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RESUMO

PENITENTE FILHO, Jurandy Mauro, D.Sc., Universidade FeddgaVicosa, julho
de 2014.Métodos de avaliacdo da eficiéncia da multiplicacdo genética por
producdo de embrides bovinos.Orientador: Ciro Alexandre Alves Torres.
Coorientadores: Giovani Ribeiro de Carvalho e Carlos Antéaeo Carvalho
Fernandes.

O objetivo deste trabalho foi avaliar estratégias de ineméanda eficiéncia da
producéo in vitro de embrides bovinos (PIVE). Dois artigsanfodesenvolvidos, o
primeiro objetivou avaliar se o volume ovariano, a @nea e o diametro do corpo
liteo (CL) tém efeito sobre o nimero e a qualidade de odécitos boxéroperadas

O segundo artigo teve como objetivo comparar diferentésdo® estatisticos para
predizer a probabilidade de gestacdo em um programa conaerd&dVE. Artigo 1:
Foram obtidos em abatedouro 110 ovarios. Os complexos cucadies foram
aspirados e avaliad@m microscopio estereoscopico. Os odcitos foram contados e
classificados de acordo com sua qualidade (grau I, i IM). O volume do ovario

foi correlacionado com o nimero de odcitos de boa qualiftade.33; P < 0.05).
Os ovarios com CL mostram maior niumero de odcitos de boa qualidade do que
ovarios sem CL (P < 0.05). Além disso, a presenca doeGh seu diametro
influenciaram positivamente a probabilidade de recuperacdoodios de boa
gualidade (P < 0.05). Em conclusédo, o volume ovarianoénédm bom parametro
para predizer caracteristicas ovarianas importantas; @iso, a analise do CL, a
sua presenca e seu diametro, pode ser uma boa ferrgraemtaelhorar a eficiéncia
em programas de PIVE. Artigo 2: Redes neurais artificiaMA)Re arvores de
decisdo tém provado ser bem sucadidm diferentes areas de estudo, tais como
medicina, genética e producédo animal. No entanto, a utilizzestas metodologias
na area de reproducdo bovina ainda é muito escassa. Not@resé&mlo, um
conjunto de dados reais foi usado, composto por 9.697 tr@ansifes de embrides
produzidos in vitro, 6.788 observacdes foram utilizadas no maldetreinamento e
2.909 foram utilizadas para validacéo. O conjunto de dadosdtsaao por meio de
regressao logistica, rede neural feed-forywemdtilayer percepetron com uma e com
duas camadas ocultas, e uma arvore de decisdo baseddaritm@ ID3. Todas as
cinco andlises foram comparadas pela curva ROC, capaqulediiva, teste de

Kolmogorov-Smirnove correlacdo ponto bisserial. Em concluséo, todas as analise

Vi



foram muito semelhantes. No entanto, a andlise pela reural feed-forward
classificou corretamente mais de 70% das gestacdes psesithpesar de ter
classificado incorretamente quase 60% das nao gestasbesesultado se torna
interessante porque ndo detectar uma gestacdo positivaiséprejudicial a um
programa comercial que ndo detectar uma gestacdo negainda assim, sdo
necessarios estudos com conjuntos de dados egaimcluindo ndo somente
variaveis categéricas, mas também variaveis quawisapara garantir resultados

mais precisos.
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ABSTRACT

PENITENTE FILHO, Jurandy Mauro, D.Sc., Universidade Federafidesa, July,
2014. Methods for evaluating the efficiency of the genetic multiplication by
bovine embryo production. Advisor: Ciro Alexandre Alves Torre£o-advisers
Giovani Ribeiro de Carvalho and Carlos Antdnio de Caov&lrnandes.

The objective of the present study was to evaluate straggies for increasing the
efficiency of bovine in vitro embryo production (IVP). Two elds were developed,
first one aimed to evaluate whether ovarian volumesgmee and diameter of the CL
have effect on the number and quality of bovine recavemecytes. The second
article aimed to compare different statistical methodgredict pregnancy ira
commercial program of IVP. Article 1: one hundred anddearies were obtained
from slaughterhouse. Cumulus oocytes complex were aspiaate evaluated under
stereomicroscope. Oocytes were counted and classifieddauggdo their quality
(Grade I, II, Il and IV). Ovarian volume was weakly edated to the number of
good quality oocytes (P < 0.05). Ovaries with CL show greatenber of good
guality oocytes than ovaries without CL (P < 0.05). Besigeesence of CL and its
diameter positively influenced the probability of recovgrgood quality oocytes (P
< 0.05). In conclusion, ovarian volume is not a good paemitself to predict
important ovarian characteristics; moreover, analyHisCL, its presence and
diameter, may be a good tool to improve efficiency on IV&gmms. Article 2:
Artificial neural networks (ANN) and decision trees haveoved to be very
successful in different fields of study such as medicpenetics and animal
production. However, the use of these methodologies viméaeproduction is still
very scarce. In this study, a real dataset was usedjstiog of 9,697 embryo
transfers, 6,788 observations were used in training mode? &® were used for
validation. Dataset was analyzed by logistic regressi@al-ferward neural network,
multilayer perceptron with one and two hidden layers, abdsed on ID3 algorithm
decision tree. All analyses were compared by ROC curve, predicapacity,
Kolmogorov-Smirnov test, and point biserial correlationconclusion, all analyzes
were very similar. Nevertheless, analysis by the feeddod neural network
correctly classified more than 70 % of positive pregnanci2gsspite having
incorrectly classified almost 60 % of non-pregnancies,résalt becomes interesting

because not detect a positive pregnancy is more hatmfalcommercial program
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than not detect a negative pregnancy. Still, studiel latger dataset and more
explanatory variables are required, including not onlggatical variables, but also

guantitative variables to ensure more accurate results.



Introducgéo Geral:

Apesar dos grandes avancos alcancados na é&rea de bmgécnda
reproducdo, a eficiéncia da producdo de embrides derivadestitizacdo in vitro
(FIV) ainda é baixa (B WIT et al, 2000; HAVLICEK et al, 2010). H4a fortes
indicios de que este fato esta mais relacionado comta dba odcitos do que as
condi¢des de fertilizagd®cultivo in vitro (BOLS et al., 1997) ou devido ao método
de maturacdo in vitroa$ oocitos coletados (LEIBFRIED-RUTLEDGE et,dl987).

Os esforgos para encontrar as condigcdes adequadas dagéatir vitro ndo
melhoraram esta técnica ao nivel da producao de embrides i(BRACKETT e
ZUELKE, 1993). Além disso, estudos tém sido desenvolvidos patagliir 0s
complexos cumulus-od6citos competentes (CC@s)imcompetentes (de WIT et al.
2000). Esses estudos levaram as conclusfes: 1) a perda eancédl do cumulus
reduz as taxas de desenvolvimento (HAWK e WALL, 1994); e 2) queGs3s de
"melhor aparéncia” (oo0citos com cumulus compacto e maoladas) nao
necessariamentéém a maior capacidade de desenvolvimento (BLONDEN
SIRARD, 1995).

In vivo, o0 odcito a ser fertilizado € doado por foliculosdseveis durante uma
fase especifica do ciclo estral. No entanto, CCOs colefzmlasa producao in vitro
de embrides (PIVE) sdo obtidos a partir de foliculos,afesderando a fase folicular
e do ciclo estral. Como resultado, estes CCOs podendtessbmetidos a diferentes
niveis de estradiol, progesterona, FSH e LH. Tais fator@snp@fetar a capacidade
de desenvolvimento in vitro doGD (de WIT et al., 2000).

O corpo lateo (CL) € uma glandula endocrina, formadoovério apdés a
ovulacdo e contribui para reggéo do ciclo estral e manutencdo da gestacédo. A
principal funcdo do CL é a secrecdo de progesterona duraitl estral e gestacéo
(SCHAMS e BERISHA, 2004).

De acordo com Reis et al. (2002), novilhas Simental témrnmdimero de
odcitos coletados quando o CL esta ativo. Além dissoesepca do CL em vacas
holandesas foi avaliada como necessaria para melhoiadioss da PIVE (REIS et
al.,, 2006) e Manjunatha et al. (2007) encontraram maiores td& clivagem e
embrides transferiveis de ovarios aspirados na presengan d&l.. Por outro lado,
De Wit et al. (2000) ndo observaram nenhuma diferenca nadgdalie nUmero de

odcitos colhidos de ovarios nas fases folicular, lutegikhl ou tardia.



Estudos indicam que a progesterona plasmética afetalidagieado odcito
(LEIBFRIED-RUTLEDGE et al 1987; HENDRIKSEN et al2004; PFEIFER et al
2009; PFEIFER et al., 2011), odcitos coletados na fase tdodiiestro sdo mais
competentes do que odcitos coletados no inicio do diestfase folicular, em que
as concentracdes de progesterona sdo mais baixas (WMRNGBVA et al., 1996;
MACHATKOVA et al., 2004; PFEIFER et al2009). A progesterona favorece a
exposicdo do foliculo por um longo periodo a pulsos de LHbaibea amplitude,
obtendo um oécito de melhor qualidade (GREVE .etL8B5; PFEIFER et al2009).

Em vacas Nelore, na auséncia de CL, mas tratadas c@ianies de
progesterona durante cinco dias e administracdo de,P@Hnicio do tratamento de
sincronizagao do estro, foi notada uma reducdo no nimelaé¢obécitos aspirados
em relacédo as fémeas que apresentavam CL e sem traiacoen implantes. Além
disso, 0 numero de o0citos aspirados de vacas gedt@ntesnor do que o obtido de
vacas nao gestantes com CL (BARBOSA et al., 2013).

Em vacas mesticas (Bos taurus taurus x Bos taurus indicusymerdo com
implantes de progesterona aunwen@ disponibilidade de foliculos para puncgéo
folicular, a quantidade de odcitos totais, 0 nUmero de @deédoa qualidade, a taxa
de clivagem e producéo de blastocistos (PFEIFER et al.,, 200%ntanto, Ramos
et al. (2010) ndo encontraram vantagens para producao déesnia sincronizacao
da onda folicular de novilhas mesticas doadoras com implaetgsrogesterona
associados com a administracao de benzoato de estradiol.

E possivel que além dos efeitos sobreulsatilidade do LH,0 CL e a
progesterona podem exercer um efeito local sobre o ddgenento folicular, o que
poderia explicar as diferencas na qualidade dos odécitosdmde¢aitre o ovario com
CL e o contralateral (VASSENA et al., 2003).

Um efeito local do CL esta relacionado com a altawasizacdo do ovario.
Apds a ovulacdop CL se desenvolve rapidamente a partir da ruptura da parede do
foliculo, e dentro de poucos dias, aumenta gradualmemerecdo de progesterona
(ACOSTA et al., 2002). A intensidade do processo angiogénicomo liteo atinge
0 pico em dois a trés dias apés a ovulacdo (REYNOLDS, &x(0dl0), o que provoca
um aumento no fluxo de sangue (ACOSTA et al., 2003), que, povesajgrode
propiciar um ambiente hormonal e nutricional adequado pdesenvolvimento ak

foliculos.



No entanto, a auséncia do CL no momento da puncédo &liQdssui
aspectos favoraveis, tais como a maior facilidade dalilm¢do e puncdo dos
foliculos, bem como menor aspiracao de sangue (SENEBIA 2005).

O desenvolvimento folicular durante o ciclo estral davgeralmente ocorre
em duas ou trés ondas (MATTON et al., 1981; VARISANGA et al., 1898ara
cada onda, um foliculo torna-se dominante, enquanto oolfoglés na mesma onda
sofrem atresia (SAVIO et al., 1990). Assim, o foliculo dwante FD) exerce um
efeito inibidor sobre o crescimento e desenvolvimento daso®ufoliculos,
chamados foliculos subordinados, em virtude da producao ddieke inibina, que
diminuem os niveis de FSH, levando os foliculos subordinadb®sia (KASTELIC
et al., 1990; TURZILLCe FORTUNE, 1993; QUIRK et 312004).

A capacidade de desenvolvimento de odcitos oriundos de @diauitrais
pequenos de novilhas da raca holandesa ndo foi afetada pdagarele um B
(SMITH et al., 1996). Alem disso, para vacas mesticascalela com Vassena et al.
(2003), ndo houve diferenga no numero de od6citos sasdave degenerados
colhidos a partir do ovario contendd-bD ou do contralateral, embora menos o0citos
desnudos terem sido obtidos a partir do ovario contendo gQu€ldo contralateral.
No entanto, Varisanga et al. (1998) verificaram que a prasg¢imFD tem efeito
negativo sobre a PIVE em vacas holandesas.

Alguns estudos sugerem que melhores resultados para PIVEasdedearaca
holandesa vém da aspiracdo de odcitos em fase finatedeimento folicular,
durante a regressdo d&® (MACHATKOVA et al., 2000). No entanto, de acordo
com Machatkova et al. (2004), a fase de crescimento if@iahais eficaz para a
recuperacdo de odcitos. Além disso, o numero de oddfliculos médios a
capacidade de desenvolvimento de odcitos de foliculos pequenasiidgam na fase
dominante em vacas da raca holandesa.

A avaliacdo em relacdo a compactacdo, numero e ajmdag células do
cumulus e uniformidade do citoplasma, tém sido usadas como eim para
classificar e selecionar os odcitos qualitativamente VK et al, 1992;
MORENO et al., 1993). As células do cumulus participam do dentia meiose do
00cito e esse controle pode ser exercido por meio de prat@mgasdo cumulus que
penetram na zona pellcida e intenagcom o odcito via juncdes comunicantes (D
WIT et al., 2000).



O volume ovariano mostra correlagdo com alguns aspeuojmstantes do
ovario, como o numero e a qualidade dos odcitos. Assimjuoneodo ovario pode
ser usado numa tentativa de estabelecer um parametr® pa@me clinico dos
ovarios (palpacdo retal) e de assdoideom outras caracteristicas do ovario
(FERNANDES et al., 2001)

Estudos econdmicos das variaveis que influenciam oka@ss na producéo
in vitro de embrides bovinos (PIVE) sé&o pouco frequentditenatura. A viabilidade
dessa atividade depende de indices reprodutivos e é vamiadferentes situacoes.
Projecdes iniciais dos resultados economicos da PiMHitAm a tomada de
decisdes, pois proporcionam a antecipacao de resultao@vpise dos custos da
gestacdo. A grande variabilidade na PIVE pelas doadoras (SINEBINIe
WHEELER, 1989; GALLI et al., 2003) e a necessidade de adquitinceosizar
receptoras antes de saber o nimero de embrides produaipicam a decisao
sobre o numero de animais que devem ser destinadosan&BagEo.

A fim de antecipar resultados em atividades que apresertanisab, alguns
modelos matematicos foram desenvolvidos (SLENNINGIWHEELER, 1989;
OSTERGAARD et al., 2005) para auxiliar na tomada de decisbedifenentes
estagios do sistema de producdo bovino. No entanto, poucdslosioforam
direcionados para comparar e analisar 0s aspectos ecos@rbiologicos da PIVE
(BELTRAME et al., 2009), e nenhum modelo foi desenvolvido adempredizer a
gestacdo em programas comerciais de PIVE.

Respostas binarias, por exemplo, sucesso ou fracassweracem muitos
campos de estudo. A analise de regressao logistica é fremesie usada para
investigar a relacdo entre estas respostas e um comjantariaveis explicativas
(HOSMER e LEMESHOW, 2000; MENARD, 2002). Para modelos de resposta
binaria, a resposta, Y, de um individuo ou de uma unidade ewp#al pode
assumir um dos dois valores possiveis, denotados por camsiangdr 1 e 0 (por
exemplo, Y = 1 se a vaca esta gestante, caso contrari@). Supondo que 8 um
vetor de variaveis explicativas 1(XX,..., %), correspondendo aos valores dos
atributos que caracterizam uma vaca doad@a P(y = 1 | X) 3z(X) a proporcéo de
receptoras gestantes em funcéo do per§ldisdoras definido e caracterizado pelo

vetor x, temos:



el
n(x) = T+ ofr

Pode-se interpretai(x) como a probabilidade de se obter a gestacdo dado as
caracteristicas representadas pelo vetor x.

Em um modelo de regressao linear assume-se que a vaeigyesta pode ser
expressa como y = E [y | Xlet A quantidade segue uma distribuicdo normal com
média zero e variancia constante. Assim, a distidtaugta variavel resposta dado x
serd normal com média E (y | X) e uma varianciateots. Isto ndo ocorre com uma
variavel resposta dicotdmica. Nesta situacado pedexpressar o valor da variavel
resposta dado x como=yz(x) + ¢. Aqui a quantidade pode assumir um dos dois

possiveis valores:

,  Ple=1-n(x)]=nk)
Ple = —n(x)] =1 —n(x)

—~——
= <
1
o -

Entdo,e tem uma distribuicdo Bernoulli com médié) e varianciar(x) [1-
7(X)]. Assim, a distribuicdo da variavel resposta segue distribuicdo Bernoulli
com probabilidade dada pela médi). O passo seguinte € a determinacdo dos
coeficientes do modelo.

Considerando uma amostra de n transferéncias do pay)(Y= 1, 2,... n,
onde Ydenota o valor da variavel resposta dicotdmica (0: ndo gesfamestante) e
X € 0 vetor constituido das k variaveis observadas parésima transferéncia, o
ajuste de um modelo de regresséo logistica para um tomardados € necessario
estimar os parametrgés desconhecidos. Os parametros sdo normalmente estimados
pelo método de maxima verossimilhanca (MENDONCA, 2008).

Uma vez possuindo os valores déis, a probabilidade de ocorréncia do

evento pode ser calculada:

e(Z’;§=oﬁkxik)

P(Y =1|x;) =
( | l) 1 + e(Z;ﬁ:oﬁkﬁik)

As redes neurais artificiais (RNAs) sdo modelos de psacesnto em série,
buscando alcancar um bom desempenho pela interconexacleteentos

computacionais simples. Os modelos exploram simultanganmauitas hipoteses



usando regras de aprendizagem que permitem a obtencdo deodsn de
generalizacdo suficiente para reconhecer padrées e mevarios. As RNAs tém
aplicacao potenciaha producdo animal, quando uma base de dados que permite a
compreensao das relacbes entre 0 ambiente e a atividadeleagr necessaria
(SHAO et al., 1998; FERNANDEZ, 2006; VIEIRA et al., 2010).

As RNAs sdo modelos computacionais inspirados na estrutur® e
funcionamento do cérebro bioldgico (MENDONCA, 2008). Cdesisde uma
camada de nés de entrada, uma ou mais camadas oculees eamada de saida.
Cada né em uma camada tem um né correspondente ndacaeguinte, criando
assim o efeito de empilhamento (Figura 1; SHRIVASTAVA e SINGb,1).

Camada de entrada C

Camada oculta

Camada de saida

) A4 v

Figura 1- Esquema de RNA com uma camada oculta.

A principal semelhanca entre RNAs e os circuitos forreatn cérebro esta
no extenso processamento paralelo apresentado por amm$uncionamento do
circuito que ndo depende de alguns elementos isoladamegesim uma funcédo do
conjunto dos elementos (KANDEL, 1991 citado por MENDONCA, 2008

As RNAs oferecem uma alternativa interessante porquensfodos de
aprendizagem que podem agir como aproximadores universaisgesucomplexas
(ALADOS et al., 2004; BISHOP, 2006). As RNAs podem capturar refag@o

lineares entre preditores e respostas e aprender de nedegitativa, pois uma série



de transformacgdes, chamadas funcOes de ativacdo, sddam@or parametros
(GIANOLA et al.,, 2011) As RNAs podem ser vigs como um sistema de
computador baseado em varidsneentos de processamento (neurdnios) que operam
em paralelo (LAMONTAGNEe MARCHAND, 2006). Uma RNA é determinada
pela estrutura da rede, representado pelo nimero de caendéaseurdnios, pela
forca das ligacdes (semelhantes aos coeficientes dességrndo paramétrica) entre
as entradas e saidas, os neurdnios, e pelo tipo de proeessaxecutado em cada
neurdnio, representado por uma transformacéo linear ouiméar: a funcdo de
ativacao. Além disso, as RNAs tém o potencial de acomumlaplexas relacdes
entre as variaveis de entrada e de resposta (GIANOLIA 204a1l).

O iterative dichotomiser 3 (ID3) é um algoritmo desenvolvido por Quinlan
(1986) utilizado para gerar uma arvore de decisdo com umntonjie dados. O
algoritmo ID3 é utilizado por meio do treinamento em um aanjale dados (S) para
produzir uma arvore de decisdo, que & armazenada na meBsmaarvore de
deciséo é usada para classificar novos casos tediath&nrado de cima para baixa n
arvore de decisado usando os valores desse caso tesse phsgar a um no terminal
gue nos diz a qual classe este caso teste pertence. GepB¥& im conjunto de
treinamento em subconjuntos para que essas amosttasl@m uma unica classe.
A divisdo € feita por um uanico atributo, que € selecionadpartir de uma
propriedade estatistica, chamado ganho de informacdo, que meduanto
informativo € um atributo.

O ganho de informacadQ) é calculado pela entropia, H(S), como se segue:

HES) = = ) p(0)log:p(x)

x€X

Onde, S é o conjunto de dados em que a entropia que estacaémdada
(muda a cada iteracdo do algoritmo ID3); X é o conjuntolatses em S; p(x) é a
proporcdo do numero de elementos na classe x para ermida elementos no

conjunto S. Assim:

1G(4) = H(S) = ) p(OH(T)

teT



Onde, IG(A) é a diferenca de entropia de antes para depo@nfloito S ser
dividido no atributo A; H(S) é a entropia do conjunto S; T sédo wsaenjuntos
criados a partir da divisdo do conjunto S pelo atributo A; @(§ proporcdo do
nimero de elementos de t para o nimero de elementosnmunto S; H(t) é a
entropia do subconjunto t.

Para a comparacdo de modelos é possivel utilizar algumaEamnéjue
representam basicamente a capacidade de acerto dos mocgarando
diferentes modelos de forma imparcial (MENDONCA, 2008).

A curva ROC (Receiver Operating Characteristic Caracteristica de
operacao do receptor) é construida pela variacdo dos pontmsteeao longo da
amplitude dos escores fornecidos pelos modelos, a fim debiss diferentes
classificagbes dos individuos e obtendo consequenterngntespectivos valores
para as medidas de sensibilidade e especificidade para cada g@ntorte
estabelecido (MENDONCA, 2008). A curva ROC pode ser utilizedascolha do
melhor ponto de corte por envolver as medidas de sengilglidaespecificidade.
Estas quantidades séo dadas pelas probabilidades:

Sensibilidade = P(nido gestante|ndo gestante)

Especificidade = P(gestante|gestante)

Onde a sensibilidade é a probabilidade da observacao sericdassifomo
gestacdo negativa dado que realmente é negativa e aiesjssafé a probabilidade
da observacéo ser classificada como gestacao positivaqlie realmente é positiva.
Para cada ponto de corte temos uma matriz de confusfarérade cada matriz de
confusdo temos uma medida de sensibilidade e especificdaaeirva ROC, o eixo
x do grafico € construido a partir dos valores de @specificidade) e o eixo &
construido a partir dos valores de Sensibilidade.

A estatistica de Kolmogorov-Smirnov (KS) tem origemteste de hipéteses
ndo paramétrico onde se deseja testar se duas funcoestritheiddbes associadas a
duas populacbes sdo idénticas ou ndo, a partir de duas asnoetiradas de
populacdes possivelmente distintas (MENDONCA, 2008). A estatikiS mede o
guanto duas funcdes de distribuicdo empiricas dos esdosegrupos de vacas

gestantes e ndo gestantes estdo separadas. A estidSséickada por:



KS = max |Fp(e) — Fy(e)|

Onde: k(e) e Fn(e) correspondem as proporgdes de observagdes positivas e
negativas com escore menor ou igual a e, e a estafSiéobtida pela distancia
maxima entre essas duas propor¢ées acumuladas ao longscdoss obtidos pelos
modelos. O valor dessa estatistica pode variar de 0 a 100d% o valor maximo
indica uma separacao total dos escores das vacas gedané® gestantes e um
valor minimo de 0 % sugere uma sobreposicédo total dabdisfies dos escores dos
dois grupos.

O coeficiente de correlagdo ponto bisserial € derivadaaddiciente de
correlacao linear de Pearson. Esse método € indicadd@uana das variaveis (Y) é
dicotbmica e a outra (X), continua (LIRA e NETO, 2006). Oinesior do

coeficiente de correlacdo ponto bisserial € dado por:

rb_(Xp_X)F
S, q

Onde: f, é 0 coeficiente de correlagdo ponto bissetfgl;é a média dos
valores de X para o grupo superior (grupo cuja variavel Y assafor 1);X é a
média total de X da amostra; & o desvio padrdo total de X da amostra; p € a
proporcao de casos do grupo superior (grupo cuja variavesree valor 1); g € a
proporcao de casos do grupo inferior (grupo cuja variavel Y @&ssalor 0).

As RNAs e as arvores de decisdo tém provadeisebem sucedidas em
diferentes areas de estudo, tais como engenharia, inedgenética e producéo
animal. No entanto, a utillizacdo destas metodologias @a de biotecnologias

reprodutivas em bovinos é ainda pouco frequente

Referéncias bibliograficas:

ACOSTA, T.J.; HAYASHI, K.G.; OHTANI, M.; MIYAMOTO, A. Locakhanges in
blood flow within the preovulatory follicle wall and earlyrpos luteum in cows.
Reproduction. v.125, p.759-767, 2003.



ACOSTA, T.J.; YOSHIZAWA, N.; OHTANI, M.; MIYAMOTO, A. Local banges
in blood flow within the early and midcycle corpus luteum afieystaglandin F
injection in the cowBiology of Reproduction v.66, p.651-658, 2002.

ALADOQOS, I.; MELLADO, J.A.; RAMOS, F.; ALADOS-ARBOLEDAS, L.
Estimating UV Erythemal irradiance by means of neural netwBhatochemistry
and Photobiology v.80, p.351-358, 2004.

BARBOSA, C.P.; TONIOLLO, G.H.; GUIMARAES, E.C. Producéo in vitde
embrides de bovinos da raga nelore oriundos de ovécitogadi®s com e sem corpo
liteo. Ciéncia Animal Brasileira. v.14, p.81-90, 2013

BELTRAME, R.T.; BARIONI, L.G.; QUIRINO, C.R.; DANTAS, O.D. iBbability
density function of the number of embryos collected frarpesovulated Nelore
breed donorsScientia Agricola.v.66, p.447-450, 2009.

BISHOP, C.M.Pattern Recognition and Machine Learning Springer: Singapore.
2006.

BOLS, P.E.; YSEBAERT, M.T.; VAN SOOM, A.; De KRUIF, A. Effecof needle
tip bevel and aspiration procedure on the morphology anelaj@wental capacity of
bovine compact cumulus oocyte complex&beriogenology. v.47, p.1221-1236,
1997.

BLONDIN, P.; SIRARD, M.A. Oocyte and follicular morphology dstermining
characteristics for developmental competence in bovioeytes. Molecular

Reproduction and Developmentv.41,p.54-62, 1995.

BRACKETT, B.G.; ZUELKE, K.A. Analysis of factors involveth the in vitro
production of bovine embryo$heriogenology. v.39, p.43-64, 1993.

De WIT, A.A.; WURTH, Y.A.; KRUIP, T.A. Effect of ovarian @ise and follicle
guality on morphology and developmental capacity oftibeine cumulus-oocyte
complex.Journal of Animal Science v.78, p.1277-1283, 2000.

FERNANDES, C.; DODE, M.AN.; GODOY, K., RODOVALHON. Efeito

estacional sobre caracteristicas ovarianas e prodigcéocitos em vacas Bos indicus

10



no Mato Grosso do SuBrazilian Journal of Veterinary Research and Animal
Sciencev.38, p.131-135, 2001.

FERNANDEZ, C. Neural networks for animal science applicationwo case
studies Expert Systems with Applications.v.31, p.444-450, 2006.

GALLI, C.; DUCHI, R.; CROTTI, G.; TURINI, P. Bovine embryo
technologiesTheriogenology.v.59, p.599-616, 2003.

GIANOLA, D.; OKUT, H.; WEIGEL, K.A.; ROSA, G.J.M. Predictingomplex
guantitative traits with Bayesian neural networks: a sasgy with Jersey cows and
wheat.BMC Genetics.v.12, 2011.

GREVE, T.; HYTTEL, P.; ASSEY, R. The effects of exogengosadotropins on
oocyte and embryo quality in cattlEheriogenology.v.43, p.41-50, 1995.

HAVLICEK, V.; KUZMANY, A.; CSEH, S.; BREM, G.; BESENFELDER. The
effect of long-term in vivo culture in bovine oviduct and ugeon the development
and cryo-tolerance of in vitro produced bovine embriReproduction in Domestic
Animals. v.45, p.832-837, 2010.

HAWK, H.W.; WALL, R.J. Improved vyields of bovine blastocysrom in vitro-
produced oocytes. I. selection of oocytes and zygoiéeriogenology. v.41,
p.1571-1583, 1994.

HENDRIKSEN, P.J.; STEENWEG, W.N.; HARKEMA, J.C.; MERTON,SJ.
BEVERS, M.M.; VOS, P.L.; DIELEMAN, S.J. Effect of diffent stages of the
follicular wave on in vitro developmental competence ofvil® oocytes.
Theriogenology.v.61, p.909-920, 2004.

HOSMER, D.W.; LEMESHOW, SApplied Logistic Regression.22 ed. Wiley:
New York. 2000.

KASTELIC, J.P.; KO, J.C.H.; GINTHER, O.J. Suppression omoant and
subordinate ovarian follicles by a proteinaceous fractidnfollicular fluid in
heifers.Theriogenology: v.34, p.499-509, 1990.

11



LAMONTAGNE, L.; MARCHAND, M. Advances in Artificial Intelligence.
Springer: Berlin. 2006.

LEIBFRIED-RUTLEDGE, M.L.; CRITSER, E.S.; EYESTONE, W.HNORTHEY,
D.L.; FIRST, N.L. Development potential of bovine oosyteatured in vitro or in
vivo. Biology of Reproduction v.36, p.376-383, 1987.

LIRA, S.A.; NETO, A.C. Coeficientes de correlacdo paxidveis ordinais e
dicotdbmicas derivados do coeficiente linear de PeafS@ncia e Engenharia v.15,
p.45-53, 2006.

MACHATKOVA, M.; JOKESOVA, E.; PETELIKOVA, J.; DVORACEK, V
Developmental competence of bovine embryos derived froaytes collected at
various stages of the estrous cydlkeriogenology.v.45, p.801-810, 1996.

MACHATKOVA, M.; JOKESOVA, E.; HORKY, F.; KREPELOVA, A. Utization
of the growth phase of the first follicular wave for bovoweyte collection improves
blastocyst productiorCheriogenology. v.54, p.543-550, 2000.

MACHATKOVA, M.; KRAUSOVA, K.; JOKESOVA, E.; TOMANEK, M
Developmental competence of bovine oocytes: effects lléokize and the phase
of follicular wave on in vitro embryo productiomheriogenology.v.61, p.329-335,
2004.

MANJUNATHA, B.M.; GUPTA, P.S.; RAVINDRA, J.P.; DEVARAJ, M
RAMESH, H.S.; NANDI, S. In vitro developmental competencéuffalo oocytes
collected at various stages of the estrous cytteriogenology.v.68, p.882-888,
2007.

MATTON, P.; ADELAKOUN, V.; COUNTRE, Y.; DUFOUR, J.J. Growth and
replacement of the bovine ovarian follicles during theoes cycle.Journal of
Animal Science v.52, p.813-820, 1981.

MENARD, S.W.Applied Logistic Regression 22 ed. Sage Publications: Thousand
Oaks. 2002.

12



MENDONCA, T.S.Modelos de Regressao Logistica Classica, Bayesiana e Redes
Neurais para Credit Scoring Dissertacdo (Mestrado em Estatistica). Universidade
Federal de Sao Carlos, Séo Carlos, SP, 2008.

MORENO, J.F.; FLORES-FOXWORTH, G.; WESTHUSIN, M.; KRAEMER,C.
Influence of pregnancy and presence of a CL on quantity aniygqaé bovine
oocytes obtained from ovarian follicles aspirated posttena Theriogenology.
v.39, p.271 (Resumo), 1993.

OSTERGAARD, S.; FRIGGENS, N.C.; CHAGUNDA, M.G.G. Technical and
economic effects of an inline progesterone indicatoa idairy herd estimated by
stochastic simulatiorTheriogenology.v.64, p.819-843, 2005.

PAVLOK, A.; LUCAS-HAHN, A.; NEMANN, H. Fertilization and deslopmental
competence of bovine oocytes derived from different categai antral follicles.
Molecular Reproduction and Developmentyv.31,p.63-67, 1992.

PFEIFER, L.F.M.; CAMPOS, H.; MIGUEL Jr, J.C.; SILVEIRA, L
SCHNEIDER, A.; CORREA, M.N.; RUMPR. Aumento da qualidade de ovocitos
recuperados por puncao folicular de vacas submetidas preveaensnperovulacao.
Revista Brasileira de Reprodu¢do Animalyv.35, p.363-367, 2011.

PFEIFER, L.F.M.; SARTORI, R.; PIVATO, |.; RUMPF, R.; NOGUHA, G.P;
XAVIER, E.; DIONELLO, N.J.; CORREA, M.N. Effect of circuiag progesterone
on in vitro developmental competence of bovine oocyfesmal Reproduction.
v.6, p.473-478, 2009.

QUINLAN, J.R. Induction of Decision Treeddachine Learning. v.1, p.81-106,
1986.

QUIRK, S.M.; COWAN, R.G.; HARMAN, R.M.; HU, C.L.; PORTERD.A.
Ovarian follicular growth and atresia: The relationshipMeen cell proliferation and
survival.Journal of Animal Science v.82, E40-E52, 2004.

RAMOS, AF.; RUMPF, R.; CAMARA, J.U.; MOLLO, M.R.; PIVATO|/.;
MARQUES, A.P.; SARTORI, R. Effect of follicular wave rgshronization on in
vitro embryo production in heifer&inimal Reproduction Science v.117, p.201-
207, 2010.

13



REIS, A.; STAINES, M.E.; WATT, R.G.; DOLMAN, D.F.; McCEVOYT.G. Embryo
production using defined oocyte maturation and zygote cultedia following
repeated ovum pick-up (OPU) from FSH-stimulated Simmenrg#keis. Animal
Reproduction Sciencev.72, p.137-151, 2002.

REIS, A.; METELO, R.; SANTOS, P.; SILVA, F.M. Efeito @strutura ovarica e da
idade de bovinos da raca Holstein Friesian na quantidadelidagigade ovocitos e
de embrides produzidos in vitrBrazilian Journal of Veterinary Research and
Animal Science v.43, p.619-636, 2006.

REYNOLDS, L.; GRAZUL-BILSKA, A.; REDMER, D. Angiogenesis the corpus
luteum.Endocrine. v.12, p.1-9, 2000.

SAVIO, J.D.; BOLAND, M.P.; ROCHE, J.F. Development of dominfariicles and
length of ovarian cycles in postpartum dairy codsurnal of Reproduction and
Fertility . v.88, p.581-591, 1990.

SCHAMS, D.; BERISHA, B. Regulation of Corpus Luteum Funtctio Cattle— an
Overview.Reproduction in Domestic Animals v.39, p.241-251, 2004.

SENEDA, M.M.; ESPER, C.R.; ANDRADE, E.R.; BINELLI, M.; AX, M.C;
OLIVEIRA, J.A.; GARCIA, J.M. Relationship between follicle size after FSH
treatment and efficiency of oocyte recoveiyimal Reproduction. v.2, p.178-182,
2005.

SHAOQ, J.; XIN, H.; HARMON, J.D. Comparison of image featuréraetion for
classification of swine thermal comfort behavi@omputers and Electronics in
Agriculture . v.19, p.223-232, 1998.

SHRIVASTAVA, S.; SINGH, M.P. Performance evaluation eéd-forward neural
network with soft computing techniques for hand written EngliphabetsApplied
Soft Computing. v.11,p.1156-1182, 2011.

SLENNINGL, B.D.; WHEELER, M.B. Risk evaluation for bovine ey transfer
services using computer simulation and economic decisenrythrheriogenology.
v.31, p.653-673, 1989.

14



SMITH, L.C.; OLIVERA-ANGEL, M.; GROOME, N.P.; BHATIA, B.; RICE,
C.A. Oocyte quality in small antral follicles in the prase or absence of a large
dominant follicle in cattleJournal of Reproduction and Fertility. v.106, 193-199,
1996.

TURZILLO, AM.; FORTUNE, J.E. Effect of suppressing plasfSH on ovarian
follicular dominance in cattlelournal of Reproduction and Fertility. v.98, p.113-
119. 1993.

VARISANGA, M.D.; SUMANTRI, C.; MURAKAMI, M.; FAHRUDIN, M,
SUZUKI, T. Morphological classification of the ovarigsrelation to the Subsequent
oocyte quality for IVF-produced bovine embrydsheriogenology. v.50, p.1015-
1023, 1998.

VASSENA, R.; MAPLETOFT, R.J.; ALLODI, S.; SINGH, J.; ADAMSG.P.
Morphology and developmental competence of bovine oocglatve to follicular
status.Theriogenology.v.60, p.923-932, 2003.

VIEIRA, F.M.C.; SILVA, 1.J.0.; BARBOSA FILHO, J.A.D.; VIERA, A.M.C.
Productive losses on broiler preslaughter operationscteffef the distance from
farms to abattoirs and of lairage time in a climatizeddihg areaRevista
Brasileira de Zootecnia.v.39, p.2471-2476, 2010.

15



Artigo 1

Influence of corpus luteum and ovarian volume on the number anduwglity of

bovine oocytes

Artigo aceito para publicacdo no peridédico
Animal Science Journal (ISSN: 1740-0929)
Manuscript ID: ASJ-2014-0022. Submetido
em 23-Jan-2014, aceito em 27-Abr-2014.

16



Influence of corpus luteum and ovarian volume on the number anduglity of
bovine oocytes

Jurandy Mauro Penitente-FithaCarolina Rodrigues JimerfeAdriana Moreira

Zolini'; Erly Carrascdl Jovana Luiza AzevedpCamila Oliveira Silveirg Fabricio
Albani Oliveird; Ciro Alexandre Alves Torrés

! Universidade Federal de Vicosa, Department of Animal Scienicesd, Minas
Gerais, Brazil
2 Universidade Federal de Vicosa, Department of Veterinaiggsd, Minas Gerais,
Brazil
Correspondence: Jurandy Mauro Penitente-Filho, Universidadierdtede Vicosa,
E-mail: penitentefilho@yahoo.com.br

Abstract

In order to evaluate whether ovarian volume, presendedmmeter of the CL have
effect on the number and quality of bovine recovered ooc{tE8 ovaries were

obtained from slaughterhouse. Cumulus oocytes complex wwspérated and

evaluated under stereomicroscope. Oocytes were countedhasidied according to

their quality (Grade I, I, Il and IV). Ovarian volume wagakly correlated to the
number of good quality oocytes (P < 0.05). Ovaries withs@hw greater number of
good quality oocytes than ovaries without CL (P < 0.05kid&ss, presence of CL
and its diameter positively influenced the probability etavering good quality

oocytes (P < 0.05). In conclusion, ovarian volume isangbod parameter itself to
predict important ovarian characteristics; moreovea)yesis of CL, its presence and
diameter, may be a good tool to improve efficiency on irow@mbryo production

programs.

Keywords: bovine reproduction, embryo production, ovary, dyxtive efficiency.

Introduction:

Despite the great advances achieved in biotechnology obdegtion, the
productie efficiency of transferable embryos, derived from in vifestilization
(IVF), is still low (de Wit et al. 2000; Havlicek et al. 2010). There arenst

indications that this fact is more related to the sowteoocytes than to the
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conditions of IVF and culture (Bols et al. 1997) or dueh® method of in vitro
maturation of collected oocytes (Leibfried-Rutledge e1987).

According to Reis et al. (2002), Simmental heifers hagher number of
collected oocytes when the corpus luteum is active. Furtherrtiw presence of CL
in Holstein cows was reported as required to improve in vitnbrgo production
(Reis et al. 2006) and Manjunatha et al. (2007) found highewvageaand
transferable embryos rates from ovaries with CL. v@osely, de Wit et al. (2000)
showed no difference in the quality and number of oooytdlected from abattoir
ovaries in the follicular, early luteal and late lutphlses.

The following studies indicate that plasma progesteroeetafbocyte quality
(Leibfried-Rutledge et al. 1987; Hendriksen et al. 2004; Pfeifex. 2009, 2011),
oocytes collected in the late phase of diestrus aree mompetent than oocytes
collected in early diestrus or follicular phase in whithgesterone levels are lowe
(Machatkova et al. 1996; Machatkova et al. 2004; Pfeifet. &089). Progesterone
allows the follicle to be exposed for a longer period to LHsgmilof low amplitude,
getting a better quality oocyte (Greve et al. 1995; Pfeifat. @009).

Ovarian volume shows correlation to some important ovasaects, such as
number and quality of oocytes. Thus, the ovarian volorag be used in attempting
to establish a parameter for clinical examination of teries (rectal palpation) and
to associate with others important ovarian charactesigiernandes et al. 2001).

The visual evaluation in relation to compaction, numbet appearance of
the cumulus cells and the uniformity of the cytoplabave been used as a way to
select and classifthe oocytes qualitatively (Moreno et al. 1993; Pavlok e1292).
Cumulus cells may control oocyte meiotic arrest and tigrol may be exerted via
the cumulus processes that penetrate the zona pellucidamtenadti with the oocyte
through the gap junctions (de Wit et al. 2000).

Thus, this study aimed to evaluate whether ovarian volume,tiae CL
presence and diameter would influence the number and thieyapfahe recovered

bovine oocytes.
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Material and methods:

Collection of ovaries:

The experiment was conducted at the Animal Reproduction Labgratory
Department of Animal Science, Universidade Federal de Vigdgsa/M

One hundred and ten ovaries from crossbred females (Bassteaurus x Bos
taurus indicus) without defined age were collected in the sladgihise. The period
between slaughter and collection of the ovaries diceroeéed 20 min and they were

transported to laboratory in thermos flask with salin@8°C.

Assessment of ovarian volume and CL diameter:
With a caliper, the diameter of each ovary was medsarthree axes (Figure
1). The volume of the ovary (1) was calculated from fbrmula for the sphere

volume and expressed in €ém

Figure 1 Schematization of measurement of the ovarian volume.

4 D, D, Dy
Volume of the ovary = 3 X T X (7) X (7) X (7)

1)
The diameters of theCL were also measured with a caliper, taking
measurements on two axes (Figure 2). The diameter wamed by the arithmetic

mean of two measurements;(8nd ) and expressed in mm (2).
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Figure 2 Schematization of measurement of the Corpus luteuretdiam

(D1 + D)

Diameter = >

(2)

Follicular aspiration, screening and classification of the oocytes:

The cumulus oocyte complexes (COCs) were aspirated frofoltisdes (2-8
mm diameter) using a 10 mL hypodermic syringe with an 18Gleebdmediately
after aspiration, follicular fluid was placed in a Pdish for screening oocytes under
a stereomicroscope at 30X increase. The COCs were dowmd classified
according to Stringfellow and Givens (2010):

-Grade I: oocytes with compact cumulus and more than thyees of cells.
Ooplasm with fine and homogeneous granules, filling the orteof the zona
pellucidae, and brown color.

-Grade II: oocytes with less than three layers of cuntalls. Ooplasm with
heterogeneously distributed granules that may be moweotrated in the center and
lighter on the periphery, or condensed in one place Igokm a dark spot. The

ooplasm filedthe entire space inside the zona pellucidae.

-Grade Ill: Oocytes have cumulus, but it was expanded. Ooplasm was

contracted, with space between the cell membrane and zonaidaglucregularly
filling the perivitelline space.
-Grade 1V: oocytes without cumulus cells, cytoplasm with ababmrolor

and granulation or expanded and apoptotic cells.
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Statistical analysis:

For data analysis, the Statistical Analysis SystemS(2802) was used. The
ovarian volume and number of Grade I, Il, lll and IV oosyéth and without CL
were compared by analysis of variance (PROC ANOVA). Thecison between
the proportions of Grade I, Il, 1ll and IV oocytes ahd presence of CL in the ovary
was evaluated by chi-square test (PROC FREQ). The correlatmong ovarian
volume and CL diameter with the number recovered t@scwas performed by
Pearson’s correlation (PROC CORR), and for better understanding thef
relationship between variables, linear regression angRROC REG) was done.

To evaluate the effect of the CL presence and dianaeigrovarian volume
on the probability of recovering good quality oocyta#gistic regression was used
(PROC LOGISTIC). The significari¢vel was o = 0.05.

Results:

As expected, ovaries with CL had great volume compardtioge without
CL. A total of 975 oocytes were recovered and analyzed, bieengverage per ovary
equal to 8.86 + 0.71, and the ovaries with CL showed a graatdver of recovered
oocytes and higher number of good quality oocytes (Table 1).

There was no association (P > 0.05) between CL presedasoagte quality.
Furthermore, proportion of Grade | and Il (good) and Gradeatd 1V (poor)
oocytes was not affected by the presence of CL (P > Odle R).

The CL diameter was not correlated with the humbereobvered oocytes;
however, ovarian volume showed positive mild correlatith the number of Grade
| oocytes (Table 3).

Table 1 Ovarian volume (chhand number of Grade |, II, lll arl¥ oocytes among

ovaries with and without CL (Mean + standard error ocame

Variables Ovaries without CL (n=59) Ovaries with CL (n=51)  P-value
Ovarian volume 5.73+0.39 10.03 +0.58 <0.0001
Grade | 0.93+0.18 1.67 £0.24 0.0158
Grade Il 1.22 +0.27 1.88 £0.27 0.0486
Grade llI 2.41 +£0.39 3.22 £ 0.46 0.1827
Grade IV 2.86 +0.36 3.76 £0.7C0 0.2363
Total 7.42 £0.74 10.53 + 1.24 0.0283
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Grade | + Il 2.15+0.3¢ 3.55 +0.43 0.0144

Different letters in the same row differ at P < 0.05.

Tale 2 Proportion of Grade | and Il oocytes (good quality) and Ghadend IV
(poor quality) oocytes in ovaries with and without CL

Oocytes Ovaries without CL Ovaries with CL
Grade | + I 29.0% (127/438) 33.7% (181/537)
Grade Ill + IV 71.0% (311/438) 66.3% (356/537)

P > 0.05.

Table 3 Pearsds correlation of ovarian volume and CL diameter with the number

and quality of recovered oocytes

Gl Gl GllI GIV Total GI+Gll
Vol. ov. 0.35* 0.25* 0.36* 0.18™ 0.39* 0.33*
Diam. CL 0.16™ 0.18™ -0.04™ -0.16™ -0.03™ 0.20™

Vol. ov. = Volume of the ovary; Diam. CL = Diameter betCorpus luteum; Gl = Grade I,
Gll = Gradell; Glll = Gradelll; GIV = Grade IV; * P < 0.05™ not significant (P > 0.05).

Linear regression analysis was significant between avamdume and the
number of Grade | oocytes and number of Grade | and liteecyhe functions that
best fit the model were a quadratic function for both K@ure 3; 4, Figure 4,
respectively.

N° GI=0.75178 + 0.00678 X Vol. ov?
3)

Where:

Gl = Grade | oocytes;

Vol.ov = volume of the ovary (cth
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Figure 3 Number of Grade | oocytes according to ovarian weifh= 0.16; P < 0.05).
N° GI+ GII = 1.90829 + 0.0116 X Vol. ov?
4)
Where:
Gl + Gll = Grade | and Il oocytes;

Vol.ov = volume of the ovary (cth
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Figure 4 Number of Grade | and Il oocytes according toiavarolume (R = 0.14; P <
0.05).

The low coefficients of determination {R 0.16 and R= 0.14, respectively
make clear that ovarian volume is not by itself &ald¢ parameter for predicting the
number of good quality recovered oocytes. Despite thesenwassociation between
presence of CL and proportion of good and poor oocytes by chiestgst, when
data were analyzed by logistic regression analysisapjgrent that the presence of
CL hasa greater influence on the probability to recover good qualityytes than

ovarian volume.
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While ovarian volume did not influence the likelihood etovering good

guality oocytesR > 0.05), the presence of CL increased by 2.5 times thecelan

getting at least one Grade | oocyte and 2.8 times the cledrgeetting at least four

Grade | or Il oocytes (Table 4).

The CL diameter also influenced the probability of obtainingdyquality

oocytes. The larger the CL diameter, greater the pratyabflobtaining at least one
Grade | oocyte and at least two Grade | or 1l oocyRes (.05, Figs 5 and)6

Table 4 Probability to obtain Grade | or Il oocytes inr@s&awith and withouCL

Ovaries
Probability (%) to obtain at least: With CL Without CL P-value
1 Grade | oocyte 59.3 36.4 0.0359
2 Grade | oocytes 30.8 19.1 0.1694
3 Grade | oocytes 13.9 8.5 0.2966
1 Grade | or Il oocytes 82.1 65.7 0.0991
2 Grade | or Il oocytes 58.3 34.2 0.0264
3 Grade | or Il oocytes 49.2 24.1 0.0129
4 Grade | or Il oocytes 32.0 14.6 0.0347
5 Grade | or Il oocytes 14.0 7.6 0.1983
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Discussion:

The use of ovarian volunt® estimate the gonadal function is limited, as the
follicles are randomly arranged in the ovarian parenchynth are not always
detected by rectal palpation. Furthermore, correlatidwd®n ovarian volume and
total oocytes in this study were low, indicatiagnarked influence of other factors.
Therefore, other aspects become relevant, as theocategtype of ovarian follicle.
Most of the follicles in this study were from a hetercgmrs population with less
than 8 mm. The developmental dynamics of these follisledependent on factors
such as the presence of a dominant follicle in the oyAdams et al. 1993;
Varisanga et al. 1998), mitotic index in granulosa cellsg$iar et al. 1987), day of
the estrous cycle (Vassena et al. 2003) among others.ovrethe profile of
ovarian activity can affect these correlations, saglvariation in the size and growth
rate of follicles between follicular waves (Viana et 2000). Regarding to the
presence of a dominant follicle it was reported that itilecahe developmental
competence of oocytes from small antral follicles is adversely affected by the
presence of a dominant follicle (Smith et al. 1996) despitasafaga et al. (1998)
found that the presence of a dominant follicle in eithe or both ovaries of a pair
has a negative effect on the IVF produced bovine embA@=srding to Vassena et
al. (2003) no differences were detected in the proportibrither healthy or

degenerate oocytes collected from the ovary containingahenant follicle or from
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the contralateral ovary; however, fewer denuded oocytes w@lected from the
ovary containing the CL than from the contralateral gvar

Another important factor refers to body conditiontbé cow, according to
Dominguez (1995), the presence of follicles greater than 5 ndnthaenquality of the
oocytes increase with body condition.

The influence of CL on bovine oocyte recovery rate gudlity has been
reported with variable results.

The CL presence may improve the quality of recoveredtesayue to the
progesterone production. Although the progesterone level wasvatuated in this
study, several studies have demonstrated the relationstipedre CL and
progesterone serum levels (Baruselli et al. 2001; Bo 208R; Ferreira et al. 2006).
Progesterone allows that the follidde exposed for a longer period to low amplitude
LH pulses, getting a better quality oocyte (Greve et al. 193&ifer et al. 2009
2011).

Reis et al. (2002) found in Simmental heifers higher numbeeaovered
oocytes when the CL was active in the ovary; besides,dRais (2006) reported that
the presence of CL in Holstein Friesian cows is fundaahéa improve important
characteristics in in vitro embryo production such as nurolbeollected oocytes
from both ovaries, percentage of viable oocytes aravett zygotes and number of
embryos at 7 days after in vitro fertilization.

Ovaries from slaughterhouse, showed a higher rates of¥ageaand
transferable embryos when h@d (Manjunatha et al.2007). However, in crossbred
bovine females, also with ovaries obtained from a $imrgouse, the presence of
CL did not cause significant changes in the number and quéligcovered oocytes
(de Wit et al. 2000).

Extrapolation of the results found in this study fmmnditions of an IVF
program should be done cautioudNeverthelessit is possible to hypothesize that
the use of exogenous progesterone or maintenance afcdiofinl CL in bovine
female may provide efficient gains in the embryo productimluding the

commercial programs.
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Conclusions:

Since the results reported by other authors do not aéfimitive conclusions
about the effect of the presence of CL on the numbedr cuality of recovered
oocytes, as well on the efficiency of in vitro embryo prdiu it is possible to say
that the question regarding the effects of the CL miesen follicular development,
oocyte recovery and efficiency of in vitro embryo productgiill deserves attention,

requiring more research.
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Abstract: Artificial neural networks and decision trees have provedetsuccessful
in different fields of study such as medicine, geneticd animal production.
However, the use of these methodologies in bovine in vittargosrproduction (IVP)
is still scarce. Thus, this study aimed to compare eiffiermethods to predict
pregnancy in commercial IVVFA real dataset was used, consisting of 9,697 embryo
transfers, 6,788 observations were used for training and 2,909 wsek for
validation. Dataset was analyzed by using logistic regressfead-forward
multilayer perceptron neural network (MLP) with a hiddeyeta without momentum
constant and learning rate; two MLPs with momentum (0.8) eawhihg rate (0.2)
with one and two hidden layers; and a decision tree by ID3itgorAll analyses
were compared by ROC curve, predictive capacity, Kolnmg&mirnov test, and
point biserial correlation. Analysis by MLP without momentamd learning rate
correctly classified more than 70% of positive pregnandet, incorrectly classifee
almost 60% of non-pregnancies. In IVP, not detect a pogiiiegnancy is more
harmful than not detect a negative pregnancy; howeverngiisork has become
more unstable with lack of momentum and learning rate. The I§&iddm was
unable to design a suitable decision tree, but it wastalihelicate the variables with
higher impact on final response. In general, all analyz® very similar, which
may be explained by use of categorical explanatory vasiaklee of quantitative
variables as well momentum and learning rate should be consifderedquential

studies.

Keywords: ANNSs, cattle, logistic regression, decision trees, inovigrtilization,

reproductive efficiency.
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Introduction

Viability of bovine in vitro embryo production (IVP) is closelglated to
reproductive indices that are variable in different situresti The great variability by
donor cows for embryo production, and the need to purchasesyarahronize
recipients before knowing the number of produced embiasplicate the decision
about the number of females that must be intendedyfarhsonization (Slenningl
and Wheeler, 1989; Galli et al., 2003).

In order to anticipate results in high risk activitiesnge mathematical models
have been developed to assist in decision making atreliff stages of cattle
production (Slenningl and Wheeler, 1989; Ostergaard et al., 2005)

Most mathematical models applied to bovine embryo promlucise average
value of the number of produced embryos (Cardoso et al, 1B@®yever, thee
deterministic simulations may cause biased results; samse models have included
stochastic patterns, which arise from random eventshe¢ontmber of produced
embryos (Beltrame et al, 2007).

Nevertheless, few models were directed to analyze theoeaic and biologic
aspects of IVP (Beltrame et al., 2009) and no model hasdmestoped in order to
predict pregnancy in IVP programs.

Binary responses arise in many fields of study. Logistigession analysis is
often used to investigate the relationship between theseetk responses and a set
of explanatory variables (Hosmer and Lemeshow, 2000).

Artificial neural networks (ANN) can be viewed as a compbtsed system
composed of many processing elements (neurons) operatiagallel (Lamontagne
and Marchand, 2006). An ANN is determined by the network struatejpessented
by the number of layers and neurons, by the strengtieafonnections (akin to non-
parametric regression coefficients) between inputs, lanthe type of processing
performed at each neuron, represented by a linear orimear-kransformation: the
activation function. Neural networks have potential o€ceomodating complex
relationships between input and response variables (Gianalla 2011). The ANNs
have potential application in animal production when a databast allows the
understanding of the relationship between the environmehtgricultural activity
is required (Shao et al., 1998; Fernandez, 2006; Vieira, &0dI0).

The Iterative Dichotomiser 3 (ID3) is an algorithm usedtianing on a

dataset (S) to produce a decision tree. At runtime, this dadige is used to classify
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new unseen test cases by working down the decision treethsinglues of this test
case to arrive at a terminal node that tells us wlaas¢his test case belongs to. The
ID3 separates a training set into subsets so that thegdesacontain a single class.
The division is performed through a single attribute, ittfermation gain, which
measures how much informative is an attribute (Quinlan, 1986).

The ANNs and decision trees have proved to be very sudotesslifferent
fields of study such as engineering, medicine, genetics andalpiraduction.
However, the use of these methodologies in bovine reprodutiéld is still very
scarce. Thus, this study has as aim to compare differethods to predict

pregnancy in commercial program of bovine embryo production.

Material and methods

For data analysis, a real dataset was used. This datassted of 9,697
embryo transfer from a commercial central of bovimdlo production, situated in
Sete Lagoas, Minas Gerais, Brazil. Embryo transfeuwed from January, 2010 to
June, 2012. The variables in the dataset are described irli&h/é88 observations
were used in training model and 2,909 were used for validation.

Dataset was analyzed by using logistic regression, thres tfp&NNs and a
decision tree. For logistic regression, the LogistiocBdure on SAS (SAS, 2002)
was used. Initially, for adjustment, data were submitted to uateaanalysis and
those ones that were significant were used in multieaajustment. Sequentially,
variables still significant were used for final model, wiigas applied on validation
data.

For analysis in feed-forward multilayer perceptron/backpromagateural
network (MLP) with one hidden layer without addition of nesrtum constant or
learning rate, the nnet package was used, in R environment (R €re 2013).

Other two MLPs were analyzed, also based on perceptron/acigation,
one with a hidden layer and another with two hidden fapgrusing Weka software
(Hall et al. 2013). For both ANNs, a momentum constant (0@)esarning rate (0.2)
were added to analysis. For all ANN analyses, the learniathad used was

supervised learning; and a sigmoidal logistic activationtion was used.
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Table 1. Description of the variables in dataset:

Variable Description

Method Method of embryo transfer, if fresh embryo (1) orz&o/thawed
embryo (2).

OPUperiod Season when ovum pick up (OPU) was performed, if during r
season (1; October to March) or during dry season (0; Apr
September)

ETperiod Season when embryo transfer (ET) was performed, if duangy |
season (1; October to March) or during dry season (0; Apr
September)

DBreed Donor breed: Brahman (1), Gir (2), Crossbreed (3), Guzera
Holstein (5), Jersey (6), Nelore (7).

BBreed Bull breed: Brahman (1), Gir (2), Crossbreed (3), Guzera
Holstein (5), Jersey (6), Nelore (7), Tabapua (8), Aberdewus (9).

Semen Type of semen used in in vitro fertilization: Sexed (0) or sexed
Q).

Stage Developmental stage of the embryo at ET: Early blasto¢y),
Blastocyst (6), Expanded blastocyst (7), Hatched blast¢®)st

Pregnancy Response variable. Evaluated in the recipient female §8 dtier

ET, if recipient is pregnant (1) or not pregnant (0).

For decision tree, ID3 algorithm was used, using Weka soft(irak et al.
2013).

Decision trees and ANNs do not use significant level;,tlundy variables
that were significant in logistic regression were usedréoning and validation.

All analyses were compared by ROC curve, and predictivectgpacluding
total correctly classified instances, positive correcthassified instances and
negative correctly classified instances. Kolmogorovs8ou (KS) test was used for
comparison between probability levels of presence (1) arahebg0) of pregnancy.
The pregnancy presence/absence was correlated with thebpit@s calculated by
different analyses by point biserial correlatiop,)rSignificant level adopted was o
= 0.05.
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Results and Discussion

One univariate logistic regression model was fit for eathhe available
variables and the significance was assessed according Welhl test, the obtained
settings can be seen in Table 2. Variables that were grufisant (P > 0.05) were
removed for multivariate adjustment. Sequentially, categb variables were
converted to dummy variables. By using Selection Backwardhef Ltogistic
Procedure, only variables that were significant in the ivarlate adjustment were
kept in the final model (Table 3).

After the final model was obtained, it was applied to vélicladata. To
define the cut-point, it was observed the probability levieich maximizes both
sensitivity and specificity (Figure 1). Then, total concotdaorrect pregnancy,
correct non-pregnancy, KS statistics, ROC curve (Figurand) p, were assessed
(Table 4).

Table 2. Maximum likelihood estimation for univariate adjuestin

Standard Wald Chi-

Parameter DF Estimate Pr > Chisq
Error Square
Intercept 1 -0.4164 0.0386 116.2036 <.0001
Method 1 0.2925 0.0386 57.3474 <.0001
Intercept 1 -0.1714 0.0248 47.6923 <.0001
OPUperiod 1 -0.0478 0.0248 3.7056 0.0542
Intercept 1 -0.1916 0.0244 61.5347 <.0001
ETperiod 1 -0.0679 0.0244 7.7276 0.0054
Intercept 1 -0.2279 0.0595 14.6762 0.0001
DBreed1 1 0.1329 0.0678 3.8443 0.0499
DBreed2 1 -0.0434 0.0800 0.2947 0.5873
DBreed3 1 -0.1867 0.0835 4.9966 0.0254
DBreed4 1 0.1694 0.0831 4.1538 0.0415
DBreed5 1 -0.2610 0.1109 5.5332 0.0187
DBreed6 1 0.1707 0.2989 0.3263 0.5678
DBreed 7 1 0.0219 0.0982 0.0499 0.8232
Intercept 1 -1.7908 26.8222 0.0045 0.9468
BBreed 1 1 1.6523 26.8222 0.0038 0.9509
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BBreed 2 1 1.3871 26.8222 0.0027 0.9588
BBreed 3 1 1.4723 26.8237 0.0030 0.9562
BBreed 4 1 1.4984 26.8223 0.0031 0.9555
BBreed 5 1 1.4478 26.8222 0.0029 0.9570
BBreed 6 1 1.6084 26.8248 0.0036 0.9522
BBreed 7 1 1.5031 26.8224 0.0031 0.9553
BBreed 8 1 1.8708 26.8245 0.0049 0.9444
Intercept 1 -0.2271 0.0253 80.3034 <.0001
Semen 1 -0.1420 0.0253 31.4275 <.0001
Intercept 1 -0.3714 0.0738 25.3596 <.0001
Stage 5 1 -0.3939 0.2051 3.6880 0.0548
Stage 6 1 -0.0530 0.0988 0.2880 0.5915
Stage 7 1 0.2007 0.0764 6.8921 0.0087
Table 3. Maximum likelihood estimation for multivariatgueiment:
. Standard Wald  Chi- .
Parameter DF Estimate Pr > Chisq
Error Square

Intercept 1 0.0321 0.1261 0.0646 0.7994
Method 1 -0.6049 0.0804 56.5931 <.0001
Semen 1 0.2139 0.0535 15.9927 <.0001
Stage 7 1 0.3711 0.0934 15.7776 <.0001
Stage 8 1 0.2771 0.1117 6.1557 0.0131
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By using the nnet package in the R environment, the MLP witmoatentum
and learning rate was performed. Since the ANNs have nofifisiace tests for
explanatory variables, the same significant variabled us logistic regression were
presented to ANN. The number of iterations was 50, andrtoe was 0.01. The
MLP with best fit showed 10 neurons in hidden layer and 65psneveights. To
define the cut-point, it was also observed the probabditgllwhich maximizes both
sensitivity and specificity (Figure 2). Then, total concotdaorrect pregnancy,
correct non-pregnancy, KS statistics, ROC curve (Figurand) p, were assessed

(Table 4).
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Figure 2. Specificity and sensitivity by feed-forward najter perceptron with a

hidden layer and without momentum and learning rate. Limit = 0.470.

For MLPs with addition of momentum and learning rate witkidalen layer,
the ANN with best fit showed seven neurons in the hiddgerland 51 synaptic
weights. For two hidden layers, the ANN with best fit shdwse& neurons in first
hidden layer and seven in the second layer, with 107 synapights. For both
ANNSs, 150 iterations, momentum = 0.8 and learning rate = 0.2 wsexk

To define the cut-point, it was also observed the probabével which
maximizes both sensitivity and specificity for one awd thidden layers (Figure 3
and 4, respectively). Then, total concordant, correct pregnacmrrect non-

pregnancy, KS statistics, ROC curve (Figure 7) aptvere assessed (Table 4).
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Figure 3. Specificity and sensitivity by feed-forward nayjter perceptron with a
hidden layer, with momentum (0.8) and learning rate (0.2). Lii4<0.
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Figure 4. Specificity and sensitivity by feed-forward maitér perceptron with two

hidden layers, with momentum (0.8) and learning rate (0.2). LifdigdZ0.

In present study dataset was composed only by categoritables; thus an
analysis by ID3 algorithm has become interesting sinceutdcdesign a useful
decision tree, which is showed in Figure 5. Neverthelessprietical use of this
decision tree is limited due to its classification methodinfgprmation gain, which
caused an excessive generalization, leading i.e. the impommelusion that all
cryopreserved embryos would fail to get pregnamdgwever, ID3 algorithm was
able to indicate what variables showed higher influence final response
(pregnancy); in decreasing order, cryopreserved or freshyemtmethod), sexed or

non-sexed semen (semen), expanded blastocyst (Staged7hatmmed blastocyst

(Stage 8).
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Figure 5. Decision tree generated by ID3 algorithm.

Analyses regarding to the cut-point (Figure 6), total conctrdeorrect
pregnancy, correct non-pregnancy, KS statistigs, (Table 4) and ROC curve

(Figure 7), were performed as described for the previoussesaly
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Figure 6. Specificity and sensitivity by ID3 algorithm. LimiD=50.

Table 4. Total concordant (%), correct classified pregnd®ey correct classified
non-pregnancy (%), KS statistics (%), point biseriadftioient correlation (§,) and

area under ROC curve for each analysis:

) Total Correct  Correct non- ROC
Analysis KS Fob
concordant pregnancy pregnancy curve
Logistic regression 55.06 59.52 51.54 11.73 0.1466 0.5725
MLP 1 hidden layer, without
) 54.28 70.37 41.49 11.86 0.1460 0.5653

momentum and learning rate
MLP 1 hidden layer, momenturnr

) 55.38 56.35 54.62 11.86 0.1471 0.5730
= 0.8 and learning rate = 0.2
MLP 2 hidden layers, momentui

) 55.38 56.35 54.62 11.34 0.1434 0.5730
= 0.8 and learning rate = 0.2
ID3 algorithm 55.06 59.52 51.54 11.73 0.1493 0.5714

MLP = feed-forward multilayer perceptron; KS = Kolmogot®mirnov test.
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Comparison of adjusted models (Table 4) shows that all isd@de a very
similar behavior with regard to total correctly classifiestances, with MLP without
momentum and learning rate being slightly lower. Total correctbssified
pregnancy was also very similar among models, except fd&? Mithout momentum
and learning rate in which correct pregnancy was higher; vewthe opposite was
observed for correct non-pregnancy.

The KS statistics was also very similar among modedssightly inferior in
MLP with two hidden layers. By,s coefficient correlation ID3 algorithm showed the
best adjust for probability levels; nevertheless, all nodelre very similar. The area
under ROC curve also was similar among analyses, being sligiiér for MLP
without momentum and learning rate.

Analysis by the MLP without momentum and learning rate coyretiksified
more than 70% of positive pregnancies; but, incorreddgsified almost 60% of
non-pregnancies. Nevertheless, this result becomeagsitegy because not detect a
positive pregnancy is more harmful to a program tapce embryos than not detect
a negative pregnancy. From this point of view, this analygs superior to the
others. However, other aspects should be consideredpdssible to note that the
network has become more unstable with lack of momentumasdnahd learning

rate.

Conclusions

In general, all analyzes were very similar. This may@agned by the use
of categorical explanatory variables. The use of quainBtaariables may be helpful
for a better fit of the models. Besides, the usenofmentum constant and learning
rate should be considered for sequential studies. Moredespite have been able to
indicate the variables with high impact on final respphd& algorithm was unable

to design a suitable decision tree.
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Conclusbtes Gerais:

A extrapolacéo dos resultados encontrados neste gsana@s condicdes de
um programa comercial de PIVE deve ser feita com calelantanto, é possivel
levantar a hipétese de que a utilizacdo de progesteronanexégea manutencao de
um CL funcional na fémea bovina pode proporcionar ganhogfid&€ncia na
producao de embrides.

Além disso, visto que os resultados relatados por outroseautorpelo
presente estudo ndo permitem conclusdes definitivas sobieto da presenca de
CL sobre o nimero e a qualidade dos odcitos recuperadoscdi@mm sobre a
eficiéncia da producéo in vitro de embrides, é possivet dize a questao referente
aos efeitos da presenca de um @b desenvolvimento folicular, recuperacdo de
oocitos e eficiéncia da producao in vitro de embrides, amatace atencao.

Em geral, todos os métodos estatisticos avaliados resstelo foram
semelhantes. Contudo, a analise pela rede neural feemHbMLP sem constante
momentum e taxa de aprendizagem classificou corretamente dearO % das
gestacdes positivas. Apesar de ter classificado incometanguase 60 %ad ndo
gestacdes, este resultado se torna interessante porgugetefitar uma gestacao
positiva € mais prejudicial a um programa de producédo da@slque ndo detectar
uma gestacdo negativa. Deste ponto de vista, esta RNA foiissups outras
entretanto, foi mais instavel.

A analise continua, com conjuntos de dados resiermaior niumero de
variaveis explicativas, incluindo ndo somente vaim\categoricas, mas também
variaveis quantitativas, pode melhorar os modelos parantyaresultados mais

precisos.

45



