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ABSTRACT

(Co)variance genetic components of buck semen ctaaistics and growth traits were estimated using
the REML procedure applied to bivariate animal nied&he estimations were based on data from
1456 ejaculates from 283 bucks belonging to orte@paternal lines more commonly used in Spanish
farms. The ejaculates were collected from 2005Q072at two different insemination stations. The
traits studied were: ejaculate volume (V, ml), amteation (Cn, 1%ml), total number of spermatozoa
per ejaculate (Prod, 1)) percentage of spermatozoa with normal apicaleriNAR, %), percentage
of sperm morphological abnormalities (ANOR, %),dtnof head spermatozoa (Lm), width of
sperm head (Wym), area of sperm head (Am®), perimeter of sperm head (fn) and 4 derived
head shape parameters: ellipticity FUN1 [L/W], rsigyp FUN2 [4tA/P?], elongation FUN3
[(L/W)/(L-W)], regularity FUN4 [tLW/4A].

Equal model equations for all semen traits incluthedartificial insemination station, the periodet
year-season and the order of ejaculate as fixexttsffthe animal, the permanent environmental and
non-additive genetic effect of the male over aldjaculates, and the residual as random effebts. T
model of daily weight gain, from 28 days to 63 daysge, included litter size at birth as covariate
parity order and year-season as fixed effects hadahimal, the common litter and the residual as
random effects. The following heritabilities werstimated: ejaculate volume 0.091, concentration
0.053, total number of spermatozoa per ejaculaté@870 percentage of spermatozoa with normal
apical rigde 0.247, percentage of sperm morphoddganormalities 0.643, length of sperm head
0.309, width of sperm head 0.341, area of spernd Be279, perimeter of sperm head 0.105, FUN1
0.508, FUN2 0.518, FUN3 0.220 and FUN4 0.067. Tigeificant genetic correlations with daily gain
in the fattening period were: concentration -0.68%l number of spermatozoa per ejaculated -0.360,
percentage of spermatozoa with normal apical rig2l850, percentage of sperm morphological
abnormalities 0.334, width of sperm head -0.61&aaf sperm head -0.600, perimeter of sperm head -
0.646, FUN1 0.367, FUN2 0.374.

Key words: Genetic parameters, Sperm production, Sperm notopis, Sperm head morphometry,
Paternal line.

INTRODUCTION
Automated sperm morphology analysis has been apptiea large number of studies in different
species, but only few studies has been reporteabinit (Gravance and Davis, 1995, Pérez-Sanehez
al., 1998; Marco-Jiméneat al, 2005; Lavarat al, 2006).
There is scarce bibliography about the geneticrpeters of seminal traits in rabbits. Nevertheless,

Brun et al. (2002) and Garcia-Tomds al. (2006) estimated the crossbreeding parametersnoihal
traits among different rabbit lines.
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The males used in insemination stations have a pegbentage of elimination due to their lower
output on quality and quantitative semen producdind they are submitted to continuous selection for
growth rate. So, the aim of this paper is to edtntlae genetic parameters for production per eféael
morphology of the spermatozoa and sperm head momging, and to estimate the genetic correlation
between these semen traits and the growth rate.\Widrk is a companion paper to the one by Lavara
et al. (2008) presented in this Congress, where motktyen traits are studied.

MATERIALS AND METHODS
Animals and experimental design

Line R is a paternal line selected during 25 geimara for daily gain (DG) between 28 and 63 days of
age (Estanyet al, 1992). The animals were weighed at weaning (WW/,ddys of age) and at
slaughter (WS, 63 days of age). So, the DG waslledéd as following:

DG = WS-WW)

35

Selection is based on phenotypic values of DG. Theye bred at the farm of the Universidad
Politécnica of Valencia. A total of 283 males of fine R were used in the experiment. These males
were reared in two insemination stations (89 male&arzadilla de Totana, Murcia, and 194 males in
Aras de Alpuente, Valencia). The environmental dios were maintained with the aid of a control
system for photoperiod, ventilation and temperatukiier weaning, the males were housed in
individual cages with a photoperiod of 16 hour tighy. Animals were feddd libituni’ a commercial
rabbit diet(on dry matter: 17.5% crude protein, 3.5% etheraext 16.7% crude fibre, 2938 kcal/kg).

Semen sample collection

At 150-170 days of age, males started the traipergod. The training was performed during fifteen
days. For the training and experimental periodheeeek, two ejaculates per male were collected on a
single day using an artificial vagina, with a minim of 30 min between ejaculate collections. Semen
sample for the trial were collected for each maleva different periods:

- Period A: one week after finishing the trainingipdr

- Period B: more than 3 months after Period A.

Only ejaculates exhibiting a white colour were usethe experiment, samples containing urine and
cell debris were discarded whereas gel plugs wameved. Then, volume (V, ml) was recorded.

Concentration, morphology and sperm head morphometr

For the morphological analyses, an aliquot fromhegj@aculate (20 pl) was fixed with 180 pl of a
solution of glutaraldehyde 2% in DPBS. A minimuml®0 sperm cells was examined to analyse the
status of acrosome from the normal sperm (NAR, &) the sperm abnormalities (ANOR, %) were
evaluated with a differential interference contn@stroscope (Nomarski contrast) at a magnification
of 500x. The sperm concentration (Cn) was deterchim@ng a Thoma-Zeiss counting cell chamber
(Marienfield, Germany). To perform the morphometaitalyses, a 10 pl drop of fixed sperm with
glutaraldehyde was placed onto a slide and cowettida coverslip (20 mm x 20 mm). The slides
were placed under an Nikon Elipse-microscope, \waitbright field x40 phase optic objective, on
which was mounted a Sony CCD AVC-D7CE video cani®any Corporation; Tokyo, Japan) with a
x3.3 photo-ocular connected to a morphometric nodbla Sperm-Class Analyser (SCA) (Microptic;
Barcelona, Spain). Sperm cells were displayed enntnitor at equivalent brightness, and all the
cells that did not present any overlap with debri®ther cells were considered for analysis. lemft
treatment of the images we observed false corregpme between the original image and its mask,
the sperm had to be discarded. At least 100 nospetm were measured for each ejaculate. Each
sperm head was measured for four primary paramétees] area [A, pm2], head perimeter [P, um],
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head length [L, pm], head width [W, um] and fourided parameters of head shape (ellipticity FUN1
[L/W], rugosity FUN2 [4A/P?, elongation FUN3 [(L/W)/(L-W)], regularity FUN4tLW/4A)]).

Statistical Analysis

Variance and covariance components were estimatied) the derivate-free multiple trait restricted
maximum likelihood (REML) procedure (Neumaier ancb€heveld, 1998). A bivariate animal model
was used for DG and seminal traits. The mixed madetl for DG was:

Yikm= 1 +b*LS + YS + OR + a+ G +6jum
where yum is DG, n is the general mean, LS is the covariate littee sit birth, Y$is the fixed effect
of year-season with 9 levels, O®the fixed effect of parity order in which theimal was born with 3
levels (1, 2, >2 parities), as the additive genetic value of the animaisahe random effect of the
litter in which the animak was born, and;g. is the residual.

The mixed model used for seminal traits was:

yijhokmn: u + YS + Nj + I—h + I:)o + &+ pm"'ajhokmn
where Ynokmn IS the semen traiy is the general mean, YB the fixed effect of year-season with 7
levels, N is the fixed effect order of ejaculate with 2 lisvéfirst or second ejaculate obtained one
day), L, is the fixed effect of location with 2 levels (Zadilla de Totana or Aras de Alpuente),i®
the fixed effect of period (A, B),«ds the additive genetic value of the malg,ip the permanent
environmental effect of the makeover all its ejaculates, angh&m, is the residual.

RESULTS AND DISCUSSION

Summary statistics of the daily gain, productiom anorphological seminal traits are presented in
Table 1. The most significant point to note is tingh variability of these seminal traits. Similaeams
were reported by Vicentet al. (2000) and Castelliret al. (2003), but in this experiment, the volume
was almost half the reported by Garcia-Tomiaal. (2006).

Table 1 Summary statistics of daily gain (DG), ejaculamume (V), concentration (Cn), total
number of spermatozoa per ejaculate (Prod), peagentf spermatozoa with normal apical rigde
(NAR) and percentage of sperm morphological abntities (ANOR)

DG (g/d) V (ml) Cn (1&/ml) Prod (16) NAR (%) ANOR (%)
N 5133 1456 1423 1423 1335 1335
Mean 45.1 0.62 193 110.3 87.7 17.0
Range 11.4-77.4 0.01-2.6 0.5-1470 0.1-1260 1-100 -10010
S.D. 6.2 0.45 178 119.7 15.2 13.2

N: number of observations, S.D.: standard deviation

The heritability (R) and the ratio between the variance of commoerlitiffect and phenotypic
variance of DG were 0.122+0.028 and 0.335x0.01dpeetively (data not shown in tables). Camacho
and Baselga (1989) estimated similar componenaridnce in this line R.

Table 2 shows the estimates df the ratio between the variance of the permanewiranmental
effect and the phenotypic variancé)(pnd the genetic correlation for production andrphology
seminal traits (rg). The’lof Cn was not different of zero (0.053+0.043). \WaProd showed low
heritabilities (0.091+0.048, 0.097+0.034) and therphological seminal traits showed moderate and
high heritabilities (NAR 0.247+0.069; ANOR, 0.643%0.024). Paned#ia al. (1994) reported high
heritability for V (0.44), and Cn (0.60). In genkrtne estimates in pigs were also high and ranged
from 0.14 to 0.58 for V and from 0.14 to 0.38 far (Grandjtotet al, 1997; Ohet al, 2003, Smitakt

al., 2005). These papers differed in the methods laadiblogical material used, therefore the results
are comparable only to a certain degree.
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Table 2 Estimates of the heritability {; the ratio between the permanent environmenfateénd
the phenotypic variance {pand the genetic correlation between daily gaith seminal trait (rg), with
their standard error, for ejaculate volume (V), @amtration (Cn), total number of spermatozoa per
ejaculated (Prod), percentage of spermatozoa witimal apical rigde (NAR) and percentage of sperm
morphological abnormalities (ANOR)

\% Cn Prod NAR ANOR
h? 0.091+0.048 0.053+0.043 0.097+0.034 0.247+0.069 43%6.024
p? 0.163+0.046 0.120+0.039 0.018+0.027 0.234+0.061 0@:0.001
rg 0.125+0.233 -0.695+0.333 -0.360+0.191 -0.35080.1 0.334+0.131

The g was moderate for V, Cn and NAR (0.163, 0.120, 9,28spectively Table 2) but it was not
different of zero for Prod and ANOR. The rg betwee® and V was not different of zero
(0.125+0.233), but the corresponding values withdRr0.360+0.191) and NAR (-0.350+0.181) were
moderately negative, moderately positive with AN@R334+0.131), and strongly negative with Cn
(-0.695+0.333). Bruret al. (2006) obtained higher concentration and loweuwa in the H line than
in the L lines, being H and L lines, two rabbitdmdivergently selected for 63 day body weightrdyri
five generations. Nevertheless, the total numbepefmatozoa per ejaculate was similar in bottsline

The summary statistics of sperm head traits arevshia Table 3, where it can be noted the low
variability of these traits. The estimates Jf p? and rg are shown in Tables 4 and 5. All the
parameters, excepting regularity, had moderate igh Heritability and ranged from 0.105 for
perimeter to 0.518 for rugosity. The estimates “ofvpre lower than the estimates Gffr all traits,
excepted regularity. The rg of DG with L, elongatiand regularity were not different of zero,
moderately positive with ellipticity (0.367) andgasity (0.374) and highly negative with W (-0.617),
A (-0.600) and P (-0.646).

Table 3 Summary statistics dength (L), width (W), area (A), perimeter (P),iglicity (FUN1),
rugosity (FUN2), elongation (FUN3) and regulariBuN4) of sperm head

L@m) W @um) A (umd) P @m) FUN1 FUN2 FUN3 FUN4
N 1060 1060 1060 1060 1060 1060 1060 1060
Mean 8.5 47 32.7 23.9 1.83 0.29 0.72 0.96
Range 7.7-9.2  4.05.4 25.6-39.4  21.1-27.1  1.58-2.09 0.22-0.35 0.62-0.92  0.89-1.05
S.D. 0.2 0.2 1.7 1.0 0.07 0.02 0.04 0.01

N: number of observation, S.D.: standard deviation

Table 4 Estimates of the heritability T the ratio between the variance of permanentrenriental
effect of the male and the phenotypic variancé gnd the genetic correlation between daily gaith an
seminal trait (rg), with their standard error, fength (L), width (W), area (A), perimeter (P) qesm
head

L W A P
h? 0.309+0.068 0.341+0.077 0.279+0.066 0.105+0.044
p? 0.147+0.060 0.112+0.065 0.112+0.056 0.158+0.044
rg -0.205+0.186 -0.617+0.176 -0.600+0.171 -0.64820.

Table 5 Estimates of the heritability {lthe ratio between the variance of permanent enwiemtal
effect of the male and the phenotypic variané gpd the genetic correlation between daily gaith an
seminal trait (rg), with their standard error, felipticity (FUN1), rugosity (FUN2), elongation
(FUN3) and regularity (FUN4) of sperm head

FUN1 FUN2 FUNS3 FUN4
h? 0.508+0.105 0.518+0.111 0.220+0.028 0.067+0.048
p? 0.034+0.085 0.026+0.089 0.000+0.000 0.193+0.048
rg 0.367+0.151 0.374+0.150 -0.174+0.182 -0.383+0.30
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CONCLUSIONS

All semen traits have shown a high variability. drction traits showed a low estimated heritability,
but quality and morphology traits showed a mediurhigh heritability.
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