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VLIV GENETICKYCH PARAMETRU BYKU
ZJISTOVANYCH VE FRANCII NA UZITKOVOST

A REPRODUKCI DCER DOVEZENYCH A OTELENYCH
V CESKE REPUBLICE"

THE EFFECT OF GENETIC PARAMETERS OF SIRE IN FRANCE
ON THE PERFORMANCE AND REPRODUCTION OF DAUGHTERS
IMPORTED TO THE CZECH REPUBLIC AND CALVING HERE

L. Stadnik, F. Louda

Czech University of Agriculture, Faculty of Agronomy, Prague, Czech Republic

ABSTRACT: The study included 395 Ist lactation cows of the Holstein-Friesian breed imported from France to the Czech
Republic. The animals were imported in three groups within two months. The first heifers calved in two months after import.
Production of kg milk, kg proteins and kg fat was evaluated with relation to the breeding values of sires for kg milk, kg proteins
and kg fat and production indexes INEL and ISU (INEL expresses the content and percentage of proteins in milk, ISU
expresses protein production, animal exterior and milkability) as determined in the country of origin while the effects of
calving month, age at first calving and service period were taken into account. Reproductive parameters — service period,
insemination interval and insemination index were evaluated with relation to the group of daughters divided according to the
breeding values and indexes of sires while calving month, age at first calving and production of kg proteins were considered.
The least-squares method was used for the analyses (PROC GLM/SAS). Breeding cows were divided into five groups in
agreement with the sires breeding value. Daughters of bulls with calculated breeding values were were included in groups
1-3, group 4 comprised daughters of bulls in which the tests did not terminate in the country of origin (France), therefore
their breeding values and indexes were not determined, and group 5 consisted of daughters of bulls coming from the USA,
Canada, Netherlands and Italy. Milk performance (7730 kg milk, 344 kg fat and 243 kg proteins) of the studied set is above
average in comparison with the population of Black-Pied cattle in the Czech Republic. The effect of the season (calving
month) on milk production and/or on reproductive capacity of dairy cows was demonstrated. The effect of calving month
was statistically significant in kg milk and kg fat over 305 days of lactation (P < 0.01 or P < 0.001). The highest performance
was recorded in dairy cows that calved in November and December, the lowest in dairy cows that calved in February and
March (P < 0.05). The correlation between calving month and reproductive parameters is statistically significant (P < 0.001)
for the length of insemination interval and for insemination index (P < 0.05). The shortest service period and insemination
interval were determined in dairy cows that calved in April and the longest in dairy cows that calved in October (P < 0.05 and
P < 0.001, respectively). The differences in performance and reproduction parameters can be explained by the individuality
of animals underlying their adaptation to a new environment after import, and by the level of tending and appropriate quality
of nutrition and management methods. High numbers of dairy cows calving in January to March indicate the breeders share
in the worse results of performance in these dairy cows. The effect of sires breeding values for the performance concerned
on the production daughters was confirmed while in the breeding value of 1997 newly determined in France after the heifers
were imported to the Czech Republic, higher statistical significances were determined than in the 1992 values determined
before the heifers were imported. The performance of daughters is related to sires breeding value for the performance
concerned. Daughters of bulls with the highest breeding value for kg milk had by 597.65 kg significantly higher production
of kg milk (P £ 0.001) in comparison with the daughters of bulls with the lowest breeding value for kg milk. Evaluation of
the production of kg proteins revealed a difference of 14.29 kg over 305 days of lactation in favor of the best group (P < 0.01)
between the group of daughters after sires conferring to the progeny the best genetic constitution for the production of kg
proteins and the group of daughters after sires with the lowest breeding value for kg proteins. The same trend was observed
in the production of kg fat — the difference between the best and the worst group was 13.77 kg fat over 305 days of lactation
(P < 0.05). Reproductive parameters were also evaluated with relation to sires breeding value for kg milk. Higher breeding
value of the sire implied longer service period and insemination interval and higher insemination index of daughters, but the
differences between the groups were not statistically significant. The longest service period of all groups was recorded in
daughters of young bulls under testing in which the breeding value was not determined yet. This fact can be explained by

* Vyzkum byl podporovén Ministerstvem zem&d&lstvi Ceské republiky (projekt NAZV &. EP-7158).
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the use of unproved young bulls for repeated inseminations of nonpregnant heifers. The difference from the group of daughters
with the highest breeding value of the sires was 86.59 days (P < 0.01). Reproductive parameters were also evaluated with
respect to the production of kg proteins. Dairy cows with the production higher than 230 kg proteins had longer service period
by 51.33 days or by 54.58 days, at statistical significance 0.001 or 0.01, and higher insemination index by 0.54 or 0.71 (P < 0.05).

Keywords: cattle; milk performance; reproduction; INEL; ISU; breeding value; performance of daughters; import

ABSTRAKT: Bylo sledovano 395 krav holStynsko-friského plemene na prvni laktaci, importovanych do Ceské republiky
z Francie. Byly hodnoceny ukazatele produkce kg mléka, kg bilkovin a kg tuku za 305 dni ve vztahu k plemennym hodnotam
otcli pro kg mléka, kg bilkovin, kg tuku a produké&nich indexd INEL a ISU stanovenych v zemi pivodu jalovic v letech 1992
a 1997, pfi zohlednéni vlivu mésice oteleni, véku pfi 1. oteleni a servis periody. Reprodukéni ukazatele — servis perioda,
inseminaéni interval a insemina¢ni index — byly hodnoceny v zivislosti na plemennych hodnotich a indexech otcl pfi
zohledn&ni mésice oteleni, v&ku pfi 1. oteleni a vlastni produkce kg bilkovin. Vlastni analyza byla provedena metodou
nejmensich &tverci (PROC GLM SAS). Mésic oteleni byl statisticky vyznamny pro produkci kg mléka a kg tuku. Vztah mezi
mésicem oteleni a reproduk&nimi ukazateli byl statisticky vyznamny pro délku insemina¢niho intervalu a pro insemina&ni
index. Byl potvrzen vliv plemennych hodnot otct pro sledovanou uZitkovost na vlastni produkci dcer — vy3§i uZitkovost dcer
souvisi s vy3§i plemennou hodnotou otce pro sledovanou uZitkovost (P < 0,05 pro kg tuku aZ P < 0,001 pro kg mléka). Pri
hodnoceni reprodukénich ukazatell byla zjiSt€na del3i servis perioda i inseminacni interval a vy33i insemina&ni index u skupin
dcer s vy$§i plemennou hodnotou, ale rozdily mezi skupinami nebyly statisticky prukazné. Reproduk¢ni ukazatele byly také
hodnoceny vzhledem k vlastni produkci kg bilkovin. U dojnic s vy33i produkei kg bilkovin byla zji§téna delsi servis perioda

a vy$38i insemina&ni index.

Klicova slova: skot; mlééna uZitkovost; reprodukce; INEL; ISU; plemenna hodnota; uZitkovost dcer; import

UvoD

Pozornost Slechtitelt skotu je prabéZné zaméfena na
zvySovani mlé&né uZitkovosti. Plemenny materidl dove-
zeny v poslednich letech vyZaduje sledovani genetického
pfinosu a interakci v nasich podminkach. V poslednich
20 letech doslo v evropskych zemich u holstynského
skotu ke zvySeni hodnot ukazateli genetického pokro-
ku pro mléénou produkei 0 0,6 % za rok. V minulych
10 letech se ukazatele genetického pokroku zvySuji
0 1,2 % za rok a béhem poslednich 5 let doslo u téchto
ukazateli vlivem importu spermatu a embryi ze zamofi
ke zvySeni o 2,2 % za rok (Lindberg et al., 1998). Pii
vétSich rozdilech v produkénim prostfedi je nezbytné
genetické prizpisobeni hospodéfskych zvifat k mistnim
podminkam (Jakubec et al., 1998). ZvySujici se mlé¢na
uzitkovost skotu je ovlivnéna nejen podstatnou zménou
ve vyZivé dojnic, ale i zvySujici se drovni plemenafské
prace. Nové zavadéné postupy ve Slechténi, predevsim
zpresiiovani odhadu plemenné hodnoty byku a krav, da-
vaji pfedpoklady k produkci zvifat s vysokym genetic-
kym zékladem pro poZadovanou uZitkovost. Zamérné-
mu pfipafovani je dnes v pfednich chovech vénovana
jiZz odpovidajici péfe. VEtsi rezervy pfi budovéni stdda
jsou na useku selekce ve stadé. Hlavnim ukazatelem
pro selekci na mlé&nou uZitkovost se stavaji kg bilko-
vin (Miksik, 1998). V poslednich letech je stfedem zajmu
chovatelii obsah bilkovin v mléce vzhledem k lep§imu
ekonomickému zhodnoceni mléka s vy$§im obsahem
bilkovin ze strany mlékarny. Na mnoZstvi vyproduko-
vanych pevnych sloZek v mléce b&hem laktace se po-
dili celd fada faktord svym komplexnim pisobenim na
organismy sledovanych dojnic. Proto je vidy obtiZné
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odhadnout co nejpfesnéji vliv kaZzdého faktoru na hod-
nocenou produkci. Plemennd hodnota otce pro nimi
preferovanou produkci je jednim ze selekénich ukaza-
telt ptisobicich na vybér byka do inseminace ve stadé.
Vyhovuje-li pfedpovidany geneticky pfinos plemenné
hodnoty otce, mohou byt jeho insemina¢ni davky vy-
uZivany v reprodukénim cyklu stida. Zda budouci uZit-
kovost dcer plemenika bude odpovidat predpokladiim,
zavisi na mnoha dal$ich faktorech odchovu telete, jalo-
vice a nasledné chovu dojnice b&hem jejiho laktaéniho
obdobi (Kvapilik, 1995). Porovnavanim ocekavaného
genetického zisku a skute¢né dosaZeného zisku v pro-
dukci dcer se zabyvali McGuirk et al. (1997). V jejich
pokusu pouze 22 % potomki dosédhlo ve své produkci
hodnot ogekavanych v zavislosti na plemennych hod-
notach rodicu. Ray et al. (1992a, b), Ryan et al. (1992)
a Thompson et al. (1996) studovali vliv sezony a mikro-
klimatu na mléénou uZitkovost i na reprodukéni ukaza-
tele. Howell et al. (1994), ktefi sledovali vliv sezony
na produkci progesteronu, dospéli k zdvéru, Ze vySsi
teploty b&€hem letniho obdobi zpisobuji nejen zvyseni
rektalni teploty, ale i sniZeni produkce a koncentrace
progesteronu, coZ ma za nasledek sniZeni fertility. Hof-
mann a Funk (cit. Vacek, 1995) tvrdi, Ze jalovice ote-
lené ve véku 23 aZ 24 mésici dosahuji niZ§i mlécné
uzitkovosti na L laktaci i v dalSich jednotlivych lakta-
cich oproti jalovicim pozdé&ji otelenym, aviak v celoZi-
votni uZitkovosti a relativni produkci mléka na jeden
den véku dosahuji lepSich vysledku a tim vysSi zisko-
vosti za celé produk&ni obdobi. Riha et al. (1995) zjis-
tili se zvySujicim se vékem pfi 1. oteleni vy3si uZitko-
vost, ale zaroveii podstatné se zhorSujici plodnost
u plemenic v Sesti $lechtitelskych chovech &eského
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strakatého plemene. Dalsi autofi se zabyvali ptisobenim
mlééné produkce na reproduk¢ni ukazatele. Ve vétsiné
pfipadl je uvadén negativni vztah mezi vysi uZitkovosti
a vyslednymi reprodukénimi ukazateli (Riha et al., 1995;
Kubek et al., 1998).

Reprodukce je zakladem vSech sméri uzitkovosti.
Po porodu u dojnic v§ak dochézi k tzv. laktaéni dominan-
t&, kdy fidici mechanismy zabezpeCuji produkci mléka
pro preZiti mladat (Siubbings, 1998).

Cilem prace bylo porovnat mlé¢nou uZitkovost a uka-
zatele reprodukce dosaZené importovanymi vysokobie-
zimi jalovicemi v Ceské republice v letech 1996-1997
s plemennymi hodnotami a produk¢nimi indexy jejich
otcl stanovenymi ve Francii v letech 1992 a 1997.

MATERIAL A METODA

Do sledovéni bylo zafazeno 395 krav hol$tynsko-
-friského plemene na prvni laktaci, importovanych do
Ceské republiky na podzim roku 1995. Byly sledovany
vyprodukované kg mléka, kg bilkovin a kg tuku za
305 dni laktace ve vztahu k plemennym hodnotam (PH)
otcu pro kg mléka, kg bilkovin a kg tuku a k produkeé-
nim indextim INEL a ISU pfi zohlednéni vlivu mésice
oteleni, véku pfi 1. oteleni a servis periody. Index INEL
je francouzsky ekonomicky mlécny index, ktery zo-
hlediiuje mnoZstvi a procentudlni podil bilkovin v mlé-
ce; index ISU je francouzsky celkovy index zohlednujici
produkci bilkovin, exteriér zvifete a vysledky dojitel-
nosti. Reprodukéni ukazatele — servis perioda (SP), in-
seminacni interval a insemina¢ni index — byly hodnoceny
v zévislosti na skupin& dcer rozdélenych podle plemen-
nych hodnot a indext otct (skupina dcer) pri zohlednéni
mésice oteleni, véku pfi 1. oteleni a vlastni produkce
kg bilkovin. Vlastni analyza byla provedena metodou
nejmensich ¢tverct (PROC GLM SAS/STAT 6.03) s vy-
uZitim téchto:

1) pro produkéni ukazatele
Yij=H+a;+b;+ Bl(cij— c) + B2(d,-j—d) +ejjiy

kde: Yijk — naméfend uZitkovost

M — spole¢nd konstanta
q; - efekt mésice oteleni
b; — efekt skupiny dcer (podle PH otce pro kg mléka,

kg bilkovin, kg tuku a indexi INEL a ISU; podle
kazdého kritéria vytvoreno 5 skupin deer)

1. Zdkladni hodnoty souboru — Basic data on the set

Bl(c,-j - ¢) - regrese na vék pri 1. oteleni
B2(d;;— d) - regrese na délku servis periody
€kl — zbytkova chyba
2) pro reprodukéni ukazatele

Yiju =W +a; + b+ ¢+ Bldy— d) + ey

kde: Yijk - naméfend uZitkovost

i - spoleénd konstanta

a; - efekt mésice oteleni

b; — efekt skupiny dcer (podle PH otce pro kg mléka,
kg bilkovin, kg tuku a indexti INEL a ISU; podle
kazdého kritéria vytvofeno S skupin dcer)

Cp — efekt vlastni produkce kg bilkovin

B(dﬁk— d) - regrese na v&k pfi 1. oteleni

Cijkim — zbytkova chyba

Tridéni plemenic v zavislosti na mésici oteleni uka-
zuje tab. III. Rozdéleni plemenic v zdvislosti na ple-
menné hodnoté nebo indexu otce bylo provedeno do
5 skupin a je zndzornéno v tab. IV az VI. Prvni tfi sku-
piny byly uréeny v zavislosti na vy$i plemenné hodnoty
nebo indexu otce. Mezni hodnoty plemennych hodnot
a indexu pro rozdéleni dcer do skupin byly stanoveny
tak, aby pocet dcer v téchto skupinich byl porovnatelny.
Skupina 4 je sestavena z dcer mladych francouzskych
byku, ktefi jesté nedokondili testaci, a proto je$té ne-
méli stanovenou plemennou hodnotu ani index. Téchto
bykt bylo v roce 1992 celkem 31, ale v roce 1997 jich
bylo jiz pouze 5, protoZe béhem uplynulé doby byla
u 26 z puvodnich bykd dokoncena testace a stanoveny
plemenné hodnoty a indexy. Skupina 5 predstavuje
dcery byka pochazejicich z USA, Kanady, Nizozemi
a Italie, tedy zahrani¢nich vi&i zemi puvodu jalovic.
Jejich pocet byl v stejny v roce 1992 i v roce 1997 —
bylo hodnoceno 17 zahranicnich byka. Rozdéleni do-
jnic v zavislosti na vlastni produkci kg bilkovin je zna-
zornéno v tab. VIL

VYSLEDKY A DISKUSE

Zakladni hodnoty souboru jsou uvedeny v tab. I
Primérna produkce byla 7 730,8 kg mléka za 305 dni
laktace pri minimalni hodnoté produkce 3 650,0 kg
a maximalni produkci 10 728,0 kg mléka. Za stejny
usek laktace bylo v priméru vyprodukovano dojnicemi
243,18 kg bilkovin a 344,33 kg tuku pfi minimélnich

Uzitkovost! n Minimum Maximum Primér’ B

kg mléka® 395 3 650,00 10 728,00 7 730,88 1 284,83
kg bilkovin® 395 112,00 329,00 243,18 37,35
kg tuku* 395 152,00 479,00 34433 55,20
VE&k pii 1. oteleni® 395 636,00 1 206,00 824,08 86,69
Servis perioda® 395 40,00 415,00 161,09 79,65
Inseminaéni interval” 395 39,00 415,00 117,95 63,44
Inseminaéni index® 395 1,00 7,00 1,97 1,21

Iperformzmce. 2kg milk, "kg proteins, "kg fat, s:lge at Ist calving, Sservice period, % ion interval, % ion index, ‘)average
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a maximalnich hodnotich 112,00 kg a 329,00 kg bil-
kovin, resp. 152,00 kg a 479,00 kg tuku. Ze zji$ténych
vysledkt produkénich ukazateli sledovaného stida vy-
plyva, Ze se pohybuji nad primérem pfi porovnani
s vysledky kontroly uZitkovosti celé populace dojeného
skotu v Ceské republice (Kvapilik 1998) i pfi porovna-
ni s vysledky kontroly uZitkovosti ernostrakatého sko-
tu (Vacek, Motycka, 1998). Praimérny vék pii I. oteleni
byl 824 dni, tzn. 27 mésicl, pfi nejnizS§im véku pfi
'L oteleni v 636 dnech, tedy v 21 mésicich, a nejvys§i vék
pii L. oteleni byl 1 206 dni, tedy necelych 40 mésici.
Inseminacni'interval byl.v praméru 117,95 dni, pficemz
jeho hodnota se 'pohybovala v rozmezi 39 az 415 dni.
Délka servis periody se pohybovala u jednotlivych doj-
nie: mezi 40 aZ 415 dny a pramérna hodnota servis perio-
dy &inila 161,09 dni. Pfi porovnéni dosaZenych repro-
_dukénich ukazatelti s pramérnymi ukazateli reprodukce
celé populace dojnic, které jsou povaZovany za neuspo-

‘kojivé, je nutné konstatovat, Ze absolutni hodnoty inse-
minaéniho indexu a servis periody jsou podprimérné
(Kvapilik, 1998).

Statistické vyznamnosti jednotlivych faktorti v mo-
delu pii tfidéni v zévislosti na plemenné hodnoté otce
pro kg mléka, pro kg bilkovin a pro kg tuku z let 1992
a 1997 jsou uvedeny v tab. II, stejné jako hodnoty de-
terminance (tli-vysvétlené biologické variability po-
moci vySe zminénych a pouZitych modeld vypocti.
Z udaju uvedenych v tab. II je ziejmé, Ze efekt mésice
oteleni je statisticky vyznamny pfi vSech typech tfidéni
souboru dcer pro sledovanou produkci za normovanou
laktaci, kromé& vlivu na produkci kg bilkovin. Z tab. III
vyplyva, Ze nejvyssi uzitkovost mély dojnice ve skupi-
né 3, tzn. zvifata otelend v prosinci, tedy otelend dva
az tii mésice po importu, kterych bylo 20,2 % z celko-
vého sledovaného poctu zvitat. Druhou skupinou prvo-
telek, kterd méla témérf stejnou uZitkovost jako skupi-

11. Statistické vyznammosti jednotlivych faktord v modelu — Statistical significance of the model factors

i liads Tridéni podle PH otce z roku 19927 Tridéni podle PH otce z roku 1997%
méslg skupina se_rvis produ!(cc o mésic skupina SeleiS produkpe 2
oteleni’ | dcer'" | perioda® |bilkovin'' oteleni deer perioda | bilkovin
- kg mléka' Wi # » - 0,1326 % L b - 0,1427
1kg bilkovin® = = e - 0,1127 * * ok L 0,1199
i .’lig"tm('{'lg il Hkk N * % I 0,1361 *kk * *kok a4 0,1424
“"Servis pefiodat 3 TR & * 0,1215 * o £ * 0,1416
Inseminagni 4intervg.15 echd 2 - - 0,1050 s - - - 0,1099
Insemina¢ni index® * ot - ¥ 0,1021 ** - = * 0,1032
* P <0,05; ** P<0,01; *** P <0001
ll;g milk, zkg proteins, 3kg fat, 4service period, 5 ion interval, 9 ion index, "classification according to sires BV of 1992,

8classification according to sires BV of 1997, 9ca|ving month, mgroup of daughters, “protein production

III. Vliv mésice oteleni na sledované znaky uZitkovosti a ukazatele reprodukce — The effect of calving month on performance traits and

reproductive parameters

Znaky uZitkovosti? Ukazatele reprodukce’
Skupina' ‘| Mé&sic? n , IEN . T ai | i P
kg mléka’ kg bilkovin kg tuku servis perioda interval® index10
13 X 16 7 644,38 239,56 335,66 224,64 205,67 1,27
2 XI 82 7 948,67 247,15 353,34 177,52 128,92 1,91
3; X1 78 7 992,46 250,93 363,00 198,27 128,47 2,51
4. 1 89 7 797,16 243,67 343,33 174,89 127,84 1,97
5. 11 69 7 272,49 232,34 323,27 168,55 115,02 1,99
6. I 49 7 374,98 235,02 325,29 203,97 160,61 2,01
T v 12 7 152,84 230,24 316,99 139,03 110,69 1,58
L:a:5,71'97,3
P<00s zasgat [P hIAht s dars |raggay [FERINAS
as a7l
a6,6a7
2a5,2a6,3 2a6,3a6,4(1a3,2a3,3
P <0,01 26,4285 3a$ 2a5,2a6 S i
: la21a31l
P 0,001 3a5,3a6 a4, 1a5,1
a7,5a6

:group. Zmonth, :'performnnce traits, ‘kg milk, 5kg proteins, (‘kg milk, 7rcproductivc parameters, Sservice period, “insemination interval,

insemination index
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na 3, jsou prvotelky otelené v listopadu (skupina 2).
Nejhorsi ukazatele produkce byly zji$tény u dojnic otele-
nych v tnoru, bfeznu a dubnu. Farin et al. (1994) zjis-
tili u krav holStynského plemene otelenych v zimé a na
jafe hor8i ukazatele produkce neZ u krav otelenych
v 1ét€ a na podzim. Odli$né vysledky zjistili Ray et al.
(1992a). Pii jejich sledovéni produkce v zavislosti na
sezoné mély nizsi uZitkovost dojnice otelené v 1été a na
podzim.

Vliv plemenné hodnoty otce pro kg mléka z roku
1992, resp. z roku 1997 je statisticky vyznamny na hla-
diné P £ 0,05, resp. P < 0,01 pro produkci kg mléka za
305 dni. Novéjsi plemennd hodnota otce méa tésnéjsi
vztah ke sledované produkci neZ plemenné hodnota ot-
ce z roku 1992 (tab. II). Z vysledki uvedenych tab. IV
je patrné, Ze vy$§i plemennd hodnota otce souvisi s vy$8i
mléénou uZitkovosti dcery. U tfidéni v zavislosti na
plemenné hodnoté z roku 1997 byla zjisté€na prikaz-
nost rozdilti v uZitkovosti jednotlivych skupin na vy3si
statistické hladiné (P < 0,001), i kdyZ pouze mezi sku-
pinou dcer s nejniZsi plemennou hodnotou otce a ostat-

nimi dcerami, jejichZ otcové méli stanovenou plemennou
hodnotu. Rozdily mezi skupinami dcer testanti a za-
hraniénich bykd vi&i ostatnim skupinidm dcer nejsou
statisticky prikazné. Pocet byka v téchto dvou skupi-
néch byl niz§i.

Plemenné hodnota otce pro kg bilkovin z roku 1992
neni statisticky vyznamna pro produkci kg bilkovin, ale
plemenna hodnota otce z roku 1997 je vyznamna
(P £ 0,05) pro produkci kg bilkovin za normovanou
laktaci (tab. IT). Vys§i statisticka vyznamnost aktualni
plemenné hodnoty je umoZnéna nové zavadénymi po-
stupy ve Slechténi a predevs§im zpfesiiovanim odhadu
plemennych hodnot byku a krav (Miksik, 1998). Také
z tab. V je ziejmy trend zavislosti produkce kg bilko-
vin na plemenné hodnoté otce. Zavislost je prokédzéana
na hlading vyznamnosti P < 0,05 a P < 0,01. I v tomto
piipadé byla statisticky prok4zana odli¥nost rozdilt
mezi 1. skupinou dcer s nejniZsi plemennou hodnotou
otce a skupinami 2 a 3 s vy$§imi plemennymi hodno-
tami otcil. Rozdily mezi skupinami dcer otct se stano-
venou plemennou hodnotou a skupinami dcer testanti

IV. Vliv plemenné hodnoty (PH) otce pro kg mléka na produkci kg mléka a ukazatele reprodukce — The effect of sires breeding value for

kg milk on the production of kg milk and reproductive parameters

Produkce kg miéka? Reprodukéni ukazatele?

Skupina! podle PH otce* 1992 podle PH otce 1997 podle PH otce 1997

PH n kg mléka PH n kg mleka S | essEEme
¥ < 650 117 7 279,6 <10 99 7 204,4 144,49 122,26 1,77
2 651-1 010 111 7 756,4 11-400 132 7 816,8 157,05 124,03 1,77
3; 1011 2 119 7 877,2 401 2 142 7 763,1 165,34 126,54 1,86
4 - 31 75713 - 5 6 752,7 251,93 173,59 2,34
L - 17 7 580,3 - 17 7 554,2 186,94 151,58 1,72
P <0,05
P <0,01 la2 1-3a4
P < 0,001 la3 la2,1a3

'group. 2production of kg milk, 3r!:produc(ivc parameters, “nccording to sires BV of

V. Vliv plemenné hodnoty (PH) otce pro kg bilkovin na produkci kg bilkovin a ukazatele reprodukce — The effect of sires breeding value
for kg proteins on the production of kg proteins and reproductive parameters

Produkce kg bilkovin? Reprodukéni ukazatele?
Skupina! podle PH otce* 1992 podle PH otce 1997 podle PH otce 1997
z > 2 & inseminaéni | insemina¢ni
PH n kg bilkovin PH n kg bilkovin SP initerval indei
1. <30 105 232,94 <9 124 232,31 155,60 123,32 1,96
2. 31-37 123 241,78 10-20 121 245,10 156,20 122,49 1,64
3. 382 119 247,23 212 128 243,95 165,47 127,25 1,79
4. - 31 240,22 - 5 219,99 254,66 173,47 2,36
9 - 17 237,06 - 17 236,17 186,64 151,46 1,73
P <0,05 la3
P <001 la3 la2 1-3a4
P < 0,001
lgroup. 2production of kg protein, 3reproduc!ive parameters, ‘according to sires BV of
CZECH J. ANIM. SCIL, 44, 1999: 433-439 437



a zahrani&nich byki nebyly prikazné, coZ lze vysvétlit
nizkym poétem sledovanych bykul v testaci a zahranic-
nich byku.

Plemenna hodnota otce pro kg tuku z roku 1992 ne-
byla statisticky vyznamn4 pro sledovanou I. laktaci, ale
plemenna hodnota otce z roku 1997 se projevila jako
vyznamny faktor (P < 0,05) pro produkci kg tuku za
305 dni laktace (tab. II). I pfi tfidéni podle této plemen-
né hodnoty se potvrdil vySe zminény vztah mezi pro-
dukci a plemennou hodnotou — v tomto piipadé pri-
kazné& pouze mezi skupinami dcer s nejvy3si a nejniZsi
plemennou hodnotou otcii — P < 0,01 (tab. VI). Rozdily
mezi skupinami dcer, jejichZ otcové méli stanovenou
plemennou hodnotu, a skupinami dcer testantli a zahra-
ni¢nich byki nebyly pritkazné, stejné€ jako pfi hodnoceni
rozdili v produkci kg mléka a bilkovin. Servis perioda se
projevila jako vysoce vyznamny faktor (P < 0,001) pro
produkci kg bilkovin a vyznamny (P < 0,01) pro kg
tuku a pro kg mléka (tab. II). V&k pfi prvnim oteleni
nebyl u sledovaného souboru statisticky vyznamny ani
pro jednu hodnocenou uZitkovost. Naproti tomuto Moore
et al. (1992) zjistili, Ze v&k pfi L. oteleni ovliviiuje nejen
produkci mléka a tuku ve stfedni a pozdni fazi laktace,
ale také inseminacni interval.

Na reprodukéni ukazatele mél prikazny vliv mésic
otelenti, a to na viechny tfi sledované ukazatele na ruz-
nych hladinich prikaznosti (tab. II). Nejkratsi servis

periodu a insemina¢ni interval mély dojnice ze skupiny 7,
otelené v dubnu, oviem stejné dojnice nemély nejniZsi
inseminaéni index. Nejdelsi servis periodu a inseminac-
ni interval a nejniZ§i inseminaéni index mély dojnice
ve skupiné 1, tedy otelené v fijnu. Podle autorii Ray et
al. (1992b) mély nejkratSi mezidobi kravy otelené na
jafe a nejdelsi kravy otelené v 1ét€. Opa&né vztahy pub-
likovali Moore et al. (1992). Delsi servis periodu nez
dojnice otelené v Cervenci a srpnu mély dojnice otelené
v &ervnu. Podle autort Thompson et al. (1996) lze vy-
rovnani rozdili a odli$nosti v reprodukci dosahnout zmé-
nami v fizeni reprodukéniho procesu. Pri porovnani re-
produkénich ukazatelii ve vztahu k mlé¢né produkci méla
skupina 7 nejlepsi reprodukéni ukazatele a nejnizsi mléc-
nou produkci, coZ potvrzuje antagonismus téchto dvou
uZitkovych vlastnosti plemenic (Riha et al., 1995). Pfi
opaéném porovnani méla skupina 3 nejvy$si mléEnou
uZitkovost a pfi hodnoceni reprodukénich ukazateli pat-
fila mezi nejhor$i skupiny. Rozdily mezi skupinami
v délce servis periody jsou prukazné na hladiné vy-
znamnosti P < 0,05, v délce inseminaniho intervalu
P <005, P<0,01 aP <0,001 mezi jednotlivymi skupi-
nami dcer a v hodnoté inseminaéniho indexu na hladi-
nidch P £ 0,05 a P £ 0,01. Produkce na kriavu a den
souvisi s mezidobim a sniZuje se s jeho prodluZovanim.
Rozdily v produkci byly niZsi pfi porovnani délky mezi-
dobi 12 a 15 mésict neZ pfi délce mezidobi 12 a 18 mé-

VL. Vliv plemenné hodnoty (PH) otce pro kg tuku na produkci kg tuku a ukazatele reprodukce - The effect of sires breeding value for kg

fat on the production of kg fat and reproductive parameters

Produkce kg tuku? Reprodukéni ukazatele?

Sl;upinn' podle PH otce® 1992 podle PH otce 1997 podle PH otce 1997

PH n kg tuku PH n kg tuku S | |iesioaetl imenBecel
1. <37 116 334,08 <4 124 330,43 167,65 125,36 1,91
2 38-52 117 337,05 5-27 128 339,82 158,48 129,01 1,67
3. 532 114 347,85 28 2 119 347,98 166,65 124,74 1,77
4. - 31 340,44 - 5 342,11 162,38 130,32 1,68
5. - 17 332,10 - 17 328,35 174,33 135,61 1,95
P £ 0,05 la3
P <001 la3
P < 0,001

lgl'oup. 2production of kg fat, 3rt-,productive parameters, 4according to sires BV of

VIL. Vliv vlastni produkce bilkovin na reprodukéni ukazatele — The effect of protein production on reproductive parameters

Skupina! kg bilkovin? n Servis perioda® Inseminaéni interval® Insemina&ni index’
1. <232 134 148,41 131,54 1,48
2, 233-262 136 199,74 147,38 2,02
3. 2263 125 202,99 139,87 2,19
P < 0,05 la2,1a3
P <0,01 la3
P < 0,001 la2
lgroup. 2kg proteins, 3service period, 4 ination interval, 5 index
438 CZECH J. ANIM. SCI., 44, 1999: 433439



sici. Délka mezidobi muZe byt vyrovnana kombinaci
niz8ich krmnych nakladu, lepsi fertilitou, niZ§imi pro-
ménlivymi niklady a lepSim zdravim zvifat (Bertilsson
et al., 1998). Statistickd vyznamnost vztahu plemen-
nych hodnot otci pro mléénou uZitkovost na repro-
dukéni ukazatele je uvedena v tab. II. Jako vyznamna
byla zji§téna pouze plemenna hodnota otce z roku 1997.
Byl prokézan pouze vztah sledované plemenné hodnoty
otct z roku 1997 k délce servis periody, a to na hladiné
vyznamnosti P < 0,01. Nejdel3i servis periodu mély
dcery byku v testaci, ktefi v dobé sledovani jeSté ne-
méli stanovenou plemennou hodnotu (tab. IV). Rozdily
v délce servis periody mezi touto skupinou a skupinami
dcer rozdélenych v zavislosti na vy$i plemenné hodno-
ty byly prukazné (P < 0,01), zatimco rozdily v odli§né
délce inseminaéniho intervalu a ve vys$i insemina¢niho
indexu nikoliv. Stejné tendence byly zjistény pfi hod-
noceni rozdili reprodukénich- ukazateli skupin dcer
v zavislosti na plemenné hodnoté& otce pro kg bilkovin
z toku 1997. Pfi hodnoceni reprodukcnich ukazateli
v zévislosti na plemenné hodnotg otce pro kg tuku z ro-
ku 1997 nebyly zjisténé rozdily statisticky prikazné.

V tab. II je dile uvedena statistickd vyznamnost vztahu
vlastni produkce bilkovin a délky servis periody a inse-
minaéniho indexu na hladiné P < 0,05. Bylo zjisténo,
Ze zvySujici se mnoZstvi vyprodukovanych bilkovin zhor-
Suje ukazatele reprodukce, tedy servis perioda a inse-
minaéni index. Prikazné rozdily mezi skupinami dcer
(P <£0,05 a P <0,01) v délce servis periody (tab. VII)
dokumentuji vztah mezi mnoZstvim vyprodukovanych
bilkovin a délkou servis periody. Shodny je i vysledek
hodnoceni inseminaéniho indexu, u kterého byly rozdi-
ly mezi skupinami dcer pritkazné na hlading P < 0,05.
U vysokouZitkovych krav byly ve shodg s autory Riha
et al. (1995) zji§té€ny problémy v reprodukei i pfi dobré
urovni vyZivy.
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Haell and Mspl POLYMORPHISM OF GROWTH HORMONE
GENE IN PIGS AND ITS ASSOCIATION WITH
PRODUCTION TRAITS

POLYMORFISMUS Haell A Mspl GENU RUSTOVEHO HORMONU
U PRASAT A JEHO VZTAH K PRODUKCNIM ZNAKUM

M. Pierzchata, A. Korwin-Kossakowska, L. Zwierzchowski, M. Lukaszewicz,
G. Zigba, J. Kuryt

Polish Academy of Sciences, Institute of Genetics and Animal Breeding, Jastrzebiec,
Mrokéw, Poland

ABSTRACT: Genotypes of porcine growth hormone gene (GH) were analysed with PCR-RFLP technique in 266 castrated
F, males obtained from crossing F, [Zlotnicka Spotted (ZS) boars x Polish Large White (PLW) sows] with F, (ZS x PLW).
Two restriction endonucleases, Haell and Mspl, were used in order to identify the polymorphism of GH gene. The mating
programme according to which generation F, was obtained aimed at excluding the birth of RYRITRYRIT animals. Differences
between CC and CT (RYRI genotype) porkers in the carcass and growth rate traits appeared to be insignificant. The Haell
and Mspl genotypes as well as Haell-Mspl haplotypes differed significantly for lean meat content and several traits related
to carcass fatness. We did not find any differences in growth rate traits between the pigs differing in GH genotypes.

Keywords: growth hormone; polymorphism; production traits

ABSTRAKT: U 266 kastrovanych prasat samciho pohlavi generace F, pochazejicich z kiiZeni F; (kanci plemene zlotnické
strakaté — ZS x prasnice plemene polské bilé uSlechtilé — PBU) s F| (ZS x PBU) jsme provedli pomoci metody PCR-RFLP
analyzu genotyptl genu praseciho riistového hormonu (GH). K identifikaci polymorfismu genu GH jsme pouZili dvé restrik¢ni
endonukleazy Haell a Mspl. Cilem pfipafovaciho programu, v jehoZ ramci jsme ziskali generaci F,, bylo vyloucit narozeni
prasat RYRITRYRIT. Rozdily ve znacich jate¢ného trupu a intenzity rustu mezi vepfi CC a CT (genotyp RYRI) nebyly
vyznamné. Genotypy Haell a Mspl i haplotypy Haell-Mspl se vyznamné li§ily v podilu libovych &4sti a v nékolika znacich
vztahujicich se k protuénélosti jateného trupu. Mezi prasaty s riznymi genotypy GH jsme nezjistili Zddné rozdily ve znacich

intenzity ristu.

Kli¢ova slova: ristovy hormon; polymorfismus; produké&ni znaky

INTRODUCTION

Identification of quantitative traits loci (QTLs) for
economically important traits in livestock is essential
for genetic modeling of those traits. Candidate genes
selected on the basis of known relationships between
physiology and a production trait are tested as putative
QTLs. Results from selection experiments indicate that
genes in the somatotropic axis, such as the growth-hor-
mone (GH) gene may be QTL. Pituitary growth hor-
mone, in conjunction with insulin-like growth factors
(IGFs), is essential for postnatal growth in animals.
Numerous studies have shown that treatment with ex-
ogenous GH affects many growth-related traits such as
rate of gain, feed efficiency and lean meat deposition
(reviewed by Kopchick and Cioffi, 1991).

Intensive investigation onto the effect of exogenous
porcine somatotropin (pST) on pig performance and
carcass composition have been reported. As reviewed
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by Etherton et al. (1986), exogenous pST has been found
to increase average daily gains (ADG) from 10 to 33%,
to reduce feed conversion efficiency (FCE) from 4 to
33% and to reduce carcass fat from 18 to 68%.

The effects of GH gene variants on performance traits
have been described for cattle (Rocha et al., 1992; Schlee
et al., 1994; Zwierzchowski et al., 1998) and mice
(Winkelman, Hodgetts, 1992). Nielsen and Larsen (1991)
identified variation in the pig GH gene structure using
restriction fragment length polymorphism (RFLP). An
association between variants at the GH locus in pig and
quantitative traits has been analysed in several studies
(Nielsen et al., 1995; Knorr et al., 1997; Kfenkové et
al., 1998). However, conflicting data indicated that the
relationship between GH and carcass traits has not been
fully resolved.

The purpose of this study was to analyse the effect
of GH gene polymorphism on performance and carcass
traits in F2 generation [Zlotnicka Spotted boars (ZS)
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and Polish Large White sows (PLW) as parental breeds]
arranged for QTLs mapping project (Zurkowski et al.,
1995).

MATERIAL AND METHODS

The study covered 266 castrated F, males obtained
from crossing Fy with Fy, i.e. (PLW x ZS) x (PLW x ZS),
fattened from the age of 90-100 days (initial mean live
body weight was approximate to 25 kg) up to more or
less 100 kg live body weight at the experimental farm
according to feeding standards for meat-type pigs.
Right carcass side was dissected after 24h cooling. Car-
cass quality evaluation was performed according to the
procedure used at Pig Progeny Testing Stations. Seven
growth rate traits and 28 carcass quality characteristics
were documented (Kuryl et al., 1998).

The ryanodine receptor gene (RYRI) mutation was
identified by PCR/RFLP method (Fujii et al., 1991).

Polymorphism of growth hormone (pGH) gene was
identified following Kirkpatrick (1992) primers and pro-
cedure. Two restriction endonucleases, Haell and Mspl,
were used in order to identify the polymorphism of
pGH gene in the second exon and second intron, re-
spectively.

Data analysis was performed using the GLM proce-
dure of the statistical package SAS with the following
statistical model:

Yijam = B+ & + £ + s+ yp + B (Mg — m) + €y,

where: Yijum - ijkim-th observation of a given trait

n — mean value of a trait

& - effect of i-th GH genotype on a trait

b/ - effect of j-th father

5k - effect of k-th season

b] - effect of [-th year

B - regression coefficient of covariate trait (cold right

carcass side)
€jjim — random error

@FLbD EWHB BFSH @BF

WFSLD

RESULTS AND DISCUSSION

The mating programme according to which genera-
tion F, was obtained aimed at excluding the birth of
stress-susceptible progeny (RYRITRYRIT). All heterozy-
gous F; animals were mated with F; partners of
RYRICRYRIC genotype. Differences between CC and
CT porkers in the carcass and performance traits were
not significant (Kuryl et al., 1998). Thus, one may sug-
gest that the significant effect on carcass quality of GH
gene variants considered in the analysis presented was
not modified by the RYR/ genotype.

Altogether F, 266 porkers were included in this study.
The GH genotypes identified by PCR/RFLP method
were characterized by the occurrence of restriction DNA
fragments consistent with the results of Kirkpatrick
(1992). Distribution of Haell and Mspl genotypes as
well as of Haell-Mspl haplotypes constructed by com-
bining alleles of Haell and Mspl RFLPs within tested
animals is included in Tables I, II and III, respectively.

Associations between GH gene variants and perform-
ance traits and carcass traits were analysed. Only sig-

I. Relationship between growth hormone genotypes identified using
the Haell restriction enzyme and carcass compositions traits

Growth hormone Haell genotype
Traits -+ +- -
n=132 n=77 n=11

FLD 3.893%+£ 067 | 3.987°+070 | 4.231%+0.75
WHB | 0639°+0.09 | 0650°+0.08 | 0.689"+0.07
FSH 4.150°+ 0.61 | 4.255+0.65 4.500" + 0.63
BF 2746"+£0.52 | 2781’ + 049 | 3.063"+0.59
F5M 3.126°+ 048 | 3.173 +£0.53 3.370" +0.48
FSLD | 2554"+059 | 2539°+064 | 2.827°+0.46
MPC | 41.034*+2.64 | 41.102"+2.86 | 39.692"+3.17

Means with the different letter are significantly different: small letter —
P < 0.05, capital letter - P < 0.01

Abbreviation see Fig. |

BEMPC

1. Influence of genotype in Haell restriction
site in GH gene on carcass quality traits

Abbreviations: FLD — weight of loin fat (kg);
WHB - weight of ham bones (kg); FSH - fat
thickness over the shoulder (cm); BF - back-
fat thickness (cm); F5M — average fat thick-
ness from 5 measurements (cm); FSLD - fat

++ L

Genotype of growth hormone gene Identified with Hae Il restriction enzyme.
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thickness over the loin (cm); MPC - lean
meat content (%) in carcass (value of devia-
tion from mean value was divided by five)
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IL. Relationship between growth hormone genotypes identified using
the Mspl restriction enzyme and carcass compositions traits

Growth hormone Mspl genotype
Traits S - =
n=113 n=111 n=29

WFL | 7.584°+091 | 7.630°+087 | 7.385°+0.76
WL 3.689°+0.51 | 3.675+0.40 3.538" + 0.44
WBR | 6.207°+075 | 6.179+0.78 5.988" + 0.65
WH 8751"+0.78 | 8.828+0.74 8.950" + 0.63
WHB | 0.637%+0.08 | 0647°+0.09 | 0675+ 0.09
FSH 42197+ 062 | 4200°+068 | 3.931%+0.58
FSl 2954°+0.59 | 3.071°+065 | 2.744% +0.56
FS3 2.950 + 0.58 30377+ 066 | 2.755%+0.48
F5M 3.125°+ 046 | 3.196*+ 054 | 2.954%"+ 0.46
LEH 4.128"+ 045 | 4.102"+060 | 4351"+0.62
LEA | 23.999"+4.04 |23383%+434 | 25416 +4.63

Means with the different letter are significantly different: small letter —
P < 0.05, capital letter - P < 0.01

Abbreviation see Fig. 2

EWLF EmWL BWBR BWH BWHB BFSH HFS1 BFS3

BF5M HELEH @ELEA

loin with and without fat, eye muscle height, eye mus-
cle area) were significantly associated with GH variants
identified by use of Mspl restriction endonuclease
(Table II). Genotypes "++" and "+-" increased fatness
of the carcass whereas genotype "--" decreased that trait.
Genotype "--" had a positive effect on loin height and
loin-eye area but negative on the weight of loin without
fat. Genotype "--" increased also weight of ham and
ham bones comparing to other GH genotypes (Fig. 2).

A significant associations between GH haplotypes
identified using both Haell and Mspl enzymes and car-
cass traits are shown in Table III. Porkers carrying "--
/++" (Haell/Mspl) haplotype were fattest and carriers
of "++/--" haplotype were the least fat (Fig. 3). Haplo-
type "++/--" was associated with positive effect on loin-
eye area, whereas haplotypes "+-/+-" and "--/++" had
a negative effect on this trait. Porkers carrying "--/++"
haplotype had a lowest meat content in carcass as com-
pared to other haplotypes (Fig. 4).

No effect of GH gene polymorphism on growth rate
traits was observed in presented investigations.

The results of Nielsen et al. (1995) suggested differ-

2. Influence of genotype in Mspl restric-
tion site in GH gene on carcass quality
traits

Abbreviations: WLF - weight of loin with

fat (kg); WL - weight of loin without fat

(kg); WBR - weight of bacon with ribs
(kg); WH — weight of whole ham (kg);
WHB - weight of ham bones (kg); FSH -
fat thickness over the shoulder (cm); FS1 —
fat thickness at sacrum, point 1 (cm); FS3 —
fat thickness at sacrum, point 3 (cm); FSM —
average fat thickness from 5 measure-
ments (cm); LEH - eye muscle height

(cm); LEA - eye muscle area (sz) (value
of deviation from mean value was divided

++ =

- by five)

Genotype of growth hormone gene Identified with Msp | restriction enzyme.

nificant associations are presented in Tables I-III. Sig-
nificant associations between GH genotype identified
with Haell RFLPs and carcass traits are shown in Table 1.
Five traits related to fatness (weight of loin fat, fat
thickness over the shoulder, backfat thickness, average
fat thickness from 5 measurements, fat thickness over
the loin), weight of ham bones and lean meat content
in the carcass were associated with GH variants. Porkers
carrying genotypes “++" and "+-" showed decreased
fatness of the carcass and weight of ham bones and
increased meat content in carcass comparing to "--"
genotype (Fig. 1).

Five traits related to fatness (weight of bacon with
ribs, fat thickness over the shoulder, fat thickness at
sacrum — points 1 and 3 —, average fat thickness from
5 measurements), weight of both whole ham and ham
bones as well as four traits of loin quality (weight of
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ences in the transcriptional activity between GH gene
variants (TATA-box alleles) which may eventually cause
higher plasma GH concentrations and higher growth
rates. However, their study has not established a direct
cause and effect relationship. Knorr et al. (1997) ana-
lysed an association between GH gene variants (HinPI
and Apal) and quantitative traits within Wild Boar x
Pietrain and Meishan x Pietrain families. In the
Meishan x Pietrain family eight traits related to fatness
were significantly associated with GH genotypes, while
in the Wild Boar x Pietrain family no significant asso-
ciations were found. They concluded that GH locus
should be further investigated in commercial breeds to
determine its suitability for use in marker-assisted se-
lection programmes.

It is well known that treating pigs daily with pitui-
tary growth hormone markedly enhances growth rate,
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I11. Relationship between growth hormone haplotypes identified using the Mspl and Haell restriction enzymes and carcass compositions traits

Growth hormone Haell/Mspl haplotype

Traits ++/++ ++/+ - ++/-- + -/++ +-/+ - -/++

n'=35 n =69 n=27 n =48 n=28 n=11
WLF 7.55+ 1.03 7.58 £ 0.84 741°+0.75 7.58 +0.83 7.75* £ 0.90 7.74* £ 1.03
FLD 3.84%+0.70 3.92°+ 0.70 3.89" + 0.56 3.94" + 0.62 410+ 0.72 42371076
WBR 6.25 + 0.70 6.13 +0.79 5.99" + 0.67 6.18 + 0.89 6.31"+0.75 6.34* £ 0.57
WH 8.62° £ 0.77 8.79 + 0.72 8.92" + 0.64 8.84 + 0.87 8.88 £ 0.78 8.69 + 0.78
WHB 0.605° + 0.08 0.643° + 0.09 0.670* + 0.08 0.653"" + 0.08 0.639" + 0.08 0.6894% + 0.07
FSH 429" +0.57 4.15™ + 0.63 3.97%¢ + 0.57 422 +0.65 4.35%% 1 0.64 4.50" + 0.63
BF 2.67° + 0.48 2817+ 0.57 2.67% + 0.46 2728+ 0.48 2.90 + 0.48 3.06" + 0.59
FS1 2.99 + 0.60 3.03 £ 0.61 278"+ 0.55 2.93 + 0.65 3.14° £ 0.70 3.17°+ 0.49
FS3 3.00 £ 0.59 2.99 +0.58 2.80° + 0.45 2.93 £ 0.61 3.16°+ 0.78 3.10 £ 0.61
F5M 3.15+£0.42 3.16 £ 0.51 2.99%¢ + 0.45 3.12% £ 0.50 3.29" +0.54 3374+ 0.48
LEW 7.27 £ 0.64 7.24" + 0.63 7.23" % 0.55 7.23"+0.78 6.86"+ 1.04 7.04 £ 0.91
LEH 4.13£0.38 417 £0.62 434"+ 0.61 4.10+0.53 3.98"+0.58 4.05 + 0.39
LEA 24.09 +3.48 23.95+3.73 2521 + 4.59 23.90 + 4.60 22128 +533 23.07 + 5.08
FSLD 251+ 047 2.59 +0.70 2,517+ 0.44 2.52°+0.64 2.59 + 0.62 2,82+ 0.46
MPC 41.03 + 2.66 41.05 +2.77 40.98 + 2.37 41.30" + 3.06 40.69 + 2.54 39.69" + 3.17

Means with the different letter are significantly different: small letter — P < 0.05, capital letter — P < 0.01

Abbreviation see Figs. 3 and 4

BWLF @FLD BWBR BFSH BFS1

@FS3 MF5M WFSLD

020 |-
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0.40 1

++I++
Haplotype of growth hormone gene identified with Hae Il and Msp | restriction enzymes.
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3. Influence of Haell/Mspl haplotypes in GH
gene on carcass fatness

Abbreviations: WFL — weight of loin with fat
(kg); FLD - weight of loin fat (kg); WBR —
weight of bacon with ribs (kg); FSH — fat thick-
ness over the shoulder (cm); FS1 - fat thickness
at sacrum, point 1 (cm); FS3 — fat thickness at
sacrum, point 3 (cm); F5M — average fat thick-
ness from 5 measurements (cm); FSLD - fat
thickness over the loin (cm)

4. Influence of Haell/Mspl haplotypes in GH
gene on carcass meatiness traits

Abbreviations: WH - weight of whole ham
(kg); WHB — weight of ham bones (kg); LEW —
eye muscle width (cm); LEH - eye muscle
height (cm); LEA - eye muscle area (em?);
MPC - lean meat content (%) in carcass (value
of deviation from mean value for LEA and
MPC was divided by 5)
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improves feed efficiency, decrease adipose tissue
growth and increase muscle growth. The mechanisms
by which pGH influences adipose tissue growth differ
from those affecting muscle. The effects that pGH has
on muscle growth likely are the results of pGH directly
and indirectly via IGF-1. The direct effects of pGH are
probably associated with an increase in protein synthe-
sis. However, there is no information available that in-
dicates wheather porcine GH receptors differ among
target tissues. The effects of GH on adipose tissue
growth in the pig are direct, not mediated by IGF-1
(Evock et al., 1988).

Our results showed that polymorphism (both Haell
and Mspl) of porcine growth hormone gene differen-
tially affects meat and fat production traits. GH locus
may be useful for marker-assisted selection programmes
leading to decreasing of carcass fatness. Piglets carry-
ing "++/--" (Haell/Mspl) haplotype should be recom-
mended as a most useful material for fattening.
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GENETICKE TRENDY A TRENDY PROSTREDIA
PRODUKCNYCH UKAZOVATELOV OSIPANYCH
NA SLOVENSKU

GENETIC AND ENVIRONMENTAL TRENDS FOR PRODUCTION
TRAITS IN THE SLOVAKIAN PIG POPULATION

D. Pe§koviéové], E. Groeneveldz, M. Kumiéik3, L. Hetényil, P. Demo'

'Research Institute of Animal Production, Nitra, Slovak Republic
“Institut fiir Tierzucht und Tierverhalten der FAL, Mariensee, Germany
“State Breeding Institute of SR, Bratislava, workplace Zilina, Slovak Republic

ABSTRACT: The data from field and station test of pigs were used to analyse the genetic trend of Large White (BU) and
White Meaty (BM) breed in Slovakia. The data records since 1992 (n = 10 8370 and n = 54 961 for BU and BM breed) were
available from a computing centre of the State Breeding Institute. The field test traits (measured in boars and gilts on farms)
— ultrasonic backfat (SLANPT), average daily gain (PRIRPT) and station test carcass traits - average daily gain at station
(PRIRST), percentage of valuable cuts (CMCST) and backfat thickness (SLANST) were analysed. The five trait animal model
was used to predict breeding values simultaneously with different models for different traits. Genetic trends for both breeds
were computed as changes in average estimated breeding values over the years. Cumulative genetic trends in the period
1992-1997 for BU breed were -0.08 cm (SLANPT), 11.1 g (PRIRPT), 23.7 g (PRIRST), 1.02% (CMCST) and —0.13 c¢m
(SLANST) for traits studied. Similar values of cumulative genetic trend (-0.09 cm, 11.9 g, 259 g, 0.97%, -0.10 c¢m for
SLANPT, PRIRPT, PRIRST, CMCST, SLANST) were found for BM breed. While the percentage of valuable cuts improved,
low genetic improvement was achieved in other traits. Comparison with other countries was discussed. The environmental
trends for field test traits (PRIRPT, SLANPT) were calculated as averages of herd x year x season effects across the herds.
The positive improvements in environmental conditions were found especially from 1995. The environmental trends for station
test traits (estimations of station x year x season effects) were analysed for each station individually. There were found quite
large differences in environmental conditions at different stations especially during the first three years of the studied period.

Keywords: pigs; production traits; multitrait animal model; genetic trend; environmental trend

ABSTRAKT: Prica sa zaoberd odhadom genetického trendu a trendov prostredia od roku 1992 do roku 1997 v populdcidich
oSipanych plemien biele uslachtilé (BU) a biele misové (BM) v SR pre pit produkénych znakov meranych v polnom teste
(tzv. test vlastnej GZitkovosti) a na staniciach vykrmnosti a jato¢nej hodnoty (SVIJH). Vypocty genetického trendu a trendov
prostredia boli zaloZené na rieSeniach systému rovnic viacznakového animal modelu. Genetické trendy pre obe plemend sme
vypocitali ako priemerné hodnoty BLUP odhadov plemennych hodnét v raimci rokov narodenia zvierat. Kumulativny gene-
ticky trend v obdobi rokov 1992-1997 pre plemeno BU a jednotlivé znaky bol —0,08 cm (hribka chrbtovej slaniny v polnom
teste), 11,1 g (priemerny denny prirastok v polnom teste), 23,7 g (priemerny denny prirastok na SVJH), 1.02 % (percento
cennych misovych casti na SVIH) a -0,13 ¢m (hribka chrbtovej slaniny na SVJH). Podobné hodnoty (-0,09 c¢m, 11,9 g,
259 g, 097 %, 0,10 cm) sme zistili pri plemene BM. Vyraznejsie genetické zlepSenie sme zaznamenali v percente cennych
misovych Casti, pre ostatné znaky boli hodnoty genetického trendu velmi nizke. V prici si porovnané vysledky dosiahnuté
v inych krajinich. Pozitivny vyvoj v trendoch prostredia sme zistili po roku 1995. Zistili sme pomerne velké rozdiely
v podmienkach prostredia na jednotlivych staniciach (odhady efektov stanica x rok x sezona) najmi v prvych troch rokoch
sledovaného obdobia.

Klicové slovi: oSipané; produkéné znaky; viacznakovy animal model; geneticky trend; trend prostredia

UvoD Senie viacrozmernych linearnych zmieSanych modelov.
Téito metéda umoZiiuje presnejdie rozdelif fenotypové

Standardom genetického hodnotenia oSipanych  hodnoty sledovanych ukazovatelov na Cas( genetickd

v chovatelsky vyspelych krajindch sa stal viacznakovy  (plemennd hodnota) a negeneticki (efekty prostredia).
animal model a metéda BLUP, ktorej zikladom je rie-  Okrem presnejSich predpovedi plemennych hodndt
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(BLUP odhady aditivnej genetickej hodnoty) dostane-
me pri rieSeni linearnych rovnic zmieSaného modelu
odhady ostatnych negenetickych efektov prostredia (efekt
chovu, roku a sezdny testu, efekt testovacej stanice a ob-
dobia testu, efekt vrhu, z ktorého zviera pochadza, atd.).
Tieto odhady mdZeme vyuZit pri vyhodnocovani gene-
tického trendu a trendov prostredia. Odhady genetic-
kého trendu a trendov prostredia v populécii umoZiuji
zhodnotit efektivnost selekéného programu a monito-
rovat vyvoj podmienok prostredia, pod ktorymi rozumie-
me napriklad manaZment, vyZivu, zdravotny stav zvierat
v chove a podmienky prostredia na staniciach vykrm-
nosti a jatocnej hodnoty (Kovac, Groeneveld, 1990).

Hodnotenim fenotypového trendu ukazovatelov vy-
krmnosti a jato¢nej hodnoty oSipanych plemien biele
uslachtilé a biele mdsové na Slovensku v rokoch 1991-
1995 sa zaoberali Bobcek ef al. (1997). Wolf et al.
(1998) hodnotili geneticky trend a trendy prostredia
produk&nych ukazovatelov oSipanych v CR s pouZitim
viacznakového animal modelu.

Cielom tejto prace bolo vyhodnotenie genetickych
trendov a trendov prostredia od roku 1992 do roku
1997 v populaciach o$ipanych plemien biele ulachtilé
(BU) a biele misové (BM) v SR pre pit produkénych
ukazovatelov meranych v polnom teste (tzv. test vlast-
nej uzitkovosti) a na staniciach vykrmnosti a jato¢ne;j
hodnoty (SVJH). Vypocty genetického trendu a tren-
dov prostredia si zaloZené na rieSeniach systému rov-
nic viacznakového animal modelu. Tato metéda gene-
tického hodnotenia sa zaCala na Slovensku skiSobne
pouZivat v auguste 1998.

MATERIAL A METODY

Udaje z polnych testov oSipanych a stanic vykrm-
nosti a jato¢nej hodnoty pochadzali z databizy kontroly

SR (n = 108 370, resp. n = 54 961 zéznamov plemena
biele uslachtilé (BU), resp. biele midsové (BM) od roku
1992 do marca 1998. Analyzovali sme pil produkc-
nych ukazovatelov: priemerny denny prirastok v pol-
nom teste od 30 do 100 kg (PRIRPT), hriibku chrbtovej
slaniny (SLANPT) merani ultrazvukom na kancoch
a prasni¢kiach v chovoch, priemerny denny prirastok
v teste SVIH (PRIRST), percento cennych misovych
Easti (CMCST) a hriibku chrbtovej slaniny (SLANST)
merani na testovanych bravéekoch a prasni¢kdm na
SVIH. Pocty zvierat v analyzovanom sibore testova-
nych v polnom teste a teste SVIH s uvedené v tab. L.

Na simultanny odhad plemennych hodnét bol pouZi-
ty pitznakovy animal model s roznymi modelmi pre
rozne ukazovatele (PeSkovicova, Groeneveld, 1997; Pes-
kovicova et al., 1997; Groeneveld, Peskovic¢ova, 1999).
Statisticky model zohladfiuje najddleZitejsie genetické
i negenetické faktory, ktoré maji vplyv na premenlivost
sledovanych ukazovatelov. Modelové rovnice pre sle-
dované ukazovatele mbéZeme pisat v nasledovnom tvare:

SLANPT;y,,, = hysft; + SEX, + litter; + b . wfty,, +
+ animalyy,, + ey

PRIRPTy,,, = hysft; + SEX, + litter; + animaly,,, + €jxjm

PRIRSTjk,m = stys;+ SEX,. + litter; + animaljk,m + Cjkim

CMCSTy, = stys;+ SEX; + litter) + animaliy,, + ejy,

SLANSTjyy,, = stysj+ SEX + litter + ¢ . wsly,, +
+ animaljy, + ej,

kde: SLANPT xim, PRIRPTixim — hribka chrbtovej slaniny,

resp.  priemerny denny

prirastok m-tého zvierafa
meraného v polnom teste

PRIRPT itim, CMCSTjitm. SLANSTjxim — priemerny denny prirastok,

podiel cennych misovych

Casti, resp. hribka chrbtovej

slaniny m-tého zvierala na

Zitkovosti o¥ipanych Statneho plemenérskeho Gstavu SVIH
I. Poéty testovanych zvierat podla rokov — Numbers of tested animals over the years
BM BU
PRIRST PRIRST
SLANPT PRIRPT CMCST SLANPT PRIRPT CMCST
SLANST SLANST
1992 6 449 7 035 282 13 170 13 731 568
1993 7 480 7 605 471 11 266 13 677 620
1994 8 582 8 846 502 14 839 15 839 788
1995 8938 9203 703 19 115 19 473 1117
1996 8 625 8 705 741 18 737 18 823 1 058
1997 6611 6611 373 15 925 15 925 745

Pre tab. I, II, III, V a VI — For Tables I, II, IlI, V and VI:

SLANPT - hribka chrbtovej slaniny v polnom teste — backfat thickness in field test
PRIRPT - priemerny denny prirastok v polnom teste — average daily gain in field test
PRIRST - priemerny denny prirastok na SVJH — average daily gain at station
CMCST - percento cennych misovych &asti na SVIH - percentage of valuable cuts
SLANST - hriibka chrbtovej slaniny na SVJH — backfat thickness at station

BU — plemeno biele uilachtilé — Large White breed

BM — plemeno biele misové — White Meaty breed
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hysft; - nidhodny zdruZeny efekt i-teho stada x
roku x obdobia testu, pouZity pre uka-

zovatele merané v polnom teste

SEX, — pevny efekt k-teho pohlavia zvierata

Stys; — ndhodny zdruZeny efekt stanica x rok
testu x sezdna testu pouZity v mode-
lovych rovniciach pre znaky merané
na SVJH

litter; - permanentny nihodny efekt /-tého
vrhu, z ktorého zviera pochddza

Wftikim — hmotnost m-tého zvierata na konci pol-
ného testu

WSlikim - hmotnost m-tého zvierata na konci
testu v SVIH

b, ¢ — linedrne regresné koeficienty pouZité

ako korekéné faktory zohladiiujice
réznu hmotnost pri merani v polnom
teste (wfty,,), resp. v teste SVIH
(WS tjgg)

animal;y,,, animaly, - aditivna genetickd hodnota m-tého
zvierala (plemennd hodnota) v polnom
teste, resp. teste SVJH, ndhodny efekt

Cikim» Ejkim - rezidudlne efekty

Sezoény v zdruZenych efektoch prostredia hysft, resp.
stys tvorili dvojmesacné obdobia (janudr—februar = sezo-
na 1, marec—april = 2, atd.). Predpovede plemennych
hodndt a odhady ostatnych efektov v modeli boli pocita-
né pomocou programu PEST (Groeneveld et al., 1993).
Kovarianéné matice pre sledované ukazovatele a jed-
notlivé ndhodné efekty pouZité ako vstupné parametre
boli odhadnuté v préci autorov Groeneveld a Pekovi-
cova (1999).

Genetické trendy pre obe plemena sme vypocitali ako
priemerné hodnoty BLUP odhadov plemennych hodnét

v ramci rokov narodenia zvierat. Genetické trendy su
vyjadrené ako odchylka od tzv. genetickej bazy, za kto-
ri sme zvolili zvieratd narodené v roku 1992 v ramci
kazdého plemena.

Na hodnotenie trendov prostredia boli pouZité rieSe-
nia systému rovnic animal modelu pre efekty chov x
rok x sezona testu (efekt hysft v modelovych rovni-
ciach) a efekty stanica x rok x sezona testu (efekt stys).
Trendy prostredia pre znaky merané v polnom teste
(PRIRPT, SLANPT) sme vypoéitali ako priemery od-
hadov efektov hysft cez chovy v danom roku a sezdne.
Pri ukazovateloch meranych na SVJH (PRIRST,
CMCST, SLANST) sme hodnotili trendy prostredia ako
odhady efektov stys osobitne pre kaZdi stanicu.

VYSLEDKY A DISKUSIA

Fenotypové hodnoty sledovanych znakov podla ro-
kov pre obe skimané plemend si uvedené v tab. II
a IIL. U oboch plemien sme pocas sledovaného obdobia
zaznamenali mierne zlepSenie sledovanych ukazovate-
Tov od roku 1992 do roku 1997. Fenotypové zmeny pri
hriibke chrbtovej slaniny meranej ultrazvukom v polnom
teste (SLANPT) boli mensie ako 1 mm, m6Zeme teda
hovorit o stagnicii v tomto ukazovateli. Kumulativna
zmena fenotypového priemeru pri obdobnom ukazova-
teli meranom na zabitych potomkoch testovanych zvierat
na SVIH (SLANST) bola priblizne -4 mm pri oboch
sledovanych plemenéch. Postupné zlepSovanie sme za-

II. Fenotypové hodnoty (priemery a smerodajné odchylky) sledovanych ukazovatelov podla rokov (plemeno BU) - Fenotype means and

standard deviations of studied traits over the years (BU breed)

Rok SLANPT PRIRPT PRIRST CMCST SLANST
narodenia' (cm) (g.deii™!) (g.deii”!) (%) (cm)

1992 1,41 0,25 484 61 845 105 49,34 3,15 2,38 0,48
1993 1,37 0,25 487 62 830 117 49,37 3,00 2,35 043
1994 1,36 0,26 500 61 848 108 49,32 3,16 2:32 0,42
1995 1,33 0,27 505 61 834 111 49,98 3,15 2,23 0,42
1996 1,40 0,29 522 57 837 105 50,82 3,00 2,14 0,37
1997 1,36 0,30 529 57 858 107 51,26 2,94 2,03 0,33

lycz\r of birth

I1I. Fenotypové hodnoty (priemery a smerodajné odchylky) sledovanych ukazovatelov podla rokov (plemeno BM) — Fenotype means and

standard deviations of studied traits over the years (BM breed)

Rok SLANPT PRIRPT PRIRST CMCST SLANST
narodenia (cm) (g.dei!) (g.dei~!) (%) (cm)

1992 1,48 0,27 494 66 840 115 48,89 2,96 2,32 0.46
1993 1,44 0,28 494 66 823 120 49,08 3,18 2,38 0,44
1994 1,43 0,30 506 65 843 115 48,92 3,19 2,34 0,43
1995 1,39 0.28 513 67 827 102 49,56 3,07 2,27 0,39
1996 1,49 0,34 524 66 821 118 51,05 3,26 2,11 0,41
1997 1,42 0,32 534 61 850 106 51,63 2,86 1,97 0,36

. year of birth
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IV. Potty importovanych kancov podla rokov zaradenia (vSetky ple-
mend) — Numbers of imported boars according to the years of their
inclusion in tests (all breeds)

Rok n

1990 47
1991 38
1992 97
1993 87
1994 92
1995 223
1996 194
1997 192
1998 306

znamenali i v priemernom dennom prirastku v oboch
prostrediach (PRIRPT, PRIRST), pri¢om na staniciach
VJH doslo v roku 1995 k do¢asnému poklesu a potom
opit k nérastu priemerného denného prirastku (PRIRST).
VyraznejSie zmeny sme zistili iba pri percente cennych
misovych Casti. Priemerna hodnota tohto ukazovatela
vzrastla v roku 1996 o 1,49 % (plemeno BM), resp.
0 0,89 % (plemeno BU) oproti roku 1995, pri¢om ku-
mulativne zlepSenie za obdobie 19921997 predstavovalo
2,74 % (plemeno BM), resp. 1,92 % (plemeno BU).
Tento narast si vysvetlujeme zvy$enym selekénym tla-
kom na tento ukazovatel ako i pésobenim imigrova-
nych génov v populacii. Podla tidajov zo Stitneho ple-
menérskeho tstavu bolo na Slovensko po roku 1995
importovanych dvojnésobny podet plemennych kancov
neZ v rokoch 1992-1994 (tab. IV). V roku 1994 zagalo
na Slovensku pdsobit napriklad 26 novych importova-
nych kancov plemena BU (importované plemeno large
white), o rok neskor to uZ bolo 73 novych importova-
nych kancov, a v rokoch 1996, resp. 1997 to bolo 50,
resp. 51 kancov, takZe podiel importovanych kancov
posobiacich v populacii BU je dost vyznamny (celkovy
pocet aktivnych kancov v populdcii BU na Slovensku
je okolo 700).

-
S

-
»

8
% —a+—breed BU

. |
. == breed BM -

8 7/

/{
° z
i =
-~

‘g 2

0

92 93 84 95 96 97

Pak narndania

1. Geneticky trend pre priemerny denny prirastok v polnom teste —
Genetic trend of average daily dain in field test

Genetické trendy

Genetické trendy v oboch populaciach pre jednotli-
vé ukazovatele si znazornené na grafoch genetického
trendu (obr. 1, 2, 3, 4, 5). Kumulativny geneticky zisk
za celé sledované obdobie 1992-1997 a hodnoty kumu-
lativneho genetického zisku za obdobie 1995-1997 su
uvedené v prvej Casti tab. V (plemeno BU) a VI (ple-
meno BM). V genetickom trende oboch plemien neboli
zaznamenané podstatné rozdiely. Zatial Co geneticky
zisk v oboch trojro¢nych obdobiach bol pribliZne rov-
naky, s ndznakom mierneho zlep$ovania od roku 1995,
kumulativny fenotypovy trend oboch plemien, uvedeny
v druhej &asti tab. V a VI, hovori o vyraznejSom zvySeni
priemerného denného prirastku na SVJH (PRIRST)
a podielu cennych misovych &asti (CMCST) v rokoch
1995-1997, &o stvisi s uZ spominanym pdsobenim
vié§ieho podtu importovanych kancov v populécii od
roku 1995.

Hodnoty priemerného roéného genetického zisku pre
plemeno BU boli -0,01 cm za rok (SLANPT),
1,85 g.deii”! za rok (PRIRPT), 3,95 g.deii”! za rok
(PRIRST), 0,17 % za rok (CMCST) a 0,02 cm za rok
(SLANST). Pri plemene BM dosiahol priemerny ro&ny
geneticky zisk —0,02 cm za rok (SLANPT), 1,99 g.deﬁ_l
za rok (PRIRPT), 4,32 g.dei”! za rok (PRIRST), 0,16 %
za rok (CMCST), a -0,02 cm za rok (SLANST).

Podobné hodnoty roéného genetického zisku v rokoch
1986-1993 pre ukazovatele priemerny denny prirastok
a podiel cennych masovych Casti merané na SVIH
(3,36 g, 0,12 %) vypoditali pre populdciu plemena lar-
ge white v Madarsku Groeneveld et al. (1996). Vy¥si
rocny geneticky zisk (7,9 g a 0,27 %) zistili v popula-
cii large white. Pre znaky merané v polnych testoch
(PRIRPT a SLANPT) vypotitali nizke hodnoty gene-
tického zisku, podobné vysledkom v SR.

Wolf et al. (1998) vypocitali priemerny rocny genetic-
ky zisk v obdobi 1992-1996 +2,95 g.dei’\'l (PRIRPT),
9,29 g.dt:x"‘l'I (PRIRST) a 0,29 % (podiel cennych miso-
vych &asti meranych pristrojom piglog) pre populaciu
landrase. Plemeno large white dosiahlo v CR v uvede-

0,00
0,01 S~
0,02 ~
0,03

)

0,07 |
20,08 N
0,09 |
0,10

Priemerna plemenné hodnota - SLANPT
Py g
28 %
Eg

92 23 94 85 9% 97
Rok narodenia

2. Geneticky trend pre hribku chrbtovej slaniny v polnom teste —
Genetic trend of backfat thickness in field test

Pre obr. 1 aZ 5 — For. Figs | to 5: BU - biele uslachtilé — Large White, BM - biele miisové — White Meaty; priemerna plemenni hodnota =

average breeding value; rok narodenia = year of birth

450

CZECH J. ANIM. SCI., 44, 1999: 447455



w
-3

!
:

3
b
o
H ' v
0 —u—breed BM 5
g2
3
£15 //
4 -
§1o ———
8 <
a e
% _x
2 —
$ o
£
92 93 [ 95 96 97

Rok narodenia

3. Geneticky trend pre priemerny denny prirastok v teste SVIH —
Genetic trend of average daily gain in SVJH test
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5. Geneticky trend pre hriibku chrbtovej slaniny v teste SVJH -
Genetic trend of backfat thickness in SVJH test

nom obdobi Ipriememy ro¢ny geneticky zisk 1,42 g.dcﬁ"’,
5,54 g.deii”" a 0,39 %. Priemerny roény geneticky zisk,
ktory vypocital Hofer (1990) pre podiel cennych méso-
vych Casti plemien landrase a yorkshire, bol 0,11 %,
resp. 0,17 %.

V chovatelsky vyspelych krajindch dosahuji hodno-
ty ro&ného genetického zisku drovefi, ktord mozno po-
rovnat s hodnotami kumulativneho genetického zisku
dosiahnutého u nés za obdobie niekolkych rokov. Napr.
v Déansku (podla informécii internetovej stranky
www.danbred.dk) dosiahol ro¢ny geneticky zisk v prie-
mernom dennom prirastku za obdobie poslednych troch
rokov 28 g pri plemenach duroc a landrase a 17 g, resp.
12 g pri plemenich hampshire a yorkshire.

Kennedy et al. (1996) zistili rychlejSie genetické
zlep$ovanie populacie v suvislosti so zavedenim gene-
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0,80 s

’

o ¥ 060 v
: e

0,40 -
a =
E 020 ==

=
5 0,00
92 93 % o5 % 97
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4. Geneticky trend pre podiel cennych misovych Casti — Genetic
trend of the percentage of valuable cuts

tického hodnotenia metédou BLUP. Tento efekt bol
vyraznej§i v ukazovateli vek pri dosiahnuti hmotnosti
100 kg, ¢o je znak s niZSou dedivosfou a vacSim pev-
nym efektom prostredia (farmy), neZ pri hribke chrb-
tovej slaniny s vy$§im koeficientom dedivosti.

Trendy prostredia

Polné testy: Obr. 6 a 7 zobrazuju vyvoj efektov
prostredia (priemerné hodnoty odhadov efektov chov x
rok x sezéna testu cez chovy v ramci jednotlivych ro-
kov a sezén) pre ukazovatele merané v polnych tes-
toch. Z obr. 6 je zrejmy pozitivny vplyv podmienok
prostredia od roku 1994 na priemerny denny prirastok.
Tento trend sa vSak neprejavil pri hribke chrbtove;j sla-
niny (obr. 7), kde hodnoty efektov prostredia oscilovali
okolo nuly — maximdlne rozdiely v boli mensie ako
0,1 cm. Na obr. 6 moZno pozorovat periodicky vplyv
sezénnosti — negativny vplyv na denny prirastok kul-
minoval u zvierat, ktoré ukonéili polny test v méji a jini
(sezona 3), t.j. zaiatok testu pripada na zimné mesiace,
a pozitivny vplyv na zvierata, ktoré boli testované
v letnych mesiacoch a ukondéili test v zime. Tento trend
je viditeIny v rokoch 1993-1997 pri plemene BU. Pri
druhom sledovanom plemene periodicita vplyvov pros-
tredia nie je takd jednoznaCna.

K rovnakym zisteniam o sezénnosti vplyvov pros-
tredia na produké&né ukazovatele dospeli Kovac a Groe-
neveld (1990), ktori analyzovali trendy prostredia
u plemien landrase a pietrain v Nemecku.

Testy SVJH: Trendy prostredia ukazovatelov mera-
nych na SVJH (odhady efektov stys pre jednotlivé sta-

V. Kumulativne genetické a fenotypové trendy (plemeno BU) — Cumulative genetic and fenotypic trends (BU breed)

9! SLANPT PRIRPT PRIRST CMCST SLANST
Obdobie
(cm) (g.defi”) (g.defi™") (%) (cm)
. 1992-1997 -0,08 11,1 23,7 1,02 -0,13
Geneticky trend'
1995-1997 -0,04 6,1 12,7 0,50 -0,07
P 2 1992-1997 -0,05 45 13 1,92 -0,35
Fenotypovy trend
1995-1997 -0,03 24 24 1,28 -0,20
Igenetic trend, 2fenotypic trend, *season
CZECH J. ANIM. SCI., 44, 1999: 447455 451


http://www.danbred.dk

VI. Kumulativne genetické a fenotypové trendy (plemeno BM) — Cumulative genetic and fenotypic trends (BM breed)

s SLANPT PRIRPT PRIRST CMCST SLANST
Obdobie
(cm) (g.deii™!) (gdeii™) (%) (cm)
s 1 1992-1997 -0,09 11,9 25,8 0,97 -0,10
Geneticky trend
. 1995-1997 -0,05 6,8 15,1 0,58 -0,06
" 2 1992-1997 -0,06 40 10 2,74 -0,35
Fenotypovy trend
1995-1997 -0,03 21 23 2,07 -0,30

'genetic trend, *fenotypic trend, *season

6. Trendy prostredia pre priemerny denny
prirastok v polnom teste — Environmental
trends of average dialy gain in field test

Pre obr. 6 aZ 13 - For Figs. 6 to 13:

BU - biele uslachtilé — Large White, BM —
biele misové — White Meaty; priemerny
efekt roku x sezény = average effect of year

PRIRPT - PRIEMERNY EFEKT ROKU x SEZONY V G

X season; rok x sezona testu = year X test
season; stanica = station

Pe3sscugisssigiiiiis

ROK x SEZONA TESTU

iz
4

7. Trendy prostredia pre hribku chrbtovej
slaniny v polnom teste — Environmental
trends of backfat thickness in field test

lm-mmmmu-mvw

0,10

nice), ktoré si zobrazené na obr. 8, 9 a 10 (plemeno
BU), resp. na obr. 11, 12 a 13 (plemeno BM), pouka-
zujui na rozdiely medzi jednotlivymi stanicami. Najvy-
raznejSie boli rozdiely v pdsobeni prostredia na sledo-
vané ukazovatele. Napriklad v rokoch 1993-1994 bol
maximalny rozdiel medzi efektmi prostredia medzi sta-
nicami pri hribke chrbtovej slaniny 0,5 cm a pri per-
cente cennych masovych &asti priblizne 4 %. Tieto vy-
sledky nazorne dokumentuji nevyhody genetického

452

B E88EHE33333333§5383885583FBE8E3¢¢8

ROK x SEZONA TESTU

hodnotenia metédou selekénych indexov zaloZenych na
fenotypovych hodnotach testovanych potomkov. Na-
priklad kanec testovany na stanici 1 dosahoval horSie
vysledky (vacSia hribka slaniny a menS$i podiel cen-
nych masovych &asti), neZz by bol dosiahol, keby jeho
potomstvo bolo testované na stanici 2. Tento handicap
nedokdzal selekény index zaloZeny na fenotypovych
hodnotach odstranit. V indexe sa totiZ véZili fenotypo-
vé hodnoty potomstva testovaného kanca nekorigované
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8. Trendy prostredia pre priemerny denny
prirastok v teste SVJH podla stanic (plemeno
BU) - Environmental trends of average daily
gain in SVJH test according to the stations (BU
breed)

9. Trendy prostredia pre podiel cennych
misovych Casti v teste SVJH podla stanic (ple-
meno BU) — Environmental trends of the per-
centage of valuable cuts in SVJH test according
to the stations (BU breed)

10. Trendy prostredia pre hribku chrbtove;j sla-
niny teste SVJH podla stanic (plemeno BU) —
Environmental trends of backfat thickness in
SVIJH test according to the stations (BM breed)

na efekty prostredia. PouZitie animal modelu a metédy
BLUP dokazZe tento faktor v modeli zohladnit a odhadnit
geneticky potenciél jedinca presnejSie. Aj napriek tomu
by bolo potrebné spresnit a Standardizovat testiciu na
SVIH, pretoZe jej prednostou by malo byt testovanie

CZECH J. ANIM. SCI., 44, 1999: 447455

sice na malom pocte jedincov v porovnani s velkostou
populacie, ale v presne definovanych podmienkach.
Na zéklade grafického znézornenia trendov prostre-
dia na SVJH (obr. 8 aZ 13) nemoZno hovorit o syste-
matickom zlepSovani podmienok na SVIH. V pripade
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11. Trendy prostredia pre priemerny denny
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priemerného denného prirastku (obr. 8 a 11) prevladali
sezénne vplyvy prostredia na tento ukazovatel. Grafy
efektov prostredia pre podiel cennych misovych Easti
naznaduji pozitivny trend od roku 1995 na vietkych
troch staniciach pri plemene BM (obr. 12). Pri plemene
BU je zlepSovanie podmienok prostredia viditeIné na-
jmé na stanici 1 a 2 od roku 1996 (obr. 9).V pripade
hribky chrbtovej slaniny (SLANST) krivky trendov
prostredia pre jednotlivé SVIH konverguji (obr. 10
a 13), ¢o sved¢i o Standardizicii prostredia na na jed-
notlivych SVJH hlavne v rokoch 1996 a 1997. Vyraz-
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nej§i pozitivny vplyv prostredia stanice na SLANST
sme zaznamenali na stanici 1, ked kumulativny trend
za sledované obdobie bol okolo -0,5 cm.

ZAVER

Napriek tomu, Ze sme zistili pozitivny geneticky trend
u oboch skimanych plemien, musime konStatovat, Ze
dynamika genetického zlepSovania populécie o$ipanych
na Slovensku zatial nezodpoveda chovatelsky vyspe-
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lym krajindm. VyraznejSie genetické zlepSenie sme za-
znamenali iba v percente cennych misovych Casti. Jed-
nym z dovodov tohto stavu je podla nds pouZivanie
zastaralej a nepresnej metddy genetického hodnotenia
pomocou selekénych indexov zaloZenych na fenotypo-
vych hodnotéch testovanych zvierat. Tato metéda ne-
umoZiiovala dostatoéne presny odhad plemennych hodnét
ani selekciu geneticky najlepsich zvierat na drovni celej
populécie. V chovatelsky vyspelych krajinach selekéné
indexy zaloZené na fenotypovych hodnotich davno na-
hradili presnejSie metédy odhadu plemennej hodnoty,
na Slovensku v3ak ich pouZivanie pretrvévalo, a aZ te-
raz sa prechadza na metédu BLUP. Uplatnenim animal
modelu a BLUP met6dy genetického hodnotenia a skva-
litiovanim podmienok chovu by sa mal selekény po-
krok v populécii oSipanych v SR zvysit a priniest tak
1 vacsi ekonomicky prinos.

Trendy v efektoch prostredia poukazuji na pozitiv-
ne zmeny v podmienkach manaZmentu, vyZivy a od-
chovu zvierat najmid od roku 1995. Analyza efektov
prostredia, ktorych odhady st vedlaj$im produktom pri
odhade plemennych hodndt, méZe pomdct pri stanove-
ni opatreni smerujicich do oblasti manaZmentu, vyZivy
a odchovu zvierat.

Pod'akovanie

Publikované vysledky su sicastou medzinarodného
vyskumného projektu Institut fiir Tierzucht und Tier-
verhalten der FAL, Mariensee, SRN, a Vyskumného
dstavu Zivo&isnej vyroby v Nitre. Dana PeSkovicova
dakuje Bundesministerium fiir Landwirtschaft, Er-
ndhrung und Forsten v Bonne za financovanie Studij-
nych pobytov v Mariensee.

LITERATURA

Bobéek R., Flak P., Bob&ek B., Podolanova E. (1997): Hod-
notenie ukazovatelov vykrmnosti a jatoénej hodnoty bie-

lych udlachtilych a bielych misovych oSipanych na stani-
ciach vykrmnosti a jato¢nej hodnoty. J. Farm. Anim Sci.,
30: 23-29.

Groeneveld E., Peskovi¢ové D. (1999): Simultaneous estima-
tion of the covariance structure of field and station test
traits in Slovakian pig population. Czech J. Anim. Sci.,
44: 145-150.

Groeneveld E., Csato L., Farkas J., Radnoczi L. (1996): Joint
genetic evaluation of field and station test in the Hunga-
rian Large White and Landrace population. Arch. Tierz.,
39: 513-531.

Groeneveld E., Kovac M., Wang T. (1993): PEST, multiva-
riate prediction and estimation. Version 3.1. University of
Illinois, Department of Animal Science.

Hofer A. (1990): Schitzung von Zuchtwerten feldgepriifter
Schweine mit einem Mehrmerkmals-Tiermodell. [Disser-
tation.] Eidgennossiche technische Hochschule Ziirich.
130 s.

Kennedy B. W., Quinton V. M., Smith C. (1996): Genetic
changes in Canadian performance-tested pigs for fat depth
and growth rate. Can. J. Anim. Sci., 76: 41-48.

Kovac M., Groeneveld E. (1990): Genetic and environmental
trends in German swine herdbook population. J. Anim.
Sci., 68: 3523-3535.

Peskovitova D., Groeneveld E. (1997): Simultaneous genetic
parameter estimations of carcass traits in White Meaty and
White Improved Pigs in Slovakia. In: Proc. 48th Ann.
Meet. EAAP, Vienna: 337.

Peskovicova D., Groeneveld E., Kumi&ik M. (1997): Gene-
tické hodnotenie produkénych ukazovatelov oSipanych
v SR metédou multivariantného animal modelu (Genetic
evaluation of production traits of pigs in SR using multi-
trait animal model). In: Zbor. Ref. Konf. k 50. vyro¢iu
VUZV Nitra, 8.-9. oktéber 1997: 192, 195.

Wolf J., Wolfova M., Groeneveld E., Jelinkova V. (1998):
Estimation of genetic and environmental trends for pro-
duction traits in Czech Landrace and Large White Pigs.
Czech J. Anim. Sci., 43: 545-550.

Doglo 2. 3. 1999
Prijaté k publikovaniu 22. 6. 1999

Kontaktnd adresa:

Mgr. Dana Pe$kovidova, Vyskumny dstav Zivodi$nej vyroby, Hlohovska 2, 949 92 Nitra, Slovenska republika,

tel.: 00421 (0)87/54 63 78, e-mail: peskovic@vuzv.sk

CZECH J. ANIM. SCI., 44, 1999: 447-455

455


mailto:peskovic@vuzv.sk

Nejcerstvéjsi informace o casopiseckych ¢lancich
poskytuje automatizovany systém

Current Contents
na disketach

Ustfedni zemédélskd a lesnickd knihovna odebird &asopis ,,Current Contents” fadu
»Agriculture, Biology and Environmental Sciences” a fadu ,Life Sciences” na disketdch.
Rada ,Agriculture, Biology and Environmental Sciences" je od roku 1994 k dispozici i s abstrakty.
Obé tyto fady vychazeji 52krat rocné a zahrnuji vSechny vyznamné Casopisy a pokra¢ovaci
sborniky z uvedenych obord.

sluzby z prakticky nejcerstvéjsich literdrnich pramen(, nebot bédze dat je dopliiovdna kazdy
tyden a neprodlené expedovédna odbératellm. V systému si Ize nejen prohlizet jednotlivd
¢isla Current Contents, ale po pfesném nadefinovéni sledovaného profilu je mozné adresné
vyhleddvat informace, tisknout je nebo kopirovat na disketu s moznosti dalsiho zpracovani
na vlastnim pocitaci. Systém umozniuje i tisk Zddanek o separdt apod. Kumulované vyhleda-
véni v Sesti ¢islech Current Contents najednou velice urychluje reSersni praci.

Pfistup k informacim Current Contents je umoznén dvojim zplisobem:

1) Zakéazkovy pristup — po vyplnéni pfisluSného zakazkového listu (objednavky) je vhodny
predevs§im pro mimoprazské zéjemce.
Finanéni podminky: — pouziti PC — 15 K& za kaZzdou zapodatou pulhodinu
— odborna obsluha — 10 K& za 10 minut prace
— vytisténi reSerSe — 1,50 K¢ za 1 stranu A4
— Zadanky o separat — 1 Ké za 1 kus
— postovné + rezijni poplatek 15 %
2) ,Self-service” — samoobsluzna prace na osobnim poéitaéi v UZLK.
Finanéni podminky jsou obdobné. Vzhledem k tomu, Ze si uzivatel zpracovava resersi
sam, je to maximalné usporné. (Do kalkulace cen nezapocitdvdme cenu programu a da-
tabaze Current Contents.)

V pfipadé Vaseho zédjmu o tyto sluzby se obratte na adresu:

Ustredni zemédélska a lesnicka knihovna

Dr. Bartosova

Slezska 7

120 56 Praha 2

Tel.: 02/24 25 79 39, |. 520, fax: 02/24 25 39 38

Na této adrese obdrzite bliz§i informace a ziskéte formuldfe pro objedndvku zakézkové
sluzby. V pfipadé ,self-servisu” je vhodné se predem telefonicky objednat. V pfipadé zdjmu
je moZné si objednat i priib&zné sledovani profilu (cena se podle sloZitosti zadédni pohybuije
Ctvrtletné kolem 100 az 150 Kg&).




CHARACTERISATION OF THE CZECH COLD BLOOD
HORSE SILESIAN NORIKER BY MICROSATELLITES,
PROTEIN POLYMORPHISMS AND BLOOD GROUPS”

CHARAKTERIZACE CESKEHO CHLADNOKREVNEHO KONE SLEZSKY
NORIK POMOCI MIKROSATELITU, POLYMORFISMU PROTEINU
A KREVNICH SKUPIN

K. Hamanova', V. Glasnak?, D. Schroffelova’, I. Majzlik'

lUm'versity of Agriculture, Faculty of Agronomy, Prague, Czech Republic,
2Czech-Moravian Breeders Corporation, Ltd., Hradistko pod Mednikem, Czech Republic

ABSTRACT: A population of the Czech Cold Blood Horse Silesian Noriker was characterised by microsatellites, protein
polymorphisms and blood groups. This population was also compared to a group of very similar animals of Lany Noriker
using the same microsatellites. Allelic and genotype frequencies, average heterozygosity (H) and Nei’s standard genetic
distance (D) between these two groups of animals were analysed. The parameter estimates for the breed Silesian Noriker
were H = 63.3% with standard deviation sz = 7.7% for the microsatellites and H = 44.3% with sy = 6.5% for the blood
groups and protein polymorphisms. The weighted average of heterozygosity was H = 48.5% with sy = 10.9 % and the genetic
distance to the Lany Noriker was estimated to be D = 0.266. The average value of heterozygosity proved that the population
has not been exposed to serious inbreeding.

Keywords: horse; Noriker; microsatellites; protein polymorphism; blood groups

ABSTRAKT: Populace genové rezervy &eského chladnokrevného koné slezsky norik byla charakterizovana pomoci mikro-
sateliti, polymorfismu proteinii a krevnich skupin. Tato populace byla také s pouZitim stejnych mikrosateliti porovndna s velmi
podobnou skupinou zvifat — s plemenem ldnsky norik. Byly analyzovény alelické a genotypové frekvence, primé&rné hetero-
zygotnost (H) a geneticka distance (D) mezi t€émito dvéma skupinami zvifat. Parametry odhadu plemene slezsky norik byly
H = 63,7 % se standardni odchylkou s = 7,7 % pro mikrosatelity a H = 44,3 %, sy; = 6,5 % pro krevni skupiny a polymor-
fismus proteini. VaZeny pramér heterozygotnosti byl H = 48,5 % a sy = 10,9 %. Hodnota standardni genetické distance podle
Neie mezi slezskym a lanskym norikem byla odhadnuta jako D = 0,266. Primé&rnd hodnota heterozygotnosti ukazuje, Ze
populace nebyla vystavena vyraznému vlivu inbridingu.

Kli¢ova slova: kuii; norik; mikrosatelity; proteinovy polymorfismus; krevni skupiny

INTRODUCTION

The Noric horse, also known as Noriker, has been
bred for approximately 2000 years in the alpine pied-
mont of Austria. It is one of the oldest breeds in Austria
and has been maintained and bred in the Hohe Tauern
National Park.

After the province "Noricum" was founded by the
Romans in the territory of modern-day Austria, Bavaria
and Switzerland, heavy breed Roman draught horses
were introduced to Central Europe at the time of Christ’s
birth, giving rise to a new breed of horse. This breed
owes its name to the former Roman province Noricum
(wwwl, www2). The recent status and census of this
rare domestic animal shows the serious position in con-
servational breeding.

The Noriker horse has its origins in the group of
occidental horses (a mixture of the warhorses of the
Roman legions with indigenous breeds) (www2). It is
taken for the purest descendant of the original western
wild horse (Equus robustus Steg.). The Noriker cold
blood horse is regarded as the founder population of
the cold blood horse population in Bohemia. In the last
century most of the breeders have tried to improve the
breed by crossing to other cold blood breeds, for exam-
ple to Belgian horse. But later these attempts were dis-
continued and the Noriker was kept in pure breeding.

The population of the Noriker, at present existing in
the Czech Republic, is called Silesian Noriker referring
to the region of concentration. It is bred mainly in the
north of Moravia, the main breeding centre being Kloko-
Cov farm. There is also a subpopulation called Lany

*  The study was supported by the Ministry of Agriculture of CR (Project No. 5084/95 of the National Agency for Agricultural Research).
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Noriker, which had been separated from the Silesian
Noriker more than the fifty years ago. This subpopula-
tion is bred on the farm Lany of the Czech University
of Agriculture in Prague. Since 1997, the breed Silesian
Noriker has been recognized to be a genetic resource
on the basis of a recommendation of the Council of
Animal Genetic Resources of the Czech Republic.

Microsatellites are short repetitive sequences of DNA
in which a specific motif of 1-6 bases is repeated. The
usual number of repeats is in the range between 10 and
60. Microsatellites are generally considered to be the
most powerful genetic markers because of their ex-
traordinary variability and relatively easy analysis. It is
typical to observe loci with more than ten alleles, and
heterozygosity estimates higher than 0.60 even in rela-
tively small groups of animals (Bowcock et al., 1994;
Deka et al., 1995). In addition to their high variability,
they are also densely distributed throughout eukaryotic
genomes (Dib et al., 1996; Dietrich et al., 1996).

The genetic variability of a population is usually meas-
ured by the average heterozygosity per locus, while the
gene differences between two populations may be meas-
ured by the genetic distance (Nei, Roychoudhury, 1974).
Most values of genetic distance between the local popu-
lations appear to be sufficiently small (Nei, 1972). The
optimal sample size of animals for general evaluation
of the variability should be in the range between 25 and
35 of not related individuals (MacHugh, 1996).

The objective of this study was to estimate genetic
variability of the Silesian Noriker and the Lany Noriker
and to measure genetic distance between these popula-
tions using microsatellites, protein polymorphisms and
blood groups.

MATERIAL AND METHODS

Two populations of the cold blood horse were ana-
lysed, the Silesian Noriker from Klokocov farm (n = 39)
and the Lany Noriker (n = 16). In both populations all
available animals encompassing individuals without
known relationship as well as mares and their descen-
dants were included.

I. Description of horse microsatellite markers

DNA was isolated from blood samples. Fluorescently
labelled primers (labelling with pure molecules of isomer
6-carboxyfluorescein (6-FAM) on 5’end) were used for
the loci VHL20, HTG4, AHT4, HMS7 and HTG6
(Table I) in single and multiplex polymerase chain re-
actions. They were selected in agreement with the pro-
posal of international standard protocol for paternity
testing (Ketchum et al., 1996). The polymerase chain
reaction consisted of a hot start for 10 min at a tempera-
ture of 95 °C and 30 cycles, for each step 1 minute:
denaturation at a temperature of 93 °C, annealing at 55 °C
and extension at 72 °C. In the last cycle extension step
was prolonged to 5 minutes. The genotyping of micro-
satellites was performed by means of an automatic cap-
illary sequencer ABI-PRISM 310 and the programme
GeneScan Analysis (Bozzini et al., 1996).

In the Silesian Noriker a total of 18 classical poly-
morphic systems was used. This encompassed five po-
lymorphic blood serum proteins (albumin — ALB,
transferrin — TF, haemoglobin — HB, vitamin D binding
protein — GC, 1B glycoprotein A1B), six polymorphic
enzymes (carbonic anhydrase — CA, carboxylesterase —
ES, glucose phosphate isomerase — GPI, 6-phosphoglu-
conate dehydrogenase — PGD, phosphoglucomutase —
PGM, protease inhibitor — PI) (Glasnédk, 1978) and seven
blood groups (A, C, D, K, P, Q, U) (Schmid, Busch-
mann, 1985). Typing of these polymorphisms was in
agreement with international standard methods (Ketchum
et al., 1996).

From the results of analyses of allelic frequencies,
heterozygosity for individual loci (h), average heterozy-
gosity (H), standard deviation of the average heterozy-
gosity (sg) (Nei, Roychoudhury, 1974) and Nei’s stan-
dard genetic distance (D) (1972) were calculated.

RESULTS AND DISCUSSION

The allelic frequencies, heterozygosity at individual
loci (k) and average heterozygosity (H) are presented
in Table II. The gene frequencies of unidentified alleles
of blood groups ranged from 0.0128 to 0.3864.

When gene frequency data for microsatellites loci
were considered, then estimates of H for Silesian Noriker

Locus Size (bp) Labelling Sequence of primers

5’-[ FAM ]-CAA GTC CTC TTA CTT GAA GAC TAG-3'
VHL,, 85-105 FAM

5’-AAC TCA GGG AGA ATC TTC CTC AG-3’

5'-[ FAM ]-CTA TCT CAG TCT TGA TTG CAG GAC-3’
HTG, 120-140 FAM

5’-CTC CCT CCC TCC CTC TGT TCT C -3’

5’-[ FAM ]-AAC CGC CTG AGC AAG GAA GT-3’
AHT, 146-170 FAM

5'-GCT CCC AGA GAG TTT ACC CT-3'

5'-[ FAM ]-CAG GAA ACT CAT GTT GAT ACC ATC -3’
HMS; 170-188 FAM L }

5'-TGT TGT TGA AAC ATA CCT TGA CTG T -3’

5'-[ FAM ]-CCT GCT TGG AGG CTG TGA TAA GAT-3’
HTG, 80-107 FAM

5'-GTT CAC TGA ATG TCA AAT TCT GCT-3’
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I1. Gene frequency and heterozygosity for microsatellites and for protein polymorphisms and blood groups in the Noriker

Silesian Noriker Lény Noriker Silesian Noriker

Locus f mﬁz':l cy h P gjcnc v h locus i mﬁz‘;ﬁ cy h locus f rctg;fx:fwy h
VHL20-91 0.0897 0.1563 AL-A 0.4872 A-af 0.3974

VHL20-93 0.0128 0.0313 AL-B 0.5128 0.500 A-ag 10.0256

VHL20-95 0 0.0313 TF-D 0.0256 A-c 0.0641
VHL20-101 0.4487 0.4375 TF-D2 0.1026 A-+++ 0.1795
VHL20-103 0.1667 0.0313 TF-F2 0.5128 A-++ 0.3333 0.694
VHL20-105 0.0897 0.0938 TF-H 0.2821 C-a 0.4103
VHL20-107 | 0.0769 0 TF-0 0.0128 C-+++ 0.2051
VHL20-109 0.0256 0.1563 TF-R 0.0641 0.642 C-++ 0.3846 0.642
VHL20-111 0.0897 0.740 0.0625 0.744 HB-All 0.0256 D-bem 0.0641
HTG4-127 0.0256 0.2188 HB-BI 0.6410 D-cefgm 0.1026

HTG4-129 0.2564 0.3438 HB-BII 0.3333 0.477 D-cegim 0.0513

HTG4-131 0.6026 0.4063 CA-F 0.0897 D-cgm 0.1538

HTG4-135 0.1154 0.557 0.0313 0.668 CA-1 0.7564 D-delo 0.0897

AHT4-140 0.0256 0 CA-L 0.1026 D-del 0.0897

AHT4-142 0.0641 0 CA-+++ 0.0513 0.407 D-dfkl 0.0769

AHT4-144 0.1026 0.0313 ES-F 0.6410 D-dghm 0.2051
AHT4-146 0.2436 0.2188 ES-1 0.3590 0.460 D-dkl 0.1154

AHT4-148 0.0641 0 GPI-F 0.2821 D-dl 0.0385

AHT4-156 0.1154 0.1250 GPI-I 0.7179 0.405 D-++ 0.0128 0.880
AHT4-158 0.2692 0.1250 PGD-F 1 K-+++ 1

AHT4-160 0.1154 0.822 0.5000 0.670 GC-F 0.8590 P-a 0.1538

HMS7-159 0.0128 0 GC-§ 0.1410 0.242 P-b 0.0513
HMS7-169 0.0128 0 XK-S 0.0128 P-ac 0.2179
HMS7-175 0.0128 0 XK-K 0.9872 0.025 P-t++ 0.2308
HMS7-177 0.4103 0.1563 PGM-F 0.1282 P-++ 0.3462 0.753
HMS7-179 0.0256 0 PGM-S 0.8718 0.224 Q-c 0.0513
HMS7-181 0.0897 0.3125 PI-G 0.0897 Q-abc 0.0128
HMS7-183 0 0.1563 PI-H 0.0513 O-+++ 0.8718

HMS7-185 0.3974 0.2188 PI-1 0.1795 Q-++ 0.0641 0.233
HMS7-187 0.0385 0.0938 PI-L 0.4231 U-a 0.2949
HMS7-197 0 0.663 0.0625 0.793 PI-N 0.0513 U-+++ 0.4744

HTG6-81 0 0.0938 PI-P 0.0641 U-++ 0.2308 0.635
HTG6-87 0.1154 0.0625 PI-S 0.0897

HTG6-89 0.1154 0.2500 PI-T 0.0385

HTG6-101 0.7692 0.382 0.5938 0.572 PI- + 0.0128 0.762

H 0.633 0.689 0.443

h — heterozygosity at individual locus, H — average heterozygosity, + genotype was derived, ++ not classified - homozygous or heterozygous,

+++ the second allele is different from the first — heterozygous

and Lany Noriker were 63.3% (s = 7.7%) and 68.9%
(sy = 3.8 %), respectively. These results correspond to
the heterozygosity values presented by Bowcock et al.
(1994) and Deka et al. (1995), who also concluded that
even small populations can show a considerable degree
of heterozygosity. The estimates of the standard devia-
tions acquire quite normal values. Nei’s standard ge-
netic distance estimated on the basis of five microsatel-
lite loci equals D = 0.2657. This relatively low genetic
distance indicates that Silesian Noriker and Lany Noriker
had the common origin and history of these populations
does not differ considerably.

CZECH J. ANIM. SCI., 44, 1999: 457-461

In Silesian Noriker average heterozygosity estimated
on the basis of protein polymorphisms and blood groups
was H = 44.3% (sy = 6.5%) while the average het-
erozygosity calculated on the basis of both microsatel-
lites and protein polymorphisms and blood groups was
H=48.5% (sy = 6.6%).

The number of alleles for microsatellite loci of dif-
ferent breeds is shown in Table III. Comparison to the
other breeds shows the values for the Silesian and the
Lany Noriker to be at a medium level, with a range
from 6 to 9 alleles per locus. Only markers HTG4 and
HTG®6 are less variable. The average values of heterozy-
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III. Number of alleles for microsatellite loci

Locus SN LN QH! MI2 TB? SwT? ECA* MIx* EPR?
VHL20 8 8 10 9 4 7 10 4
HTG4 4 4 6

AHT4 8 5

HMS7 8 6 6 q
HTG6 3 4 4 4 3 5

SN - Silesian Noriker, LN — Lany Noriker, QH — Quarter horse, MI — Miniature horse, ST — Standardbred, TB - Thoroughbred, SwT —
Swedish Trotters, ECA - E. caballus (Australian thoroughbred), MIX — a mixed breed population of horse E. caballus, EPR — Przewalski

horse

! _ Bowling et al., 1997, 2~ Van Haeringen et al., 1994, > - Ellegren et al., 1992, * - Breen et al., 1994

IV. Heterozygosity for microsatellite loci

Locus SN LN QH! MI2 TB?2 SwT? ECA* MIx* EPR*
VHL20 0.739 0.744 0.777 0.800 0.810 0.730 0.900 0.625 0.786
HTG4 0.557 0.668 0.646 0.760

AHT4 0.822 0.670 0.740

HMS7 0.663 0.793 0.799 0.900 0.625 0.571
HTG6 0.382 0.572 0.709 0.670 0.475 0.525 0.875

The legend see Table I1T

gosity for the microsatellite markers were at and above
medium levels (Table IV). Only the value for locus
HTGG6 (H = 0.382) in the Silesian Noriker is below
average in contrast to the others (Ellegren et al., 1992;
Breen et al., 1994; Van Haeringen et al., 1994; Bowl-
ing et al., 1997).

The observed populations were not ideal for meas-
urement of genetic variability. Number of assessed ani-
mals of Silesian Noriker appeared adequate unlike La-
ny Noriker. But kind of any animals both populations
were not suitable with regard to relationship, like
claims MacHugh (1996). Nevertheless, the objective
was to characterise all available animals because the
population Silesian Noriker is recognized to be a gene-
tic resource and both populations are endangered.

It can be concluded that both populations under stu-
dy still possess a sufficient degree of genetic variability
indicating that they have not been exposed to serious
inbreeding. Populations of Silesian Noriker and Lany
Noriker are genetically quite similar. Their resem-
blance is high and populations are very small, so these
are good reasons for recombining them again, thus
broadening the basis for the conservation of the Noriker
in the Czech Republic.
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HISTOMETABOLIC PROPERTIES OF SOME SKELETAL
MUSCLES IN CROSSBRED LAMBS OF CROATIAN DAIRY
SHEEP

HISTOMETABOLICKE VLASTNOSTI VYBRANYCH KOSTERNICH
SVALU U JEHNAT-KRIZENCU CHORVATSKYCH MLECNYCH
PLEMEN OVCI

V. Gjuréevié-Kantura', K. Mikulec?, M. Zobundzija', V. Susi¢’, D. Miheli¢',
Z. Mikulec®, M. Vuéemilo®

University of Zagreb, Veterinary Faculty, 1Department of Anatomy, Histology and
Embryology, 2Department of Animal Husbandry, 3Deparl‘ment of Animal Nutrition,
4Department of Animal Hygiene Environment and Ethology, Zagreb, Croatia

ABSTRACT: Diameters and types of muscle fibers were studied on the basis of histochemical activity of lactic (LD) and
succinic (SD) dehydrogenase and myosin adenosine triphosphatase (ATP-ase) at pH 4.3 in m. gluteobiceps, m. longissimus
lumborum, m. psoas major, m dii 5, m. i branosus, m. quadriceps femoris (m. rectus femoris) and m. triceps
brachii (caput longum) of 9 male lambs originating from the crossbred F, between the Istrian Pramenka and Sardinian (S),
Domestic Merino-Wiirtemberg (W) and East Friesian (EF) rams 71 days old, weighing 21.74 kg (S), 25.66 kg (W) and 25.43 kg
(EF). Diameter of the fibers and enzymatic activity were different in all investigated muscles. The diameter ranged from 10 to
90 pum (S), 10-85 pm (W) and 10-70 um (EF). The largest average diameter in majority of muscles was recorded in the
S lambs, and the largest number of fibers in the visual field was in the W and EF animals. Glycolytic fibers were the most
common, comprising around or over one half of all fibers; oxidative made about one third of all fibers and oxidative-glycolytic
were less common than oxidative. The slow-twitch fibers accounted for around one third and the fast-twitch for around two
thirds in all investigated muscles. M. longissimus lumborum, m. s di , m. s and m. quadriceps
femoris of the S lambs, then m. gluteobiceps and m. triceps brachii of the W lambs and m. psoas major of the EF lambs
contained the most oxidative fibers. Glycolytic fibers were mostly in m. longissimus lumborum, m. semitendinosus, m.
quadriceps femoris and m. triceps brachii (W lambs) and in m. gluteobiceps, m. psoas major and m. semimembranosus
(S lambs). Majority of the slow-twitch fibers were in m. semitendinosus, m. semimembranosus, m. quadriceps femoris and
m. triceps brachii of the S lambs, in m. gluteobiceps and m. psoas major of the W lambs and in m. longissimus lumborum
of the EF lambs. The most of the fast-twitch fibers were in m. gluteobiceps, m. psoas major, m. semimembranosus and
m. triceps brachii of the EF lambs, and m. longissimus lumborum, m. semitendinosus and m. quadriceps femoris of the W lambs.
Statistical evaluation shows the significant differences (P < 0.01) in muscle fiber average diameter in each muscle order
between all three crossbreds or only between two crossbreds. The difference in body weight and consequently, in meat volume
between the S, W and EF animals was also rather due to a larger number of muscle fibers than to the muscle fiber thickness.

h

Keywords: lamb; crossbreds; muscle fiber diameter; enzymatic activity

ABSTRAKT: Tloustku a typ svalovych vldken jsme sledovali na zakladé histochemické aktivity mlé&né (LD) a jantarové
(SD) dehydrogendzy a myosin adenosintrifosfatidzy (ATP) pii hodnoté pH 4,3 ve svalech m. gluteobiceps, m. longissimus
lumborum, m. psoas major, m. semitendi ] b sus, m. quadriceps femoris (m. rectus femoris) a m. triceps
brachii (caput longum) u 9 berdnki pochéazejicich z kiiZeni F, mezi ovcemi plemene istrijskd pramenka a berany plemen
sardinské (S), domaci merino-wiirtemberg (W) a vychodofriské (EF) ve v€ku 71 dni a o hmotnosti 21,74 kg (S), 25,66 kg
(W) a 25,43 kg (EF). U v3ech sledovanych svall jsme zjistili rozdilnou tloutku vldken a enzymatickou aktivitu. Tloustka se
pohybovala v rozmezi 10 aZ 90 um (S), 10 aZ 85 pum (W) a 10 aZ 70 um (EF). Jehiiata plemene S méla u vétSiny svall
nejvétsi pramérnou tloudtku vldken a jehiiata plemene W a EF méla nejvy33i poCet vldken v zorném poli. Nejobvykleji se
vyskytovala glykolytickd vldkna, kterd tvofila zhruba polovinu i vice v8ech vlaken; zhruba tfetinu vSech vldken predstavovala
oxida¢ni vldkna a méné asté&ji neZ oxida¢ni vldkna se vyskytovala vldkna oxidané-glykolytickd. U vech sledovanych svall
tvofila zhruba jednu tfetinu pomalu se stahujici vldkna a zhruba dvé tfetiny rychle se stahujici vldkna. VE&tsi podil oxida&nich
vldken u jehiiat plemene S obsahovaly svaly m. longissimus lumborum, m. semitendinosus, m. semimembranosus a m. quad-
riceps femoris, u jehiiat plemene W svaly m. gluteobiceps a m. triceps brachii a u jehiiat plemene EF m. psoas major.
Glykolytické vldkna se vétSinou nachézela v m. longissimus lumborum, m. semitendinosus, m. quadriceps femoris a m. triceps

us, m.
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brachii (u jehiiat plemene W) a v m. gluteobiceps, m. psoas a m. semimembranosus (u jehiiat plemene S). VE&t$i podil pomalu
se stahujicich vldken obsahovaly svaly m. dinosus, m. branosus, m. quadriceps femoris a m. triceps brachii
u jehfiat S, m. gluteobiceps a m. psoas u jehiiat W a m. longissimus lumborum u jehiiat EF. VE&t3i podil rychle se stahujicich
vldken jsme zjistili v m. gluteobiceps, m. psoas major, m. semimembranosus a m. triceps brachii u jehiiat EF a v m. longis-
simus lumborum, m. semitendinosus a m. quadriceps femoris u jehiiat W. Statistické hodnoceni naznaduje pro jednotlivé svaly
vyznamné rozdily v primérné tloustce svalovych vlaken mezi viemi tfemi kiiZenci nebo pouze mezi dvéma kfiZenci. Rozdily
v télesné hmotnosti a nisledn& v objemu masa mezi jedinci plemen S, W a EF vyplyvaly spife z vét§iho podtu svalovych

vldken neZ z Sifky svald.

Klicova slova: jehné; kiiZenci; tloustka svalovych vldken; enzymatick4 aktivita

INTRODUCTION

The programme of genetic development of domestic
dairy sheep in the Mediterranean part of the Republic
of Croatia used three breeds of sheep: domestic Istrian
Pramenka and the imported Sardinian and East Friesian
rams. In assessing economical benefit of the future type
of the sheep and the crossbreds obtained in the process
of its development, meat production was a very distinc-
tive factor (Mikulec et al., 1992, 1996). A new cross-
bred F, generation sheep has been generated from the
Istrian Pramenka breed and Sardinian breed (25% and
75% genetic portion respectively). These crossbreds
were mated with East Friesian rams, to obtain dairy
crossbreds, and with the local Merino-Wiirtemberg
rams to increase meat volume (Mikulec et al., 1997).

In the study carried out on the lambs originated from
mothers of the same genotype, crossbred F, generation
of the Istrian Pramenka ewes and Sardinian rams, then
the rams of the Sardinian, East Friesian and Merino-
Wiirtemberg breeds, we studied fattening and slaughter
properties of the animals (Mikulec et al., 1997). The
study was aimed at investigating the possibility of meat
gain as a secondary product. A two or three-breed cross
rams of the Istrian Pramenka F, generation and the
Sardinian, East Friesian and Merino-Wiirtemberg rams
were included in the study at the age from 35 to 71 days.
All animals were kept and fed under the same condi-
tions. Weighing was performed on the first day of the
study and then on days 50, 64 and 71. At the age of
71 days the animals were weighed and slaughtered.

The results have shown that the crossbred East Frie-
sian and Merino-Wiirtemberg ram breeds, compared to
the Sardinian rams, had lower feed consumption per kg
of weight gain and considerably superior body measures.
The same results were achieved with the crossbred Me-
rino-Wiirtemberg ram breeds vs. East Friesian rams
(Mikulec et al., 1997).

The trial being aimed at elucidating the effect of
crossbreeding on meat production by the selection of
the best crossbreeding combination, the increased meati-
ness of the crossbred breeds obtained from the Istrian
Pramenka F, generation ewes and the East Friesian and
local Merino-Wiirtemberg rams indicated that we were
on the right way. Higher weight gain, lower feed con-
sumption per kg of weight gain along with higher
weight at slaughter and an improved feed conversion
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indicated bigger muscle volume. They did not show
however if there was any difference at all and how
much the morphometabolic properties of the muscles
between these two or three-breed crosses differed. There-
fore, we decided to use a larger number of important
muscles in finding out how heritage, i.e. growth fac-
tors, affect the fibers.

MATERIAL AND METHODS

The study of histometabolic properties of muscle
fibers in the crossbred Istrian Pramenka F, generation
ewes with the Sardinian, East Friesian and Merino-
-Wiirtemberg rams was carried out on 9 male lambs
(three of each breed) aged 71 days. Crossbred Sardin-
ian ram lambs weighed 21.74 kg, Merino-Wiirtemberg
25.43 kg and East Friesian 25.66 kg. The study was
performed on the following muscles: m. triceps brachii
(caput longum), m. longissimus lumborum, m. psoas
major, m. gluteobiceps, m. semitendinosus, m. semimem-
branosus and m. quadriceps femoris (m. rectus
femoris). They were taken just after necropsy from the
following places: m. triceps brachii (caput longum) and
quadriceps femoris (m. rectus femoris) from the central
part of the muscles; m. longissimus lumborum and
m. psoas major of the third lumbar vertebra; m. gluteo-
biceps, m. semitendinosus and m. semimembranosus at
the height of the lateral joint. Muscle samples were cut
to the size of 1 x 1 cm, frozen in liquid nitrogen and
cut in the Cryo-cat, into 10 pm thick slices. A part of
them was stained with hemalaun and eosine (Romeis,
1968) to show the structure and diameter of fibers, and
the rest was tested for the activity of lactate and succi-
nate dehydrogenase (Hess et al., 1958) and at pH 4.3
for myosin adenosine triphosphatase (Padykula, Her-
man, 1955, modified according to Brook, Kaiser, 1970,
and Tuxen, 1990) to show the fiber types.

Out of the so obtained histological preparations,
3476 fibers were measured for their diameter and
8844 fibers were examined to determine the number of
oxidative, oxidative-glycolytic and glycolytic, and fast-
twitch and slow-twitch fibers. The results were proc-
essed statistically and shown cumulatively and for each
group of the crossbreds separately, i. e. for the cross-
bred Istrian Pramenka breed with the Sardinian rams,
Istrian Pramenka breed with the East Friesian rams,
Istrian Pramenka breed with Merino-Wiirtemberg rams.
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RESULTS AND DISCUSSION the diameter (Table I, Fig. 1), there were large, medium
and small fibers ranging from 10-90 um (Sardinian

Muscle samples of all examined lambs showed het-  crossbred), 10-85 pm (Merino-Wiirtemberg crossbred)
erogeneous structure with respect to the fiber diameter  and 10-70 um (East Friesian crossbred). Fiber diameter
and type, irrespective of the crossbreed. As concerns  varied in each muscle, however the minimum average

I. Muscle fibre diameters in crossbred lambs with respect to breed and muscles (P < 0.01)

Number of Avrage Minimal Maximal Standard Standard Significance
Muscle Breed S ¥ 5 Esces
fibres C [ C deviation error level
S 159 37.88 10 75 1.21963 0.09672 P < 0.01
M. gluteobiceps W 113 42.65 25 80 1.17274 0.11032 S:W, S:EF
EF 229 30.17 10 55 0.88371 0.05840 W:EF
S 168 38.63 12.50 90 1.20993 0.09335 P <001
M. longissimus " 35 s \
Timborin V 146 35.77 15 50 0.69330 0.05738 S:EF
EF 241 33.88 10 52.50 0.82089 0.05288
S 152 30.30 10 65 1.02693 0.08329 P <001
M. psoas major w 136 34.19 10 65 0.99158 0.08503 S:W, S:EF
EF 230 33.92 10 55 0.92284 0.06085
S 123 49.25 10 85 1.75115 0.15790 P <001
M. semitendinosus w 172 47.56 15 85 1.41006 0.10752 S:WF, W:EF
EF 212 38.14 10 70 1.30759 0.08981
S 124 45.60 10 70 1.42687 0.12814 P < 0.01
M. semimembranosus | W 145 38.78 17.50 62.50 0.85904 0.07134 S:W, S:EF
EF 151 36.92 20 70 1.03378 0.08413
S 107 52.36 10 90 1.67100 0.16154 P <0.01
M. quadriceps
femoris w 122 37.64 17.50 60 0.86382 007821 | S:W, S:EF
EF 232 38.23 15 60 0.88213 0.05791
S 153 47.04 15 90 1.24817 0.10091 P <0.01
M. triceps brachii w 137 46.68 22.50 75 0.86396 0.07381 S:EF, W:EF
EF 229 39.47 10 70 1.02375 0.06765

Legend: S = Pramenka/Sardinian + Sardinian ram; W = Pramenka/Sardinian + Domestic Merino-Wiirtemberg ram; EF = Pramenka/Sardinian
+ East Friesian ram

1. M. semimembranosus,
Sardinian male lamb (S).
Hemalaun-cosine (magn.
20x)
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II. Number and percentage of muscle fibre types in crossbred lambs with respect to breed and muscles

Muscle fibre types

Miiscle Riié after energy for contraction after contracti on speed

total oxid. oxid-glycol. glycol. total slow-twitch fast-twitch

number| % |number| % |number| % |number| % |number| % |number| % |[number| %

S 384 | 100 | 100 [26.04] 69 [17.97| 215 |55.99| 391 | 100 | 111 [28.39 71.61
M. gluteobiceps W 471 | 100 | 142 |30.15| 118 [25.05| 211 (44.8 | 446 | 100 | 149 |33.41| 297 |66.59
EF 516 | 100 | 142 [27.51| 121 |[23.45| 253 |49.04| 599 | 100 [ 169 (29.21| 430 |71.79

S 348 100 | 101 |29.02 88 [25.29| 159 ([4539| 403 100 89 [22.08| 314 (77.92
M. longissimus
Limborins w 472 100 | 117 [24.79 97 [20.55] 258 |54.66( 473 100 101 |21.35( 372 |78.65
EF 383 100 | 112 [29.24 98 |[25.58] 173 |45.18( 560 100 31 2339 409 |76.61
S 485 100 | 122 |25.15 90 |[18.55] 273 |563 | 482 100 125 [25.93| 357 (74.07
M. psoas major w 529 100 | 111 |20.98| 133 [25.14| 285 |53.88| 441 100 118 [26.75| 323 (73.24

EF 574 | 100 | 154 |[26.83| 142 |24.73| 278 |48.44| 61l 100 | 154 |252 | 457 |74.8

270 | 100 63 |2333| 50 |[18.52( 157 |58.15( 265 | 100 64 |24.15| 201 |[75.85
M. semitendinosus w 368 | 100 75 |2038] 69 875 224 |60.89| 340 | 100 69 120.29| 271 (79.71
EF 454 | 100 | 107 |(23.57| 96 |21.14| 251 |52.29| 463 100 | 105 |22.68| 358 |77.32

w

S 295 | 100 | 76 [31.02| 67 |27.34| 152 [62.04| 293 | 100 73 |24.91| 220 [95.09
M. semimembranosus | W 473 | 100 | 106 |24.41| 103 |[21.77| 264 |55.82| 379 | 100 91 |24.01| 288 [75.99

EF 561 | 100 | 121 |21.56| 115 |2049| 325 |57.95| 500 | 100 98 | 19.6 | 402 |80.4

S 278 | 100 | 81 |29.13| 65 |[23.38 132 |47.49| 280 | 100 82 [29.28( 198 |[70.72
M. quadriceps

w 412 | 100 | 98 |23.78 91 |22.08| 223 |54.14| 421 | 100 83 [19.71] 338 [80.29

femoris
EFR 544 100 | 130 [23.89 123 |22.61| 291 [53.5 538 100 120 223 | 418 |[77.7

S 288 | 100 | 83 [28.82| 62 [21.52| 143 [49.66| 282 | 100 | 94 [33.34| 188 |66.66
M. triceps brachii w 323 | 100 | 94 [30.03] 69 [22.04] 160 |[51.13| 380 | 100 [ 129 [33.95| 251 [66.05
EF | 476 | 100 | 135 |[28.36] 100 |21 241 [50.64| 481 | 100 | 140 |29.11] 341 |70.89

Legend: S = F, Pramenka/Sardinian + Sardinian ram; W = F, Pramenka/Sardinian + Merino-Wiirtemberg ram; EF = F, Pramenka/Sardinian
+ East Friesian ram; oxid. = oxidative fibres; oxid.-glycol. = oxidative-glycolytic fibres; glycol. = glycolytic fibres; slow-twitch = ATP-ase
pH 4.3 positive fibres; fast-twitch = ATP-ase pH 4.3 negative fibres

2. M. semimembranosus,
Sardinian male lamb (S).
Lactic dehydrogenase (magn.
20x)
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was in m. gluteobiceps, m. longissimus lumborum,
m. semitendinosus, m. semimembranosus and m. triceps
brachii (caput longum) of the East Friesian breed; in
m. psoas major of the Sardinian breed and in m. qua-
driceps femoris (m. rectus femoris) of Merino-Wiirtem-
berg breed. The largest average fiber diameter was in
m. gluteobiceps (Merino-Wiirtemberg breed), in m. lon-
gissimus lumborum, m. semitendinosus, m. semimembra-
nosus, m. quadriceps femoris (m. rectus femoris) and
m. triceps brachii (caput longum) of the Sardinian breed,
and in m. psoas major (East Friesian breed). In m.
semitendinosus and m. psoas major an average diame-
ter of muscle fibers approximated that of the Sardinian
and Merino-Wiirtemberg breeds.

The largest average diameter of the muscle fibers
(Table I) compared with the body weight of the ani-
mals, was recorded in the four muscles of the crossbred
Sardinian rams (though they had the lowest final
weight): m. longissimus lumborum, m. semimembrano-
sus, m. quadriceps and m. triceps brachii. In the fifth
muscle (m. semitendinosus) the diameter was slightly
larger than that of the Merino-Wiirtemberg breed, but
significantly larger than that of the East Friesian breed.
Analogously, though of the highest final body weight,
the crossbred East Friesian breeds had significantly
smallest average diameter of the fibers in five muscles
(m. gluteobiceps, m. longissimus lumborum, m. semitend-
inosus, m. semimembranosus and m. quadriceps
femoris). Crossbred Merino-Wiirtemberg breed had the
largest average diameter of the fibers in one muscle
only (m. gluteobiceps) and the smallest average fiber
diameter in one muscle (m. quadriceps femoris),
whereas in the remaining five muscles an average fiber
diameter was between the average muscle diameter of
the Sardinian and East Friesian crossbreds (Table I).
Significantly higher final weight of crossbred Merino-
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3. M. semimembranosus,
Sardinian male lamb (S).
Succine  dehydrogenase
(magn. 20x)

-Wiirtemberg and East Friesian breeds vs. crossbred
Sardinian breeds and larger body measures pointed out
to higher meat volume. That was not due to an increased
muscle fiber diameter, but rather to an increased num-
ber of fibers in some muscles, meaning that the effect
of Merino-Wiirtemberg and East Friesian breeds on the
majority of examined muscles was more marked than
the effect of the crossbred Sardinian breed, irrespective
of the fact that the sheep from which the studied lambs
originated had 75% genomes of the Sardinian breed.

Statistical evaluation (Table I) indicated that m. glu-
teobiceps indicated the significant differences between
all three crossbreds (P < 0.01). M. triceps brachii and
m. semitendinosus indicated the significant differences
only between S and W as well W and EF crossbreds
(P < 0.01) but m. semimembranosus, m. quadriceps
femoris and m. psoas major indicated the significant
differences (P < 0.01) between S and W as well S and
EF crossbreds. M. longisimus lumborum showed the
significant difference (P < 0.01) between S and EF
crossbreds.

The muscles also comprised heterogeneous fibers.
All 7 types of muscles contained oxidative, oxidative-
glycolytic and glycolytic fibers, and slow-twitch and
fast-twitch fibers (Tables II and III, Figs. 2, 3 and 4).
Histologic preparations showed dominating glycolytic
fibers which accounted for almost one half or more of
all other fibers, relevant to the muscle. Their surface
considerably surpassed the surface of oxidative and oxida-
tive-glycolytic fibers. Similarly, fast-twitch fibers were
significantly dominant over slow-twitch fibers with re-
spect to their number and surface. They accounted for
around two thirds of the total number of investigated
muscle fibers.

The highest percentage of oxidative fibers (Table II)
was recorded in m. semitendinosus, m. semimembrano-
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sus and m. quadriceps femoris in the crossbreds of the
Sardinian rams, in m. gluteobiceps and m. triceps brachii
of Merino-Wiirtemberg rams and in m. psoas major of
the East Friesian rams. In m. longissimus lumborum the
percentage of these fibers very much approximated that
of the Sardinian and East Friesian breeds. The highest
percentage of oxidative-glycolytic fibers was in m. semi-
membranosus, m. quadriceps femoris and m. triceps
brachii of the crossbred Sardinian rams, in m. gluteo-
biceps and m. psoas major of Merino-Wiirtemberg rams
and in m. semitendinosus of the East Friesian rams. In
m. longissimus lumborum the percentage of oxidative-
glycolytic fibers of the Sardinian and East Friesian
rams was the same. The case was similar with gly-
colytic fibers. Consequently, the highest percentage of
this type fibers was in m. gluteobiceps, m. psoas major
and m. semimembranosus of the crossbred Sardinian

4. M. semimembranosus;
Sardinian male lamb (S).
Myosine adenosine triphos-
phatase Ph 4.3 (magn. 20x)

rams, in m. longissimus lumborum, m. semitendinosus,
m. quadriceps femoris and m. triceps brachii of the
crossbred Merino-Wiirtemberg breeds. On the other hand,
the percentage of glycolytic fibers of the East Friesian
rams was still lower (Table III).

The percentage of fast-twitching and/or slow-twitching
fibers almost equalled the percentage of oxidative-gly-
colytic and glycolytic and/or oxidative fibers (Table III).
Consequently, m. semitendinosus, m. semimembrano-
sus, m. quadriceps femoris and m. triceps brachii of the
crossbred Sardinian rams, then m. gluteobiceps and
m. psoas major of Merino-Wiirtemberg rams and
m. longissimus lumborum of the East Friesian rams
showed the highest percentage of slow-twitching fi-
bers. Conversely, m. gluteobiceps, m. psoas major,
m. semimembranosus and m. triceps brachii of the East
Friesian rams, then m. longissimus lumborum, m. semi-

III. Percentage of muscle fiber types in crossbred lambs with respect to race and muscles

Muscle fiber types
Muscle oxidative oxid.-glycol. glycolytic slow-twitch fast-twitch
race race race race race

S w EF S w EF S w EF S W EF S W EF
M. gluteobiceps 26.04 [30.13 | 27.51 [ 17.99 | 25.05 | 23.45|55.99 [44.8 |49.04 [28.39 |33.41 | 28.21 [ 71.61 [66.59 | 71.99
M. longissimus lumborum |29.02 [ 24.79 | 29.24 [ 25.29 | 20.55 | 25.58 | 45.69 | 54.66 | 45.18 [ 22.68 | 21.35 [ 23.79 | 77.92 | 78.65 | 76.61
M. psoas major 25.15[20.98 | 26.83 [ 18.55 | 25.14 [ 24.73 | 56.3 |53.87 |48.44 (2593 |26.75 | 25.2 [ 74.07 [73.24|73.8
M. semitendinosus 23.33|20.38 | 23.57 [ 18.52 | 18.75 | 21.14 | 58.15 | 60.89 | 52.29 | 24.15 | 20.29 | 22.68 | 75.85 [ 79.21 | 77.32
M. semimembranosus 31.02 [24.41 | 21.56 | 27.34 | 21.77 | 20.49 | 62.04 | 55.82 | 57.95 [ 24.91 [24.01 | 19.6 |75.09 | 76.91 | 80.4
M. quadriceps femoris 29.13|23.78 (23.89 | 23.38 | 22.08 | 22.61 | 47.99 | 54.14 | 53.5 |29.28 | 19.71|223 |[77.72|89.29|77.7
M. triceps brachii 28.8230.03 | 28.36  24.52 [ 22.04 | 21 49.66 | 59.13 [ 50.64 | 34.34 [ 33.95 | 29.11 | 66.66 | 66.05 | 70.89

S = Pramenka/Sardinian + Sardinian ram

W = Pramenka/Sardinian + Merino-Wiirtemberg ram
EF = Pramenka/Sardinian + East Friesian ram
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tendinosus and m. quadriceps femoris of Merino-
Wiirtemberg rams contained the highest percentage of fast-
twitching fibers. The percentage of the fast-twitching fi-
bers of the crossbred Sardinian breeds was not superior
in any case.

Enzymatic muscle activity in all three crossbred
breeds was very much alike. The percentage of oxida-
tive and slow-twitching fibers, i. e. of the fibers capable
of a longer continuous activity at lower action frequency
and load, did not exceed one third of the total number
of muscle fibers in any animal. Analogously, the per-
centage of glycolytic fast-twitching fibers in all ani-
mals and muscles, accounted for over or about one half
of all fibers. Generally, these fibers were superior in
diameter and strength, and capable of a higher fre-
quency action and load. The percentage of oxidative-
glycolytic fibers in all muscles was somewhat below
that of the oxidative ones and significantly below the
percentage of glycolytic fibers. These fibers were gen-
erally fast-twitching and had both oxidative and gly-
colytic properties. Their diameter was smaller, as well
as their strength, but they were more resistant to wear-
ing. Having faster contraction and slower wearing they
were capable of a prolonged but higher frequency ac-
tion. Taking into account that oxidative and oxidative-
glycolytic fibers together account for one half of the
total fibers in the studied muscles, and that glycolytic
ones account for the other half or slightly more than
a half of total muscles, then practically in all muscles
of the examined lambs around one half of the fibers is
capable of a long-lasting slow-frequency action and
about one half of a short-lasting high frequency action.

Irrespective of great similarities, there were large
differences in the types of fibers, ranging from negli-
gible to significant. It can be assumed that the similari-
ties in the number and percentage of some fiber types
were due to the original material, being the same for
all three crossbred breeds — the F, generation sheep
from the crossbred Istrian Pramenka breed and Sardin-
ian rams with 75% genetic portion of the Sardinian
breed. The genome was enriched with the genome of
the Sardinian breed and with Merino-Wiirtemberg and
East Friesian breeds. The Sardinian genome seems to
be responsible for the development of oxidative fibers
and their diameter, whereas the Merino-Wiirtemberg
and East Friesian genomes are responsible for the in-

creased number of the smaller diameter muscle fibers
and development of glycolytic fibers. This is supported
by an increased number of fibers in the visual field of
histologic preparations of East Friesian and Merino-
Wiirtemberg breeds, i. e. an increased percentage of
oxidative fibers in a larger number of the muscles of
the crossbred Sardinian breed. It can be assumed that
the improved quantity of meat in the crossbred lambs
originating from Merino-Wiirtemberg and East Friesian
rams can be attributed to an increased number of mus-
cle fibers rather than to the increased thickness of mus-
cle fibers.
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SUPEROVULATION AND RECOVERY OF ZYGOTES
SUITABLE FOR DOUBLE-MICROINJECTION IN THREE
RABBIT POPULATIONS

SUPEROVULACIA A ZISKAVANIE ZYGOT VHODNYCH PRE UCELY
DVOINASOBNEJ MIKROINJEKCIE V TROCH POPULACIACH
KRALIKOV

P. Chrenek, I. Petrovicova, J. Rafay, J. Bulla

Research Institute of Animal Production, Nitra, Slovak Republic

ABSTRACT: This study investigated the effect of superovulation in various populations of rabbits and different time interval
between mating and egg recovery on the recovery of zygotes suitable for double-microinjection. Superovulations have been
used successfully to enhance the number of embryos and double pronuclei injection is more efficient to produce a large
number of transgenic animals than single microinjection. Therefore, using these method we can reduce the cost of transgenic
rabbits. We found, that 1) in New Zealand White, California and Zobor population eggs recovery per donor resulted in 26,
32 and 21.8 zygotes (the differences were not significant) which were suitable for double-microinjection, 2) the time interval
of 19-20 h between mating and recovery to obtain suitable zygotes was found to be a sufficient and 3) the proportion of
zygotes selected for morphological criteria (present of the pronuclei, polar bodies, intact zona pellucida and compacted
cytoplasm) did not vary (F-test) among the rabbit populations (87.05, 88.72, 88.23).

Keywords: superovulation; rabbit; zygotes; FSH; pronucleus; microinjection

ABSTRAKT: Cielom price bolo zistit vplyv superovuldcie v troch populdcidch kralikov a optimélny &asovy interval medzi
pripustenim a vyplavenim na ziskavanie zygot vhodnych pre téely dvojndsobnej mikroinjekcie. Superovuldcia umoZiiuje
ziskat vy38i pocet embryi a dvojnasobnd mikroinjekcia, v porovnani s jednoduchou mikroinjekciou, je G&innejsia pri produkeii
vitSieho poltu transgénnych zvierat. Preto méZeme vyuZitim tychto dvoch met6d zniZovat niklady na ziskanie transgénnych
kréalikov. Zistili sme, Ze: 1) priemerny pocet zygot vhodnych pre u¢ely dvojnasobnej mikroinjekcie ziskanych na donorku bol
26 u novozélandskej bielej, 32 u kalifornskej a 21,8 u zoborskej populécie, rozdiely medzi populdciami boli Statisticky
nevyznamné (tab. II), 2) optimélny Casovy interval medzi pripustenim a vyplavenim ziskanych zygot je 19 aZ 20 hodin (tab. I)
a 3) nebol zisteny preukazny rozdiel (F-test) v podte kvalitnych vajiok, vyselektovanych na zdklade morfologickych kritérii
(pritomnost obidvoch prvojadier a pélovych teliesok, neporuSena zéna pellucida a kompaktna cytoplazma), medzi sledova-
nymi populdciami krélikov (87,05, 88,72 a 88,23).

Klicové slova: superovulicia; kralik; zygoty; FSH; prvojadro; mikroinjekcia

INTRODUCTION Superovulation can enhance the number of embryos,
but on the other hand, it is characterized by a high
degree of variability. Potential reasons for the variabil-

ity can be inherent to the gonadotropins which are known

The cost of transgenic rabbits is extremely high, be-
cause only about 15% of manipulated embryos give

rise to newborn animals and about 1.5% of the reim-
planted embryos become transgenic offsprings
(Viglietta er al., 1997). Therefore, the possibility to
obtain maximum number of zygotes per donor suitable
for in vitro manipulations using hormonal treatment has
been a goal of developmental biologists for many years.
Exogenous gonadotropins have been used successfully
to elicit ovulation in numerous laboratory and domestic
animals (Gates, 1971; Guzik, Niemann, 1995; Grafenau
et al., 1995), including rabbits (Kennely, Foot, 1965;
Landa, 1982; Carney, Foot, 1990; Besenfelder, Brem,
1990).
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to contain highly variable amounts of FSH and LH
activities (Chupin et al., 1984).

Other a major limitation is necessity to produce
a large number of founder animals to obtain one line
with the desired expression pattern. Double pronuclei
injection, may reducing the time, effect and cost of
generating transgenic mice (Kupriyanov et al., 1998).
Overall, the use of this method is more efficient to
generate a large number of transgenic animals in com-
parison with single microinjection to one pronucleus.

The purpose of the present study was to determine
whether variability in ovulatory response may be re-
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lated to rabbit lines used and to investigate different
time interval between mating and egg recovery to ob-
tain suitable zygotes. We tested superovulatory scheme
in the three rabbit populations for its ability to produce
a maximum yield of rabbit zygotes (pronuclear stages)
suitable for double-microinjection.

MATERIALS AND METHODS

Sexually mature female rabbits of three populations
(New Zealand White, California and Zobor) were used
for this experiment. The animals, come from breeding
of RIAP Nitra, were housed in individual metallic cages
in air-conditioned hall under a 6 h light - 8 h dark
cycle. Pelleted commercial diet (KK V1) and water
were supplied ad libitum. The females were superovu-
lated with five consecutive subcutaneous injections of
FSH (0.25, 0.25, 0.625, 0.625 and 0.25 mg, Folico-
tropine, Spofa, Praha, Czech Republic) given every 12 h,
followed by 160 IU of hCG (Praedyn, LéCiva, Praha,
Czech Republic) given intravenously 17 h after the last
dose of FSH. Following the hCG injection, the females
were mated with six mature males. In three time (17-
18 h, 19-20 h and 22-24 h) in experiment I and at
19-20 h in experiment II after mating the pronuclear
stage zygotes were flushed from the oviduct of the
slaughtered animals with Dulbecco’s PBS (Sigma, St.
Louis, USA) supplemented with 10% FCS (University
of Veterinary Medicine, Brno, Czech Republic). Zy-
gotes were searched under stereomicroscope at 40- and
100-fold magnifications and were washed two-three
times in fresh flushing medium. Subsequently all zy-
gotes were classified by a morphological criteria: pres-
ence of the pronuclei, polar bodies, intact zona pellu-
cida and compacted cytoplasm. Selected zygotes were
subjected to double-microinjection (microinjection to
the both pronuclei — male and female) using WAP-hPC
(mouse whey acid promoter and human protein C gene)
gene construct kindly provided by Dr. H. Lubon (Hol-
land Laboratory, American Red Cross, USA).

Differences between the populations were analyzed
by F-test from one way anova.

RESULTS

The time interval of 19-20 h between mating and
egg recovery to obtain maximum yield of zygotes suit-

able for double-microinjection was found as sufficient
because: 1) the all zygotes demonstrated visible two
pronuclei, 2) only 10% of flushed zygotes were en-
closed with cumulus cells and 3) no two-cell stage zy-
gotes was found (Table I). After a longer interval be-
tween mating and surgery (22-24 h), 12% of zygotes
were at the two-cell stage.

The effect of superovulatory treatment on embryo
recovery is shown in Table II. None significant differ-
ences in parameters (traits) were found among the three
lines of rabbit treated with Folicotropin. The number of
Corpora lutea (CL) per donor and the number of re-
covered zygotes per donor was higher in California
does compared with Zobor or New Zealand White one,
but the differences were not significant. Recovery rate
was the similar among the three different lines. How-
ever no significant difference in degenerated or unfer-
tilized zygotes was found among the three populations.

Superovulation in three rabbit populations (total n =
141), using FSH (Folicotropin), yielded a total of
1261 ova, of which 1110 exhibited pronuclei and polar
bodies. The range of ova collected per donor was 18 to
38 zygotes in New Zealand White, 19 to 60 zygotes in
California and 13 to 36 zygotes in Zobor does. The
proportion of zygotes suitable for double-microinjec-
tion selected for morphological criteria (see Materials
and Methods) did not vary (F-test) among the three
rabbit populations (87.05, 88.72 and 88.23%).

DISCUSSION

The present results showed that period 19-20 h after
mating is a sufficient for the recovery of zygotes for
the purpose of microinjection. The time for recovery of
rabbit eggs of pronuclei stages has been set in the range
of 17-24 h after mating (Brem et al., 1985; Riego et
al., 1993). Previously no two-cell stages or cleaving
zygotes were found at 19-20 h after mating, what is in
agreement with our results, whereas almost 12% had
reached the two-cell stage already 23 h after mating.
This supports the fact that pronuclear stage of rabbit
zygotes suitable for microinjection is shorter than in
other animal species. In this time (20 h after mating)
the recovered zygotes are without cumulus cells.
A high percentage of zygotes has been found to be
surrounded by cumulus cells at 17 to 18 h after mating.

1. Morphology of rabbit eggs recovered in different time intervals after mating

17-18 h 19-20 h 22-24 h

No. of female treatment 4 S 5
No. of recovered eggs 108 155 100

9 10 0
No. of eggs with cumulus cells (%) g

(90.7) (6.4) (0.0)

88 155 88
No. of zygotes with visible two pronuclei (%)

(81.5) (100.0) (88.0)
No. of eggs in two-cell stage 0 0 12
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1. Means, standard error of means and F-test of one way analysis of variances of superovulatory response in different rabbit populations

following treatment with Folicotropin

N. Zealand California Zobor
Populations A 15 L =.lS sl F-test
traits
mean SE mean SE mean SE

Corpora lutea 33.20 3.79 38.87 4.01 27.09 2.99 2.279
Zygotes recovered 29.87 3.55 36.07 3.97 24.73 2.59 2371
Zygotes degenerated 3.87 0.62 4.07 0.74 291 0.90 0.623
Zygotes microinjectable 26.00 3.28 32.00 3.77 21.82 2.25 2.243
Relative traits

Zzygotes rec./Corpora lutea 0.89 0.01 0.93 0.02 0.92 0.02 1.080
Zygotes deg./zygotes rec. 0.14 0.02 0.11 0.02 0.11 0.03 0.577 |
Zygotes mic./zygotes rec. 0.86 0.02 0.89 0.02 0.89 0.03 0.577

F-test from one way anova, F(2.38) = 3.245

Differences between genotypes in relative value of traits were not significant also after Zarcsin‘/[T transformations to normality

Cumulus cells complicate a microinjection of zygotes,
therefore it must be eliminated by hyaluronidase. It was
shown that a single GnRH injection at the end of su-
perovulatory treatment lead also to zygotes without cu-
mulus cells (Nancarrow et al., 1984).

In the present study, the visualization of the pronu-
clei in the ova was the same as it has been reported
previously (Hammer et al., 1985). The visualization of
pronuclei in rabbit is more simple than in sheep or pigs,
where a centrifugation of zygotes is necessary.

The mean number of zygotes collected from hor-
monally treated rabbits in this study corresponds with
results published by Heyman ez al. (1990), but it is
higher than the results reported by Joly et al. (1996).
The main advantage of the FSH treatment is that all
females independently of their receptive status can be
synchronized for the same experiment of collection
(Joly et al., 1996). It was indicated in previous studies
(Pincus, 1940; Kennelly, Foot, 1965) that regardless of
the type or dosage of hormone used for superovulation,
wide individual variation in embryo yields can occur.
These data correspond with our results, where the range
of ova collected per donor were from 18 to 38 zygotes
in New Zealand White does or from 19 to 60 zygotes
in California does, where 87.05% and 88.72% zygotes
resp. were suitable for double-microinjection. Higher
range of collected zygotes in New Zealand White rabbit
(from 12 to 68) was previously shown (Treolar et al.,
1997), where only 72.30% exhibited pronuclei and
were classified as zygotes. Generally, embryo yields
from superovulated rabbit in previous study does varied
widely. Variations in the numbers of suitable (fertil-
ized) ova may be attributed to many factors, including
maturity of ova at the time of mating, as well as overall
semen quality of the male (Carney, Foot, 1990; Treolar
et al., 1997).

Superovulation with using FSH has certain adverse
effects on embryos, producing decreased embryo size
and inhibition of cell division. Although these effects

CZECH J. ANIM. SCI., 44, 1999: 471-474

are not drastic, it is evident that the developmental po-
tential of embryos recovered from superovulated do-
nors differs from those of non-superovulated females
(Carney, Foote, 1990).

In conclusion, the results of this experiment show
that 19-20 h after mating may be a period sufficient for
collecting of zygotes suitable for double-microinjec-
tion. Zygotes obtained after superovulation have been
successfully used for double-microinjection. These re-
sults can have profound implications for development
of efficient gene transfer programs in rabbit.
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THE EFFECT OF PREGNANCY AND LACTATION
ON MICRO- AND MACROSCOPIC TRAITS OF WOOL
OF MERINO SHEEP

VLIV BREZOSTI A LAKTACE NA MIKRO- A MAKROSKOPICKE
VLASTNOSTI VLNY MERINOVYCH OVCI

B. Patkowska-Sokola', K. Janik®

: University of Agriculture, Department of Sheep and Fur Animals Breeding, Wroctaw,
Poland
2 Zootechnical Institute, Smardzéw, Poland

ABSTRACT: The effect of pregnancy (4th and 5th months) and lactation (60 days) on some microscopic and macroscopic
parameters of wool of Merino sheep was evaluated. The analyses demonstrated that late pregnancy significantly affected clean wool
yield (0.943 mg/cmzlday) and wool growth (0.181 mm/day) when compared with barren ewes (1.063 mg/cmzlday; 0.203 mm/day,
respectively). Lactation significantly reduced the wool density (34.51 fibres/mm?), clean wool yield (0.855 mg/cmz), wool
growth (0.172 mm/day) and fibre diameters (22.95 um), compared with barren ewes (40.11 fibres/mm?, 0.996 mg/cmz,
0.201 mm/day and 25.10 pum, respectively). Lactation affected wool production of sheep more severely than pregnancy.

Key words: sheep; pregnancy; lactation; wool

ABSTRAKT: Vliv bifezosti (4. a 5. mésic) a laktace (60 dni) na n&které mikro- a makroskopické parametry viny byl
vyhodnocen u 300 bahnic plemene merino. Analyza prokazala, Ze pozdni bfezost ma vyznamny vliv na vyt&€Znost prané viny
(0,943 mg/cmzldcn) a na rust viny (0,181 mm/den) ve srovnéni s témito ukazateli u nezabfezlych bahnic (1,063 mg/cmzldcn
20,203 mm/den). Laktace méla vyznamné negativni vliv na hustotu viny (34,51 vléken/mmz), vytéZnost prané viny (0,855 mg/cmz),
rast viny (0,172 mm/den) a primér vldken (22,95 um) ve srovnéni s témito ukazateli u nezabfezlych bahnic (40,11 vla-
ken/mm?, 0,996 mg/cmz, 0,201 mm/den a 25,10 pm). Vliv laktace na produkci viny byl vice nepfiznivy neZ vliv bfezosti.

Kli¢ova slova: ovce; bfezost; laktace; vina

INTRODUCTION

Sheep wool is a product of unique features and quality.
Substitutes for wool either do not exist or are hardly
perfect. What then decreases the importance of wool in
sheep production is the instability of wool market.

Wool growth is a continuous process regulated by
series of genetic and environmental factors, so its charac-
teristic are not stable. Season changes in wool growth
depend on many factors such as: lactation, photoperio-
dism, environmental temperature or maternal effect
(Kalinowska, 1993; Mroczkowski, 1993; Boikowski et
al., 1996, Garcia et al., 1996; Masters et al., 1996;
Allan, 1997). In spite of common belief that reproduc-
tion has an adverse effect on wool yield, especially late
pregnancy and lactation, many papers concerning the
problem have been published.

This study was undertaken to define the effect of
pregnancy and lactation on micro- and macroscopic
evaluation of Merino wool.
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MATERIAL AND METHODS

The evaluation of wool production concerning the
physiological state were performed on 300 Merino ewes
from the flock of Wroclawski Kombinat Rolno-Prze-
myslowy “Dolpasz”. Hand mating was conducted in
June-July and lambs were born in November-Decem-
ber. All the sheep were fed according to the lactating
standards, with grass, hay, concentrate for lambs, car-
rots and maze silage.

Randomly chosen 15 pregnant (4th and 5th month)
ewes aged 2 to 3 years, 15 lactating ewes and 15 barren
ewes were considered.

The following wool traits were analysed:

— size of hair groups s*/p* (total), S/P (developed),

S/P (not developed) (n),

— density of fibre follicles per 1 mm? of skin - P, S,

P+S (n),

— clean wool weight (mg/cmz/day),
— wool growth rate (mm/day),
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fibre strength (km)

fibre thickness (um),

- 8" — secondary follicles,

P - primary follicles.

Skin samples for histological studies were collected
from the ewes of withers using biopsy method (Szabla,
1980). The analysis of the size of fibre groups was
performed using a Zeiss microscope (type Ng II), with
16 x eyeglass and 6.3 x objective magnifications. Fif-
teen fibre groups were analysed considering primary
follicles (P) and secondary developed follicles (S;) and
buds of undeveloped secondary follicles (S,) in every
fibre group. Follicle density was defined by counting
the number of primary and secondary follicles from 10
adjacent microscopic fields. Histological analyses were
performed at the Fur Analysis Workshop of the Animal
Breeding Institute in Czechnica.

To evaluate the wool mass, tattooed spots technique
(by Wheeler et al., 1977) was used. The weight of wool
was defined by clipping wool from 100 cm” squares at
the withers. The squares were clipped from pregnant
ewes at the beginning of the 4th month of pregnancy
and early after limbing, and from lactating ewes after
limbing and after 60 days of lactation.

Wool from clipped squares was washed twice in
carbon tetrachloride, then in distilled water, and then
was dried at +70 °C until reaching the stable weight.
The samples were to estimate the weight of pure fibre
in mg/cmzlday. The yield of wool was measured on the
day of tattooed spots clipping.

Fibres thickness was defined using the MC-3 Ia-
nameter, fibre tensile strength was estimated on tearing
machine FM 27. These analyses were performed at the
Department of Fur Sheep and Animals Breeding at Ag-
ricultural University in Wroclaw. All data were statis-
tically analysed.

RESULTS AND DISCUSSION

The microscopy of the skin and the size of hair groups
(S/P total) was analysed. Hair group size included both
developed follicles with mature fibres and secondary
hair buds observed microscopically as clusters within
hair groups. Thus, the value of the trait also comprised
data on the S/P (developed) and the S/P (buds total).

Data on the S/P (total) contained information about
the hair-forming potential of the skin. Examined barren,
pregnant and lactating ewes of all groups reaching the S/P
(totally) from 12.11 to 12.30 with c. v. of 8.92-12.31%
turned out to be a sufficiently balanced source of data
(Tables I and II).

The trait that brings information about realising the
hair-forming potential of the skin (the development of
hair cover) is the S/P (developed). Hair-forming apparatus
in sheep of the different physiological status, i.e. in barren
and pregnant ewes, was developed in 96.19-97.31%
with mean values of the S/P varying from 11.17 to
11.55 (Table I). The density of hair cover (P+S/mm2)
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1. Follicle groups in relation to the physiological stage (barreness,
lactation) of ewes

Groups
Specification barren or | pregnant
dry ewes ewes
Follicle groups (n)
- S/p
Totally (n)
x 12.19 12.21
v% 12.31 11.60
- S/P
Developed (n)
X 11.17 11.55
v% 14.03 12.96
- S/P
Not developed (n)
x 0.42 0.36
v 2348 26.04
Developed follicles (%) 96.60 97.25
Follicle density on withers (n/mm?)
- P+S
53 40.31 37.23
v% 13.68 14.03

11. Follicle groups in relation to the physiological stage (barreness,
lactation) of ewes

Groups
Specification barren or | lactating
dry ewes ewes
Follicle groups (n)
- S/P
Totally (n)
x 12.30 12.11
v% 8.92 11.18
- S/P
Developed (n)
x 11.96 11.64
v% 10.14 12.04
- S/P
Not developed (n)
x 0.34 0.47
v% 25.00 27.61
Developed follicles (%) 97.31 96.19
Follicle density on withers (n/mm2)
- P+S
3 40.11° | 3451°
v% 15.26 17.26

Mean denoted by the same letter differ significantly (P < 0.01)

on the withers of barren sheep was 40.31/mm? while in
pregnant ewes it was 37.23_/mm2. Hair-forming appara-
tus in lactating ewes was developed in 96.19% with
mean value of the S/P (developed) 11.64 and did not
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differ significantly from values obtained for barren ewes
(97.31% and 11.96, respectively) (Table II). The density
of hair cover, however, is different. Barren ewes exhib-
ited a higher value — 40.11 fibres/mm?, while lactating
ewes exhibited a significantly lower value — 34.51 fi-
bres/mm?>.

The reason for this significant decrease of hair cover
density in lactating ewes and a similar tendency in preg-
nant ewes compared with the barren ewes may be the
presence of so called empty follicles (Figs. 1 and 2),
which are the follicles with shed fibres.

These are present in the skin of lactating ewes in the
amount of approximately 11.2% of all observed folli-
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cles in one observation field — mean of ‘10 adjacent
observation fields; 16 x objective magnification “and
10 x eyeglass magnification). Empty follicles are also
present in the skin of pregnant ewes!amounting :to ap-
proximately 5.5%.: The presence.bf-empty follicles in
the skin of lactating and pregnant ewes indicated the
ecdysis process. Lyne (1964) reported that in Merino
sheep the restricted nutrition components income into
follicles may cause almost 40% ecdysis process.

The results of our studies support the existence of
ecdysis process in° Merino sheep, especially pregnant
ewes. The reason for this is physiological status of the
ewe (especially lactating but also pregnancy). It should

1. Empty follicles (x 600);
SE developed secondary fol-
licles without fibres

2. Follicles with wool fibre
and without (x 600); SE —
developed secondary follicle
without fibre; S —.secondary
follicle with fibre
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be underlined that, among all available references, no
reports on the microscopic characteristics of hair-form-
ing apparatus in sheep of the different physiological
status were found. The authors’ attention was concerned
with macroscopic studies of hair coat in sheep.

The production of clean wool (0.943 mg/cmzlday)
and wool growth (0.181 mm/day) was significantly lower
in pregnant ewes than in barren ewes (1.063 mg/cm2
and 0.203 mm/day, respectively). The other traits such
as wool thickness and tensile strength, did not differ
significantly among groups of barren and pregnant ewes.
Clean wool yield during the studied period was higher
in barren ewes by approximately 13% and wool growth
by approximately 12% than in pregnant ewes.

Greater differences in the traits mentioned above were
noticed between barren ewes and ewes suckling 1 lamb
(Table IV). Lactating ewes produced significantly less
clean wool (0.853 mg/cmZ/day), significantly thinner
fibres (22.99 pm) and a significantly slower wool
growth (0.172 mm/day), compared with barren ewes
(0.996 mg/cm?/day, 25.10 pm and 0.201 mm/day, re-
spectively). Tensile strength showed a decreasing ten-
dency only in lactating ewes. Barren ewes compared
with lactating ewes, had a higher wool yield by ap-
proximately 16.5%, a faster wool growth by approxi-
mately 17%, and their wool was thicker by approxi-
mately 9%.

In studies of the effect of reproduction and lactation
traits on wool production of ewes, weight of wool from
barren and pregnant ewes was compared when a lower
production was obtained from pregnant ewes than from
barren ewes (Kalinowska, 1993; Mroczkowski, 1993).
In studies of lactation duration it was stated that de-
crease in wool production was the greater the longer
the ewe was sucking her lamb. Also, a negative mater-
nal effect on fibre diameter and tensile strength of wool

I11. Comparison between wool traits in relation to the physiological
stage (barreness, pregnancy) of ewes

fibres was found (Kalinowska, 1963; Staniszkis, Ra-
dolinska, 1983a).

According to Staniszkis and Radolinska (1983a), wool
growth during lactation was lower by approximately
33% compared with the mean year growth. In other
studies, the same authors (Staniszkis, Radolinska, 1983b)
found that pregnant ewes (two last months of preg-
nancy) and lactating ewes had shorter wool (by about
11% and 40% respectively) compared with barren ewes.
Wool of pregnant and lactating ewes was thinner by
approximately 7% and 18% respectively, compared with
barren ewes. Wheeler et al. (1977) reported that last
two months of pregnancy may have caused a decrease
in clean wool production by approximately 27%. Cor-
bett (1979) reported, that last two months of pregnancy
may have decreased clean wool production by 24-45%.
Langlands (1977) found that lactating ewes produced
approximately 29% less of clean wool that barren ewes.

The results of our studies generally supported most
of the quoted references. The majority of the papers
including our own studies indicated the strong and nega-
tive effect of lactation on wool production in sheep. Ac-
cording to some authors (Reis, 1979; Makar, Malinowicz,
1985), the level of gamma keratin (the most labile fraction
of wool proteins) during high lactation and suckling, de-
creased by approximately 13% and 21%, compared with
barren ewes. It was concluded that the depression of
wool production during pregnancy and lactation ap-
peared to have been caused by decrease in the fraction
mentioned above, related to the priority collection of
nutrition elements for foetus growth and milk produc-
tion, resulting in the decrease of wool production dur-
ing these periods. Thus, it was recommended to admi-
nister compounds stimulating wool production during
pregnancy and lactation. Reis (1979), Wheeler et al.
(1979), Patkowska-Sokola et al. (1996) undertook stud-

IV. Comparison between wool traits in relation to the physiological
stage (dryness, lactation) of ewes

Groups Groups

Specification barren or | pregnant Specification barren or | lactating

dry ewes ewes dry ewes ewes
Clean wool production (mg/cm?day) Clean wool production (mg/cm?*day)
x 1.063A | 0.943® x 0996* |  0.853"
v% 10.52 9.38 v% 9.46 10.52
Rate of wool growth (mm/day) Rate of wool growth (mm/day)
3 0203* [ 0.1813 x 02014 | 0.172°
v% 10.23 7.93 v% 11.23 8.62
Fibre diameter (um) Fibre diameter (pum)
x 24924 | 23.46* x 24.10% | 2299
v% 11.87 16.20 v% 12.12 13.03
Strength of fibre (km) Strength of fibre (km)
x 13.92* | 13.06" x 13.62% | 12.96"
v% 10.11 9.60 v% 10.03 8.21

Means denoted by the same letter differ significantly (P < 0.01)
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ies in which they used fodder antibiotics or methionine
and its analogues as fodder supplements for pregnant
and lactating sheep and obtained a strong stimulating
effect — significantly longer fibres and wool clip.

CONCLUSION

1. Late pregnancy of ewes significantly affected the
decrease in clean wool weight and its growth.

2. Lactation had a significant effect on the decrease in
wool density per square unit, clean wool production,
its growth and fibre thickness.

3. Lactation (60 days) had a greater negative effect on
wool traits than late pregnancy (4th and 5th months).
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