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Abstract

The objectives of the study were to estimate gergrameters for tick resistance and to evaluate
the effect of the level of tick infestation on testimates of genetic parameters for South AfricandBnara
cattle. Field data of repeated tick count records (L1 280) on 1 176 animals were collected betw&S3
and 2005 by 10 breeders participating in the Natiddeef Recording and Improvement Scheme. The
distribution of tick count records were normaliaeging a Box-Cox transformation. Data were divideit i
seven sub-data sets based on the mean tick cousbpgmporary group, to facilitate the investigatof
the effect of level of tick infestation on the derdl genetic parameters. A repeatability animal rhode
including the fixed effects of contemporary grouggage of animal at tick counting and random e$fext
the direct additive genetic, permanent environmeata residual effects was used to estimate genetic
parameters using REML procedures. The additive tgemariance for tick count ranged from 0.01 to8).0
The animal permanent environmental variance rafrged 0.00 to 0.03. Phenotypic variance decreaséu wi
increasing mean tick count level while additive gi@nvariance increased with mean tick count leVake
heritability also increased with mean tick counteleuntil a mean tick count level &f30. The highest
heritability estimate obtained in the current stueys 0.17 for data with mean tick count lex2b. These
results suggest that sufficient genetic variatiomtick count exists in the Bonsmara cattle. Genstiection
for tick resistance is feasible even though genetigress may be slow.
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I ntroduction

Tick-borne diseases are major constraints to lbgsiproduction throughout the tropics and sub-
tropics. Losses in livestock production due to exeparasites have long been a major concervéstbck
producers in the tropics and subtropics (Seiféd844; b). One million cattle are estimated to hdieel of
East Coast fever in sub-Saharan Africa during 18188e (Mukhebgt al., 1992). In South Africa, tick-borne
diseases have been estimated to cost the livestdaktry about R 70 to R 200 million per year (Biga
1980).

Various tick-borne disease control methods have leegployed in South Africa (Bigallet al., 1976;

De Vos, 1979; Purnell & Schroder, 1984). Histolligalhe earliest tick control trials with dippingents in
South Africa started in 1889. These trials werempted by the discovery in the USA in 1893 thatgick
transmit the causal piroplasm of redwater in cdtdayward, 1981). Increase in acaricides prices dmd
resistance pose challenges in the application efethmethods because the application processes are
associated with an increase in input costs, whitgkes time to develop new drugs.

Hayward (1981) stated that the best solution th kicaricides prices and resistance to drugs migiht b
the identification of naturally resistant breedsl &ime encouragement of their use. Natural disessistance
refers to the inherent capacity of an animal tastedisease when exposed to pathogens, without prio
exposure or immunization (Adams & Templeton, 19%&echet al. (1978) defined tick resistance as the
ability of cattle to limit the number of ticks thedirvive to maturity.

Although some of the observed variation in nattickl resistance is related to environmental fagtars
significant component of variation in natural diseaesistance appears to be of genetic origin (Ad&am
Templeton, 1998). Several studies have been coedact genetic determination of tick resistance ¢bjet
al., 1978; Spickettet al., 1989; Rechawt al., 1990). Tick resistance has been shown to beabéi
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(Hewetson, 1972). Davis (1993) reported a heritgbdstimate of 34% for tick resistance, indicatitt
genetic improvement through selection should bectffe. Information on resistance status within the
various breeds of cattle is needed to provide #slfas selection, by either breeding from animalishw
resistance, or culling cattle with low tick resista, or both.

The South African National Beef Recording and Inyerment Scheme of the Agricultural Research
Council initiated a tick count data collection pileroject in 1993 in conjunction with the South i&ém
Bonsmara Cattle Breeders Society. The short-tef@ctbe of the project was to collect data thatlddee
used as a management tool (i.e. to determine wheliptthe animals) and for phenotypic selectione Th
long-term objective was to collect data that wiltimately form the basis for the development and
implementation of a genetic improvement programmietick resistance. The primary objective of the
current study was therefore to assess the levegleaktic variation for tick resistance in South éédin
Bonsmara cattle by estimating genetic parametertictocount. The secondary objective was to evaltiae
effect of the level of tick infestation on the géog@arameter estimates for tick count.

Materialsand Methods

Data used in the current study were obtained fribenNlational Beef Recording and Improvement
Scheme (NBRIS). The data included tick count regoodt Bonsmara cattle from 10 stud herds that
participated in the tick count data collection pifwoject. The breeders participating in the projeere
located in Limpopo, North-West and Western Capeipoes of South Africa and their participation iret
project ranged from one to nine years (1993 to POB&rticipants in the project (i.e. the breedevsje
responsible for collection of tick count data feliog the guidelines of the NBRIS (2008). Briefljhet
guidelines state that animals should not be dippeadng the testing period, in case where dipping is
necessary tick count records must be collected pridipping. A minimum period of three weeks mhbst
allowed between two dates of tick counting. Fri€&c®’Neill (1998) and Burnst al. (1997) used the same
period between counts in their studies on tickstagice. The guidelines further state that the gaengon
should record tick count in a given herd and dhtes also important that the person recording tokints
must be experienced or under the supervision @xperienced person. In the study by Seifert (1&A¥as
reported that errors due to observer were showbpetbeterogeneous and were greater when a temporary
engaged novice made duplicate counts than whenibey made by an experienced person.

The following information was recorded at tick cting: animal identification, tick count and the sex
of animal. In some herds tick counts were takeouphout the year while others concentrated on icerta
months (i.e. when ticks were prevalent). The oafjohata set consisted of 11 280 repeated measutremien
tick counts on 1 176 animals. Other informationessary for genetic parameter estimation such &snaat
animal identification, date of birth and pedigreéormation were obtained from the Integrated Regfiisin
and Genetic Information System (INTERGIS) database.

Data were edited to exclude tick count recordo(ilanimals younger than 250 days, and (2) extreme
tick count records, i.e. more than five standargiateons above the mean. Furthermore, contemporary
groups (the concatenation of herd, sex and yeanthmand day of tick counts) with less than fiveraalis
were excluded. Preliminary analysis of the datansgtbthat variation in tick counts among animalsin
contemporary group depended on the level of tidkstation. That is, the coefficient of variation tiok
count increased with the mean tick count in a goptary group In the study by Burrow (2001) a
minimum of 15 ticks per side was required for theards to be considered useful. In the currentystiad
investigate the effect of level of tick infestati@re. mean tick count in a contemporary group)genetic
parameter estimates, a total of seven data sets gveated. The seven data sets included records fro
contemporary groups with mean tick coenb (Data 1)> 10 (Data 2)z 15 (Data 3)z 20 (Data 4)z 25
(Data 5),2 30 (Data 6), and 35 (Data 7). The number of contemporary groupdpéa set ranged from 36
to 210. Visual inspection of the frequency disttibos revealed that tick count had a non-Gaussiaron-
normal distribution. Thus, the data were normaliasithg a Box-Cox family of power transformation{B
& Cox, 1964). The skewness for data sets 1 to @rbghafter) transformation was as follows: 2.682Q071),
2.333 (-0.193), 1.844 (-0.283), 1.565 (-0.364),87.2-0.670), 1.130 (-0.919) and 0.846 (-1.209). The
skewness of 0 indicates that the distribution issetric. In general, the transformation enhanced th

normality of the data except for data set 7. The-Box transformation is given by = (Y — 1)k for k # 0
ory = logly) for k = 0; wherey andy” are the raw and transformed tick count data, aetsgely. The
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maximum likelihood estimate of the paramdtavas obtained using an algorithm proposed by H}989).
Silva et al. (2006) and Gaspariet al. (2006) also used a Box-Cox transformation inahalysis of faecal
egg count in Angus cattle and tick count in an expental population, respectively. Handlesman (2002
pointed out that a power transformation performtiebethan logarithmic transformation in normalising
sperm concentration data. It should be noted thta tlansformation does not guarantee that thefoaned
data are normal. However, transformation may imerpkoperties of estimates, predictions and infexenc
(Sonstegardt al., 2006). All results are presented on the tramséad scale and all references to tick counts
or scores imply transformed counts unless spa@ference is made to raw data.

A repeatability animal model was used to analysediita. The model included the fixed effects of the
contemporary group and age of the animal at tickntadata collection and random additive genetic,
permanent environment and residual effects. Thexnmapresentation of the model equation is a®ied:

y =Xb +Za +Wc +¢€

wherey is a vector of normalised tick count observatidmss a vector of fixed effects of contemporary
group and age (fitted as a quadratic regresseis)a vector of random direct additive genetic efeof the
animals,c is a vector of random permanent environmentalceffef the animalsg is a vector of random
residual effects unique to each observationXapd andW are known incidence matrices relating the fixed
and random effects, respectively, to observationg. iThe random effects were assumed to be normally
distributed with the following first and second memts:
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where A is the numerator relationship matr! < is an identity matrix of the order equal to the in@mof
animals with records! . is an identity matrix of the order equal to the me@mof records. The variance

componemcz , 05 and 02 are the direct additive genetic, permanent enviemnand residual variances,
respectively.

Variance components and their corresponding ratidee phenotypic variance were estimated using
the Variance Components Estimation version 6.0ckgge (VCEG) of Groenevelg al. (2008). The VCE
obtains estimates of variance components by the IREMcedures using analytical gradients and Gibbs
sampling. The method of analytical gradient wasduse the current study. The software package for
multivariate Prediction and Estimation (PEST Vensh2) of Groeneveldt al. (1990) was used to format
the data for VCEB. A three-generation pedigree kgl around the data for each of the seven dafa se
considered. The pedigrees ranged from 1 583 torZaimals in different data sets.

Results and Discussion

A comprehensive summary statistics of the finahdats is presented in Table 1. The smallest data s
included repeated records of 514 animals whileldhgest data set included records of 1 137 aninfds.
number of sires and dams in the different datarseiged from 75 to 130 and 364 to 754, respectividhe
minimum and maximum number of herds in the differdata sets was six and 10, respectively. The
variation in the age of the animals at tick couatadcollection in the current study was considergbé.
from 250 to 5 521 days). The average age of thealsiranged from 864 to 964 days in the differaatad
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sets. Corbett al. (2006) analysed tick count data from animals thatl a narrower age range than
considered in the current study (i.e. from 360 822 days). Burrow (2001) estimated genetic pararador
tick count using monthly records collected from wieg (at six months) to 18 months of age.

Table 1 Summary statistics of the different data Sets

Number of Number of

. Mean Std Dev CV (%)
ltem records animals
Data set 1: Mean tick count 25
Tick count 7671 1137 18.6 (2.56) 20.0 (0.94) 2Qq36.72)
Age of animals, days 951.9 676.7 71.1
Data set 2: Mean tick count 210
Tick count 5333 1025 23.6 (2.87) 21.9 (0.85) 92862)
Age of animals, days 963.87 708.89 73.6
Data set 3: M ean tick count 215
Tick count 3109 903 31.7 (3.22) 24.9 (0.76) 728.60)
Age of animals, days 922.4 702.4 76.2
Data set 4: Mean tick count 220
Tick count 2211 762 37.7 (3.43) 26.6 (0.70) 726.41)
Age of animals, days 960.7 729.6 76.0
Data set 5: Mean tick count 225
Tick count 1563 750 44.3 (3.61) 28.2 (0.68) 639.84)
Age of animals, days 908.1 754.4 83.1
Data set 6: M ean tick count 230
Tick count 1246 713 48.6 (3.71) 29.2 (0.67) 60.8.06)
Age of animals, days 863.9 761.2 88.1
Data set 7: M ean tick count 235
Tick count 762 514 58.7 (3.94) 30.7 (0.60) 52.328%
Age of animals, days 934.5 904.8 96.8

1The numbers in brackets are the transformed tickiso

The average untransformed tick count ranged fror@ t858.7 across the different data sets (Table 1)
The level of tick infestation in the current studgs comparable to what has been found in otheiestud
Corbetet al. (2006) found a mean of 37 ticks from 622 animaith tick count ranging from 1 to 150.
Turner & Short (1972) compared tick infestationddferent breeds and the mean tick count per sidéhie
Afrikaner and Brahman breeds on natural infestatvas 20 - 30 ticks whereas the Shorthorn breededarr
75 - 100 ticks per side. In the study by Regitainal. (2006) the mean tick count after artificial infesia
was 21.52.

The estimates of variance components and corregmpndtios for transformed tick count are
presented in Table 2. The additive genetic varianceeased with an increase in the mean tick cpent
contemporary group to a maximum at a mean tick te8@ after which a sharp decline was observed. The
lowest estimate of genetic variance was observeddta with a mean tick count 285. This decline in the
additive genetic variance for Data set 7 (or mégindount of>35) could be ascribed to the low number of
animals in the data set. Variances for permanerit@mment decreased with an increase in mean tickic
This was expected since the number of recordsrparah decreased with an increase in the mean tokfc
per contemporary group (Table 1). Thus, the amafirinformation available to estimate the permanent
environmental effect was limited in data sets withhigh mean tick count per contemporary group.
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Phenotypic and residual variances decreased withcaease in mean level of tick count per conterapor
group.

Table 2 Estimates of variance components for normalised Gount and their ratios (+ s.e.) to the
phenotypic variance

Parameter Data Set (Mean tick count)
>5 =10 >15 >20 >25 >30 >35
o 0.0322 0.0322 0.0412 0.0581 0.0770 0.0763 0.0129
ol 0.0013 0.0021 0.0116 0.0271 0.0009  0.0000 0.0047
o’ 0.6363 0.4693 0.4157 0.3796 0.3867 0.3820 0.3959
0, 0.6698 0.5036 0.4685 0.4648 0.4647 0.4583 0.4136
hg 0.05+0.01 0.06+0.02 0.09+0.03 0.13+0.04 7&D.05 0.17+0.04 0.03+0.06
¢ 0.00+0.01 0.00+0.01 0.03+£0.02 0.06+0.03 0&®.04 0.00+0.00 0.01%0.08
e 0.95+0.01 093+001 0.89+0.03 0.82+0.03 3&®.03 0.83+0.04 0.96x0.06

0. - direct additive genetic variance;” - permanent environmental variance” - residual varianceg,’ - phenotypic
variance; h - heritability or ratio of the direct additive geretiariance to the phenotypic variancé: catio of the
permanent environmental variance to the phenotypitance; &- ratio of the residual variance to the phenotypic
variance.

The heritability estimates for the different dagtssare presented in Table 2. These estimatesasente
with the mean tick count per contemporary group stabilised when the mean tick count per contemgora
group was>25 and <31. The estimates ranged from 0.05 to faddata with mean tick counts ab and
=30, respectively. The low estimate of heritabifity data with a mean tick count B85 corresponded with
its lowest genetic variance. These results alsicdtel that as more cattle are infested with tidhsreased
levels of genetic variation between cattle wouldbbserved. Heritability estimates from this study lawer
compared to results from other similar studies.tédg on Belmont Red cattle in Australia reported a
heritability estimate of a log-transformed tick aouo be 0.42 (Burrow, 2001). Seifert (1971) evidda
variations in resistance of cattle tick between waifittiin breeds of cattle and reported a heritabitit 0.48
for the Shorthorn x Hereford line and an estimét®.82 for Zebu crossbreds. Davis (1993) reported a
heritability estimate of 0.34 for log-transformedkt counts. Whartoret al. (1970) reported heritability
estimates of 0.39 for dam-calf correlations an®@act full sib correlations. In the same study tedrility
was further estimated based on winter and sumnasoss. The heritability estimates for dam-calf wd2
and 0.07 whereas for full sibs were 0.64 and -Odt7summer and winter, respectively. Separating dat
according to season resulted in increased heitiabil summer and a low to zero heritability in wen It
was suggested that this might be due to eitheosahshange in the intensity of expression of comemb of
host resistance or a seasonal change in the ségsiti ticks to some mechanism of host resistanices
important to note that, at the time of the year mvdéscrimination is poor, it is not a matter of tb@me
variation in inherent susceptibility being obscuteg some extra error of variation: the total vaciat
(animal+error) is reduced at this time and inherdiffierences in resistance produce small effects. N
suggestion was offered as to the cause of the salastiect on discrimination. It is therefore imfzot that
the existence of the effect should be defined uraagr circumstances where research into resistance o
selection for resistance may be undertaken.

Whartonet al. (1970) suggested that the high heritability esteadtom full-sib correlations compared
to those from dam-calf correlations may be duatiation by maternal effects. Apart from the poggipbof
short-lived transfer of passive immunity, the metba of maternal effects is not obvious.

Henshall (2004) reported heritability estimate9afl for transformed data and emphasized that tick
count should be recorded at the time when animal® lhad sufficient exposure to ticks to ensure that
resistance has been acquired. In the study by Hewgtl968) heritability estimates from five levels
artificial infestation of sires increased from 0.280.42 between the fourth and fifth infestatierhereas
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there was zero heritability at the first infestatitlewetson (1968) emphasised the importance afiiesch
resistance in genetic analyses of tick counts.

The animal permanent environment variance ratioeev@wer for all ranges of mean tick counts
considered in the current study, thus indicatingt thermanent environment had little or no effect on
variation of tick counts. It was mentionable onfy data set 4 (i.e. a mean tick count>20) where it
contributed only 6% of the total variation. In tsteidy by Burrow (2001) the animal permanent envitent
accounted for 18% of the phenotypic variation, Wwhigas higher than in the present study. The rekidua
variance ratios were higher for data sets considleréhe current study indicating that there id stilot of
unknown phenotypic variation that was not accoumbedby the effects in the model. The high proportof
residual variation observed in the current studyld¢de due to differences in the data collectioocpss
among the different participating herds. Standatiaia of the tick count data collection processusthdoe
considered in the National Beef Recording and Impmeent Scheme to obtain data more suitable to
estimating the heritability of tick counts.

Conclusions

The results from the current study indicate thdficdant levels of genetic variation for tick count
exist in the South African Bonsmara population. §reelection for tick resistance using estimateding
values for tick counts is a viable option even tifogenetic progress may be slow. Special attestould
be given to the data collection process to enh#imeaquality of the data. It is recommended thabras
from contemporary groups with a mean tick counatfeast 20 ticks per animal should be consideoed f
genetic evaluation purposes. It is therefore inguarthat under natural infestation tick count reloay be
done at the time when the tick population is high.
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