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HISTORIADE LOS BOVINOS EN PANAMA Y SU RELACION CON
LAS POBLACIONES BOVINAS DE IBEROAMERICA
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IBEROAMERICAN POPULATIONS
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PALABRAS CLAVE ADICIONALES
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RESUMEN

Se hace una revision historica sobre el origen
de la ganaderia en América; se describen las
migraciones de bovinos que se realizan desde
Espafia hacia las islas y los primeros envios de
animales desde La Espafiola y Santiago hacia
tierra firme, como Santa Marta, Colombia;
Tamaulipas, México y Santa Maria La Antigua,
Panama. Se relata el movimiento de animales por
todo el territorio panamefio, influenciado por la
presencia de Pedrarias Davila como Gobemadaor
de Castilla del Oro y posteriormente como Gober-
nador de Nicaragua; se plantea la importancia del
paso de bovinos por Panama y su importancia en
la conquista del Perd y Ecuador. Y se concluye con
la hipdtesis histdrica de la influencia genética de
los bovinos llegados al Nuevo Mundo sobre el
territorio Iberoamericano particularmente los bovi-
nos que llegaron a Panama.

SUMMARY

An historic review of the origin of the American
livestock is made; a description of the bovine
migrations from Spain to the islands and the first
sending of animals from La Espaiiola and Santiago
to continental lands, like Santa Marta, Colombia;
Tamaulipas, México and Santa Maria La Antigua,
Panama. The movement of animals over the
Panamanian territory is related as influenced by
Pedrarias Davila, Governor of Castilla del Oro,
later Govermnor of Nicaragua. The importance of

ADDITIONAL KEYWORDS

Creole breeds. Conservation. Zoogenefic resour-
ces.

Fanama like pathway of animals in the conquests
of Peru and Ecuador is proposed. The historical
hypothesis of the genetic influence of bovines
arrived to the New World over the Iberoamerican
territory, particularly the bovines of Panama is
concluded.

INTRODUCCION

El ganado Criollo se identifica con ani-
males que se han reproducido y adaptado
a una determinada region agroclimatica,
por un determinado periodo de tiempo
{Giovambattistaet al ,2001). Tales el caso
del ganado Criollo en América.

Los bovinos Criollos americanos ( Bos
taurus) procedentes de Espaifia, descen-
dian directamente del Aurochs salvaje (Bos
primigenius), domesticado durante la revo-
lucion agricola en el periodo neolitico
{Rouse, 1977; Beja-Pereira etal ,2006). Da-
tos arqueologicos recientes sugieren que
este proceso de domesticacion fue muy
complejo v de origen miltiple con intro-
gresion de genes (por lo menos en algunas
regiones)de razas locales y africanas, intro-
ducidas por via maritima, por lo que les ha
dado una importante variabilidad genética,
particularmente a lasrazas del sur de Europa
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RESUMEN

Se caracterizd la poblacion bovina Guabalad
con un panel de 27 microsatélites seleccionados
a partir de las recomendaciones de la FAQ/SAG
(Food and Agriculture Organization/International
Society of Animal Genetics) para estudios de
biodiversidad genética bovina (FAO, 2004). Se
analizaron muestras de ADN obtenidas de las
poblaciones bovinas criollas Guabala en |a region
Occidental de la Replblica de Panama y en la
region del Valle de Antdn, sitios donde se han
ubicado ejerplares puros. La amplificacion se
realizd mediante la reaccion en cadena de la
polimerasa (PCR). La electroforesis se llevd a
cabo mediante un secuenciador automatico ABI
PRISM 377 XL. Lafipificacion alélica se realizd con
los paguetes informaticos Genescan v.3.23 y
Genotyper v.3.7. Para cada microsatélite se cal-
culd el contenido de informacion polimorfica (PIC),
el nimero medio de alelos (Na), la heterocigosis
observada (Ho), la heterocigosis esperada (He),
el estadistico Fis, y equilibrio Hardy-Weinberg
(HWE). Los valores obtenidos fueron: PIC: 0,6044;
Na: 5,63; He: 0,6458; Ho: 0,6265; Fis: 0,0504. Se
observd que 9 microsatélites estaban en desequi-
librio (p=0,05). Los valores se pueden considerar
similares a los encontrados en ofras poblaciones
bovinas autéctonas espafiolas y permitiran reali-
zar estudios minuciosos y analizar las relaciones
de esta poblacién con ofras poblaciones bovinas.

ADDITIONAL KEYWORDS

Creole. Conservation.

SUMMARY

In the present work, a Guabala Crecle cattle
was characterized by a twenty-seven micro-
satellite panel, selected from a recommendation of
FAO/NSAG. Samples of DNA were obtained from
the Guabala Creole cattle population in the occi-
dental region of the Republic of Panama and the
Anton Valley, places where we found pure animals
of this population. From each microsatellite, the
polymorphic information content (PIC), mean
number of alleles (Na), observed heterozygosity
{Ho), expected heterozygosity (He), Fis statistic
and the exact test for Hardy-Weinberg equilibrium
(HWE) were calculated. The resulis found were:
PIC: 0.6044; Na: 5.63; He: 0.6458; Ho: 0.6265; Fis:
0.0504. Nine microsatellites were in disequilibria
(p=0.05). The results are considered in the same
range that those obtained in Spanish native
populations, this result, can lead to other detailed
studies of this population and the relationship with
other bovine's populafions.

INTRODUCCION

En afios recientes las poblaciones au-
toctonas y criollas han ganado relevancia
debido a su capacidad de adaptacién, ferti-
lidad y aprovechamiento de forraje de baja
calidad, frente a razas especializadas que
requieren una mayor inversion en sanidad,
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RESUMEN

Se caracterizo la poblacién bovina Guaymi
con un panel de 27 microsatélites seleccionados
a partir de las recomendaciones hechas por la
FAOQ/NSAG. Se analizaron muestras aleatorias de
ADN obtenidas de la poblacion bovina criolla
Guaymi que se encuentran ubicadas en el area
que comprende la comarcaindigena Ngdbe-Buglé
en la zona montafiosa de la provincia de Chiriqui
enlaReplblicade Panama. Para cada microsatélite
se calcularon el contenido de informacion
polimarfica (PIC), el ndmero medio de alelos (Na),
la heterocigosis observada (Ho), la heterocigosis
esperada (He), elestadisticoF _, y equilibrio Hardy-
Weinberg (HWE). Ademas se calculd si existia
cuello de botella en esta poblacion. Los valores
obtenidos fugron: PIC:0,689%; Ne: 4,04; He: 0,7243;
Ho: 0,7088; F - 0,0356. Se observaron tres
microsatélites en desequilibrio (p=0,05). Los valo-
res encontrados se consideran dentro de los
rangos obtenidos en otras poblaciones criollas,
exdticas y autdctonas espafiolas. Se requiere
realizar estudios mas detallados de estas pobla-
ciones y su relacion con otras poblaciones bovi-
nas. No se observa cuello de botella en el pasado
reciente de esta poblacion.

SUMMARY

Guaymi creole catile were characterized by a
27 microsatellite panel, selected from a

Recibido: 14-9-09. Aceptada: 29-3-10.

ADDITIONAL KEYWORDS
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recommendation of FAQ/ISAG. Random samples
of DNA were taken from Guaymi creole cattle
population in the highlands of the Chiriqui province
in Ngdbe-Buglé region in the Panama Republic.
From each microsatellite, was calculated the
polymorphic information content (PIC), mean
number of alleles (Na), observed heterozygosity
{Ho), expected heterozygosity (He), the F _ statistic,
the exact test for Hardy-Weinberg equilibrium
(HWE). Besides a botileneck study was calculated
in this population. The result of the analysis show
aPIC:0.6899; Ne-4.04;He:0.7243; Ho: 0.7088; F
0.0356. Three microsatellites were in unbalance
{p=0.05). The results are considered in the same
range of values from other creoles, exotics and
Spanish native populations. It requires more detailed
studies of these populations and its relation fo
other cattle populations. No bottleneck was
showed in the recent past.

INTRODUCCION

Los primeros mformes oficiales de en-
trada de bovinos en Panama se observan en
laCédula Real de Burgos del 6 de septiembre
de 1521, desde la1sla de Santiago (Jamaica)
a solicitud de Pedro Arias de Avila, de
importar cincuenta reses y otros bastimentos
para repartir entre los vecinos de la ciudad

Arch. Zootec. 60 (231): 767-775. 2011.
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ABSTRACT
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A total of 61 individuals belonging to the Guaymi (GY) and Guabala (GUA) populations were
typed with 27 microsatellites. A mean of 561 (GUA) and 7.5 (GY) alleles per population was
typed, and Fis values were 0.053 (GUA) and 0,033 (GY). The exclusive alleles of each population

were 67 (GY) compared to the 16 observed in the GUA population, while 135 alleles are shared

by both. The Ho and He were 0628 (GUA) and 0.710 (GY) and 0.648 (GUA) and 0.724 (GY)

if—"""l"’r‘t" respectively. The fixation index Fst was 0068 demonstrating a moderate level of genetic
Dlx;mr differentiation. The effective number of migrants per generations was 3.40 between GY and
Preservation GUA. A comparison with most popular breeds in Panama Bos indicus (GYR, BRH, 5IN, GUZ and
Guaymi NEL) and Bos tourus (FRI, SPA and HER) was made because of possible crossbreeding. The
Guabala AMOVA and a NeighborNet tree performed, provided adetailed interrelationship network, and

show an important difference between Panama creoles cattle population and most popular
breeds. Strategies for preserving the original Panama cattle creole population should be
considered in order to prevent the breed from becoming extinct and to strengthen the breed's
capability in future breeding programs.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, the native and ethnic populations have
gained prominence due to its adaptability, its fertility and
good usage of low quality fodder, when compared with the
selected breeds, that required higher investment in sanita-
tion, feeding and reproductive handling (Tewolde, 1997).
These native population were brought by the Spaniard

needed by the recently created Panama City in 1519. The
entry took place through Santa Maria La Antigua del Darien in
1521 (Archivo General de Indias, 1521; Rodero et al,, 1992).
Due to this fact and the fast proliferation of these animals,
within this new territory, and the foundation of new cities,
migrations took place from Panama towards the west reach-
ing Chiapas, Mexico and from Panama to the Peruvian region
in South America (Archivo General de Indias, 1532; Cortés,
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Besumen — El ohjetivo de este trabajo fiue establecer 1a relacién genética entre poblaciones bovinas panamefias
Guabala v Guaymi y algunas poblaciones cnollas de Latmoamérica. Se practico un amahsis factorial
de correspondencias, anahsis de varianza molecular, distancias genéficas, mimero medio de miprantes
per poblacién v los estadisticos F de Wright. Se evalud la estructura de la poblacion mediante un modelo
Bayesiano, supoméndose un mimero desconocido de K grupes diferentes genéticamente. El analizis factorial de
comespondencias mostrd que las poblaciones Guabala y Guaymi se agrupan con les bovinos enollos mexicanos
}'e]TmsLung]mm_ se observd menor diferenciacion genética de las criollas panamefias con
mexicanos ¥ el Texas Longhom. Los andhisis de distancia genética también mostraron dados similares a los
ubmﬁspmd%ﬂ\ﬂypmdmhmﬁdmﬂdemnmpmﬂmu&yseub&ummmm
poblaciones del norte y las panamefias, en comparacion con las poblaciones del sur. La agrupacion bayesiana
permitis la asipnacién de los individuos a surespectivo grupe, con base en su semejanza genética, ¥ proporciond
informacidn acerca del mimero de poblaciones bajo el cual se originan. Hay una estrecha relacion histérica,
gensética ¥ geoprafica de las poblaciones panamefias, criollas mexicanas ¥ Texas Longhom, a partir de las
migraciones de sus precursores desde las Antillas hacia Panama y Mexico.

Téminos de indexacién: conservacién, criollo, estuefura genética, Guabala, Guaymi, QTL.

Relationships between Panamanians and some creole cattle landraces
in Latin America

Abstract — The objective of this work was to estabhish the genefic relationship between Guabala and Guaynm
cattle populations and some native ones of Latin Amernica. Factorial cormespondence analysis, analysis of
molecular vanance, genetic distances, average mumber of migrants per population and Wright's F statistics
‘were performed. Population structure was assessed by a Bayesian model, assuming an umknown number of K
genefically distinct groups. The comespondence analysis showed that the populations of Guabala and Guaymi
cluster with Mexican creole cattle and Texas Longhom. Lower genetic differentiation of Panamamian crecle
with Mexican and Texas Longhom was alse observed The analyses of genetic distances have also shown
simular results to these obtaned by AMOVA and bry the factorial comespondence analysis, and the less distance
was observed between north populations and Panamaman ones, m companson with southemn populations.
Bayesian clustering pernutted the assignment of individuals to their respective groups, based on their genetic
similarity, and provided information on the mmmber of closter from which they originate. There iz a close
listorical, genetic, and geographic relationship of Panamanian Mexican, and Texas Longhom populations due
to the migration of precursors from the Canbbean islands to Panama and Mexico.

Index terms: conservation, local breeds, genetic structure, Guabala, Guaynu, QTL.

Pesq. agropec. bras., Brasilia, v.47, n.11, p.aooxx-xxxx, pov. 2012
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A preliminary study of solute
carrier family gene in adapt-
ed bovine breeds of Panama
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Panama, Herrera, Panama

Abstract

SLCIIAL, the solute carrier family gene for-
merly known as bovine natural resistance-
associated macrophage protein (NRAMP), has
the polymorphism of the associated microsate-
llites located in its 3’ untranslated region
(UTR). SLCIIAT has been associated with sus-
ceptibility or resistance to several intracellular
pathogens. In Panama, several genetic charac-
terization studies have been performed on the
Guaymi (GY) and Guabali (GUA) Creole
breeds. Given that these breeds adapted to the
local environment over a long period, there is
an extremely high probability that an examina-
tion of the SLCT IAT gene could reveal alleles of
this gene that confer resistance to disease.
Therefore, the aim of this study was to identify
the associated microsatellites located in its 3'
UTR of the SLCIIA] gene in bovine breeds
locally adapted to Panama. Four locally adapted
bovine breeds were studied. In total, 35 of the
amplified samples were sequenced, revealing
new polymorphisms such as (GT)s, (GT)4 and
(GT)s in GT regions. The most common
repeats among the evaluated populations were
(GT)1, (GT)e and (GT)4, which were found in
34.3, 20.0 and 11.4% of samples, respectively.
Moreover, the (GT)13 repeat, which is associat-
ed with natural resistance against brucellosis,
was found in the GUA breed. In addition, based
on the numbers of GT repeats found in the
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kb (Céllier ef al., 1994). This gene has a
microsatellite polymorphisms due to the varia-
tions in the number of GT repeats located in its
3’ untranslated region (UTR); as a result, this
microsatellite exhibits polymorphic patterns
known as Nrampl.l (Feng ef al., 1996) and
Nrampl.2 (Horin ef al., 1999). These patterns
are produced not only by changes in the num-
ber of guanine and timine (GT) repeats but
also by variations in the number of 5-adjacent
G residues, which are generally caused by
errors during DNA replication (Goldstein and
Pollock, 1997). Prior to this study, recent
reports have demonstrated that there are poly-
morphisms in a microsatellite of the SLCIIAT
gene (Hasenauer ef al., 2013). Research has
indicated that the SLCTJAJ gene is related to
susceptibility or resistance to several intracel-
lular pathogens. This gene encodes a divalent
cation carrier located in the phagolysosome
membranes of macrophages (Kerpola and
Ames, 1992; Céllier ef al., 1594). Studies have
demonstrated that this gene plays an impor-
tant role in innate immunity, promotes the
elimination of bacteria by macrophages, and
affects adaptive immunity in mice (Vidal ef al.,
1995). In cattle, this gene has been associated
with resistance against infection by Brucella
aborfus (Feng et al, 1996; Adams and
Templeton, 1998; Horin ef al., 1996; Barthel et
al., 2001). However, conflicting findings exist,
such as the results reported by Kumar ef al.
(2005), and Paixao ef al. (2007), who did not
detect an association between 3’ UTR polymor-
phism in SLCIIAT and brucellosis resistance
in examinations of crosses between Bos faurus
and Hariana cattle in India. In Panama, genet-
ic characterization studies of the Guaymi (GY)
and Guabald (GUA) Creole breeds have been
performed (Villalobos Cortés ef al., 2010).
Given that these breeds have adapted to the
Panamanian environment over a long period,
it is likely that alleles of a microsatellite asso-
ciated with the SLCIJAI gene that confer
resistance to diseases can be found; such alle-
les would have great importance due to their
potential use in genetic conservation and
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Materials and methods

Hair samples were obtained from 15 GY ani-
mals, 19 GUA animals, 10 BRH animals, 10
SEN animals, and 5 F1 animals from the Brown
SwissxBRH cross (and were therefore %
Brown Swiss and ' BRH). The BRH and GY
samples were obtained from the Agricultural
Research Institute of Panama (Instituto de
Investigacion Agropecuaria de Panama, IDIAP)
core conservation site located at the Calabacito
Farm in Veraguas. GUA samples were obtained
from private producers’ core conservation sites
in Valle de Antén, Coclé, and the La Isleta agri-

tourism farm in Guabald, Chiriqui. Samples
fenm F1 RBeram Curice v Tabhn rencese FSYIM
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ABSTRACT ARTICLE HISTORY

Mew clustering algorithms have emerged in population genetics and molecular ecology areas as  Received 15 October 2016

important tools to infer the genetic structure of a given population. Currently, methodologies  Revised 27 December 2016
based on Bayesian models are used for this purpose. These methodologies consider the geo-  Accepted 17 January 2017

graphical area, whereas other studies explore the use of geographic coordinates based in
Voronol mosaics. The aim of this study was to use a multi-locus genotype database of bovine Bioinfomatics: statistics
populations to compare the populations with two programmes that based their analysis on genetic; pnpljmm !
Bayesian models with different focuses. A database of 1053 animals from 33 bovine populations  payesian model

was analysed (native, Creole and cross-border breeds) using 27 microsatellite markers. The

STRUCTURE® version 2.2.3 software was selected for the identification and calculation of the pro-

portion of the mixture of individuals within each population as recommended by the software

using different K calculations (n=2, 3, ..., 33). Additionally, TESS®, which uses the Bayesian

model with clustering algorithms, was used for the analysis. We concluded that both models

showed different results; the discrepancies probably occurred because some of the studied pop-

ulations might have shown the panmixia principle, thereby altering the final result. This study

draws attention to the selection of the most appropriate analysis software for different popula-

tions with different selection and mating models based on basic genetic principles, such as the

Hardy-Weinberg and linkage disequilibrium, because the results can be misinterpreted, leading

to incorrect conclusions. Population behaviour, including reproduction and genetic origins,

should be taken into account before using a given guantitative analysis method.

KEYWORDS

Introduction such as mountains and moisture gradients (Manel
et al. 2003). This focus is useful because it enables dif-
ferent disciplines, such as evolutionary and ecological
biology, to understand how the movement of individ-
uals or gametes influences the genetic structure of a
population (Manel et al. 2003). Clustering and similar-
ity methods have the potential to group individuals

Landscape genetics is a new field of study that has
emerged with the recent improvement of molecular
techniques combined with new statistical tools, such
as geo-statistics, maximum likelhood and Bayesian
estimations, and more rapid computers with a higher
analysis capacity (Guillot et al. 2005). Landscape genet- into population units and to detect migrants without
ics is defined as the study of the interaction between . neod for an g priori definition of limits (Pritchard
spatial patterns and ecological processes. This field ot 5 5000; Falush et al. 2003). However, these cluster
aims to provide information about the interaction  adels methods do not explicitly take into account

between the natural landscape and micro-evolutionary
processes, such as genetic flow, genetic erosion and
selection (Holdereger & Wagner 2006). It also aids in

the spatial nature of the problem of detecting and
locating genetic discontinuities. In other words, the
methods are based on the assumption that the a priori

Ginja et al. Genetics Selection Evolution 2013, 45:35 Genetics
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Analysis of conservation priorities of
lberoamerican cattle based on autosomal
microsatellite markers

Catarina Ginja', Luis T Gama®, Oscar Cortes®, Juan Vicente Delgado®, Susana Dunner’, David Garcia®,
Vincenzo Landi*, Inmaculada Martin-Burriel”, Amparo Martinez-Martinez*, M Cecilia T Penedo”,
Clementina Rodellar’, Pilar Zaragoza®, Javier Caion” and BioBovis Consortium

Abstract

Background: Determining the value of livestock breeds is essential to define conservation priorities, manage
genetic diversity and allocate funds. Within- and between-breed genetic diversity need to be assessed to preserve
the highest intra-specific variability. Information on genetic diversity and risk status is still lacking for many Creole
cattle breeds from the Americas, despite their distinct evolutionary trajectories and adaptation to extreme
environmental conditions.

Methods: A comprehensive genetic analysis of 67 Iberoamerican cattle breeds was carried out with 19 FAO-
recommended microsatellites to assess conservation priorities. Contributions to global diversity were investigated
using altemative methods, with different weights given to the within- and between-breed components of genetic
diversity. Information on Iberoamerican plus 15 worldwide cattle breeds was used to investigate the contribution of
geographical breed groups to global genetic diversity.

Results: Overall, Creole cattle breeds showed a high level of genetic diversity with the highest level found in
breeds admixed with zebu cattle, which were clearly differentiated from all other breeds. Within-breed kinships
revealed seven highly inbred Crecle breeds for which measures are needed to avoid further genetic erosion.
However, if contribution to heterozygosity was the only criterion considered, some of these breeds had thadouag
priority for conservation decisions. The Weitzman approach prioritized highly differentiated breeds, such g Guabala,
Romosinuano, Cr. Patagonico, Siboney and Caracd, while kinship-based methods prioritized mainly zebu-related
breeds. With the combined approaches, breed ranking depended on the weights given to the within- and
between-breed components of diversity. Overall, the Creple groups of breeds were generally assigned a higher
priority for conservation than the European groups of breeds,

Conclusions: Conservation priorities differed significantly according to the weight given to within- and between-
breed genetic diversity. Thus, when establishing conservation programs, it is necessary to also take into account
other features. Creole cattle and local isolated breeds retain a high level of genetic diversity. The development of
sustainable breeding and crossbreeding programs for Creole breeds, and the added value resulting from their
products should be taken into consideration to ensure their long-term survival.




Maximum-likelihood estimates of proportional genetic contributions from Iberian, British, Continental and Bos indicus
breeds to Creole cattle, considered as a whole or grouped in five different clusters. The breeds included in each cluster are
listed below, and pictures of representative animals of each cluster are also shown.

1
0.76
0.6
0.26
04 ! . T T

O Zebu

B Continental

B British
H Iberian
]
All Creole breeds Creole cluster 1 Creole cluster 2 Creole cluster 3 Creole cluster 4 Creole cluster 5
Guabala Texas Longhorn Caracu Criollo Cubano Pampa Chaqueno
Guaymi C. Baja California Criollo Argentino Siboney Blanco Orejinegro
Romosinuano Criollo Chihuahua Criollo Patagonico Criollo de Ecuador Lucerna
Costeno con Cuernos Criollo de Nayarit Criollo Uruguayo Velasquez Harton del valle
Criollo Poblano Caqueteno
Sanmartinero Criollo de Chiapas

Criollo Pilcomayo
C. Casanareno
Chino Santandereano
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PROTOCOLO DE AMPLIFICACION Y SECUENCIACION DEL GEN
BoLA-DRB3 EN BOVINOS CRIOLLOS GUAYMI Y GUABALA




GEN BolLA-DRB3
Antigeno Leucocitario Bovino

El gen BoOLA-DBR3 ha sido correlacionado con rasgos
cuantitativos como produccion de leche, proteina y grasa en
leche; el polimorfismo del segundo exén del gen de este
complejo, se han relacionado con resistencia a enfermedades
tales como brucelosis, leucosis y mastitis.
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Cuadroe 1. Valores de tamaiio de pares de ba
valor m#iximo, walor de probabilidad (e-va
porcentaje de idad (%) de alelos de las racas
Guaymi v Guabaldi.

RAZA GUABALA bp Valor Maximo e-value % ldentidad

*D101 181 276 1.0E-70 S5
*p201 176 224 5.0E-55 21
*1801 196 302 2.0E-76 a6
*3001 206 300 1.0E-77 96
*R-08 197 278 4.0E-71 93
*R-121 211 302 3.0E-78 e3
*R-142 208 329 1.0E-86 o5
*R-177 209 311 5.0E-81 94
*R-194 205 309 2.0E-80 95
*R-21 210 324 6.0E-85 a5
*R-73 212 302 3.3E-67 93

RAZA GUAYMI

*0101 208 321 6.7E-81 a5
*1101 219 294 5.0E-76 93
*1104 148 165 3.0E-37 B7
*3601 215 285 3.0E-73 93
*R-09 224 278 5.0E-71 91
*R-73 195 281 3.0E-72 :13
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Se realiz6 secuenciacion SANGER de los fragmentos se llevé a cabo

utilizando el kit BigDye® Terminator v1.1 mediante un equipo ABI
3500 de Applied Biosystems




Ademas se realizo secuenciacion NGS mediante un equipo MISeq™ de
ILLUMINAZ® utilizando protocolo Nextera XT DNA Library Prep Kit
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TABLA RESUMEN DE DATOS DE SECUENCIACION NGS VS SANGER DEL GEN BoLA-DRB3 DE
BOVINOS GUAYMI Y GUABALA

-_-_ ALELO__ | bp____| MAXSCORE E VALUE IDENT ACCESSION

GY13F 2902 270 483 1.00E-132 AB554654.1
2 GY13R 3001 262 484 3.00E-133 100 AB523833.1
~VARE nan1 270 nee 2 NNE_124 10N 1¥7274221 1

VARIABLES BLAST NGS SANGER
bp
MAX SCORE
E VALUE
IDENT

21 GUASOF 0101 181 6 - 87839.
22 GUA47R R-73 209 263 1.00E-66 90 AY817103.1
23 GUA46R R-21 210 324 6.00E-85 95 AY817100.1
24 GUAA46F R-08 197 278 4.00E-71 93 AY826406.1




ALELO DEL GEN BoLA-DRB3.2 OBTENIDO MEDIANTE
METODOLOGIA SANGER

>43_GUAB_SANGER
GGAGAAGAGTTCGTGCGCTTCGACAGCGACTGGGGCGAGTTACCGGGCGGTG

ACCGAGCTAGGGGCGGCCGGACGCCGAGTACTGGAACAGCCAGGAGACTGGA
GCGGGCGCGGCGCCGCGGTGGACACCGTCACTGGAAGACACAACTACGGGGG
CGTGGAGAGTTTGCACTGTGCAGCGGCGAGGTGAGCGCGAATTTAAAAA

IDENTIDAD 95%
E-VALUE 2e-80



ALELO DEL GEN BoLA-DRB3.2 OBTENIDO MEDIANTE NGS

>43_GUAB_NGS
CAGTGAAACTCTCACCGACCCCGTAGTTGTGTCTGCAGTACGTGTCCACCGCGGC
CCGCGCCCGCTCCAGGAAGTCCTTCTGGCTGTTCCAGTACTCGGCGTCCTGCCGC
CCCAGCTCGGTCACCGCCCGGAACTCGCCCCAGTCGCTGTCGAAGCGCACGGTC
TCTTCTCCATTAGTGTAGTATCTGTCCAGGAACCGCACCCGCTCGGTCCCGTTGAA
GAAATGACACTCGCTCTTAGAATACTCCAGGAAATGTGCTGCAG

IDENTIDAD 99%
E-VALUE le-127



PCR de MICROSATELITES

GATCGGATAACTGTIGTIGTIGTIGTIGTIGTIGTGTGTGTIGOGGTA

b=
S CACCTGATATCTGGTA — TGEGTGTGTGTGTGTGETGE —  CGACACTACCAGATGEI’
111111111131311311
3? CGOCTCTGATCGTCTAC 5

_ MICROSATELITE Partidor 1
Partidor 2
5’ caccrTeATATCTGGTA 37
,1111111111111111 5>
3’ GTGGACTATAGACCAT _  ACACACACACACACAC —  GCTGTGATGGTCTAC

Marcadores geneticos: Identidad. medico legal. paternidad. etc






Introduccion al Kit
ruseqg Bovine Parentage

ANALISIS DE DATOS

PREPARACION SECUENCIACION MEDIANTE
DE LIBRERIAS EN EQUIPO SOFTWARE
MISEQ Sequence Genotyper
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FPreparacion de ADN gentmico
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extremos del ADN

o MNuclebdtidos
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Contenido del Panel

alele1  AATCATGTGTGLCTACTTACTGTCACT

:
alle? AATCATGTGTAGCTACTTACTGTCACT

/6 G/A A/A
homezygous he terazygous homozygous

Descripcion N.2de SNP
SNP utilizados para evaluacion de linajes

Dianas de SMP principales de la |SAG 100
Dianas de SMNP adicionales de la |SAG 100
Dianas variantes asociadas a enfermedades/trastornos
genéticos

Trastornos mortales prenatales/perinatales (HHT, 12
HH3, HH4, MH1, eic.)

Trastornos mortales postnatales/en adultos

(citrulinemia, distonia muscular congenita, 17
cardiomiopatia, mioclonia, etc.)

Trastornos no mortales (sindrome de Marfan, raza 19

Mulefoot, protoporfina, hemofilia A, etc.)

Dianas variantes asociadas a razas econdmicamente valiosas

Fertilidad en machos 1
Crecimiento y aspecto 4
Calidad de la came 4
| Calidad dela leche 6

Numero total de dianas de SNP/variantes 263



SNP’s de interés en produccién animal
(calidad de leche)
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SNP’s y Desordenes Genéticos



0JO ROSA

PE_1

PE_2

DESORDEN FOLICULO

KRT74_1

KRT74_2

CVM HO

SLC35A3_2

MICROFTALMIA

MITF89_1

MITF89_2 | SLC35A3_1

ABORTO

MH1_1

MH1_2

SINDACTILIA

LRP440_1

LRP440_2

GENOTIPO

BRAH
BRAH
BRAH
BRAH
BRAH
BRAH

BRAH
BRAH
BRAH
BRAH
BRAH
BRAH
BRAH
BRAH

BRAH

HOLSTEIN

HOLSTEIN

HOLSTEIN

HOLSTEIN

HOLSTEIN
MONT X HO




6 DESORDENES GENETICOS ENCONTRADOS

SINDACTILIA: gen LRP4 lipoproteinas de baja densidad de
receptores relacionados con la proteina 4

ABORTO MH1: Letalidad embrionaria en Montbeliard

MICROFTALMIA: Factor de transcripcion asociado a
microftalmima MITF

CVM HOLSTEIN: Complejo De Malformacion Vertebral gen
SLC35A3 en Holstein

DESORDEN DEL FOLICULO: gen KRT74, hipotricosis, pelo lanoso
OJO ROSA: predisposicion genética a adquirirla
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" Lo que nosotros tenemos que

practicar hoy, es la solidaridad.
Mo debemos acercarnos al pueblo a decir:
Aqui estamos. Venimos a darte la caridad
de nuesira presencia,

a ensenarte con nuestra presencia,

a ensenarte con nuestra ciencia,

a demostrarte tus errores, iu incultura,
tu falta de conocimientos elementales”.
Debemos ir con afan investigativo,

v con espiritu humilde,

a aprender en la gran fuenite

de sabiduria que es el pueblo

Frnesto Che Guevara
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