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ABSTRACT

On the basis of genetic relationships between thiésbgeneration and that of his
daughter’s the influence of performance parameieBull Breed Licensing from young
Al sire candidates on performance traits of thesmfing was analysed. In the former
Central Sire Station Meil3en-Korbitz (MASTERRIND Ginthe performance data from
1.598 test bulls and data from 257.201 animals fraffspring were included in this
study. The heritability of the observed parametefsyoung bulls were STA stature
(0.36), PW pelvic width (0.31), LW live weight &),3DATY dairy type (0.16), LEGS
overall of legs (0.23) FA foot angle (0.12) and B®kdy muscling (0.38). DFI daily
feed intake (0.22) from the Bull Feed Intake Tgstmogram was also estimated. The
genetic correlations were as follows: the effects the exterior appearance of the
offspring were moderate to high. In particular, thiee features STA {10.60), DATY (f
0.55), LEGS (0.52), FA (5 0.39) and PW (y0.34) showed a clear relationships to the
offspring’s overall classification (CLAS). An impagon the laminitis (LAM) in the
offspring could be anticipated based on the sigtsr LEGS (§ -0.40) and DATY (r
0.71). The genetic correlation between the bullst aheir daughter's performance
parameters showed that the use of the informatlmsutiyoung bull candidates has an
influence on economic and functional performancthefprogeny.

(Keywords: Holstein Friesian bulls, self-performanbody conformation)

INTRODUCTION

In recent years, the rapid improvement in molecgkmetics and laboratory diagnostic
methods have changed the cattle breeding strategigsghe way breeding values are
estimated. The focus has gradually moved from thdittonal information sources
(bull’'s self-performance and progeny tests) todeaomic data. Consequently, in many
countries the self- performance tests of Holsteiadtan (HF) young bulls were stopped.

On the other hand, it would be very important te skearly the genetic correlation
between phenotypic traits of bulls and productreéts of their daughters.

Based on this objective, we analyzed data collefitad HF bulls in a station which
had been functioning for many years, as well aschreesponding the data from the
bulls® daughters.

According to the reviewed literature we focused analysis on the traits of body
conformation, feed intake and live weight of bulls.

The authors roughly agree that these characteristiore influence on stability,
longevity, calving, Body Condition Score (BCS) gf8rade et al.2008;Schopke et al.,
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2013;Bergk,2011;Dechow et al.2001;Zink et al.,2011;Janovick and Drackley2010;
McNamara, 2011), CAFI and FSlIOechow et al.,2001; Gonzalez-Recio et al2007;
Eaglen et al.2011).

With the selection after feed intake traits frortufe Al bulls, for example, an earlier
study Wassmuth(2000) demonstrated possibilities to positivelfiueance metabolism,
cervical health and mobility. Therefore, the prese@mmination is based on the possible
influence of some characteristics of young breedswgdidates on the functional features
of future offspring groups. The use of selectedguarance information on central rearing
of future Al bulls will be discussed as a possiafgroach to the mating system of the
herds. The basis of the argumentation is the gemetirelation between performance
parameters of young bulls in the Central Test &taéind performance information from
their female offspring.

MATERIALS AND METHODS

1. Database

The phenotypic parameters of 1.598 young bulls fitbim former Bull Test Station
(MeiRen-Korhitz) of the breeding organization MASHIEIND GmbH in Germany were
recorded. Progeny testing data of 533 regionalydaérds in the period from 1995 to
2007 were also involved in the study. A minimum tnemof 25 daughters in the first
lactation were set during the selection of bulRedigree data of 3 generations with a
completeness of about 96% was included in this éxaton.

2. Characteristics of the young bulls

The traits of young bulls were tested accordinthself-performance testing regime of
the Breeding AssociatiorK({unker, 2005). The traits wer&TA (stature; cm)PW
(pelvic width; cm),LW (live weight; kg),DATY (dairy type; mark 1 to 9L,EGS (the
overall categorization of the rear legs; score Q)t&A (foot angle of the rear legs; score
1 to 9) andBOM (body muscling as subjective breed specific assest of the
muscularity; score 1 to 9). Since 2002, a parthef young bulls (n = 181) have been
examined by feed intake. The specific tafl (daily feed intake; kgwas recorded
after the 365 days of age in a mean time perio60ofiay.In Table 1,the features with
abbreviations and explanation of scoring/ measunérseale, descriptive statistic and
heritability estimates will be listed.

3. Characteristics of daughters

Performance parameters of selected test bulls wsee for testing bulls’ daughters
(105.386) and their contemporary animals (151.8@6pody conformation and animal
health Table 3.

Body conformation traits:

According to the scoring system of World HolsteieBian Federation, the parameters
of 257.201 animals in the first lactation were un®d in this analysis. The performance
traits wereSTR (strength; score 1 to 9BOD (body deep; sc.: 1 to 9BCS (body
condition score; sc.: 1 to 9N YP (dairy type; sc.: 1 to 100) an@LAS (overall
classification; sc.: 1 to 100)

Health traits:

From the health test system in Germakigh{r et al.,2007) animals were filtered in the
first lactation (21.841) with illness diagnoses.ldDiation of days of illnessF{scher,
2007) as a trait was included in testing bull daegh The traits of animal health were
MAS (mastitig, LAM (laminitis), ENDO (endometritiy andAZYC (cycle disordey.
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Table 1.

Performance traits in Bull Breed Licensing by youngHosltein Friesian Bulls in the Central Test Statio with descriptive statistics,
heritability (h ) estimates and standard error (se)

Trait Scorllng to 9 Mean SD Univariate Bivariate
or Dimension Value Gy h2 hzse  hgn h3uax h2sew

Statureem STA 138 155 141.3 4.20.36 (0.08) 0.35 0.39 (0.08)
Pelvic width,p, PW 41 59 489 21031 (0.07) 0.29 0.31 (0.07)
Live weight LW 425 611 509.0 55.60.33 (0.08) 0.28 0.33 (0.09)
Daily feed intakgy, DFI 5.8 312 13.8 5.90.22 (0.05) 0.18 0.24 (0.07)
Dairy type DATY beefy verydairy 6.2 1.1 0.16 (0.09) 0.19 0.25 (0.10)
Overall of legs LEGS poor verygood 55 1.1 0.23 (0.08) 0.23 0.28 (0.08)
Foot angle FA low steep 54 1.1 0.12 (0.06) 0.10 0.12 (0.09)
Body muscling BOM slightly strong 6.8 1.2 0.38 (0.07) 0,31 0.39 (0.08)
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Table 2

Performance traits in progeny testing of offsprings with descriptive statistics, heritability (i) estimates and standard error (se)

Scoring

Trait 1 to 9 Mean SD Univariate Bivariate

or Dimension Value oy h2 h2se héin h3yax h2sew
STR small wide 5.18 1.12 0.32 (0.09) 0.23 0.33 (0.10)
BOD shallow deep 6.13 1.06 0.20 (0.10) 0.21 0.23 (0.10)
BCS thin fat 4.09 1.74 0.23 (0.04) 0.23 0.23 (0.09)
TYP 65 88 79.14 1.84 0.35 (0.12) 0.32 0.42 (0.11)
CLAS 66 87 78.65 2.28 0.30 (0.11) 0.30 0.37 (0.11)
MAS 0 161 3.33 9.56 0.07 (0.08) 0.07 0.11 (0.07)
LAM 0 252 3.82 15.36 0.13 (0.02) 0.11 0.17  (0.03)
ENDO 0 126 1.54 6.54 0.03 (0.03) 0.01 0.05 (0.02)
AZYC 0 147 1.07 5.77 0.04 (0.02) 0.04 0.05 (0.03)

STR strength, BOD body deep, BCS body conditiomescbYP dairy type, CLAS overall classification, NAmastitis, LAM laminitis, ENDO
endometritis, AZYC cycle disorder/ acyclic *Scor&1
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4. Statistical analyses

In the model selection, the individual factors wéested for significance and optimal
consideration. The parameter estimation was cawigdusing the software program
VCE 6.0.2 Kovac et al.2008). Due to the amount of data and the sizb@tystems of
equations the linear mixed animal model was appf@dthe estimation of genetic
parameters (heritabilityh?, genetic correlatiorrg,) using single trait and bivariate
models. The following linear animal model was uded the univariate and bivariate
analyses:

Bull Breed Licensing:
V=BJQ+BF +FI+ LC +age (sh+ A+ E
Bull feed intake
V=TJQ + TG+ age (fj+ A+ PE+E
Offspring body traits:
VYV =HYS+ EX +age (c)+dim+ A+ E
Offspring animal health:
YV =HYS + CAL+ STBI+age (c)+ A+ E

The standard abbreviations in all models used afmell as follows:y observation
value, E residual effect A additive genetic effect anBE permanent environmental
effect

Special abbreviations for the fixed effect in thedels used are defined as follows:
BF birth farm (classes, 1 to 198,JQ birth year quarter (classes, 1 to 5B)Q test year
quarter (classes, 1 to 40)G testing bull group (classes, 1 to 1BX examiners
(classes, 1 to 4)FI feed entrance examination (classes, 1 to L}, licensing
commission, after the leader (classes, 1 toHBJS herd year season (classes, 1 to
22.443),CAL calving ease (classes, 1 to 3) 8Bl stillbirth (1 live, 2 dead) (classes,
1to 2).

Special abbreviations for the variables in the ndeed are defined as follovage
(d) age of licensing (quadraticage (fi), age of feed intake testing (quadratige (c)
age at calving (linear) ardim day in milk (quadratic).

RESULTS AND DISCUSSION

1. Heritability

Heritability for the bull traits was shown Trablel.Estimated univariate heritability ranged
from 0.12 (FA) to 0.38 (BOM). In comparison to theivariate estimation, the results of
the bivariate estimation were in similar range eodoborate the findings éfotthas et al
(2000) andrholen and Miiscf2004). Similarities can also be seen in the lgitity of the
claw trait, for comparative studieArfacker and German@006;Hinrichs et al.,2003).
Heritability for the performance features of thegeny testing were shown irable 2.
Heritability estimates of the population based aivariate and bivariate models showed
analogous results in the medium range. Offsprintggsl the highest values in the
conformation traits. Compared to the studiesBgyry et al (2004) lower value was
indicated in the present study (BCS 0.33, BOD 0.37)

Extremely low heritability was estimated for thaits connected to the animals’
health. The highest value in the univariate esionatvaslaminitis (0.13). In comparison
with other studies, such aBuch et al. (2011) or Stoop et al (2010), the health
characteristics were similarly low.
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2. Correlations between bull traits

The genetic correlations between the different tralts are summarized ifable 3.The
genetic correlations between conformation traitsewgositive with the exception for the
correlation between DFI and DATY on Bull Breed Lising (-0.20). The present
analyses demonstrate that more attention shoulghlitin the future to the daily feed
intake in rearing of young bulls. From DFI to treedl and legs traits no relationship
were found. However, the body and conformationuiest were highly dependent on
DFI.

High correlation at the end of the rearing of yougsire could beshown between
DFI and BOM (0.90), or DFI and STA (0.97). Furthen®, value among DFI and PW
(0.75) are highly correlated. In the analysesThglen and Miiscli2004) similar results
were also calculated for the relationships betweeaity forage dry matter intake and
body features, but in a low range (STA 0.16; PW/D.0

3. Genetic correlations between young bull traitsrad offspring characteristics

STATURE OF BULL /ST/

The result of bull stature measured on the™b& day revealed positive correlation
with BOD in offspring, but with medium value (0.38lso bull stature to 365 live days
offered parallel genetic effects to the offspringits TYP and CLAS (0.42, 0.60), as it
can be seen ifiable 4.From the present study it is inferred that payattgntion to the
stature of bulls has an influence on the daugltaracteristics BOD, TYP and CLAS.

PELVIC WIDTH OF BULL / PW/

The h2 of pelvic width of bulls was 0.3Tgble 1). This value illustrates the paternal
influence on calving ease and stillbirth rate ofithdaughters’. This observation was
confirmed byNogalski, (2002). In this study, the selection based onprumdth and
rump angle resulted in indirect improvement of aajvease in heifers and cows. Similar
results were also shown IBliveira and Ghellen2009) since the long rumps and wide
rumps, with the large pelvic area are conducivecdtving ease. To the health trait
ENDO (-0.36) this fact could also account for feways of illness due to fewer injuries
in the pelvic region.

A very remarkable result is the relationship betwgelvic width and STR (0.64).
Stronger correlationslbricht et al., 2014a) were found in bulls rearing between hip
wide and pelvic width (0.91), between hip wide (pahd offspring pelvic width (0.43)
and between pelvic width and dairy character (-0.1¢hich are interpreted in the
present study as valuable parameters in judgingvitith of the bovine breasburu et
al. (2012) indicated that these traits are in medimmetation with the rump width and
strength in offspring (r0.32,  0.22). In summary, it appears that consideratiothe
bulls’ pelvic width may influence the calving eastijlbirth rate and possibly on the
reduction in the number of ENDO disease in the dtarg’ groups. Furthermore, it
suggests the expedience of using these data @mvéhnall assessment and estimating the
daughters’ strength.
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Table 3.

Genetic correlations between the performance paranters of young bulls on the Test Station
(genetic correlation (ry) and standard errors (se g))

STA PW LW DFI DATY  LEGS FA BOM

STATURE 0.323 0.381 0.972 0.699 0.052 0.350 0.223
cmto licensing (0.149 (0.089 (0.185 (0.148 (0.057. (0.108 (0.116
PELVIC WIDTH 0.896 0.754 -0.016 0.129 0.335 0.715
cmto licensing (0.075 (0.148 (0.109. (0.168 (0.114 (0.105
LIVE WEIGHT 0.884 0.261 0.035 0.382 0.842
kg to licensing (0.101 (0.130. (0.069. (0.171 (0.191
DAILY FEED INTAKE -0.195 -0.083 0.087 0.901
kg /d (0.103 (0.082 (0.193 (0.168
DAIRY TYPE 0.935 0.261 0.244
scoring to licensing (0.056 (0.188 (0.100
OVERALL OF LEGS 0.412 0.364
scoring to licensin (0.102 (0.299
FOOT ANGLE -0.113
scoring to licensin (0.184

BODY MUSCLING

scoring to licensing
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Table 4.

Genetic correlations () between performance features of the young bullsnathe Test Station and their Daughters in progenyesting in

the Holstein Breed (standard error (se §))

STA

PW

LW

DFI

DATY

LEGS

FA

BULLS PERFORMANCE TRAITS

BOM

PERFORMANCE CHARACTERISTICS OF OFFSPRING PROGENYSTING

BODY HEALTH
STR BOD BCS TYP CLAS MAS LAM  ENDO  AZYK
0.14¢ 0310 -0.224 0.42: 060:] 0089 0163 0225  0.105
(0.114) (0.110) (0.106) (0.102) (0.136) (0.215) .14®  (0.183)  (0.141)
0.64: 0.07¢ -0.14( -0.11¢ 0.34:| 0.05¢  -0.077  -0.35¢  -0.09¢
(0.136) (0.184 (0.197) (0.213) (0.151) (0.138) 1(@) (0.166)  (0.201)
0.118 0.196 0.286 -0.246 0.089| 0.219 0.066 0.088  -0.167
(0.066 (0.092 (0.098 (0.077 (0.128 | (0.161  (0.092  (0.246  (0.190
0.368 0.456 0.631 -0.122 -0.277| 0.117 -0.247  0.336 -0.391
(0.158 (0.194 (0.153 (0.258 (0.293 | (0.137  (0.300  (0.123  (0.133
-0.505 -0.191 -0.208 0.389 0548 0.071 0.709  0.120  -0.463
(0.191) (0.218) (0.101) (0.146) (0.157) (0.205) .2@®)  (0.203)  (0.598)
-0.16( -0.202 0.284 0.111 0522| -0.00¢  -0.40:  0.14] 0.45¢
(0.124) (0.118) (0,108) (0.243) (0.127) (0.179) .2¢1) (0.537)  (0.661)
-0.00 -0.069 -0.08( 0.318 0.386| 0.10¢  0.13¢ 0370  0.125
(0.137) (0.235) (0.121) (0.265) (0.182) (0.196) .3B®)  (0.229)  (0.323)
0.54: 0.39¢ 0.37¢ -0.14C 0.14¢| 025¢ -0.01¢  031€  -0.38¢
(0.086) (0.102) (0.093) (0.092) (0.121) (0.208) .1BD)  (0.184)  (0.189)

TRAITS BULL BREED LICENSING:

STA Stature, PW Pelvic width, LW Live weight, DFhlly feed intake, DATY Dairy type, LEGS Overall iar legs, FA Foot angle, BOM Body muscling

FEATURES OF THE DAUGHTERS IN THE PERFORMANCE TEST:

STR strength/ brisket wide, BOD body deep, BCS baahdition score, TYP dairy type, CLAS overall difisation, MAS mastitis, LAM laminitis, ENDO

endometritis, AZYC cycle disorder/ acyditVE WEIGHT OF BULL /LW/
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Almost an exact genetic correlation between younlisbLW, offspring traits BCS
(0.29) and TYP (-0.25) were founddble 4). Thus, the present results revealed a
genetic relationship that heavier bulls producegtiéers with low dairy type. Although
the genetic correlation of LW of bulls and STBI affspring was rather low (0.19),
Bergk, (2011) showed similar results between live weigfhheifer at calving and daily
weight gain of heifer to calving to CAL (0.41, 0)3dnd STBI (0.37, 0.13) in the first
lactation. The moderate heritability of bull LW 83) and the above-mentioned
correlation results indirectly confirms the negatieffect of the LW from bulls to CAL
and STBI on the offspring groups. Furthermore, i@ in using bulls with high weight
in bulls licensing is considered to have a posiéffect on BCS and negative effects on
offspring’s TYP.

DAILY FEED INTAKE OF BULL /DFl/

The bull DFI has a moderatgenetic correlation value with the offspring bodgits
(STR 0.37, BOD 0.46 and BCS 0.63). Regarding tlsailte of positive correlation in
rearing Table3 of bulls between DFI and BOM (0.90) and betweéti &nd LW (0.88)

a relationship exists between DFI and daily weiggit during the rearing which has an
impact on the offspring. In the present study, lati@nship was found between bull DFI
and BCS (0.63) in the offspring’sTdble 4. Similar correlation between daily feed
intake and linear type traits in growing was alkovwen byBasarab et al (2003) and
Berry and Crowley(2013).

In the present study r@lationship is surmised between the food intakgonfng bulls
and the health characteristics of the daughters @D34) and AZYC (-0.39). A similar
result was reported bywassmuth{2000). In summary, bulls with higher feed intaid
produce daughters with increasing STR, BOD and Bfp@cial attention must be paid to
the daughters’ fertility traits CAL, STBI becaubede are markedly deteriorating. Therefore,
health traits of offspring can be inferred from thdl DFI to achieve the reduction in the
number of illness days.

DAIRY TYPE OF BULL /DATY/

In spite of the fact that the heritability index DATY is only 0.16, in the present
analysis correlations were found between bull DAGNG offspring’s STR (-0.51), BCS
(-0.21), TYP (0.39) and CLAS (0.55). The resultglenine that the dairy form of HF
cows was associated with body characteristics sschtrength, body depth and body
conformation, and that there were negative gemetirelations among these traits. Dairy
form of the bull had positive estimates of geneticrelations with dairy type and overall
classification. These general relationships ofdaiey form of body to linear type trait in
breeding groups were also shown bggroot et al (2002) (STR -0.39, BOD -0.07,
CLAS 0.38). Furthermore, DATY of bull showed a sigacorrelation with LAM (0.71).

Not expressed in such a high value, but the treas also found between milk type
(100 point system, 0.34) and LAMUIpricht et al.,2014a). This effect shows that high
TYP leads to susceptibility taminitis, but only of female dairy cattle. These effects in
offspring can be attributed to the fact that insieg milk type reinforces a negative
energy balance postpartum and that energy defcipasitively correlated with the
increase inaminitis (Mulling and Lischer2002).

In summary, the use of dairy bull with higher daiype could lead to positive effect
on offspring dairy type and overall classificati@though it has a pronounced negative
effect on body strength (brisket wide) and heattitg (aminitis).
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OVERALL OF LEGS OF BULL /LEGS/

The overall classification of the rear legs at Bifked Licensing is a complex trait (rear
legs- side view, rear legs- rear view, hock qugality our analysis a weak genetic
correlation was found between the quality of blliGS and offspring body traits, (STR
-0.16, BOD -0.20, BCS 0.287ab. 4). The largest effect of the LEGS quality of thdl bu
is on the offspring’s overall classification (0.52ndeed, Degroot et al (2002)
emphasize the influence of the hind leg positiontenCLAS (rear view 0.21, side view
-0.35) in the progeny groups. In the study Blpricht et al. (2014b)alsoa usable
correlation was found between bull and offspringédar legs (rear view 0.62, side view
0.38) and revealed important impact on the chofckl-aire to influence the rear legs of
the daughters with the effect on the total pointthe overall classification.

However, a negative correlation was found betweEGS& and the health trait LAM
(-0.40). Bad limbs were already shown to co-occith \\ameness in performance tests
of offspring by Uggla et al (2008) andvVan der Waaij(2005). Capion (2008) also
reported that abnormal legs were associated wikade of the hoof and lameness.
Consequently, the use of dairy types’ bull (DATY9spessing higher quality in LEGS
results in positive effect athe female offspring’s overall classification, amtlaminitis.

FOOT ANGLE OF BULL /FA/

Thus, as it can be seen above, as bulls’ LEGS itapacdaughters’ CLAS likewise bull
FA has influence also on one of the daughters’adtaristics, CLAS (0.39)T@ble 4.
Heel height of the bulls, similarly to the bull FAas a positive effect on the overall
classification of feet and legs of the daughter88D This could also explain the positive
effect the FA of young sire on the overall classifion of the daughters. A genetic effect
of bull FA on offspring TYP wasstimatedo be0.32. Howeverthehighlevelof SE (Table

4) doesn’t confirm this correlation.

Although during bull rearing high correlation beemeFA and DATY was found
(Table3 0.26) and it appears that higher milk type cowsivé from bulls having a
greater FA,no usable relationship of sire to his daughtertoaletected. An interesting
observation confirming the findings of the studylyru et al (2012) reveals an indirect
connection:with increasing thickness (less TYP) of the daughtbe FA decreases (-
0.54). In summary, from our data it can be infertieat the observance of the bull FA
has a potential impact on overall classificationhaf daughters.

BODY MUSCLING OF BULL /BOM/
The heritability of breed-specific musculature égdted in the moderate range (0.38).
Therefore, it is not surprising that young bullghaigh BOM, have a similar effect on
their daughters’ characteristics (STR, BOD, BCS)higher musculature may also be
due to the deterioration of the health characterENDO (0.32) by increasindystocia
and stillbirth rate. Als@Bergk (2011) reported an increasing number of problemthe
first birth. He attributes birth problems and fisti behaviour of the animals to fat
degeneration and calf sizdowever, it appears that a higher muscling of dallighters
after calving has a positive influence on the weérbetween the calving and first
insemination (-0.29). This subsequently leads tsharter time interval between the
calving and first insemination, which also has &ifie effect on health trait cycle
disorder AZYC (-0.39).

The strongest effect of the Bull muscling could beown on the physical
characteristics of the daughters. Genetic cormriatbetween bull BOM and offspring’s
body traits were found to be positive and useadleR 0.54, BOD 0.40, BCS 0.37).
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CONCLUSIONS

Our findings show that the expression of the bahd skeletal traits of young bulls and
subsequently Al bulls was found again in the bahyd skeletal traits of the offspring’s.
In particular, the genetic relations in the stréndgtody condition score, dairy type and
overall classification of the daughters are markedanifested.

Especially the influence of the increasing milk i@wder on the milk type of this
experimental population was apparent. Similar tengeas in other HF populations in
the offspring groups was noticed in the succesdaaease in the body condition score
and muscular tissue, reduction of the body reseaftes the first birth as well as their
effects on the animal classification of the daughtén fulfilling the breeder's main
objective pertaining to the higher overall qualitiythe offspring’s, the most important
considerations are the bull's information S$#ature PW pelvic width DATY dairy
type LEGSoverall of rear legsand FAfoot angle In the functional period of the bulls’
daughters’ fertility, the former’'s traits such B8V pelvic widthand DFIdaily feed
intake point to a possible genetic effects in the daughteanifested in the CAtalving
ease and STBI stillbirth. Additionally, bulls with higher feed intake wilbroduce
daughters with increasing SERength BOD body deepand BCSody condition score

Whether the consideration of these factors is wiortlerms of the economic aspects
of breeding can only be analyzed in the contextreeding plans. It could alternatively
be translated into ensuring a sufficient numbersoth phenotypes stemming from
performing random checks for the derivation of eafunctions within the scope of the
genome selection and breeding value.
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