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Resumen

RESUMEN

El presente trabajo, busca contribuir a los progsade mejora genética
gue se estan emprendiendo en el sector de los @am&udamericanos para
la mejora de la capacidad productiva de la alpac#jiendo sobre todo en la
calidad de la fibra. Las poblaciones de Alpacasigeas del presente trabajo
proceden de ganaderias localizadas en las comsidads representativas de
la Reserva Nacional de Salinas y Aguada Blanca @@y$jue son referentes
de produccion en la region Arequipa, asi como témigie ganaderias de la
regidon Puno; otras poblaciones de alpacas (anintalesvaloracion de datos
genéticos) proceden de la empresa privada Funderiexgntal Pacomarca de

Incatops S.A. Para llevar a cabo la finalidad gélidio se han desarrollado los

siguientes objetivos:

1. Estimar los parametros genéticos en una pobla@dilpghcas de la raza
Huacaya, para conocer los valores de la heredabjlids correlaciones
genéticas y los efectos fijos de las caracterspcaductivas del vellon.

2. Diagnosticar la variabilidad genética y fenotipileacinco poblaciones de
alpacas HuacayaVicugna pacos) del Perd, mediante el uso de
Marcadores Microsatélites y medidas del diametrtadibra.

3. Estimar la diversidad genética en poblaciones gacak de las razas
Huacaya y Suri y la asociacion de 69 marcadoresosatélites con un
gen mayor que afecta a la caracteristica del dramdg la fibra de
alpaca.

Para llevar a cabo los objetivos propuestos seamdjgr un estudio preliminar

en poblaciones de alpacas de crianza tradiciona) que se han estimado los

parametros genéticos, las correlaciones entreteagaadel vellon y los efectos
fijos. Los resultados sefalan altos valores de dadibdades para los
caracteres del didmetro de la fibra y peso de wellor otro lado, la



Resumen

correlacion entre los caracteres del peso delwglldiametro de fibra fue baja;
en cuanto a los efectos fijos se han encontradwesbkignificativos de la edad
con los caracteres del diametro de la fibra, pedovellon y longitud de la
mecha, y del color de la capa con el diametro dibda y peso del vellon.

Una vez conocido el potencial de mejora medianserésultados obtenidos
sobre los parametros genéticos, correlaciones gtosfdijos, se planted la
realizacion del estudio de variabilidad moleculaasociaciones déoci al
caracter cuantitativo diametro de la fibra de apatos resultados nos
muestran una alta variabilidad genética en laslitaides de San Juan de
Tarucani, Estacion Pillones, Chalhuanca, Palcargdaa encontrando los mas
altos niveles de diversidad genética en las loadkd de Lampa (0.712) y
Chalhuanca (0.749), por otro lado se hallo unaacamn genética del 79%
dentro de poblaciones. Se han encontrado asocexciespurias entre el
caracter de diametro de la fibra y ttesi microsatélite CVRL0O7, LGU6G8 y
LCABS.

Con el objetivo de establecer las primeras bases e saturacion del
genoma de la alpaca tendente a la busqueda deamejmoximaciones deci
asociados a caracteres cuantitativos (QTL), seizéeadl estudio con
poblaciones de alpacas de las razas Huacaya y [Baviamente valoradas
para un gen mayor que afecta a dos caractereslidadcael diametro de la
fibra y el factor confort. También se estimo laadsidad genética existente en
estas dos poblaciones. El estudio ha mostrado esivéhvorables de
variabilidad genética para las razas de alpacasdyaay Suri. Se encontraron
asociaciones significativas de lmei LCA68, VOLP59, LCA90 y GLM®6 con
valores genéticos favorables para el caracter ita@wd del diametro de la

fibra de alpaca.



Resumen

Los resultados hallados nos permiten concluir, lkqgepoblaciones de
alpacas peruanas del presente estudio son un emp®rtecurso genético
susceptible para emprender planes de mejora atpaka diversidad genética.
Por otro lado las asociaciones alélicas de mareadmicrosatélite con el
diametro de la fibra abren la posibilidad de emgeenplanes de mejora en las

granjas élite de alpacas.
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Introduccion

1.1. LOS CAMELIDOS SUDAMERICANOS

Los camélidos sudamericanos derivan de especieginadas en
Norteamérica que fueron desapareciendo de esanrégide 11 millones de
afos. Antes de su desaparicion, algunos camélimmsstrales migraron hacia
el Sur del continente para evolucionar hacia losuades camelidos
sudamericanos. Hoy dia, habitan en Sudaméricaccaafrecies de camélidos:
dos silvestres (vicufia y guanaco) y dos doméstaipsica y llama) (Bonavia,
1996; Gentryet al., 2004), reconociéndose para estos Ultimos un tied®
domesticacion de alrededor de 5.000 afios (Wheded,; Reigadas, 2001).

Tradicionalmente la alpacd.gma pacos, Linneaus, 1758 la llama
(Lama glama, Linneaus, 1758)y el guanacol(ama guanicoe, Miller, 17769,
han sido especies clasificadas como cercanas afqgeama, mientras que la
vicuia {icugna vicugna, Molina, 1783 fue encuadrada en un género separado
Vicugna. Estudios mas recientes usando ADN mitocondrigiesan que la
vicuia y el guanaco fueron los antecesores de pacal y la llama
respectivamente, por lo que se ha propuesto unaranwasificacion
taxonOmica para la alpaca ®ecugna pacos (Kadwell et al., 2001; Gentryet
al., 2004; Marinet al., 2007).

Las dos especies de camélidos domésticos son mmpest para el
desarrollo rural. Los productos de la alpaca (fiprearne) y la llama (carne)
constituyen el principal medio de sustento econonde las familias alto
andinas, siendo en su mayoria de escasos recurso8necos en los paises
andinos centrales de Sudamérica como Per(, EcuBdbvja, Argentina y
Chile (Quispeet al., 2009), lugares donde principalmente se desarrelaas
ganaderias. Actualmente el aprovechamiento deibleasfproducidas por los
camélidos silvestres como el guanaco y la vicuAmbtén esta tomando

importancia (Bustinza, 2001).
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1.1.1. La alpaca

La alpaca se distribuye geograficamente entre &valgos 8 a 20 de
latitud sur y los meridianos 68 a 80 de longitudtegy entre altitudes que van
de 3.800 a 5.000 metros sobre el nivel del mareiBaientra poblando la
cordillera de los andes de Sudamérica en la pamérat y sur del Perq,
noroeste de Bolivia y extremo norte de Chile (Bustj 2001), asi como en el
area Altiplanica de las provincias de Jujuy, Sglt@atamarca de Argentina
(Frank, 1997)

La alpaca es el camélido productor de fibra maoitapte, tiene un peso
ligero y es fuerte. (Wulijet al., 2000). Concretamente, en Peru la alpaca es
considerada como Producto Bandera de la que seildgsaos tipos de
vellones en de esta zona provenientes de las das flandamentales: Huacaya
(figura 1) y Suri (figura 2). La alpaca Huacayacsgacteriza por tener un
vellbn compacto, esponjoso y con fibras finas, esay onduladas. La alpaca
Suri presenta fibras de gran longitud organizagaszes colgantes (Hoffman
y Fowler, 1995; Antoninet al., 2004 y FAO, 2005).

Renieriet al. (2009) mencionan que tanto las razas de alpat® cte
llama son razas “primitivas” o “primarias” que dem de la primera
diferenciacion intra especifica post-domesticatd?iar su parte, Presciuttiei
al. (2010) identifican a cada raza de alpaca (Huaga$ari) segun el tipo de
vellbn. Segun la FAO, (2012), la clasificacibn deza puede ser menos
relevante en algunas especies como en los caméidosmbargo la categoria
de raza puede ser utilizada como una estructurargleque abarque todos los

tipos de poblaciones domeésticas.
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Figura 1. Alpaca Huacaya Figura 2. Alpaca Suri

De los cuatro camélidos sudamericanos doméstiaoalphca es la que
cobra una mayor relevancia econémica por el impttaalor comercial que
representa su fibra, ademéas de la carne (llamagly n Perd, la poblacion
total de alpacas de la raza Huacaya represent&%Il(Blanco 95% y color
5%), y la raza Suri sélo un 15% cuyo efectivo poiolaal esta disminuyendo
(Breneset al., 2001; INIA, 2006). Por otro lado, la carne de alpdiene
demanda local (Pumayalla y Leyva, 1988), aunquia ébra el producto de
inigualable calidad textil. Sin embargo, poco sehegho para mejorar su
calidad y cantidad, siendo la capacidad térmicaladéibra mundialmente
conocida como superior a la lana de oveja, asi ceinfwillo, longitud de la
fibra, sobresaliente flexibilidad, suavidad y tadad, entre otras

caracteristicas.
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Llamas y alpacas han visto incrementado su censotms paises,
incluyendo Norteamérica (USA y Canadd), Austrahleva Zelanda y en
Europa (Reino Unido, Alemania, Italia y Franciapnde se mantienen
comunmente para la produccién de fibra y como aesnale compafia

(Tibary, 2005).

1.1.2. Produccién y comercializacion de la fibraatfeca

Condiciones socioeconomicas

El Perl cuenta con los mejores ejemplares de apgcacufias del
mundo gracias a las particulares condiciones dibastde las zonas alto
andinas. Sumando el 90% de la poblacion mundialaipacas, lo que
representa aproximadamente 4.900.000 individudda(td), siendo el primer
productor mundial de fibra de alpaca (UNIDO, 2010).

Tabla 1. Poblacién de Alpacas en El Peru

Departamentos N° de Alpacas
Puno 2,711.726
Cusco 584.824
Arequipa 395.883
Ayacucho 218.756
Otros 987.576
Total 4,898.765

Fuente: Ministerio de Agricultura-Elaboracion IPAC

Los sistemas de crianza actuales siguen sienditraales y de baja
productividad, como consecuencia de la problematedenencia de tierras,

marginacion, limitaciones tecnoldgicas, mecanismoswdecuados de
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comercializacion de la fibra y carne y caracte@sogulturales, entre otros,

que establecen tres sistemas béasicos de produccion:

1. Comunidades o parcialidades, que se ubican a deetlomunidades

campesinas, concentrando el mayor porcentaje dacadpde la

poblacion total con una tasa de natalidad muy baja.

2. Pequefios y medianos productores, que poseen unaldgia de

crianza mejorada.

3. Empresas asociativas, que corresponden a las astigaciendas

alpaqueras de propiedad privada poseedoras dddgtanmas moderna

y buenas tasas de natalidad (FAO, 2005).

Tipo de productor

Pequefios Productores

Medianos Productores

Empresas Privadas

Fuente: CONACS

Participacion en la
produccion de fibra

85% -

=
=
=

10%

5%

=
-

Rendimiento por
alpaca

3.5 Libras/afio

5,0 Libras/afio

5,0 Libras/afio

Figura 3. Sistemas de crianza de alpacas

La crianza de alpacas para los pequefios productmestituye su

actividad econOmica principal, estimandose quedatter de 100.000 familias

alto andinas estan dedicadas directamente a estadad, con ingresos

econdémicos muy bajos que las ubican en situaci@obdeeza (UNIDO, 2006 y

2010).
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Aspectos comerciales

La industria textil se refiere a la fibra de alpacano fibras especiales y
las prendas textiles manufacturadas con estassfisstan clasificadas como
articulos de lujo (Wangt al., 2003). Dentro de las principales propiedades de
la fibra de alpaca estan la flexibilidad, suavidhdacto, bajo afieltramiento e
hipoalergénicas (Incalpaca TPX, 2012). La fibra alpaca tiene una alta
resistencia a la traccion, importante en el proaedostrial; logrando mantener
la temperatura corporal por contener “bolsillos’crascopicos de aire en la
medula, lo que permite que las prendas textiledguser usadas en un amplio
rango de climas (Xingt al., 2004; Xungakt al., 2003; Schmidt al., 2006).

La produccion de fibra de alpaca se exhibe en @alittades diferentes
clasificadas por la industria textil que van desdelanco puro a tonalidades de
cremas, marrones, plata, grises y negras (FAO, ;2Q0& et al., 2009).
Tradicionalmente la comercializacion de la fibra dos camélidos
sudamericanos fue determinada por el color (Vidklrr1991). El precio de las
fibras de color entre 1969 y 1981 fue alrededoi68ed % superior al precio de
la fibra blanca (Velarde, 1988), pero posteriorradne decayendo (Antonini y
Vinella, 1997).

Perd es el principal proveedor de fibra de alpanaeé mundo,
abasteciendo una demanda del 80%, lo que reprassaaroduccion de 6.500
toneladas de fibra, con ingresos que superan losilithes de dolares anuales.
Bolivia aporta un 15%, y el 5% restante otros i@ fibra de alpaca se
comercializa en el mercado internacional en presént de tops e hilados,
siendo los principales mercados demandantes CBiogea, Japdn, Taiwan,
Italia, Reino Unido, Alemania, Japén, entre otddAC Instituto Peruano de

Alpacas y Camélidos).
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1.1.3 Caracteres cuantitativos de la fibra de alpaca

Desde un punto de vista genético, los caracterés gl@duccion de fibra
pueden ser subdivididos en caracteres cuantitayivcaracteres cualitativos o
mendelianos. Los objetivos de seleccion de la fieaalpaca son para las
caracteristicas cuantitativas: peso del vellon,urfin porcentaje de la
medulacién de la fibra y rizo. Para las caractedst mendelianas, los
objetivos son el tipo de fibra (Suri vs Huacayal xolor de la capa. (Renieri
et al., 2004).

Los caracteres que determinan la calidad de la fdor los camélidos
sudamericanos domeésticos son el diametro de la, fitwlor, longitud de la
fibra, y la uniformidad del diametro y de la longit Otra caracteristica que
puede afectar el valor de la fibra en ambas ragadphcas es el factor confort
(porcentaje de fibras menores a 30um) (Frané., 2006). La sensacion de
picazén de la fibra aumenta a medida que dismirliy®rcentaje de confort
de la fibra de alpaca (Luptahal., 2006)

Diametro de la fibra

La finura de la fibra se expresa en el diametr@i@si um), siendo éste el
parametro mas importante para definir la calidadadébra en relacion al
confort y la ligereza de la prenda textil. El didroede la fibra representa el
factor mas importante en el precio de las baladymidas (Villarroel, 1991;
Antonini y Vinella, 1997). La finura de la fibra jgende del grado de seleccion
genética, del medio ambiente, de la alimentacilanedad.

La Norma Técnica del Peru (2004) NTP 231.301 (fibkea alpaca
clasificada), clasifica la fibra de alpaca paracemercializacion de acuerdo a

las siguientes calidades (tabla 2).
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Tabla 2. Cuadro comparativo de la fibra de alpaca ytras fibras

medulares
. Diametro Factor Aplicacion

Categoria . Confort

en micras (Lm) (%) Punto Plano
Alpaca baby menor o igual a 23,00 90 XXXX  XXXX
Alpaca Suri 26,00 70 XXXX
Alpaca fleece 23,1a26,5 70 XXXX  XXXX
Alpaca medium fleece 26,6 a 29,0
Alpaca huarizo 29,1a315 55
Alpaca gruesa mayor a 31,5 25 XXXX
Cashmere 16,00 98 XXXX  XXXX
Mohair Kid 25,00 80 XXXX  XXXX
MohairYoung 28-31 65 XXXX  XXXX
Mohair Adult 35-37 25 XXXX
Vicuia 12,00 95 XXXX  XXXX

Fuente: IPAC

Es altamente probable que la sensacion de picazéasgrendas textiles
de alpaca esté relacionada con la incidencia dehetro de la fibra, es decir,
fibras con unos diametros mayores au800 alrededor de 32m (Swinburnet
al., 1995). Por su parte, Villarroel (1991), refiereeqgn el caso de la fibra de
camélidos esto esta relacionado con el tipo déwedli no que la sensacion de
la picazon es debida a la doble capa de los velldaecual requiere la
separacion de las fibras primarias de esos vellolmesjue se denomina
descerdar.

El didmetro de la fibra se ve afectado por divefaowres. Para Bustinza
(2001) y Franket al. (2006) estos factores son la edad, raza, coléa dapa,
aflo de produccion, condicion nutricional y estaci®egun Wuliji et al.,
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(2000), McGregor y Butler, (2004), Melo, (2007) wat@&coraet al, (2010) el

sexono tiene efecto en la finura. Existen referenciastradictorias sobre la
influencia del color de la capa en el diametro adilbra: Segun Ruiz De
Castilla y Olaguibel de Olivera (1991), el blans raas fino que el negro,
aungue otros investigadores demuestran que no hagfacto significativo

entre el color de la capa (Trejo, 1986; Rergeal. 1991).

Peso del Vellon

El peso del velldbn es una caracteristica de edpegmrtancia para los
productores de alpacas y junto con el didmetro alefidbra, cobra un
significativo valor econémico en el momento de ¢emercializacion. Se han
desarrollado estudios al respecto con la finalidanejorar esta caracteristica
en la seleccion, seflalando que el peso del veprritie del sexo y la edad del
animal. Los machos producen mas fibra que las resmprsu peso aumenta
con la edad (Mac Gregor, 2006; Luptenal., 2006; Quispeet al., 2008).
Wuliji et al. (2000) sefalan un resultado similar, siendo elomeble los
machos (2.57 kg) de mayor peso que el de las henibiés kg).

En los ultimos diez afios la poblacién de alpacts & crecimiento, sin
embargo, la productividad de fibra se encuentra paydebajo de su techo
genético. En promedio se obtienen 2,3 kg de filoragpaca cuando se puede

llegar a 5,4 kg con un buen manejo de los hatdsIR®, 2006).

Longitud de fibra

La longitud de fibra en el vellon de alpaca juegaal importante como
factor de calidad ya que esta caracteristica perafaisificarla como apta para
el proceso textil. Esta medida varia de acuerdoedad (disminuye a medida
gue avanza la edad) y esta escasamente afectaghgexo y la raza. La raza
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Huacaya proporciona longitudes que varian de 18,5 6,9 cm y la raza Suri
valores de 13,15 cm a 16.9 cm (Bustinza, 2001)gleacas del Perd. En su
estudio, Wulijiet al. (2000), reporta una longitud de fibra de 9,9 eamuea

poblacion de alpacas de Nueva Zelanda.

1.2. PARAMETROS GENETICOS

Una de las dificultades en la estima de los pan@®afenéticos es que
sus valores no son constantes. La heredabilidad gofrelacion genética
cambia como consecuencia de la seleccién y/o lsacguinidad (Bulmer,
1971) Es indispensable disponer de estimas de los pa@srggnéticos de una
poblacion estudiada antes del comienzo de unacs@bec de la aparicion de la
consanguinidad. La utilizacion de la metodologia lde modelos mixtos
permite obtener soluciones insesgadas (Hender8@h).1

La estima de los parametros genéticos represetaa mlaportantes para
todo programa de mejora genética. En las difereesgecies ganaderas se
estiman la heredabilidad y las correlaciones geaetpara los principales
caracteres productivos que afectan el rendimieatoré poblacion animal. En
ovinos el estudio para el caracter del peso vivddiarminado bajos niveles de
variacion genética y heredabilidad, sugiriendo eugrogreso genético de
estos caracteres es factible pero lento (Zighial., 2012); por otro lado, en el
estudio realizado por Valest al. (2007) para caballos de Pura raza Espafiola
se estimaron los parametros genéticos de varibimbemematicas, destacando
las altas heredabilidades encontradas para establea.

En poblaciones de alpacas de diferentes origeneBaserealizado
estudios para la estimada de la heredabilidadlparearacteres de longitud de
la mecha, diametro de la fibra y peso del vellGs as altas heredabilidades

fueron encontradas para el diametro del vellén .d@8 QWuliji et al., 2000)
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aungue se encontraron valores bajos de 0.18 eabsljd de Ledn Velarde y
Guerrero (2001).

Se han llevado a cabo escasos estudios de cooredacfenotipicas en
poblaciones de alpacas. Wulgt al. (2000) en alpacas de Nueva Zelanda
sefialan correlaciones entre los caracteres deletli@nde la fibra y peso del
vellén de 0.45; por su parte Bustinza (2001), jeaimho con alpacas Peruanas,
muestra correlaciones para los caracteres del th@ande la fibra con la
longitud de la mecha de 0.40. Solo un estudio pallb, realizado por
Cervanteset al. (2010) en poblaciones de alpacas, muestra coweEx
genéticas para diferentes caracteres de la fibefialando indices de
correlaciones genéticas entre el diametro de fa fikel factor confort de -0.97
y de -0.98, para las razas Huacaya y Suri, réspentnte.

El conocimiento de las variaciones genéticas dactanres productivos
resulta de ayuda para los programas de mejora,regieeren una mayor
evaluacion genética de los animales (Mortingeral., 2009). Los cambios
logrados en el rendimiento de caracteres procustde una ganaderia por
medio de la seleccién genética son pequefios pemapentes y acumulativos
(Solkneret al., 1998).

1.3. VARIABILIDAD GENETICA Y FENOTIPICA DE LAS
POBLACIONES DE ALPACAS

El mantenimiento de elevados niveles de variahlligenética es el
principal objetivo en los planes de conservaci®takrariacion genética es un
prerrequisito para que las poblaciones sean capéeesacer frente a los

cambios ambientales que se pueden producir entwebfy asegurar a largo
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plazo la respuesta a la seleccidn, natural o @difpara caracteres de interés
econémico o cultural (Ballou y Lacy, 1995; Olderdkp1999; Barker, 2001).

La calidad de la fibra ha ido decreciendo en lasnak décadas, lo que
sugiere un empobrecimiento genético de la espEaéwell et al., 2001). Con
la colonizacion espafiola, a partir del afio 1532 rédbafios nativos de alpacas
fueron diezmados y desplazados a la puna (NovoahgeWr, 1984). En su
estudio Wheeleet al. (1995), demuestran que en la época de la pre-&iaqu
espafola habia una accion selectiva para el mejeméonde la finura en
alpacas finas y super finas y casi todos los amisnaran uniformemente
pigmentados.

Se considera que la calidad de los vellones decalpal Perd se ha
deteriorado en lugar de haber mejorado, principatienen lo referente a finura
y peso del vellbn (UNIDO, 2006). Los vellones prodos en sistemas
comunitarios de crianza tradicional son de bajoopsgendo la produccion
anual por alpaca de 1,9 kg (Taatoal., 2001) y bianual de 2,1 kg, mientras que
en condiciones medianamente tecnificadas es pasitalgoroduccion anual de
2,3 kg (Jauregui y Bonilla, 1991; Nieto y Alejos99B). Sin embargo es
posible encontrar rebafios con buena calidad de, ftwmo en los estudios
realizados por Braget al. (2006), Monte®t al. (2008) y Paredest al. (2011)
con medidas para el diametro de fibra de 22,9 (&, @m, 19,6 um en las
regiones Peruanas de Cuzco, Huancavelica y Areq@ppectivamente.

Sobre la base de la demanda industrial, se hadasish los ultimos
decenios a un progresivo aumento de animales Haespecto a los de color
(Novoa, 1981 y 1990; Fernandez Baca, 1994). Esduatituales sefialan que la
poblacion total de alpacas del Peru tiene aproxamashte un 80% de animales

blancos. Como consecuencia de esta reduccion wrikbilidad del color de
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la fibra se crea el nacimiento de centros de coasgm de animales de color
(Ruiz y Castillo, 1991).

Renieriet al. (2009) sugieren que ningun programa de mejoratigané
puede plantearse sin tener como base una razampertante que esta
dindmica racial en la alpaca comience a produeinsiel de las comunidades
y de areas ecoldgicas bien definidas, que permitaaer la estructura genética
real de la poblacion primaria existente para adéxua las direcciones
colectivas de cualquier poblacion.

Los camélidos sudamericanos domésticos son unse@enético nativo de
alto valor socioeconémico en la zona alto andiima,esnbargo, la condicion
actual de los sistemas productivos no es motor yragamejora de los medios
de vida de sus productores. Para modificar éstacdn es necesario que se
intervenga en un marco

en el que interactlen la investigacion, la extangicl desarrollo. Los
grandes desafios abarcaran, entre otras acciomesyalbracion de la
produccion, manejo innovador de las potencialidadiedos criadores y la
variabilidad genética que ofrecen los camélidosasaticanos (Quispet al.,
2009).

La necesidad de llevar a cabo investigaciones medizerramientas de
genética molecular (marcadores moleculares) odestaal estudio de la
variabilidad genética de los camélidos sudamergammmésticos es
importante, a fin de disefiar planes de manejo terdea conservar el
reservorio genético de estos camélidos y mejoras saracteristicas
productivas. A partir de estudios previos comodesaracterizacion (Wheeler
et al., 2001; Sarnoet al., 2004; Matéet al., 2005) es posible inferir la
existencia de una marcada diferencia en los niwadediversidad genética y

estructura poblacional entre los camélidos sud&@ameos silvestres y
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domésticos, asi como de variabilidad genética drtapimnes de alpacas que
proporcionen al productor alpaquero los datos mufies para emprender
programas de mejora genética en sus rebafios ameaxlargo plazo.

La variabilidad genética puede ser estimada, aésrade una gran
diversidad de estadisticos, dependiendo su idothella cada caso del
propésito del estudio. Clasicamente ha sido estinaledforma indirecta a nivel
faneroptico, morfolégico o productivo, mas modereate a nivel de ADN y
recientemente a nivel de expresion génica (Mdadtrah., 2007).

Una de las fuentes para estimar el nivel de digadsigenética de una
poblacion es la informacion genealdgica. A partr ella podemos calcular
varios parametros que nos ofrecen indicios de lahiidad genética retenida
por el individuo, asi como con el conocimiento degsado de endogamia a
partir del calculo de matrices de parentesco. Unasibn de éstos puede
encontrarse en Azor y Goyache (2007). Cuando lgistres genealdgicos no
son fiables o simplemente no existen, debe reeserar otras estrategias para
estimar el nivel de diversidad genética y prevenipérdida. En la actualidad,
esto puede resolverse mediante el uso marcadotesutawmes de ADN.

El uso de los marcadores moleculares ha permitshmaer y caracterizar el
contenido genético de los organismos y estimaivarsidad y las relaciones
genéticas entre grupos de interés. Un marcadorculalese puede definir
como un factor polimérfico heredable segin un nmdeéndeliano simple,
con interpretacion clara y reproducibilidad, quesge ser utilizado como
referencia para diferentes tipos de estudios ger®t{Avise, 1994). Estos
factores polimorficos heredables pueden ser mareadwoteicos (antigenos e
isoenzimas) o marcadores basados en el ADN (gemexidos o fragmentos

de secuencia y funcion desconocida).
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La importancia que, desde el punto de vista derdalyzcion animal,
tienen los marcadores genéticos radica en su ajdlica la identificacion
individual y al control de filiacion, al garantiziar fiabilidad de los documentos
genealdgicos, material fundamental para empredetateas de conservacion
y mejora de las razas, asi como el estudio de riabitdad genética de la
poblacién y su cercania con otras poblacionesasré&zor y Goyache, 2007).

El desarrollo de las técnicas moleculares de asa@éed polimorfismo del
ADN, a partir del descubrimiento de la técnica deimada PCR (Polymerase
Chain Reaction) (Mulliset al., 1986), ha permitido evaluar diferencias de
variabilidad genética entre animales, razas y éspeEsta puede detectarse en
genes responsables de caracteres cualitativos ddwaes moleculares Tipo 1)
y enloci que no codifican proteinas (marcadores neutrogpo T). Esta
variabilidad permite también acotar areas cromosasndonde se encuentran
genes responsables de caracteres cuantitativos )((Hh cuanto a los
marcadores Tipo II, el polimorfismo de los micrédites del ADN esta
jugando un papel muy importante tanto en la ideatifon individual y el
control de filiacion como en el estudio de la Vaitidad intra y entre
poblaciones y la diferenciacién racial, aspecto®scellos esenciales a la hora
de establecer una estrategia de conservacion dezaa

Un buen marcador molecular debe reunir una seremadteristicas para
maximizar su utilidad: buena distribucion a lo gl genoma, alto grado de
polimorfismo, la técnica para analizar el marcadielve ser rapida y practica, y
debe poder repetirse con fiabilidad en otros labdaas. El elevado
polimorfismo que presentan los microsatélites ydaibilidad de identificar
ambos alelos, los hace muy utiles para identifaaes individuales, porque es
muy poco probable que dos individuos elegidos at,ad son analizados para
una serie de estos marcadores, compartan todasedas. Para elegir el tipo
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de marcador a utilizar, éste debe presentar, adetmaks caracteristicas
anteriormente descritas, una herencia estable {@sgade mutacion), ser muy
reproducible y preciso, presentar pocos alelososiuluna informacion del

genotipo no limitada Unicamente a muestras fresoasyequerir grandes
cantidades de ADN, y segregar independiente de atexcadores (Aranguren-
Méndezet al., 2005).

1.4. MARCADORES MOLECULARES

El polimorfismo del ADN se puede clasificar seganpsopia naturaleza
y el sistema de deteccion. Asi, entre otros, sdqudistinguir varios tipos de
marcadores moleculares: como los RFLP o polimodigial tamafio de los
fragmentos de restriccion (del inglés, ‘“restrictiofragment length
polymorphism”), RAPD o polimorfismo del DNA amplfdo al azar (del
inglés, “random amplified polymorphic DNA”, AFLP polimorfismo del
longitud tamano de fragmentos amplificados (deléng“amplified fragment
length polymorphism”) y SNP o polimorfismo nuclaettio (o de sitios
nucleotidicos) (del inglés, “single nucleotide pobrphism”). Ademas existen
los elementos repetitivos del genoma. Se estimangage de un 50% esta
constituido por secuencias repetitivas (Vestal., 2001; International Human
Genome Sequencing Consortium, 2001). EI ADN redpetige puede clasificar
en funcién del patron de distribucién de la secigerapetida en el genoma en
dos grupos: secuencias que se encuentran dispersalsgenoma y secuencias
que se repiten en tdndem. El primer grupo a sisegriede subdividir en otros
dos en funcion del tamafio de la unidad de repetidibNEs (del inglés, “long

interspersed elements”) y SINEs (del inglés, “shoterspersed elements”).
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Los elementos repetitivos en tandem se conocen éddhb satélite y también
se clasifican segun su tamafio (Jiménez-Gamero).2003

Los diferentes tipos de ADN repetido en tAandemteriss revelan una
tendencia del ADN gendmico a ser repetitivo, ga@amecanismos internos
como el sobrecruzamiento desigual durante la msitp&l deslizamiento de la
ADN polimerasa durante la sintesis del ADN. Estoscamismos generan
polimorfismos de longitud que pueden ser puestosndaifiesto mediante
electroforesis. EI ADN repetido se clasifica endidn del grado de repeticion
y del tamafio de la unidad iterativa (Tautz, 1993)r sus aplicaciones en
estudios de polimorfismo destacan los minisatéjtéses microsatélites. Los
minisatélites o VNTRs (del inglés, "variable numloértandem repeats”) son
repeticiones en tAndem de unidades de entre 9 pld.00

Hoy dia los marcadores mas usados en estudiostideae®n de la
variabilidad genética y gestion de la misma somiasosatélites.

Los Marcadores Microsatélites

Los microsatélites, también conocidos como STR (dglés, “short
tandem repeat”) y SSR (del inglés, “simple sequeapeat”), son repeticiones
en tandem de unidades de uno a seis nucleodtidagyaé¢A)n, (GT)n, (CAC)n
o (GATO)n, etc., la Figura 4 muestra un microstétion repeticiones en
tandem dinucledtido (GT). La variacion del niumeeaepeticiones y por tanto,
el tamafo de los fragmentos, constituye la bas@alehorfismo (Litt y Luty,
1989; Tautz, 1989; Weber y May, 1989). Se encueristribuidos al azar por
todo el genoma, son muy abundantes y se han ditectrosatélites dentro
de regiones codificantes de algunos genes, formpade de intrones y de
exones. Este tipo de marcador muestra un elevaimgsismo facil de
detectar, que se pone de manifiesto mediante aocaglidn por PCR (ya que
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estan flanqueados por secuencias Unicas de DNAjstefor electroforesis.
Ademas tienen herencia codominante y se prestanaatbmatizacion. Estas
caracteristicas los han convertido en los marcadgpeaéticos de eleccion para
una gran cantidad de aplicaciones, como la reabizate mapas genéticos, la
caracterizacion de poblaciones y la realizaciérpdesbas de identificacion
individual y control de filiacion, entre otros. Bstcaracteristicas han hecho
que la FAO haya propuesto su utilizacion sisteragtara la realizacion de un
programa global para la gestion de recursos zotigeaéBarkeret al. 1993).

En funcién de su estructura, se dividen en tremgoaias: perfectos (sin
interrupciones entre las secuencias repetidas)erfiegos (con una 0 mas
interrupciones) y compuestos (con dos 0 mas se@semortas diferentes
repetidas en tdndem y adyacentes). Los mas polecosérson los perfectos.
Weber (1990) observé en microsatélites perfectms (GT)n humanos, que el
grado de polimorfismo de estos marcadores depeade Bara “n” similares
en microsatélites imperfectos, el grado de polimor® observado se ve
reducido. Esta relacion también se ha encontradanemosatélites tri y
tetranucleotidicos (Edwardsal., 1991; Band y Ron, 1996).

La tasa de mutacién de los microsatélites, estineati® 10 y 10°, es alta si
se compara con la de las mutaciones puntualesotdeh de 18 a 10%).
Existen dos hipétesis que explican el mecanismo e@orque mutan:
recombinacién entre moléculas de ADN por un sobmmiento desigual
durante la meiosis (Smith, 1976) y deslizamientosagte la replicacién del
ADN (Levinson y Gutman, 1987; Schlétterer y Taut®92). Si bien ambos
mecanismos son posibles y pueden actuar conjuntamexiste una serie de

evidencias que aboga en favor del segundo comoipainrcausante
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de la aparicion de nuevas formas alélicas. Asimiyoria de las
mutaciones de los microsatélites que afectan argitud, suponen la pérdida
0 ganancia de unidades de repeticion simples vy is&riblicion de los
microsatélites en funcion de su longitud es congrieon un tipo de mutacion
“stepwise” (del inglés, paso a paso) (Bell y Jurk®97). Ademas, los
microsatélites mas largos son mas informativoss@arean mas alelos, es decir,
han sufrido mas mutaciones) y la interrupcion desdauencia genera una
reduccion del polimorfismo (Weber, 1990) y de Isatale mutacion (Petes
al., 1997).

No se conoce exactamente la funcién de los mickliises, pero el hecho
de que su posicion respecto a diversos genes s& tmyservado entre
mamiferos tan divergentes como los primates, ledaxes y los artiodactilos
aboga en favor de una funcion particular (Moetral., 1991; Stallings, 1995;
Shariflou y Moran, 2000). Esta conservacion tamlzfacta a las secuencias
flanqueantes de los mismos, de manera que a méosidebadores utilizados
para la amplificacibn de una secuencia dada en d@terminada especie
funcionan bien en otras especies cercanas evalgivte (Pépiret al., 1995).
Esta funcionalidad parece estar relacionada comsswctura y no con la
longitud de la secuencia (Sun y Kirkpatrick, 199%)a de las funciones que se
les han atribuido es el mantenimiento de la estractle los cromosomas,
gracias a la capacidad que tienen algunas secseumia(CA)n de tomar la
conformacion de Z-DNA (Nordheim y Rich, 1983). Taém han sido
relacionadas con puntos de alta frecuencia de fgioaeion (Murphy y
Stringer, 1986) y con el empaquetamiento del DNAadte la condensacion
cromosomica en la meiosis (Gross y Garrad, 198&nbién se han asociado
con la regulacion génica, pues se han encontradzos@s cercanas a

promotores de genes, regulando la expresion pmisshos o actuando como
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sitios de union de proteinas reguladoras (revigadd<ashi y Soller, 1999). La
presencia de microsatélites en algunos genes nen@paradores de
desapareamientos en el ADN sugiere que pueden ofusrcicomo un
“interruptor” que module la tasa de mutacion endiciones que requieran una
rapida evolucién (Chang al., 2001).

Dadas sus propiedades, estos marcadores se hareshmppara la
caracterizacion genética de las poblaciones y kiad®s de variabilidad
genética (Jarne y Lagoda, 1996), existiendo unadiewmamero de trabajos en
los que se estima la variabilidad genética de @lifids razas y la diversidad
genética entre ellas.

Una de las principales utilidades de este tipo decatores, dado su gran
polimorfismo, es la posibilidad de estimar los t#gede variabilidad genética y
diferenciacion dentro y entre poblaciones (Arragiz al., 2001). Como
consecuencia, los microsatélites se han utilizaggpliamente en estudios
demograficos (MacHughkt al., 1997; Kimet al., 2002; Hanotteet al., 2002;
Beja-Pereiraet al., 2003), debido a que con ellos se puede cuantifiar
variacion genética dentro y entre poblaciones oas@azpermiten la
identificacibn de introgresiones y también puedesarse para asignar
individuos dentro de una poblacion, raza o esp@ieford et al., 2003), en
razas de interés productivo, como en la identifaacacial del cerdo Ibérico
(Membrillo et al., 2008, 2011). Estos marcadores son muy sensilplescasos
de seleccion y de cuellos de botella (Luikart y rhet, 1998), ambos casos
recurrentes en poblaciones domésticas.

Adicionalmente, durante los udltimos afios se hardizesld muchos
estudios que han utilizado los microsatélites panalisis filogenéticos,
concluyendo que, con un suficiente numerdabe investigados y utilizando
estimas de tasas de mutacién apropiadas, los raiétibss pueden dar una
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muy buena aproximacion de la filogenia (Takezaki Nei, 1996).

Probablemente este es el campo en el cual han m#@lb extensamente
utilizados, mientras que su otro gran campo deoactia sido el de la
construccion de mapas genéticos (proyecto del garftmmano y diferentes

proyectos de mapas genéticos en animales dom@sticos

Figura 4. Esquema de un microsatélite con repetioes en tandem

dinucledtidos (GT) en una secuencia de ADN

CAAGGCGTTGACAGTGTGTGTGTGTGTGTGTGTCTTATCACTGCGTC A
GTTCCGCAACTGTCACACACACACACACACACAGAATAGTGACGCAG

CAAGGCGTTGACAGTGTGTGTGTGTGTGTCTTATCACTGCGTC B
GTTCCGCAACTGTCACACACACACACACAGAATAGTGACGCAG

CAAGGCGTTGACAGTGTGTGTGTGTCTTATCACTGCGTC
GTTCCGCAACTGTCACACACACACAGAATAGT GACGCAG

A m - -
B | I .
C - - -

A, B, C: distintos tamarios de microsatélite obdelesien electroforesis

Uso de marcadores moleculares microsatélites en elstudio de los

camélidos sudamericanos

En camélidos sudamericanos se han caracterizado senia de
marcadores microsatélites dinucledtidos (Bustameint., 2003; Pened&t
al., 1998ab, 1999; Sarna al., 2000; MacPartlamt al., 1997; Obrequet al.,
1998, 1999; Langet al., 1996) y tetranucleétidos (Munyamd al., 2009).

Algunos de estos marcadores no solo se han utlizada caracterizacion de
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las diferentes especies de camélidos sudamericaimastambién en estudios
de diversidad genética, pruebas de parentescocjaagmes para caracteres
cuantitativos de la fibra de alpaca (Sassal., 1999; Sarnocet al., 2000;
Bustamanteet al., 2003; Matéet al., 2005; Sarncet al., 2009; Barreteet al.,
2012; Spenceet al., 2010; Paredest al., en prensa), en estudios para revelar
el origen de las formas domésticas de los camé(alpaca y llama) (Kadwell

et al., 2001) y en veterinaria legal, para determinariglem de especimenes en
la deteccion del trafico ilegal de camélidos @occoet al., 2011). Dichos
marcadores se han mostrado altamente polimérficoestas poblaciones
(Spencer y Woolnough, 2010).

Existen menos de 150 marcadores microsatélitescadlols para alpacas
(Munyard et al., 2009). Este dato contrasta con los 1.5d® obtenidos de
BLAST paraBos taurus (Reed y Chaves, 2008), Por lo que es necesario un
mayor niumero de marcadores microsatélites para tere amplia cobertura
del genoma de la alpaca y poder mapear las cadsdicias cuantitativas de
especial interés como el diametro de la fibra. Ecaso del ganado bovino,
Ihara et al. (2004) localizaron alrededor de 4,000 marcador&sosatélites
para lograr una alta densidad de cobertura delrgany por su parte Watanabe
et al. (1999) uso alrededor de 5,000 marcadores parnelinga de la rata.
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Figura 5. Perfil genético de 10 marcadores microsélites en PCR multiple

obtenido por el GeneScan v3.7 y tipificado con ebfware GeneMapper

3.7.
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1.5. RELACION DE MARCADORES MOLECULARES
MICROSATELITES Y CARACTERES CUANTITATIVOS

El estudio y caracterizacion mediante marcadoresrosatélites
representa una herramienta de gran utilidad quenifgerel estudio de
caracteres cuantitativos para orientar y desarrefirategias de apareamiento
enfocadas al caracter productivo del diametro dibta es decir la produccion
de fibra fina en la alpaca (Barredzal., 2012; Paredest al., en prensa).

En camélidos sudamericanos los marcadores miclossitdan sido
utilizados para revelar los ancestros de las foreasésticas (alpaca y llama)
como sefialan Kadwekt al. (2001) en su estudio. Otros estudios se han
desarrollado para determinar niveles de diversidmmhética, estructura
poblacional entre especies y entre poblacionesiesarrollo de pruebas de
parentesco, como en poblaciones de alpacas de(Redfiguezet al., 2004;
Agapitoet al., 2008; La Mannat al., 2011; Paredest al., en prensa), Bolivia
(Barretaet al., 2012) y Australia (Munyardt al., 2009) y en el estudio de
asociacion para un caracter cuantitativo de lafdw alpaca (Paredetsal., en
prensa).

La FAO, (2011) propone directrices para la caraderon geneética
molecular de recursos genéticos animales. Estaupstg busca aumentar el
valor de los recursos animales y sus posibilidades utilizacion para
emprender programas de cruzamiento y sistemasodeiqmion mas eficientes.
Se han propuesto 25 marcadores microsatélitedapapaacterizacion genética
en camelidos sudamericanos, publicados por Maw@aseyet al. (2002),
Obrequeet al. (1998) y Langet al. (1996).

El actual conocimiento de marcadores genéticosoi » los mapas de
ligamiento en diferentes especies como por ejergloveja (Maddoxet al.,
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2001; Iharaet al., 2004), permiten la identificacion deci relacionados con
caracteres cuantitativos (QTL Quantitative Ttaoti), que explican una parte
significativa de las variaciones genéticas en @®fipos de interés (Weller,
2001). Adicionalmente, Georgesal. (1995), puntualizan que los marcadores
microsatélites permiten identificar patrones deeheia de segmentos ligados
del genoma en poblaciones estructuradas. En camed&itdamericanos adn no
se han publicado estudios tendentes a identifloer para caracteres
cuantitativos; en el caso de la alpaca, el car@gtermayor importancia cobra
es el didmetro de la fibra, ya que el valor deiltsaf para la industria textil
depende de la finura que ésta posea. Sin embarigmente se ha desarrollado
un estudio sobre la existencia de un gen mayoraferta el diametro de la
fibra (Pérez-Cabait al., 2010).

La mejora genética en las poblaciones de alpa@spusde lograr
aplicando un programa de seleccion para caracespscificos como los
fenotipos de color y el tipo del vellon, siendo egarias mas investigaciones
para determinar la relacion entre el peso del mellongitud de la mecha y
diametro de la fibra y los efectos medioambientgieanket al., 2006).

JUSTIFICACION Y OBJETIVOS

El presente trabajo, busca contribuir a los progsade mejora genética
gue se estan emprendiendo en el sector de los @am&udamericanos para
la mejora de la capacidad productiva de la alpacajiendo sobre todo en la
fibra (fibra fina).

La crianza de alpacas en Peru esta formada en gorimgoor los
sistemas de crianza tradicional (comunidades cangssy crianza mejorada

(pequefios y medianos productores); y en menor eeqoal una crianza
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tecnificada (grandes productores y centros de iigason). La presente tesis
realiza el estudio con poblaciones de alpacas gemtes de comunidades
campesinas, de pequefios y medianos productores l§ depresa Fundo
Experimental Pacomarca de Incatops S.A. que llexa arianza tecnificada
contando con alpacas de elite en Peru. Este egpueliende abordar distintos
escenarios productivos y conocer los recursos igeséexistentes en las
poblaciones de alpacas del Peru.

Los estudios de parametros genéticos y la caraatédn de la
variabilidad genética en las diferentes poblaciotesalpaca, se consideran
importantes para un programa de mejora, ya que igErntener un
conocimiento de la estructura genética de la palslacomo reservorio de un
importante recurso genético que nos asegure cdpazeefas caracteristicas
genéticas que poseen estos individugiscontar con datos de valoraciones
genéticas de una poblacién de alpacas, en lasscil@deefectos de genes
mayores estarian presentes afectando a un caréchetitativo como el
diametro de la fibra, fueron motivos sustancial@slps cuales se emprendio el
estudio sobre la posible localizacién de marcadoreleculares microsatélites
gue podrian estar asociados al diametro de ladi&ralpaca, ya que adn no se
han publicado estudios fleci asociados a caracteres cuantitativos (QTL) de la
fibra de Alpaca.

La crianza de alpacas constituye la principal @&tdid econémica de los
pobladores Altoandinos, destinada fundamentalmehéeproduccién de fibra.
Es de vital importancia la mejora en la calidadatevellones de alpacas para
una fibra fina, que a un medio y/o largo plazo gwen a las familias
Alpaqueras la posibilidad de ofrecer al mercadotiltexellones con
caracteristicas deseables cuyo beneficio se eppeda verse reflejado en un

incremento de sus ingresos econdémicos.
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Las poblaciones de Alpacas del presente trabajeegdem de ganaderias
localizadas en las comunidades mas representalivées Reserva Nacional de
Salinas y Aguada Blanca (RNSAB) que son referedeegproduccion en la
region Arequipa, asi como también de ganaderiak degion Puno, en la
perspectiva de mejorar la calidad de su principatipcto como es la fibra.
Otras poblaciones de alpacas (animales con vaforade datos genéticos)
fueron procedentes de la empresa privada Fundorifxg#al Pacomarca de

Incatops S.A.

Para llevar a cabo la finalidad del estudio se Hasarrollado los

siguientes objetivos:

1. Estimar los parametros genéticos en una pobla@dilpghcas de la raza
Huacaya, para conocer los valores de la heredabjlids correlaciones
genéticas y los efectos fijos de las caracterspcaductivas del vellon.

2. Diagnosticar la variabilidad genética y fenotipieacinco poblaciones de
alpacas HuacayaVicugna pacos) del Perl, mediante el uso de
Marcadores Microsatélites y medidas del diametrtadibra.

3. Estimar la diversidad genética en poblaciones gacak de las razas
Huacaya y Suri y la asociacion de 69 marcadoresosatélites con un
gen mayor que afecta a la caracteristica del dramds la fibra de

alpaca.
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ABSTRACT

Alpaca (ama pacos) is one of the two species of South American
Camelids, being Huacaya the most important breed, td its higher fibre
production. Appropriate knowledge of genetic parersefor production traits
Is important in order to predict the selection mes®e and also to establish
selection strategies. The purpose of the presady ¢ to estimate the genetic
parameters and the fixed effects for fibre productin a population of
Huacaya alpaca breed from the Toccra community qéiga region, Peru).
The animal population consisted of 286 descend@8tssires and 188 dams.
The analyses carried out showed that the effectserf colour, and year of
shearing were not significant; while, the age aasimg was significant on all
traits. Fleece weight showed the highest heritgbitalues, while diameter and
length fibre showed an intermediate value. Gereeitt phenotypic correlations
were all positive, with high values between fibreandeter and length.
Therefore, a promising panorama is depicted faxlection program, as it will

be possible to obtain a good response to the g@lect

Key words: alpaca, fleece, diameter, fibre, agiuwoPeru.
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1. INTRODUCTION

Animal production in Peruvian Altiplano is based the breeding of
South American camelids, mainly Huacaya alpaca dorééhis breeding
constitutes the major living activity in this areehe breeding system suffers
from several deficiencies like losing of fibre thess and colour, decrease of
the population and the poor managerial technigmefact, only about 20% of
individuals produce thin fibres (below than 17 piandeter).

A major difficulty in estimating the genetic paraiers is the lack of
constancy of their values. Heritability and genetarrelations change as a
consequence of selection and consanguinity (Buldf#]). Therefore, it is a
mandatory to dispose of estimates of such parasjdiefore selection starts as
it is necessarily followed by an increase of cogsamty. The use of mixed
model methodology allows obtaining unbiased sohgigHenderson, 1975).
On the other hand, these parameters are necessargdr to choice the more
suitable traits for selection, and to evaluatesrafard, the future progenitors on
the basis of their additive breeding values (Pongoal., 1999).

Concerning wool traits, fibre diameter is the masiportant factor
affecting the balls producd¥illaroel, 1991; Antonini and Vinella, 1997). The
average diameter value in the alpaca Peruvian ptpolis 23.8um and
24.02um for the Suri and the Huacaya breeds, régplc(Sumar, 1991). In
the New Zealand alpaca, the value is between 2&81B&.9 um (Wullijiet al.,
2000). This diameter is affected by factors likeeat, age, colour, year and
season of production (Bustinza, 2001; Franhkl., 2006). On the other hand,
the sex of the animal specially affects the thisn€d/uliji et al., 2000;
McGregor and Butler, 2004).

With respect to genetic parameters, different et of heritability are
shown in table 1. The highest heritability corresg®to fibre diameter with a
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value of 0.73 £ 0.19 (Wulijet al., 2000); although much lower values (0.18)
were also reported (Léon-Velarde and Guerrero, 200h the other hand,
fibre diameter as well as fleece weight show a matdevalue of heritability.
The estimates vary from 0.21 + 0.01 (Rocgieal., 1985) to 0.43 + 0.39
(Mamani, 1991) for fibre length; and from 0.21 HD.(Roqueet al., 1985) to
0.35 £ 0.02 (Velasco, 1980) for fleece weight. Hstimated heritability for
fibre traits in the Huacaya breed is between 0.2% @41 (Cervantest al.,
2009). No estimates for genotypic or phenotypicrelations are available.
These estimates are necessary for the fine tuning multi-trait selection
scheme.

The objective of the present work is to estimateegie parameters in a
population of alpaca from the Huacaya breed, ireotd know the heritability

and the genetic correlations of the most importiaits of the alpaca wool.

Table 1. Available estimates of heritability for fibre diater, fibre length and

fleece weight.

Trait Estimate Reference
Fibre diameter 0.67 £0.30 Ponzoniet al. (1999)
0.73+£0.19 Wauliji et al. (2000)
0.18 Léon-Velarde and Guerrero
(2001)
Fibre length 0.21 +0.01 Roqueet al. (1985)
0.43+0.39 Mamani (1991)
0.31 Léon-Velarde and Guerrero
(2001)
Fleece weight 0.35+0.02 Velasco (1980)
0.22 Bravo and Velasco (1983)
0.21 £ 0.07 Roqueet al. (1985)
0.31 +0.17 Ruiz de Castillaet al. (1992)
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1. MATERIAL AND METHODS

Animals corresponded to a population of alpaca frtme Toccra
community of Arequipa region in the Peru. This pagon consisted of 286
young animals from 38 sires and 188 dams. The woaits analysed
corresponded to the first shearing during 200520Q6. Data relative to fleece
weight and fibre length were collected by breed&amples for diameter
analysis were obtained for the mid flank by the dweeder and analysed in
the laboratory of textile fibres of the National ayltural University of La
Molina in Lima (Peru).

Best linear unbiased estimates of fixed effect esitimates of variances

components were obtained via the following mubitttinear model:

d] [wd] [sd,] [Yd,] [Ad,] [cd Bd Ed

=y |+ [+|Y];, [+]| A, [+ Cl +|Bl, |+|El

m n

w MW Sw, Yw . Aw, Cw,, Bw

]

m n n

n

Ew

n n

where:

d, | and w stand for analysed traits, i.e. fibrandeter, fibre length and fleece
weight, respectively.

S, Y, A and C are fixed effect affecting trait®.isex of the animal, year of
shearing, age of the animal and the colour of #pecrespectively.

B and E are the random effects, namely B the anaffatt, which variance
structure was proportional the additive componawstording to the numerator
relationship matrix; and E the residual or the emwnental effect, which
variance structure was proportional to the residoaiponents according to an
identity matrix.

where:
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2
ad a'dI adw
The additive variance-covariance components are a’ a,,
2
a,,
2
ed edI edw
The environmental variance-covariance componests ar € g,

2

€

a is the component corresponding to additive vagaof each trait (on
diagonal), or additive covariance between twogréabove diagonal).

e is the component corresponding to environmerdaghrce of each trait (on
diagonal), or environmental covariance betweenttaits (above diagonal).
The BLUEs and variances components were obtainedsbg the Wombat
software for general linear model and variance camepts estimation (Meyer,
2006; 2007).

2. RESULTSAND DISCUSSION

Estimation of fixed effects

The blues of fixed effects are shown in Table 2cdh be seen that
neither sex nor years of shearing have shown amyfsiant influence on the
analysed traits. Nevertheless, the analysis of cobtur suggests that white
animals produce about 14% more wool than the cethuwith the same
diameter and length of the fibre. On the other hagg of animals affected
significantly all the traits under analysis. Yetadgcreased the fibre diameter,
bearing in mind that a diameter less than 22 unstié a good value

(McGregor, 2006); antireeder should delay shearing until the animaloaee
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year olds to take profit from the increase in filleagth (about 15%) and in
fleece weight (about 37%). Lupte@hal. (2006) have reported that sex, age and
colour all affected fibre traits with a significamteraction between sex and
age. Similarly, Franlkt al. (2006) found a clear evidence of the effect & ag

and colour on fleece weight and fibre diameter.

Table 2. GLS means according to sex, year of shearingaadecoat colour of

the analysed wool traits

Factors Data Fibre Fibre Fleece
Number Diameter Length Weight

Sex Male 113 19.67 a 10.26 1.476
Female 101 19.81 a a a

10.27 1.437
a a

Year 2005 112 20.09 a 10.34 1.516
2006 102 19.35a a a

10.19 1.394
a a

Age 9 months 17 18.77 a 9.53 a 1.275
10 months 78 19.02 a 10.06 a

11 months 88 20.19 b 1.315
12 months 31 ab 10.33 b

20.76 b b 1.518
10.98 C

c 1.748
d

Colour  White 155 19.90 a 10.18 1.489
Coloured 59 19.30 b a a

10.48 1.376
a b

43



Capitulo T

Estimation of heritability

Values of heritability are shown in table 3. Theghest value of
heritability was obtained for fleece weight (0.7%uch a value is much higher
than those reported in the literature, where thghdst value (0.35) was
reported by Velasco (1980). This is a good findsmce fleece weight is the
main quantitative component of production and sthobé included as a
selection objective. Fibre length show a moderat&dbility smaller than that
reported by Mamani (1991) and Léon-Velarde and @uer(2001), but higher
than the value reported by Rogeteal. (1985). Nevertheless, there is no need
to change the mean of this trait as it shows anj@ate value according to the
textile industry in the Peru. Fibre diameter isianportant economical trait,
since it is the scale of wool quality. It should maintained below 22 pm
(McGregor, 2006) to ensure a good

guality to wool. Thus, the reduction of this traltould also be included
in the selection objectives. However, its heritépils moderate (about 0.30),
and therefore selection would not be as efficientwen applied for fleece

weight.

Estimation of correlations

The values of additive and phenotypic correlatians also shown in
table 3. All the phenotypic correlations showeddowalues (between 0.16 and
0.18). Concerning additive correlations, the highedue (0.60) was obtained
between fibre diameter and length. The lowest v4u@8) was obtained
between fibre diameter and fleece weight. This iavaurable feature since it
suggests that selection in the opposite directmmdiameter and weight is
possible. Lastly, the correlation between fleeceégimeand fibre length was
moderate with a value of 0.37. A selection criteramuld be the increase on
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fleece weight, keeping fibre diameter at the limatue imposed by the textile
industry. However, other genetic tools of improvaighould be investigated
like QTL affecting wool traits, as some QTL of niola effect were already
described in sheep (Bidinostal., 2008).

Table 3. Heritabilities (= S.E.) on diagonal, genetic ctat®ns (+ S.E.) above
diagonal and phenotypic correlation (x S.E.) betbagonal for fibre diameter,
fibre length and fleece weight.

Fibre Diameter Fibre Length Fleece Weight

Fibre Diameter 0.36 £0.20 0.60 +0.26 0.28 £0.16

Fibre Length 0.18 +£ 0.07 0.28 +£+0.18 0.37 £0.17

Fleece Weight 0.15 £ 0.07 0.16 £ 0.07 0.71£0.25
Conclusion

In order to improve the economical conditions obitents of the Tocra
community of Arequipa region in the Peru, a setsttiprogram for
improvement of wool traits of the alpaca in thigiom should be implemented.
Such an improvement could be achieved by selecetimgnals on the basis of
their breeding value for increasing fleece weigbeging constant the fibre
diameter. On the other hand, the age at first gigeahould be applied at least

one year, because of its beneficial drawbacks odymtion.
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ABSTRACT

Five Peruvian alpaca populations from South Peran(Suan de
Tarucani, Estacion Pillones and Chalhuanca frongéipa Region and Palca
and Lampa from Puno Region) were analysed at 2@osatellite markers in
order to estimate the genetic diversity. The asdori between the
microsatellite genotypes and the fiber diameteatstnaas also examined in the
alpacas of first shearing. A total of 230 allelesrgvobserved from 272 DNA
samples across the five populations. Gene diveisitgach population ranged
from 0.749 to 0.712 in Chalhuanca and Lampa pojusatrespectively being
the most diverse in the alpaca populations San JlmnTarucani and
Chalhuanca. The overallsfvalue (0.15) was moderate and different from zero,
the significant deficit of heterozygotes occurred seven out of twenty
surveyed loci within sampled alpacas. Considerigindividual populations,
the lowest heterozygote deficit was observed irc#40.123). Absence of
genetic bottleneck was found in the five investglapopulations. The global
Fst value among the five alpaca populations were (822, Juan de Tarucani
and Palca were the least differentiated populatairtte genetic level (0.012)
and the highest level gene flow (Nm) of 19.66. Tdmalyses of variance
showed a higher value of genetic differentiatiothw populations (79%) than
among populations (19%). The correspondence asaly#ie genetic
differentiation and the phylogenetic tree exhibitdie same pattern of
clustering, although the results of the phylogenegélationships are not in
accordance with the geographical location. This-geographical sharing of
the gene pools may be related to trading of mabacals from the Lampa
Province to the Chalhuanca and San Juan de Tarlozadities. The ANOVA
showed that there were no significant differenceber diameter among the
five populations with an overall mean of 18.96 jiihe DUNCAN test showed
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in the total population the association betweerfithex diameter and the alleles
of the CVRLO7, LGU68 and LCA65 microsatellite lodélthough to discard
the spurious origin of this higher sample size tretship; and number of

microsatellite loci should be screened in furtitedes.

Short title: Microsatellite and fiber variability of alpacas
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1. INTRODUCTION

Peru is the first camelids fiber producer (90% @il production) with
more than four million alpaca¥icugna pacos). Australia and USA also have
alpaca populations with high quality fiber, althbugeru has preserved a very
large variety of color phenotypes and an importgenetic resources bank for
the Suri and Huacaya breeds. The Puno, Cuzco, f@diuancavelica, and
Ayacucho departments lead the production of alppaeading (UNIDO, 2010).

The animal productiorin the Peruvian high-Andean zones is based on thedingeof
Domestic South American Camelids (alpacas and Bynthe alpacas are mainly bred in these

zones The alpacas are mainly bred to produce fiber for thxileeindustry; the
fleece weight and fiber diameter are the traithwmajor economic value. For
this reason the genetic improvement of these asiimahe high-Andean zones is
very important, in order to basically improve thieré quality traits. The breeding zones
for camelids in Peru are located in provinces wittore poverty and
marginalization (UNIDO, 2006). Consequently, the pmart for the
improvement of the main economic activity (fibeoguction) is important in
the high-Andean families from Peru, as integratembloical-human
communities living in the puna environments canfipfoom the genetic and
phenotypic studies of naive variability.

The alpaca populations have undergone selectissgres during many
generations for fiber and color traits (Presciuténal., 2010). This fact along
with the possible founding effects in some breealddtlead to a possible loss
of genetic variability in the alpaca breeds. Abthus, recent studies (Agapito
et al., 2007; Barretaet al., 2012) indicated favorable data from the genetic
variability in the alpaca populations. The estimatof the levels of genetic
diversity in a population is important and necegsarsupport the variability of
the populations. The loss of genetic diversity dgisties the aptitude to recover
threatened species and to support and improve élfermance of livestock
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(Aranguren and Jordana, 2001). The main probletharivestock populations
is the increase of the inbreeding level and consetlyiinbreeding depression
producing a reduction of average phenotypic vabfdase traits (Falconer and
Mackay, 1996). The application of molecular biologyudies (genetic
variability, location of QTL and candidate geneah aontribute to breeding
programs to improve the production traits thatsoeght. The maintenance of
the genetic variability is the ultimate purposeappropriate management of the
animal genetic resources and the revealing of leigbls of genetic diversity is
a hallmark of a well done maintenance of the genesources.

Microsatellite markers are considered the best stofir genetic
identification, evaluating the genetic relationshipvithin  and among
populations as well as for parentage testing iredse(Schlotterer and Harr,
2001). Quantitative Trait Loci detected and conédnin commercial
populations represents a first step towards thelementation of marker-
assisted selection (Spelman and Bovenhuis, 199&kdde and Hospital,
2002). QTL studies may result in direct economiadg for commercial
populations (Boichardet al., 2006). Several microsatellites have been
characterized in South American camelids and amefulidor studies of
parentage analysis in Peruvian alpaca populaticasget al., 1996; Penedet
al., 1998a,b; Obrequest al., 1999 and Agapitoet al., 2007). These
microsatellite markers were also used with phylegenpurposes to reveal
common ancestors of the alpaca and llama (Kadswell, 2001). Genealogical
information is a tool to estimate the level or gendiversity of a population,
although when the information is not reliable weréhnd@o use molecular tools
(Azor et al., 2007). Fewer than 150 characterized microsaetliarkers are
published for alpacas (Lamyal., 1996; McPartlamet al., 1998; Obrequet al.,
1998, 1999; Penedet al., 1998a,b; Sarnet al., 2000). More markers are
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needed to create uniform coverage of the genomerargdfacilitate accurate
mapping of traits. lharet al. (2004) placed almost 4000 microsatellite markers
into the bovine map to create a high density ofoges coverage; and
Watanabe et al. (1999) used over 5000 markersrito &oradiation hybrid map
of the mouse genome. A genome map will be a toolfditure studies to
develop genetic tests for disease as well as fat colour and fiber quality
(Munyard et al., 2009). The genetic resources of domestic aninials
developing countries are conditioned by the prastiof the indigenous
communities who manage their breeds according ¢o #mowledge and in
tune with the environmental constraints. Nevertbgletoday traditional
farming and global pressures are modifying the padfmn structure conformed
by the local producers. The results obtained is tipe of studies should be
spread to other similar communities in order toowee their ancient extreme
quality fiber values (Wheelet al., 1995).

The aim of this research was to analyze the gerait phenotypic
variability of some Peruvian alpaca populations rhbgans of microsatellite
markers (genetic analysis) and fiber diameter nreasent (phenotypic
analysis). Both analyses offer the possibility fesing this variability to
improve and establish the possible relationshipsvden quantitative and

molecular variables.
2. MATERIALS AND METHODS
2.1. Study site
The present study was conducted in five populatafredpacas from two

Peruvian high-Andean regions. The three alpacalptipas from the Arequipa

region (San Juan de Tarucani district, Arequipaimee; Estacion Pillones and
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Chalhuanca communities from the Caylloma provirme) placed inside the
Salinas and Aguada Blanca National Reserve (SABMI)the left two alpaca
populations were sampled in the Puno Region (Lamupé Palca districts,
placed in the Lampa province). The SABNR and thmpa province have a
dry Puna ecosystem, although, Lampa province hss semi-humid areas
(Torreset al., 2011). The five localities are situated at antadie of 3500 to
4500 m above sea level and with temperatures megchas low as -15 °C
(UNIDO, 2010).

The SABNR has an extension of 366.936 ha. and mentd4 rural
communities with a population of 6,779 people. Tneeding of alpacas is
their main activity; it represents 77% of the eaoimoactivities (Plan Maestro
RNSAB, 2006). The high-Andean zones from the Arpguand Puno regions
have big populations of alpacas in Peru, 9.4% aBd% respectively
(UNIDO, 2010). The geographical distribution of tinee sampled populations

is shown in Fig. 1.
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1. Chalhuanca

2. Estacién Pillones

3. San Juan de Tarucani
4. Palca

PERU N S. Lampa

Arequipa

Salinas and Aguada Blanca
National Reserve

Fig 1. Geographical distribution of the five sampled abp@opulations in the
Arequipa and Puno regions (Peru).

2.2. Biological samples
2.2.1Fiber samples

For diameter measurement analyses, alpaca fibepleamvere taken
from five alpacas population of the Huacaya bre&dtotal of 272 fiber
samples were taken from the San Juan de Tarucaiio@), Estacion Pillones
(N=33), Chalhuanca (N=58), Lampa (N=44) and Pal=a3@) localities. The
fiber samples belong to animal from the ages ofZlyears (first shearing),
both sexes (male and female) and obtained fronmilkdeflank of each alpaca.
Measurements were carried out using a Digital Imagalysis System (Nikon
Eclipse 50i microscopy, model DS-Ril NIS-AR 3.0taaire).
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2.2.2 DNA samples

A total of 272 ear samples (male and female alpasase collected for
the extraction of genomic DNA using a special egst(DNA Crotal, Allflex-
Azasa, Spain). The tags were applied using a speadger plier as indicated
by the manufacturer (Allflex-Azasa, Spain). A portiof 3mm diameter of ear
sample was collected from each alpaca and only ang@lbrtion from this ear
sample was used to obtain 100 pul genomic DNA (30hgA total of 103, 33,
58, 44 and 34 ear samples were collected from 8an de Tarucani, Estacion

Pilllones, Chalhuanca, Lampa and Palca localigepectively.

2.2.3DNA extraction and PCR amplification

The genomic DNA from the ears was extracted ushmey itgenomic
CTB® Kit following the manufacturer’s protocol but inetHysis step, the
incubation was carried out at 65°C for 24 hours.efity microsatellite loci
previously designed fa€Camelidae species were amplified in the present study
(Lang et al., 1996; Obrequest al., 1998 and 1999; Pened al., 1998ab;
Bustamantest al., 2003; Sarnat al., 2000; Mariasegararm al., 2002) (Table
1).

The microsatellites were amplified in six multiplesactions. The PCR
conditions consisted of an initial denaturatior®atC for 5min; 35 cycles of
94°C for 30s, annealing at 55.2 — 57.8°C for 9@SCrfor 60s; an extension at
72 °C for 30 min and a final extension at 25 °C@0rmin. PCR reactions were
performed in a Mastercycler Ep gradient (Eppendptf@rmocycler. The total
reaction volume of 25 pl contained approximatelyriZDof DNA. The final
concentrations were: 10eaction buffer, MgGl 2.0 mM, dNTPs 4mM, Taq
DNA polymerase 5U (BIOTOOLS B&M LABS S.A) and 5mM each primer
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(forward primers labeled with fluorochromes at5tend, 6-FAM, NED, PET
and VIC). The PCR products were kept at -20°C. @ alp.

The PCR reactions were run in an automated DNA esezpr (Applied
Biosystems, ABI 3130 Avant). DNA fragments werergcbwith the aid of the
Gene Mapper software (Version 4.01) (Applied Bitsyss).

Table 1.Summary data of the 20 camelids microsatellitesl us¢he present

work.
Primer (5'- 3') Size Alleles

Locus range Reference (n)
Forward and Reverse (bp)

VOLP12 F:TTGTTCTCAACAGGGACTGC 136-148 Obreque et al., 1998 2
R:TCTGGCCCACCCACTAA

CVRL0O6 F:TTTTAAAAATTCTGACCAGGAGTCTG 196-200 Mariasegaram et al., 2002 3
R:CATAATAGCCAAAACATGGAAACAAC

VOLPO1 F:CCCATTGGCGATTATTTAGG 240-256 Obreque et al.,1999 5
R:AACAGGGGTAACAAACAGGAC

LCA23  F:-TCACGGCAAAGACGTGAATA 131-159 Penedo et al., 1998a 11
R:CCAGGAAACACACACCCAC

LCA65  F:TTTTTCCCCTGTGGTTGAAT 165-191 Penedo et al., 1998b 14
R:AACTCAGCTGTTGTCAGGGG

CVRLO7 F:AATACCCTAGTTGAAGCTCTGTCCT 272-306 Mariasegaram et al., 9
R:GAGTGCCTTTATAAATATGGGTCTG 2002

VOLP04 F:GCATTTCTCCGTAATCATTG 226-258 Obreque et al.,1999 13
R:TGACACCTTTTGTTTCCATT

CVRLO5 D:CCTTGGACCTCCTTGCTCTG 155-176 Mariasegaram et al., 2002 6
R:GCCACTGGTCCCTGTCATT

CVRLO1 F:GAAGAGGTTGGGGCACTAC 196-242 Mariasegaram et al., 2002 13
R:CAGGCAGATATCCATTGAA

CVRLO8 F:AATTCCTGTGATTTTATACACA 207-209 Mariasegaram et al., 2002 2

R:CATGTCATGAAAGCTACAGTA
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Table 1.Summary data of the 20 camelids microsatellitesl us¢he present

work.
Primer (5'- 3) Size Allele

Locus range Reference S
Forward and Reverse

(bp) (n)

LGU56  F:TTGCTGTACCGGAGATGTTG 160-180 Sarno et al., 2000 5
R TTGAGGCAAGAATGCAGATG

LGUB8  F:CATCTACATGCCCCTGTGTG 209-221 Sarno et al., 2000 6
R.TGCAGGGAGGACTAACAGGT

VOLP77  FTATTTGGTGGTGACATT 144-168 Obreque et al.,1999 11
R:CATCACTGTACATATGAAGG

LGU50  F:CTGCTGTGCTTGTCACCCTA 185-195 Sarno et al., 2000 5
R:AGCACCACATGCCTCTAAGT

LGU49  F:TCTAGGTCCATCCCTGTTGC 224-248 Sarno et al., 2000 9
R:GTGCTGGAATAGTGCCCAGT

LCAT71 F:CAGACATATACCTGTATCCGTATCTA 136-150 Penedo et al., 1998b 6
R TTCAGTGTTTCCTCGCAATG

LAB1 F.AGAGGATCAATCCCTCTGAGAT 161-181 Bustamante et al., 2003 9
RATTAGAGGCCAGTATAACAATC

LGU51 F:CCTTCCTCTTGCAAATCTGG 201-213 Sarno et al., 2000 5
R:GCACCTGATGTCATTTATGAGG

YWLLO8 F.ATCAAGTTTGAGGTGCTTTCC 135-177 Lang et al .,1996 13
R:CCATGGCATTGTGTTGAAGAC

LGU79  F:TAAGGTAGGAGCGAGCCAAA 198-224 Sarno et al., 2000 7

R:ACCTGCTCGCTAATCTCTGC

59



Capitulo IT

Table 2. Summary data for PCR conditions and fragment singe's for the 20
microsatellites amplified in five populations ofrBeian alpacas studied in the

present paper

Locus Size range Fluorescent Anneling Multiplex

(bp) dye temperature PCR
)

VOLP12 151-163 PET 55.2 1

CVRLO6 213-235 PET

VOLPO1 248-266 PET

LCA23 127-157 6-FAM 55.2 2

LCA65 162-190 6-FAM

CVRLO7 269-283 PET

CVRLO1 168-236 VIC 55.8 3

VOLPO4 219-253 6-FAM 55.2

CVRLO05 124-144 VIC

CVRLO08 199-213 NED

LGU56 157-181 6-FAM 55.2 4

LGU6S8 202-230 6-FAM

VOLP77 143-167 VIC

LGU50 170-192 VIC 57.8 5

LGU49 220-244 VIC 55.2

LCA71 132-148 NED

LAB1 154-190 NED 55.2 6

LGU51 192-208 NED

YWLLO8 126-184 PET

LGU79 197-223 PET

2.3. Statistical analysis

The genetic variability in each population was nweed using the
number of alleles per locus, observed))ldnd expected (B heterozygosity
(Nei, 1978), Hardy-Weinberg (HW) equilibrium based 1000 permutations
and the polymorphism information content (PIC) walurhe Bonferroni
correction was applied for multiple comparisons dath were analyzed using
the CERVUS 3.0 software (Marshatlal., 1998; Kalinowskkt al., 2007). The
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genetic bottleneck effect was inferred for the fpapulations using the mode
shift analysis under the assumption of the two-phasdel (TPM) with 90%
stepwise mutation, implemented in the program BOENECK ver. 1.2.02
(Cornuet and Luikart, 1996).

The statistical package GENETIX 4.05 (Belkétial., 2004) was used to
estimate the fixation indices | Fst and k) per locus and the genetic
structure of the alpaca populations related to differentiation within and
between the studied alpaca populations. The firaitalices were calculated
according to Weir and Cockerham (1984) with thekdaife procedure applied
over the loci and a confidence interval of 95% cated with 1000 bootstraps.
The genetic structure of the alpaca populations avedyzed with Wright'$=
statistics using the pairwise distanceF inbreeding coefficients (§) and
gene flow (number of migrants in each generatiom).NTo evaluate the
partitioning of genetic variability among and withthe five population the
hierarchical analysis of molecular variance (AMOW#&Xcoffier et al., 1992)
was conducted using the software package GenAlEbd \(Peakall and
Smouse, 2012).

The PHYLIP 3.6 software (Felsentein, 2004) was ugeduild the
phylogenetic tree, based on the Reynold's genestarte and using the
neighbor-joining method (Saitou and Nei, 1987). Ts$tatistical package
GENETIX 4.05 (Belkhiret al., 2004) was used to perform the correspondence
multivariate analysis in order to investigate teative positions of the alpaca
populations, taking into consideration a likely ogence admixture between
some alpaca populations.

The genetic structure of the populations was ingastd using the
software STRUCTURE (Pritchar@t al., 2000). The software infers the
number of populations into which the analyzed ggmes can be divided, by
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estimating the natural logarithm of the probabititat a given genotype (X) is
part of a given populatio(K): In Pr(X | K). In order to choose the appropriate
number of inferred clusterK) ten runs were performed, fittir§ from 1 to 8
and atk=10. All runs used a burn-in period of 100000 itexas and a period
of data collection of 300000 iterations.

The GLM procedure from SAS 9.0 (SAS Institute In2Q03) was
applied to analyze the fiber diameter by means fANOVA and the
subsequent DUNCAN test was used to detect signifiaasociations between
first-shearing fiber diameter and twenty microddaeeloci. The general linear
model (PROC GLM) was used to calculated and sepamsans (DUNCAN
test) and least square means for the main chasate(fiber diameter)
recorded in this study. The original linear modwluded three effects: marker
microsatellite (20), sex (2) and population (5)bSeguently, the effects that
were not significantly removed (sex and populatisojn the model, leaving

the main effect (microsatellite marker).

3. RESULTS
3.1. Genetic variability

Twenty microsatellite markers were successfully lidred in the five
Peruvian alpaca populations. A total of 230 alledese observed from 272
DNA samples analyzed with 20 microsatellite locicss studied populations
(Table 3). The number of alleles per locus variemmf 5 (CVRLO5) to 25
(YWLLO08) with a global average of 11.5 alleles jpmrus. The majority of the
markers were highly polymorphic, with two loci (CY&L and YWLLO08)
exhibiting more than 20 alleles. In contrasts, dnlfour markers (CVRLOS5,
CVRLO08, LCA71 and VOLP12) less than 7 alleles wasected.
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Table 3.Variability parameters. Total number of allelesed¢td per locus (n),
total number of private alleles (PA), observed fotggosity (H), expected
heterozygosity (H), significance of Hardy—Weinberg equilibrium (HWAst
andF-statistic (ks, Fst, Rt ) according to Weir and Cockerham (1984) values
for 20 microsatellite markers analyzed in the fReruvian alpaca populations

from the regions of Arequipa and Puno

Locus é]”)e'es PA Ho He HW Fg? (Ftﬁetay Fr (F)°
CVRLO1 22 5 0.377 0.7237°®W 0.13608 0.02457 0.15730
CVRLO5 5 1 0.537 0.530 NS 0.15847 0.02537 0.17982
CVRLO6 8 0 0.344 0.392 NS 0.15354 0.02442 0.17421
CVRLO7 8 0 0.193 0.802 ™ 0.11859  0.02358  0.13937
CVRLO8 6 0 0.619 0.657 NS 0.15699 0.02513 0.17817
LAB1 18 1 0.650 0.822 ™  0.14977 0.02459 0.17067
LCA23 13 0 0.691 0.882°"  0.14949 0.02396 0.16987
LCA65 15 1 0.815 0.868 NS 0.15848 0.02522 0.17971
LCA71 7 2 0.526 0.557 NS 0.15642 0.02492 0.17745
LGU49 13 0 0.822 0.853 NS 0.16031 0.02461  0.18097
LGU50 8 2 0.693 0.715 NS 0.15863 0.02548  0.18007
LGU51 8 0 0.698 0.725 NS 0.15863 0.02505 0.17971
LGU56 9 1 0.651 0.644 NS 0.16075 0.02404 0.18093
LGU68 10 0 0.684 0.705 NS 0.15864 0.02536  0.17997
LGU79 12 1 0.831 0.878 NS 0.15953 0.02454 0.18015
VOLPO1 9 0 0.430 0.826™  0.13533 0.02213  0.15447
VOLP04 16 1 0.837 0.866 NS 0.15985 0.02568 0.18142
VOLP12 7 0 0.694 0.746 NS 0.15734 0.02485 0.17828
VOLP77 11 0 0.781 0.848™  0.15761 0.02463  0.17835
YWLLO8 25 0 0.588 0.932™  0.13839 0.02494  0.15988
Total 230 15

Average 11.5 0.623 0.748 0.15252  0.02468  0.17353

" P<0.05~ P<0.01,” P<0.001 and"P>0,05 non-significant deviation
& Jackknifing estimates over the loci

Over all populations seven microsatellites (CVRLCMRLO7, LABL,
LCA23, VOLPO1, VOLP77 and YWLLO08) showed significadeviations from

the Hardy-Weinberg equilibrium. The lowest obsenrederozygosity value
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was 0.193 for the CVRLO7 locus and the highest w&87 for the VOLP04

locus, with a mean heterozygosity value of 0.62Be Expected values of
heterozygosity ranged from 0.530 (CVRLO5) to 0.98®%/LL08) with a mean

value of 0.748 for the 20 markers. The expecte@rbeygosity was higher
than the observed heteroygosity within the fiveaafppopulations resulting in
7 loci that showed significant deviations from Halfeinberg equilibrium.

The polymorphic information content (PIC) valuesnged from 0.38

(CVRLO5) to 0.92 (YWLLO08), and the average valueswa719 (data not
shown).

Genetic variability within populations was relatiwehigh as indicated
from gene diversity measures (Table 4). San Juaradécani and Chalhuanca
populations exhibited the highest number of alleg9.85 and 9.65
respectively), the Lampa population is the leseidig in terms of number of
alleles (7.8). In total, 15 private alleles weresetved, and these were
distributed across 5 of the alpaca populationsissud he maximum number of
private alleles was observed in the San Juan decadar (10) followed by
Pillones (2), Chalhuanca (2) and Lampa (1) popuati The observed
heterozygosity () for the five populations ranged from 0.602 (Egiac
Pillones) to 0.633 (San Juan de Tarucani) whereaggene diversity (mean
Heg) values varied from 0.712 (Lampa) to 0.749 (Chattoa) (Table 4).
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Table 4. Mean number of alleles (MNA), number of privateelds (PA),
average expected @Hobserved () heterozygosity and inbreeding coefficient
(Fis) for 20 microsatellite markers analyzed in theefalpaca populations from

Arequipa and Puno regions.

Sample Total no.
Sampling location size of MNA PA Ho He Fis
alleles

Arequipa region

San Juan de 103 217 10.85 10 0.633 0.738 0.143
Tarucani

Estacion Pillones 33 159 795 2 0602 0.735 0.184
Chalhuanca 58 193 965 2 0.625 0.749 0.166
Puno region

Lampa 44 156 780 1 0.606 0.712 0.150
Palca 34 169 845 0 0.629 0.716 0.123

The inbreeding coefficient (§ was estimated for each locus in tbtal
population (Table 3) and individually for each ptations (Table 4). Table 3
showed the overall means ok st and Fr obtained from jackknifing over
loci. For the individual markers thgsFvalues were similar with a range from
0.118 (CVRLO7) to 0.160 (LGU49). An overall defiaf heterozygotes (§)
of 15.2% had occurred in surveyed loci within tlaenples. Whereas the total
alpaca populations [ exhibited 17.3%. Considering the individual
populations, the lowest heterozygote deficit waseoled in Palca (0.123) and
the highest in Estacion Pillones (0.184) (TableThe bottleneck analysis was
performed for all five populations. The microsatelldata was subjected to
mode shift test, under the assumption of the twasptmodel to assess whether

a decreasing in numbers had an impact on the nmainte of genetic variation
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within these populations. The tests of Sign, Stedidad differences and
Wilcoxon, could not detect any significant depagtdrom mutation-drift-

equilibrium in the populations. The normal modeftshad a normal L-shaped
distribution (Fig. 2).
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Fig. 2. Normal L-shaped curve revealing no mode shift almasence of genetic

bottleneck in Huacaya and Suri alpaca breeds.

3.2. Genetic differentiation

The FKstvalues and Nm for the pairs of the analyzed pojariatare
showed in Table 5. Pair-wise genetic differentiat{ést) ranged from 0.012
between San Juan de Tarucani and Palca to 0.04@dretEstacion Pillones
and Lampa populations. According to the global Values, 2% of the genetic
variation accounted for population differences @86 for variation among
individuals. The gene flow (Nm) between the alppopulations ranged from
6.22 (between Lampa and Estacion Pillones) to 1h6é6veen Palca and San

Juan de Tarucani). The hierarchical AMOVA reveadelbw level of genetic
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differentiation among the five alpaca populatiofsr£0.021). The analyses of
variance showed higher value within populations %4y9than among
populations (19%).

Table 5. Fst estimates (above the diagonal) and Nm (below tlagahal)
between the five alpaca populations from Arequipé Runo regions.

San Juan Estacion Chalhuanca Lampa Palca

Populations de Pillones

Tarucani
San Juan de - 0.029 0.016 0.038 0.012
Tarucani
Estacion Pillones 8.46 - 0.025 0.040 0.027
Chalhuanca 15.47 9.85 - 0.032 0.017
Lampa 6.56 6.22 7.65 - 0.032
Palca 19.66 9.21 14.05 7.71 -

The consensus phylogenetic tree (Fig. 3) showegpaldgy of three
groupings according to the neighbor-joining methdtie first group was
formed by the Lampa alpaca population. The secandpgconsisted of the
Estacion Pillones population. The third group wasnied by three populations

of alpaca (San Juan de Tarucani, Palca and Chalauan

San Juan de Tarucani

Palca

Chalhuanca

Estacion Pillones

Lampa

0.01
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Fig. 3. Neighbor —joining dendrogram showing the genegtatronships
among the five alpaca populations using Reynoldete distance.

According to the correspondence analysis, the finste components
explain the 82.83% of the variation. The first agiglains the 36.13% of the
total variation and separates the Lampa populafrom the other four
populations. The second axis represents 26.05%eftdtal variation; this
finding showed the isolation of the Estacion Pidlenalpaca population. In
contrast, the third axis represents 20.65% ofdted tvariation and regroups the
remaining three alpaca populations (Palca, Challaiaand San Juan de
Tarucani). In this last group, San Juan de Tarusadiscriminated from the

two former populations (Fig. 4).

@ Palca

>
San Juan de n”.’_j|.;,|‘|.;|;,|u;:a

Tarucami

Axe2 (26,05%)

Estacion Pillones
’

Axe3 (20,65%)

Axe1 (36,13%)

Fig. 4. Spatial representation of the populations as ddfiby the factorial

correspondence analysa the five alpaca populations.
According to the STRUCTURE analysis, the best vaitign Pr(X| K) was

obtained for K = 5. The graphical representatiortha clustering outcomes

that suggested K = 5 is showed in Fig. 5, wherdws tproportion of
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membership for each identified cluster is providediable 6. The analysis
assigned to the San Juan de Tarucani, Estaciéon®d] Chalhuanca, Lampa
and Palca populations in five independent clustees)g Lampa (cluster 1) the
most differentiated population, which is slightlyfluenced by the four left

populations. The Palca population (cluster 4) sltbite highest influence of
the Chalhuanca and San Juan de Tarucani populatidmes localities of

Estacion Pillones, San Juan de Tarucani, and Chatfaushowed a mixed

structure influenced by a certain membership pricgoof the other clusters.

Table 6. Proportion of membership of each of the 5 alpamaufations in the
fifth clustering using STRUCTURE software.

Population Cluster

1 2 3 4 5
San Juan de Tarucani  0.087 0.203 0.349 0.197 0.165
Estacion Pillones 0.111 0.300 0.110 0.135 0.344
Chalhuanca 0.107 0.166 0.143 0.257 0.327
Lampa 0.640 0.112 0.067 0.100 0.081
Palca 0.144 0.188 0.127 0.380 0.161

1.00

R

San Juan de Tarucani Estacion Pillones Chalhuanca Lampa Palca

Fig. 5. Graphical representation of the clustering outcomieggested by the
structure analysis for K = 5.
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The results of the ANOVA for fiber diameter showtedt there were no
significant differences among the five populationsth respect to this
quantitative trait, with an overall mean of 18.96.u

The DUNCAN test was applied to the detected sigaift associations
between the fiber diameter of the first shearind tamenty microsatellite loci,
in this case, the genotypes and alleles unique wkngnated. The present
study found a significant associatior<(R05) between the fiber diameter (thin-
fiber) and alleles in the CVRLO7, LGU68 and LCAG6%crosatellite loci. The
DUNCAN test results revealed the associations ef2ii3 and 269 alleles for
the CVRLO7 locus (16.1 um and 18.2 um, respect)y¢he 216 allele at the
LGUG8 locus (18.2 um) and the alleles 168 and 188eaLCAG65 locus (18.2
pm and 18.4 um, respectively).

4. DISCUSSION

The genetic diversity and structure of five Peravapaca populations
were evaluated using 20 microsatellite marker [dbie results revealed herein
high levels of variability genetic. The majority the markers were highly
polymorphic. Barker (1994) suggests that in diwgrsiudies, loci with at least
four different alleles should be used in ordergduce the standard error of the
estimated genetic distances. The total numberelkalper locus in the present
study ranged from 5 to 25 and only two loci (CVRL@VRLO8) showed 5
and 6 alleles, respectively. Mariasegaretnal. (2002) showed similar values
for these loci inCamelus dromedaries. Low values of allelic variability were
found herein comparable to the results showed hyeBaet al. (2012) on
alpacas from Bolivia and similar or even higherntharevious studies on
different alpaca populations (Largal., 1996; Obrequet al., 1998 and 1999;
Penedoet al., 1998a,b; Bustamantet al., 2003; Sarnoet al., 2000;

70



Capitulo IT

Mariasegaranet al., 2002; Agapitoet al., 2007). In some of these previous
studies the sample sizes were lower than 70 aniribks five sampled alpaca
populations showed a higher allelic diversity amdrage number of alleles per
locus.

Takezaki and Nei (1996) showed that optimal marKersmeasuring
genetic variation in a population should have aerage of heterozygosity
ranging from 0.3 to 0.8. In the present study, neasured genetic variation
indicated a high level (0.748) in the five samplddaca populations. Seven
markers showed significant deviations from the Kandkinberg equilibrium,
caused by a defect of heterozygotes. Mariasegatain (2002) indicated that
differences between the observed and expectedogtgrsity may be related
to the presence of null alleles and specificallyldde caused by the CVRL05
locus. Nevertheless this locus is in Hardy-Weinbeggilibrium in all the five
populations of Peruvian alpacas sampled in theeptestudy. Natural selection
is discarded as a directional agent acting on tpacas populations as the
Hardy-Weinberg disequilibrium is always detected as defect of
heterozygotes. This deviation may be the resuthefWalhund effect as the
alpaca samples were pooled from different subpaipuisin the present study.

The alpaca populations of San Juan de TarucanCaathuanca showed
the highest genetic diversity based on the numbaliales. Nei (1987) showed
the gene diversity as a more appropriate measugemétic variation within
populations. A high gene diversity was also obsgineChalhuanca and San
Juan de Tarucani populations.

The high genetic diversity was also observed irio#ipaca populations
from Peru (Agapitoet al., 2007), Bolivia (Barreteet al., 2012), Australia
(Munyard et al., 2009) and USA (Sarnet al., 2000; Mariasegararat al.,
2002). The values of the observed and expecteddagtgosity varied among
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populations, and the observed heterozygosity wasys lower than the
expected one. The majority of the loci in all tHpaaa populations showed
heterozygote deficiency. The heterozygote defigiestzserved in the majority
of loci may be related to the management conditiointhe flocks. Most of
breeders, especially from SABNR, used their mgdaeads and the community
male alpacas for crossbreeding. The absence ofig&attleneck was found in
the five investigated populations, this result edgd no loss of alleles, thus the
selection practices performed by alpaca breedetsndi appear to have a
deleterious effect in the genetic resources opthulations.

The moderate value ofidq0.15) suggested heterozygote deficit on the
loci in the total populations. This may be a residiltnating between relatives.
Null alleles are most unlikely to be segregatingaktthe loci (Dixit et al.,
2010). Therefore, related populations (Estaciéroiés, Chalhuanca and
Lampa) could be the most reasonable causes oblgtate deficit. Agapit@t
al. (2007) reported similar results with an observetetozygote deficit in
other Peruvian alpaca populations.

The measurement of genetic differentiatiogffFamong the populations
revealed a low level (2%), this implicated that 98f4he genetic variability of
the studied alpacas was related to differences grtt@nindividuals within the
populations. These results were supported by thalysis of molecular
variance, being the highest genetic variation foe twithin populations
component (79%), whereas the genetic variation gnpapulations was 2.1%.
The low genetic differentiation among the alpacgypations suggests that
they may have common breeding practices. The sesdioss five alpaca
populations revealed that the Lampa population sldbthe highest value of
pair-wise kst and the lowest value of Nm with other alpaca pajpuis,
indicating that this alpaca population has maimdiran important genetic
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isolation from the populations of Estacién Pillondsan de Tarucani, Palca
and Chalhuanca.

The Lampa alpacas were the most differentiated lptipn which also
indicated the lowest value of Nm compared with d¢iieer populations. This
was confirmed by the NJ tree and PCA that exhibttezl same pattern of
clustering (Lampa; Estacion Pillones; Palca, Chafita and San Juan de
Tarucani). The phylogenetic analysis and PCA pbotiat not cluster the alpaca
populations per geographical location. Both anayisdicated relatively high
levels of sharing of the gene pool between thecalpgaopulations of Palca,
Estacion Pillones and San Juan de Tarucani, whiwe, three alpaca
populations were clustered together, although, $la®m Juan de Tarucani
population was discriminated from the two otheraahp populations. The
structure analysis confirmed the previous analy3ée. five populations are
not genetically differentiated, although Lampa whs most differentiated
population among the studied populations.

This sharing of the gene pools may be related ® tiading of
reproductive male alpacas from the Palca distiiectn{pa province) to the
localities of Chalhuanca and San Juan de Tarugams.introduction of alpacas
to Chalhuanca and San Juan de Tarucani, beganxapptely 14 years ago
with projects of Public Institutions and Non-Gowarental Organizations from
Peru, to improve the quality of the flocks. It ilsknown that the Puno
Region breeders and, consequently those from Lgmpéance, have alpaca
herds with thin fiber and the exchange of alpac®/éen these localities does
not affect their productivity.

The results of phenotypic analysis indicated thiakré were no
differences between the five alpaca populationsis T$uggests that the
producers of these communities use similar mettiodshe alpaca selection.
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The mean value of the fiber diameter (18.96 umipébfor the five populations
is considered good by textile industry standards@kégor, 2006). Similar
results were showed in other Peruvian alpaca ptpo&of first shearing: 22.9
um (Bragaet al., 2006) and 19.67 um (Paredesal., 2011). Nevertheless
higher values were found in others alpaca populatiaf different ages: 29.9
um for 2-3 years old alpacas from Australia (Mc@mre@006), 30.0 um. for 2
years old from New Zealand (Wuligt al., 2000) and 27.85 um. for 1 &
years old from USA (Luptost al., 2006).

The DUNCAN test found a significant associationwestn the fiber
diameter (thin-fiber) and some molecular markersthia total population.
Nevertheless, we understand these associationseéetihe thin fiber and
some microsatellite alleles are just a spuriousetiemssociation and consider
that further studies with higher sample size androsiatellite number are
needed to confirm the results. At present, theeerar studies in the alpaca
population that associates the microsatellite nrarketh the production traits
of the fiber diameter described; these resultstedirst communication about
these associations. An important future goal wdiddo confirm the possible
association observed between thin-fiber with therasatellite loci CVRLO7,
LGU6B8 and LCABS.

The incomplete coverage of the alpaca genome mab tl@ non-
chromosomal location of the microsatellite markels not facilitate the
mapping of genes associated with production trétg. many more markers
are needed to saturate the genome. Around oneduliadd fifty microsatellite
markers of the alpaca are published (Munyatral., 2009). However, to create
a high density of genome coverage, were placed stl#000 microsatellite
markers in the bovine (lharat al., 2004) and the mouse (Watanabe et al.,
1999).
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The fiber diameter is one of the traits of inteliasthe alpaca production,
but other important traits are also being invesédaThe study performed by
Allain and Renieri (2010) indicated that there amany traits in the alpaca
controlling the fiber quantity and fiber qualitytulies have been performed
for the identification of genes associated with tkéour of fleece (Cransberg
and Munyard, 2011), and major genes affecting ther ftraits also were
studied (Pérez-Caba al., 2010). On the other hand, in sheep wool some
genes have been identified for important traitdugricing pigmentation, the
wool quality and keratin protein (Sponenberg, 198&nieri et al., 2008;
Beraldiet al., 2006; Itenge-Mwezet al., 2007).

The high challenge for the molecular genetic studidhat its cost can be
accessible to the alpaca breeders from the higre&madommunities of Peru.
One advantage of using these molecular tools isthigaresponse time to the
selection decreases, since the use of these asalses selection of the best
parentales even before seeing their phenotypicorssy and thus reduce the

time to obtain results in improving production tsai

5. CONCLUSIONS

The high levels of genetic variability in the fieépaca populations from
the Peruvian Puna showed by the allele number, tigedeversity and the
moderate Fis values allows us to inform on the rich genetic teses
remaining in these five environments. The multiatei and phylogenetic
analyses of the microsatellite genotype revealedrtditional net of managing
practices between breeders that is confirmed by réiative homogeneity
among populations.

The finding of the possible association between-fitier trait and the
alleles at the CVRLO7, LGU68 and LCA65 microsatelloci, encourages us
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to search for consistent associations by increatiagaturation of the alpaca
genome. The results suggest an possible assocatmiurther studies in this
trait (fiber diameter) would be needed to confitmde results and thus locate

the possible associated QTL.
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Abstract

A population of Peruvian alpacas composed of tvaedls (Huacaya and
Suri) was provided by the Pacomarca S.A. experiaidatm. A total of 140
alpacas was analysed at 69 microsatellite markersrder to estimate the
genetic variability and the association of loci ahiaffect some alpaca fiber
traits. A total of 599 alleles were observed froa® DNA samples across the
two breeds, with a global average of 8.68 alleles Ipcus. Average gene
diversity on the whole population was 0.701, botbels exhibiting similar
values of 0.686 (Suri) and 0.695 (Huacaya). Thaiaslof the inbreeding
coefficient (ks) for both breeds were 0.154 (Suri) and 0.162 (Huacalhe
bottleneck analysis was performed for the two bseadherein the occurrence
of a normal curve L-shaped in both breeds reveatetbss of alleles in these
populations, an absence of a genetic bottlenedbserved. According to the
global Fsyvalues, the 2.2% of the genetic variation was acted by the breed
differences and the 97.8% for the variation amamlividuals. The gene flow
(Nm) value between both breeds was 9.31. Thes#saesere supported by the
hierarchical AMOVA that showed the higher genetiariation within
populations (78%). Meanwhile the factorial corresgence analysis indicated
low genetic differentiation between the two bredusing the 6.81% the total
genetic variation. The correct assignment percen{@AP) suggested that
most of individuals for both breeds Huacaya (100&6) Suri (97%) were
correctly classified into their original populat®nthe Huacaya and Suri
breed). The dendrogram obtained by the UPGMA metkbdwed the
association of the LCA68, GLM6, LGU50, VOLP59, LCA&Nd LCA90
microsatellite markers closest to the two quarntatraits (fiber diameter and
comfort factor). The DUNCAN test found associatiobstween the fiber
diameter trait as well as the indexed genetic \&foe four loci. Fifteen out of
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nineteen alleles from the following loci LCA68 (19889, 201, 197, 203 and
205), VOLP59 (112 and110), LCA90 (243, 229 and 2ZMM6 (143, 155,
151 and 157), showed negative indexed genetic saldecreasing fiber
diameter), and only four alleles for the followitari LCA68 (195), LCA90
(231 and 249) and GLM6 (153) gave a positive genetlue (increasing fiber

diameter, pm)

Short title: Microsatellite markers, alpaca, fiber traits, araggene
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1. Introduction

The livestock productiofn the high-Andean zones of Peru is based on the dimmes

South American camelids breeding (alpacas and BamEwo alpaca breeds (Huacaya and
Suri) are the main breeding in this area. The Hymdaed represents more than 85% of the
alpaca population of Peru (Quisge al., 2009). Nowadays, the alpaca fiber is the most

demanded product by the textile industry. One efritain goals in the alpaca breeding is the

selection for the fiber diameter (thinner fibe@Jthough other important traits are also
being investigated. The study performed by AllaindaRenieri (2010)
indicated that there are many factors controlling fiber quantity and fiber
quality in alpacas as well as in some studieshiage been carried out for the
identification of genes associated with the colérfleece (Cransberg and
Munyard, 2011).

The microsatellite markers are the best tool forpag others, the genetic
identification, molecular relationships, parentagsting in breeds and the
development of genomic maps used to localize Iesbaiated to productive
traits (Aranguren and Jordana, 2001). QTL studiesngu commercial
populations may result in direct economic benedittlze results can be used
immediately on the target population (Boichatdal., 2006). At present, the
knowledge of genetic markers and the linkage mapssleeep and cattle
(Maddox et al 2001; Iharaet al., 2004) allowed the identification of
quantitative trait loci (QTL) that explain a sigo#dnt fraction of genetic
variance in the phenotypes of interest (Weller,1300

QTL mapping opens the possibility of studying gerssd causal
polymorphisms for traits of agronomic importanceed®n et al., 2002).
Previous studies focused on sheep crossbreed d@bceed populations found
evidence of QTL associated to wool traits. QTL tedato the staple strength,
staple length, fiber diameter and coefficient ofiaton of the fiber diameter
were detected on sheep (Rogeral., 1994; Allainet al., 2006; Bidinostt al.,
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2008; Itenge-Mwezat al., 2007; Parsonst al., 1994; Ponzt al., 2001). In
alpaca populations, spurious genetic associatibnsavosatellite markers with
the fiber diameter were recently revealed (Paresles,, in press). Around one
hundred and fifty microsatellite markers of theaalp are published (Munyard
et al., 2009) although many more markers are needed twasatthe genome.
However, to create a high density of genome cowsragere placed almost
4000 microsatellite markers in bovine (lhaeh al., 2004) and mouse
(Watanabe et al., 1999) species.

The study performed by Pérez-Cabihl. (2010) in alpaca populations
(Vicugna pacos) from the Huacaya and Suri breeds, reported ferfitist time
the segregation of major genes that may be affpdtie fiber traits: Mean
Fiber Diameter (MFD), Standard Deviation of Fiberameter (SDFD),
Variation Coefficient of Fiber Diameter (CVFD) afmfort Factor (CF). The
study indicated that two major genes may be inwhlvene major gene
affecting the fiber diameter (FD and CF), and teeosid major gene affecting
the diameter variability (SDFD and CV). The alppacgulation used by Pérez-
Cabalet al. (2010) was selected for the present study.

The objective of this work was the analysis of deneariability and the
association among 69 microsatellite markers andfitter diameter from a
Peruvian alpaca population already typified for reggting major genes

affecting some fiber traits consisted of two breddscaya and Suri.

2. Materials and methods

2.1. Samples

The animals sampled for this study were selectddwiong a selective
genotyping strategy by taking the animals exhifitine highest and the lowest
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probability of being homozygotes for a hypothetibaheficial allele reducing
the fiber diameter according to the results obthibhy Pérez-Cabaét al.
(2010). The alpacas were owned by the Pacomarcar&a@arch farm located
in the department of Puno in Southeast Peru, placethe Altiplano at an
altitude of 4,060 m above sea level where the teatpee can decrease to -15°
C (Gutiérrezet al., 2009).

The alpaca breeding program implemented by Pacanw&. started in
1992 and one of the main goals was to decreasdiltbe diameter of the
Peruvian alpacas. This research farm has develgetection program for the
Huacaya and Suri breeds using a textile value iredethe selection criterion
and its alpaca flocks are becoming elite alpacaBdru (Pérez-Cabat al.,
2010).

2.2.Collected phenotypic data

The phenotypic data (fiber diameter) used in thisknbelonged to the
previous studies carried out by Pérez-Cadall. (2010) and Cervantes al.
(2010). The traits studied by Pérez-Cadtall. (2010) were the Fiber Diameter
(FD) measurement in microns, the Standard DeviatbrFiber Diameter
(SDFD), the Coefficient of Variation of Fiber Diatee (CVFD) and the
Comfort Factor (CF). The study showed the segregabf major genes
affecting these traits (FD, SDFD, CV and CF) of tiber in which two major
genes may be involved. The fiber diameter and tmafart factor would be
affected by one major gene, and on the other hmeddiameter variability
(SDFD and CV) may depend on a second major geredata of the genetic
value for each alpaca and measurement of the dilaeneter used in this work
belong to the study of Cervantetsal. (2010).
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The present study has been performed using thewfimlgy three dataset:
the probability of a major gene affecting two tsaite. the fiber diameter (FD)
and the comfort factor (CF), the measurements efdiameter fiber and the
genetic value. A total of 140 phenotypic data wssdufor both alpaca breeds,
Huacaya (N=74) and Suri (N=66) corresponding t@dé 42 animals carrying
the major gene for the fiber diameter trait respety.

2.3. Genomic DNA preparation

The 140 blood samples were collected by vein puaabm filter paper;
five drops of blood per animal and each drop hat@ of 2 cm. One drop was
used to obtain 100 pl genomic DNA (20ng/ul appraatsly). The blood
samples on filter paper were kept at -4° C.

The genomic DNA was extracted using the i-genomitBT Kit,
following the manufacturer’s protocol. In the lystep however, the incubation

was carried out at 65° C for 2 hours and 15 minutes

2.4. Microsatellite typing

A total of 69 microsatellite markers previously ogied in South
American camelids (Langt al., 1996; Obrequet al., 1998, 1999; Penedsd
al., 1998a,b, and 1999; Bustamastel., 2003; McPartlaret al., 1998; Sarno
et al., 2000) andCamelus dromedarious (Mariasegaranet al., 2002) were used
in this study. See table 1 for details about miatelite markers references and
sequences.

The microsatellite markers were amplified in 22 tipléx reactions. The
PCR conditions consisted of an initial denaturat#n95° C for 5 minutes,
followed 35 cycles of 94° C for 30 seconds, anmggéit 55,2 - 57,8°C for 90
seconds and at 72° C for 60 seconds, an exten&ith ¥ for 30 minutes and
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a final extension of 25 °C for 60 minutes. The P@Rctions were performed
in a Mastercycler Ep gradient thermocycler (Eppef®jo The total reaction
volume of 25 pl contained approximately 20 ng of ANThe final
concentrations were X0reaction buffer: 2.0 mM of MgG| 4 mM of dNTPs,
Taq DNA polymerase 5U (BIOTOOLS B&M LABS.S.A) andndM of each
primer (forward primers labeled with fluorochromas its 5°end, 6-FAM,
NED, PET and VIC). The PCR products were kept @tC2 See supplemental
Table 1 for details about the PCR conditions aadrfrent size ranges for the
69 microsatellite markers used in this study.

The PCR reactions were run in an automated DNA esezpr (Applied
Biosystems, ABI 3130 Avant). DNA fragments werergcbwith the aid of the
Gene Mapper software (Version 4.01, Applied Biosys).
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Table 1. Summary data for PCR conditions and fragment sirgjes of 69
microsatellite markers, amplified in two breeds éidaya and Suri) of Peruvian

alpacas.
. Annealin :
Size range Fluorescent 9 Multiplex

Locus temperature

(bp) dye °C) PCR
LCA68 188-206 VIC 55,2 1
YWLL59 91-132 NED
LGU75 178-197 NED
YWLL46 84-109 VIC 55,2 2
VOLP68 133-146 VIC
YWLL43 138-150 PET
YWLL36 142-175 6-FAM
YWLL29 210-224 6-FAM 55,2 3
YWLL44 80-119 6-FAM
YWLL38 171-178 VIC
LCA19 76-113 6-FAM 55,2 4
LCA54 139-151 6-FAM
LGU93 183-211 6-FAM
LCA77 233-264 PET
VOLP72 163-176 VIC 55,2 5
LCA66 216-258 VIC
LCA22 101-115 NED 55,2 6
LCA63 192-219 NED
LCA82 103-120 PET
LCA85 192-209 PET
LCA33 118-122 6-FAM 55,2 7
LCA86 162-168 6-FAM
YWLL40 174-187 6-FAM
LCA90 224-251 6-FAM
LCA37 124-156 NED 55,2 8
LCA36 201-206 NED
LCA8 223-249 NED 55,2 9
LCA56 129-165 PET
LGUS52 179-205 PET
VIAS Al 137-144 VIC 55,2 10
VIAS A2 194-203 VIC
VOLP59 103-134 NED
VOLP67 145-163 NED
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Table 1. Summary data for PCR conditions and fragment sirgjes of 69

microsatellite markers, amplified in two breeds @éidaya and Suri) of Peruvian

alpacas.
. Annealin :
Size range Fluorescent 9 Multiplex

Locus temperature

(bp) dye °C) PCR
LAB13 178-187 NED 55,2 11
LAB? 140-166 PET
VOLP33 176-184 PET
LCA83 190-209 PET
VOLP10 228-234 PET 55,2 12
VOLPO3 128-166 6-FAM
VOLP32 185-247 6-FAM
VOLP12 151-163 PET 55,2 13
CVRL06 213-235 PET
VOLPO1 248-266 PET
LCA23 127-157 6-FAM 55,2 14
LCA65 162-190 6-FAM
CVRLO1 168-236 VIC 55,8 15
CVRL05 124-144 VIC 55,2
VOLPO4 219-253 6-FAM
CVRLO8 199-213 NED
LGU76 232-265 PET 55,2 16
LAB3 106-162 6-FAM
GLM5 142-168 VIC 55,2 17
GLM7 185-207 VIC
GLM2 130-135 NED 55,2 18
GLM6 149-158 NED
GLM4 181-208 NED
LGUS6 157-181 6-FAM 55,2 19
LGU68 202-230 6-FAM
VOLP77 143-167 VIC
LGUS0 170-192 VIC 57,8 20
LGU49 220-244 VIC 55,2
LCA71 132-148 NED
LAB1 154-190 NED 55,2 21
LGU51 192-208 NED
YWLLO8 126-184 PET
LGU79 197-223 PET
LCA24 100-119 vIC 55,2 22
LCA94 184-203 vIC
LCAS 176-205 6-FAM
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2.5. Statistical analysis

The genetic variability in the total population aimd each breed was
measured using the number of alleles per locusotiserved () and the
expected (H) heterozygosity (Nei, 1978), the Hardy-Weinberg WH
equilibrium based on 1000 permutations, the Polymiem Information
Content (PIC) value and the allele frequency valUdé® data were analyzed
using the CERVUS 3.0 software (Marshall al., 1998; Kalinowskiet al.,
2007). The genetic bottleneck effect was infermtttie two populations using
the mode shift analysis under the assumption oftwleephase model (TPM)
with 90% stepwise mutation, implemented in the progBOTTLENECK ver.
1.2.02 (Cornuet and Luikart, 1996). The statistipatkage GENETIC 4.05
(Belkhir et al., 2004) was used to estimate the fixation indicBg, st and
Fir) per locus and to determine the population gersdtiecture related to the
differentiation within and between the studied afpabreeds. The fixation
indices were calculated according to Weir and Cdwk® (1984) with the
Jackknife procedure applied over the loci with afmence interval of 95%
computed with 1000 bootstraps.

The genetic structure of the alpaca populations waaalyzed with
Wright's F-statistics (Wright, 1965) using the Pairwise distar(Fsy), the
inbreeding coefficients (§) and the gene flow (number of migrants in each
generation, Nm). To evaluate the partitioning ohegje variability between
and within the two breeds the hierarchical analysfismolecular variance
(AMOVA) (Excoffier et al., 1992) was conducted using the software package
GenAlEx v6.5 (Peakall and Smouse, 2012). The stalgpackage GENETIX
4.05 (Belkhir et al., 2004) was also used to perform the correspondence

analysis in order to investigate the relative posg of the alpaca breeds.
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The multilocus genotypes were used to analyze thmeeCt Assignment
Percentage (CAP) in order to know the accurategassnt of individual
animals to their respective populations using tENGCLASS?2 software (Piry
et al., 2004). In the present study two different assigmmtests were
implemented: assignment using the Bayesian appro@annala and
Mountain, 1997) and assignment based on the ageabtype data and
simulated genotypes of 10,000 individuals using Mante-Carlo resampling
algorithm deduced by Paetkeial. (2004).

The association analyses between 69 microsatetaekers with two
traits, the fiber diameter and the comfort factoerev performed. The
associations were made with the estimations of tgemistance using the
allelic frequencies of the 69 microsatellite maskand the two quantitative
traits (fiber diameter and comfort factor), followi the methodology of
Reynoldset al. (1983). These distances were calculated takingwbealpaca
breeds as a single population. The matrix was oactstd with the estimate of
the genetic distances®f Nei and Takezaki (1994) obtained from the ddta
the Pearson correlation coefficients of each matelste marker and traits.
Based on the matrix of thesf the total population, a phylogenetic tree was
constructed by the unweighted pair-group method waitithmetic averages
(UPGMA) using the NEIGHBOR program in the PHYLIPfteare package,
version 3.65 (Felsenstein, 1985). The Gram-view paer program was used
to draw the dendrogram presentation.

The GLM procedure from SAS 9.0 (SAS Institute In2Q03) was
applied to analyze the genetic value and the filte@meter measurement (um)
by means of an ANOVA. The general linear model wsad to calculate and
separate means (DUNCAN test) and least square mesduesein the effects
were the microsatellite marker (6) and the bregd $2bsequently, the breed
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effect was removed from the model due to that wassignificant, leaving the
main effect (microsatellite marker). The DUNCAN ttegas used to detect
significant associations between the genetic vaha the mean measurement
of the fiber diameter using six microsatellite loci

The BLUP values obtained with the Pacomarca S.fas#d updated at
December 31, 2011, and according to the model tegppdoy Cervantest al.
(2010) were used as dependent variable. Theseibgeedlues were rescaled
to a mean value of 100 and standard deviation ofo2fointly analyze both
breeds. The former additive genetic variances Iar fiber diameter were
5.4819 in Huacaya breed and 3.0180 in Suri breed,these variances for
comfort factor were 63.7504 and 33.8255 respegtif@ Huacaya and Suri
breeds (Perez-Cabetlal., 2010).

3. Results

3.1. Genetic variability

Sixty nine microsatellite markers were successfattyplified in the two
Peruvian alpaca breeds (see table 2).
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Table 2. Variability parameters for 69 microsatellite looithe total population
of alpacas sampled in the Pacomarca S.A. researoh. fTotal number of
alleles detected per locus (n), observed heteratygo(H,), expected
heterozygosity (), polymorphic information content (PIC), signifiuze
results of Hardy—Weinberg equilibrium (HW) testddn —statistic (Is, Fr,

Fsr).

Locus Alleles (n) H He HW PIC Fis Fir Fst
CVRLO1 11 0.466 0.631 NS 0.604 0.15989  0.17890  2ZBO2
CVRLO5 5 0.529 0.547 NS 0.467 0.16272  0.18163 (%022
CVRLO06 9 0.261 0.343 NS 0.331 0.16073  0.17947  (@@22
CVRLO8 6 0.629 0.649 NS 0.608 0.16300  0.18199  0.02269
GLM2 3 0.014 0.056 NS 0.055 0.16051 0.17935  0.02244
GLM4 12 0.783 0.831 NS 0.806 0.16350  0.18166  0.0217
GLM5 10 0.340 0.861 NS 0.841 0.15306  0.17230  0.0227
GLMe6 8 0.650 0.771 NS 0.731 0.16138  0.18024  0.02249
GLM7 8 0.754 0.781 NS 0.749 0.16337  0.18228  0.02261
LAB1 12 0.588 0.776 NS 0.754 0.16008  0.17880  0.9222
LAB13 4 0.266 0.533 ok 0.421 0.15778  0.17604  0.621
LAB3 20 0.341 0.929 NS 0.919 0.15193  0.17106  0.02255
LAB7 9 0.654 0.792 NS 0.761 0.16119  0.17987  0.02226
LCA19 10 0.564 0.756 NS 0.717 0.15992  0.17861 (822
LCA22 6 0.591 0.610 NS 0.541 0.16299  0.18178  0.9224
LCA23 11 0.598 0.852 NS 0.830 0.15919  0.17742  0.02168
LCA24 8 0.568 0.571 NS 0.541 0.16307  0.18209  0.02273
LCA33 2 0.179 0.163 NS 0.149 0.16218  0.18082 0.8222
LCA36 3 0.485 0.540 NS 0.444 0.16186  0.18089  0.0227
LCA37 11 0.746 0.863 b 0.845 0.16171  0.18076 (02
LCAS5 10 0.638 0.762 NS 0.723 0.16136  0.18006  0.0223
LCA54 6 0.580 0.736 NS 0.689 0.16042  0.17947 0.8226
LCA56 9 0.693 0.705 NS 0.670 0.16348  0.18225  0.8224
LCA63 8 0.730 0.722 NS 0.673 0.16390  0.18282 0.8226
LCA65 13 0.850 0.879 NS 0.864 0.16394  0.18235 @022
LCAB6 16 0.833 0.865 NS 0.849 0.16365  0.18243 (1622
LCA68 9 0.531 0.817 * 0.791 0.15798  0.17699  0.®@25
LCA71 5 0.504 0.516 NS 0.443 0.16273  0.18163  0.0225
LCAT77 11 0.639 0.815 b 0.787 0.16062  0.17903  0®P1
LCA8 8 0.862 0.840 NS 0.816 0.16451 0.18362  0.02286
LCA82 6 0.602 0.575 NS 0.528 0.16372  0.18268  0.8226
LCA83 7 0.692 0.740 NS 0.695 0.16270  0.18180  0.0228
LCA85 9 0.669 0.843 * 0.819 0.16073  0.17921  0.0R20
LCA86 3 0.607 0.589 NS 0.514 0.16383  0.18235  0.9221
LCA90 9 0.410 0.763 ik 0.728 0.15645  0.17534  0.892
LCA94 8 0.813 0.810 NS 0.779 0.16411  0.18301 0.2226
LGU49 12 0.801 0.851 NS 0.831 0.16323  0.18200 @822
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Table 2. Variability parameters for 69 microsatellite looithe total population
of alpacas sampled in the Pacomarca S.A. researoh. fTotal number of
alleles detected per locus (n), observed heteratygo(H,), expected
heterozygosity (), polymorphic information content (PIC), signifiuze
results of Hardy—Weinberg equilibrium (HW) testddn —statistic (Is, R,

FsT).

Locus H He PIC Fis Fir Fst
LGU50 6 0.662 0.676 0.614 0.16352 0.18192 0.0220
LGU51 8 0.761 0.764 0.728 0.16374 0.18279 09227
LGU52 6 0.562 0.607 0.566 0.16238 0.18128 0.0225
LGU56 6 0.664 0.659 0.615 0.16374 0.18241 0.8223
LGU68 9 0.710 0.699 0.663 0.16413 0.18256 0.8220
LGU75 9 0.504 0.643 0.618 0.16047 0.17951 0.8226
LGU76 12 0.533 0.758 0.729 0.15914 0.17802 042
LGU79 12 0.861 0.882 0.867 0.16394 0.18272 @622
LGU93 13 0.827 0.848 0.828 0.16379 0.18261 ®022
VIAS Al 3 0.329 0.375 0.330 0.16190 0.18005 504
VIAS A2 4 0.427 0.575 0.489 0.16012 0.17901 0.02249
VOLPO1 8 0.358 0.778 0.742 0.15527 0.17382 Q92
VOLPO3 6 0.765 0.775 0.736 0.16374 0.18259 ®B822
VOLPO4 15 0.707 0.857 0.842 0.16101 0.18000 2602
VOLP10 3 0.294 0.538 0.445 0.15781 0.17697 Q02
VOLP12 6 0.669 0.750 0.707 0.16232 0.18085 an22
VOLP32 21 0.630 0.859 0.842 0.15932 0.17836 652
VOLP33 4 0.457 0.581 0.511 0.16060 0.17952 ®022
VOLP59 6 0.564 0.602 0.536 0.16252 0.18140 ®b22
VOLP67 6 0.391 0.641 0.584 0.15821 0.17710 a2
VOLP68 7 0.415 0.547 0.513 0.16024 0.17931 T.022
VOLP72 6 0.404 0.821 0.792 0.15509 0.17444 202
VOLP77 10 0.763 0.858 0.839 0.16240 0.18099 2202
YWLLO8 25 0.540 0.926 0.918 0.15623 0.17532 P2
YWLL29 7 0.613 0.624 0.595 0.16313 0.18209 06822
YWLL36 12 0.766 0.853 0.833 0.16233 0.18129 b5 %24
YWLL38 4 0.727 0.722 0.669 0.16397 0.18260 02322
YWLL40 7 0.629 0.666 0.603 0.16285 0.18155 03322
YWLL43 6 0.300 0.630 0.570 0.15636 0.17547 @63
YWLL44 14 0.778 0.868 0.850 0.16247 0.18118 P332
YWLL46 7 0.380 0.434 0.401 0.16153 0.18047 068022
YWLL59 0.708 0.884 0.870 0.16064 0.17948 a2
Total

Average 0.582 0.701 0.663 0.16127 0.18008 2218

"p<0.05," p<0.01,”" p<0.00 andNS, P-0,05 non-significant deviation.
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A total of 599 alleles were detected across 69 asatellite loci which
were typified in the Huacaya and Suri alpaca bre€ds number of alleles per
locus variedfrom 2 (LCA33) to 25 (YWLLOS8) with a global averagé 8.68
alleles per locus. The majority of the markers wighly polymorphic, with
only one locus (LCA33) exhibiting two alleles andnbcrosatellite markers
(GLM2, LCA36, LCAS86, VIAS Al and VOLP10) showingree alleles. The
observed heterozygosity ¢Hranged from 0.014 (GLM2) to 0.862 (LCAS).
The expected heterozygosity fHper locus varied from 0.056 (GLM2) to
0.929 (LAB3), being the average observed and erddutterozygosity values
of 0.582 and 0.701 respectively. Deviations frome thlardy-Weinberg
equilibrium were found in 12 loci (LAB13, LCA37, IA&B8, LCA77, LCAS5,
LCA90, LGU76, VOLPO1, VOLP10, VOLP67, VOLP72, and\W.L43). The
Polymorphic Information Content (PIC) values ran@esn 0.055 (GLM2) to
0.919 (LAB3), and the average value was 0.663.

The estimation of the genetic variability for theot alpaca breeds
(Huacaya and Suri) are showed in Table 3. Theeallatiability across the two
alpaca breeds was relatively high and similar ithbweeds, as indicated from
the gene diversity measures. The Huacaya breedeshthe highest allele
diversity (8.06), whereas the Suri breed exhibiteel lowest allele diversity
(7.74). The observed heterozygosity valueg)(Fbr these two breeds were
0.581 (Suri) and 0.583 (Huacaya), whereas the gkversity values were
0.686 (Suri) and 0.695 (Huacaya). The mean obsehetdrozygosity was
lower than expected. The values of the inbreedimefficient (Fs) for both
breeds were 0.154 (Suri) and 0.162 (Huacaya). Aanadivheterozygote deficit
(Fis) of 16.1% was observed in the studied loci witthie breeds, whereas, the
total population exhibited an 18% deficit of hetgygotes (Ir, table 2).
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Table 3. Variability parameters for 69 microsatellite loai io alpaca breeds
sampled in the Pacomarca S.A. research farm. Mearber of alleles (MNA),
average expected @H and observed () heterozygosity, polymorphic

information content (PIC) and inbreeding coeffiti@fs).

Sample Total no.
Breed Size of alleles MNA Ho He PIC Fs
Huacaya 74 556 8.06 0.583 0.695 0.655 0.162
Suri 66 534 7.74 0581 0.686 0.642 0.154

The bottleneck analysis was performed for the Hymead Suri breeds.
The microsatellite data were subjected to modd &8t, under the assumption
of the two-phase model to assess whether a decgeasinumbers had an
impact on the maintenance of genetic variation iwithese breeds. The tests
of Sign, Standardized differences and Wilcoxon, ld¢onot detect any

significant departure from mutation-drift-equilibmh in the populations
(Fig.1).

0,7
06 k = =@+ =Huacaya
0,5

s 7‘ —— Suri
0.3 \
0,2 k
0,1
0 ‘M il

0 02 04 0,6 0.8 1 1,2

Allele frequency

Alelle fequency class

Fig. 1. Normal L-shaped curve revealing no mode shift@pskence of genetic

bottleneck in Huacaya and Suri alpaca breeds.
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3.2. Genetic differentiation

According to the global & values, the 2.2% of the genetic variation
accounted for the breed differences and the 97 &%hle variation among
individuals (Table 2). The majority of the loci ddbuted in similar extent to
the low genetic differentiation observed among tsee The genetic
relationship between the breeds was assessedbgn8 Nm measures. The
value of genetic differentiation £ between the two breeds Huacaya and Suri
was 0.026 whereas the gene flow (Nm) value betvieeh breeds was 9.31
(table not shown).

The hierarchical AMOVA revealed a low level of gaodlifferentiation
between the Huacaya breed with the Suri bregeg-@f25). The analyses of
variance showed higher value within populations %y8than among
populations (19%).

According to the Factorial Correspondence Analyikis,combined first
three components explained 6.81% of the total genariation (Fig. 2). The
first component explaining the 2.61% of the totatiation which separates the
Huacaya breed from the Suri breed; the second coemparepresented the
2.24% of the total variation, and the third compuntne 1.96% of the total

variation.
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4

Huacava

AxeZ (0,00%)

Axe 3 (0,00%)

Axel (100:009;0)
Fig. 2. Spatial representation of the Huacaya and Suedsras defined by the
factorial correspondence analysis.

3.3. Assignment test

All the 140 individuals from the two breeds werexed and then re-
assigned to reference populations using differeasigament approaches as
described in Geneclass 2.0. The CAP values wete foigboth breeds (Table
4). The Huacaya breed was correctly assigned witobability of assignment
of 100% and also a large proportion of the Surietrendividuals were
correctly assigned with a CAP value of 97%. Withaaerage probability of
assignment of 93.3% and 91.89% for the Huacay&Sainicdbreeds respectively,
they can therefore be considered as unambiguougifet al., 2008). About
3% of the individuals of the Suri breed were assigito the Huacaya breed
with a probability of 69.14% and the rest was assigto their own breed
(Suri) with a probability of 53.11%.
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Table 4.Correct assignment percentage. Number of animalgarcentage of
animals assigned to the Huacaya and Suri breedg tle Bayesian method of
Rannala and Mountain (1997).

Breed Huacaya Suri
Huacaya Individuals 74 0
% CAP 100.0 0
Suri Individuals 2 64
%CAP 3.00 97.00

CAP: The correct assignment percentage

3.4. Analyses association of the quantitative traits

The preliminary step was the building of a dendaogrobtained by the
UPGMA method and constructed from thg Dhatrix that provided the best
resolution of the relationships between the 69 osatellite markers with the
two fiber traits. The tree showed an important tetisg between the traits of
the fiber diameter and the comfort factor with tlelowing microsatellite
markers LCA68, GLM6, LGU50, VOLP59, LCA85 and LCA@Bigure 3).
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Fig. 3. Dendrogram using UPGMA method, based on 69 micetitatmarkers and
the two fiber traits (fiber diameter and comforttfa) in an alpaca population from
Peru.
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The second step was to apply the DUNCAN test ireord detect
significant associations between the genetic vabfethe fiber diameter and
the six microsatellite markers that were previoudlystered by the UPGMA
method. The unique genotypes and alleles were redited.

The table 5 showed the alleles and the loci thatewsgnificantly
associated to the indexed genetic values for the&cal fiber diameter. The most
significant findings were the association of akekt the LCA68, VOLP59,
LCA90 and GLM6 loci P< 0.0001, P=0.009, P=0.015 andP= 0.020,
respectively). The LCA85 and LGUS0 microsatellitearkers showed no
significant differencesR > 0.05).

The significantly associated alleles with the inglggenetic values for
the LCAGS8 locus were seven: the 199, 189, 201, 203, 205 and 195 alleles,
being the 195 allele significantly different fronhet alleles previous, the
indexed genetic values for the 199, 189, 201, P@3, 205 and 195 alleles
were estimated for the Huacaya breed (-1.74 pur@9-um, -0.87 pm, -0.82
um, -0.74 um, -0.43 um. and 4.41 um respectiveiy) tae Suri breed (-1.29
pum, -0.96um, -0.65um, -0.61pm, -0.55um, -0.32umd aB.27um
respectively). The VOLP59 locus also showed a whfie significantly
associations for the 112 allele and the 110 al#id the indexed genetic
values; the estimations in the Huacaya breed wlet® 4m and -0.82 um., and
in the Suri breed of -0.82 um and -0.06 um respelsti The LCA90 locus
reported different significantly association foret43, 229 and 227 alleles
group with the 231 and 243 alleles, being the esions of the indexed
genetic values of -1.12 um, -1.10 pm, -0.68 un2 @&., and 1.32 um. in the
Huacaya breed and -0.83 pum, -0.82 um,-0.50 um, @rt§ and 0.98 in the
Suri breed, respectively. The GLM6 locus preserddterent significantly
association for the 143 allele with the 155, 1837, and 153 alleles group,
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being the indexed genetic values of -3.01 pm, -1.6% -0.77 pm, -0.56 um.
and 0.80 um., in the Huacaya breed; and -2.23 Qm7 4um, -0.57 um, -0.42

pm and 0.59 um., in the Suri breed, respectively.

Table 5. Associations of four microsatellite markers alleleish the genetic
value for the alpaca fiber diameter in the Huacaryd Suri breeds sampled in

the Pacomarca S.A. research farm.

Allele FD Genetic Indexed genetic

Loci Allele 1) @) values (um)
frequency (um) value Huacaya Suri
LCA68 199 13 22.17 85.100 -1.74 -1.29
189 9 21.48 88.918 -1.29 -0.96
201 41 22.49 92.520 -0.87 -0.65
197 8 22.87 92.920 -0.82 -0.61
203 6 21.65 93.656 -0.74 -0.55
205 14 24.10 96.312 -0.43 -0.32
195 5 30.58 137.7%6  4.41 3.27
VOLP59 112 68 22.14 90.555 -1.10 -0.82
110 66 23.52 99.3%1 -0.08 -0.06
LCA90 243 5 21.88 90.375 -1.12 -0.83
229 55 22.49 90.538 -1.10 -0.82
227 30 22.79 94.16% -0.68 -0.50
231 9 24.64 101.888 0.22 0.16
249 15 25.97 111.381 1.32 0.98
GLM6 143 5 23.19 74.238 -3.01 -2.23
155 39 22.19 91.164 -1.04 -0.77
151 8 22.80 93.469 -0.77 -0.57
157 67 22.93 95.186 -0.56 -0.42
153 16 24.37 106.886  0.80 0.59

"Number of alleles analyses at each locus

The values of DUNCAN test with the different lesté\ and B are
significantly different for the indexed genetic we

FD: fiber diameter
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4. Discussion

4.1. Genetic variability

The genetic diversity of Peruvian alpaca populai@iduacaya and Suri
breeds) from Puno region was evaluated using 6%osatellite markers. The
FAO (2011), recommend using microsatellite markershe studies of genetic
diversity in livestock species. Twenty five micrtedte markers were
recommended for camelids, and twelve of thesewaese used in the present
study.

The genetic diversity levels reported herein wdrghdly lower than
those indicated by Mariasegarairal. (2002), Agapitcet al. (2008), Barretat
al. (2012), La Mannat al., (2011) and Paredesal. (in press) (9.3, 14.5, 11.7,
9.6, 11.5, respectively), although majority of timearkers were highly
polymorphic (four of them having 25 alleles perdsg The higher number of
alleles per locus reported in the present studyestg that these molecular
markers could be used to analyse the genetic diyensalpaca populations.
Takezaki and Nei, (1996) indicated that markers rferasuring the genetic
variation in a population should have an averagerbeygosity ranging from
0.3 to 0.8. In the present study, the gene diwergsiverage expected
heterozygosity) indicated a high level (0.70). BHséimates of genetic diversity
for both breeds were relatively similar. The totaimber of alleles for the
Huacaya breed (556) was slightly higher than the Breed (534), with
average values of 8.6. and 7.74 respectively, Lardat al. (2011) reported
similar values of number of alleles. The valueshef observed heterozygosity
(0.583 vs. 0.581) and the expected heterozygo8ig9(vs. 0.64) were similar
in Huacaya and Suri breeds, respectively. La Mabah (2011) found highest
values of observed heterozygosity and expecteadmtgosity of 0.75 vs 0.74
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(Huacaya breeds) and 0.78 vs 0.77 (Suri breed),ttieapresented in these
results. A decrease of the observed heterocig@diy 0.58 vs. the H= 0.70)
was observed in the total population (both alpae®dis). This unbalance may
possibly be explained by the selection practicetthénexperimental Pacomarca
S.A. research farm. A continuous and direction&ci®n could have eroded
the polymorphism throughout the successive gemerstilikewise, the low
values exhibited for the observed heterozygotetheénalpaca population may
be explained above for a lower degree of polymamhi

Significant deviations from Hardy Weinberg Equillon in 12 loci
(LAB13, LCA37, LCA68, LCA77, LCA85, LCA90, LGU76, WLPO1,
VOLP10, VOLP67, VOLP72 and YWLL43) were observed tire overall
population. A previous study performed by Barretal. (2012) showed no
significant deviations from HW equilibrium at theO¥ P01 locus, meanwhile
Paredest al. (in press) indicated significant deviation at g@ne locus. On
the other hand, La Mannret al. (2011) and Agapitcet al. (2008) reported
significant deviations from HWE in the locus LCA3The deviation from
HWE and the high heterozygotes deficiency exhibligdsome microsatellite
markers may be caused by the presence of non-ampéfleles (Suret al.,
2012).

The Fs average (0.16) over all loci indicates a deficitheterozygotes
and this could be attributed to the inbreedingndpehe value of inbreeding
coefficient herein moderate. Similar values wertamied for both breeds. The
results of ks in this populations are higher than those repdoieBarreteet al.
(2012) (ks = 0.019 to 0.114) in Bolivian alpacas, and a simMalue (ks =
0.15) also has been found in the study of Perualpacas from rural Andean
communities (Paredest al., in press). The occurrence of a normal curve L-

shaped in the Huacaya and Suri breeds revealedssodf alleles in these
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populations, likewise the lower values for bothdale mainly in the Suri alpaca
did not appear to have a deleterious effect orgtrestic variation and hence,

an absence of a genetic bottleneck is observed.

4.2. Genetic differentiation

The genetic differentiation coefficient revealedttiboth alpaca breeds
(Huacaya and Suri) are very similas{F= 0.02) and present a high gene flow
(Nm=9.31). This result was supported by furtherlgses. The molecular
variance analysis showed that the higher genetiati@an was found within
populations (78%), whereas, the genetic variatiomoray populations was
2.5%. Meanwhile the factorial correspondence amalysdicated the low
genetic differentiation between the two breedsndpeghe 6.81% of the total
genetic variation. Previous studies performed irufan alpacas populations,
reported low levels of genetic differentiations{fFof 0.02 (Paredest al., in
press) and of 0.0002 (La Mansial., 2011), meanwhile Barret al. (2012)
showed in Bolivian alpacas a high level gfFanging from 0.053 to 0.077.

The correct assignment percentage (CAP) suggestat rhost of
individuals for both breeds Huacaya (100%), and £i#%) were correctly
classified into their original populations (the Haga and Suri breed).
According to the concept used by Negrati al. (2008) an individual is
correctly assigned to a breed or population ipitsbability of assignment is
90%, therefore, the assignments can be consideradambiguous, reinforcing
the results previously mentioned.

The results showed in the present research maheéeutcome of the
breeding strategy performed on the experimentabfacca farm since 1992,

being one of the main goals of the alpaca breedimegram implemented by
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Pacomarca S.A. the improvement of the fleece chenatics in both breeds
(fine fiber).

4.3. Analyses association of the quantitative traits

The dendrogram indicated that the LCA68, GLM6, LGUYOLP59,
LCA85 and LCA90 microsatellite markers were theselt to the two
quantitative traits (fiber diameter and comforttéay, wherein, one major gene
would be involved, indicating a possible relatioipsof these loci with this
major gene (Perez-Cabal al., 2010). The DUNCAN test found associations
between the fiber diameter trait as well as theexed genetic value for four
loci (LCA68, GLM6, LGU50, VOLP59 and LCA90). Fiftaeout of nineteen
alleles showed negative indexed genetic valuegédsmg fiber diameter, um)
and only four alleles gave a positive genetic vdloereasing fiber diameter,
pm).

The alpacas studied in this work were owned by Raeomarca S.A
experimental farm. The high number of alleles tordase the fiber diameter
could be due to the breeding program implemente®dgomarca S.A. since
1992, in which the alpacas selection was for detngathe fiber diameter.
Nevertheless, even in the elite experimental fauochsas Pacomarca S.A.,
unfavourable alleles (positive genetic values, praje found. These findings
are important, due to that alpacas with the pasiéind negative genetic values
may be selected either against or for in orderctoeve only favourable alleles
(negative genetic value, um). The selection ofledle mainly those with
negative genetic values, would not influence ongheetic resources of this
alpacas population as only four among nineteeraaseciated to undesirable

fiber diameter.
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Studies of QTL for the fiber diameter trait of ¢g@éVisserat al., 2011)
and the identification of three chromosomal regitreg influence in the fiber
diameter of the sheep wool have been publisheddRagt al., 1994; Ponzt
al., 2001), It has also been reported the differemgele expression of the
Keratin protein in the goats fiber diameter (éinal., 2010) and wool sheep
(Adelson et al., 2004; Gonget al., 2011; Itenge-Mwezat al., 2007), ),
suggesting an important role in the regulation g fiber diameter, staple
strength, wool colour and brightness. However, ghesent work is the first
communication showing a useful tool to improve diygaca fiber trait giving a
relationship between the quantitative trait witimgomicrosatellite markers. So
far, Paredest al. (in press) has suggested in alpacas, microsatdbiti
associations with the fiber diameter trait, butrgiaig a different statistical
methodology to the used in this study, without rmpassessment of animals
for a major gene.

The studies for the identification of genes asgediavith the production
traits in the alpaca are limited, due to the inclatgsaturation of the genome
map and the non-chromosomal location of the mit¢etige markers. Around
one hundred and fifty microsatellite markers of thpaca are published
(Munyardet al., 2009), which is far from the almost 4,000 micrefigé loci
necessary to create a high density genome covamnagiher species (Ihara
al., 2004).

5. Conclusions

The considerable levels of genetic variability fduon an alpacas
population conformed by the Huacaya and Suri bretbe@slow coefficients of
inbreeding, in addition to the absence of genetittldneck and the high
percentage of genetic variance within populatiof&), suggested that these
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populations have a rich genetic resources to coatmith the development of
breeding strategies.

A possible significant association of alleles irurfanicrosatellite loci
(LCA6B8, VOLP59, LCA90 and GLM®6) with the indexedrggic values for the
fiber diameter trait (um) in both breeds were foeohdn this study. The
estimations of the indexed genetic values in the I$eed were always lower
than in the Huacaya breed.

An important future objective would be to confirirese associations of
the possible major gene effects on the fiber diameehit. Likewise, undertake
studies to locate and confirm the chromosomal regiwhich influence the
production traits (fiber diameter) of the alpacadaensure the animals

selection with the desirable alleles to improvephenotypic traits.
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Discusiones generales

La actual condicion productiva del sector de laadlédos sudamericanos
domésticos CSD (alpaca y llama) se caracterizalgptimitada calidad de la
fibra de alpaca, asi como los bajos rendimientosuecomercializacion, lo que
conlleva a bajos precios ofertados por la induséndil. La pérdida de la finura
de la fibra es debida a diversos factores: a) ahmente a la escasa practica
de un correcto manejo ganadero (falta de identiiicaanimal en la mayoria de
las poblaciones de alpacas, sobre todo en los pegyoductores), donde no
se usan registros en las ganaderias alpaquerasiéBetral, 2010), y por tanto
b) la seleccion de reproductores machos y hemigdamas de las técnicas del
empadre controlado no son llevadas correctamentstifza, 2001); a los
factores antes descritos se suman: c¢) la alta huadade crias por efectos del
clima y problemas sanitarios (Torreisal., 2011); d) el factor alimentario cobra
también uno de los principales papeles en la @iaezlos CSD, siendo escaso
el manejo de los recursos naturales (Plan Maestia & NSAB, 2006) y e) el
sobrepastoreo de las praderas alto andinas ocadmhas carencias de pastos
naturales para la alimentacion de los camélidoarsedcanos, principalmente
de la alpaca (UNIDO, 2010).

Las poblaciones de alpacas actualmente estan edzadias por una falta
de uniformidad, engrosamiento e incremento en fiaci@n del diametro de la
fibra tanto en la raza Huacaya como en la Suritaasbién como la aparente
desaparicién de llamas con fibras finas. Estadadlicontrasta con los datos
de alpacas anteriores a la época de la conquisédi@a (siglo XVI) las cuales
poseian fibra de buena calidad fina y extrafinag3¥m., Huacaya; 22.8 um.,
Suri) y de llamas (21.1 um variedad chaku) (Whestlat., 1995).

Paises no sudamericanos como Nueva Zelanda, Aastt&A, Canada,
Reino Unido, Alemania, Italia y Francia vienen mastlo un importante

interés en la crianza de alpacas y llamas sobre tmino animales de
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compafia y para la produccion de fibra. Los valatesdidmetro de fibra
publicados para estas poblaciones importadas retanfs son mayores a los
reportados para alpacas Peruanas, sefialando medidhferentes edades de
27.85 um., 27.85 um., y 30 um en alpacas de 2y P-afos respectivamente
(Wuliji et al., 2000; Luptoret al., 2011 y MacGregost al., 2006).

El presente trabajo de tesis, busca contribuiog pfogramas de mejora
genética que se emprenden en la crianza de alpawag| principal objetivo
de mejorar los caracteres productivos de interéa efpaca. Para ello se ha
emprendido un estudio preliminar en poblacionesalfacas de crianza
tradicional, en el que se han estimado los paré@setenéticos, las
correlaciones entre caracteres del vellon y lostesefijos. Esta primera fase
del trabajo nos permitié conocer los niveles ddabdidad genética en los
rebafios que usan una metodologia de manejo tradigiaccOmMo se encuentran
estructuradas estas diferentes poblaciones.

El primer objetivo de la presente tesis fue condosr parametros
genéticos de los caracteres del diametro de la,fiieso del vellén y longitud
de la mecha. Los resultados nos sefialaron unhedaabilidad del peso del
vellén (0.71) y moderadas heredabilidades parangitud de la mecha (0.37)
y el diametro de la fibra (0.28). Velasco (1980ynl&n reportd altos valores
de heredabilidad para el peso del vellon (0.35), quoparte Ledn-Velarde y
Guerrero (2001) para la longitud de la fibra obtoen valores de
heredabilidad similar a los aqui indicados aunqagqueet al. (1985) sefalan
un valor superior. ElI diametro de la fibra de alpags un caracter que
determina la calidad del vellon en relacion a lenodidad y ligereza de las
prendas textiles, siendo necesaria la seleccidngiaminuir la medida de este
caracter de importancia econémico. Al tener el éidon de la fibra una
heredabilidad moderada (0.28), la respuesta ddacs@én para este caracter no

113



Discusiones generales

seria tan eficiente como para el peso del vell@miéndo en cuenta que el
caracter de longitud de mecha da valores apropipdos la industria textil,
podria no tenerse en cuenta ni para su aumenismirdicion; el hecho de que
su heredabilidad sea menor (0.37), nos sugierermpl@so seria conveniente
para los posibles planes de mejora.

También fueron estimadas las correlaciongenética, ambiental y
fenotipica, siendo éstas positivas. Se encontr¢ aliaa correlacion para la
longitud de mecha—diametro de la fibra (0.60, LM}Hos valores mas bajos
para el peso del vellon-diametro de la fibra (OR28;DF), indicAndonos que se
podria seleccionar para disminuir el diametro beafpero disminuiria también
la longitud de mecha, aunque no seria tan sighifecgoorque la fibra es
suficientemente larga y esta dentro de los requentos de la industria textil.
En este sentido es importante plantear esquensaatzion con el objetivo de
disminuir el diametro de la fibra, aunque tambiéno ocaracter para la
seleccion podria ser el peso del vellon. En cuants efectos fijos del sexo,
color y afio de esquila no se encontraron efecsfisiativos para los tres
caracteres; soOlo existe una diferencia altamentafgiativa en el diametro de
la fibra con respecto al afio de esqufa(,01). Es importante conocer los
parametros genéticos de los caracteres deseabédegim a fin de poder
predecir la respuesta a la seleccion y hacer lduasidn genética de los
reproductores y emprender estrategias de selecgiénpermitan obtener el
maximo progreso genético (Ponzehal., 1997).

Una vez conocido el potencial de mejora mediant resultados
obtenidos sobre los parametros genéticos, coroglesiy efectos fijos, se
planted la realizacion del estudio de variabilisadlecular y asociaciones de
loci al caracter cuantitativo diametro de la fibra eblaciones de alpacas con

la caracteristica de un manejo mejorado.
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La diversidad genética y estructura de cinco pattes de alpacas manejadas
de modo tradicional fue estudiada mediante el uso20 marcadores
moleculares de tipo microsatélite. Este estudio hasmostrado una alta
variabilidad genética en todas las poblaciones@almente en la de San Juan
de Tarucani y Chalhuanca, otros estudios realizadosalpacas de diferentes
origenes muestran similares o incluso mayores eslde variabilidad alélica
que los aqui reportados (Lamgal., 1996; Obrequest al., 1998 and 1999;
Penedoet al., 1998a,b; Bustamantet al., 2003; Sarnoet al., 2000;
Mariasegarenet al., 2002; Agapitoet al., 2007 y Barretaet al., 2012). El
analisis de la estructura poblacional ha reveldtims aniveles de variacion
genética entre las cinco poblaciones. El coefieiele consanguinidad {ffue
moderado en el total de las poblaciones (0.15).pAgaet al. (2007)
estudiando alpacas Peruanas también hallaron adeslt similares. La
diferenciacion genética b entre las cinco poblaciones fue muy baja (2%),
siendo la poblacion de alpacas de Lampa la que t@s valores mas bajos;
este indice ha sido confirmado por el analisis aleespondencia y el arbol
filogenético reconstruido. Segun el analisis deuetitra genética, las alpacas
de la localidad de Lampa constituyen la poblacié@s miferenciada del resto
de poblaciones estudiadas, confirmando el anaisisorrespondencia. lo que
puede sugerir que los productores de alpacas ess&dimando practicas de
empadre mediante intercambio de reproductoreslufel §enético (Nm) mas
bajo se encontrd entre las poblaciones de alpachampa y Estacion Pillones
(6.22).

Los resultados fenotipicos revelaron que no hubderaticias
significativas del diametro para el efecto sexolascinco poblaciones de
alpacas; por su parte, Wulgi al. (2000) y McGregor y Butler (2004) también
sefialan que el sexo no tiene efecto en la finuta @bra. Estos resultados nos
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sugieren que los productores de estas comunidesbes similares métodos
para la seleccidbn de sus rebafios de alpacas. L& mdedla medida del

diametro encontrada en las cinco poblaciones fu&8d@6 pm., considerada
buena por la industria textil. McGregor (2006) cadique la medida del

diametro de la fibra deberia mantenerse por dedmjp2 um para asegurar la
buena calidad de la fibra. Un preliminar analises akociacion entre los
marcadores moleculares microsatélites y el diamdgola fibora muestra

asociaciones espurias en ttesi: CVRLO7, LGU68 y LCAG5, siendo estos
resultados la primera comunicacion en asociacialekci con caracteres

cuantitativos de la fibra en alpacas (Pareties, en prensa).

Con el objetivo de establecer las primeras bases e saturacion del
genoma de la alpaca tendente a la busqueda deesejmoximaciones deci
asociados a caracteres cuantitativos (QTL), sazéeal estudio con dos
poblaciones de alpacas (una de raza Huacaya y ddraraza Suri)
pertenecientes a la empresa privada Incatops SAndp Experimental
Pacomarca) previamente valoradas para un gen n@yerafecta a dos
caracteres de calidad: el diametro de la fibra faeor confort. Asi mismo se
estimo la diversidad genética existente en estatagiones de alpacas. Los
resultados encontrados nos muestran moderadogsideldiversidad genética
en estas poblaciones con una media global de 8&&® gor locus. Dentro de
ambas razas los niveles de diversidad génica fuehms. Otros estudios
sefialan mayor diversidad genética en otras pollesiode alpacas
(Mariasegaranet al., 2002; Agapitoet al., 2008; Barreteet al., 2012; La
Mannaet al., 2011 y Paredest al., en prensa). El nivel de consanguinidad
(Fis) en el total de la poblacion fue moderado (0.li&ndo superior al
registrado por Barretat al. (2012) con rangos de 0.019 a 0.114. La

diferenciacion genética §p fue baja (0.02) y similar en ambas razas, siendo
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apoyados estos resultados por los analisis denzarienolecular y el analisis
factorial de correspondencia. También se realizépdaeba del correcto
porcentaje de asignacion a la raza, sugirienddajoeyoria de los individuos
fueron correctamente asignados a sus poblaciorag; lp raza Huacaya el
porcentaje fue del 100% y para la raza Suri del . 93&oacuerdo al concepto
de Negrini et al., (2008), las asignaciones pueden ser consideradas s
ambigiiedad (Paredest al., sometido). Es importante tener en cuenta que
Pacomarca S.A. es un centro que busca mejoralidadale la fibra y lleva un
programa de mejora genética implementado haceevaiibs, seleccionando
animales para mejorar las caracteristicas de ldachle la fibra en las dos
razas.

Con datos de la poblacién de alpacas, en los gde icalividuo tiene
asignada una probabilidad de llevar un gen mayama pas caracteres
cuantitativos de la fibra, se realiz6 el analisssagociaciones deci para las
caracteristicas del diametro de la fibra y el facanfort. EI dendograma nos
sefalé asociaciones de seis marcadores molecutdoessatélites (LCAGS,
GLM6, LGUS5S0, VOLP59, LCA85 y LCA90) con estos doaracteres de
calidad de la fibra. Por otro lado los resultadbsenidos de la prueba de
DUNCAN entre los seisoci mencionados anteriormente y el valor genético
para el caracter del diametro de la fibra nos endiposibles asociaciones en
cuatroloci (LCA68, GLM6, VOLP59, LCA90), de los cuales quinde un
total de diecinueve alelos mostraron valores geoetindexados negativos
(para disminucion del diametro de la fibra, pm)uptco alelos dieron valores
genéticos positivos (incremento de la fibra, um).

En otras especies de produccion de lana se hamackalestudios en la
busqueda de QTL. Para la especie ovina se han trenmssociaciones para
el caracter del peso de la lana (Bbal., 2004) y en cabras se ha hallado QTL
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de mediano efecto influenciando caracteres de ymcion y calidad,
revelando QTL para el diametro de la fibra (Visseal., 2011). Este trabajo de
tesis presenta el primer estudio que plantea asoones de marcadores
moleculares con un caracter cuantitativo de imporégaecondémica como es el
diametro de la fibra de alpaca.

El hecho de constituir Pacomarca S.A. un centroligwya un programa
de mejora implementado desde el afio 1992, y siandade sus objetivos la
seleccion de alpacas para disminuir el diametriadi®ra y conseguir rebafos
con fibra de calidad (fibra fina), explica el altimero de alelos presentes en
estas poblaciones para la disminucion del diandria fibra. Estos resultados
son importantes, toda vez, que nos permitirianrhseeccion de alpacas con
valores genéticos positivos y negativos para loglallos favorables (valores
genéticos negativos pm). La seleccion de alelos walores genéticos
negativos no influiria en los recursos genéticoestas poblaciones ya que
solo cuatro de diecinueve alelos fueron asociadas desfavorable diametro
de fibra.

Se espera conseguir el ensamblaje del genoma dépdaa y situar
fisicamente los 7bci estudiados para aportar una base de datos que ayade
localizacion de los caracteres productivos y dedadl de importancia
econdémica. El uso de las herramientas de la genétiolecular podra
contribuir a los programas de mejora en esta gai@ddto andina de

importante interés social y econémico para el Peru.
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Las principales conclusiones derivadas de los siegbiara la caracterizacion
fenotipica y genética en diferentes poblacionesalgpacas obtenidas en el

presente trabajo son:

1. La estima de parametros genéticos ha proporcionadores de
heredabilidades altos para los dos caracteres gcesitan ser modificados:
diametro de la fibra y peso de velldn, indicand@ @ puede obtener una
buena respuesta a la seleccion. Por otro lado jk& dmarelacion entre los
caracteres peso del vellébn y diametro de fibrajesagque se podra hacer
mejora para disminuciéon de diametro y aumento dm ke vellon sin que

interfiera la seleccion de un caracter en el otro.

2. No hay un efecto significativo de los factores sito, afio de esquila,
con los caracteres del diametro de la fibra, pedovellén y longitud de la
mecha. Efectos significativos de la edad con les ¢taracteres estudiados y del

color de la capa con el diametro de la fibra y pe=ovellon.

3. Las poblaciones de alpacas de las localidades midui&en de Tarucani,
Estacion Pillones, Chalhuanca, Palca y Lampa naresaitos niveles de
diversidad genética, asi como un moderado coefeida consanguinidad y
una alta variacion genética dentro de poblaciobhadiferenciacion genética
entre las cinco poblaciones es baja. Este escagodé genes corrobora las
practicas de manejo tradicionales de intercambigegeoductores. Ademas,
ausencia de cuellos de botella genéticos en astas poblaciones de alpacas.
4. Se han encontrado asociaciones espurias entrgaeterade diametro
de la fibra y tredoci de microsatélite CVRLO7, LGU68 y LCAG5 en las
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poblaciones de San Juan de Tarucani, Estaciom@d/cChalhuanca, Palca y
Lampa.

5. El estudio de un amplio panel de microsatélitesmtustrado niveles

favorables de variabilidad genética para las raeaalpacas Huacaya y Suri,
ademas de un alto porcentaje de variacion gendto&ro de ellas, un bajo
coeficiente de consanguinidad y ausencia de urocdelbotella genético. Por
otro lado el coeficiente de diferenciacion y laresiura genética revela alta

similitud entre ambas razas para los parametrosudabilidad genética.

6. Los loci LCA68, VOLP59, LCA90 y GLM6 fueron asociados
significativamente a valores genéticos favorabkas gl caracter cuantitativo
del diametro de la fibra de alpaca. Quince de IBsalelos encontrados
muestran valores genéticos negativos (disminuc@fadnedida del diametro
de la fibra, micras) y cuatro alelos dan valoraségjeos positivos (incremento
de la medida del diametro de la fibra, micras)eHetllazgo supone un nuevo
paradigma a tener en cuenta en los planes de me@mgprender en las granjas
de élite de alpacas.
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