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Introduction 

Bull sperm quality has been routinely evaluated by checking motility, sperm morphology, 

acrosomal integrity, volume and concentration of ejaculates. However, the study of sperm 

DNA fragmentation has been used only for research purposes and not routinely evaluated in 

AI centres. Recently, several authors have focused on investigating the instability of the 

chromatin structure and the integrity of DNA (Bungum et al., 2004, Morales et al., 2007). 

Morales et al. (2007) reported that any defect in the DNA molecule in the form of breakage 

that affects to one or both chains can cause a developmental defect in the embryo. Also, 

Evenson and Wixon. (2006) reported that the fertility of bulls tend to decrease due to the 

DNA fragmentation (DF). The DF detected in the ejaculate of each individual is caused by 

different factors such as testicular temperature, oxidative stress, apoptosis and failures in the 

histone-protamine replacement (Agarwal and Allamaneni, 2005). Moreover it has been 

reported that microbial contamination in the germ line can influence semen quality, also 

affecting the DNA molecule. The objective of this work was to study the genetic background 

of sperm DNA fragmentation and its relationship with susceptibility to microbial 

contamination in Holstein bulls. 

Material and methods 

Data. Commercial cryopreserved sperm samples from 182 different Holstein bulls were 

included in the analysis. Six straws were randomly selected from each bull when possible. A 

total of 928 frozen straws were collected. Cryopreserved samples were thawed by immersion 

in a 37 C water bath for 30 s. Straws were incubated in a 37ºC water bath during 48 hours. 

Determination of sperm DF was conduced after 0 (DF_0), 6 (DF_6), 24 (DF_24) and 48 

(DF_48) hours of incubation. Each straw was diluted to 5-10  106 spermatozoa/mL in 

INRA 96 medium (IMV Technologies, Spain), and DF was tested by the Sperm-Halomax® 

kit (Halotech DNA, Spain). This methodology is based on the sperm chromatin dispersion 

test (Fernández et al. 2003; López-Fernadez et al. 2007). During the DF measurement, 

contamination of samples (by both bacteria and fungi) was recorded as an incidence variable 

(CI=0 or CI=1). A summary of descriptive statistics of the data is presented in Table 1. 
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Pedigree information on 8475 animals was used in the study. Concerning family structure, 

animals with data were sons of 62 sires and 156 dams.  

 

Table 1. Average contamination incidence (CI, %), and average and standard deviation 

(in parenthesis) for DNA fragmentation (DF, % fragmented sperm) at successive 

incubation times for samples not showing (CI=0) and showing (CI=1) microbial 

contamination  

 

 CI DF 

Incubation time  CI=0 CI=1 

0 h 0.00 3.42 (2.68) - 

6 h 7.65 3.57 (2.72) 4.56 (  2.97) 

24 h 23.6 4.38 (5.70)  26.03 (34.54) 

48 h 39.12 5.44 (9.14)  42.87 (42.49) 

 

Statistical analyses. Two types of models were considered for the estimation of the genetic 

parameters for DF and CI traits. The first type of model (M1) was a uni-trait animal model to 

study DF at each measurement time and the second (M2) was a two-trait model used to study 

correlations between DF and CI at 24 and 48 hours. M2 was not applied to previous times (0, 

6h) due to the lack or small percentage of contaminated samples at those times. M2 can be 

considered as a recursive model since there was a feedback relationship between both traits. 

The model equations for the two traits analyzed were: 

 

DFijklnot = ACit+ MCjt + CIkt + Filt + ant + pot + eijklnot 

 

CIijlnot = ACit+ MCjt + Filt + ant + pot + eijlnot 

 

Where DFijklnot and CIijlnot are the DF or CI measured at time t (t=0, 6, 24 and 48 hours for DF 

and t=24 and 48 hours for CI. Contamination at 0 hours was null and at 6 hours very low); 

ACit= effect of the age of collection class (i=1,..6); MCjt= effect of the month of collection 

class (j=1,..12); CIkt = effect of contamination incidence (k=1, 2), only affects DF 24 and 48 

hours of semen time incubation; Filt= effect of inbreeding coefficient class (l=1,..6); ant= 

animal genetic effect (n=1,..8475); pot= permanent environmental effect (o=1,..182), and 

eijklnot =residual effect. 

 

In all analyses, environmental and genetic parameters were estimated via Bayesian 

procedures using the TM Fortran program (available upon request to the authors: 

Andres.legarra@toulouse.inra.fr), assuming a multivariate normal (MVN) as sampling 

distribution of the observations. Prior distributions are assumed as (MVN) (0, Ga A), (0, 

Gpe I) and (0, I  R) for additive genetic values, permanent environmental effects and 

residuals, respectively. For the systematic effects “flat priors” are assumed. A is the additive 

relationship matrix, Ga, Gpe are matrices (in the two-trait analyses) or scalars (in the uni-trait 

cases) containing additive genetic and permantent environmental (co)variances. R is the 

matrix or scalar for residual (co)variances. The marginal posterior distribution for each 

parameter was obtained using a Gibbs sampling procedure. Each analysis consisted of a 

single chain with 500,000 samples, discarding the first 200,000 as burn-in. The inbreeding 
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coefficient, Fi, for each animal in the pedigree was calculated using the ENDOG program 

(Gutiérrez and Goyache, 2005). 

 

Results and discussion 

DF levels in the population studied were generally low, staying under 10% for the whole 

period analysed for samples not showing microbial contamination. Only a few bulls showed 

larger values (up to 26% ). The microbial contamination incidence was relatively high (40%) 

after 48 hours and seemed to affect fragmentation. For DF_24 and DF_48h, the difference 

between posterior means for contaminated vs. not contaminated samples obtained in model 

M1 was 15.18% and 32.27%, respectively. The remaining effects in the model of analysis 

were not as significant. DF seemed to increase after an inbreeding threshold of 10%. The 

mean (SD) of Fi was 5.69 % (2%). Fi ranged from 1 to 16%. No clear pattern was observed 

for age or month of collection. The posterior means and HPD95% intervals of the genetic 

and residual (co)variances, and heritabilities for DF under model M1 are summarized in 

Table 2. Heritabilities of DF estimated by model M1 were moderate to large. Repeatability 

(not shown) was around 70% for basal or 6h DF measures and decreased to values around 

45% afterwards. The decrease in heritability and repeatability for 24 and 48 hours measures 

is related to the appearance of significant microbial contamination at those times, which 

introduce noise in the measurements that cannot be completely accounted for by the 0/1 

incidence categorization.  

 

Table 2: Posterior means (in brackets, HPD95%intervals) for variance components 

(additive genetic, Ga, permanent environmental, Gpe and residual, R) and heritabilities 

for DNA fragmentation at time 0 (DF_0), 6 (DF_6), 24 (DF_24) and 48 (DF_48) hours 

from uni-variate analyses. 

 

Traits Ga Gpe R h
2
  

DF_0 3.87 

[0.85, 6.73] 

2.05 

[0.00, 4.24] 

1.95 

[1.75, 2.15] 

0.48 

[0.16, 0.77] 

DF_6 3.18 
[0.46, 6.19] 

2.87 
[0.37 ,5.20] 

2.33              
[2.10, 2.58]     

0.37 
[0.06, 0.67] 

DF_24 65.20 
[7.30, 131.9] 

61.06 
[2.32, 109.72] 

171.20 
[154.27, 189.00]   

0.21 
[0.02, 0.41] 

DF_48 154.77 
[28.30, 280.90] 

103.27 
[0.61,  201.89] 

505.35  
[454.60, 557.80] 

0.20 
[0.04,0.35] 

 

For model M2, results for systematic effects for DF were close to those obtained by model 

M1. Table 3 shows the posterior features for genetic parameters for DF and CI at 24 and 48 

hours. Posterior means of heritabilities for CI were moderately large and repeatabilities (not 

shown) were around 60% for both times. This indicates that CI was a trait linked to the 

animal producing the data. This result together with the large effect of CI on DF indicates 

that some bulls are more prone to produce contaminated samples of semen after a certain 

time (at least after 24 h in our study). This can seriously affect the level of fragmentation of 

the sperm and, therefore, the subsequent bull fertility or the survival of the embryo resulting 

from a successful mating. Factors that may determine the susceptibility of a bull to produce 



sperm that show microbial contamination and what mechanisms determine the influence of 

microbial contamination on DNA fragmentation are not clear. In a parallel experiment, 

where samples from a subset of bulls were further analysed, it was observed that at time 0, in 

those individuals where infection was detected under fluorescence microscopy, the amount 

of bacterial rDNA 16S was much higher. Moreover, six different phyla were detected in 

samples studied at time 0. However, only four of them were detected in those bulls where 

bacterial infection was negative under fluorescence microscopy. 

 

Table3. Posterior means (in brackets, HPD95%intervals) of heritability (on diagonal), 

genetic correlations (above diagonal) and phenotypic correlations (below diagonal) for 

DNA fragmentation (DF) and contamination incidence (CI) at 24 and 48 hours.  

 

Traits DF_24 CI_24 DF_48 CI_48 

DF
* 

0.19 0.25 0.21 0.25 

  [0.02, 0.42] [-0.80, 0.96] [0.05, 0.35] [-0.40, 0.96] 

CI
* 

0.15 0.48 0.10 0.46 

 [0.01, 0.30]  [0.25, 0.69] [-0.15, 0.33] [0.20, 0.69] 

* Values in the first and last two columns correspond to parameters for 24h and 48 h, respectively 

 

Genetic correlations estimates between DF and CI were slightly positive but the HPD95 

intervals were wide and contained the 0 value. This would indicate that susceptibility to 

contamination is not expected to be genetically linked to the level of DNA fragmentation and 

vice versa.  

Conclusion 

Fragmentation levels in the population of Holstein bulls analysed seems to be low. However, 

microbial contamination linked to the bull can appear after several hours of incubation. The 

bacterial contamination significantly increases the level of DNA fragmentation, 

compromising the success of the insemination. Significant genetic variation was found for 

both traits, which would result in efficient selection, if required. 
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