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Uvod

1. Uvod

Pro rozhodovani o podnikatelské ¢innosti, a to nejen v chovu hospodaiskych zvifat, jsou
dilezité kvalitni informace. Pti vybéru zvifat pro dal§i plemenitbu se vyuzivaji zejména
vysledky kontroly uzitkovosti, €ili sledovani plodnosti, rustu, piipadné mlééné uzitkovosti.
Slechtitel potazmo chovatel tudiz fe$i nasledujici otazky: Které zvife je nejvhodn&jsi pro
plemenitbu? Je to bahnice, jejiz beranek vazi ve sto dnech 45 kg, ta, ktera odchova tfi jehnata
bez prikrmu, nebo ta, co se nejvice libila na celostatni vystavé? Anebo je to ta, ktera kazdy rok
odchova dvé jehnata o pfiméfené hmotnosti a navic nikdy neméla zadné problémy s paznehty?
A jak zajistit, aby jeji potomstvo bylo, kdyz ne nejlepsi, tak alespon lepsi nez jsou soucasna
zvitata? Na tyto otdzky vSak neexistuje jednozna¢na odpovéd’, protoze ta se odviji od ptani a
piedstav kazdého chovatele, jednotlivych organizaci, ale i poZzadavkid koncovych spotiebiteld.
Nejlepsi zvife u jednoho chovatele se navic vibec nemusi ukézat jako nejlepSi zvife u
chovatele druhého.

Je tfeba si uvédomit, ze téméef vSechny znaky uzitkovosti jsou ovlivnény kromé velkého
mnozstvi genll malého uc¢inku i1 Cetnymi negenetickymi faktory. At uz je to stafi jedince,
pohlavi, misto odchovu, pocet sourozenct, se kterymi je tieba se delit o mléko, aktualni
zdravotni stav, nebo napf. pocasi pii bahnéni, a mnoho dalSich. Pro stanoveni nejleps$iho
genotypu je tfeba mit dobré znalosti o zplisobu chovu, o prostiedi i o ekonomickych vlivech,
které¢ na chov plsobi, a je tieba si také uvédomovat jejich vzajemné interakce a jejich
souhrnny vliv na ziskovost.

Pokud tedy chovatel chce trvale zlepSovat své stado, vydava se na pomérné slozity a
dlouhodoby proces. Na zacatku Slechténi stoji sbér dat, pokracuje jejich zpracovanim a
vyhodnocenim, nasledované vybérem (nej)lepsSich jedinci do plemenitby a tvorbou nové
generace. O té je tfeba opét ziskavat tidaje a na zakladé jejich vyhodnoceni provést selekci.
Ackoliv je v poslednich letech chov ovci, a to nejen v Ceské Republice, zaméfen na produkci
jehn&fiho masa, jsou znaky reprodukce, vcetné velikosti vrhu, rozhodujicimi faktory pro
efektivitu chovu. Dobra plodnost je souéasti chovného cile kazdého plemene ovci, nezavisle
na tom, ktery ze tii uzitkovych smérii (maso, mléko, vlna) stoji v popiedi.

Po vyrazném poklesu poétu chovanych ovei v CR, doslo vroce 2001 k mirnému obratu.
Pozvolny nariist pocetnich stavii pokradoval i v roce 2015 a podle CSU se zde chovalo 232

tisic ovei (Bucek et al. 2015). Pocet bahnic v kontrole uZitkovosti v poslednich péti letech
3
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kolisal, nicméné doSlo k nartistu poctu zapojenych stad. Zaroven dochazi ke zménam
Vv podilech jednotlivych uzitkovych typt a plemen.

Vzhledem k tomu, Ze se tedy kazda populace vyviji a méni se i podminky chovu, a vzhledem
k tomu, ze mize v prubéhu let dojit i ke zménam v metodice kontroly uzitkovosti, je vzdy po
nékolika letech nutné znovu stanovit genetické parametry a piipadné upravit modelové
rovnice. To by mél byt nasledné pro svazy chovatelit ovci podklad pro diskuzi o metodice

predpovédi plemennych hodnot.
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2. Literarni prehled

2.1. Chov ovei v CR

Ovce spolu skozami patii k nejstar§sim domestikovanym hospodarskym zvifatim. Byly
domestikovany v jihozapadni Asii, pfiblizné v 9. tisicileti pfed nasim letopoétem (Maijala,
1997). Na nasem tzemi je chov ovci dolozen jiz na konci devatého stoleti, ve 14. stoleti se
podilel 3/4 na celkovych stavech hospodaiskych zvifat (Horak et al., 2004). V minulosti
prochazel dobami rozkvétu i Upadkl. Podporovala ho napt. Marie Terezie, za jejiz vlady
stoupla diky valkam poptavka po vin¢ na vyrobu uniforem. V roce 1837 bylo evidovéano 2 228
587 ks ovci, zatimco o necelych sto let pozdé&ji, v roce1935, pouze 40 302 ks (Bucek et al.,
2011).

K vykyviim dochazelo i v pritbéhu 20. stoleti. Po roce 1990 doslo k vyraznému poklesu poctu
ovci chovanych na naSem Uzemi. Do tohoto roku byla upiednostiiovana kvantitativni a
kvalitativni produkce viny. Cena viny byla do t¢ doby dotovana statem, zatimco cena
jatecnych jehnat se drzela velmi nizko. Stavy ovei plvodnich vlnafskych plemen byly
zacatkem devadesatych let dvacatého stoleti zredukovany na minimum (Jakubec et al., 2001).
Na snizovani stavli se vSak podilela i celkova restrukturalizace zemédélstvi (Horak et al.,
2004). Od roku 2001 dochazi k opétovnému navySovani stavi, zjevné v disledku poptavky po
vyuziti trvalych travnich porostli v méné pfiznivych oblastech a také diky mirnému zvySeni

poptavky po jehné¢im mase a mléénych vyrobka (Graf 1).

Graf 1 Vyvoj celkového stavu ovei v CR v letech 1986 az 2015
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V dobé, kdy se diky nizkym vykupnim cendm staly vina a ov¢i kiize obtizné prodejné a pokud
pomineme produkci plemennych berankd a jehnic, jsou jatecnd jehnata hlavnim produktem
chovu ovci (Bucek et al., 2011). V dusledku vyse uvedenych skutecnosti doslo ke zméné
struktury chovanych plemen (Tab. 1).

Dlouhotrvajici recese vlnarského priimyslu se na pocetnich stavech ovci odrazi celosvétove.
Na druhé strané¢ vSak roste zajem o maso a ve statech Evropské Unie je cenéna i
mimoprodukcni funkce chovu ovei (Horak et al., 2004). Krupova et al. (2013) uvadi, ze jsou
Vv poslednich letech v zdpadnich zemich upfednostiiovany jate¢né ukazatele. Nicméné existuji
oblasti, které u danych plemen stale kladou duraz na kvalitu viny (Ciappesoni et al., 2013;
Wouliji et al., 2011; Scobie et al., 2012). Dalsi vyznamnou vlastnosti ovci je mlécna uzitkovost
(Carta et al., 2009, Bauer et al., 2012).

Tabulka 1. Vyvoj struktury plemen ovci podle uZitkového zaméfeni v obdobi 1990-2014
v CR (v %)

Typ plemene
Rok s kombin. plodny a
vlnatsky masny
uzitkovosti dojny
1990 62,9 36,4 0,6 0,1
1995 1,9 70,6 25,8 1,7
2000 0 61,2 34,3 4,5
2005 0 54,4 37,1 8,5
2010 0 49,9 40,0 10,1
2012 0 48,3 40,1 11,6
2013 0 48,0 40,0 12,0
2014 0 50,0 35,0 15,0

Zdroj: Svaz chovatell ovci a koz v CR, in Bucek et al., 2015
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2.2. Kontrola uzitkovosti

Pod pojmem kontrola uzitkovosti rozumime cilend opatieni, kterd vedou ke zjisténi
fenotypového projevu vlastnosti zvifat, a to jak plemennych, tak uzitkovych (Jakubec et al.,
2001). Jednotné postupy jsou nezbytné pro odhady plemenné hodnoty rodic¢i i potomkd.
V Ceské Republice se &innost spojend s vykonem kontroly uZitkovosti fidi Zakonem ¢&.
154/2000 Sb. o $lechténi, plemenitb¢ a evidenci hospodatskych zvifat a dalSimi souvisejicimi
zakony v aktualnim znéni a pravidly Mezinarodniho vyboru pro kontrolu uzitkovosti ICAR
(International committee for animal recording), jehoz ¢lenskou organizaci je Ceskomoravska
spole¢nost chovateld, a.s. (CMSCH, 2016). Kontrola uZitkovosti je obvykle zaméfena na
takové vlastnosti, které jsou dostate¢n¢ dédivé a maji ekonomickou hodnotu. V piipad¢, zZe je
hlavni uZzitkova vlastnost obtiznég zjistitelna, lze vyuZit i tzv. pomocnych vlastnosti. Tyto vSak
musi byt v uzké korelaci k ekonomicky dulezité vlastnosti a jejich zjistitelnost musi byt

Z hlediska technické a ¢asové narocnosti a nakladnosti snazsi (Jakubec et al., 2010).

Vseobecné se kontrola uzitkovosti provadi jako polni test (Wolc et al., 2011; Zishiri et al.,
2014) nebo test stani¢ni (Gorjanc et al., 2009; Gamassaee et al., 2010). Vyhodou polniho testu
je moznost sledovat velké mnozstvi jedincti obvykle ptimo u chovateli. Naopak vyhodou
stanicniho testu je standardizace podminek a tim piesnéjSi odhad genetickych parametri a
obvykle také vyssi odhad koeficientu dédivosti. Nevyhodou stani¢nich testd je omezena
kapacita a finan¢ni ndkladnost. Navic je zde i1 moznost projevu interakce genotypu
s prostiedim, ktera milize nabyvat vysokych hodnot, pokud jsou velké rozdily mezi

podminkami na stanici a v béznych chovech (Jakubec et al., 2001).

Zakladnimi ukazateli v kontrole uzitkovosti ovci jsou udaje o reprodukei (oplodnéni, plodnost
a intenzita) a rustové schopnosti, kdy se sleduje hmotnost jehnat ve 100 dnech. Dale se u
masnych plemen ovci provadi ultrazvukové méfeni hloubky hibetnich svall a vysky
podkozniho tuku. U dojenych plemen ovci se sleduje mlééna uzitkovost. V roce 2014 bylo do
kontroly uzitkovosti zapojeno 23.553 bahnic 32 plemen. Pocet stad se v kontrole uzitkovosti
mezi lety 2010 a 2014 zvysil ze 462 na 529, s tim, ze pfibyvaji zejména mala stada (do 50
bahnic), zatimco velkych stad mirn€¢ ubyva. Ve vyvoji stavu bahnic pfitom nelze urcit
jednoznacny trend (Bucek et al., 2015). Nejpocetn€jsim plemenem je dlouhodobé suffolk
(Graf 2).
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Graf 2 Stavy bahnic v kontrole uZitkovosti podle plemen
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Zdroj: Svaz chovatelt ovci a koz v CR, in Bucek et al., 2015

2. 3. Slechténi ovei

Cilem Slechténi je zména genetické hodnoty zvitat v budoucich generacich tak, aby vytvaiela
zadouci produkty efektivnéji v porovnani s pfitomnou generaci za podminek budoucich
(ptirodnich, ekonomickych, socialnich), (Riha et al., 2004). Slechtitelské programy v chovu
ovei v CR se zaméfuji na komplexni zlepSovani genetickych vloh zvifat pro poskytovani
zadané uzitkovosti, respektive zlepSeni ekonomické efektivnosti chovu v ramci urcitého

produkéniho systému (Rada plemennych knih ovci, 2013).

Pro produkci potomstva se obecné vybiraji rodi¢e s dobrym genetickym zaloZzenim.
V takovém piipad¢ existuje vetsi pravdépodobnost, Ze 1 potomstvo bude vykazovat dobré
genetické zaloZeni, jeZ se béZné oznauje jako plemenna hodnota (Jakubec et al., 1999).
Zména genetické hodnoty je dosahovéna selekci, ktera je zakladem nejen kazdého
zuslechtovaciho programu ve Slechténi hospodarskych zvifat, ale i evoluce. Selekci jsou
mySleny rozdily v reproduk¢nich schopnostech v populaci zvysujici relativni poet potomkt

zvitat s zadoucimi vlastnostmi a tim i zvySujici Cetnost jejich gend v populaci (Lush, 1945).
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Selekci je tudiz mozno zlepsit genotypovou stfedni hodnotu vlastnosti v populaci. K dal§imu
rozmnozovani se vyuzivaji pouze urcita zvitata, pricemz zbytek jedinct v populaci je z dalsi
plemenitby vytazen. Selektovana zvifata tedy rozhoduji o genotypovém slozeni nasledné

populace (potomki), (Jakubec et al., 2010).

V chovu ovci probiha selekce zpravidla ve tfech zékladnich stupnich (Rada plemennych knih

ovci, 2013):

- Selekce jehnat po dosazeni jate¢né hmotnosti (120-160 dni véku) — zakladni selek¢ni stupen
spojeny zejména u berankd s nejvyssi intenzitou selekce — k dal§imu chovu je ponechano cca

5-15 % berankll narozenych v radmci kontrolovanych populaci.

- Klasifikace beranii a bonitace jehnic (6-18 mésicli véku) — v tomto stupni selekce probiha

zejména rozdéleni plemennych berank mezi chovy zapojené do Slechténi a uzitkové chovy.

- Selekce ve skupiné plemennych zvitat (po cely reprodukéni zivot zvifete) — vybér matek

berantl, zamérné sestavovani rodic¢ovskych part, brakovani apod.

Selekci v zasadé provadi chovatel ve spolupraci s opravnénou osobou s vyuzitim udaji z
kontroly uzitkovosti a odhadii plemennych hodnot zvitat. Pti klasifikaci plemennych beranka

je selekéni rozhodnuti v kompetenci hodnotitele.

Vysledkem odezvy na selekci je selekéni pokrok (AG). Piedstavuje zménu stiedni hodnoty
potomstva Vv porovnani se stfedni hodnotou rodiCovské generace, neboli diference mezi
fenotypovou hodnotou potomkii a populace jejich rodict pied selekci. RozliSuje se ptimy a
neptimy selekéni pokrok. Pfimym selekénim pokrokem je geneticky rozdil AG pro vlastnost,
na kterou jsme selektovali. Pokud vSak existuje mezi dvéma vlastnostmi geneticka zéavislost,
dochazi kromé¢ piimého selekéniho pokroku u vlastnosti, na kterou selektujeme (AG;), také
K nepiimému selekénimu pokroku (AGgp1) i U druhé vlastnosti, ktera neni pfedmétem piimé

selekce, (Jakubec et al., 2010).

2. 4. Odhad genetickych parametri

Kvantitativni vlastnosti vykazuji kontinuitni rozd€leni fenotypovych hodnot v populaci, jez je

podminéno velkym poctem minorgent (genti s malym uc¢inkem), interakcemi mezi t€mito

geny (epistatickym pusobenim) a prostfedovymi modifikacemi (Jakubec et al., 2010).
9
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Genetické zaloZeni je tfeba od efektl prosttedi oCistit, cehoz Ize docilit pouzitim statistickych
modell. K tomu se vyuzivaji data ptibuznych jedinct zijicich v riznych podminkach, napf.
v raznych stadech spole¢né s dalsimi nepifibuznymi zvifaty (vrstevniky) nebo narozenych
V jiném obdobi. Pokud toho neni dosazeno, neni mozné rozli§it mezi pisobenim prostiedi a

vlivem genetického zaloZeni (Janssens et Vandepitte, 2004).

Genotyp tedy nelze usuzovat ptimo, tak jak je tomu u kvalitativnich vlastnosti, ale na zaklad¢
odhadt popula¢né-specifickych parametri, jez se nazyvaji genetickymi parametry (Falconer et
Mackay, 1996).

Genetickym parametrem jsou oznacovany genetické charakteristiky populace, které zajimaji
Slechtitele a které jsou vyuzivané ve S$lechtitelskych programech. Odhadovani genetickych
parametrl potom znamena odhad komponent pozorovatelné variance (véetné kovarianci) mezi
pribuznymi jedinci do pri¢innych komponent, jako je variance zpusobend aditivnimi
genetickymi efekty, efekty dominance, interakce, a permanentnimi a docasnymi vlivy
prostfedi. V tomto kontextu zahrnuje variance nejen varianci sledovanou pro konkrétni
vlastnost a konkrétniho jedince, ale také kovariance mezi riiznymi vlastnostmi a kovariance
mezi jedinci pro stejné nebo rtizné vlastnosti. Proto je nutné znat stupen piibuznosti mezi

jedinci a z toho vyplyvajici kovariance mezi nimi (Jakubec et al., 2003).

, . 2 s o . . . , ,
Fenotypovd variance (o), téZ variance populace, je varianci fenotypovych hodnot,
, . 2 ’ v s ’ . 2 . . ’
genotypova variance (o) genotypovych hodnot a prostiedova variance (o) je varianci
odchylek zpusobenych prostiedim. Genotypovou varianci lze déale rozc€lenit na aditivné

genetickou varianci (o) a neaditivni varianci, ktera se sklada z variance dominance (o) a

interakce (o), (Mrode, 1996).

Plati tedy nasledujici vzorec:

2 — 2 2 2 2
Op =0t opt oy tog (1)

10
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vvvvvv

popula¢né genetickym parametrem k odhadu dédicnosti kvantitativnich vlastnosti a je

nazyvén heritabilitou (h®) neboli koeficientem dédivosti (Falconer et Mackay, 1996):

2
O A

h? =

o2 @)

Koeficient dédivosti nabyva hodnot 0-1 a je platny jen pro populaci, ve které byl odhadovan.

V pribéhu generaci se mize vlivem ménicich se poméra variance v dané populaci ménit.

Mg¢teni ¢i pozorovani nékterych znakli miaze byt provadéno opakované v Case. Tato
opakovana pozorovani obvykle vykazuji uréity stupen podobnosti. Jedna se o opakovatelnost

(rop, W), kterd je povazovana za dalsi z genetickych parametri:

o:+ o-ﬁe
r —
op 2 3)
Op

2 . .. v . , .
kde o, je aditivn¢ geneticka variance
2 . . , T
O, je variance trvalého prostiedi

2 . , . ,
o, je fenotypova variance sledovaného znaku.

Opakovatelnost nabyva hodnot od 0 do 1, udava korelaci mezi jednotlivymi pozorovanimi
jedince (Mrode, 1996) a je zalozena jak na genetickych vlivech, tak na opakujicich se vlivech

prostiedi. Ze vzorce vyplyva, ze udava maximalni hodnotu koeficientu dédivosti.

Dal§im genetickym parametrem mohou byt genetické korelace (raxy):
_ cov(a,,a,)
r.axy - >

(Cax *Oav )

(4)

kde  cov(ax, ay)  je aditivn¢ geneticka kovariance znakt XY
Oax je aditivné geneticka variance znaku X
Oay je aditivné geneticka variance znaku Y.

11
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Genetické korelace udavaji miru spoleéného genetického vlivu na dvé vlastnosti. Pohybuje se
V rozmezi stejném pro vSechny korelace a to <-1; 1>. Vysvétlenim pro takovy vztah je vazba
genll na jedom chromozomu nebo pleiotropie, Cili pisobeni jednoho genu na vice vlastnosti.
Genetické korelace mohou usnadnit nebo naopak ztizit Slechténi na vice znakli najednou

(Jakubec et al., 2001).

Z fenotypovych hodnot jsou déle piredpovidany plemenné hodnoty. Piimé zjisténi plemenné
hodnoty neni mozné, protoze fenotypové méfitelné vlastnosti jsou vysledkem nejen
genetickych efekti aditivnich, ale i efektd dominance, interakce a prostiedi (Mrode et

Thompson, 2005).

Plemennd hodnota jedince se rovna souctu primérnych ucinkl gend nalézajicich se u jedince
a lze ji také urcit jako genetickou hodnotu daného jedince, posuzovanou priimérnou
genotypovou hodnotou jeho potomstva. Nékdy byva oznacovana jako genotyp podminén

aditivnim ptisobenim gent (Falconer et Mackay, 1996).

2. 5. Statistické modely

Vzhledem ke slozitosti celého problému, dochazi v praxi k zjednodusovani a feSeni pomoci
statistickych modeli, které se snazi skutecnosti co nejvice priblizit. Jak bylo feCeno vyse, na
fenotypové hodnoté se kromé genetick¢ého zaloZeni podili i prostfedi, proto je tieba
fenotypové hodnoty od efektl prostiedi odistit, ¢ehoz lze docilit praveé pouzitim statistickych

modelu.

Obecny postup ptredpovédi plemennych hodnot spo¢ivd v sestaveni rovnice, kterd popisuje
genetické (ndhodné) a negenetické (nahodné a fixni) efekty ovliviyjici uzitkovost (Mrode,

1996):
Y =Xb+Za+e (5)

kde Y je vektor namétenych hodnot

X,Z jsou matice plani pokusu pevnych a ndhodnych efekti

b je odhadovany neznamy vektor pevnych efektt
a je odhadovany neznamy vektor nahodnych efekti
e je neznamy vektor ndhodné nekontrolovatelné chyby naméfenych hodnot
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Na zéklad¢ vyse uvedené modelové rovnice je sestavena soustava normalnich rovnic, pomoci
které jsou odhadnuty pevné a ndhodné efekty:
XR™*X XR'Z [b} XRY

ZRX zRZ+H'lla| |zrRY |©

kde H=GX®A (® ptimé nasobeni matic)

G je kovarian¢ni matice nahodnych efektt (genetickd)

A je matice korelaci mezi urovnémi nahodnych efektii (matice ptibuznosti),
pokud nejsou tyto tirovné nezavislé

R  zbytkova kovarianéni matice veli¢in (e).

Pfima inverze matice soustavy mnohdy neni mozna, proto se pouziva zobecnéna inverze:

X'R™*X XR7Z
Cl= ™
Z'R*X ZR'Z+H"
Z vyse uvedeného vyplyva odhad pevnych a ndhodnych efekti:
b XRY
=< | ®)
u Z'RY

Uvedené matice a vektory mohou byt rozd€leny na jednotlivé bloky pro vice efektl a vice

soubézné hodnocenych vlastnosti (Pfibyl et Ptibylova, 2008).

BLUP

Nejrozsifenéjsi metodou pro hodnoceni genetického zaloZzeni hospodatskych zvifat se stala
metoda BLUP — Best Linear Unbiased Prediction, konkrétné BLUP-Animal Model. Podstatou
metody BLUP je soucasna ptredpovéd plemennych hodnot (ndahodnych efektl) a efektd
prostfedi vV jednom kroku pomoci linedrnich modelt se smiSenymi efekty. Pii metodé BLUP-
AM se vyuzivaji piibuzenské vztahy mezi jedinci (Mrode, 1996) a zéarovenl se vyuZzivaji
veskeré zdroje informaci: vlastni uZitkovost/vykonnost, uzitkovost/vykonnost piedki,

potomki i ostatnich pfibuznych (Grosu et al., 2013)
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Animal model byl poprvé pouzit v roce 1989, ale teoreticky byl znadm jiz od roku 1949
(Henderson, 1950). Nicméné diive nebyl pouzit vzhledem k nedostateCnym moznostem
tehdejSich pocitacti vyporadat se s takovym mnozstvim rovnic. Se zvySenim jejich rychlosti a
pam¢ti zaCaly byt statistické modely realistictéjsi a také komplexnéjsi.

BLUP Animal model je statisticka metoda, ktera vyuziva jedno nebo vice pozorovani na zviie
a dale vSechny efekty ovliviujici tato pozorovani. Tato metoda piimo odhaduje aditivné
genetické zalozeni jedince. Tento aditivni geneticky efekt je bran jako nahodnéd proménna s
predpokladanou hodnotou 0 a kovarian¢ni matici A (aditivni genetickd matice pribuznosti).
Ptedpokladem je, ze dany znak je ovlivnén neurCitym mnozstvim genli s malym u¢inkem

(Mrode, 1996).

REML

Pro ptedpovéd’ plemenné hodnoty je nejprve tieba stanovit vstupni genetické parametry —
komponenty rozptylu, které¢ se dnes vseobecné stanovi metodou REML (Residual/Restricted
Maximum Likelihood), (Hartley et Rao, 1967). Pfi vypoétu dochazi k transformaci dat
takovym zptisobem, Ze se vylouci fixni efekty a variance se odhaduje ze zbyvajici hodnoty

(Mrode et Thompson, 2005).

GIBBS

Dalsi metodou pro stanoveni genetickych parametr je Gibbs sampling vyuzivajici principy
Bayesovského pfistupu. Jednd se o specidlni ptipad metody Monte Carlo Markov Chain
(Mrode et Thompson, 2005). U Gibbs samplingu 1ze pomoci stfidavého generovani hodnot
jednotlivych  parametri.  z podminénych rozdéleni docilit vybéru odpovidajiciho

pozadovanému sdruzenému rozdéleni vSech odhadovanych parametra (Hebak et al., 2013).

Multiple trait model

V realnych chovatelskych podminkach je selekce vétsinou zaméfena na vice vlastnosti. Mezi
témito vlastnosti mohou existovat fenotypové ale i genetické korelace. Viceznakova analyza
neboli multiple trait model vyuziva téchto vztahti mezi znaky (Mrode, 1996). Pfi odhadu
genetickych parametrii pro vice znakll najednou dochazi ke zvySeni pifesnosti odhadu a
nasledné i ke zvySeni pfesnosti predpovédi. Zejména u znakll s nizkymi dédivostmi je
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vyhodné pouziti viceznakovych modeld, a déale tam, kde pro nékteré znaky u nékterych

jedinct nejsou informace dostupné (Grosu et al., 2013).

Modely pro méfeni opakovana v Case

Existuje-li urc¢ita ¢asova posloupnost v pozorovani n¢jakého znaku, napt. vaha v rizném staii
zvifete nebo mnozstvi nadojeného mléka v pribehu laktace, hovoti se o tzv. ,longitudinal
data“ (Grosu et al., 2013). Nicméné misto ¢asu muze byt dané pozorovani spojeno napf. se
stupném dospélosti nebo s vahou. Takovym znakem mize byt napi. tlouStka vrstvy
podkozniho tuku, kterd je zavisld na rastu celého téla (Milerski, 2005). Je-li takovychto
pozorovani vice, je pro jejich hodnoceni vhodné vyuzit modeld s opakovatelnosti nebo

regresnich modela.

Model s opakovatelnosti

Velmi casto je mozné se setkat s n¢kolika pozorovanimi na jednom zviteti, at’ uz v priibéhu
néjaké doby, nebo v jednom case ale na riznych mistech téla. Pokud stdle hovotfime, Ze se
jedna o jeden znak (napf. plodnost), pouziva se k vyhodnoceni model s opakovatelnosti. Jedna
se o0 jednoznakovy animal model rozsiteny o efekt trvalého prostiedi daného zvifete (Grosu et
al., 2013). Efekt trvalého prostedi je soubor negenetickych vlivi, které ovliviuji uzitkovost
daného zvitete po cely jeho Zivot. Mlze byt pozitivni ¢i negativni (Jakubec et al., 1999).
Tento efekt se vyuziva pro stanoveni koeficientu opakovatelnosti pro danou vlastnost (rovnice

3).

Model s nahodnou regresi, test day model

Néktera méfeni, kterd jsou zaznamenivana opakované v case, vSak nejsou analyzovédna
pomoci modelu s opakovatelnosti, nybrz je na né nahlizeno jako na korelované vlastnosti
(Mrode, 1996). Vhodny model by pak mél zohlediiovat zménu v Case ¢i S vékem. Model
s ndhodnou regresi odhadne pro kazdé zvife jeho vlastni kfivku pro danou uZitkovost (napf.
produkce mléka za laktaci, hmotnost od narozeni do dospélosti) a je tedy mozné provadet

selekci k cilené zméné¢ tvaru kiivky (Grosu et al., 2013).
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Prahovy model

Prahové modely byly navrzeny a aplikovany ve S$lechténi zvifat na data s diskrétnimi
hodnotami (Misztal et al., 1989). Znaky, které jsou subjektivné hodnocené, nebo znaky, které
jsou jiz ze své podstaty nespojité (napt. znaky vyjadiené pomoci linearniho popisu nebo
Cetnost vrhu), by nemély byt dle Gianola (1982) analyzovany linedrnim modelem, nybrz
modelem prahovym. Nicméné i prahové modely usuzuji na normdlni rozdéleni a urcitou
kontinuitu Skaly sledovaného znaku. Mnohé pozd¢jsi studie tedy déavaji prednost pouziti
linearnich modelt ignorujici fakt, Ze data nevykazuji spojitost ani normalni rozdéleni.
Zejména jedna-li se o znak se Ctyfmi a vice kategoriemi, je pii porovnavani zebrickua
plemenikti z obou modelti obvykle dosahovano velmi vysokych korelaci (Ramirez-Valverde
et al., 2001; Lee et al., 2002). Nicméné tak mutize dojit ke zkresleni vysledki testi hypotéz.
Prahovy model obvykle vede k vyssim odhadiim heritability (Matos et al., 1997; Vesela et al.,
2011). Luo et al. (2001) vsak upozoriiuje na to, ze konvergence byva u prahovych modelt

problematicka a tak mohou byt genetické parametry nadhodnoceny.

2. 6. Vybér vhodného modelu

Vybér efekti

[ 24

proménnou Yy lze vyjadiit jako soucet linearni funkce j vysvétlujicich proménnych Xi, X2, X3,
..., Xj a nepozorovatelné (nepodchytitelné¢) ndhodné slozky e (Hebak et al., 2013). Z hlediska
Slechténi zvifat je mozné se setkat s tzv. efekty systematickymi a nesystematickymi (Jakubec
et al., 1999). Nesystematické efekty ptisobi na jednotliva zvifata obvykle kratkodob¢ a nejsou
podchytitelné. Nelze u nich tedy urcit ani velikost ani smér piisobeni a tudiZ je ani nelze
eliminovat ¢i vycislit (napt. kratkodobé onemocnéni, pocasi v den bahnéni, nerovnomérnost
zivin v krmivu, atd.). Systematické efekty piisobi na celou skupinu zvitat a lze je eliminovat
bud’ standardizaci podminek (napf. odchov v testacnich stanicich) nebo pomoci vypocetnich
postupti. Systematické efekty se mohou dale délit na vnéjsi (vlivy stanovisté — zemé¢, oblasti,
stada; rok, ro¢ni obdobi, systém chovu, vyziva, atd.) a vnitini (vék, pohlavi, ¢etnost vrhu,

poradi laktace, atd.). Z hlediska zatazovani efektd, at’ jiz vnitinich ¢i vngjSich, do modelové
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rovnice je dilezité si uvédomovat biologické pii¢inné souvislosti a ne jen hledat matematické

zavislosti bez kauzality (Jakubec et al., 2010).

Hodnoceni modeli

Statisticky vyznam zvoleného modelu hodnoceni Ize posoudit F-testem:

_SS./r(X)
~ SS_ /(N —r(X))

9)

kde SSgr, SSg jsou soucty ¢tverci pro efekty v modelu a pro nahodné chyby
N je celkovy pocet namétenych hodnot
r(xX) je hodnota matice (X).

Tento zplisob posouzeni je vhodny pii porovnavani modeli pouze s pevnymi efekty. Jsou-li v
modelu zahrnuty i efekty nahodné, je pouziti F-testu pouze piiblizné (Ptibyl et Ptibylova,
2008).

Pro posouzeni smisenych modell s fixnimi i nahodnymi efekty je pouzivano nékolik kritérii,
napf. upraveny koeficient determinace, odchylka souctu ctverctu, Mallowovo C(p) nebo
informacni kritéria AIC, BIC, DIC aj. (Hebak et al., 2013). Mozné je i porovnani modell
pfimo na zaklad¢é hodnoty logaritmu vérohodnostni funkce bez jakékoliv korekce, piipadné na

zaklad¢ hodnoty -2In(y), (Pfibyl et Piibylova, 2008).

Také spolehlivosti odhadu plemenné hodnoty 1ze pouzit k posouzeni vhodnosti modelu. Ta

vyplyva z tdajii v feSené soustave rovnic (Ptibyl et Pribylova, 2008):

C..
f 2 = a; — 10
h.. (10)
kde  ajj je diagonalni prvek matice ptibuznosti (A)
Cii je prislusny diagonalni prvek matice (C)
hii je diagonalni prvek genetické kovariancni matice (H).

Jak Hebak et al. (2013) upozornuji, pies uzitecnost mnohych statistickych charakteristik, které
jsou pouzivané k hodnoceni vhodnosti modelu, o samotném vybéru modelu a o zatazeni
jednotlivych proménnych rozhoduje na prvnim misté vyzkumnik a nikoli pocitac. Je tfeba
nalézt vyvazeni mezi snahou o co nejveérnéjsi popis reality a komplexni vystizeni dat na jedné
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stran¢ a potfebou relativné jednoduchého modelu na strané¢ druhé. Kromé toho se také muze
stat, ze ne pouze jeden model bude ten nejvhodnéjsi. Pak je pouze na lidském uvazeni, ktery

Z modelti bude uptednostnén.

2. 7. Odhad genetickych parametri u ovci

Pfesnd predpovéd plemennych hodnot, jako genetickych odchylek hodnot vlastnosti
konkrétnich jedincti od pruméru populace, je dilezitou soucasti Slechtitelského programu,
protoze geneticky zisk po selekci zavisi na spravném urceni jedincli s nejvyssi plemennou
hodnotou (Mrode, 1996).

Slechtitelské cile v chovu ovci se stavaji stale slozit&j$imi. Zjednodusené cile zaméfené jen na
jednu vlastnost jako napf. télesnou hmotnost, vySku hibetniho svalu nebo hmotnost viny
nejsou jiz pro mnoho chovatelti dostacujici (Safari et al, 2005). Rostouci ekonomicka hodnota
masa oOproti viné a zvySeni vyznamu jehnéciho a skopového masa a produkce mléka
V uplynulych letech znamend, ze vice vlastnosti pfispiva k celkovému cili a zisku mnoha
chovatelt. Také vyznam reproduk¢nich vlastnosti roste se zvySujici se ekonomickou hodnotou
masa (Krupova et al, 2013).

Masna uzitkovost:

Jehnéci a skopové maso tvoii soucast lidské diety na celém svété jiz znanou dobu (Banks,
1997). Masna uzitkovost je dle Jakubce et al. (2001) pfedstavovana vlastnostmi rustu,
vykrmnosti, efektivniho zuzitkovani krmiv, jate€nou hodnotou a kvalitou masa. Rust je
dynamicky biologicky proces spomérné obtiznou definici. V chovu ovci je nejcastéji
hodnocen dennimi pfirGstky mladych zvifat, které jsou v Gzkém vztahu k tvorbé masa.
Hmotnosti a pfirtistky do odstavu jsou kombinaci matefskych schopnosti a rdstovych
schopnosti jehnéte.

K posouzeni ristovych schopnosti lze pouzit hodnoceni provadéna na zivych zvifatech
(Mandal et al. 2012; Zishiri et al., 2014) nebo hodnoceni jatecné upravenych tél (Mortimer et
al., 2014). Koeficienty dédivosti odhadované pro vlastnosti po porazce jsou obecné vyssi nez
pro vlastnosti méfené na zivych zvitatech (Safari et al., 2005). Krom bézného vazeni a méteni

mohou byt vyuzivany také moderni technologie jako ultrazvuk a pocitatova tomografie (CT)
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(Maxa et al., 2007; Maximini et al., 2012) nebo technika “Video Image Analysis” (Rius-
Vilarrasa et al., 2009).

Komponenty rozptylu z vazeni ovci mohou byt odhadnuty pomoci jednoznakovych nebo
viceznakovych modeli (Gorjanc et al., 2009; Mandal et al., 2012). Je-li k dispozici vice po
sob¢ jdoucich méfenich, je vhodné pouzit modely s nahodnou regresi (Kariuki et al, 2010;
Wolc et al.,, 2011). Wolc et al. (2011) udava, ze vliv pfimého genetického efektu na
sledovanou vlastnost ma tendenci se zvySovat s vékem jedince, zatimco maternalni vliv se s
vékem snizuje. Vliv trvalého prostiedi zlstava s Casem relativné neménny. Koeficienty
dédivosti pro rustové schopnosti nabyvaji hodnot od 0,15 — 0,41 (Safari et al., 2005). Safari et
al. (2005) dale uvad¢ji, ze koeficienty dédivosti pro hmotnost zviiete maji tendenci byt vyssi u
plemen ovci vinafskych nez u kombinovanych a masnych plemen. Hloubka hibetnich svala
(longissimus dorsi) a tloustka podkozni vrstvy tuku se obvykle sleduje jen u masnych plemen
ovci (Maxa et al., 2007; Maximini et al., 2012) a jsou stfedn¢ dédivé (Safari et al., 2004).
Rovnéz znaky kvality masa jako je barva, kiehkost, obsah minerald a intramuskularni tuk jsou

obecné sttedn¢ dédivé (Mortimer et al. 2014).

Mlé¢na uzitkovost:

V Ceské republice hraje produkce ovéiho mléka pii porovnani smasnou uzitkovosti
druhotadou tlohu. Nicméné poptavka po vyrobcich z néj a s tim 1 po€et dojenych ovcei u nés
Vv poslednich letech stale stoupa (Bucek et al., 2015). Ov¢i mléko je nejcastéji zpracovavano
na specifické vysoce kvalitni syry s vysokym obsahem tuku. Proto se vedle mnozstvi
nadojeného mléka obvykle sleduje 1 mnozstvi a/nebo podil tuku a bilkovin (Barillet, 1997).
Plemenné hodnoty pro znaky mlééné uzitkovosti jsou nejéastéji odhadovany pomoci test-day
modelu (Bauer et al., 2012; Komprej et al., 2012; Komprej et al., 2013), protoze o€istuje vlivy
prostiedi v pribéhu laktace presnéji nez diive pouzivany lakta¢ni model (Bauer et al., 2012).
Zjistovana mtize byt i celozivotni produkce (Gorjanc et al., 2009).

Do rovnice byvaji zahrnuty efekty: pocet dni laktace, den kontroly (obvykle v interakci
s efektem stada), potadi laktace, v€k pti bahnéni, Cetnost vrhu a pocet jehnat pii odstavu, efekt
jedince a trvalého prostiedi (Bauer et al., 2012). DalSimi zdroji variability mohou byt mésic
bahnéni a mezidobi (Carta et al., 2009). Efekt poc¢tu odchovanych jehnat byl prikazny jen u
plemen s nizkou urovni produkce. U vysoko produkénich plemen byl pozorovan pozitivni

efekt dvojcat pouze pti prvnim kontrolnim dni (Carta et al., 2009).
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Deédivosti jsou nizké az stiedni pro celkové mnozstvi mléka, tuku a bilkovin (Komprej et al.,
2009; Bauer et al., 2012; Dimov, 2013) a vysoké pro procenta tuku a bilkovin (Pelmus et al.,
2014). Podobné jako u skotu jsou i zde pozorovany negativni korelace mezi mnoZstvim

nadojené¢ho mléka a procentickym zastoupenim slozek (Barillet, 1997).

Vina:

VIna je tradi¢ni surovina sfadou specifickych vlastnosti, pro které si zachovava
nezastupitelné misto v textilnim pramyslu (Hordk et al., 2004). VIna neni homogennim
produktem, Ize pozorovat zna¢nou variabilitu mezi plemeny a to ve vSech charakteristikach a
tim 1 v jejim kone¢ném vyuziti. Mizeme se setkat s vinou velmi jemnou, s tenkym vlasem,
vhodnou ke spiadani. Na druhou stranu jsou plemena hrubovlnna, jejichz vina je pouzivana na
vyrobu kobercu, ptipadné izolaci (Atkins, 1997).

Hmotnost potni a Cisté viny, jemnost, délka nebo pevnost vlasu pfi prvni nebo naslednych
stfizich se hodnoti zejména u ovci merinovych plemen (Ciappesoni et al., 2013; Di et al.,
2014) a romney (Wuliji et al., 2011; Scobie et al., 2012). Tyto znaky jsou stiedné az vysoce
dédivé. Vzhledem k trznim cendm viny ma jeji produkce v poslednich letech velmi nizky
ekonomicky vyznam (Krupova et al., 2009) a v Ceské Republice se pro ni plemenna hodnota

nepiedpovida.

Reprodukce:

vvvvvv

reprodukéni schopnost je zdkladnim pfedpokladem efektivni produkce nejen jehnéciho masa,
je dulezitd i v chovu ovci dojnych 1 vlnatskych. Zaroven mizZeme tvrdit, Ze plodnost je ze
vSech vlastnosti asi nejvice ovlivitovana pfirodni selekci. Je to vlastné komplexni znak, ktery

se dle Jakubce a kol. (2001) v podstaté sklada z nasledujicich slozek:

aktivace fyziologickych funkci reprodukénich organt (nastoupeni pohlavni zralosti)

e schopnost samic¢iho jedince zabteznout, biezost udrzet a uspésné ji ukoncit porodem
zivotaschopného potomka

e schopnost samciho jedince pripusténi samice a oplozeni vajicka

e schopnost odchovat potomky

obnoveni reprodukénich schopnosti po porodu

K tomu je vhodné jesté ptipocist schopnost samotného plodu se vyvijet a rust.
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Ze vsech znakl reprodukce byva cetnost vrhu (pocet vSech jehnat narozenych ve vrhu)
nejcasteji vyuzivanym selekénim kritériem (Rao et Notter, 2000). Dal§imi znaky sledovanymi
v ramci reprodukce mohou byt pocet ovulovanych vajicek, pocet jehnat zivé narozenych,
pocet odchovanych jehnat, vdha celého vrhu, matefské vlastnosti bahnice, prezitelnost jehnat.
Cetnost vrhu ma velky vliv na celkovou vahu viech odchovanych jehiat na bahnici. Podle
fady studii ma zlepSeni reprodukénich znakii vyssi ekonomicky vyznam nez zvyseni denniho
prirastku (Wang et Dickerson, 1991; Wolfova et al., 2011a; Wolfova et al., 2011Db).

Ptima selekce na jednotlivé reprodukéni znaky je limitovana nizkou dédivosti, ¢astecné diky
diskrétnimu rozde€leni hodnot, kterych cetnost vrhu nabyva (Hill, 1985) a diky tomu je nizky
geneticky zisk. Fogarty (1995) a Safari et al. (2005) shodné uvadéji, ze primérna dédivost
odhadovéna pro cetnost vrhu je 0,1, ale vysoky varia¢ni koeficient naznacuje potencial pro
genetické zlepSovani. Selekce na ¢etnost vrhu je zahrnuta v mnoha selek¢énich programech po
celém svété (Hulet et al., 1984; Hanford et al., 2002; Maxa et al. 2007), v nékterych ptipadech
dokonce jako hlavni Slechtitelsky cil (Matos et al., 1997; Boujenane et al, 2013). Vzhledem
Kk nizké dédivosti Cetnosti vrhu je vhodné pro odhad plemennych hodnot pro tento znak vyuzit
co nejvetsiho poctu informaci o uzitkovosti vlastni i ptibuznych jedinci pomoci metody
BLUP Animal Model. Genetické parametry se obvykle odhaduji pomoci modela
s opakovatelnosti (Safari et al., 2005) a to bud linearnich (Mohammadi et al., 2012;
Boujenane et al., 2013; Schmidova et al., 2014) nebo prahovych (Mohammadi et al., 2012).
Nejcastéjsimi pevnymi efekty jsou vek bahnice, stado, rok a obdobi bahnéni. VEk mize byt
kombinovéan s pofadim bahnéni (Skorput et al., 2011), tyto dva efekty jsou viak u nékterych
plemen vysoce korelovany (Schmidova et al., 2014). Dé&divosti pro ¢etnost vrhu se pohybuje
v rozmezi od 0,04 do 0,14 (Maxa et al., 2007; Rashidi et al., 2011; Mohammadi et al., 2012;)
S tim, ze se 1i§i mezi plemeny (Schmidova et al., 2014). Pro ostatni reproduk¢ni znaky jsou
koeficienty dédivosti odhadovany v podobném rozmezi (Mohammadi et al., 2012; Boujenane

etal., 2013).

Reprodukce — saméi podil

Cetnost vrhu piipadné pocet odchovanych jehiiat se tradi¢né posuzuje jako znak bahnice.
Nicméng, jak je zmin€no vySe, plodnost je komplexni znak, a tudiz je pfedpoklad, Ze ma na

¢etnost vrhu vliv i plemenik — beran (obr. 1).
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Plemenik muze ovlivnit oplozeni vajicek a nasledn¢ i prezitelnost embryi/plodii. Toto miize
byt zplisobeno chovanim pied a pii pafeni (Perkins et al. 1992), socidlnimi vztahy mezi
zviraty (Rosa et Bryant, 2002), dale kvalitou spermatu a poctem a kvalitou spermii (motilita,
schopnost kapacitace) a nakonec i samotnym genetickym piispévkem k Zivotaschopnosti
potomku (van der Lende et al., 1999). Vazné potize mohou nastat v piipadech, kdy plemenik
trpi dlouhodobéjsimi zdravotnimi problémy, jako napiiklad hnilobou paznehti (Shorten et al.,
2013). Plemenik, ktery je aktivni, s kvalitnim spermatem a ptlisobi ve stad¢ s pifiméfenym
mnozstvim bahnic, mé v porovnani s ostatnimi berany vyssi Sanci oplodnit vSechna ovulovana

vajicka vSech samic.

Obr. 1 Efekt plemenika a bahnice na ¢etnost vrhu

Schopnost plemenika stimulovat bahnici

Aditivni geneticky efekt na preZitelnost zarodku/plodu

Paternalni geneticky efekt a efekt trvalého prostiedi plemenika

(kvalita spermatu, aktivni vyhledani Fijici se bahnice, atd.)

Maternalni geneticky efekt a efekt trvalého prostiedi bahnice

(vicenasobna ovulace, kapacita délohy, vyZiva zarodki/plodi, atd.)

Neoplodnéné vajicko
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Piezitelnost jehnat

Ekonomika produkce jehnéfiho masa je vSak ovlivnéna nejen Cetnosti vrhu, ale zejména
poctem odchovanych jehiiat. V ivahu je tieba také brat prezitelnost jehnat, a to jednak jako
znak jedince, tak i jako matetsky znak plodnosti (Vostry et Milerski, 2013). Koeficienty
dédivosti pro piezitelnost jsou v rozmezi od 0,01 do 0,13 pro piimy efekt a dédivost pro
maternalni efekt se pohybuje v rozmezi od 0,01 do 0,07 (Maxa et al., 2009; Vatankhah et
Talebi, 2009; Hatcher et al., 2010; Vostry et Milerski, 2013).

Genetické korelace mezi pfimym a maternalnim efektem pro piezitelnost do 24 hodin po
narozeni byly negativni (Maxa et al., 2009; Vostry et Milerski, 2013), coz mize vyrazné

omezit moznost vyuziti tohoto znaku ve Slechtitelském programu.

2. 8. PFedpovéd’ plemennych hodnot u ovei v CR

V CR je v soudasnosti hlavnim uzitkovym zamé&fenim chovu ovci produkce jateénych jehiat.
V tomto ohledu jsou dilezitymi uzitkovymi vlastnostmi ristova intenzita jehnat, plodnost a
matefské schopnosti bahnic. Ukazatelé spojené s jatecnou hodnotou jsou vyznamné zejména u
masnych plemen pouzivanych v otcovské pozici v ramci hybridizac¢nich programt (Rada
plemennych knih ovci, 2013). U dojenych ovci je hlavni sledovanou vlastnosti mlé¢na

uzitkovost (Bauer et al., 2012).

V CR je u ovci soucasti hodnoceni plemennych zvifat predpovéd’ plemennych hodnot od roku
2002. Plemenné hodnoty jsou ptredpovidany pro nasledujici plemena ovci: cigdja, charollais,
merino, merinolandschaf, némecka ¢ernohlava o., némecka dlouhovlnna o., olkuska o., oxford
down, romanovskéd o., romney, Sumavska o., suffolk, texel, valasskad o., vychodofriska o.,
zuslechténa valaska a zwartbles (Rada plemennych knih ovci, 2007), v posledni dob¢ i1 pro
clun forest, viesovou ovci a berrichone du Cher (Milerski, 1. 9. 2016, pers. comm.).

Plemenné hodnoty jsou piedpovidany metodou BLUP Animal Model (Milerski, 2005) pro
vlastnosti:

- ¢etnost vrhu (vyjadieni v % plodnosti na obahnénou ovci)

- hmotnost jehnéte ve 100 dnech (kg) — pfimy geneticky vliv, maternalni geneticky vliv

23



Literarni ptehled

U masnych plemen a u kombinovaného plemene romney jesté navic:
- hloubka hibetnich svalii méfena ultrazvukem (mm)

- tloustka vrstvy podkozniho tuku a kiize (mm)

V roce 2011 byla u dojnych plemen zahrnuta do genetického hodnoceni zvitat i ptredpoveéd’
plemennych hodnot pro ukazatele mlééné uzitkovosti: produkci mléka v kg, obsahy tuku a
bilkovin v mléce v % a produkci mlééného tuku a bilkovin v kg (Bauer et Milerski, 2012).

Ptedpovéd’ plemenné hodnoty je provadén pomoci multibreed BLUP animal modelu, coz

znamena, Ze se vyhodnocuji vlastnosti soubézné pro vSechna plemena.

Vlastni postup pii predpovédi plemennych hodnot u ovci v CR, pouzité modelové rovnice:

e Hmotnost = sdruzeny efekt stada, roku a obdobi + plemennd skupina + vék matky +
¢etnost vrhu + pohlavi + trvalé prostfedi matky + matka + geneticky aditivni vliv +
reziduum (10)

e Plodnost = sdruzeny efekt stada, roku a obdobi + plemenna skupina + v€k bahnice +
trvalé prostfedi bahnice + geneticky aditivni vliv + reziduum (11)

e MIlécna uzitkovost = rok a mésic kontroly x chov + pofadi laktace X chov + den laktace

X chov + trvalé prostiedi + geneticky aditivni vliv + reziduum (12)

Plemenné hodnoty pro hloubku hibetnich svalli a tloustku vrstvy podkozniho tuku jsou
ptedpoviddny pomoci dvouznakového Animal Modelu. Pro ptedpovéd’ jsou pouzivany dvé
modelové rovnice — S regresi na hmotnost v dobé méteni a bez ni, plemenné hodnoty jsou
primérem plemennych hodnot odhadnutych podle modeli:

e Modell: Ultrazvukova méfeni = sdruzeny efekt stada, roku a obdobi + plemenna
skupina + vék matky + &islo vrhu + pohlavi + v&k + hmotnost? + hmotnost + geneticky
aditivni vliv + reziduum (13)

e Model2: Ultrazvukova méfeni = sdruzeny efekt stdda, roku a obdobi + plemenna
skupina + v€k matky + ¢islo vrhu + pohlavi + vék + geneticky aditivni vliv + reziduum

(14)

V CR jsou touto metodou plemenné hodnoty pro ¢etnost vrhu u ovei piedpovidany od roku

2003 na zéklad¢ jednotnych komponent rozptylu pro rizna plemena (Milerski, 2005).
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ZkuSenosti chovatelt i informace z literatury (Rao et Notter, 2000; Hagger, 2002; Janssens et
al., 2004 a dalsi) vsak naznacuji, Ze situace u jednotlivych plemen miize byt odlisna. Rao et
Notter (2000) odhadovali komponenty rozptylu pro velikost vrhu u plemen targhee, suffolk a
polypay chovanych v USA. Pro odhad pouzili jednoznakovy model s opakovatelnosti a to pro
kazdé plemeno zvlast. Hagger (2002) porovnaval ve své studii ¢tyfi Svycarska plemena. Pii
odhadu komponent rozptylu vsak rozdé€lil velikost vrhu na tfi znaky, a to dle pofadi vrhu
(prvni, druhé a tfeti) a k odhadu komponent rozptylu pouzil viceznakovy model. Koeficienty
dédivosti dle motodiky Rao et Notter (2000) se pohybovaly od 0,09 (shodné pro plemena
polypay a suffolk) do 0,11 (targhee). Na prukazné rozdily mezi plemeny poukazuje Hagger
(2002), kdy nejvétsi rozdil mezi koeficienti dédivosti byl pfi prvnim vrhu a to mezi plemeny
brown-headed meat sheep (h?=0,117) a black-brown mountain sheep (h?=0,223). Tyto prace
jsou vsak pouze ojedinélymi studiemi, které se zabyvaly odhadem genetickych parametra pro

vice nez tfi plemena a vzajemnym porovnanim V rdmci jednoho Uizemi (statu).
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3. Védecka hypotéza

* Nov¢ navrzena metoda umozni odhad genetickych parametrti a predpovéd’ plemenné

hodnoty pro jednotliva plemena.

*  Nov¢ vybrany model vysvétli vétsi ¢ast celkové proménlivosti sledovanych vlastnosti.
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4. Cile prace

Cilem prace byl u vybranych plemen a sledované uzitkové vlastnosti:
e Vybér vhodného modelu pro odhad genetickych parametrt a predpovéd’ PH
e Odhad popula¢né-genetickych parametrti pro jednotliva plemena

e Piedpovéd plemenné hodnoty

4. 1. Ramcovy pristup k naplnéni cili

1) Rozbor dostupnych databazi u ovci - rozbor ziskanych udaju z kontroly uzitkovosti,
stanoveni zakladnich statistickych charakteristik, ocisténi od dat, ktera jsou
nevérohodna, vytvofeni vhodnych skupin pevnych efekti

2) Vyhodnoceni dostupnych databazi u vybranych plemen ovci

a) navrh a otestovani vhodnych modelovych rovnic - sestaveni modelovych
rovnic na zéklad¢ dostupné literatury, vyznamnosti jednotlivych efekti a
koeficientu determinace, porovnani riznych informaénich hledisek (AIC, BIC,
DIC — podle zvolené¢ metody odhadu)

b) odhad genetickych parametrti — na zaklad¢ vybranych modelovych rovnic

¢) piredpovéd plemennych hodnot — S pouzitim nové odhadnutych genetickych
parametra

d) sestaveni zebfiCcku zvifat — stanoveni nového pofadi jedinct
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5. Sumarni diskuze

Vzhledem k tomu, jak se rozvinula kontrola uZitkovosti ovei v CR a vzhledem k tomu, Ze se
kazda populace vyviji a méni se i podminky chovu, je nutné opétovné stanovovat genetické
parametry a piipadné aktualizovat nové modelové rovnice. Reseni dil¢ich &asti spo¢ivalo
pfedev§im v navrzeni, Upravach a vyhodnoceni databazi kontroly uzitkovosti pomoci
programu pracujicich s metodami a algoritmy kvantitativni genetiky.

Pii zpracovani udajii byly zohlednény piicinné efekty, které jednotlivé zjiSténé ukazatele
ovliviiuji. Vysledny tvar modelové rovnice pro analyzy variance Cetnosti vrhu byl stanoven na
zakladé¢ predbézného zkoumani vlivu efektd véku bahnice, potadi vrhu, stada, mésice bahnéni,
roku bahnéni a délky mezidobi. Jednotlivé efekty byly porovnavany samostatné i v interakci
mezi podobnymi typy efektl (napf. rok a obdobi narozeni). Efekty byly vybirany vzhledem
k oduvodnitelnosti, byla posuzovana jejich statisticka vyznamnost a koeficienty determinace.
Pro samotny odhad komponent rozptylu byla rovnice rozsifena o efekt trvalého prostiedi
bahnice a aditivni geneticky efekt. Komponenty rozptylu byly odhadnuty pro kazdé plemeno
zvlast’ a to pro sedm plemen ptedstavujich vice nez tfi Ctvrtiny Cistokrevné populace ovci
zafazenych do kontroly uZitkovosti na uzemi CR. Jednalo se o plemena charollais,
merinolandschaf, romanovskd ovce, romney, suffolk, Sumavska ovce a texel V dalsich
studiich byly zkoumany vlivy spojené s plemeniky, jako je harém, trvalé prostfedi berana
a/nebo ptimo jejich aditivni geneticky efekt.

Vzhledem ke skuteénosti, Ze ¢etnost vrhu je znak diskrétni, by se mohlo zdat, Ze pro jeho
vyhodnoceni bude vhodnéjsi pouziti prahového modelu. Nicméné vzhledem k zadvérim v
uvodu uvedenych studii (problematickda konvergence, riziko nadhodnoceni genetickych
parametri a zejména velmi podobné sefazeni jedinc v Zebficku pii hodnoceni znaku o
¢tyfech a vice stupnich), byl proveden odhad genetickych parametrli pomoci line4rniho

modelu.

5. 1. Popisna statistika

Analyzovany byly udaje z databazi poskytnutych Svazem chovatelli ovei a koz. V prvotni
analyze zaznamenavali databaze 273 006 bahnéni z kontroly uzitkovosti z let 1990-2012.

Cetnost vrhu byla zaznamenana v den bahnéni jako pocet vSech narozenych jehiat (Zivé i
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mrtveé). Pro odhad genetickych parametrii byla z databaze vyrazena data dle nasledujicich
kritérii: bahnice s neznamym datem narozeni (neznamy vek), bahnice mladsi 10 a stars$i 140
mésicl, bahnice s méné€ nez 4 (polo)sestrami po otci.

Zaucelem vytvoreni skupin zvifat bahnicich se za podobnych podminek byly zdznamy o
bahnéni v ramci jednotlivych chovli nejprve srovnany podle data bahnéni. Nasledné byl
vytvoren efekt CG (contemporary group), kdy byly v jednom CG bahnice obahnéné v
intervalech 40 dni v daném chovu a roku. CG s méné nez 10 bahnicemi nebyla do odhadu
komponent rozptylu zafazena (Schmidova et al., 2014, pfiloha II.). Takto upravend databdze
obsahovala udaje o 143 896 bahnéni. Za sledované obdobi bylo ziskano nejvice udaju od
bahnic plemene suffolk (13202 bahnic, 38442 bahnéni). Druhym nejvice zastoupenym
plemenem v kontrole uzitkovosti je Sumavska ovce (9908 bahnic, 34075 zaznamenanych
bahnéni), dale plemeno romney (7195 bahnic, 24276 bahnéni), merinolandschaf (5679 bahnic,
18048 bahnéni), charollais (5129 bahnic, 14372 bahnéni), ovce romanovska (2775 bahnic,
7750 bahnéni) a texel (2427 bahnic, 6933 bahnéni). Byly spoCitdny praméry, smérodatné
odchylky, variacni koeficienty a maximalni pocet jehiiat narozenych ve vrhu pro jednotliva
plemena. Primérny pocet jehnat ve vrhu se pohybuje v rozmezi od 1,32 u Sumavky do 2,49 u
ovce romanovské, u které byl také zaznamenan nejvyS$i maximalni pocet jehiat ve vrhu (7).
V dalsich analyzach zaméfenych na vliv plemenika na ¢etnost vrhu byla databaze rozsitena do
roku 2013. Wolfova et al. (2011a) zaznamenali na tizemi CR u plemen merinolandschaf,
romney, Sumavska a romanovska podobné primérné hodnoty ¢etnosti vrhu: 1,41; 1,51; 1,30;
2,48. Odpovidajici vysledky jsou prezentovany i v dalSich studiich, napt.: 2,34 romanovska
ovce (Maria et Ascaso, 1999), 1,95 suffolk (Rao et Notter, 2000), 1,48 suffolk a 1,38 texel
(Maxa et al., 2007). Variabilita ¢etnosti vrhu znazornéna pomoci smérodatné odchylky (S)
byla podle o¢ekavani vyssi u plemen s vyssi pramérnou plodnosti, variacni koeficient (V%)

byl u vSech plemen velmi podobny a pohyboval se v rozmezi hodnot od 36,6% do 38,8%.

5. 2. Vék bahnice

Metodami GLM v programu SAS byl zkouman vliv efektl vék bahnice, pofadi vrhu, mésic
bahnéni, rok bahnéni, délka mezidobi, chov, skupina spole¢né¢ se bahnicich bahnic (CG). Byla
zjisténa silna korelace mezi vékem matky a poradim vrhu, ktera se pohybovala od 0,795 u

plemene romney do 0,868 u plemene suffolk, coz odpovida pievladajicimu systému jednoho
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bahnéni za rok. Pro odhad genetickych parametri byl vybran efekt véku bahnice pii bahnéni
jako pevny efekt a CG jako efekt nahodny. Ostatni efekty vykazovaly multikolinearitu nebo
vysvétlily jen nepatrnou cast varibility. Protoze byly u vétSiny plemen shledany prikazné
rozdily mezi velikosti vrhu u ro¢nich bahnic (19-30 mésict staré¢) bahnicich se poprvé (1,42;
1,36; 1,30; 2,38 jehnéte na rocku-prvorodi¢ku u CH; K; ML; R a stejné starych bahnic
bahnicich se podruhé 1,53; 1,51; 1,35; 2,53), byla tato v€kova skupina rozdélena na dvé
skupiny i pro ucel odhadu genetickych parametri. Schopnost multiparnich samic produkovat
vétsi vrhy je mimo jiné ovlivnéna vékem a predchozimi reprodukénimi zkusenostmi (Maria a
Ascaso, 1999; Kasap et al., 2013).

Roc¢ni jehnice maji 0 0,179 — 0,415 jehnéte na vrh méné nez je primérna velikost vrhu daného
plemene, coz odpovida 73,92 -86,46% z uzitkovosti v dospélosti. Notter (2000) uvadi, ze u
plemen targhee a polypay je rozdil jesté vyssi, a to 0,6 — 0,7 jehnéte, a u suffolka 0,47 (0,38
v Schmidova et al., 2014, pfiloha II.). Poéet narozenych jehnat stoupa do 4-6 let v zavislosti
na plemeni. To souhlasi i se studii Skorput et al. (2011), ktefi sledovali velikost vrhu u
zuslechténé jezersko-sol¢avské ovcee, pro jejiz vyslechténi bylo vyuzito romanovskych ovei.
Skorput et al. (2011) dale porovnavali vyuZiti dvouznakového modelu, znak &etnost vrhu byl
rozdélen na cetnost vrhu pii prvnim bahnéni a Cetnost vrhu pfi nésledujicich bahnénich.
Korelace mezi takto ziskanymi plemennymi hodnotami a plemennymi hodnotami
pfedpovézenymi jednoznakovym modelem byly vyssi nez 0,97. Tudiz lze znak cetnost vrhu
pii prvnim nebo nasledujicimi bahnénimi oznalit za jeden znak. Hagger (2002) doSel
K podobnym zavérim, kdyz porovnaval genetické korelace mezi velikosti vrhu pfi prvnich

tfech bahnénich.

5. 3. Sdruzeny efekt stada-roku-obdobi (CG)

V ptedkladanych studiich byl efekt CG sestaven jako skupina bahnic obahnénych v jednom
stadé v daném roce v obdobi 40 dnt, kdy je predpoklad, Ze bahnéni 1 zapusténi bahnic
uvniti CG probéhlo za podobnych podminek. Podobné sestavili CG i Rao et Notter (2000),
pouze dany interval byl kratsi, a to 30 dni. Hagger (2002) osetiil CG jako stado x rok. Aby
mohl vyuzit i informaci od malych stad, sloucil dva roky dohromady. Henderson (1973)
poukazuje na to, Ze pokud se CG oSetii jako fixni efekt, mize dojit ke splynuti genetické

variance s varianci zptisobenou CG. Ugarte et al. (1992) navrhli osetfeni CG jako ndhodného
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efektu pii nendhodném rozdéleni plemenikt napfi¢ skupinami. Vzhledem ke struktuie dat a

situaci v chovu ovci byl efekt stada-roku-obdobi bahnéni osetfen jako nahodny efekt.

5. 4. Odhad genetickych parametri pro ¢etnost vrhu jako znaku bahnice

V soudasné dobé se v CR piedpovidaji plemenné hodnoty pro &etnost vrhu na zakladé
genetickych parametri z roku 2003 pro 19 plemen. Pro vicepocetna plemena samostatng, pro
ménépocetna v ramci skupin plemen spolu s pocetnéjSimi plemeny. Nicméné komponenty
rozptylu vyuzité pro odhad plemennych hodnot jsou jednotné pro viechna plemena (h*=0,11),
(Milerski, 2005).

Ve studii Schmidova et al. (2014), ptiloha II., byly publikovany komponenty rozptylu a
genetické parametry pro velikost vrhu odhadnuté pomoci modelu s opakovatelnosti pro kazdé
ze sedmi plemen zv14§t. Odhad fenotypové variance op® naristal s primérnym podtem jehiiat
ve vrhu (0,236 Sumavska ovce; 0,779 romanovska). Na tuto skute¢nost upozorfiuji ve své
praci i SanCristobal-Gaudy et al. (2001). Nejniz$i dédivost a opakovatelnost byly odhadnuty
pro plemeno $umavska ovee (h*=0,062; w?=0,082) a romney (h?=0,063; w?=0,081). Nejvyssi
hodnoty byly odhadnuty u plemene merinolandschaf (h?=0,109; w® = 0,113). Hodnoty
koeficientu dédivosti jsou v rozmezi hodnot uvadénych v literatute.

Maxa et al. (2007) uvadgji o néco niz§i hodnoty pro plemena suffolk (h?=0,04) a texel
(h?=0,06). Rao et Notter (2000) odhadli d&divost pro plemena targhee, suffolk a polypay 0,11;
0,09; 0,09. Piiblizn& stejnou d&divost u romanovské ovce jako v této studii (h?=0,07) odhadl i
Maria (1995) a pro plemeno romney (h*=0,07) Davis et al. (1998). Pro merino byly v literatufe
nalezeny podstatné vyssi koeficienty dédivosti, a to v rozmezi 0,19 — 0,23 (Olivier et al.;
2001) a h?=0,23 (Duguma et al.; 2002). Matos et al. (1997) odhadli d&divost pro plemena
rambouillet a finska ovce 0,16 a 0,08 a opakovatelnost 0,21 a 0,11. Mohammadi et al. (2012)
uvedli dédivost pro velikost vrhu u plemene makoei 0,11 a Rashidi et al. (2011) u plemene

moghani 0,11.
Odhad komponenty rozptylu nalezici efektu trvalého prostiedi (Gﬁe) je nizky (0,0001 —

0,0262), tudiz se hodnoty opakovatelnosti od dédivosti piili§ nelisi. K podobnému vysledku
dosli i Rao et Notter (2000). Vyssi podil variance trvalého prostiedi na fenotypové varianci (C2
= 0,05) a opakovatelnost (w?=0,16) byly odhadnuty u ovci moghani (Rashidi et al., 2011).
Vysokou opakovatelnost (w?=0,19) oproti d&divosti (h*=0,09) uvadéji Boujenane et al. (2013)
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u plemene D'man. Safari et al. (2005) uvadé¢ji primérny podil trvalého prostiedi ¢’ = 0,04+
0,01 z porovnavani 15 studii, které vyuzili modelu S opakovatelnosti. Dale poukazuji na to, ze
efekt trvalého prostiedi byl u reprodukénich znakt vSeobecné nizsi nez ptimy aditivni efekt
s vyjimkou embryonalni ptezitelnost a schopnosti bahnice odchovat jehnata.

Odhad komponent rozptylu ukazuje, ze efekt stado-rok-obdobi (CG) ma u vétSiny plemen
(mimo ML a T) o néco vyssi vliv na variabilitu poctu jehnat ve vrhu (podil variance
sdruzeného efektu stado-rok-obdobi na fenotypové varianci CG?=0,075 — 0,131) v porovnani
s aditivni dédivosti. Podobné Skorput et al. (2011) vyuzili v modelu nahodny efekt stada,
ktery vysvétlil 10% variability. Hagger (2002) vysvétlil nahodnym efektem stado-rok 2,3 — 9,6
% variability. VétSina ostatnich autorti pouzila efekt stada jako pevny.

Vyrazné nejvyssi podil variability Cetnosti vrhu je podminén nekontrolovatelnymi ndhodnymi
vlivy (rezidulni variance jako podil fenotypové variance = €?), které se nejvice projevuji

zejména u plemene RM (62:0,844), nejméné pak u plemene R (62:0,723).

5. 5. Vliv plemenika na ¢etnost vrhu

Jak jiz bylo zminéno, ve studiich Schmidova et al. (2015), ptiloha IIl., a Schmidova et al.
(2016a,b), ptiloha IV., V., bylo cilem zkoumat a pokud mozno odhadnout u¢inky faktort
pusobicich béhem obdobi piipousténi (efekt plemenika - berana a efekt skupiny bahnic
ptifazené jednomu plemenikovi — harém) na néslednou ¢etnost vrhu. Byly navrzeny modelové
rovnice a zkoumdany 1 z pohledu pfipadného vyuzZiti pro rutinni ptedpovéd plemennych
hodnot.

Zatazeni efektu plemenného berana do modelové rovnice pro odhad genetickych parametri
pro ¢etnost vrhu pouzivé jen nékolik malo autord.

Shorten et al. (2013) uvadi, ze trvalé prostfedi matky a trvalé prostfedi otce ma ptiblizné
stejny vliv na ztraty ploda v pribéhu biezosti. Hagger (2002) popisuje maly vliv plemenného
berana na Cetnost vrhu u Ctyf plemen, a to v rozmezi od 0,7% do 2,9% fenotypové variance.
Dalsi studie, ve které autofi navic zahrnuli do modelové rovnice i v€k plemenika, uvadi jeho
podil z fenotypové variance v rozmezi 0,01-0,02 (Bunter et Brown, 2013). Nicméné efekt
plemenika na cetnost vrhu byl v této studii nepriikkazny. Zato jeho vliv na zabtezavani jehnic

byl odhadnut na 0,23. Dale byly nalezeny zminky o vlivu plemenika na zabfezavani a na
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celkovou plodnost vztazenou ke vS§em bahnicicm v reprodukei (Safari et al., 2007) a také na
vahu celého vrhu (Mohammadi et al., 2012).

V piedkladanych studii (piiloha III. - V.) byly navrzeny rtizné moznosti hodnoceni efektu
plemenika, vcetné odhadu aditivni genetické slozky, pokud by byla ¢etnost vrhu hodnocena
jako znak s vlivem jak bahnice, tak i berana. U ovce Sumavské byl tento efekt odhadnut na
0,01 — 0,02 fenotypové variance, u ovce romanovské na 0,05 — 0,10. Jak upozoriiuje David et
al. (2007), jakkoliv se muze zdat tento podil i podil ,,maternalni‘ maly, rozpéti mezi zviraty na
obouch koncich Zebficku plemennych hodnot mize byt znacny. Také Sanchez-Davila et al.
(2015) uvadg¢ji, Ze berani plemene Saint Croix hair sheep se mohou liSit v primérné velikosti
vrhu (fenotypove) i o jedno jehné. Taktéz Holler et al. (2014) pozorovali vyznamné rozdily
mezi berany a to jak u poc¢tu narozenych jehnat, tak i u ptezitelnosti zarodkli béhem biezosti.
,Paternalni* variance mtize byt zpiisobena genetickymi rozdily v kvalit¢ i mnozstvi spermatu,
procentu oplodnéni, vyvoji zarodku potazmo plodu i jeho prezitelnosti (Hamann et al., 2004).
Také socidlni vztahy ve skupiné zvifat jednoho druhu mohou ovlivnit reprodukéni proces
(Rosa et Bryant, 2002). U ovci je napiiklad vyuzivana stimulace bahnic pomoci nahlé
ptitomnosti berana v jejich blizkosti. To vede k aktivaci endokrinniho systému a nasledné
ovulaci. U vnimavych bahnic dochazi k ovulaci béhem 50 hodin od prvniho kontaktu
s beranem (Martin et al., 1986). Dle Perkinse et al. (1992) berani s vysokym hodnocenim
pohlavniho chovani mohou zlepsit celkovou plodnost stdda. Chovatel urcuje pocet bahnic na
jednoho plemenika (velikost harému) a potazmo moznost vCasného vyhledani fijici se

bahnice, coz mize byt dalsim prvkem ovliviiujici ¢etnost vrhu.

5. 6. Korelace mezi plodnosti berani a bahnic

Coulter et Foote (1979) a Al-Shorepy et Notter (1996) uvadégji, ze existuje urcity vztah mezi
plodnosti krav respective bahnic a velikosti varlat jejich sam¢ich piedkt. Tato spojitost mezi
sam¢imi a sami¢imi znaky predpoklada, Ze existuji urcité geny, které ovliviiuji rozhodujici
reprodukéni mechanismy u obou pohlavi. Nicméné téméef nulové genetické korelace
prezentované ve studii Schmidova et al.(2016a, pfiloha IV.) tento ptedpoklad nepotvrdily.
Nepotvrdily to ani genetické korelace mezi plodnosti beranli a bahnic, kterd byla definovana
ve studii David et al.(2007) jako tGspéSné/netspésné zabteznuti po umélé inseminaci. Také

Stellflug et Berardinelli (2002) popisuji, Ze selekce na cetnost vrhu nijak neovlivnila sexualni
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chovani sam¢ich potomkt. Ani Bench et al. (2001) nenasli rozdil mezi po¢tem ovulovanych
vajicek u dcer berant s nizkym libidem a dcerami beranii s vysokou sexudlni aktivitou. Jak
uvadi Snowder et al. (2004), odhadované genetické korelace mezi pohlavni aktivitou a po¢tem
narozenych jehnat byla stfedné nizka u plemene columbia sheep (0.24 + 0.20), ale u dalSich tii

plemen téméf nulova (—0,09 to 0,02).

5. 7. Vybér vhodného modelu

Ve studii na populaci romanovskych ovci (Schmidova et al., 2016a, ptiloha IV.) vSechny
modely, které zahrnuji geneticky efekt plemenika, vykazuji nepatrné nizsi podil rezidudlni
variance (e? = 0,702-0,713) nez model zakladni (Model B, €?=0,716) nebo model rozsiteny
pouze o efekt harému (Model H, 82:0,716) ¢i efekt plemenika bez vazby na matici pfibuznosti
(Model R, €2=0,720).

Toto vSak nebylo potvrzeno ve studiich na populaci ovei Sumavskych (Schmidova et al., 2015,
ptiloha III.) ani u populace suffolka (Schmidova et al., 2016b, ptiloha V.). Wolf et Wolfova
(2012) uvadeéji, ze pti odhadovani genetickych parametri pro ¢etnost vrhu u prasat doslo ke
snizeni rezidualni variance u modelti zahrnujicich vliv plemenika bez ohledu na to, zda se
jednalo o efekt geneticky ¢i nikoli. Hagger (2002) udava, ze po rozsiteni modelu o efekt
plemenného berana doslo ke sniZzeni kone¢né hodnoty logaritmu vérohodnostni funkce, a
tudiz doslo ke zlepseni modelu.

Zahrnuti efektu berana do rovnice pouze jako ndhodny efekt bez vazby na matici pfibuznosti
snizilo DIC ve studii na romanovskych ovcich (Schmidova et al., 2016a, pfiloha IV.) z 10 775
(Model B) na 10 761 (Model R). Z osmi modeld, které zohlediovaly né¢jakou formu efektu
efekt berana (Model SH, DIC = 10 749) a byl také modelem s druhym nejniz$im podilem
rezidualni variance. Tento model by byl tedy doporuen pro zptesnéni piedpovédi
,maternalnich* plemennych hodnot pro ¢etnost vrhu u romanovskych ovci. Nicméné pokud
by bylo cilem pfedpovidat jak maternalni tak i paterndlni plemenné hodnoty, byl by pro
selekci bahnic i beranti vhodnéj$i model SPH, ktery kromé efektu harému a aditivniho
gentického efektu berana jesté¢ zohlednuje i vliv trvalého prostiedi plemenika. Tento model

v

zohlednuje genetické efekty i zdroje variability zpisobené prostiedim.
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Stejny model byl ovéfovan i1 na populaci Cistokrevného suffolka (Schmidova et al., 2016b,
ptiloha V.), kdy u znaku cetnost vrhu doslo taktéz ke snizeni DIC, ale nedoslo ke snizeni
rezidualni variance. U znaku ,,po¢et odchovanych jehiiat* nebyl zaznamenan ani pokles DIC
ani rezidudlni variance, proto nelze fici, Ze by pro tento znak byl model SPH vhodné&jsi nez

model zakladni.

5. 8. Porovnani plemennych hodnot

Zahrnuti efektu plemenika a harému do modelu nepatrné ovlivnilo piedpovédi maternalnich
plemennych hodnot. Korelace mezi plemennymi hodnotami piedpovézenymi pomoci
zakladniho modelu a pomoci modelii riznym zpisobem zohlediujicich vliv plemenika se
pohybovaly v rozmezi od 0,964 do 0,984 (Schmidova et al., 2016a, piiloha IV.). Také David
et al. (2007) uvadi vysoké korelace mezi plemennymi hodnotami pro plodnost pii pouziti
ruznych modelt, a to od 0,90 do 0,99.

Poné¢kud piekvapujicim se muze zdat geneticky trend u ovce romanovské (Schmidova et al.,
20164, priloha IV.), ktery je podstatné vyssi neZ trendy uvadéné v literatute (Boujenane et al.,
2013; Hanford et al., 2006) a také nez trend u populace suffolka (Schmidova et al., 2016b,
ptiloha V.). Mohlo to byt zpsobeno tim, Ze u romanovské ovce je ve Slechtitelském cili
kladen diraz na vysokou plodnost. Zna¢ny trend u paternalnich plemennych hodnot by mohl
byt zplsoben tim, Ze chovatelé davaji jednoznacné ptfednost plemenikim, ktefi jsou

Z vice€etnych vrhil.
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6. Zavéry

Tradi¢ni S$lechtitelské programy byvaly Casto zaméfeny pifedev§im na zlepSeni samotné
uzitkovosti. Ale pouha selekce na produkéni znaky mize v konecném duasledku vést ke
zhorSeni znaku zdravi a reprodukce. Dnes jsou tedy mnohé Slechtitelské cile zaméfeny na
souCasné zlepSovani jak znakl produkc¢nich, tak funkénich. ZlepSeni reprodukénich znaktl
jakéhokoliv domestikovaného druhu zvitrat, ovce nevyjimaje, ziskalo pozornost chovateli,
protoze zvySeni Cetnosti vrhu miize vést k vyznamnému navySeni zisku. Znaky reprodukce
jsou ale vazané na pohlavi a k jejich projevu dochazi az v pozdé&jsim véku, navic to jsou znaky
s nizkym koeficientem dédivosti, Cili z velké ¢asti ovlivnitelné prostfedim. Z téchto duvodu je
vybér jedincii pro efektivni genetické zlepSeni reprodukénich vlastnosti pouze na zékladé
fenotypu pomémé slozity a o to vice nabyva u takovychto znakli na vyznamu prave

ptedpovéd’ plemennych hodnot.

V predkladané praci byly studovany efekty ovliviiuyjici Cetnost vrhu a odhadnuty genetické
parametry pro tuto vlastnost. Cetnost vrhu neboli poéet jehiiat narozenych na bahnici a jedno
bahnéni je znakem, ktery je zatazen v mnoha Slechtitelskych programech. Je to znak, ktery je
obvykle relativné snadno hodnocen a je zaznamenavan kratce po porodu. Cetnost vrhu
vykazuje spolené s poctem ovulovanych vajicek velké meziplemenné rozdily. Z vysledkl
prace vyplyva, ze i podil aditivniho genetického efektu bahnice na variabilité Cetnosti vrhu je
u jednotlivych plemen rozdilny, coz je vhodné vzit do Givahy pfi genetickém hodnoceni zvifat.
Do nové generace piispivaji polovinou svych genid oba rodi¢e. Nicméné z pohledu populace
maji samci vSeobecné mnohem vétsi vliv na genetickou zménu nez samice. To je dano
pomérem pohlavi G¢astniciho se pafeni. A protoze je ve stadech pouzivano jen n€kolik velmi
kvalitnich plemenikd, je na n€ vyvijen mnohem vétsi selekeni tlak nez na bahnice. To ovSem
také znamena, Ze pokud dojde k selhani plemenika z hlediska reprodukce, ma toto vyznamny
dopad na celkovou reprodukéni vykonost stiada. Cetnost vrhu je obecné povazovéana za znak
bahnice. Vysledky piedlozenych studii v8ak ukazuji, ze berani, jakozto otcové vyslednych
vrhil, maji sice maly, ale prokazatelny vliv na pocet narozenych jehnat. Odhady genetickych
parametrii ukazuji, Ze selekce podle ,,paterndlnich* plemennych hodnot by mohla byt dalSim

selekénim kritériem, jak zlepsit Cetnost vrhu u ovci. Tato aditivni geneticka slozka (otcovskd)
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se zaroven nezda byti protichidna vici maternalni, nebyla ale nalezena ani pozitivni korelace.
Nelze tedy predpokladat moznost neptimé selekce dle plemennych hodnot pro plodnost tak,

jak jsou predpovidany dnes.

Pti studiu jednotlivych efektt ovliviiujicich Cetnost vrhu 1 pfi odhadu genetickych parametrt
pro tuto vlastnost byly pouzity piistupy klasické i Bayesovské statistiky. Z vysledkt feseni

dil¢ich studii 1ze stanovit nasledujici zavery:

a) Ze studia literatury vyplyva, ze Cetnost vrhu neboli pocet jehniat narozenych na bahnici

a jedno bahnéni je znak, ktery je obecné povazovan za znak bahnice.

b) Na zéaklad¢ informaci z literatury, znalosti biologickych zakonitosti reprodukce a
pomoci statistickych metod byl vybran zakladni model zahrnujici pevny efekt veku
bahnice a dale nahodné efekty stado-rok-obdobi, trvalé prostiedi bahnice a aditivni
geneticky efekt.

Byla zjisténa silna korelace mezi vékem matky a potadim vrhu, coz odpovida prevladajicimu
systému jednoho bahnéni za rok. Ostatni efekty vykazovaly multikolinearitu nebo vysvétlily

jen nepatrnou ¢ast varibility.

c) Databaze, kterou poskytl Svaz chovateli ovci a koz, umoznila odhad genetickych
parametrii pro sedm nejpoéetnéjsich plemen chovanych v Ceské Republice, a tudiz Ize
potvrdit prvni hypotézu. Vice nez 75% ovci v databéazi kontroly uzitkovosti se fadi
K témto sedmi plementim: charollais, merinolandschaf, romanovska ovce, romney,
suffolk, Sumavska ovce a texel.

Odhad fenotypové variance nariistal s primérnym poctem jehiiat ve vrhu. Podil aditivniho

genetického efektu bahnice na variabilité cetnosti vrhu byl u jednotlivych plemen rozdilny,

coz je vhodné vzit do uvahy pfi genetickém hodnoceni zvifat. Podil vlivu spolecného

prostiedi plisobiciho na skupinu zvifat bahnici se v jednom obdobi byl u vétSiny plemen o

néco vyssi nez podil aditivni genetické variance, coz poukazuje na vyssi vliv rozdilnosti

managementu chovli na proménlivost Cetnosti vrhu. Tudiz Ize usuzovat, ze zlepSenim
podminek chovu dojde ke zlepSeni sledované uZitkovosti. Vyrazné nejvyssi podil

variability ¢etnosti vrhu je podminén nekontrolovatelnymi nahodnymi vlivy.
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d) Zafazeni novych efektli souvisejicich se zapousténim bahnic (efekt plemenika, trvalé
prostfedi plemenika, harém) do modelu pro odhad genetickych parametrti pro ¢etnost
vthu je mozné. Tyto rozSifené modely pfesnéji vystihuji biologickou podstatu
sledované vlastnosti a zptesiuji odhad.

Ve studii na populaci ovce romanovské doslo po zarazeni téchto efekt k vysvétleni veétsi

¢asti celkové promeénlivosti a k poklesu DIC, tudiz je mozné potvrdit druhou hypotézu.

e) Na zakladé vysledkd analyzy komponent rozptylu byly odhadnuty plemenné hodnoty.
Korelace mezi plemennymi hodnotami pfedpovézenymi pomoci zédkladniho modelu a
pomoci modelli riznym zpasobem zohlediujicich vliv plemenika byly vysoké,
zahrnuti efektu plemenika a harému do modelu nepatrné ovlivnilo potadi zvifat

v zebricku sestaveném dle maternalnich plemennych hodnot.

f) Geneticky trend, uréeny jako primér plemennych hodnot dle roku narozeni zvitat, je
pozitivni, a to jak u plemennych hodnot maternélnich, tak i paternalnich.
Pozitivni trend u paternalnich plemennych hodnot by mohl byt zptisoben tim, zZe chovatelé

davaji jednozna¢né prednost plemenikiim, ktefi jsou z vicecetnych vrhd.

Obé& hypotézy byly potvrzeny, zjiSténé aktualni genetické parametry pro jednotliva plemena by
se mely stat podkladem pro Upravy predpovédi plemennych hodnot pro Cetnost vrhu u ovei a
prispét tak k zpfesnéni vybéru zvifat do plemenitby a lepSimu vyuZiti genetického potencidlu
Slechténych populaci. Otazkou miize byt, zda vyuzit efekt plemenika jen jako ,efekt
prostiedi* pro zptfesnéni pfedpovédi plemennych hodnot velikosti vrhu jakoZto matetského
znaku, ¢i predpovidat i ,,paternalni® hodnotu. Prvni moznost Ize doporucit u plemen, kde neni
kladen narok na zvySovani poc¢tu narozenych jehnat a plemennéd hodnota pro plodnost je spise
doplitkovou informaci. Naopak u plemen, u kterych se chovatelé¢ vice zamétfuji na dosazeni
zmény v Cetnosti vrhu, by bylo vhodné ptedpovidat jak maternalni, tak i paternalni plemennou
hodnotu, a to nejen k neustalému zvySovani plodnosti, ale i k dosazeni uré¢itého optima.

Vzhledem k tomu, Ze se jedna o prvni studie zabyvajici se blize genetickym efektem berana-
plemenika na Cetnost vrhu, bude zfejmé nutné provést dalsi Setfeni jesté pred tim, nez bude

predpoveéd’ otcovskych plemennych hodnot moci byt zavedena do praxe.
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Zaveérem je mozné konstatovat, ze ob¢ stanovené hypotézy byly potvrzeny. Rovnéz cil prace
byl naplnén touto dosud nejhlubsi a nejrozsahlejsi analyzou cetnosti vrhu u ovci véetné

analyzy vlivu plemenika na dany znak.
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Abstract

The aim of this review was to summarize new genetic approaches and techniques in the breeding
of cattle, pigs, sheep and horses. Often production and reproductive traits are treated separately
in genetic evaluations, but advantages may accrue to their joint evaluation. A good example is
the system in pig breeding. Simplified breeding objectives are generally no longer appropriate
and consequently becoming increasingly complex. The goal of selection for improved animal
performance is to increase the profit of the production system; therefore, economic selection
indices are now used in most livestock breeding programmes. Recent developments in dairy cattle
breeding have focused on the incorporation of molecular information into genetic evaluations
and on increasing the importance of longevity and health in breeding objectives to maximize
the change in profit. For a genetic evaluation of meat yield (beef, pig, sheep), several types of
information can be used, including data from performance test stations, records from progeny
tests and measurements taken at slaughter. The standard genetic evaluation method of evaluation
of growth or milk production has been the multi-trait animal model, but a test-day model with
random regression is becoming the new standard, in sheep as well. Reviews of molecular genetics
and pedigree analyses for performance traits in horses are described. Genome — wide selection is
becoming a world standard for dairy cattle, and for other farm animals it is under development.

Genetic indices, farm animal, molecular genetics, genomic selection

Populations of farm animals are undergoing continuous selection in an attempt to improve
economic efficiency of animal production. Established procedures are being refined as new
techniques are developed and implemented. The aim of this review was to summarize new
genetic approaches and techniques in the breeding of cattle, sheep, pigs, and horses.

Cattle

The most dramatic recent developments in dairy cattle breeding are the incorporation
of molecular information into genetic evaluations for individual production traits and the
revision of breeding objectives to increased emphasis placed on longevity and health.

Incorporation of genetic markers into genetic evaluation is beneficial especially in
evaluations of young animals lacking individual or progeny performance information.
Initially, several markers within, or in linkage disequilibrium, with QTLs (quantitative trait
loci) identified by haplotype or single marker association mapping were utilized (Grapes
etal. 2006; Liu et al. 2008; Boleckova et al. 2012a).

Investigations reporting QTLs for milk production traits include those of Khatkar et
al. (2004), who found important QTLs for milk yield on chromosomes 6, 14 and 20, and
Boichard et al. (2003) who found genome wide important QTLs affecting milk yield on
chromosome 14. These associations were subsequently confirmed by Mai et al. (2010).
Matejickova et al. (2013) confirmed the importance of QTLs on chromosome 6 and 14
(including aQTL at position 0 cM on chromosome 14 affecting milk protein percentage)
and authors also found addition significant QTLs affecting milk production traits on
chromosomes 7, 11, 23. Grisart et al. (2004) identified gene DGAT1 on chromosome 14,
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and Rychtarova et al. (2014) identified genes BTN1A1, ORL1 and STATI, all of which
influenced milk production traits while DGAT1 and BTN1A1 affected reproductive traits
as well. Boleckova et al. (2012b) reported that the PRL gene influenced milk production
traits, while Signorelli et al. (2009) identified the GHR gene on chromosome 20 as a QTL
for milk production traits.

The most frequently used SNP (single nucleotide polymorphism) chip for bull genotyping
is the Illumina BovineSNP50 v2 BeadChip which includes 54,609 SNPs. The Illumina
Bovine3K BeadChip, including 2,900 SNPs, is usable especially for female genotyping.
Wiggans et al. (2012) reported that GEBV prediction reliability for bulls genotyped by
the S0K chip to be 0.04-0.06 higher than reliabilities for those same bulls genotyped by the
3Kchip. For combination of information from both chips, imputation can be used. Szyda
et al. (2013) investigated the possibility of reducing the number of assessed markers on
accuracy and found that using only those 3,000 SNPs with the highest relationship to
estimated milk production allowed reasonably good prediction of GEBV.

Several methods have been developed to incorporate information from SNP chips
into prediction of genomic breeding value (GEBV) (Meuwissen et al. 2001). Methods
include multistep procedures LS, BayesA, BayesB, RR-BLUP (Meuwissen et al. 2001),
B-LASSO (Park and Casella 2008) and GBLUP (VanRaden 2008), as well as the single-
step procedure ssGBLUP (Misztal et al. 2009; Aguilar et al. 2010; Christensen and
Lund 2010; Pribyl et al. 2012). The main advantage of incorporation of information from
SNP chips into breeding value prediction is to increase reliability of prediction. Hayes
et al. (2009) reported reliabilities of young bull GEBV prediction up to 0.67, depending
inter alia on the heritability of the production trait. VanRaden et al. (2009) stated that
reliabilities of GEBV predictions were on average 0.23 higher than reliabilities of pedigree
based breeding value predictions. Thus, the use of genomic breeding values in comparison
to conventional breeding values is expected to lead to a more rapid response to selection
and more profitable breeding programmes (Schaeffer 2006; Konig et al. 2009; Pryce et
al. 2010), thanks to higher reliability of GEBV prediction (Hayes et al. 2009) and shorter
generation intervals. A disadvantage of multistep methods is the risk of bias in international
evaluation, thanks to strong pre-selection in national breeding programs. Such bias could
be transferred into international evaluation. Bias could be avoided in single step breeding
value prediction in which genotyped and non-genotyped animals are included (Patry et
al. 2013).

The best procedure appears to be ssGBLUP, because this method increases reliability of
breeding value prediction for genotyped and non-genotyped animals as well (Christensen
and Lund 2010). Dependent variables in ssGBLUP are phenotypic records. Pribyl et
al. (2013) used, instead of phenotypic records, deregressed proofs (DRP) of bulls not
having performance recorded daughters. They reported an increase of GEBV prediction
reliabilities ranging from 0.53 vs. 0.63 for predictions without vs. with the incorporation of
DRPs. Incorporation of bull DRPs is beneficial especially in small populations. National
GEBY prediction procedures should undergo validation by comparing prediction of young
bull GEBVs with EBVs of those same bulls after progeny testing and when DYD yields
are used as the dependent variable. Validated reliability reflecting correlation of prediction
to DYD in domestic conditions may then be calculated (Méantysaari et al. 2010). For
international evaluation, Sullivan and VanRaden (2009) developed the genomic
multiple across country evaluation (GMACE) procedure.

Changes in the breeding objectives in recent years have focused especially on the
incorporation of and increasing emphasis on functional traits such as reproductive and
health traits, linear type traits, and longevity. These traits have an important impact on
profitability of milk production and herd replacement. Wolfova et al. (2007) reported that
longevity has a particularly strong economic impact. Zavadilova et al. (2009) reported
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heritabilities of 0.05 and 0.04 for actual and functional longevity in the Czech Fleckvieh.
Tsuruta et al. (2005) reported heritabilities ranging from 0.08—0.1 in US Holsteins, similar
to estimates of 0.08 and 0.11 reported by Meszaros et al. (2013) in the Pinzgau cattle. In
the Czech Holsteins, heritability of functional longevity was 0.025 on a log scale and 0.041
on the trait as originally recorded (Pachova et al. 2005). Longevity is often reported to be
associated with age at first calving (Ducrocq 2005; M’hamdi et al. 2010; Zavadilova
and Stipkova 2013), udder linear traits (especially udder attachment, udder depth, teats)
and angularity and body condition score (S6lkner and Petschina 1999; Strapak et al.
2005; Zavadilova et al. 2011a). Zavadilova and Stipkova (2012) reported higher
correlations of longevity with functional rather than with actual longevity. It should be
noted that linear scoring, especially in case of udder traits, can be influenced by the time of
scoring (Kasap et al. 2014).

The most common reasons for cow culling are problems with reproduction and udder
diseases. Days open and the interval from parturition to first service are the traits most
often used as selection criteria, with heritabilities ranging from 0.02 to 0.1 (Wall et al.
2003; Andersen-Ranberg et al. 2005; Jamrozik et al. 2005; Sun et al. 2009; Zink et
al. 2012; Zavadilova and Zink 2013).

Selection to improve udder health can be implemented through indirect selection for
somatic cell count (SCC), somatic cell score (SCS) and linear scores for udder size and
morphology. These traits have low to intermediate heritabilities (Nemcova et al. 2011).
Direct selection on udder health is generally not possible because of the lack of recorded
data (Zavadilova et al. 2011b). Nemcova et al. (2007) investigated the importance of
linear udder traits and concluded that high SCS scores in cows were associated with deep
udders, weak central ligaments and poor fore udder attachment.

For genetic evaluation of meat yield, several information sources can be used, including
data from performance test stations, records from progeny tests (station or field) and
measurements taken at slaughter. The most commonly used analytical method for
evaluation is the multi-trait animal model, the traits being net gain (calculated as carcass
weight divided by age), “SEUROP” carcass conformation score (grades S to P according
to muscularity), fatness classes (1 - lean, 5 - very fat) and meat percentage (Schild et al.
2003).

Nesetrilova (2005) described the growth curve for the Czech Fleckvieh cattle up
to 1,400 days of age using a multiphase growth model. Vesela et al. (2011) estimated
the genetic indices of beef cattle production traits in the SEUROP system. Vostry et al.
(2012a, 2014) described growth evaluation of beef bulls in performance testing stations.
Svitakova et al. (2014) examined alternative measures of growth potential of bulls in
testing stations, whether genetic index estimates of such traits changed over time and
whether existing methods for performance testing were appropriate.

Bogdanovic et al. (2002) evaluated performance tests for Simmental bulls and found
that selection based on an individual performance test was appropriate for traits of medium
(e. g. growth) to higher heritability. In their study, daily gain during different time periods
(before the test, during the test and over the lifetime) and weight (at the beginning of the
test, monthly during the test and at the end of the test) was evaluated.

Duchacek et al. (2011) reported that the average breeding value of an Angus cattle
population changed over the course of time, presumably reflecting a genetic change
resulting from a cumulative response to selection.

The thoroughly researched multi-trait method of genetic analysis is common practice
for evaluation of growth. The random regression test-day model (RR-TDM) method,
however, has been more narrowly analysed (Albuquerque and Meyer 2001; Nobre et
al. 2003a, b; Meyer 2005). Krejcova et al. (2007) compared these two models using data
from performance test stations on breeding bulls and concluded that the more appropriate
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method of evaluation was RR-TDM. For using this method of calculation it is necessary
to weigh bulls at regular and relatively frequent intervals (Pribyl et al. 2008). Genetic
indices for beef production are often estimated only for beef cattle (Arango et al. 2002;
Baldi et al. 2012).

Pigs

In genetic evaluation of pigs, production and reproductive traits are generally conducted
separately. There are some arguments for simultaneous analysis of both groups of traits.
Through additional information from genetic correlations between production and
reproductive traits, the accuracy of genetic evaluation could be increased, even though
heritabilities of reproductive traits are generally low. Furthermore, no single trait value, but
the whole animal is selected and then joint evaluation of traits is natural way. Furthermore,
breeding values for all traits would be predicted for all animals. The linear combination of
these traits with economic weights would result in aggregate genotypic values that could
be directly used for selection (Krupa and Wolf 2013). On the other hand, (Hermesch
et al. 2000; Chen et al. 2003; Holm et al. 2004) have reported low (and antagonistic)
genetic correlations between production and reproductive traits. This is in agreement with
Arango et al. (2005) and Kapell et al. (2009), who reported relatively high antagonistic
correlations. A general problem in comparing studies of growth traits of pigs is the substantial
diversity in definition of growth traits. Estany et al. (2002a, b) reported that reproductive,
production, and quality traits in pigs are probably not genetically independent.

The effect of service sire was analysed in some studies of reproductive traits. Wolf and
Wolfova (2012a) examined the impact of including a service sire effect on litter size traits
for Czech Large White and Czech Landrace sows. Three different animal models were
evaluated for each litter size trait (total number of piglets born, born alive and weaned): (i)
the service sire effect was included and the complete relationship matrix for all the animals
(service sires and sows) was taken into account; (ii) the service sire effect was included as
a random effect without inclusion of the relationship matrix; (iii) the service sire effect was
omitted from the model. Using the residual variance as a criterion, both models including
the service sire effect were slightly better than the model without this effect. Estimates
of genetic indices were very similar for the two models including the service sire effect.
The proportion of variance for service sire was in the range from 2 to 3% (standard error
approx. 0.2%) in the Czech Large White and 2% (standard error approx. 0.3%) in the Czech
Landrace for all three litter size traits and all models. In results of other authors, proportion
of variance in the number of piglets born attributable to service sires varied from 0.00 to
0.05 for models including the relationship matrix and from 0.00 to 0.03 for models without
the relationship matrix (Serenius et al. 2003; Su et al. 2007; Kdck et al. 2009).

A different approach to genetic evaluation of reproductive traits of pigs is to analyse
alternative traits such as piglet losses. Wolf and Wolfova (2012b) studied the effect
of service sire on the number of stillborn piglets and the number of piglets that died till
weaning. Animal models with versus without a service sire effect were compared. Estimates
of genetic indices were very similar for the two models. The heritability for the number
of stillborn piglets was 0.06 for both breeds and both models, and the heritability for the
number of piglets that died till weaning was 0.07 in the Czech Large White and 0.05 to
0.06 in the Czech Landrace. The proportion of variance due to the service sire was very
low (between 0.8 and 1.6%). Similar low heritabilities have been reported by other authors
(Serenius et al. 2003; Su et al. 2007; Kapell et al. 2009; Chen et al. 2010). A general
question is whether selection against piglet losses may be effective. Farrowing losses are
probably caused mainly by biological factors, and the estimated heritability is very low.
Furthermore, the number of stillborn piglets may be connected with the heterogeneity
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(within-litter standard deviation or variance) of individual piglet weight at birth. There are
indications that a higher heterogeneity may be associated with a higher number of stillborn
piglets (Huby et al. 2003; Wolf et al. 2008).

Nagyne-Kiszlinger et al. (2013) analysed the following reproductive traits: number
of piglets born alive (NBA), gestation length (GL), farrowing interval (FI) and age at first
insemination (AFI) for two purebred and two reciprocal crossbred populations using a
two-trait model with repeatability, and with a two-trait model for age at first insemination.
The heritabilities were 0.06 for all four populations, 0.06-0.09 and 0.22-0.3 for FI,
NBA and GL, respectively. There were large differences between heritabilities of AFI in
purebred (0.28, 0.26) and crossbred (0.41, 0.40) populations. Dube et al. (2012) reported
a heritability of 0.07 for NBA from a repeatability animal model.

Comparisons of different genetic index estimation methods for litter size are described
by Skorput et al. (2014). The objective of that study was to estimate genetic indices for
litter size of the Black Slavonian pigs using the repeatability, multiple trait, and random
regression models. Estimated heritabilities were in the range from 0.03 to 0.26. Kapell et
al. (2011) used a Bayesian analysis for reproductive traits.

Wittenbourg et al. (2011) studied within litter variability of piglet birth weight and its
relationship to piglet survival. The within sex sample variance of birth weights per litter
was designated as a trait of the sow. Estimates of heritability for the different measures
ranged from 11 to 12%. Douglas et al. (2013) confirmed that the effect of low piglet birth
weight was associated with poor growth performance in pigs from birth to slaughter.

Dall’Olio etal. (2013) studied the association between single nucleotide polymorphisms
in candidate genes and reproductive traits in the Italian Large White sows. Association
analyses were performed with the following traits: number of piglets born alive (NBA),
number of stillborn piglets (NSB1), total number born (TNB1), NBAI estimated breeding
values (EBVs) and NBA random residuals (RRs). SNPs in BMPR1B, FUT1, GPXS5, RBP4,
and TGFBRI1 genes were identified. Mucha et al. (2013) reported associations between
mutations in the EGF, AREG and LIF genes and NBA, the number of piglets alive at 21
days of age, the age of sows at first farrowing, and the interval between successive litters.

Sheep

Growth performance can be recorded under farm conditions (Wolc et al. 2011; Zishiri
et al. 2014) or in test stations (Gorjanc et al. 2009a; Gamasaee et al. 2010), on live
animals (Mandal etal. 2012; Zishiri et al. 2014) or on carcasses (Mortimer et al. 2014).
Modern technologies such as ultrasound, computer tomography scanning (Milerski 2001;
Junkuszew and Ringdorfer 2005; Maxa et al. 2007; Maximini et al. 2012) and video
image analysis (Rius-Vilarrasa et al. 2009) can be used to assess body composition and
carcass merit.

Variance components and genetic indices for measurements of body weight or growth
can be estimated using single or multi-trait animal models (Gorjanc et al. 2009a; Mandal
et al. 2012) or random regression models, if consecutive measurements are available
(Kariuki etal. 2010; Wolc etal. 2011). Wolc et al. (2011) reported that direct heritability
of growth traits tended to increase with advancing age, whereas the maternal genetic effect
was reduced at older ages. The proportion of variance for permanent environmental effects
was relatively stable across time. Eye muscle depth (m. longissimus dorsi) and back fat
depth are recorded primarily in meat sheep (Maxa et al. 2007; Maximini et al. 2012).

Meat quality traits (meat tenderness, meat colour, polyunsaturated fat content, mineral
content and muscle oxidative capacity) were found to be generally of moderate heritability
by Mortimer et al. (2014). Exceptions were intramuscular fat (0.48), ultimate pH (0.08)
and fresh meat colour (0.08-0.10). Jandasek et al. (2014) observed differences in physico-
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chemical and sensory characteristics of lamb meat between sire breeds. Several measures
of meat quality appear to have the potential for inclusion into breeding objectives for meat
breeds of sheep.

Greasy fleece weight, clean fleece weight, staple length, staple strength and fibre diameter
at first or later shearing are traits found to be moderately heritable in Merino (Ciappesoni
etal. 2013; Di etal. 2014) and Romney (Wuliji etal. 2011; Scobie et al. 2012) sheep. As
reported by Krupova et al. (2009), wool production and quality traits currently have very
low economic importance in selection programs.

Heritabilities of reproductive traits generally are low. The most frequently recorded traits
are the number of lambs born, number of lambs born alive, number of lambs weaned, litter
weight, ewe fertility, ovulation rate, ewe rearing ability and lamb survival. Fixed effects for
lambing year or season and age of the ewe at lambing (Rashidi et al. 2011; Mohammadi
etal. 2012; Boujenane et al. 2013) or age at lambing within parity (Skorput et al. 2011)
are usually included in repeatability models, linear models (Mohammadi et al. 2012;
Boujenane etal. 2013; Schmidova et al. 2014) and threshold models (Mohammadi et
al. 2012).

Heritabilities for litter size (number of lambs born) range from 0.04 to 0.14 (Maxa et al.
2007; Rashidi etal. 2011; Mohammadi et al. 2012), and similar heritabilities have been
reported for other reproductive traits (Mohammadi et al. 2012; Boujenane et al. 2013).
Schmidova et al. (2014) observed that genetic variance components differed among
breeds.

The economics of lamb meat production is profoundly influenced by the number of
weaned lambs, which is related to ewe fecundity, but also to lamb survival. Lamb survival
can be treated as a trait of the dam or a trait of the individual (Vostry and Milerski
2013). Estimates of direct heritability are in the range from 0.01 to 0.13, while maternal
heritability estimates range from 0.01 to 0.07 (Maxa et al. 2009; Vatankhah and Talebi
2009; Hatcher et al. 2010; Vostry and Milerski 2013).

Because a test-day model is more effective in accounting for the environmental variation
within a lactation than a whole lactation model (Bauer et al. 2012), breeding values for
milk yield of ewes have been predominantly estimated using this procedure (Oravcova
et al. 2006; Bauer et al. 2012; Komprej et al. 2012, 2013). Lifetime production can also
be analysed (Gorjanc et al. 2009b). In addition to random genetic and environmental
effects, the effects of days-in-milk, test day (possibly including the effect of interactions
with the flock), parity, age at lambing, litter size and the number of weaned lambs are
usually included in models for genetic evaluation of milk production (Bauer et al. 2012).
The month of lambing or the interval between lambing and the first test-day are other
important sources of variation (Carta et al. 2009). The effect of the number of suckled
lambs is evident only in breeds of low production level; whereas in high-producing breeds,
a positive effect existed only on first test-day records of twin bearing ewes (Carta et al.
2009).

Heritabilities for dairy traits on a total lactation basis are low to moderate for milk, fat,
and protein yields (Komprej et al. 2009; Bauer et al. 2012; Dimov 2013) and high for
fat and protein percentages (Pelmus et al. 2014).

Duchemin et al. (2012) showed that utilization of molecular markers can improve
current selection methods. For example, accuracies of GEBV for males at birth can be
increased by18 to 25% according to traits.

Attention is also paid to breeding for morphological characteristics of the udders in dairy
sheep (Milerski et al. 2006; Rovai et al. 2009; Sadeghi et al. 2014).

Selection to increase the profit of a sheep breeding enterprise requires calculation of
economic values (increased profit per unit of selection response) for each trait in the
breeding objective. Such values have been calculated under specific economic conditions
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in different countries, as reported by Conington et al. (2004); Jones et al.(2004); Fuerst-
Waltl and Baumung (2009); Krupova et al.(2009); Wolfova et al.(2009) and Wolfova
et al. (2011a,b). Many investigations have shown that economic values of traits can be
sensitive to market prices of sheep products and to differences in input costs. The market
prices of animal products (milk or meat) are of higher importance in determining marginal
economic values than prices for inputs, especially for the marginal economic value of
milk and meat production traits (Krupova et al. 2013). The price of lamb is the most
important factor influencing marginal economic values in meat sheep (Kosgey etal. 2003;
Conington et al. 2004; Lobo et al. 2011).

Horses

Horse breeding was focused on sports performance but for smaller populations of local
breeds, knowledge of the genetic variability and maintaining a certain degree of diversity
is now important. Modern molecular tools such as parentage testing using microsatellite
genotyping are powerful in guiding management and conservation of horses (Galov et al.
2005). These authors evaluated nine microsatellite loci (HTG4, HTG7, HTG10, HMS?2,
HMS3, HMS6, VHL20, ASB2; AHTS) in 53 Posavina, 37 Croatian Coldblood and 33
Lipizzaner in Croatia. Results showed that all tested loci were highly polymorphic. Allelic
diversity in the Lipizzaner was 4.78 standard error across loci, while the Posavina and the
Croatian Coldblood had higher allelic diversities (approximately 7.0 across loci).

Mahrous et al. (2011) also analysed genetic variation using five microsatellite markers
(AHT4, HTG10, ABS2, ABS23, and CA245) in three horse breeds in Egypt (Arabian,
Thoroughbred, and Egyptian Native). Three of the microsatellites were highly polymorphic,
the highest being HTG10. The lowest mean heterozygosity was 0.754 in the Arabian breed,
while the highest was for the Thoroughbred at 0.829. Mitochondrial D-loop sequence
variation among the Hucul horses from the Czech Republic was described by Czernekova
et al. (2013). A700-bp fragment of the mtDNA D-loop region (positions 15,430-16,129)
was sequenced. From 165 samples representing 15 maternal lines, 14 haplotypes of this
D-loop hypervariable region were identified.

Another study involving the Hucul horse was performed by Stachurska et al. (2012) in
Poland. The Hucul breed was included in the Global Strategy for the Management of Farm
Animal Genetic Resources, which aims at preserving the animal gene pool in an unaltered
state. Huculs are bay, black, blue dun, yellow dun, tobiano, and chestnut. Grey and chestnut
Huculs have always been undesirable. The aim of the study was to determine the frequency
of alleles affecting coat colours in the population. The examined loci were ASIP, MCIR,
DUN, KIT, and STX17. The ASIP and MCIR loci, on ECA22 and ECA3, respectively,
control the so-called basic colours (Marklund etal. 1996; Rieder etal. 2001). Stachurska
et al. (2012) concluded that the genetic structure of the Hucul population was not constant
and does not comply strictly with the preservation aim. Breeders prefer bay, non-diluted,
and tobiano horses and it may lead to undesired changes in the allele frequency.

Pedigree analyses allow assessment of the extent of inbreeding and family structures
within a population (Gutierrez et al. 2005). Pjontek et al. (2012) applied the technique to
four endangered horse breeds in Slovakia. The most complete pedigrees were found for the
Lipizzan and Shagya Arabian breeds. The mean values of inbreeding ranged from 2.67%
for the Slovak Sport Pony to 6.26% for the Hucul. The mean inbreeding coefficients in the
Lipizzan and Shagya Arabian were 4.02% and 3.95%, respectively.

In Czech populations of cold-blooded Norik, Silesian Norik and Czech-Moravian
Belgian horses, Vostry et al. (2011) found the mean inbreeding values of 1.51, 3.23 and
3.53%, respectively. Vincente et al. (2012) reported a much higher mean inbreeding
coefficient, 9.92% for all registered animals, for the Lusitano horse. The effective number
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of founders and the number of ancestors contributing to the current genetic pool were 27.5
and 11.7, respectively. Much higher effective numbers of founders and ancestors, 94 and
32, respectively, were reported in the Lipizzan horse by Pjontek et al. (2012).

Galov et al. (2013) examined the genetic structure and admixture between Posavina
and Croatian Coldblood in contrast to the Lipizzan horses from Croatia. The Posavina and
Croatian Coldblood are Croatian autochthonous horse breeds with interwoven breeding
histories. In contrast, the Lipizzan breed has the oldest formalized breeding program in
Croatia and no record of recent genetic introgression from other breeds. Results showed
that different breeding schemes and histories had a strong and measurable impact on the
population’s genetic structure within and between the three breeds. The Lipizzan showed
genetic differentiation from the other two breeds.

The Old Kladruber horse is an autochthonous breed that is recognized as a genetic
resource in the Czech Republic. Vostry et al. (2012b) studied the occurrence of dermal
melanoma within the breed and reported that the white colour in greying white horses,
one of the basic colour varieties in breed, is a result of progressive greying that is the
loss of coat pigmentation with age. Increased susceptibility to dermal melanoma has
been associated with greying of white horses by Fleury et al. (2000) and Heizerling
et al. (2001).

Further studies of the Old Kladruber horse by Vostry et al. (2012¢) were focused
on selection for important conformation traits and reduction in the number of recorded
characteristics from the present 36 to 24 traits with regard to a high number of described
traits and a lower number of individuals. In order to reduce the number of the described
traits, they advised omitting traits with less heritability than 0.10 and traits highly genetically
correlated with other recorded traits.

Summary

More appropriate approaches for breeding value prediction for various species have
been identified. Selection programs aim to increase the profit for breeders; therefore many
authors focused on that topic. Genome-wide selection has become a world standard for
dairy cattle breeding. This method takes proper account of information from relatives in
assessing the genetic merit of individuals. For some classes of farm animals, molecular
genetic approaches include seeking to identify new QTLs and developing genome-wide
selection programmes. Primary impediments to further development include the high cost
of high-density SNP arrays and difficulty in finding well-structured reference populations
to estimate SNP effects for traits that are routinely measured or are costly to record. In the
future, research is likely to be expanded to genetic improvement in health status of animals,
e.g. mastitis in dairy cows. Longevity, robustness and fertility are also likely to increase in
importance in livestock breeding programs.
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ance components and genetic parameters for litter size were estimated separately for each
breed using the animal model with repeatability. The model equation contained ewe age as a
fixed effect and random effects of contemporary group, permanent environment and direct

15?:2/; T additive genetic effect of the animal. Estimates of phenotype variance (og )increased across

Prolificacy breeds (0.236 for Sumava to 0.779 for Romanov) with increasing breed average for num-

Litter size ber of lambs per litter. Variance component estimates for permanent environmental effect

Heritability of the ewe were low (0.0001-0.0262). The variance of common environment of contem-

Repeatability porary group (0, = 0.0223-0.1309) had bigger influence on the total variability of litter

size in almost all breeds then additive genetic variance (02 = 0.0146-0.0587). The lowest

heritability and repeatability estimates were for the Sumava (h2=0.0619; r?ep =0.0823)

and Romney breeds (h?=0.0626; rrzep = 0.0811); while the highest were for Merinoland-

schaf (h>=0.1091; rrzep = 0.1129). We conclude that genetic parameters did differ among

the investigated breeds, which should be taken into account in breeding value estimation.
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1. Introduction Litter size (the number of lambs born per ewe lambing)

is the most frequently used selection criterion among all

Good reproductive performance of lambing ewes is a reproductive traits (Rao and Notter, 2000). Litter size has a

basic prerequisite to efficient production of lamb meat. substantial influence on the total weight of lambs reared

per ewe. According to a number of studies, improving

reproductive traits has higher economic significance than
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et al. (2005) reported that average estimated heritability
for litter size is 0.1 but that the substantial coefficient of
variation for the trait suggests the potential for genetic
improvement. Selection for litter size has been included in
many selection programs throughout the world (Hanford
et al., 2002; Hulet et al., 1984; Maxa et al., 2007), in some
cases even as the primary breeding goal (Boujenane et al.,
2013; Matos et al., 1997). Taking into account the low heri-
tability of litter size, it is advisable to employ the maximum
amount of information on individual performance and that
of relatives using the BLUP Animal Model methodology for
the estimation of breeding values for this trait.

Due to nature of observed trait (litter size) a threshold
model seems to be useful. Threshold models usually result
in higher heritability estimates for discrete traits (Matos
etal.,1997; Veselaetal.,2011). Ascale with 4 or more levels
of thresholds tends to rank animals similarly using linear
and threshold models (Ramirez-Valverde et al., 2001; Lee
et al, 2002). Luo et al. (2001) also stated that convergence
is problematic in threshold models and that convergence
can result in overestimations of genetic parameters. The
implementation of threshold models often requires com-
plicated computations, requiring substantially more time
than when using a linear model (Misztal et al., 1989;
Kadarmideen et al., 2000). Thus, threshold models are less
suitable for practical application in breeding value predic-
tion.

Since 2003, breeding values for litter size in the Czech
Republic have been computed by BLUP Animal Model
method, using variance components estimated from anal-
yses of all recorded breeds (Milerski, 2005). However,
experience of sheep producers and published informa-
tion (Hagger, 2002; Janssens et al., 2004; Rao and Notter,
2000) suggest that breeds may differ importantly in phe-
notypic variance and its distribution among genetic and
environmental effects. Safari et al. (2005) compared 19
independent studies dealing with genetic parameter esti-
mates for litter size. Many included genetic parameter
estimates for litter size (Boujenane et al., 2013; Maria,
1995; Mohammadi et al., 2012; Rashidi et al., 2011), but
only few included more than three breeds within a region
or country (Hagger, 2002; Rao and Notter, 2000).

The objective of this investigation was to estimate
genetic parameters for litter size in the most numer-
ous sheep breeds in the Czech Republic, Charollais (CH),
Merinolandschaf (ML), Romanov sheep (R), Romney (RM),
Suffolk (SF), Sumava sheep (S) and Texel (T), and the rele-
vance of that information in breeding value prediction.

2. Materials and methods
2.1. Data

Performance test data from 1990 to 2012 were provided by the Sheep
and Goat Breeders Association of the Czech Republic. The database with
records on 273,006 lambings contained information on: animal (lambing
ewe), herd, date of lambing, parity, ewe age at lambing, interval between
successive lambings, breed and litter size. Sire and dam identification
were added from the pedigree database. Four generations of known ances-
tors were used for the estimation of genetic parameters (Table 1). Litter
size was recorded on the day of lambing as total number of lambs born.
The following records were deleted from the database prior to analysis:
ewes with an unknown date of birth (and therefore unknown age), ewes

lambing at younger than 10 months or older than 140 months of age,
lambing ewes which sire had less than 5 daughters with performance.
Genetic parameters were estimated for the seven breeds (CH, ML, R, RM,
SF and T) that comprise more than three quarters of the purebred sheep
population included in performance testing in the Czech Republic.

To create groups of animals lambing under similar conditions, lamb-
ing records within each flock were arranged according to date of lambing.
Subsequently, the contemporary group (CG) effect was created, with ewes
that lambed within successive 40-day intervals in a given herd and year
constituting the CG’s. Those with fewer than 10 ewes were excluded
from variance component estimation analyses. The database adjusted in
this way contained data on 143,896 lambings. The quantities of data on
each breed are shown in Table 1. Suffolk was the most numerous breed
(13,202 ewes, 38,442 lambings, average litter size 1.62 with SD of 0.60),
and Sumava was the second (9 908 ewes, 34,075 lambings, average litter
size 1.32 with SD of 0.49).

Ewe age at lambing time was categorized into the following groups:
10-18 months, 19-30 months, then groups by successive 12 month
periods and a final group from 103 to 140 months of age. Because ewes
lambing for the first time were expected to have lower fertility and fecun-
dity, the 19-30 month old ewe group was further divided into ewes lamb-
ing for the first time and those having lambed for the first time at 10-18
month. Thus, there were 10 classes divided according to age and parity.

2.2. Statistical methods

The model equation for the analysis of variance of litter size was deter-
mined based upon preliminary investigation of the effects of ewe age,
parity, flock, lambing month, lambing year, CG and interval between sub-
sequent lambings using the GLM and MIXED methods in the SAS program
(SAS 9.1.3). Variance components were estimated by the restricted max-
imum likelihood method using the AIREMLF90 program (Misztal et al.,
2002) according to the single-trait repeatability model:

LS,-J-k =Ai+ CGj + adiry, + pe, + €jjk

where LS;; is the litter size of animal k; A; is the age class at lambing;
CG; is the random effect of contemporary group; adiry is the random
direct additive genetic effect of animal k; pey is the random permanent
environmental effect; ey is the random residual.

Heritability (h?) and repeatability (r,zep) coefficients were computed:

o2

[ E— (2)
02 + 03, + 0% + 028
2 2
05 +0fe
rl?ep = (3)

2 2 2 2
02 + 03, + 0. + 02

where o2 is the additive genetic variance; o, is the permanent environ-
ment variance; Ugc is the contemporary group variance; o2 is the residual
variance.

3. Results and discussion
3.1. Descriptive statistics

In addition to information on the database structure,
Table 1 presents means, standard deviations, coefficients
of variation and maximum number of lambs born per lit-
ter for each of the investigated breeds. Average number of
lambs born per litter ranged from 1.32 in Sumava to 2.49 in
Romanov, in which the highest maximum litter size (7) was
recorded. Wolfova et al. (2011a) reported similar average
values of litter size in the same region for Merinolandschaf,
Romney, Sumava and Romanov breeds: 1.41,1.51, 1.30 and
2.48, respectively.

Other investigations have reported average litter sizes
of 2.34 for Romanov (Maria and Ascaso, 1999), 1.95 for
Suffolk (Rao and Notter, 2000), 1.48 for Suffolk and 1.38
for Texel (Maxa et al., 2007). As expected, variability of lit-
ter size as represented by its standard deviation (SD) was
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Table 1

35

Number of records, ewes, sires, animals in pedigree and contemporary groups and mean litter size, standard deviation (SD), coefficient of variation (CV%)

and maximum number of lambs in litter for various breeds.

Breed Records Ewes Sires Animals CG Means SD CV (%) Max
Charollais 14,372 5129 994 8195 2061 1.549 0.601 38.80 6
Romney 24,276 7195 341 8447 888 1.549 0.581 37.51 4
Merinolandschaf 18,048 5679 506 8945 1405 1.428 0.548 38.38 6
Romanov 7750 2775 314 3489 1415 2.489 0.911 36.60 7
Sumava 34,075 9908 537 12,620 1667 1.322 0.488 36.91 4
Suffolk 38,442 13,202 1139 18,846 3186 1.623 0.601 37.03 5
Texel 6933 2427 386 3874 909 1.536 0.574 37.37 4

Explanations: Records: number of lambings; Ewes: number of ewes with performance; Sires: number of sires with 5 and more ewes in performance control;
Animals: number of animals in pedigree; CG: number of contemporary groups with 10 and more ewes in performance control; Means: average means of
litter size (all lambs born); SD: standard deviation; CV: coefficient of variation (%); Max: the highest number of lambs in litter.

higher in breeds with higher fecundity; whereas the coef-
ficient of variation (CV) was similar in all breeds, its value
ranged from 36.6% to 38.8%. The distribution of litter size is
shown in Table 2. The highest ratio for single-born lambs
is in Sumava (68.9%), the ratio for twins ranges from 30.2%
for Sumava to 50.2% for Suffolk. Triplets and more lambs in
a litter are rare except Romanov (35.3% of triplets).

3.2. Ewe age

GLM and MIXED procedures in the SAS program were
used to examine the effects of ewe age, parity, lamb-
ing month, lambing year, interval between lambings, herd
and CG (data not shown). There were close correlations
between dam age and parity, ranging from 0.795 in Romney
to 0.868 in Suffolk, which is consistent with the prevail-
ing management system of one lambing per year. For the
estimation of genetic parameters, the effect of ewe age at
lambing was modeled as a fixed effect and CG as a ran-
dom effect. Other effects in the model had low coefficients
of determination or multi-collinearity. As in most breeds,
there were significant differences (Table 3) in litter size
between ewes (19-30 months old) lambing for the first
time (1.42, 1.36, 1.30 and 2.38 lambs per ewe in CH, RM,
ML, and R, respectively) and ewes in similarly age lambing
for the second time (1.53, 1.51, 1.35 and 2.48, respectively),
this age group was also divided into two groups for the esti-
mation of genetic parameters. The ability of multiparous
females to produce larger litters is influenced, inter alia, by
age and by preceding reproductive experience (Kasap et al.,
2013; Maria and Ascaso, 1999).

One-year ewes of the seven breeds produced from
0.179 to 0.415 fewer lambs per litter than the overall
average litter size of the same breed, which corresponds
to 73.92 to 86.46% of adult performance. Notter (2000)
reported a difference of 0.47 in Suffolk (0.38 in the present

study) and a still larger difference in Targhee and Poly-
pay breeds, 0.6-0.7 lambs. The number of lambs born per
year increased until 4-6 years of age, varying somewhat
among breeds. This is consistent with results of Skorput
et al. (2011), who studied litter size in improved Jezersko-
Solcava sheep, where Romanov crossed into the breed to
improved genetic disposition. Skorput et al. (2011) also
compared the use of a two-trait animal model in which
the trait of litter size was divided into litter size at first
lambing and litter size at subsequent lambings. Correla-
tions between breeding values computed in this way and
breeding values predicted by a single-trait model exceeded
0.97, suggesting that litter size at first lambing or at subse-
quentlambings could be considered as a single trait. Hagger
(2002) draw similar conclusions when comparing genetic
correlations among litter sizes at the first three lambings.

3.3. Contemporary groups

In this study, a CG consisted of a group of ewes in the
same flock that were managed under the same conditions
and lambed within a 40-day period. Alternatively, Hagger
(2002) treated each CG as a flock x year subclass. Also, to
enable using information from small flocks, he combined
two adjacent years. Henderson (1973) stated that if CG
were defined as a fixed effect, genetic evaluations could
be expressed as invariant to CG effects. Ugarte et al. (1992)
proposed considering CG as arandom effect, with sires non-
randomly distributed across CGs. Taking into account data
structure and situation in the sheep herd, contemporary
group was treated as random effect in the current investi-
gation.

3.4. Heritability and repeatability

Breeding values for litter size in the Czech Republic are
currently predicted using genetic parameters estimated in

Table 2
Distribution of the number of lambs in litter.
1 2 3 4 5 6 7
Charollais 7261 6360 721 29 1
Romney 11,997 11,258 983 38
Merinolandschaf 10,773 6864 376 29 5 1
Romanov 992 3068 2738 823 116 12 1
Sumava 23,467 10,275 329 4
Suffolk 16,852 19,308 2211 68 3
Texel 3494 3170 264 5




Table 3
Number of lambing, average (LSM) and standard error for litter size in different age and parity classes of ewes.

Breed Age in 10-18 19-30 19-30 31-42 43-54 55-66 67-78 79-90 91-102 103-140
months primiparous multiparous
n 1269 2287 1202 3016 2521 1917 1170 567 280 143

Charollais LSM 1.25% 1.42° 1.53¢ 1.61¢ 1.67¢ 1.69¢f 1.648de 1.630defe 1.63idefgh 1.57¢8dhi
SE 0.016 0.012 0.016 0.010 0.011 0.013 0.017 0.024 0.035 0.049
n 769 3063 703 3750 3156 2552 1808 1174 694 380

Merinolandschaf LSM 1.16° 1.30° 1.35¢ 1.43d 1.48¢ 1.53¢ 1.508ef 1.53hfg 1.49iefgh 1.46defghi
SE 0.019 0.009 0.020 0.008 0.009 0.010 0.012 0.015 0.020 0.027
n 1979 3793 1604 4784 4033 3290 2335 1536 639 283

Romney LSM 1.15 1.36° 1.51¢ 1.57¢ 1.66¢ 1.68° 1.708f 1.66Mef 1.57id 1.50¢4
SE 0.012 0.009 0.013 0.008 0.008 0.009 0.011 0.014 0.022 0.033
n 1330 872 992 1556 1090 788 524 285 172 141

Romanov LSM 2.077 2.38" 2.48° 2.654 2.74¢ 2.74% 2.6584¢ 2.60Mdeg 2.50b¢ 240001
SE 0.024 0.029 0.027 0.022 0.026 0.031 0.038 0.052 0.067 0.074
n 677 6249 639 6427 5690 4804 3893 2815 1764 1462

Sumava LSM 1.14° 1.25b 1.27°0 1.294¢ 1.34¢ 137 1.388f 1.38hie 1.37ieh 1.34¢
SE 0.018 0.006 0.019 0.006 0.006 0.006 0.007 0.009 0.011 0.012
n 2310 7823 2040 8422 6527 4850 3286 1918 773 493

Suffolk LSM 1.252 1.53 1.54¢ 1.66¢ 1.70¢ 1.72%¢ 1.718ef 1.68Mdes 1.64idh 1.53b¢
SE 0.012 0.006 0.013 0.006 0.007 0.008 0.010 0.013 0.021 0.026
n 677 1160 669 1468 1103 755 505 299 179 118

Texel LSM 1182 1.45b 1.43¢b 1.60¢ 1.62¢4 1.64% 1.628def 1.56Md 1.51bdh 1.40P<t
SE 0.021 0.016 0.021 0.014 0.016 0.020 0.024 0.032 0.041 0.051

a-TMeans in the same row with different superscripts differ significantly, means with same superscript is not differ significantly.
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Table 4
Variance components and genetic parameters for litter size in different sheep breeds for linear model.
Breed o? o? 03 02 o3 h? (SE) k 12, (SE) c? e? CG?
Charollais 0.2583 0.0356 0.0001 0.0402 0.3343 0.11(0.0159) 7.25 0.11(0.0167)  0.0004 0.7727 0.1203
Romney 0.2610 0.0194 0.0057 0.0231 0.3091 0.06 (0.0052) 13.48 0.08 (0.0128) 0.0185 0.8443 0.0746
Merinol. 0.2289 0.0309 0.0011 0.0223 0.2832 0.11(0.0103) 7.41 0.11(0.0149) 0.0038 0.8083 0.0788
Romanov 0.5635 0.0587 0.0262 0.1309 0.7793 0.08 (0.0145) 9.60 0.11(0.0227)  0.0336 0.7230 0.1680
Sumava 0.1900 0.0146 0.0048 0.0264 0.2358 0.06 (0.0065)  13.02 0.08 (0.0108)  0.0204 0.8058 0.1119
Suffolk 0.2696 0.0256 0.0040 0.0450 0.3442 0.07 (0.0061)  10.52 0.09(0.0102) 0.0115 0.7834 0.1307
Texel 0.2464 0.0303 0.0044 0.0279 0.3090 0.10(0.0096) 8.14 0.11(0.0240) 0.0141 0.7974 0.0904

Merinol.: Merinolandschaf; o2: residual variance; o2: additive genetic variance; age: permanent environmental variance; agc: contemporary group vari-
ance; o7: phenotypic variance; h* = (02/o?): heritability; SE (h?): standard error of heritability; k = (62/02); 1, = ((02 + 03, )/02): repeatability; SE (rZ,):

rep

standard error of repeatability; c? = (oge/rrf,): permanent environmental variance as a proportion of phenotypic variance; e? = (oazlcr%): residual variance

as a proportion of phenotypic variance; CG? = (agclag ): variance of contemporary group as a proportion of phenotypic variance.

2003 from 16 breeds: in the most numerous breeds for each
breed separately, in the rest of breeds the multibreed analy-
sisis used (Milerski, 2005). Nevertheless, the same variance
components are used for estimation of breeding values for
all of the breeds, h?=0.11

Table 4 documents variance components and genetic
parameter estimates for litter size for each breed, as
computed from a repeatability model. The estimation of
phenotype variance (UI%) increased in accordance with

average number of lambs per litter (0.2358 Sumava; 0.7793
Romanov), as also observed by SanCristobal-Gaudy et al.
(2001). The lowest heritability and repeatability estimates
were for the Sumava (h? =0.0619; rZ, = 0.0823) and Rom-
ney breeds (h?=0.0626; 17, = 0.0811), while the highest
were for Merinolandschaf (h? =0.1091; rZ,, = 0.1129).

Maxa et al. (2007) reported somewhat lower values for
Suffolk and Texel breeds (0.04 and 0.06, respectively) than
in current study. Rao and Notter (2000) estimated heri-
tability for Targhee, Suffolk and Polypay breeds to equal
to 0.11, 0.09 and 0.09, respectively. Maria (1995) esti-
mated the heritability of litter size in Romanov sheep to
be approximately equal to this study (0.07). Davis et al.
(1998) also reported an estimate of 0.07 for the Rom-
ney breed. Considerably higher heritability estimates have
been reported for the Merino breed: h% =0.19-0.23 (Olivier
et al., 2001) and h%?=0.23 (Duguma et al., 2002). Matos
et al. (1997) estimated heritability for Rambouillet and
Finnsheep breeds using a linear animal model to be 0.16
and 0.08, respectively. Repeatability estimates in those two
breeds were 0.21 and 0.11, respectively. Mohammadi et al.
(2012)reported heritability of litter size in Makoei sheep to
be 0.11,and Rashidietal.(2011) estimated 0.11 in Moghani
sheep.

Variance component estimates (Table 4) for the per-
manent environmental effect were low in all breeds
(0.0001-0.0262). As a consequence, repeatability differed
very little from heritabilities (Table 4), as also reported by
Rao and Notter (2000). Higher c2=0.05 and repeatability
rrzep = 0.16 were estimated in Moghani sheep (Rashidi et al.,
2011). Boujenane et al. (2013) reported uncommon higher
repeatability (0.19) than heritability (0.09) for litter size
in D’man sheep. In an investigation comparing 15 experi-
ments in which a repeatability model was used, Safari et al.
(2005)reported that permanent environmental variance as
a percentage of total phenotypic variance for litter size (c2)

equaled 0.0440.01. They also stated that the permanent
environmental effect was generally lower in reproductive
traits than the direct additive genetic effect, with the excep-
tion of embryo survival and ewe rearing ability.

Variance component estimations indicate that the herd-
year-flock effect (CG) had a somewhat higher influence on
the variability of lambs born per ewe (CG%=0.075-0.131)
than additive genetic effects in all breeds except ML and T.
Similarly, Skorput et al. (2011) included a random effect for
flock in a model that explained 10% of variability. Hagger
(2002) explained 2.3-9.6% of variability by means of a ran-
dom flock-year effect. The majority of other modeled flock
as a fixed effect.

A distinctly highest percentage of variability for litter
size was associated with uncontrollable random effects.
These were highest in RM breed (e% = 0.844) and lowest in
the R breed (e =0.723).

4. Conclusions

The results of this study document that the contri-
bution of additive genetic variance to total phenotypic
variance in litter size differs among breeds, which should
be taken into account for the genetic evaluation of ani-
mals. In most of the examined breeds, the percentage of
total variance attributable to contemporary group (CG) was
somewhat higher than the percentage of attributable to
additive genetic variance. Other significant effects influ-
encing litter size variability are ewe age and parity.

Breed specific genetic parameter estimates reported in
this study should be utilized in the prediction of breeding
values for litter size of ewes and contribute to more effec-
tive selection and better utilization of the genetic potential.
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SUMMARY

The objective of the present study was to quantify the service sire effect in terms
of (co) variance components of born and weaned lambs number and to propose
models for the potential inclusion of this effect in the linear equations for breeding
value estimation. The database with 21,324 lambings in Sumava sheep from 1992-
2013 was used. The basic model equation for the analysis of variance of litter
size contained effects of ewe 's age at lamhbing, contemporary group, permanent
environmental effect of ewe and direct additive genetic effect of ewe. Two modi-
fications of the basic model were used for estimation of service sire effect. The
proportions of variance for the service sire effect for number of born and weaned
lambs were 2.1% and 2.0%, when service sire was not included into relationship
matrix; while included into the relationship matrix and dividing effect into genetic
contribution and permanent environment effect refer that nongenetic effect seems
to be bigger than genetic (0.013 vs. 0.009 for number of born and 0.017 vs. 0.004
for number of weaned). Changes in other variance components were relatively
low, except of contemporary group. Model including service sire effect as a simple
random effect without genetic relationship matrix inclusion is recommended for

genetic evaluation of litter size traits.

Key-words: service sire effect, genetic parameters, reproduction

INTRODUCTION

The contemporary Sumava sheep is the succes-
sor of autochthonous landrace of sheep kept in Sumava
Mountains in the South Bohemia and plays a crucial
role in environmental system of Sumava National Park.
Gradual regeneration of this local breed led to rams
and ewes selection with similar phenotype to original
population (Jandurova et al., 2005). Sumava sheep
belongs to breeds of medium body size and general
utilization. Single lambs were preferred in the past time,
because they needed to walk for long distances at low
quality grazing pasture. However, according to increas-
ing economic value of meat relative to wool and the
increased importance of lamb and sheep meat and milk
production in recent years (Krupova et al., 2013) it mean
that improving reproductive traits has high economic
significance (Wang and Dickerson, 1991; Wolfova et al.,
2011a, 2011b).

Litter size is a complex trait influenced by a pater-
nal, maternal and fetal component (Hamann et al, 2004).

Usually breeding schemes in sheep only include the
maternal component of litter size as fertility trait. Service
sire can influence both fertilization rate and prenatal
survival rate.

Until recently, the service sire effect has not
been studied in sheep breeds in the Czech Republic
(Schmidova et al., 2014; Vostry and Milerski, 2013),
and no information on this effect has been available for
Sumava sheep. Therefore, the objective of the present
study was to quantify the service sire effect in terms of
(co) variance components of litter size and number of
weaned lambs and to propose models for the potential
inclusion of this effect in the linear equations for breed-
ing value estimation.

(1) Jitka Schmidova, M. Eng. (schmidova.jitka@vuzv.cz), Ph.D. Michal
Milerski, Alena Svitakovéa, M. Eng., Assist. Prof. Lubo$ Vostry - Institute of
Animal Science, Pratelstvi 815, 10401 Praha-Uhrineves, Czech Republic,
(2) Jitka Schmidova, M. Eng. - Czech University of Life Science Prague,
Faculty Agrobiology, Food and Natural Resources, Kamycka 129, Prague,
Czech Republic
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MATERIAL AND METHODS

Data

Performance test data from 1992-2013 were pro-
vided by the Sheep and Goat Breeders Association
of the Czech Republic. The database with records of
29,401 lambings in Sumava sheep contained informa-
tion on: animal (lambing ewe), herd, date of lambing,
parity, ewe age at lambing, interval between successive
lambings, service sire, number of born and number of
weaned lambs. Sire and dam identification were added
from the pedigree database. Four generations of the
known ancestors were used for the estimation of genetic
parameters. Number of born lambs was recorded on the
day of lambing as total number of lambs born. Number
of weaned lambs was recorded as number lambs weight
at 80-120 days. Only ewes, that had lambed, were in
the database (at least one lamb independently if it was
alive or dead). The following records were deleted from
the database prior to analysis: ewes lambing at younger
than 10 months or older than 150 months of age, lamb-
ing ewes whose sire had less than 4 daughters with
performance. Ewe age at lambing time was categorized
into 6 classes divided according to age (10-18 months,
19-30, 31-42, 43-78, 79-102 and 103-150 months of
age. Contemporary group (CG) effect was created with
ewes lambed within successive 40-day intervals in a
given herd and year constituting the CG's (Schmidova
et al., 2014). Those CG's with fewer than 7 ewes were
excluded from variance component estimation analyses.
Also herds using only one ram and rams acting only in
one herd-year were excluded.

The database adjusted in this way contained data

on 21,324 lambings from 5,984 ewes and 396 rams bred
in 35 herds.

Statistical methods

The basic model equation for the analysis of litter
size variance was determined based on the single-trait
repeatability model (Schmidova et al., 2014):

Model 1: LSy, = A + CG; + Ew, + Epey + ey

where LS;, is the litter size of animal k (number of born
or weaned lambs); A; is the age class at lambing; CG;
is the random effect of contemporary group; Ew, is the
random direct additive genetic effect of ewe k; Epe, is
the random permanent environmental effect of ewe k;
ejx is the random residual.

Two modifications of the Model 1 were used for
estimation of service sire effect:

* €

S, is the random effect of service sire | (Model
2); SG, is the random direct additive genetic effect of
service sire; (Model 3); Spe, is the random permanent
environmental effect of service sire | (Model 3).

Variance components were estimated by the Gibbs
sampling method using the GIBBS1F90 program (Misztal
et al., 2002). After some exploratory analyses one chain
of 700,000 samples was used, rejecting the first 80,000
samples and saving every 100 thereafter.

RESULTS AND DISCUSSION

Distributions of number of lambs, means and stand-
ard deviations of lambs born and weaned are presented
in the Table 1.

Table 1. Distribution of the number of lambs in litter, total number of records, mean and standard deviation (SD) of

litter size
Litter size
Total number of Mean sD
0 1 2 4 records
* 14,867 6,261 193 3 21,324 1.31 0.48
No. at lambing
69.72% 29.36% 0.91% 0.01%
1,908 14,400 4917 98 1 21,324 1.15 0.56
No. at weaning
8.95% 67.53% 23.06% 0.46% 0.00%

* Only ewes, that had lambed, were in the database (at least one lamb independently if it was alive or dead)

Table 2 documents variance components and
genetic parameter estimations for both litter size traits,
as computed from repeatability models. The basic
model (Model 1) shows low heritability and repeatability
estimates. Similar heritability and repeatability for litter
size in Sumava sheep was reported in Schmidova et al.
(2014), the study also showed these values as the low-
est ones in comparison of seven breeds.
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Table 2. Variance components and genetic parameters for number of born and number of weaned lambs in Sumava

sheep for different models

o2 o’ Tw ai‘wpe otc o5 ﬂ'gpe
Born
model1 0.187 0.226 0.014 0.004 0.022
model2 0.186 0.225 0.013 0.005 0.017 0.005
model3t 0.186 0.225 0.013 0.005 0.016 0.002 0.003
Weaned
model1 0.257 0.315 0.014 0.002 0.049
model2 0.255 0.313 0.013 0.003 0.034 0.006
model3t 0.255 0.313 0.014 0.003 0.036 0.001 0.005
h2(SE) i Ew/, e cG? S¥(SE) sz,
Born
model1 0.061(0.007) 0.080 0.019 0.825 0.096
model2 0.057(0.008) 0.078 0.021 0.827 0.075 0.021(0.007)
model3t 0.058(0.008) 0.078 0.020 0.826 0.073 0.009(0.005) 0.013
Weaned
model1 0.045(0.006) 0.053 0.007 0.815 0.133
model2 0.042(0.007) 0.051 0.008 0.813 0.116 0.020(0.005)
model3t 0.043(0.005) 0.052 0.008 0.812 0.115 0.004(0.004) 0.017

2

Gf = residual variance; g, = additive genetic variance of ewe s (maternal) performance; JEZWS = ewe s (maternal) permanent environmental vari-

ance; crg = additive genetic variance of sire s (paternal) performance;

L, : . -
me = Sire’S (paternal) permanent environmental variance; &~ = contem-

porary group variance; a§= phenotypic variance; h? = (a2,/ ajf) = maternal heritability; 'rfs,p= ((GEZ“_ + ngums)/ aﬁ) = maternal repeatability;
Ewl, = (ngww/ Gﬁ) = permanent environmental variance as a proportion of phenotypic variance; e? = (cr,z/ CFJ;I) =residual variance as a proportion of

phenotypic variance; CGZ = (gCZG/ crpz) = variance of contemporary group as a proportion of phenotypic variance; SZ=(o-_,_.Z/ crpz) = paternal heritability;

5§s= (as?ps/ og‘) = paternal permanent environmental variance as a proportion of phenotypic variance

The proportions of variance for the service sire
effect for number of lambs born and weaned were 2.1%
and 2.0%, when service sire was not included into
relationship matrix (Model 2). While included into the
relationship matrix dividing effect into genetic contribu-
tion and permanent environment effect (Model 3) refer
that nongenetic effect seems to be bigger than genetic
(0.013 vs. 0.009 for number of born and 0.017 vs. 0.004
for number of weaned). Changes in other variance com-
ponents were relatively low, except of contemporary
group. This is probably due to low number of rams in
one flock.

Hagger (2002) found out a small influence of ser-
vice sire effect on litter size in four breeds (0.7%-2.9%).
Also the proportion of variance for service sire effect for
litter size traits in pigs was in range from 2 to 3% (Wolf
and Wolfova, 2012). Mohammadi et al. (2012) found out
service sire effects to be important only for litter weight
traits.

Nevertheless, it is well known that rams with
health problems or deficiencies in sperm production
can be the reason for insufficient litter sizes in a flock.
Serious reproduction problems can arise if rams show
sperm deficiencies or suffer from handicaps in loco-
motion, e.g. foot rot during time of joining. Also less
severe disorders of rams could affect litter size (Hagger,
2002). The social relationships that an animal has with
others of the same species can affect many aspects of
the reproductive process too (Rosa and Bryant, 2002).
Rams with high scores for sexual behaviour can improve
flock fertility during breeding (Perkins et al., 1992).

CONCLUSION

Litter traits are generally considered as ewe traits.
The results show that the service sires in Sumava sheep
have a small, but nevertheless a clearly detectable influ-
ence on the litter size under the management systems
practised. Model including service sire effect as a
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simple random effect without inclusion of the genetic
relationship matrix is recommended for genetic evalua-
tion of litter size traits.
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The objective of the present study was to examine and quantify the effects of factors acting during the
mating period (service ram, mating group) on subsequent litter size in the highly prolific Romanov breed
of sheep and to propose models for the potential inclusion of this effect in mixed model equations for
breeding value estimation. A dataset of 4412 lambings of purebred Romanov sheep in a performance test
program from 1998 to 2013 was used in analyses. The basic model fitted to litter size was a single-trait
repeatability animal model with fixed effect of ewe age and random effects of contemporary groups
of ewes during lambing, direct additive genetic effect of ewe, permanent environmental effect of ewe
and random residual. Eight modifications of the basic model examined various combinations of mat-
ing effects, contemporary group of ewes during mating (harem), and additive genetic and permanent
environmental effect of service ram. When the service ram effect was analyzed without inclusion of
the population relationship matrix in the model, the proportion of variance attributable to service ram
was 0.081. When the relationship matrix was included in the analysis, however, service ram heritability
estimates varied from 0.046 to 0.10, depending upon whether ramis permanent environmental effect,
a harem effect or both were included in model. Models containing the additive genetic effect of service
ram had slightly lower proportions of residual variance than models lacking this effect. Including effects
of mating (service sire, harem, and/or ramis permanent environmental effect) in the model favourably
decreased deviance information criterion. Means of estimated BVs by year of birth increased across the
22 years from about 0.45-0.60 lambs per litter for female fertility and from 0.55 to 0.59 lambs per litter
for BV male contribution on litter size, with only small differences among models. Results from present
study demonstrate that service rams in Romanov sheep have a clearly detectable influence on litter size
of their mates. Genetic parameter estimates indicate that direct selection on the service ram effect could
increase litter size and achieve genetic gain through ram selection.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction trait of ewe. However, prolificacy is a complex trait (Fig. 1) and, as

described by Hamann et al. (2004) in pigs and Shorten et al. (2013)

Reproductive traits including litter size are critical factors for
efficient sheep production. Selection for litter size is included in the
vast number of breeding programs for sheep. However, selection
response for this trait usually is not substantial, partially because
heritabilities for the trait of approximately 0.10 allow selection
response only up to 2%/year from simple mass selection (Notter,
2008). For reliable estimation of breeding values for litter size, it
is important to consider all relevant systematic factors influencing
the trait. Traditionally, litter size is considered and evaluated as a
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E-mail addresses: Schmidova.jitka@vuzv.cz (J. Schmidova),
milerski.michal@vuzv.cz (M. Milerski), svitakova.alena@vuzv.cz (A. Svitdkova),
vostry@af.czu.cz (L. Vostry).
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0921-4488/© 2016 Elsevier B.V. All rights reserved.

in sheep, it can also be influenced by paternal and fetal effects.

presents descriptive statistics of litter size classes and their dis-
tribution in numbers of observations and proportions. Number of
lambings and average litter size in seven ewe age and parity classes
are shown in Table 2

Service sires can influence both fertilization and prenatal sur-
vival rate. Such effects can be due to mating behavior (Perkins et al.,
1992), social relationships among animals (Rosa and Bryant, 2002),
genetically determined variation in fertilizing capacity (sperm
quality) and the genetic contribution of the sire to viability of the
embryo (van der Lende et al., 1999). Serious fertility problems can
arise if rams suffer from handicaps in locomotion or other health
problems, e.g. foot rot during the time of mating (Hagger, 2002;
Shorten et al., 2013). Appropriate timing of mating in relation to
sperm transport and ovulation time is essential for conception and
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Effect of service ram and ewe on litter size

Service ram stimulation on ewe

Additive genetic effect on embryo survival

==  Paternal genctic and permanent environmental effect of ram’s
contribution on litter size (sperm quality, mating behaviour, etc.)

===  Maternal genctic and permanent environmental effect of ewe’s
fertility (multiple ovulation, capacity of uterus, ensure embryo, ctc.)

o

Unfertilized egg

Fig. 1. Effect of service ram and ewe on litter size.

also for litter size in the case of multiple ovulations (Schott and
Phillips, 1941). Thus more sexually active rams with good qual-
ity semen have a higher chance to fertilize all ovulated ova. Some
covariation between male and female fertility components can be
expected, and some genetic correlations among male anatomi-
cal traits and female reproductive traits have been described. For
example, Coulter and Foote (1979) and Hanrahan and Quirke (1988)
reported that scrotal size of the sire was correlated with ovulation
rate, fecundity, and age at puberty of daughters in both cattle and
sheep. Al-Shorepy and Notter (1996) reported that the genetic cor-
relation between scrotal circumference of 90 day old rams and litter
size of daughters was 0.36.

Hagger (2002) and Sanchez-Davila et al. (2015) described
genetic evaluations for number of lambs born per ewe using model
equations thatincluded a service ram effect. Schmidovaetal.(2015)
presented preliminary analyses on the evaluation of service ram
effect on litter size in sheep incorporating information from the

population genetic relationship matrix showed Schmidova et al.
(2015). Another factor that is generally not taken into account in
breeding values estimation is mating groups of ewes (the harem).
Contemporary group generally is considered that group of ewes
lambing in the same flock during the same period of time, which
may or may not correspond with the mating group. In addition to
the ram effect on conception of ewes for a current mating season,
their subsequent prolificacy can be influenced by environmen-
tal factors acting on the mating group. In view of the foregoing,
the objective of the present study was to examine and quantify
the effects of the factors acting during the mating period (service
ram, mating group) on subsequent litter size in the highly prolific
Romanov breed of sheep and to propose models for the potential
inclusion of this effect in mixed model equations for estimation of
genetic parameters and breeding values.

2. Material and methods
2.1. Data

Data from Romanov ewes performance test from 1998 to 2013
were provided by the Sheep and Goat Breeders Association of the
Czech Republic. The database contained information on animal
(lambing ewe), flock, date of lambing, ewe age at lambing, parity,
interval between successive lambings, service ram and litter size.
Four generations of known ancestors were added from the pedi-
gree database. Litter size was recorded on the day of lambing as
total number of lambs born. Only natural matings were included.
Records were deleted from the database prior to analysis for cross-
bred ewes, ewes with an unknown age (unknown date of birth),
ewes lambing at younger than 10 months or older than 140 months
of age, ewes whose sire had fewer than 4 daughters with at least
two lambing records each, flocks where only one ram was used, and
rams used in only one flock-year subclass. Contemporary groups

Table 1

Distribution of the number of lambs per litter class and overall descriptive statistics.
Litter size 1 2 3 4 5 6 Total Mean SD
N 491 1583 1673 576 79 10 4412 2.59 0.93
% 11.13 35.88 37.92 13.06 1.79 0.23

Explanations: N: number of lambings with 1-6 lambs in litter; %: percentage of lambings with 1-6 lambs in litter.

Table 2
Number of lambings (N), average (LSM) and standard error (SE) for litter size in different age and parity classes of ewes.
Age in months 10-18 19-30 (1.parity) 19-30 (2.parity) 31-42 43-78 79-102 103-150
n 666 408 400 1079 1530 272 57
LSM 2.11 2.36 2.48 2.65 2.79 2.64 2.33
SE 0.05 0.04 0.04 0.03 0.02 0.06 0.12
Table 3
Effects in the models.
Age CG Ewe Ewpe S.ram Spe Harem
Model B X * * *
Model H X * * * *
Model R X * * * *
Model SG X * * * RM
Model SP X * * * RM *
Model SH X * * * RM *
Model SPH X * * * RM * *
Model SG-C X * * * RM-C
Model SP-C X * * * RM-C *

Explanations: Age is the age class of ewe at lambing; CG is the effect of contemporary group of ewes lambed during a 40 day interval; Ewe is the direct additive genetic effect
of ewe; Ewpe is the permanent environmental effect of ewe; S. ram is the effect of service ram; Spe is the permanent environmental effect of service ram; Harem is the effect

of contemporary group of ewes mated with one ram during one year.

x—fixed effect; *—random effect; RM—joint relationship matrix for additive genetic effect of ewe and service ram effect; RM-C—joint relationship matrix for additive genetic

effect of ewe and service ram effect with genetic correlations.
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Table 4
Variance component estimates from different models for litter size in Romanov sheep.
op? 02(SD) a2,,(SD) U%WDE(SD) a2.(SD) 2. (SD) Uﬁpe(SD) a?..(SD) Imp DIC

Model B 0.833 0.596 0.077 0.015 0.145 10775
(0.015) (0.015) (0.010) (0.020)

Model H 0.821 0.588 0.075 0.015 0.100 0.043 10754
(0.015) (0.015) (0.010) (0.022) (0.015)

Model R 0.827 0.595 0.064 0.016 0.084 0.067 10761
(0.015) (0.015) (0.011) (0.018) (0.022)

Model SG 0.838 0.594 0.067 0.015 0.077 0.084 10757
(0.015) (0.014) (0.010) (0.017) (0.025)

Model SP 0.838 0.595 0.068 0.014 0.076 0.055 0.030 10758
(0.015) (0.015) (0.010) (0.017) (0.029) (0.022)

Model SH 0.840 0.591 0.069 0.014 0.059 0.084 0.025 10749
(0.015) (0.015) (0.010) (0.017) (0.027) (0.011)

Model SPH 0.842 0.591 0.068 0.014 0.057 0.061 0.027 0.024 10751
(0.015) (0.014) (0.010) (0.016) (0.029) (0.021) (0.011)

Model SG-C 0.836 0.595 0.066 0.015 0.079 0.081 —-0.03 10759
(0.015) (0.015) (0.010) (0.017) (0.025)

Model SP-C 0.835 0.595 0.066 0.015 0.078 0.039 0.042 —-0.01 10758
(0.015) (0.015) (0.010) (0.017) (0.029) (0.025)

Explanations: 0,3 =phenotypic variance; o2 = residual variance; agw =additive genetic variance of eweis (maternal) performance; O-gwpe =eweis (maternal) permanent environ-

mental variance; ogc =contemporary group variance; aﬁam =variance of service ramis (paternal) performance (additive genetic variance expect Model R); aﬁp . =service ramis

aternal) permanent environmental variance; o2 =harem variance; rmp = genetic correlation between maternal and paternal additive genetic variance; DIC = Deviance
Har P
information criterion.

(CG) were created of ewes that lambed within successive 40-day
intervals in the same flock and year (Schmidova et al., 2014). Those
CG’s with fewer than 7 ewes were excluded from analyses. Another
contemporary group category identified as the harem was created
of all ewes mated to one ram during one mating period.

The edited database contained data on 4412 lambing events
from 1682 ewes and 140 rams from 42 breeders. There were 258
contemporary groups, 368 harems, and 2918 animals in the pedi-
gree file.

Ewe age at lambing was categorized into the following groups:
10-18 months, 19-30 months, 31-42 months, 43-78 months,
79-102 months, and a group from 103 to 140 months of age.
Because ewes lambing for the first time were expected to have
lower fertility and fecundity (Schmidova et al., 2014), the 19-30
month old ewe group was divided into ewes lambing for the first
time and ewes lambed for the second time (first lambing at 10-18
month). Thus, there were 7 classes divided according to age and
parity.

2.2. Statistical methods

The basic model (Model B) fitted to estimate variance compo-
nents for litter size treating each ewe as the animal was based upon

the single-trait repeatability animal model described by Schmidova
etal. (2014):

ModelB : LSUk = Age,- +CG] + Ewek + Ewpek —+ e,jk

where LSy is the litter size of animal k’s litter; Age; is the eweis age
class at lambing; CG; is the random effect of contemporary group;
Ewey, is the random direct additive genetic effect of ewe k; Ewpey,
is the random permanent environmental effect of ewe k; and e is
the random residual.

Eight modifications of the Model B were tested for estimation
of service ram effects (Table 3). Model H is augments Model B by
addition of the random effect of harem (group of ewes mated with
one ram during one mating period). Model R is the basic model
augmented by service ram as a random effect without inclusion
of information from the population relationship matrix. All other
models, including model SG, contain the service ram effect plus
inclusion of the relationship matrix as a paternal additive genetic
effect. Model SP partitions the service ram effect into its genetic and
permanent environmental components. Model SH includes both
the ram additive genetic effect and the harem effect. Model SPH,
the most complete model, combines models SH and SP. Models
SG-C and SP-C are variants of Models SG and SP in which genetic

Table 5
Variance component proportions of phenotypic variance and genetic parameter estimates from different models for litter size in Romanov sheep.
e? 2, SE(h3,.) 2, EwZ, cc? (. SE(h?,,) Ram2, Har?

Model B 0.716 0.092 0.015 0.110 0.018 0.174
Model H 0.716 0.091 0.016 0.115 0.018 0.122 0.053
Model R 0.720 0.078 0.015 0.097 0.020 0.101 0.081*
Model SG 0.710 0.080 0.015 0.098 0.018 0.092 0.100 0.022
Model SP 0.710 0.081 0.015 0.097 0.017 0.091 0.065 0.032 0.036
Model SH 0.703 0.082 0.015 0.101 0.016 0.070 0.100 0.029 0.029
Model SPH 0.702 0.080 0.014 0.100 0.016 0.067 0.073 0.032 0.032 0.029
Model SG-C 0.711 0.079 0.015 0.097 0.018 0.095 0.096 0.027
Model SP-C 0.713 0.079 0.015 0.097 0.018 0.094 0.046 0.033 0.050

Explanations: e? =(0¢ /o) =residual variance as a proportion of phenotypic variance; hZ,, =(03,/05)=eweis heritability; SE(h2,,)=standard error of eweis heritability;

2, =((02, + ngpe)/ag )=eweis repeatability; Ew3, = (agwpe/o§)= eweis permanent environmental variance as a proportion of phenotypic variance; CG? =(0./03) = variance

of contemporary group as a proportion of phenotypic variance; h2,,, = (aﬁam/a; )=ramis heritability or *) common random effect of service ram in Model R; SE(hfam )=standard
error of ramis heritability; Ramge =(U§pe/o§)=ramis permanent environmental variance as a proportion of phenotypic variance; Har? =(afmr/a,§)=variance of harem as a

proportion of phenotypic variance.
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Table 6
Maternal and paternal breeding values for litter size from selected models.
Mean Std Dev min max
Maternal Model B 0.265 0.284 —0.503 1.466
Model R 0.246 0.255 —-0.499 1.309
Model SP 0.195 0.219 -0.526 1.160
Model SPH 0.193 0.216 —-0.535 1.145
Model SH 0.195 0.221 —0.507 1.189
Paternal Model B - - - -
Model R 0.007 0.073 —0.684 1.401
Model SP 0.273 0.225 -0.383 1.164
Model SPH 0.289 0.236 -0.389 1.240
Model SH 0.287 0.239 —0.456 1.421

Explanations: Model B: Basic model without service ram effect, no paternal BV, only maternal BV; Model R: Model with effect of service ram but without link to the relationship
matrix, no paternal BV, but only estimated sire-effect; Model SP: Model with effect of service ram with inclusion into the relationship matrix and with partitioning to genetic
and permanent environment effects; Model SH: Model with effect of harem and service ram effect with inclusion into the relationship matrix; Model SPH: Model with effect
of harem and service ram effect with inclusion into the relationship matrix and with partitioning to genetic and permanent environmental effects.

correlations between ewe and ram genetic effects were taken into
account.

Genetic parameters: Variance components and genetic corre-
lations were estimated by the Gibbs sampling method using the
GIBBS1F90 program (Misztal et al., 2002). Priors for additive genetic
effect for ewe, permanent environmental effect of ewe and CG were
assigned based on results in Schmidova et al. (2014). Priors for
additive genetic effect for ram were 0.034+0.01 and for perma-
nent environmental effect of ram were 0.01 4+ 0.005. These priors
were assigned as half of similar effect of ewe. For the harem effect,
the priors were the same as for the CG (0.13 +0.02). After some
exploratory analyses, a chain of 700,000 samples was generated,
rejecting the first 80,000 and saving every 100th sample there-
after. Deviance information criterion (DIC), a Bayesian measure of
adequacy or fit (Spiegelhalter et al., 2002), was also evaluated.

Heritability (h?) estimates of litter size were computed as fol-
lows:

h2,. = (a,?w/ag) = maternal heritability (female fertility);

hfam = (0Fan/0f) = paternal heritability
(male contribution to variance in litter size);

where U§W=additive genetic variance of ewe (female) fertility;
o,%am =variance of service ramis (male) contribution to litter size
(additive genetic variance except Model R); o,% =phenotypic vari-
ance

and

2 2 2 2 2
Op = 0gc + Opy + Opype + 0z (Model B)

2 2 2 2 2 2
0p =0¢ + Ohgr + Ofw + Okwpe T e (Model H)

03 = 0% + Oy + ORupe + Opgm + 02 (Model R, SG, SG-C)

2 2 2 2 2 2
Op = 0cg + Ofy + Ofupe + Ojam + Ogpe + 06 (Model SP, SP-C)

_ 2 2 2 2 2 2
Op = 0gg + Opg + Oy + Opype + g + O (Model SH)

2 2 2 2 2 2 2
Op = 0gc + Ohigr + Oy + Opppe + Opgm + Ogpe + 0z (Model SPH)

C 2 ; R .
where: o =contemporary group variance; oj,, =harem vari-
ance; agwpe =eweis (female) permanent environmental variance;

cr,%pe =service ramis (male) permanent environmental variance;
o2 =residual variance.
Breeding values (BV) for litter size as an ewe trait (female fertil-

ity) as well a service ram trait (male contribution) were predicted

using BLUPF90 (Misztal et al., 2002), based upon variance compo-
nents computed for five selected models. These models (Model B,
R, SP, SH, SPH) were chosen for estimating BV for validation of sta-
bility of breeding values under different points of view for mating
effects. Spearmanis and Pearsonis correlations between maternal
(female fertility) and paternal (male contribution) BVs from differ-
ent models were estimated and genetic trends were characterized
as mean breeding values by year of birth from 1990 to 2011.

3. Results

Table 1. Variance components and genetic parameter estimates
for litter size computed from the various repeatability models are
shown in Tables 4 and 5. From Model H, the proportion of variance
attributed to harem, a combined effect of service sire and environ-
mental effects specific to the time and place of the mating period,
was 0.053. The proportion of variance for the service ram effect con-
sidered as a random effect was 0.081 (Model R; information from
population relationship matrix not taken into consideration). When
information from the relationship matrix was included the model,
the paternal heritability estimate increased from 0.046 (Model SP-
C) to 0.10 (Model SG, Model SH), depending upon whether the
permanent environmental ram effect, the harem effect or both
were included. Models including the service ram effect had slightly
smaller maternal heritabilities than models not including that
effect. Genetic correlations between genetic effects on female and
male fertility were 0.03 and —0.01 for Model SG-C and Model SP-C,
respectively (Table 4).

Partitioning the service ram effect between its genetic and per-
manent environmental contributions (Model SP) suggested that
the genetic contribution was roughly twice the magnitude of the
permanent environmental contribution (0.065 vs. 0.036). This ten-
dency is also seen in comparison of Model SPH, which included the
harem effect, but not in Model SP-C in which variance from the
ram permanent environmental effect was larger than the additive
genetic variance for the ram influence. Including the effect of harem
in Models H, SH, SPH led to decreased variance attributable to con-
temporary group. The smallest differences among models were for
estimates of ewe permanent environmental variance.

All models that jointly included the service ram effect and the
relationship matrix had slightly lower proportions of residual vari-
ance than Models B and H, neither of which included service ram,
and Model R in which the service ram effect was included but not
linked to the relationship matrix. Including the service ram as aran-
dom effect without the relationship matrix in the model decreased
DIC from 10,775 (Model B) to 10,761 (Model R). Partitioning the ser-
vice ram effect into a genetic contribution and other components
reduced DIC even more, from 10,759 to 10,749 (Model SH).
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Fig. 2. Genetic trend of litter size

Based upon comparison of genetic parameter estimates and DIC
presented for the nine models in Tables 4 and 5, Models B, R, SP,
SH and SPH were chosen for maternal BV prediction, and models
SP, SH and SPH were chosen for paternal BV prediction (Table 6).
Means of estimated BV by year of birth increased across 22 years
from approximately 0.45-0.60 lambs per litter for maternal BV and
from 0.55 to 0.59 lambs per litter for paternal BV, with only slight
differences among models (data not shown). Fig. 2 is a comparison
of genetic trends for maternal and paternal BVs estimated using
model SPH.

Spearmanis correlations are shown in Table 7. Pearsonis corre-
lations among maternal breeding values for litter size estimated
by these models ranged from 0.964 to 0.999 and among paternal
breeding values ranged from 0.993 to 0.999 (data not shown). Pear-
sonis correlations between paternal breeding values and random
sire-effect (model R) ranged from 0.261 to 0.290 (data not shown).

4. Discussion

The objective of this study was to estimate (co)variance com-
ponents for the service ram effect on litter size in sheep and to
propose models for the potential inclusion of this effect in mixed
model equations for breeding value estimation.

There is limited information in the literature about this effect
and its contribution to genetic evaluation of litter size. Sanchez-
Davila et al. (2015) reported that rams differed by from one to two
offspring in average litter size of their mates; whereas Holler et al.
(2014) observed significant differences among service sires in num-
ber of lambs born per mate and also conceptus survival through
gestation. Shorten et al. (2013) reported that permanent maternal
and permanent paternal environmental effects had similar influ-
ence on pregnancy losses. Hagger (2002) found a small influence

from 1990 to 2011 (from Model SPH).

(0.7%-2.9% of phenotypic variance) of the service ram effect on litter
size in four breeds of sheep; and in Schmidova etal.(2015), variance
attributable to service ram in Sumava sheep ranged from 0.9% to
2.1% of phenotypic variance. Similarly, the percentage of variance
for the service sire effect for litter size traits in pigs ranged from 2
to 3% (Wolf and Wolfova, 2012). Service sire effects for number of
lambs born in Bunter and Brown (2013 ) accounted for 0.01-0.02% of
phenotypic variance, which was not significant. Safari et al. (2007)
found significant service sire effects for fertility and lambs born
and weaned per ewe joined; Mohammadi et al. (2012) found ser-
vice sire effects to be important only for litter weight traits but not
for litter size in sheep.

In our current study on Romanov sheep, a prolific breed, the
proportion of variance attributable to the service sire effect ranged
from 0.046 to 0.10. Estimates of traditional heritability of ewe
prolificacy in the study ranged from 0.078 to 0.092, calling into
question the validity of using the service ram effect not only as an
“environmental effect” for predicting breeding value for litter size
as maternal trait, but also for predicting breeding values for ser-
vice sire effects on litter size. As pointed out by David et al. (2007),
even if ewe and ram sources of variation seem small, the range of
estimated BV between extreme animals can be substantial.

Additive genetic variance for the service ram effect may be
attributable to genetic differences in semen quality and quantity,
fertilization percentage, embryonic and fetal development, and/or
survival at lambing (Hamann et al., 2004). Oh et al. (2010) reported
significant associations between litter size in pigs and percentage
of capacitated sperm and sperm fertility index assessed by a sperm
penetration assay.

An animal’s social relationships with others of the same species
can also affect aspects of the reproductive process (Rosa and Bryant,
2002). For example, the “ram effect” can increase litter size due to

Table 7
Spearmanis correlations among maternal (above diagonal) and paternal (below diagonal) breeding values for litter size from selected models.
Model R Model SP Model SH Model SPH

Model B 0.979 0.961 0.958 0.958
Model R - 0.974 0.967 0.973
Model SP 0.207 - 0.997 0.999
Model SH 0.221 0.992 - 0.997
Model SPH 0.207 0.999 0.993 -

Explanations: Model B: Basic model without service ram effect, no paternal BV, only maternal BV; Model R: Model with effect of service ram but without inclusion into
the relationship matrix, no paternal BV, but only estimated sire-effect; Model SP: Model with effect of service ram with inclusion into the relationship matrix and with
partitioning to genetic and permanent environment effects; Model SH: Model with effect of harem and service ram effect with inclusion into the relationship matrix; Model
SPH: Model with effect of harem and service ram effect with inclusion into the relationship matrix and with partitioning to genetic and permanent environmental effects.
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stimulation of estrous activity in ewes following introduction of a
ram or rams into the flock. It is characterized by rapid response of
the ewes to the unaccustomed presence of the rams. Exposure to
rams initiates endocrine events that lead to ovulation, which occurs
in most responsive ewes within 50 h of first contact with the rams
(Martin et al., 1986). Kilgour (1993) found a positive correlation
between number of ram services during flock mating and number
of fetuses conceived.

As reported by Coulter and Foote (1979) and Al-Shorepy and
Notter (1996), reproductive efficiency of cows and ewes is related to
testicular size of their male progenitors. This relationship between
male and female traits suggests that certain genes affect critical
reproductive mechanisms in both males and females. However, the
genetic correlation between ewe and service ram genetic effects in
our study (—0.03 and —0.01) did not confirm this expectation. Fur-
thermore, the genetic correlation between ram and ewe fertility,
which was defined as success or failure to artificial insemination,
did not differ significantly from zero in the study of David et al.
(2007). Stellflug and Berardinelli (2002) similarly noted that selec-
tion for litter size was not likely to affect sexual behavior of male
offspring; and Bench et al. (2001) found no difference in ovula-
tion rate between daughters of low sexual performing sires and
daughters of high sexual performing sires.

Serenius et al. (2003) estimated genetic correlations between
direct genetic and service sire effects for total number of piglets
born per litter in two breeds. Estimates were of similar magnitude
but opposite sign (—0.39 to 0.23) and with high standard errors. As
reported by Snowder et al. (2004), the estimated genetic correla-
tion between ram sexual performance and number of lambs born
was small and positive for the Columbia breed (0.24 +0.20), but
zero for an across breed estimate (0.00 & 0.10). We surmise that the
near independence between ewe and ram additive genetic effects
on litter size and their similar heritability suggests that breeding
values estimation procedures for the service ram effect could be
developed and evaluated.

Using the proportion of residual variance as the criterion for the
comparison of models in our study, all models that included the
service ram effect as well as inclusion of the relationship matrix
were slightly better than models lacking the service ram effect
(Models B and H) and the one model that included service ram but
not linked to the population relationship matrix (Model R). Wolf
and Wolfova (2012) reported in pigs that residual variance was
reduced in models including service sire, irrespective of whether
the service sire effect was modeled with or without inclusion of
the relationship matrix. Hagger (2002) reported that including the
service sire effect reduced final log-likelihood, thus improving the
model. Including the service ram as a random effect without linked
to the relationship matrix into the model decreased DIC in our study
from 10,775 (Model B) to 10,761 (Model R). From the set of models
which included ram effects, model SH had the lowest DIC (10,749)
and was among models with lower proportions of residual variance.
We surmise that this model is appropriate for predicting maternal
breeding values for litter size in Romanov sheep with additional
information for better selection of eweis. If, however, the goal is to
predict both maternal and paternal breeding values, model SPH
may be more appropriate for selection of eweis and rams. This
model has low DIC, the lowest proportion of residual variation of all
models and thoroughly models genetic and environmental sources
of variation.

Inclusion of ram and mating period effects into model fraction-
ally affected maternal breeding values estimations. Correlations
between ewe breeding values estimated using Model B versus mod-
els including ram related effects varied from 0.964 to 0.984. David
et al. (2007) also reported high correlations between estimated
breeding values for male and female fertility estimated using dif-
ferent models (from 0.90 to 0.99).

It is surprising that genetic trends for maternal BV documented
in our results are larger than genetic trends for litter size reported
in the literature (Boujenane et al.,, 2013; Hanford et al., 2006). A
contributing factor may be that we studied the Romanov breed, for
which a primary breeding objective is high prolificacy. The sub-
stantial genetic trend in paternal BV for litter size may be caused
by breeder’s preference for service rams from twins or triplets.

5. Conclusions

Litter size is generally considered as a ewe trait. Results from
the present study suggest that service rams in Romanov sheep also
have a clearly detectable influence on litter size. Genetic parame-
ter estimates indicate that direct selection on breeding value for
the service ram effect could be an additional selection criterion
to improve litter size in sheep. The additive genetic service ram
(paternal) component was not antagonistic to the additive genetic
ewe (maternal) component. As this is the first in depth study in
sheep that aims to estimate the service ram effect with and without
consideration of the population relationship matrix, further inves-
tigation is needed before including the ram genetic effect in the
model for prediction of breeding values for litter size.
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THE INFLUENCE OF RAM ON LITTER SIZE IN SUFFOLK SHEEP

Jitka SCHMIDOVA 2, Michal MILERSKI 3, Alena SVITAKOVA 4, Alexandra NOVOTNA 3,

Hana VOSTRA-VYDROVA ¢, Lubo§ VOSTRY ’

ABSTRACT

The proportion of variance for service ram effects was estimated for number lambs born and weaned. The database
with 11,311 lambings in purebred Suffolk was used. The basic model equation for the analysis of variance of litter size
contained effects of ewe’s age at lambing, contemporary group of ewes at lambing, ewe’s permanent environmental
effect and ewe s direct additive genetic effect. The other models were extended by contemporary group of ewes during
mating (harem), and additive genetic and permanent environmental effect of service ram. Variance components were
estimated by the Gibbs sampling method. The proportions of variance for the service ram effect for number of lambs
born and weaned were 4.1 % and 2.6 %. The annual genetic trends were 0.4 % of lambs born and 0.2 % of lambs weaned
for female fertility. Male contribution on litter size was 0.2 % of lambs born and 0.1 % of lambs weaned. The results
demonstrated that service rams in Suffolk sheep have low influence on litter size of their mates.

Key words: sheep, litter size, prolificacy, variance components, genetic parameters, heritability, breeding values

1 INTRODUCTION

In the Czech Republic, there are about 200,000
sheep of which 23,500 ewes and their lambs are included
in performance test. Suffolk is the most numerous breed
in Czech Republic. In year 2014 it account for about
254 % of purebred ewes in performance test (Bucek
et al., 2015).

In recent years the importance of lamb and sheep
meat and milk production increased relative to wool pro-
duction. Consequently the economic value of sheep meat
and sheep milk increased too (Krupova et al., 2013). As
reported by Wang and Dickerson (1991) and Wolfova
et al. (2011a, 2011b) the improvement of reproductive
traits has high economic significance in meat production
system.

Same address as 1, e-mail: Milerski.michal@vuzv.cz
Same address as 1, e-mail: Svitakova.alena@vuzv.cz
Same address as 1, e-mail: Novotna.alexandra@vuzv.cz
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N O U R W N =

Traditionally, litter size is considered and evaluated
as a trait of female. However, prolificacy is a complex
trait (Fig. 1) as described by Schmidova et al. (2016) and
Shorten et al. (2013). It is also influenced by paternal and
fetal effects. In studies of Sanchez-Davila et al. (2015)
and Schmidova et al. (2015) genetic evaluations for num-
ber of lambs born per ewe were described using model
equations that included an effect of service ram.

In view of the foregoing, the objective of the present
study was to estimate the proportion of variance for ser-
vice ram effect and other factors acting during the mat-
ing period on subsequent litter size in Suffolk, the meat

purpose breed.
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Service ram stimulation on ewe

............. >
------ ¥ Additive genetic effect on embryo survival
= Paternal genetic and permanent environmental effect of ram’s
contribution on litter size (sperm quality, mating behaviour, etc.)
=b Maternal genetic and permanent environmental effect of ewe’s
fertility (multiple ovulation, capacity of uterus, ensure embryo, etc.)
O Unfertilized egg

Figure 1: Effect of service ram and ewe on litter size

2  MATERIALS AND METHODS
2.1 DATA

Database was provided by the Sheep and Goat
Breeders Association of the Czech Republic. It contained
data from performance test from year 1996 to 2013. The
Association collect information of animals as flock, date
of lambing, parity, ewe age at lambing, interval between
successive lambings, service ram and litter size. Litter size
was recorded on the day of lambing as total number of
born lambs (alive or dead). Only ewes that had at least
one lamb were included in the database. Only natural
matings were included. Four generations of known an-
cestors from the pedigree database were used for the esti-
mation of genetic parameters.

Crossbred ewes, ewes with an unknown date of
birth, ewes that were younger than 10 months or older
than 140 months of age at lambing, ewes whose sire had
less than four daughters with at least two lambing records
each were excluded from the database. Flocks where only
one ram was used, and rams used in only one flock-year
subclass were excluded from the database prior to analy-
sis. Contemporary groups (CG) were created of ewes that
lambed within successive 40-day intervals in the same
flock and year (Schmidova et al., 2014). Those CG’s with
less than 7 ewes were excluded from analyses. Another
contemporary group category identified as the harem
was created of all ewes mated to one ram during one mat-
ing period (Schmidova et al., 2015).
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The edited database contained data on 11,311
lambing events from 4,032 ewes and 385 rams. There
were 460 contemporary groups of ewes at lambing,
1,104 harems, and 7879 animals in the pedigree file.

2.2. STATISTICAL METHODS

The basic model equation for the analysis of litter
size variance was determined based on the single-trait
repeatability model (Schmidova et al., 2014):

Model 1: LS, = A, + CG; + Ew, + Epe, + ¢,

where LS is the litter size of ewe k (number of born
or weaned lambs); A, is the age class of ewe at lambing
(fixed); CG; is the effect of contemporary group (ran-
dom); Ew, is the direct additive genetic effect of ewe
k (random); Epe, is the permanent environmental ef-
fect of ewe k (random); € is the random residual.

For estimation of service ram effect were used

two extensions of the Model 1:

Model 2: LS, =A +CG +Ew, +Epe +5 +e,
Model 3: LS, = A+ CG +Ew, +Epe, +5G, +Spe + e

S,is the effect of service ram 1 in model 2 (random); SG; is
the direct additive genetic effect of service ram, in model
3 (random); Spe, is the permanent environmental effect
of service ram | in model 3 (random).

Variance components were estimated by the Gibbs
sampling method (GIBBS1F90, Misztal etal., 2002).
After some exploratory analyses one chain of 700,000
samples was generated, rejecting the first 80,000 and sav-
ing every 100th sample thereafter. Bayesian measure of
adequacy - the deviance information criterion (DIC)
(Spiegelhalter et al., 2002) was also evaluated.

Breeding values (BV) for number of born lambs and
number of weaned lambs as a ewe trait (female fertility)
and as a service ram trait (male fertility) were predicted
using BLUPF90 (Misztal et al., 2002). Genetic trends

Table 1: Distributions of number of lambs

Litter size

0 1 2 3 4
No.ofborn  * 4263 6246 784 18
lambs per litter 37.69% 5522% 6.93% 0.16%
No. of weaned 844 4583 5397 483 4
lambs perlitter 7 450, 40529 47.71% 4.27% 0.04%

* Only ewes with at least one born lamb were included in the database
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Table 2: Variance components for number of born and number of weaned lambs in Suffolk sheep for different models

2

Litter size o} oy o, Chpe  Occ o Oge Cr  DIC
Born Model 1 0350 0273 0019 0006  0.052 18399
SD 0004 0004 0003  0.006
Model 2 0.341 0.271 0017 0006 0031 0.016 18378
SD 0004 0004 0003 0005 0004
Model 3 0342 0271 0017 0005 0028 0014 0005 0002 18371
SD 0005 0004 0003 0005 0005 0004 0001
Weaned  Model 1 0467 0360 0019 0010 0078 21495
SD 0006 0005 0005  0.008
Model 2 0457 0359 0019 0009  0.06] 0.009 21505
SD 0006 0005 0005 0009  0.004
Model 3 0455 0358 0020 0008  0.051 0012 0003 0003 21507
SD 0006 0005 0005 0008 0005 0003  0.002

2 . .
O, = phenotypic variance; o’

. . 2 wee . . ’ 2 ’
- = residual variance; o, = additive genetic variance of ewe’s (maternal) performance; O ppe = €WE'S (maternal)

. . 2 o . . o 2 s .
permanent environmental variance; o = additive genetic variance of sire’s (paternal) performance; O, = sire’s (paternal) permanent environ-
mental variance; O ;= contemporary group variance; 6121” = harem variance; DIC = Deviance information criterion

were characterized as mean breeding values by year of
birth from 1989 to 2011.

(2015) rams differed by from one to two offspring in
average litter size of their mates. Significant differences
among service rams in litter size per mate and also con-
ceptus survival through gestation were observed by Hol-
ler et al. (2014). The service ram effect on litter size was
found also by Hagger (2002), where it was from 0.7 %
to 2.9 % of phenotypic variance with difference among
breeds. In Sumava sheep (Schmidova et al., 2015), the

3 RESULTS AND DISCUSSION

The average number of born lambs per litter was
1.70 (+ 0.60) and the average number of weaned lambs
was 1.49 (£ 0.70). The Table 1 presents distributions of

both litter size traits.

Variance components and genetic parameter esti-
mations for number of born and weaned lambs are pre-
sented in Table 2 and 3. The basic model (Model 1) shows
in general low coeflicient of heritability and repeatability.

As it was showed earlier by Sanchez-Davila et al.

variance attributable to service ram ranged from 0.9 %
to 2.1 % of phenotypic variance; whereas in high prolific
Romanov sheep (Schmidova et al., 2016) the proportion
of variance attributable to the service sire effect ranged
from 0.046 to 0.10.

As pointed out by David et al. (2007), even if ewe

Table 3: Variance component proportions of phenotypic variance for number of born and number of weaned lambs in Suffolk sheep

for different models
Litter size h? L Ew’, e? CG? s? S, Har?
Born Model 1 0.054 0.071 0.017 0.781 0.148

Model 2 0.049 0.067 0.017 0.797 0.090 0.047

Model 3 0.051 0.067 0.016 0.792 0.081 0.041 0.014 0.006
Weaned Model 1 0.042 0.063 0.022 0.771 0.166

Model 2 0.041 0.062 0.021 0.784 0.133 0.020

Model 3 0.045 0.062 0.017 0.786 0.112 0.026 0.007 0.006

2_ (2 2y _ i, 2 2 2 2N _ e 2 _ .2 2y _ .
h’= (o}, / o)) = maternal heritability; Trop = ((op, + O bupe )/ o) = maternal repeatability; Ewpe = (o'Ewpg/ o) = permanentzenvmz)nmental
variance as a proportion of phenotypic variance; e* = ( 0'3 / o—; ) =residual variance as a proportion of phenotypic variance; CG*= (0 / 0,) = vari-

: oo 2 2
ance of contemporary group as a proportion of phenotypic variance; $>=( o ; / 0',2, ) = paternal heritability; S;e = (0! Op) = paternal permanent
environmental variance as a proportion of phenotypic variance
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and ram sources of variation seem small, the range of es-
timated BV between extreme animals can be substantial.

Using the proportion of residual variance as the cri-
terion for the comparison of models in our study, both
models that included the service ram effects were slightly
better than model 1. Including the service ram effects
into the model decreased DIC in our study for estima-
tion of variance components for number of born but not
for number of weaned lambs.

Spearman’s correlations among maternal breed-
ing values for number of born lambs estimated by these
models ranged from 0.991 to 0.998; Pearson’s correla-
tions ranged from 0.989 to 0.997. Both types of corre-
lations among maternal breeding values for number of
lambs weaned ranged from 0.992 to 0.998. Spearman’s
correlations between paternal breeding values (model 3)
and random sire-effect (model 2) were 0.079 and 0.028
for number of lambs born and weaned, respectively.
The annual genetic trends were 0.4 % of lambs born and
0.2 % of lambs weaned for female fertility. There were
only slight differences among models (data not shown).
In male contribution on litter size it was 0.2 % of lambs
born and 0.1 % of lambs weaned (model 3).

4 CONCLUSIONS

Traditionally, litter size is considered and evaluated
as a ewe trait. However, prolificacy is a complex trait. Re-
sults from the present study indicate that service rams
in Suffolk sheep also have a clearly detectable influence
on number of born and weaned lambs. No antagonistic
dependence between additive genetic service ram (pater-
nal) component and the additive genetic ewe (maternal)
component was found. Genetic parameter estimates in-
dicate that selection based on breeding values for the ser-
vice ram effect could be an additional selection criterion
to improve litter size in Suffolk sheep.
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