 transcription factor AEBP1
Contig26 679 27806675 282 721 7,00E-75 -3 Bos taurus NP_776454 .1 cystatin C

Contig29 468 23305876 213 541 2,00E-54 -2 Bos taurus AAN17325.1 ferritin heavy chain
Contigd5 923 60101830 403 1035 1,00E-111 3 Bos taurus YP_209210.1 ATP synthase FO subunit 6
Contigd7 1065 27805977 393 1009 1,00E-108 2 Bos taurus NP_776802.1 keratin 10

Contig48 276 60101827 96.7 239 2,00E-19 3 Bos YP_209207.1 cytochrome c oxidase subunit |
Contig63 469 61097917 200 509 1,00E-50 3 Bos taurus NP_001012782.1 cystatin E/M

Contig96 486 66792868 293 749 2,00E-78 3 Bos taurus  NP_001019712.1 ribosomal protein S15
Contig151 500 72534798 210 534 7,00E-58 3 Bos taurus  NP_001026926.1 ribosomal protein L6
Contig157 1052 4239700 192 487 2,00E-47 -1 Bos taurus CAA10770.1 reverse transcriptase-like
Contig180 401 28461285 130 328 1,00E-29 -3 Bos NP_787025.1 cytochrome c oxidase subunit Vllc
Contig199 660 77736201 270 689 4,00E-71 -2 Bos taurus  NP_001029799.1 gelsolin isoform b
Contig200 1136 30313725 514 1323 1,00E-144 -2 Bos indicus AA091983.1 MHC class | antigen
Contig201 401 114000000 162 410 2,00E-57 -3 Bos NP_001040046.1 churchill domain containing 1
Contig204 464 50234067 228 582 2,00E-69 -1 Bos YP_052697.1 NADH dehydrogenase subunit 1
Contig221 539 78042556 246 627 3,00E-64 3 Bos taurus  NP_001030276.1 ligatin

Bs Res 03C04 _rc 450 70778730 228 581 5,00E-59 -2 Bos taurus  NP_001020492.1 ribosomal protein L35a
Bs_Res 05C02_rc 303 115000000 170 431 2,00E-43 -2 Bos taurus  NP_001069271.1 fumarate hydratase
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Table 3 S1. Putative protein with significatives hits from bovine homologous protein on nr protein database (BlastX, cutoff 80%, E value < 0.00001) to res library, n=51

QueryID QueryLen Accession No. Score hit Evalue  Frame Organism Protein ID Description

Bs Res 05G03_rc 346 77404252 110 274 2,00E-23 -3 Bos NP_001029211.1 collagen, type |, alpha 1
Bs_Res_06A07_rc 437 76637791 82.0 201 6,00E-15 -1 Bos XP_598312.2 PREDICTED: hypothetical protein
Bs Res 01F06 545 27805805 275 702 7,00E-73 2 Bos NP_776740.1 fatty acid binding protein 5
Bs_Res 01F10 192 114000000 100 249 2,00E-20 3 Bos taurus NP_001039446.1 TRM112-like
Bs_Res_02H03 566 71037405 339 869 3,00E-92 1 Bos NP_001020740.1 heat shock 27kDa protein 1
Bs Res 87C06 653 27807287 426 1094 1,00E-118 2 Bos taurus NP_777140.1 ribosomal protein L3
Bs_Res_88B04 429 77735941 236 603 1,00E-61 1 Bos taurus  NP_001029667.1 ribosomal protein L35
Bs_Res_88E03 678 27807407 350 899 2,00E-95 1 Bos NP_777217.1 ferritin, light polypeptide
Bs_Res_89D02 607 83715972 387 994 1,00E-106 3 Bos taurus  NP_001032906.1 RAN binding protein 6
Bs_Res 89D10 576 41386683 232 592 5,00E-60 2 Bos taurus NP_776318.1 beta-2-microglobulin
Bs_Res_89F09 403 114000000 169 428 3,00E-41 -1 Bos taurus  NP_001039738.1 cyclin D1
Bs_Res_91B03 202 114000000 63.5 153 2,00E-09 1 Bos NP_001039976.1 N-acetyltransferase ARD1
Bs_Res_91C04 592 77735771 363 931 2,00E-99 3 Bos taurus  NP_001029584.1 F-box protein 9
Bs_Res 91G11 621 27806853 368 944 1,00E-101 1 Bos taurus NP_776359.1 lumican
Bs_Res_92E03 404 84000291 268 685 4,00E-71 -3 Bos NP_001033247.1 myeloid leukemia factor 1
Bs_Res_93G09 384 37960066 226 577 1,00E-58 -3 Bos AAP47876.1 NADH dehydrogenase subunit 4
Bs_Res_94D06 252 50872151 149 375 4,00E-35 3 Bos taurus  NP_001002891.1 COXB5A protein
Bs_Res_94D07 384 77735849 163 412 2,00E-39 2 Bos NP_001029619.1 fructose-1,6-bisphosphatase 1
Bs_Res_94G02 575 59857657 344 882 1,00E-93 3 Bos taurus AAX08663.1 RAD9 homolog
Bs_Res_95C10 584 77735877 121 303 2,00E-26 -1 Bos taurus  NP_001029635.1 es1 protein

Bs Res 96C01 440 4239700 103 256 1,00E-27 -3 Bos taurus CAA10770.1 reverse transcriptase-like
Bs_Res 97F11 353 41386780 186 473 2,00E-46 2 Bos NP_776637.1 UDP-glucose pyrophosphorylase 2
Bs Res 97HO08 418 28195402 172 435 4,00E-42 3 Bos taurus NP_777186.1 major allergen BDA20
Bs_Res_98B12 289 86438072 117 292 2,00E-25 3 Bos taurus AAI12658.1 VI1a protein

Bs Res 98D07 223 47824862 874 215 1,00E-16 3 Bos NP _001001439.1 cytochrome ¢ oxydase subunit 4
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Table 3 S2. Putative protein with significatives hits from bovine homologous protein on nr protein database (BlastX, cutoff 80%, E value < 0.00001) to res library

(n=78)
QuerylD QueryLen Accession No. Score hit Evalue Organism Protein ID Description
Contig1 554 66792868 293 749 3,00E-78 Bos taurus NP_001019712.1 ribosomal protein S15
Contig7 917 27806703 469 1207 1,00E-131 Bos taurus NP_776438.1 CD44 antigen
Contig12 607 70778730 193 491 3,00E-48 Bos taurus NP_001020492.1 ribosomal protein L35a
Contig19 347 81294367 143 361 2,00E-33 Bos taurus AAI08137.1 RNF25 protein
Contig35 581 66792780 313 801 3,00E-84 Bos taurus NP_001019642.1 ribosomal protein L27a
Contig37 209 72534798 96.7 239 2,00E-19 Bos taurus NP_001026926.1 ribosomal protein L6
Contig39 546 37960066 311 796 9,00E-84 Bos AAP47876.1 NADH dehydrogenase subunit 4
Contig46 557 78042530 235 600 5,00E-61 Bos taurus NP_001030210.1 MYG1 protein
Contig58 339 116000000 57.8 138 1,00E-07 Bos NP_001070466.1 ribosomal protein L13a
Contig61 533 60101827 150 378 2,00E-35 Bos YP_209207 .1 cytochrome c oxidase subunit |
Contig64 527 27806923 313 801 2,00E-84 Bos taurus NP_776316.1 brain ribonuclease
Contig65 687 62460424 302 774 5,00E-81 Bos taurus NP_001014862.1 ribosomal protein L29
Contig68 661 76644727 171 432 2,00E-41 Bos XP_875921.1 PREDICTED: hypothetical protein
Contig74 591 76635551 732 178 5,00E-12 Bos XP_601599.2 PREDICTED: hypothetical protein
Contig77 445 61097917 153 386 2,00E-36 Bos taurus NP_001012782.1 cystatin E/M
Contig81 629 81673144 164 416 5,00E-40 Bos taurus AAI09753.1 LOC504773 protein
Contig82 752 74353873 381 979  1,00E-104 Bos AAI02075.1 Ribosomal protein, large, PO
Contig83 669 59042836 329 844 4,00E-89 Bos taurus AAW83829.1 cytochrome b
Contig86 677 78369655 362 930 2,00E-99 Bos taurus NP_001030383.1 ribosomal protein L5
Contig92 223 74267768 113 282 1,00E-26 Bos taurus AAI02866.1 RPL13 protein
Contig98 844 76612440 207 526 4,00E-52 Bos XP_875693.1 PREDICTED: similar to BDA11
Contig107 562 116000000 283 725 2,00E-75 Bos NP_001070466.1 ribosomal protein L13a
Contig108 229 76612440 73.2 178 3,00E-12 Bos XP_875693.1 PREDICTED: similar to BDA11
Contig116 825 432627 236 601 4,00E-91 Bos taurus CAA44700.1 anti-testosterone antibody
Contig118 519 4379166 189 479 4,00E-47 Bos taurus CAA24008.1 unnamed protein product
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Table 3 S2. Putative protein with significatives hits from bovine homologous protein on nr protein database (BlastX, cutoff 80%, E value < 0.00001) to res library

(n=78)
QueryID QuerylLen Accession No. Score bit Evalue Organism Protein ID Description
Contig130 505 60101827 196 497 1,00E-53 Bos YP_209207.1 cytochrome c oxidase subunit |
Contig132 945 19919708 462 1188 1,00E-129 Bos AAM08332.1 cytochrome oxidase subunit 11|
Contig143 477 619 140 352 2,00E-32 Bos taurus CAA68702.1 unnamed protein product
Contig149 449 41386679 162 410 3,00E-39 Bos taurus NP_776322.1 carbonic anhydrase IV
Contig157 704 116000000 406 1043  1,00E-112 Bos NP_001070466.1 ribosomal protein L13a
Contig164 742 94966839 441 1133 1,00E-122 Bos taurus NP_001035610.1 ribosomal protein L7a
Contig165 526 31982947 271 692 9,00E-72 Bos taurus NP_776555.1 ornithine decarboxylase 1
Contig166 410 77736047 110 275 7,00E-32 Bos NP_001029722.1 chromatin modifying protein 2A
Contig170 690 28195402 353 905 3,00E-96 Bos taurus NP_777186.1 major allergen BDA20
Contig175 950 50234072 403 1035 1,00E-111 Bos YP_052702.1 ATP synthase FO subunit 6
Contig176 521 37545835 234 598 7,00E-61 Bos AAM95739.1 NADH dehydrogenase subunit 4
Contig179 510 72534798 223 567 3,00E-57 Bos taurus NP_001026926.1 ribosomal protein L6
Contig186 737 164000000 277 708 1,00E-98 Bos taurus NP_001019640.2 ribosomal protein L9
Contig187 229 37545832 84.7 208 9,00E-16 Bos AAM9O5736.1 cytochrome c oxidase subunit 3
Contig198 432 27807075 207 527 9,00E-53 Bos NP_777020.1 S100 calcium-binding protein A4
Contig201 652 27805977 162 409 1,00E-38 Bos taurus NP_776802.1 keratin 10
Contig205 742 27543932 413 1062 1,00E-114 Bos taurus BAC54760.1 Cytochrome b
Contig212 246 7547266 64.3 155 1,00E-09 Bos AAB37381.2 IgG1 heavy chain constant region
Contig222 572 27805977 291 744 1,00E-77 Bos taurus NP_776802.1 keratin 10
Bs Sus 09HO02 507 27807169 175 444 5,00E-43 Bos taurus NP_777073.1 male-enhanced antigen
Bs_Sus_10HO1 288 27807523 153 387 2,00E-36 Bos taurus NP_777213.1 ribosomal protein P2
Bs_Sus_10H06 537 77735813 194 494 9,00E-49 Bos taurus NP_001029601.1 RNase K
Bs_Sus_13A09 413 87196501 59.7 143 3,00E-08 Bos taurus NP_776474.2 enolase 1
Bs_Sus_13G11 489 156000000 170 430 2,00E-41 Bos taurus NP_001095385.1 aldolase A
Bs Sus_14C10 571 86821596 369 946 1,00E-101 Bos AAI05480.1 Phosphoglycerate dehydrogenase
Bs_Sus_14G04 413 76253709 116 290 3,00E-25 Bos NP_776770.2 heat shock 70kDa protein 8
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Table 6 S1. Lista of homologous proteins with match to significatives hits from bovine homologous protein on Swissprot protein database (BlastX, cutoff 80%, E value

< 0.00001) to res library (n=52)

Query ID Protein ID Protein Description Length Min. eValue Sim mean
Contig2 irf3 interferon regulatory factor 3 short 327 7,61E-16 88,00%
Contig4 rl27 60s ribosomal protein 487 1,15E-61 80,11%
ContigS cox3 cytochrome ¢ oxidase subunit 3 859 3,37E-117 93’00%
Contig8 r113a 60s ribosomal proteinTable 661 1,32E-98  87,10%
Contig11 cola1 collagen alpha-1chain 1113 2,68E-147  84,00%
Contig18 k2c5 type ii cytoskeletal 5 977 9,08E-24  95,75%
Contig29 frih ferritin heavy chain short 468  4,14E-50  94,35%
Contig45 atp6 atp synthase subunit a 923 1,03E-74  92,75%
Contigd7? k1c10 type i cytoskeletal 10 1065  6,42E-42  82,65%
Contig48 cox1 cytochrome c oxidase subunit 1 276 2.95E-15 90,60%
Contig83 zc3he zinc finger ccch domain-containing protein 14 359 3.52E-29 92,00%
Contig90 mfap2 microfibrillar-associated protein 2 short 592 1,52E-52 85.50%
Contig96 rs15 40s ribosomal protein 486 3,71E-52  87,85%
Contig124 k2c74 type ii cytoskeletal 74ame 628  576E-101  90,20%
Contig1 35 orc3 origin recognition complex subunit 3 604 3,46E-68 87,50%
Contig143 nmri -like family domain-containing protein 1 606 1,78E-96 87.80%
Contig158 132 60s ribosomal protein 248 1,78E-04  86,50%
Contig180 cox7¢c cytochrome c oxidase subunitmitochondrial 401 1,41E-25 93,55%
Contig185 r10 60s ribosomal protein 798  1,31E-120  89,60%
Contig201 chur protein churchill 401 1,19E-53  91,57%
Contig221 liga ligatin 539 6,08E-60  93,20%
Contig226 at5f1 atp synthase subunitmitochondrial flags 664 4 30E-81 88,33%
Bs_Res_03D11_rc capg macrophage-capping proteiname 267 1,93E-14  82,80%
Bs_Res_03HO07_rc rla2 60s acidic ribosomal protein p2 519 1,01E-24  80,85%
Bs Res 00B11 prr9 proline-rich protein 9 634 4,43E-40  88,30%
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Table 6 S1. Lista of homologous proteins with match to significatives hits from bovine homologous protein on Swissprot protein database (BlastX, cutoff 80%, E value
< 0.00001) to res library (n=52)

Query ID Protein ID Protein Description Length Min. eValue Sim mean

Bs Res 01A09 hint1 histidine triad nucleotide-binding protein 1 356 3,61E-36 80,15%
Bs_Res 01E05 vatf v-type proton atpase subunit f short 417 1,17E-14 84,30%
Bs_Res_01F10 tr112 trm112-like protein 192 2,06E-16 84,80%
Bs_Res_01H10 armet protein armetame 469 7,55E-52 86,30%
Bs_Res_02C09 cot2 coup transcription factor 2 681  6,12E-116 80,45%
Bs_Res_04F01 gatl3 gats-like protein 3 626  7,19E-104 85,30%
Bs_Res_04H04 rs27a 40s ribosomal protein s27a 370 3,05E-20 85,50%
Bs_Res_87C06 13 60s ribosomal protein I3 653  6,33E-115 88,65%
Bs_Res_88B04 rl35 60s ribosomal protein I35 429  3,64E-46 89,20%
Bs_Res 88E03 fril ferritin light chain short 678  2,81E-91 85,90%
Bs_Res_88F04 myl9 myosin regulatory light polypeptide 9 654  9,31E-82 89,15%
Bs Res 89A12 amd peptidyl-glycine alpha-amidating monooxygenase short 581 7,27E-12 91,30%
Bs_Res_89D10 b2mg beta-2-microglobuliname 576  8,10E-56 86,50%
Bs_Res_89E01 lerl1 leptin receptor overlapping transcript-like 1 494 6,56E-44 86,90%
Bs_Res_91C04 fox9 f-box only protein 9 592  3,02E-93 97,00%
Bs_Res_91G07 tm111 transmembrane protein 111 550 1,31E-12 96,25%
Bs_Res 92E03 mif1 myeloid leukemia factor 1 404  5,64E-67 85,00%
Bs_Res 93B12 fabp4 fatty acid-bindingadipocyteame 490  3,90E-49 81,45%
Bs Res 94C11 vkor1 vitamin k epoxide reductase complex subunit 1 471 3,61 E-54 87,00%
Bs Res 94D04 ssrd translocon-associated protein subunit delta precursor (trap-delta) 177 9,06E-09 99,25%
Bs Res 94D06 cox5a cytochrome c oxidase subunitmitochondrial 252 1,76E-20 89,85%
Bs_Res_94D07 f16p1 fructose--bisphosphatase 1 short 384  2,53E-35 86,15%
Bs Res 94D09 echd1 enoyl-hydratase domain-containing protein 1 391 3,14E-62 84,70%
Bs_Res_97F11 ugpa utp--glucose-1-phosphate uridylyltransferaseame 353 2.14E-42 83,30%
Bs Res 98B07 rsmn small nuclear ribonucleoprotein-associated protein n short 347 1.51E-11 95,50%

Bs Res 98D07 coxd 1 cytochrome c oxidase subunit 4 isoformmitochondrial 293 1,76E-12 85.20%
Bs:Res:99D04 at5g3 atp synthase lipid-bindingmitochondrial 543 4,96E-49 86,90%
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Table 6 S2. Lista of homologous proteins with match to significatives hits from bovine homologous protein on Swissprot protein database (BlastX, cutoff 80%, E value

< 0.00001) to sus library (n=69)

Query ID Protein ID Protein description Length Min. eValue Sim. mean
Contig1 rs15 40s ribosomal protein s15 554 4,09E-55 87,55%
Contig7 cd44 cd44 antigen 917 3,27E-89 81,50%
Contig16 lonp2 peroxisomal lon protease homolog 2 343 2,59E-03 84,40%
Contig19 rnf25 e3 ubiquitin-protein ligase rnf25 347 9,44E-14 89,70%
Contig21 girx1 glutaredoxin-1 564 7,05E-17 87,20%
Contig35 ri27a 60s ribosomal protein 127a 581 7,90E-67 85,15%
Contig37 rl6 60s ribosomal protein 16 209 2,94E-15 88,30%
Contig61 cox1 cytochrome c oxidase subunit 1 533 4,41E-31 91,40%
Contig63 nuim nadh-ubiquinone oxidoreductase chain 1 990 4,53E-120 92,75%
Contig64 rnbr brain ribonuclease short 527 1,94E-63 88,95%
Contig65 ri29 60s ribosomal protein 129 687 4,96E-59 84,41%
Contig67 s10ac protein s100-a12 340 2,05E-08 98,00%
Contig80 in80e ino80 complex subunit e 558 1,15E-27 100,00%
Contig82 rla0 60s acidic ribosomal protein p0 752 9,81E-75 85,65%
Contig86 rl5 60s ribosomal protein 15 677 2,28E-85 82,50%
Contig91 cox2 cytochrome c oxidase subunit 2 349 1,82E-41 96,75%
Contig92 r13 60s ribosomal protein 113 223 2,99E-20 91,50%
Contig96 ri10 60s ribosomal protein 110 713 8,52E-102 87,40%
Contig99 ri32 60s ribosomal protein 132 583 2,76E-60 84,95%
Contig104 rs17 40s ribosomal protein s17 564 3,98E-37 81,75%
Contig107 r13a 60s ribosomal protein [13a 562 7,72E-64 85,00%
Contig108 s10a7 protein s100-a7 229 5,09E-04 83,00%
Contig115 rl3 60s ribosomal protein 13 606 3,73E-78 81,25%
Contig118 nu3m nadh-ubiquinone oxidoreductase chain 3 519 4,25E-23 87,90%
Contig132 cox3 cytochrome c oxidase subunit 3 945 8,70E-117 92,30%
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Table 6 S2. Lista of homologous proteins with match to significatives hits from bovine homologous protein on Swissprot protein database (BlastX, cutoff 80%, E
value < 0.00001) to sus library (n=69). Cont.

Query ID Protein ID Protein description Length Min. eValue Sim. mean
Contig137 rs2 40s ribosomal protein s2 726 9,80E-101 84,20%
Contig142 cox1 cytochrome c oxidase subunit 1 1540 0.0 95,40%
Contig143 pgs2 decorin 477 3,53E-28 89,45%
Contig149 cah4 carbonic anhydrase 4 449 5,95E-21 85,20%
Contig157 ri13a 60s ribosomal protein 113a 704 7,79E-100 86,50%
Contig161 ri35 60s ribosomal protein 135 513 1,55E-46 89,25%
Contig162 k1c17 type i cytoskeletal 17 345 8,54E-15 81,50%
Contig164 ri7a 60s ribosomal protein I7a 742 2,42E-102 80,70%
Contig168 med25 mediator of rna polymerase ii transcription subunit 25 318 6,32E-02 100,00%
Contig183 cola1 collagen alpha-1chain 500 9,65E-28 86,20%
Contig186 r9 60s ribosomal protein 19 737 6,93E-87 81,05%
Contig196 rs12 40s ribosomal protein s12 516 1,79E-66 81,84%
Contig205 cyb cytochrome b 742 2,37E-66 93,80%
Contig206 vime vimentin 745 1,72E-47 93,85%
Contig222 k1c10 type i cytoskeletal 10 572 1,41E-12 83,65%
Bs_ Sus 09HO02 mea1 male-enhanced antigen 1 short 507 2,04E-27 99,30%
Bs Sus_10F01 hb21 bola class ii histocompatibilitydgb*0101 beta chain short 532 5,42E-14 94,70%
Bs Sus 10F11 ef1d elongation factor 1-delta short 561 2,65E-64 84,40%
Bs_Sus_10HO06 rnk ribonuclease kappa short 537 1,61E-44 81,25%
Bs_Sus_11F06 ndub9 nadh dehydrogenase beta subcomplex subunit 9 652 2,26E-103 90,30%
Bs Sus_14F02 ats5g2 atp synthase lipid-bindingmitochondrial 636 4,48E-32 90,00%
Bs_Sus_16F11 tyb10 thymosin beta-10 450 5,16E-12 90,70%
Bs_Sus_17F08 eflg elongation factor 1-gamma short 459 1,60E-51 81,10%
Bs_Sus_17G10 cox7c cytochrome c oxidase subunitmitochondrial 375 1,01E-23 90,10%
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Table 6 S2. Lista of homologous proteins with match to significatives hits from bovine homologous protein on Swissprot protein database (BlastX, cutoff 80%, E value

< 0.00001) to sus library (n=69). Cont.

Query ID Protein ID Protein description Length Min. eValue Sim. mean
Bs_Sus_18D06 cola2 collagen alpha-2chain 587 7,50E-97 81,35%
Bs Sus_18F06 wdr70 wd repeat-containing protein 70 210 2,74E-13 97,20%
Bs_Sus_18F09 ri28 60s ribosomal protein 128 291 1,59E-13 98,50%
Bs Sus_20G02 pihd1 pih1 domain-containing protein 1 627 1,80E-78 82,30%
Bs_Sus 21C06 ndus5 nadh dehydrogenaseiron-sulfur protein 5 445 1,08E-54 90,20%
Bs Sus 21D10 apod apolipoprotein d short 615 7,78E-64 90,40%
Bs_Sus_22E07 psme1 proteasome activator complex subunit 1 378 1,04E-28 81,90%
Bs Sus_ 22F11 qcr8 cytochrome b-c1 complex subunit 8 465 1,23E-38 87,10%
Bs_Sus_22G04 eif3m eukaryotic translation initiation factor 3 subunit m short 407 6,48E-39 85,80%
Bs_Sus_23C07 tf2h3 general transcription factor iih subunit 3 415 2,06E-32 85,30%
Bs_Sus_23F02 ri13 60s ribosomal protein 113 444 3,60E-34 84,65%
Bs Sus 24E04 dd19a atp-dependent rna helicase ddx19a 553 2,22E-92 80,25%
Bs Sus_24F04 ndus6 nadh dehydrogenaseiron-sulfur proteinmitochondrial 485 1,87E-40 88,90%
Bs Sus_24F05 qcr10 cytochrome b-c1 complex subunit 10 398 7,77TE-24 96,70%
Bs_Sus_26A07 timp2 metalloproteinase inhibitor 2 489 2,28E-57 81,85%
Bs Sus 28C10 nucb1 nucleobindin-1 flags: precursor 583 6,53E-77 89,10%
Bs_Sus_29C05 nduad nadh dehydrogenase1 alpha subcomplex subunit 13 481 2,73E-60 85,10%
Bs Sus 29C12 nuém nadh-ubiquinone oxidoreductase chain 6 448 2,65E-45 87,20%
Bs Sus_31B08 apoe apolipoprotein e short 359 2,52E-27 83,40%
Bs Sus 31C04 ars2 arsenite-resistance protein 2 384 9,00E-25 98,80%
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Table 6 S3. Full length sequences bovine proteins matched with Swissprot protein database to sus dataset (n=56)

Query ID Protein ID Seq description Length Min. eValue Sim mean
Contig1 rs15 40s ribosomal protein s15 554 4,09E-55 87,55%
Contig7 cd44 cd44 antigen 917 3,27E-89 81,50%
Contig16 lonp2 peroxisomal lon protease homolog 2 343 2,59E-03 84,40%
Contig19 rnf25 e3 ubiquitin-protein ligase rnf25 347 9,44E-14 89,70%
Contig21 glrx1 glutaredoxin-1 564 7,05E-17 87,20%
Contig35 rl27a 60s ribosomal protein 127a 581 7,90E-67 85,15%
Contig61 cox1 cytochrome c oxidase subunit 1 533 4,41E-31 91,40%
Contig63 nuim nadh-ubiquinone oxidoreductase chain 1 990 4,53E-120 92,75%
Contig64 rnbr brain ribonuclease short 527 1,94E-63 88,95%
Contig67 s10ac protein s100-a12 340 2,05E-08 98,00%
Contig80 in80e ino80 complex subunit e 558 1,15E-27 100,00%
Contig82 rla0 60s acidic ribosomal protein p0 752 9,81E-75 85,65%
Contig86 rl5 60s ribosomal protein 15 677 2,28E-85 82,50%
Contig91 cox2 cytochrome c oxidase subunit 2 349 1,82E-41 96,75%
Contig92 r13 60s ribosomal protein 113 223 2,99E-20 91,50%
Contig99 ri32 60s ribosomal protein 132 583 2,76E-60 84,95%
Contig104 rs17 40s ribosomal protein s17 564 3,98E-37 81,75%
Contig108 s10a7 protein s100-a7 229 5,09E-04 83,00%
Contig115 rl3 60s ribosomal protein 13 606 3,73E-78 81,25%
Contig118 nu3m nadh-ubiquinone oxidoreductase chain 3 519 4,25E-23 87,90%
Contig132 cox3 cytochrome c oxidase subunit 3 945 8,70E-117 92,30%
Contig142 cox1 cytochrome c oxidase subunit 1 1540 0.0 95,40%
Contig143 pgs2 decorin 477 3,53E-28 89,45%
Contig149 cah4 carbonic anhydrase 4 449 5,95E-21 85,20%
Contig162 k1c17 type i cytoskeletal 17 345 8,54E-15 81,50%
Contig168 med25 mediator of rna polymerase ii transcription subunit 25 318 6,32E-02 100,00%
Contig183 colal collagen alpha-1chain 500 9,65E-28 86,20%
Contig205 cyb cytochrome b 742 2,37E-66 93,80%
Contig206 vime vimentin 745 1,72E-47 93,85%
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Table 6 S3. Full length sequences bovine proteins matched with Swissprot protein database to sus dataset (n=56)

Query ID Protein ID Seq description Length Min. eValue Sim mean
Contig222 k1c10 type i cytoskeletal 10 572 1,41E-12 83,65%
Bs_Sus_09HO02 mea male-enhanced antigen 1 short 507 2,04E-27 99,30%
Bs Sus_ 10F01 hb21 bola class ii histocompatibilitydgb*0101 beta chain short 532 5,42E-14 94,70%
Bs Sus_10F11 efld elongation factor 1-delta short 561 2,65E-64 84,40%
Bs Sus 10HO06 rnk ribonuclease kappa short 537 1,61E-44 81,25%
Bs_Sus_11F06 ndub9 nadh dehydrogenase1 beta subcomplex subunit 9 652 2,26E-103 90,30%
Bs Sus_14F02 atsg2 atp synthase lipid-bindingmitochondrial 636 4,48E-32 90,00%
Bs_Sus_16F11 tyb10 thymosin beta-10 450 5,16E-12 90,70%
Bs Sus_17F08 eflg elongation factor 1-gamma short 459 1,60E-51 81,10%
Bs Sus_17G10 cox7c cytochrome c oxidase subunitmitochondrial 375 1,01E-23 90,10%
Bs Sus 18D06 cola2 collagen alpha-2chain 587 7,50E-97 81,35%
Bs_Sus 21C06 ndus5 nadh dehydrogenaseiron-sulfur protein 5 445 1,08E-54 90,20%
Bs Sus 21D10 apod apolipoprotein d short 615 7,78E-64 90,40%
Bs_Sus 22E07 psme1 proteasome activator complex subunit 1 378 1,04E-28 81,90%
Bs Sus 22F11 qcr8 cytochrome b-c1 complex subunit 8 465 1,23E-38 87,10%
Bs_Sus 22G04 eif3m eukaryotic translation initiation factor 3 subunit m short 407 6,48E-39 85,80%
Bs Sus 23C07 tf2h3 general transcription factor iih subunit 3 415 2,06E-32 85,30%
Bs_Sus_23F02 r13 60s ribosomal protein 113 444 3,60E-34 84,65%
Bs Sus 24E04 dd19a atp-dependent rna helicase ddx19a 553 2,22E-92 80,25%
Bs_Sus_24F04 ndus6 nadh dehydrogenaseiron-sulfur proteinmitochondrial 485 1,87E-40 88,90%
Bs_ Sus_24F05 qcr10 cytochrome b-c1 complex subunit 10 398 7,77E-24 96,70%
Bs_Sus_ 26A07 timp2 metalloproteinase inhibitor 2 489 2,28E-57 81,85%
Bs Sus 28C10 nucb1 nucleobindin-1 flags: precursor 583 6,53E-77 89,10%
Bs_Sus 29C05 nduad nadh dehydrogenase1 alpha subcomplex subunit 13 481 2,73E-60 85,10%
Bs Sus 29C12 nuém nadh-ubiquinone oxidoreductase chain 6 448 2,65E-45 87,20%
Bs Sus_31B08 apoe apolipoprotein e short 359 2,52E-27 83,40%
Bs Sus 31C04 ars2 arsenite-resistance protein 2 384 9,00E-25 98,80%
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Esquema representando os transcritos identificados no sus dataset como pertencentes a via metabdlica Fosforilagéo
Oxidativa.
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Esquema representando os transcritos identificados no grupo sus como pertencentes a via metabdlica Fosforilagéo
Oxidativa.



Capitulo 3
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Avalicdo da cobertura génica e do numero esperado de novos transcritos
em bibliotecas de cDNA

Resumo

As Etiquetas de Sequéncias Expressas (Expressed Sequence Tags — EST )
sao geradas pelo sequenciamento parcial de transcritos isolados de mRNA que
foram convertidos em cDNA. Em analises de EST , dois tipos de informacdes
podem ser obtidos: sequéncia do transcrito e abundéncia do transcrito. O
numero de EST dentro dos grupos representa a abundancia desse transcrito
ou dessa espécie de mMRNA em cada biblioteca. A redundancia dos transcritos
tem efeito direto na taxa de descoberta génica, além de fornecer informacdes
sobre a eficéncia do sequenciamento e a diversidade dos genes expressos no
tecido. Nesse trabalho, procurou-se avaliar a redundancia nas EST
amostradas e o numero esperado de novos genes em uma amostragem futura.
As EST imativas de cobertura génica indicam a presenca de 401,8 (49%)
genes unicos no grupo resistente (RES). Para o grupo de animais suscetivel
(SUS), essa EST imativa foi de 392,4 (40%) genes unicos. O numero esperado
de EST para descobrir um novo gene foi maior na RES (1,94%) que no SUS
(1,66%). EST es resultados indicam que, para a descoberta de um novo gene,
sao necessarias 1,94 e 1,66 EST na RES e SUS, respectivamente. Isto indica
maior numero de genes redundantes na biblioteca RES e, provavelmente, uma
nova amostragem de transcritos conduzira a menor descoberta de novos
genes. Além disto, os resultados sugerem que RES pode ter maior numero de
erros associados ao agrupamento feito pelo programa de clusterizagdo podem

estar inflacionando essas estimativas.

Palavras-chave: cobertura génica, EST, sequenciamento
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Introducéo

As Etiquetas de Sequéncias Expressas (Expressed Sequence Tags —
EST ) sdo geradas pelo sequenciamento parcial de transcritos isolados de
mMRNA que foram convertidos em cDNA. Em analises de ESTs , dois tipos de
informagdes podem ser obtidos: sequéncia e abundéncia do transcrito, que
podem ser obtidas pelo agrupamento que identifica e monta EST que
compartilham determinada similaridade entre elas. A montagem de EST em
cada grupo de sequéncia pode ser representada por transcritos parciais ou
completamente restaurados, desde que ndo haja erros no processo de
agrupamento. O numero de EST dentro de cada grupo representa a
abundancia desse transcrito ou dessa espécie de mRNA em cada biblioteca.
Informagdo sobre a abundancia de transcrito em dados de EST pode ser
usada para estimar a cobertura da predi¢cdo génica. Por outro lado, informacéo
de sequéncia facilita a construcdo de sequéncias consensos (Okubo et al.,
1992).

As EST desempenham papel importante na identificacdo, deteccéo e
caracterizacao do transcriptoma de organismos e de partes deles, tornando-se
uma alternativa atraente e eficaz ao sequenciamento completo do genoma. As
sequéncias de transcritos resultantes e suas correspondentes abundancias tém
sido usadas na identificacdo de genes e no nivel de expressao desses genes
(Okubo et al., 1992).

O sequenciamento de EST ainda é visto como um procedimento de
custo elevado. Portanto, adequar a relagdo custo-eficacia ao experimento é
fundamental (Emrich et al., 2007), o que sugere a necessidade de avaliar a
redundancia relativa de varias bibliotecas preparadas a partir do mesmo
organismo ou dos mesmos tecidos, a fim de detectar quais dessas bibliotecas
produzem novos genes a uma taxa mais elevada. Além disso, existem
protocolos de “normalizacdo” que visam tornar as frequéncias de genes na
biblioteca mais uniformes, melhorando a taxa de descoberta génica. No
entanto, a realizacdo desses protocolos ainda tem custo elevado. Portanto, a
decisdo de se avancar com o sequenciamento de uma biblioteca nao-

normalizada ou recorrer a um procedimento de normalizagdo depende do

68



equilibrio cuidadoso dos custos envolvidos. Essa decisdo € baseada em
estimativas estatisticas da cobertura dos transcritos e do numero esperado de

novos genes em uma amostragem futura (Adams et al., 1991).
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Material e métodos

Os conjuntos de dados analisados consistem de amostras de EST
obtidas de bibliotecas de cDNA nao-normalizadas geradas a partir de dois
pools de tecidos de pele proveniente de animais F, (1/2Holandés:1/2 Gir)
avaliados como resistentes (RES) e suscetiveis (SUS) e infestados com
carrapato Riphicephalus (Boophilus) microplus. As EST foram agrupadas e
montadas em contigs pelo programa CAP3 (Contig Assembling Program 3)
(Huang & Madan, 1999) e configuradas para parametros padréo (definir), de
modo que EST que ndo formaram contigs foram nomeadas singlets. Esses
conjuntos de dados foram descritos previamente no capitulo 2.

Estimativas para predigdo génica e numero esperado de novos genes
foram obtidas como descrito por Susko & Roger (2004): os dados foram
ajustados para um modelo binomial negativo derivado da distribuicdo misturada

Gamma-Poisson e o numero de genes preditos foi obtido por:

I'x+a)

a0+ a)” )

em que a, B e y sdo parametros da distribuicdo gama. O parametro « pode

assumir valores entre -1 e 1 e o parametro S, entre 0 e 1. O parametro y é

determinado pela expresséo:

__ B
1+5) (2)

/4

Esse modelo tem a vantagem de desconsiderar o problema com os

genes ndo-observados (X, = 0) e isso permite que o pardmetro « tenha valores
menores que zero e qualquer valores maiores que -1 quando valores finitos

para 7,,1,,... sdo considerados.
2) [0, 1].

A imativa do numero de EST para descobrir um novo gene pode ser

obtida pela seguinte equacao:
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a+0" -1

Aa}’ (t) =1 (}/a) (3)

Os parametros foram obtidos por métodos iterativos (algoritmo EM -
Expectation and maximization) por maxima verossimilhanga (Efron & Thisted,
1976).
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Resultados
Agrupamento das EST em genes Unicos

Duas bibliotecas de cDNA nao-normalizadas foram geradas a partir de
biopsias de pele obtidas de animais F, infestados com Riphicephalus B.
microplus. As EST foram agrupadas usando CAP3 com os parametros default.
Para os dados de EST , o perfil agrupamento de n genes foi diretamente
sumarizado dos resultados do CAP3. A Figura 1 sumariza os dois conjuntos de
EST quanto a distribuicdo em possiveis grupos de genes. Para a biblioteca do
grupo dos aniamais resistentes, foram gerados 1.207 transcritos com 820
genes unicos, os quais foram distribuidos em dez grupos com niveis de
expressado 619, 135, 29, 17, 5, 6, 5, 1, 2, 1. No primeiro nivel, 619 genes
apareceram uma unica vez e, no nivel mais baixo, 1 gene foi representado 31
vezes no total de 820 genes.

Para a biblioteca SUS, foram gerados 1.350 transcritos com 981 genes
unicos, agrupados em 12 clusters com niveis de expressao 806, 108, 21, 19, 8,
7, 3,3, 2, 2, 1, 1. Nesse conjunto de dados, 819 genes apareceram apenas

uma vez e 1 gene com 13 possiveis transcritos representando o mesmo gene.
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Distribuicio das ESTs agrupadas pela abundancia

900 ~

800 A

700 A

600 -

500 A

400 - B RES, n=820

B 5US,n=981

300 A

Numero de possiveis transcritos

200 A

100 A

1 2 3 4 5 6 7 8 9 10 11 12 13

Frequéncia dos possiveis transcritos

Figura 1. Distribuicdo das ESTs em relagdo ao numero possivel de transcritos
para as bibliotecas RES e SUS feitos pelo programa CAP3.

Estimativas para cobertura génica e nimero de novos genes

Os parémetros a e y da equacgao (1) convergiram apés 16 (RES) e 15
(SUS) iteragdes. Os valores estimados de a e y para os conjuntos de dados
foram: Qestimado = -0,4944 € Vestimado=0,8549 para RES € destimado =-0,7115 e
Yestimado=1,0586 para SUS.

As estimativas para cobertura foram 0,49 (+0,02) e 0,40 (+0,02) para as
bibliotecas RES (n=820) e SUS (n=981) e indicam , respectivamente, que as
ESTs amostradas representam redundéancia de 49 e 40%. Estimativas para o
numero de EST requeridas para descobrir um novo gene, considerando
amostragem adicional de tamanho t, também foram obtidas. As estimativas

para RES foram 1,94 (RES) e 1,66 (SUS) e os intervalos de confianga preditos
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(a=5%), foram 1,87(£2,02) e 1,61(x1,72), para RES e SUS, respectivamente
(Tabela 1). Esses valores indicam que, em meédia, serdo necessarios

aproximadamente duas ESTs para descobrir um novo gene.

Tabela 1. Estimativas paramétricas para predicdes génicas e para o numero
esperado de novos genes

Numero esperado de novos genes

Conjuntos de Predigdo génica EST (Erro-padréo) Intervalo de
EST (Erro-padrao) confianca 95%

RES 0,49 (x0,02) 1,94 (+0,04) LI=1,87; LS=2,02

SUS 0,40 (£0,02) 1,66 (x0,03) LI=1,61; LS=1,72

As estimativas para o intervalo de confianga foram obtidas para um valor de a=0,05. LI e LS
representam os limites inferiores e superiores do intervalo de confianga, respectivamente.

Nas Figuras 2 e 3 sdo apresentadas as estimativas paramétricas para o
numero esperado de novos genes em uma segunda amostragem de EST com

relacdo aos dois conjuntos de dados RES e SUS, respectivamente.
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Numero Esperado de Novos Genes

Numero Esperado de Novos Genes
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1
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Novo Tamanho da Amostra

Figura 2. Estimativas para numero esperado de novos genes em fungao de

uma nova amostragem de transcritos para o grupo resistente (RES).
A linha central fornece a estimativa e as linhas em torno o intervalo de confiaancga
a 95%.

SUS
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|
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0 200 400 500 800 1000
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Figura 3. Estimativas para numero esperado de novos genes em fungao de

uma nova amostragem de transcritos para o grupo suscetivel (SUS).
A linha central fornece a estimativa e as linhas em torno do intervalo de confianga
a 95%.
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Os agrupamentos das EST feitos pelo programa CAP3 foram avaliados
com estimativas parameétricas, como descritos por Susko e Roger (2004) e
comparadas a estimadores nao-paramétricos. As Figuras 4 e 5 mostram o
padrao céncavo no tamanho da EST amostrada, o qual indica tendéncia de
declinio da eficiéncia com sequenciamento adicional quando se consideram

estimativas ndo-paramétricas.

RES

1500

— paramétrico
---- ndo parametrico

1000

500
1

Numero Esperado de Novos Genes

0.0 0.5 1.0 15 20

Figura 4. Estimativa para o numero esperado de novos genes em uma nova
amostra de tamanho tn como uma fungao de multiplos t do tamanho
inicial n.
Os numeros estimados sao dados para estimativas paramétricas e nao

paramétricas paras a EST das bibliotecas RES. Deve ser observada a diferenca
no comportamento para t>1.

76



SUS
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— parametrico
---- n§o parametrico

1000

500
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Numero Esperado de Novos Genes

0.0 05 10 15 20

Figura 5. Estimativa para o numero esperado de novos genes em uma nova
amostra de tamanho tn como uma fun¢do de multiplos t do tamanho
inicial n.
Os numeros estimados sdo dados para estimativas paramétricas e nao-
paramétricas para as ESTs das bibliotecas SUS.
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Discussao

Dados de EST sao gerados pelo sequenciamento de DNA de muitos
clones com cada clone representando uma copia do cDNA para um gene
esperado no tecido-alvo. Desse modo, n representa o numero desconhecido de
genes expressos no conjunto de dados de EST . Com base nas informacgdes de
sequéncias, as EST sao agrupadas e, para cada grupo de transcritos, é
assumido representar um unico gene expresso. Um agrupamento de etiquetas
de sequéncias expressas deve representar a verdadeira distribuicdo das EST
amostradas na biblioteca de cDNA (Wang et al., 2004)

Os resultados do agrupamento de EST (Tabela 2) sugerem que
aproximadamente 820 e 981 genes estavam presentes na biblioteca RES e
SUS, respectivamente. Por outro lado, a cobertura imada indica 401,8 (49%)
genes presentes na RES e 392,4 (40%) genes presentes na biblioteca SUS. As
estimativas para cobertura apresentada por ambas as bibliotecas indicam que
RES possui maior redundéancia que a apresentada pelo agrupamento SUS para
um numero menor de genes. Nao foram observadas sobreposi¢coes nas regides
do intervalo de confianga entre os dois grupos de EST e o numero esperado
de EST para descobrir um novo gene € maior na RES que para a SUS, logo é
menos provavel que uma nova amostragem para RES leve a novos genes.
Esses resultados sugerem que RES pode ter maior numero de erros

associados ao agrupamento feito pelo CAP3.

Erros podem ser atribuidos a diferentes fontes, por exemplo, qualidade e
direcdo do sequenciamento e contaminagdo com organismos simbiontes
presentes em amostras tomadas do ambiente. Esses erros podem viesar o
numero de genes observados entre 35-40% (Wang et al., 2004). Em analise
dos valores de qualidade das sequéncias atribuidas pelo programa Phred, os
menores valores médios de qualidade foram observados para RES. Portanto,
os erros de agrupamento podem estar associados a menor qualidade média

das sequéncias de EST obtidas pelo sequenciamento para RES.

Outros fatores também foram considerados como possiveis causas
desses erros. Etiquetas de sequéncias expressas geradas pelo

sequenciamento da extremidade 5 podem conter erros associados a falsa
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separagcdo dos genes em grupos distintos. Esses erros podem ser
problematicos, em razédo da insuficiente sobreposi¢cao entre sequéncias para o
mesmo gene, 0 que pode explicar até 80% desses erros de agrupamento
(Wang et al., 2004). Para os dados de EST analisados, 82,6% e 89,6% dos
transcritos sao representados por sequéncias obtidas pelo sequenciamento da
extremidade 5’, respectivamente, RES e SUS. No entanto, nenhuma inferéncia
pdde ser feita quanto aos dados analisados em decorréncia da representacao

similar de transcritos 5° em ambas as bibliotecas.

Para o modelo paramétrico, estimativas razoaveis de parametros
foram obtidas para 0 <t <2 (Figuras 4 e 5). Em razdo dos pequenos valores do
parametro « , o numero esperado de novos genes foi praticamente linear como
uma fungdo de t com o sequenciamento de novas EST e decaimento
acentuado para estimativas nao-paramétricas para t>1. Essa questdo foi
discutida recentemente por Susko & Roger (2004) ao considerarem a predigcao
génica em uma amostra adicional de EST maior que a amostra inicial requer
ajustes paramétricos para a distribuigdo da abundancia dos transcritos para

evitar variabilidade do estimador.

Em RES, a distribuigdo dos transcritos em grupos indica que 619 genes
aparecem uma unica vez e um gene foi representado 31 vezes no total de 820
genes. Como A(t) representa a soma dos indices de t, para t>1 as
contribuicbes dominantes para a soma virdo de n, para um grande valor de X,
por exemplo, se t =2 e a maioria dos genes aparecer com menos de 10
transcritos; mas, se um gene aparecer 30 vezes, a contribuicdo para a soma
desse gene sera —2* e A(t) estimado sera, possivelmente, negativo. Se outro
read for obtido e corresponder ao gene representado 30 vezes, a contribuicao
seria 2*' resultando em uma enorme mudanga (2% +2°’') no A(t) estimado.

Para bibliotecas nao-uniformes, em que alguns grandes grupos de transcritos

podem ser esperados, A(t) estimado € altamente variavel e instavel para t>1.
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Conclusoes

Em comparacédo a biblioteca SUS génica, a RES apresentou maior
redundancia para menor numero de EST o que indica, possivelmente, erros de

agrupamento neste conjunto de dados.

O numero esperado de novos genes é praticamente linear e com
inclinagdo menos acentuada para RES, o que indica menor probabilidade de

descoberta génica em amostragem futura.
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ANEXO 2. Cédigo-fonte do programa escrito em linguagem R para estimativas
paramétrica e nao-parameétrica referentes a cobertura e ao numero
esperado de novos genes, segundo a metodologia descrita por Susko
& Roger (2004).

a=read.table("c:/carlosreal2.txt")
##INDICE 1 E SUSH###

##INDICE 2 E RES###

###Coverage - biblioteca individual###
L1=a$V1*a$Vv2

L2=a$V1*a$V3
C1=(sum(L1)-a$V2[1])/sum(L1)
C2=(sum(L2)-a$V3[1])/sum(L2)

C1
C2

###Erro-padréo coverage - biblioteca individual###

se_C1=(sqrt(sum(L1))*-1)*sqrt((a$V2[1])/sum(L1))+(2*a$V2[2])/sum(L1))-((a$V2[1])/sum(L1))"2))
se_C2=(sqrt(sum(L2))*-1)*sqrt((a$V3[1]/sum(L2))+(2*a$V3[2])/sum(L2))-((a$V3[1])/sum(L2))"2))

se_C1
se _C2

alfa=0.05

Li_ic_C1=C1 - gnorm((1-alfa/2))*se_C1
Ls_ic_C1= C1 + gnorm((1-alfa/2))*se_C1

Li_ic_C1
Ls ic_C1

Li_ic_C2= C2 - gnorm((1-alfa/2))*se_C2
Ls_ic_C2= C2 + gnorm((1-alfa/2))*se_C2

Li_ic_C2
Ls_ic_C2

###NUumero esperado de genes - biblioteca individual###

eta1=1/(1-C1)
eta2=1/(1-C2)

etal
eta2

###Erro-padrdo para o numero esperado de genes - biblioteca individual###

se_etal=se_C1/(1-C1)
se_eta2=se_C2/(1-C2)

se_etat
se_eta2
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Li_ic_etal1= etal - gnorm((1-alfa/2))*se_eta1l
Ls_ic_etal= etal + gnorm((1-alfa/2))*se_eta1

Li_ic_eta1
Ls_ic_eta1l

Li_ic_eta2= eta2 - gnorm((1-alfa/2))*se_eta2
Ls_ic_eta2= eta2 + gnorm((1-alfa/2))*se_eta2

Li_ic_eta2
Ls_ic_eta2

a=read.table("c:/carlosreal2.txt")
#iHHHmétodo nao paramétrico - biblioteca SUS#H###HHHHHE

t=seq(0.01,2,0.01)
del0O=matrix(0,12,length(t))
eta=a$Vv2

eta1=819

for(x in 1:12)

for(i in 1:length(t))
{
del0[x,i]=((-1)Mx+1))*(t[i]*x)*eta[x]

}
s=matrix(0,length(t),1)
for(i in 1:length(t))

{

s[ij=sum(delO[,i])

}
plot(t,s,ylim=c(0,1500),type="1",Ity=3)#grafico do ndo paramétrico#
alfa1=-0.7115
gamai1= 1.0586
delta_lib1=eta1*(alfa1*-1)*(gamai”-1)*(1-((1+gama1*t)*-alfa1))#grafico do paramétrico - idem
susko Fig2. pag 2283#
lines(t,delta_lib1,type="1")

#HHHH#H#Método ndo paramétrico - biblioteca RES####H#H#H#HHH
tr=seq(0.01,2,0.01)
delOr=matrix(0,10,length(t))
etar=a$Vv3
eta1r=619
for(x in 1:10)
for(i in 1:length(tr))
delOr[x,i1=((-1)"(x+1))*(tr[i]*x)*etar[x]
}
sr=matrix(0,length(tr),1)
for(i in 1:length(tr))
{
sr[i]=sum(delOrf,i])
plot(tr,sr,ylim=c(0,1500),type="1",Ity=3)#grafico do ndo paramétrico#

alfa2=-0.4944
gama2= 0.8549
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delta_lib2=eta1r*(alfa2”-1)*(gama2”-1)*(1-((1+gama2*t)*-alfa2)#grafico do paramétrico - idem
susko Fig2. pag 2283#
lines(t,delta_lib2,type="1")

i plotando as duas bibliotecas - ndo-paramétricas##t

plot(t,s,ylim=c(0,1000),type="1",Ity=3,col="red")#grafico do ndo paramétrico sus#
lines(tr,sr,ylim=c(0,1000),type="1",Ity=3)#grafico do ndo paramétrico res#

t=seq(0.01,1,0.01)
##HH#meétodo paramétrico - - biblioteca RESHHHHHHHHHHH

k <-¢(1,2,3,4,5,6,7,8,9,10,11,13,31)
Nk <- ¢(619,135,29,17,5,6,5,0,0,1,2,0,1)
sum(NKk)

p1=(k*Nk)/sum(k*Nk)
d1=data.frame(cbind(p1,k))

fit1=nls(p1 ~ ((gamma(k + b1)/(factorial(k)*gamma(1 + b1))))*(b2*(k-1)), start = list(b1=-
0.87,b2=1.5),data=d1)

par1=coef(fit1)

alfa1=-0.4944

gamai1= 0.8549

eta1=619

deltat1=eta1*(1-((1+gamat*t)*-alfa1))/(alfa1*gama1)
plot(1000*t,deltat1,xlim=c(0,1000),ylim=c(0,400),type="1")

#HHHHintervalo confianca paramétrico - biblioteca RES###H#H#HHH
n=1000

t=seq(0.01,1,0.01)

part1=matrix(0,10,length(t))

part2=matrix(0,10,length(t))

part3=matrix(0,10,length(t))

for(x in 1:7)

for(i in 1:length(t))
{

part1[x,i]=({i]*(2*x))*NK[x]
part2[x,i]=((-1)"(x+1))* ([ (x))*((x*NK[x])-(x+1)*Nk[x+1])
}part3[x,i]=(Nk[X]*(-1 YMX))*(1-2*((1+t[i])"x)+((1+2*t[i])"x))

}
part2=part2[1:9,]

es1=matrix(0,length(t),1)
es2=matrix(0,length(t),1)
es3=matrix(0,length(t),1)
for(i in 1:length(t))

{

es1[i]l=sum(part1[,il)
es2[i]=sum(part2[,i])
es3[i]=sum(part3[,i])

}
sig11=(es1-es3)/10
sig12=sqrt(1/n)*sqrt(1/7)*es2
var1=sig11 - sig12/2
linf1=deltat1-1.96*sqrt(var1)
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Isup1=deltat1+1.96*sqrt(var1)

plot(t*n,deltat1,xlim=c(0,1000),ylim=c(0,400),type="1")
lines(t*n,linf1,xlim=c(0,1000),ylim=c(0,400),type="1")
lines(t*n,Isup1,xlim=c(0,1000),ylim=c(0,400),type="1")

###H#método paramétrico - biblioteca SUSH##HHHHHHHHHHHHH

k1=c(1,2,3,4,5,6,7,8,9,10,11,13,31)
Nk1=c(819,108,21,19,8,7,3,3,2,2,1,1,0)
sum(Nk1)

p2=(k1*Nk1)/sum(k1*Nk1)
d2=data.frame(cbind(p2,k1))

fit2=nls(p2 ~ (gamma(k1 + b1)/(factorial(k1)*gamma(1 + b1)))*(b2*(k1-1)), start = list(b1=-
0.87,b2=1.92),data=d2)

par2=coef(fit2)
alfa2=-0.7115
gama2= 1.0586
eta2=819

deltat2=eta2*(1-((1+gama2*t)*-alfa2))/(alfa2*gama2)

plot(1000*t,deltat2,xlim=c(0,1000),ylim=c(0,400),type="1",Ity=3) ##H##pontilhado & library 2####
lines(1000*t,deltat1,xlim=c(0,1000),ylim=c(0,400),type="1") ##HHH##idem ao grafico fig.1 pag.
228 24HHHHHHHIHIHHHE

#HHHH#Hintervalo confianca paramétrico - biblioteca SUS#H##HH##H
n=1000
t=seq(0.01,1,0.01)
part1=matrix(0,12,length(t))
part2=matrix(0,12,length(t))
part3=matrix(0,12,length(t))
for(x in 1:12)

for(i in 1:length(t))
{

part1[x,i]=({i]*(2*X))*Nk1[x]

part2[x,i]=((-1)"(x+1))* (1" (x))* ((x*NK1[X])-(x+1)*Nk1[x+1])
part3[x,i]=(Nk1[x]*(-1)(x))*(1-2*((1+t[i])*x)+((1+2*t[i])"x))

}

}
part2=part2[1:11,]

es1=matrix(0,length(t),1)
es2=matrix(0,length(t),1)
es3=matrix(0,length(t),1)
for(i in 1:length(t))

{

es1[i]l=sum(part1],i])
es2[i]=sum(part2[,i])
es3[i]=sum(part3],i])

}
sig11=(es1-es3)/12
sig12=sqrt(1/n)*sqrt(1/12)*es2
var2=sig11 - sig12/2
linf2=deltat2-1.96*sqrt(var1)
Isup2=deltat2+1.96*sqrt(var1)
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plot(t*n,deltat2,xlim=c(0,1000),ylim=c(0,400),type="1")
lines(t*n,linf2,xlim=c(0,1000),ylim=c(0,400),type="1")
lines(t*n,Isup2,xlim=c(0,1000),ylim=c(0,400),type="1")

86



Capitulo 4

87



Differential expression of calcium-binding proteins (TPT1 and S100A7)
and calcium channel protein (TRPV6) in F; cattle infested with the tick

Riphicephalus (Boophilus) microplus

Carlos Souza do Nascimento!, Marco Antonio Machado®®, Simone Eliza
Facioni Guimardes®' Marta Fonseca Martins Guimardes?, Jane de Oliveira
Peixoto®, John Furlong?, Marcia CA Prata®, Rui da Silva Verneque?, Roberto
Luis Teodoro? , Paulo Savio Lopes’

'Department of Animal Science, Federal University of Vigosa - UFV, Campus Universitério,
36570-000, Vigosa- MG. Brazil
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Abstract

The co-existence of Zebu animals with the tick Riphicephalus (Boophilus)
microplus over the centuries seems to have conferred greater resistance to
these animals compared to Taurine animals. Little is known so far about the
genetic mechanisms involved in the genetic resistance of Zebu animals to ticks.
The identification of new genes and host antigens involved in the mechanism of
resistance/susceptibility to the parasite are a promising approach. In this work,
we compared the relative expression of susceptible and resistant animals
groups using real-time polymerase chain reaction to determine the expression
level of the calcium-binding proteins translationally-controlled tumor protein 1
(TPT1) and allergen Bos d3 (S100A7), and of the calcium channel protein
transient receptor potential vanilloid 6 (TRPV6). The three genes were identified
in cDNA libraries prepared from skin lesions of susceptible animals and from
healthy skin of resistant animals. Skin biopsies were obtained from F, cattle
previously phenotyped to the tick R. microplus based on the number of
engorged female ticks and classified as resistant or susceptible. The relative
expression of the S100A7, TPT1 and TRV6 genes was 2.01 (x0.6), 1.32 (x0.9)
and 1.53 (x1.2) fold higher in the susceptible group, respectively. Our findings
show that the S100A7, TPT1 and TRPV6 genes were differentially expressed
(p=0.001) in skin lesions from susceptible animals. In the present study, some

highly expression genes related to skin hypersensitivity could be identified on
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susceptible group. However, this hypersensitivity does not seem to protect

susceptible animals against tick infestation

Keywords: molecular genetics, qRT-PCR, tick resistance
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Introduction

The co-existence of Zebu animals with the tick  Riphicephalus
(Boophilus) microplus over the centuries seems to have conferred greater
resistance to these animals compared to Taurine animals (Villares, 1941; Utech
et al.,, 1978). Genetic resistance to the bovine tick R. microplus is one of the
most important factors to reduce costs related to the control of this parasite in
tropical cattle systems. Little is known so far about the genetic mechanisms
involved in the genetic resistance of Zebu animals to ticks. However, studies
regarding this genetic resistance may contribute to the biological control of ticks,
since the use of resistant animals is one of the most effective solutions to
control this parasite. Genetic resistance can contribute to decrease the tick
population, costs with medications, personnel, mortality, and production losses
and also to decrease environment pollution and intoxication of the animal.
Development of new control methods is of great importance for cattle breeding
programs. The identification of new genes and host antigens involved in the
mechanism of resistance/susceptibility to the parasite are a promising
approach.

In cattle, one of the main defense mechanisms of resistant animals is
self-grooming. Rocha (1976) observed that the host directs its defenses to the
region affected by the parasite, trying to eliminate the larvae by licking and
rubbing the area against rough surfaces. Translationally controlled tumor
protein (TPT1), also known as IgE-dependent histamine-releasing factor, is a
growth-related tumor protein. TPT1 is involved in both cell growth and human
late allergy reaction, as well as having a calcium binding property; however, its
primary biological functions remain to be clearly elucidated (MacDonald et al.
2001).

The gene S100A7 encodes a low molecular weight calcium-binding
protein responsible for the chemotactic migration of CD4+ lymphocytes to the
affected region The S100A7 or allergen Bos d3 gene is involved in calcium-
dependent signal transduction and is related to cellular changes in response to
extracellular stimuli. Works suggest that the S100A7 gene promotes an
increase in leukocyte recruitment to the affected region and thus contributes to

proinflammatory activity (Jinquan et al., 1996).
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The TRPV6 gene encodes a transmembrane protein responsible for the
absorption of calcium. Neutrophils are the first defense cells arriving at the
affected site, followed by eosinophils and basophils. In granulocytic neutrophils,
important cellular responses are mediated or essentially regulated by the
concentration of free Ca®*, including the production and release of arachidonic
acid, neutrophil degranulation and respiratory stress (release of superperoxide
anions and other free radicals). In addition, Ca®* is important for chemotaxis,
particularly for the activation of integrins permitting strong adhesion to the blood
vessel endothelium, and for integrin recycling during neutrophil migration
(Heiner et al., 2003).

Based on the above described functions of these genes associated with
immune response and other important functions, it is necessary to determine
gene expression on skin tissue. However, until today the functions of these
genes has not been reported in cattle yet. This work aimed to validate the
differential expression of three genes identified in cDNA skin libraries from
resistant and susceptible animals to R. microplus, using real-time polymerase
chain reaction (QRT-PCR).

MATERIAL AND METHODS
Animals and tissue collecting

The animals used in this study belonged to an F;, population originated
from crossing F1 animals (%2 Holstein: 72 Gir) to determine QTLs (Martinez et al.,
2006). On the basis of the results of previously performed genetic evaluations
(Teodoro et al., 2006), animals with extreme breeding values for tick
resistance/susceptibility were selected for the experimental groups. Six tick-
resistant and six tick-susceptible F, animals were selected based on their
breeding value for the sample collection.

To guarantee that they were free of natural infestation before being
submitted to experimental infestation, the animals were bathed in acaricides.
After, the animals were kept in a picket free of ticks until full clearance of the
chemical acaricides and submitted to artificial infestation with 10,000 tick larvae.

Skin biopsies were obtained from the lesion area provoked by the ticks in
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susceptible animals and from the healthy region of resistant animals after

artificial infestation.

RNA extraction

Two pools were prepared for the extraction of total RNA, one consisting
of skin biopsies from resistant animals and the other of skin biopsies from
susceptible animals. Skin biopsies were removed from RNAlater (Ambion)
solution, sliced into several pieces and excess RNAlater removed. Total RNA
was extracted using the RNeasy® Midi kit (Qiagen, Valencia, CA) according to
manufacturer instructions. A DNase step (RNase-free DNase |, Invitrogen Life
Technologies, Carlsbad, CA) was performed to the total RNA to remove
genomic DNA. The quality of isolated RNA was determined
spectrophotometrically (A260:A280) and its integrity was verified by 1,2% (w/v)
agarose gel electrophoresis staining with ethidium bromide. RNA samples were

stored at -70°C until gRT-PCR analyses were performed.

Primer design and amplification efficiency

The genes used in the gqRT-PCR reactions were selected from two skins
cattles cDNA libraries infested with ticks (Nascimento CS et al., unpublished
results). The primers used for amplification of the all genes and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) as endogenous control were designed
with the PrimerQuest program provided by Integrated DNA Technologies, Inc.
(Coralville, IA, USA). The SuperScript Ill First-Strand Synthesis SuperMix kit
(Invitrogen, Carlsbad, CA, USA) was used to generate the first cDNA strand
from total RNA. cDNA was synthesized in a 20 pl volume using 1 ug of total
RNA. To confirm the absence of residual genomic DNA contamination, one
sample was incubated without Reverse Transcriptase (negative control).

Before real-time quantification (QRT-PCR), the primers concentrations
and cDNA quantity that provided the best efficiency of the PCR reaction for both
the target genes and the endogenous control were established. Serial cDNA
dilution curves were produced to calculate the amplification efficiency for all

genes. A graph of threshold cycle (Ct) versus log10 relative copy number of the
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sample from a dilution series was produced. The slope of the curve was used to
determine the amplification efficiency (Pfaffl, 2001): Efficiency = 10 (-1/slope).
At the end of the tests, the amount of 100 ng of cDNA and a primer
concentration of 400 nM were standardized for the amplification of all genes.

The dissociation curve of each gene was also analyzed.

Analysis of real-time PCR data

The gRT-PCR assays used the SYBR® Green | System (Bio-Rad,
Hercules, CA, USA) for detection and were carried out in the SDS ABI PRISM
7000 thermocycler (Applied Biosystems, Foster City, CA, USA). mRNA levels
were normalized against cattle GAPDH gene as endogenous control and
compared between resistance and susceptible animals. Reactions for the
endogenous control and target genes were carried out in duplicate. Each
reaction mixture contained 12.5 yL 2X SYBR® Green Supermix, 400 nM of
each primer, and 100 ng cDNA in a final volume of 25 pL. The amplification
conditions were initial denaturation at 95°C for 3 min, followed by 40 cycles of
denaturation at 95 °C for 15 s and annealing and extension at 60°C for 60 s (for
all primers). Amplicons were free from DNA contamination as judged by a lack
of signal from non-reverse transcribed RNA with all primers sets. A mean cycle
threshold (Ct) was established for the target genes and reference gene and ACt
values were calculated [ACt = Ct (target gene) — Ct (GAPDH)]. Individual
reactions were performed for each gene in 96-well plate. The relative
expression analysis of the target gene was performed using a software REST

(Pfaffl et al. 2002) for group-wise comparison in real-time PCR.

RESULTS

The primers used and the randomization tests of gRT-PCR are shown in
Table 1 and Table 2, respectively. Efficiency values ranged from 1.65 to 2.23,
indicating efficient amplification near the theoretical optimum level of 2
(Wilkening and Bader, 2004).
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Table 1. Primer sequences used in the real-time PCR assays

Amplicon Acession

Gene Primer sequence (5’-3’) size (bp) Number’

F: TCA GCT TGA GCA GGC CAT TAC AGA 130 XM 8706003
R: ACA GGC ACT GAC GAA GTT GAG GAA - '
F: GGG CTG CAG AAC AAA TCA AGC ACA 118

S100A7

TP R: ACACCATCC TCA CGG TAG TCC AAT XM_001254326 1
F: ATC ATC GCT GCT TTG CTC ATG CTC 142
TRPV6 R: AAC GTG GCA GCT TCT TCT CTA GCA XM_866519.2
GAPDH F: GGC GTG AAC CAC GAG AAG TAT AA 99 NM_001034034.1

R: CCC TCC ACG ATG CCAAAGT

"http://www.ncbi.nIm.nih.gov/GenBank/

In the present study, three genes were analysed in the two groups of
animals, resistant and susceptible to tick infestation,in skin tissue collected. Ct
values in the two groups ranged from 16.3 to 28.3 for target genes and from
21.9 to 22.3 for GAPDH. The lower Ct value for S100A7 indicates that this gene
reaches the detection threshold with less amplification cycles than GAPDH,
suggesting that it is more abundant in the skin. On the other hand, the TPT1
and TRPV6 genes shown Ct values high than GAPDH indicant that these genes
are less abundant. The coefficient of variation ranged from 0.52 to 3.43 for

target genes and from 0.19 to 1.06 for GAPDH across all groups (Table 2).
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Table 2: Output of randomization test in two groups and analysis of
S100A7, TPT1, TRPV6 and GAPDH in skin tissue from
resistant (R) and susceptible (S) animals.

Gene (Ct) Threshold Standard Coeff.
cycle deviation variation
(%)

S100A7 (R) 17.7 0.43 3.43
S100A7 (S) 16.3 0.06 0.56
TPT1 (R) 271 0.10 0.52
TPT1 (S) 25.7 0,31 1.73
TRPV6 (R) 28.3 0.18 0.88
TRPVG6 (S) 28.0 0.15 0.73
GAPDH (R) 21.9 0.17 1.06
GAPDH (S) 22.3 0.03 0.19

The expression levels of target genes and control GAPDH were
different in resistant and susceptible animals and differentially expressed
among groups (p < 0.001). REST® analysis showed over expression of
S100A7, TPT1 and TRPVE6 in skin biopsies from the susceptible group. S100A7
was classified as the more expressed gene of the group, followed by TPT1 and
TRPV6. Expression of the S100A7 gene was higher in skin lesions from
susceptible group 2.01 (£0.6). The ratios of the all genes expressions in the

groups are summarized in Figure 1.

2,5

1,5

Level expression

0,5

S100A7 TPT1 TRPVE
(Genes

Figure 1. Relative expression measurements of the three genes using qRT-

PCR calculated using REST2005 (relative expression software tool).
Relative expression of the S100A7 (2.01+0.6), TPT1 (1.32+0.9 and TRPV6
(1.53+1.2) genes in skin bovine from resistance and susceptible groups (n = 2).
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Fold change (y axis) represents the relative expression of the S100A7, TPT1 and
TRPV6 genes in comparison to resistance group, normalized by GAPDH reference
gene expression. All genes were significant differentially expressed to p < 0.001.

DISCUSSION

Expression of TPT1, S100A7 and TRPV6, was detected in skin
tissue samples originating from the susceptible and resistant tissues pools
animals. These genes were previously identified as differentially expressed in
the susceptible library (unpublished). So we performed gRT-PCR to validate the
results obtained by analysis of the cDNA libraries.

Our results showed a higher expression of the histamine-releasing
protein (TPT1) in skin lesions of susceptible animals. The increase was 1.32
(£0.9) fold to relative resistance group. One possible explanation for this finding
might be the presence of antihistamine molecules or histamine-binding proteins
in the tick saliva that are competing for histamine receptors, with a consequent
reduction in the inflammatory response of the host to the tick bite (Paesen et al.,
2000). Studies have demonstrated that the TPT1 gene encodes a calcium-
binding protein that is induced in the presence of various intracellular stimuli
and possess cytokine-like activities, inducing the production of interleukins by
basophils and eosinophils and thus may affect host immune responses in
patients with malaria (MacDonald et al., 2001). Degranulation of host mast cells
promotes the release of histamine, which results in the dropping off the
Riphicephalus (Boophilus) microplus tick larva (Kemp and Bourne, 1980),
representing an important rejection factor in resistant animals. Schleger et al.
(1981a) demonstrated a higher concentration of eosinophils and histamine
close to the tick attachment site in highly resistant animals. Allen (1989), who
observed higher skin hypersensitivity in the presence of basophils in the
affected region, resulting in a possible increase of host irritation. Therefore, it is
likely that TPT1 is involved in various inflammatory processes.

The basophils-cutaneous hypersensitivity is a type of immune
response very frequent in animals exposed to ticks, characterized by the influx
of basophils on the site of the bite with consequent release of histamine. The
resistant animals develop this type of response more quickly than susceptible

animals (Mattioli et al., 2000) with the detachment of ticks hours after fixing

96



them stemming the immunological events developed by the host (Ribeiro,
1989). As the animals could develop a later basophils-cutaneous
hypersensitivity, the increased expression of gene TPT1 in these animals can
be considered normal, whereas the time for collection of tissue for analysis of
expression (5 and 12 days after the infestation) could not be ideal for detecting
the expression of this genes in the resistant animals because they develop a
rapid immune response, what it could recommended the analysis of gene
expression in tissue collected hours after tick fixation. However, the time for
collection of tissue provided in this work was clever to identify the increased
expression of the gene TPT1 in animals susceptible because they have a
slower immune response.

The gene S100A7 encodes a low molecular weight calcium-binding
protein responsible for the chemotactic migration of CD4+ lymphocytes and
neutrophils to the affected region (Jinquan et al., 1996). Our results show that
the amplified products of the S100A7 gene started to be detected around cycle
17 before the other genes and even before the endogenous control suggesting
that this gene is over expressed in this tissue.

S100A7 overexpression is seen in many epidermal inflammatory
diseases and inflammatory lichen sclerosus and atrophicus (Madsen et al,
1991; Algermissen et al, 1996) and S100A7 expression is also increased in
invasive skin cancers (Alowami et al, 2003). Di Nuzzo et al. (2000 ) reported
increased expression of S100A7 in the human epidermis coincident with
increases in adhesion protein (LFA1/ICAM-1) expression and it is has been
associated with increased epidermal accumulation of CD4+ T cells in response
to UV treatment. These studies suggest that S100A7 levels increase in
response to inflammatory stress and that the S100A7 protein may function as a
keratinocyte-derived chemotactic agent for immune cells. We hypothesized that
the S100A7 gene can be to promote an increase in leukocyte recruitment to the
affected region and thus contribute to proinflammatory activity on susceptible
group.

Similarly, our results showed a 1.53 (x1.2) fold increase in the
expression of the TRPV6 gene in skin lesions of susceptible animals. The
TRPV6 gene encodes a transmembrane protein responsible for the absorption

of calcium (Montell et al., 2002). The differential expression of TRPV6 in skin
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lesions of animals infested with R. microplus agrees with the pattern expected
for inflamed tissues, since the stimulus caused by the bite and the action of
various substances present in the tick’s saliva induce the continuous migration
of neutrophils and other defense cells to the affected region, thus characterizing
a proinflammatory state. Despite the significant difference between means
expressions of the TRPV6 gene, our analysis is characterized by a high
variation of the standard error to this gene. Considering that the skins pool
analyzed in this study were performed from six animals, the broad variation in
standard error could be due both to a composition of pools tissue with animals
exhibiting different levels of resistance/susceptibility that could express at
different levels the TRPV6 gene.

Our findings show the existence of differential expression in skin
lesions of susceptible animals compared to healthy skin of animals highly
resistant to the tick R. microplus. This is the first study showing the differential
expression of genes encoding calcium-binding proteins and a calcium channel
protein in cattle. Little is known how these genes participate in the mechanism
of the host's response to the parasite. The above results indicated that
overexpression of three genes may explain the skin hypersensitivity of
susceptible animals, but this hypersensitivity does not seem to be effective in
protecting susceptible animals against tick infestation. Other genes might be
involved in the host defense mechanism. In addition, parasite-host interactions
involve a complex network of gene activation mechanisms and little is known so
far of how this mechanism works. Within this line of research, our team
continues to investigate new genes and transcripts that are differentially
expressed between resistant and susceptible animals. This established the

primary foundation for further studies of these bovine genes.
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Differential expression of the cystatin 6-like cysteine proteinase inhibitor gene
(CST6) in bovine’s skin tissues infested with the tick Riphicephalus (Boophilus)

microplus

Carlos Souza do Nascimentol, Marco Antonio Machadoz*, Simone Eliza Facioni
Guimardes', Marta Fonseca Martins Guimardes’, Jane de Oliveira Peixoto', Paulo Savio
Lopes1

ABSTRACT — Cystatins are biochemically well-characterized as strong inhibitors of
cysteine proteinases of the papain family, especially cathepsins and also of some
lysosomal caspases. Genes encoding cysteine proteinase inhibitors have already been
found in the Ixodes scapularis sialoma and in Amblyomma americanum facilitate the
hematophagy behavior suppressing the antigens, processing and immune recognition of
molecules of the tick saliva. The objective of the present study was to determine the
differential expression profile of the CST6 bovine in skin biopsies from cattle infested
with the tick Riphicephalus (Boophilus) microplus. Animals were previously
phenotyped for resistance to the tick R.microplus according to the number of engorged
female ticks and classified as resistant (RES) or susceptible (SUS). Two pools were
prepared for the extraction of total RNA, one consisting of skin biopsies from resistant
animals and the other of skin biopsies from susceptible animals. Real-time polymerase
chain reaction (QRT-PCR) was used to detect the level of expression of the cystatin 6-
like cysteine proteinase inhibitor (CST6) in skin biopsies of F, cattle. The level
expression of the CST6 gene was 2.03 fold higher in the susceptible pool. The elevated
level of cysteine proteinase inhibitor mRNA in skin lesions from susceptible animals
might be explained by the constant turnover of epithelial proteins by endogenous and

tick exogenous endopeptidases, promoting regeneration of damaged epithelial tissue
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that characterizes the inflammatory state. This result suggests that CST6 gene

transcripts can be associated with host suscepbility to R. microplus tick.

Keywords: animal breeding, molecular genetics, qRT-PCR

1 - Departmento de Zootecnia, Universidade Federal de Vigosa - UFV, 36570-000, Vigosa, MG,
Brazil.

2 - Embrapa Gado de Leite, Rua Eugénio do Nascimento 610, Dom Bosco, 36038-330, Juiz de
Fora, MG, Brazil.

*Send correspondence to Marco Antonio Machado. Empresa Brasileira de Pesquisa
Agropecuaria — Centro Nacional de Pesquisa em Gado de Leite, Rua Eugénio do Nascimento,
610, 36570-000, Dom Bosco, Juiz de Fora — MG, Brasil. Email: machado@cnpgl.embrapa.br

104



RESUMO - Cistatinas sdao fortes inibidores de proteinases de cisteina bem
caracterizados bioquimicamente pertencentes da familia das papainas, especialmente
catepsinas e também de algumas caspases lisossomais. Genes que codificam para
inibidores de proteinase de cisteina tém sido reportados em Ixodes scapularis sialoma e
em Amblyomma americanum facilitando a agdo hematdfaga do parasita suprimindo a
apresentagdo de antigenos, processamento e reconhecimento de moléculas presentes na
saliva do carrapato. O objetivo deste estudo foi determinar o nivel de expressdo génica
do CST6 na de pele de bovinos infestados com o carrapato Riphicephalus (Boophilus)
microplus. Animais foram fenotipados previamente para o nivel de resisténcia ao
carrapato R. microplus quanto ao nimero de teoldginas presentes e classificados como
resistentes (RES) ou susceptiveis (SUS). Dois pools de tecidos foram preparados para
extragdo de RNA, um consistindo de biopsias de pele de animais resistentes e outro de
animais suscetiveis. A metodologia da reacdo em cadeia da polimerase semi-
quantitativa em tempo real (QRT-PCR) foi usada para avaliar o nivel de expressdao do
gene cistatina 6 (CST6) em bidpsias de pele de bovino F,. O nivel de expressdo dos
transcritos do gene CST6 foi 2,3 vezes maior no pool SUS em relagdo ao pool RES. O
elevado nivel de mRNA do gene inibidor de proteinase de cisteina encontrado em lesdes
de pele dos animais susceptiveis pode ser explicado pelo constante turnover de
proteinas do epitélio promovido pela acdo de endopeptidases do animal e exopeptidases
do parasita, promovendo a regeneragdo do tecido epitelial danificado caracterizado pelo
estado inflamatorio. Este resultado sugere que os transcritos do gene CST6 pode estar

associado a susceptibilidade do hospedeiro ao carrapato R. microplus.

Palavras-chave: genética molecular, melhoramento animal, qRT-PCR
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Introduction

Riphicephalus (Boophilus) microplus is a cattle ectoparasite found in tropical
and subtropical regions worldwide (Willadsen and Jongejan, 1999). In Brazil, this tick
represents a great problem for cattle production in different regions and the use of
acaricides has been the most common prophylactic control measure against this
ectoparasite. The main problems related to this practice are the development of resistant
tick strains, the presence of chemical residues in animal products, and environmental

pollution (Bullman et al., 1996).

Molecules released by the tick R. microplus during attachment and feeding of
the larva on the host stimulate innate and acquired immune responses. The ability of the
host to respond to these molecules will result in different levels of resistance. The tick
counterattacks the host response with immunosuppressive molecules present in its
saliva. The saliva of R. microplus contains substances that act on T lymphocytes,
macrophages, neutrophils and natural defense cells, and influence the immunoglobulin
class produced in response to the tick antigen. Particularly proteinases, peptidases and
their inhibitors have been the focus of studies regarding ectoparasites. A recently
published study has speculated regarding the use of proteinases or their inhibitors as a
vaccine source, especially against tick serpins (Mulenga et al., 2001). Studies have
indicated that cystatins exert important regulatory and protective functions against the
uncontrolled proteolysis of cysteine proteinases of viral, bacterial and host origin
(Bobek and Levine, 1992). In vertebrates, cystatins exert many specific functions
include antigen apresentation antigeno (Honey e Rudensky, 2003), immune system
development (Lombardi et al. 2005), epidermal homeostase (Reinheckel et al. 2005),

extracellular matrix degradation (Serveau-Avesque et al. 2006)
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In previous studies, ESTs were generated from skin tissues of F, cattle
(unpublished results) and comparative analysis were performed to detected expression
profile of the transcripts. The objective of the present study was to validate the
differential expression profile of the cystatin 6-like cysteine proteinase inhibitor (CST6)

in skin biopsies from cattle infested with the tick R. microplus.

Materials and Methods

The animals used in this study belonged to an F, population originated from
crossing F; animals (%2 Holstein: /2 Gir) (Martinez et al., 2006). On the basis of the
results of previously performed genetic evaluations, animals with extreme breeding
values for tick resistance/susceptibility were selected for the experimental groups. Six
tick-resistant and six tick-susceptible F, animals were selected based on their breeding
value for the sample collection.

The selected animals were bathed in acaricides to guarantee that they were free
of natural infestation before being submitted to experimental infestation. The animals
were kept in a picket free of ticks until full clearance of the chemical acaricides, were
inspected visually, and were then submitted to artificial infestation with 10,000 tick
larvae. Skin biopsies were obtained from the lesion area provoked by the ticks in
susceptible animals and from the healthy region of resistant animals after artificial
infestation.

Two pools were prepared for the extraction of total RNA, one consisting of skin
biopsies from resistant animals and the other of skin biopsies from susceptible animals.
Skin biopsies were removed from RNAlater (Ambion) solution, sliced into several

pieces and excess RNAlater removed. Total RNA was extracted using the RNeasy®
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Midi kit (Qiagen, Valencia, CA) according to manufacturer instructions. A DNase step
(RNase-free DNase I, Invitrogen Life Technologies, Carlsbad, CA) was performed to
the total RNA to remove genomic DNA. The quality of isolated RNA was determined
spectrophotometrically (A260:A280) and its integrity was verified by 1,2% (w/v)
agarose gel electrophoresis staining with ethidium bromide. RNA samples were stored
at -70°C until qRT-PCR analyses were performed.

The genes used in the qRT-PCR reactions were selected from two skins cattles
cDNA libraries infested with ticks (unpublished data).The primers used for
amplification of the CST6 gene and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) as endogenous control were designed with the PrimerQuest program
provided by Integrated DNA Technologies, Inc. (Coralville, IA, USA) (Table 1). The
SuperScript III First-Strand Synthesis SuperMix kit (Invitrogen, Carlsbad, CA, USA)
was used to generate the first cDNA strand from total RNA. cDNA was synthesized in a
20 pl volume using 1 pg of total RNA. To confirm the absence of residual genomic
DNA contamination, one sample was incubated without Reverse Transcriptase
(negative control).

Before real-time quantification, the primers concentrations and cDNA quantity
that provided the best efficiency of the PCR reaction for both the target genes and the
endogenous control were established. Serial cDNA dilution curves were produced to
calculate the amplification efficiency for all genes. A graph of threshold cycle (Ct)
versus log10 relative copy number of the sample from a dilution series was produced.
The slope of the curve was used to determine the amplification efficiency (Pfaffl, 2001):
Efficiency = 10 (-1/slope). At the end of the tests, the amount of 100 ng of cDNA and a
primer concentration of 200 nM were standardized for the amplification of target gene

and 400 nM for reference gene. The dissociation curve of each gene was also analyzed.
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Table 1. Primer sets, concentration and amplicon sizes used in the real-time PCR assays

Gene symbol  Acession number' Primer sequence (5°-3”) Concentration ~Amplicon
(nM) size (bp)
CSTé6 NM 001012764.1 F:AGA AGC TGC GCT GTG ACT TTG AGA 200 84
R:ACA GGG ACA CAC AGT CGT GCT TTA 200
GAPDH NM_002046.3 F:GGC GTG AAC CAC GAG AAG TAT AA 400 99
R:CCC TCC ACG ATG CCA AAGT 400

"http://www.ncbi.nlm.nih.gov/sites/entrez.

The qRT-PCR assays used the SYBR® Green I System (Bio-Rad, Hercules, CA,
USA) for detection and were carried out in the SDS ABI PRISM 7000 thermocycler
(Applied Biosystems, Foster City, CA, USA). mRNA levels were normalized against
cattle GAPDH gene as endogenous control and compared between resistance and
susceptible animals. Reactions for the endogenous control and target genes were carried
out in duplicate. Each reaction mixture contained 12.5 pul 2X SYBR® Green Supermix,
400 nM of each primer, and 100 ng cDNA in a final volume of 25 pl. The amplification
conditions were initial denaturation at 95°C for 3 min, followed by 40 cycles of
denaturation at 95 °C for 15 s and annealing and extension at 60°C for 60 s (for all
primers). Amplicons were free from DNA contamination as judged by a lack of signal
from non-reverse transcribed RNA with all primers sets. A mean cycle threshold (Ct)
was established for the target genes and reference gene and ACt values were calculated
[ACt = Ct (target gene) — Ct (GAPDH)]. Individual reactions were performed for each
gene in 96-well plate. The relative expression analysis of the target gene was performed

using a software REST® (Pfaffl et al. 2002) for group-wise comparison in real-time
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PCR. Efficiency values were 2.01 (GAPDH) and 2.11 (CST6) indicating efficient

amplification near the theoretical optimum level of 2 (Wilkening and Bader, 2004).

Results and Discussion
Ct values in the two groups were 22.7 and 21.2 for target gene and 21.9 and 22.3
for GAPDH and the coefficient of variation ranged from 0.12 and 0.90 for target gene

and 1.06 and 0.19 for GAPDH, to R and S groups, respectively (Table 2).

Table 2: Output of randomization test in two groups and analysis of CST6 and

GAPDH in skin tissue from resistant (R) and susceptible (S) groups.

Gene (Ct) Threshold Standard deviation Coeff. variation
cycle (%)
CST (R) 22.7 0.02 0.12
CST6 (S) 21.2 0.13 0.90
GAPDH (R) 21.9 0.17 1.06
GAPDH (S) 223 0.03 0.19

The expression levels of target gene was different in resistant and susceptible
groups and differentially expressed among groups (p < 0.001). Relative quantification
by real-time PCR by REST® analysis revealed a 2.03-fold increase in the expression of
the cysteine proteinase inhibitor (CST6) gene in lesions from group susceptible
compared to healthy skin of resistance group. This gene already had been previously
identified as differentially expressed in the susceptible library (unpublished data). So we
performed qRT-PCR to validate the results obtained by analysis of the cDNA libraries.

One possible explanation for the high level of cysteine proteinase inhibitor
transcripts in skin lesions of susceptible animals might be the constant turnover of

epithelial proteins by endopeptidases and regeneration of damaged epithelial tissue that
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characterizes the inflammatory state. The control of protein turnover by cystatins has
been documented by Turk and Bode (1991). The epithelium serves as the first line of
defense between the host and the environment. Disturbances in this barrier can lead to
the invasion of microorganisms and pathogenic agents, causing subsequent
inflammation. Therefore, the continuous stress to the epithelium induced by
microorganisms or an inflammatory stimulus may result in the expression of proteins
that protect against pathogenic agents and against the excessive proteolysis of
endogenous and exogenous proteinases.

Kotsyfakis et al. (2006) recently described a cystatin, sialostatin L, in saliva
which affected the proteolytic activity at sites of inflammation, exhibiting anti-
inflammatory activity, and inhibited the proliferation of host cytotoxic T lymphocytes,
thus contributing to the feeding success of the parasite. The authors concluded that the
parasite escapes the host immune system by secreting cystatin, which disrupts antigen
processing and presentation. In contrast, in mammals cystatin regulates antigen
presentation by MHC class II molecules (Watts, 2001). Using serial analysis of gene
expression in human keratinocyte cultures, Jansen et al. (2001) found high levels of
expression of genes possibly involved in host protection and defense such as proteinase
inhibitors and antimicrobial proteins. We therefore suggest that positive regulation of
the host cystatin 6 gene transcripts may favor attachment of the tick in susceptible
animals by indirectly inhibiting the action of cytotoxic T lymphocytes and,
consequently, the production of host defense cytokines. Cystatin 6 probably acts on
proteases, controlling the exaggerated proteolysis of proteins during regeneration of the

epidermis and, at the same time, contributing to the feeding success of the parasite.
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Conclusion

In this study, we were able to identify significant differential expression for the
CST6 gene between tick-resistant and susceptible cDNA pools suggesting that this gene
could be consider a tick-susceptible candidate gene. However, new expression studies
are necessary to confirm these preliminary results and also to understand what could be
the role of the CST6 gene on the mechanism of tick susceptibility and how much of the

phenotypic variation is explained by this gene.
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Capitulo 6

114



DISCUSSAO GERAL

A variabilidade presente nas ragas zebuinas e a deteccdo de um major
gene para resisténcia ao carrapato em bovino sugerem o emprego de técnicas
moleculares para identificacdo do gene e sua posterior transferéncia para as
racas adaptadas a condi¢des brasileiras, com o posterior aumento da producao
e melhoria das condigcbes gerais da pecuaria. Esses genes podem ser
manipulados para melhorar o desempenho e o bem-estar do animal. A
gendmica funcional tem o potencial de revelar novos genes candidatos visando
melhorar os programas de selegédo. Além disso, estudos funcionais contribuem
para integrar informagdes fisioldgicas e nutricionais com dados genéticos, com

eventual ganho adicional no processo de selegao.

Sequéncias de EST tém sido adicionadas continuamente em bancos de
dados especializados. Esses conjuntos de EST tém sido ampliados em larga
escala e mais bibliotecas representando estadios de saude ou de
desenvolvimento sdo amostradas para identificar genes e verificar as vias
metabdlicas nas quais estdo envolvidos. O volume de informagdes disponivel
para humanos e camundongos representa aproximadamente 21 vezes a
informacéao existente para o genoma bovino.

Em bovinos, sequéncias derivadas dos transcritos tém sido organizadas
no DFCl Cattle Gene Index (http://compbio.dfci.harvard.edu/tgi/cgi-
bin/tgi/gimain.pl?gudb=cattle) para prover informag¢des uteis no desenho ou
interpretacdo dos experimentos de gendmica funcional. No entanto, mais EST
sS40 necessarias que as atuais =1.051.687 sequéncias para que seja possivel
identificar, anotar e classificar os genes especificos da espécie bovina. Maior
numero de informacgdes sobre os transcritos € fundamental para interpretar
resultados gerados em experimentos de gendmica funcional, especialmente em
virtude da pouca informagédo disponivel sobre as sequéncias génicas dos
zebuinos (B. indicus). Essas ragas dominam o mercado de produgdo bovina
nas regides tropicais e a geragdo de EST provenientes desses animais €

importante para construir ferramentas de estudos genémicos que possam ser
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utilizadas para caracterizar a diversidade genética entre os animais de origem
taurina e zebuina, em relagdo a saude e producéo.

Para bovinos, o BodyMap-Xs disponibiliza informagdes de 1.331.319
ESTs oriundas de 399 bibliotecas de diferentes tecidos e, dessas bibliotecas,
apenas duas sao de pele e representam 35.211 transcritos. Desses transcritos,
29.518 foram originados de pele de embrido e apenas 5.693 EST foram
geradas a partir de pool de pele de animais Hereford e Shorthorn infestados
com o carrapato Riphicephalus (Boophilus) microplus (Wang et al., 2008).

No capitulo 2, os resultados da construgcdo de duas bibliotecas de cDNA
foram apresentadas. No total 4.070 clones foram produzidos, gerando 2.557
EST de qualidade. Essas sequéncias representam acréscimo de 7,3% ao total
de transcritos de pele organizados BodyMap-Xs. Quando consideradas as EST
derivadas de experimentos semelhantes com infestacdo com carrapatos, esse
numero representa 44,9% (5.693). Portanto, a geracao dessas duas bibliotecas
aumentara significativamente o numero de sequéncias EST derivadas de pele
de bovinos no bancos de dados.

As buscas de homologia em bases de dados revelaram 129 genes
expressos de bovino e 661 transcritos tiveram homologia com outras espécies.
Esses resultados indicam numero reduzido de genes conhecidos em bovinos e
foram obtidos pela atribuicdo automatica de homologia em bases de dados. No
entanto, esses genes precisam ser confirmados pela anotagdo manual.
Atribuicdo automatica de homologia pode estar sujeita a erros se parametros
de buscas bem definidos ndo foram usados.

A atribuicdo funcional dos transcritos na base Gene Ontology (GO)
revelou um padrdo similar de atividade génica em ambas as bibliotecas. As
sequéncias Unicas foram definidas em termos de processo bioldgico,
componentes celulares e processo bioldgico. Por exemplo, a maioria dos
transcritos foi associada a atividades cataliticas e de ligagédo. Esses resultados
evidenciam que, para ambos os grupos de animais, resistentes e suscetiveis,
processos fisioldgicos semelhantes podem estar ocorrendo. O desafio com
carrapatos pode nédo ter sido efetivo em discriminar genes envolvidos na
resposta ao hospedeiro, o que pode ser exemplificado pelo reduzido numero de
transcritos envolvidos com resposta imune, consequentemente, genes pouco

expressos ou raros podem nao ter sido amostrados.
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Os resultados para cobertura do numero de genes amostrados indicam
redundancia de 49% na biblioteca RES e 40% na SUS. Ou seja, para cada 100
transcritos gerados, 49 (RES) e 40 (SUS) deles representam genes comuns.
Essas elevadas taxas de redundancia indicam que protocolos mais eficientes
que favorecam a identificacdo de genes raros devem ser usados. Sugerem
ainda que a construcado de bibliotecas normalizadas pode ser mais efetiva em

detectar genes raros, considerando o experimento realizado.

No capitulo 3, analisaram-se a cobertura génica e o numero esperado de
novos genes em uma amostragem futura. A qualidade dos agrupamentos das
EST feitos pelo programa CAP3 foi avaliada com estimativas paramétricas,
como descrito por Susko & Roger (2004), e comparadas a EST imadores nao-
parameétricos. As estimativas para cobertura prediz maior redundancia em RES

para menor numero de EST geradas em relagdo a SUS.

Erros podem ser atribuidos a diferentes fontes, por exemplo, qualidade
do sequenciamento e contaminagdo com organismos simbiontes presentes em
amostras tomadas do ambiente. Foi investigada a possibilidade de ter ocorrido
contaminagao durante as amostras de pele em ambos os grupos de dados.
Esse tipo de contaminagdo pode ocorrer em casos de existéncia de
organismos que vivem relagdes simbiontes e que poderiam estar presentes na
area de pele coletada. Consequentemente, sequéncias indesejadas desses
organismos poderiam ser amostradas junto com as EST de bovinos. Para isso,
analisou-se a contribuicdo de cada espécie nas analises de BlastN contra a
base nr, conforme descrito no capitulo 2. Para RES, Pseudomonas fluorescens
foi a principal espécie a contribuir para os genes anotados na base nr, seguida
de Bos taurus. As analises do BlastN revelaram 161 genes (46 contigs e 115
singletons) com homologia com genoma de Pseudomonas fluorescens em
RES. Para SUS, ndo foram observadas sequéncias contaminantes para essa
espécie. Diante desses resultados, presume-se que a presenca de sequéncias
para essa espécie pode ter ocorrido durante o procedimento de coleta de
tecido de pele nos animais resistentes, portanto, novos procedimentos de
coleta devem ser considerados na coleta de amostras de tecido quando

exposto a condicdes do ambiente.
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No capitulo 4, objetivou-se validar a expressao diferencial de genes
ligantes de calcio (S100A7 e TPT1) e do canal de calcio (TRP6). Esses genes
mostraram ser mais expressos nos animais suscetiveis. Esses genes
exemplificam categorias funcionais identificadas na atribui¢cao funcional feita ao
Gene Ontology (Captitulo 2). Termos funcionais foram altamente representados
para a categoria ligante (Fungdo molecular-S100A7). Os genes S100A7 e
TPT1 séo representantes de grupos de genes com alta representacédo para

proteinas ligantes (fungéo molecular).

As proteinas S100 agem como mediadoras do calcio associado a
transducao de sinal celular. Esse gene codifica para uma proteina de baixo
peso molecular ligante de calcio e responsavel pela migragado quimiostatica de
linfécitos CD4+ para a regido afetada (Jinquan et al., 1996). Estudos funcionais
tém mostrado que o gene TPT1 codifica para proteinas ligantes de calcio que
sdo induzidas na presenca de varios estimulos dentro das células. O gene
S100A7 age como mediador do calcio associado com transdug&o de sinal e
relaciona-se a mudancgas celulares em resposta a estimulos extracelulares.
Além disso, as proteinas TPT1 possuem atividades semelhantes a das
citocinas, podendo induzir a producédo de interleucinas dos basodfilos e dos
eosinofilos bem como ser induzidas por certas citocinas, agindo como fator de
crescimento para as células B. Portanto, € provavel que as TPT/HRF estejam
envolvidas em varios processos inflamatorios.

Outro gene representativo da categoria funcional de atividade de
transporte pela membrana (fungdo molecular) foi TRPV6, recentemente
renomeado ECaC2 (Epithelial calcium channels 2), que codifica para uma
proteina transmembrana responsavel pela absorcdo de calcio pelo intestino
(Montell et al., 2002). Essa categoria funcional foi amostrada unicamente no
grupo SUS, o que sugere que mecanismos de transportes transmembrana s&o
mais expressos em animais suscetiveis.

Em neutrdfilos granulécitos, importantes respostas celulares sao
mediadas ou essencialmente reguladas pela concentracdo de Ca2+ livre,
incluindo a producdo e liberagdo de acido araquiddnico, degranulagdo dos
neutréfilos e o estresse respiratério (liberagdo de anions superperéxidos e

outros radicais livres). Além disso, Ca2+ pode ser importante para a
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quimiotaxia, sobretudo para ativacdo das integrinas, por permitir a firme adeséao
ao endotélio dos vasos sanguineos e a reciclagem das integrinas na migragéo
dos neutrdfilos. Segundo Heiner et al. (2003), o Ca2+ contribui essencialmente
para a fungdo dos granuldcitos durante sua defesa contra infecgdes por fungos
e bactérias, promovendo migracao das células de defesa para a regiao afetada

e, por conseguinte, permitindo maior comunicagao celular mediada por calcio.

No capitulo 5, objetivou-se avaliar o perfil de expressao do gene inibidor
de cisteino proteinase semelhante a Cistatina 6 (CST6) presente em bidpsias
de pele de bovinos infestados por carrapato. Esse gene mostrou ser
diferencialmente expresso no grupo de animais suscetiveis. Previamente, no
capitulo 2, foi identificada representacédo diferencial de genes presentes na
categoria processos metabdlicos celulares (Processo Bioldgico) na biblioteca
SUS (21) em relagdo ao grupo RES (10), o que pode indicar a existéncia de
proteinas associadas ao turnover de moléculas causadas por apoptose celular.
Isso pode ser atribuido a atividade hematéfoga do parasita, que, ao se
alimentar do sangue do hospedeiro, libera substancias que provocam resposta
imune do bovino, desencadeando uma cascata de eventos fisioldgicos que
culminam com a morte celular. Um estudo publicado recentemente tem
especulado sobre o uso de proteinases ou seus inibidores como fonte de
vacina, em especial para a serpina do carrapato (Mulenga et al., 2001).
Estudos tém indicado que as cistatinas exercem importantes funcdes
regulatérias e de protecdo contra a protedlise nao-controlada de cisteino
proteinases de origem viral, de bactérias e do proprio hospedeiro (Bobek e
Levine, 1992).
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CONSIDERACOES FINAIS

O desenvolvimento deste projeto possibilitou a identificacao de 4.070
ESTs (2.700 sequéncias unicas, que correspondem a 1.235 ESTs da
biblioteca RES (700 sequéncias unicas) e 1.465 ESTs da biblioteca SUS (592
sequéncias unicas);

Os singlets e contigs, relativos as bibliotecas de cDNA de pele, foram
submetidos a analise de similaridade em bancos de dados (BlastX — nr) e 790
apresentaram similaridade com outras proteinas ja depositadas: 300 foram
confirmadas pelo Swissprot e, destas, 11 sequéncias unicas tiveram
similaridade com proteinas envolvidas no sistema imune;

Observou-se distribuicdo similar das EST das bibliotecas RES e SUS
entre os termos do Gene Ontology (GO);

Na analise de expressao génica, foram identificadas 54 sequéncias
como transcritos diferencialmente expressos em ambas as bibliotecas, em
relacdo ao genoma de Bos taurus;

Quatro genes (S100A7, TPT1, TRPV6 e CST6) foram analisados por
Real Time — PCR e confirmados como diferencialmente expressos na biblioteca
SUS em relacao a RES;

Os dados gerados neste estudo poderdo ser empregados em analises

comparativas entre espécies.
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