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Abstract

The gene, acyl-CoA:diacylglycerol acyltransferasel (DGAT1), has recently been identified as the one
underlying a major gene for milk production traits. This gene is located in the centromeric region of the
bovine chromosome 14 in purebred Holstein Friesian with different origins. Two alleles, the lysine variant
and the alanine variant were postulated at the DGATI. This study aims to investigate the effects of a
nonconservative lysine to alanine (K232A) substitution in the DGATI, which very likely represents the causal
mutation, on milk production traits. The polymorphisms of the DGATI as well as their effects on milk traits in
Thai Holstein dairy crossbred were identified. The genotypic and allelic frequencies were found to be deviated
from equilibrium according to Hardy-Weinberg law. The KK genotype showed association with high fat and
protein content of milk. While AA genotype associated with all yield traits, including milk, fat and protein
yield. The substitution effects of A — K are significant for most of all milk traits except for fat yield. The
results encourage the use of gene assisted selection incorporated with traditional genetic evaluation of dairy

cattle in Thai Holstein dairy crossbred population in Thailand in the future.
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Introduction

Genetic improvement of milk production traits in dairy cattle in Thailand is based on phenotype
selection. For more than 40 yr, superior dairy sires and dam were identified using quantitative genetic
evaluations by BLUP method. Selective use of these animals improved phenotypic measures for milk
production and milk components in Thai Holstein dairy crossbred (TH) population of Thailand. However,
there are some limitations on predicting breeding values of the individual using quantitative analysis. Low
heritability of milk traits, limited data of offspring in progeny testing scheme, less distribution of the offspring
over the varieties of management level resulted in very slow genetic progress (DLD dairy sire summary,
2009). However, advance knowledge of the molecular architecture of complex quantitative traits could
indeed lead to new insights in the genetic evaluation system. Introduction of gene assisted selection (GAS)

has been implementing in many countries like USA, Canada and New Zealand.

Candidate gene approaches provide tools for identifying and mapping genes affecting quantitative
traits. A candidate gene can be defined as a major gene with biological effects on the physiology of a trait of
interest (functional) or as a gene closely linked to a functional gene (positional). Polymorphisms within
selected genes can be tested for their association with quantitative traits to better understanding of their effects
and can be used in GAS. In addition, GAS together with traditional selection methods can be most effective

for complex traits, improving accuracy, reducing generation interval and accelerating genetic progress.

In recent years, DGATI, diacylglycerol O — transferase has been found to be of great interest. It is
considered to be a key enzyme in controlling the synthesis rate of triglycerides in adipocytes. The knock-out
of mouse DGATI gene indicated its crucial role for lactation. Females deficient in this enzyme are
characterized by a complete lack of milk production, most probably because of impaired triglycerides
synthesis in the mammary gland (Smith ef al. 2000).

In cattle, DGATI is considered to be a very strong positional candidate gene for milk yield and
composition (Coppieters et al. 1998, Heyen et al. 1999, Riquet et al. 1999, Farnir et al. 2002). A
polymorphism in exon 8 of the DGATI gene in Bos taurus, AA —> GC exchange resulted in a non
conservative substitution of amino acid 232 Lysine (K) — Alanine (A). The result of lysine for alanine
substitution (K232A) has shown to be associated with milk production traits. In particular, the lysine
encoding allele (allele K) is associated with increased fat content of milk compare to the alanine encoding

allele (allele A) (Winter ef al. 2002, Grisart et al. 2002, Thaller et al. 2003).
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The aims of the current study were to determine the polymorphisms of DGATI gene and their effects

on breeding value and yield deviation for milk production traits of Thai Holstein dairy crossbred cows.
Materials and Methods

Animals

Blood samples, 5 ml were collected from 387 Thai-Holstein dairy crossbreds maintained at a dairy
farm in Amphur Paktongchai, Nachornratchasrima province, Thailand. Of each cow, blood was taken from

the tail vein with vacuum tube contained EDTA and stored at 4°C until used in DNA extraction.

Genotype data

Genomic DNA of individual sample was extracted from peripheral blood using the phenol-
chloroform method according to the standard protocol. Spectrophotometer was used for checking the quality
and quantity of each DNA sample based on an optical density (OD) ratio of 260/280 nm between 1.6 and 1.8

PCR reactions were performed using DGATIgene specific primers, DGATI-F: 5°-
GCACCATCCTCTTCCTCAAG-3’ and DGAT1-R: 5’-GGAAGCGCTTTCGGATG-3" (Kaupe, 2004). The
reactions composed of 60 ng of genomic DNA, 1X PCR buffer with 1.5 mM MgCI2, 0.2 mM dNTPs, 0.8 U
Tag DNA polymerase and 0.5 UM of each primer. Amplifications were carried out using a Touch-down PCR
profiles as follows: 94°C for 4 min; 10 cycles of 94°C 1 min, 66 °C 1 min (with 1°C decrease for next cycle),
72°C for 1 min, then 25 cycles of 94 °C, 1 min, 56 °C 2 min and 72 °C 1 min; followed by final extension at 72
°C for 10 min. PCR products were analyzed by agarose gel electrophoresis and visualized by Ethedium
bromide staining as shown in figure 1.

The amplified products (10ul of PCR products) were digested with 2 units of Cfi restriction
endonuclease at 37 °C for at least 12 h, and terminated the reaction at 65 °C for 20 min. The reactions were
then analyzed on 5% denaturing polyacrylamide gel elecrophoresis and stained with sliver straining. The

genotype of DGATI gene was scored as KK, KA and AA as shown in figure 2.

Phenotype Data

The individual estimated breeding value (BV) and yield deviation (YD) of milk production traits: 305
day adjusted production traits of milk yield, fat yield, protein yield, fat content and protein content of 387

Thai Holstein crossbred dairy cows (TH) born between 2000-2007 were used in the study.
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BV for milk production traits was taken directly from the national genetic evaluation for the Thai
Holstein dairy crossbreds in 2009. The estimated breeding values for all traits of the individuals in the DLD
dairy cattle database system were calculated using the BLUPF90 and AIREMLF90 programs in BLUPF90-
DairyPAK 3.0 (Duangjinda, M.; Misztal, I. and S. Tsuruta, University of Georgia, available at http://agserver.

kku.ac.th/monchai). Model was described in the following equation

y=Xp+Za +e¢,

a 2
Var| |= Ao, 0
e 0 e’

Where VY is a vector of lactation milk yield ; f is a vector of fixed effect of breed fraction, herd-year-season,
age at calving and age at calvingz; a is a vector of random additive genetic effects; X,Z are known
incidence matrices relating the observations to the respective fixed and random effects; A is an additive

. : L2 2 i : : .
numerator relationship matrix; 6,6, are additive genetic and residual variances.

The advantage of using EBV as trait data in this study is the allele regressed on additive gene effect,

which benefits selection on transmitting ability.

Yield deviation (YD) which is a cow’s production corrected for all fixed effect was calculated using
model modified from Israel and Weller (1998). The advantage of using YD is that if the allele is associated

with YD but not with EBV, indicated the non-additive gene effect to be occurred on that position.
YD, =y-p

Where YD, is a yield deviation of cow i; Y = milk yield of the cow in lactation; ,[;’, = all fixed

effect solutions including breed fraction, herd-year-season age at calving and age at calvingz.

Heterozygozity was also estimated to identify the genetic variability in the Thai HF dairy crossbred in

this study. The observed heterozygosity was obtained as follows:

H (observe) = ZZ% Halden (1954)

i =i
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Where NIij is the number of heterozygous individuals in the / locus; A is the number of individuals
analyzed.

The Hardy-Weinberg expected heterozygosity was obtained from the estimated allele frequencies:
N 2
H(HW) = 1—; P,
Where p, is the frequency of the i allele at the / locus; # is the number of alleles at the / locus.

High heterozygosity (or) means lots of genetic variability. Low heterozygosity means little genetic

variability.

Statistic analysis

Genotype frequencies, allele frequency and heterozygosity were calculated. Hardy-Weinberg
heterozygosity and equilibrium were evaluated by the exact probability test (Haldane, 1954) under the
assumption of a chi-square (xz) distribution. The allele substitution and genotype effect of DGATI
polymorphism on breeding value and yield deviation of 305 days milk yield, fat yield, protein yield, and fat
and protein content were estimated and tested using regression analysis and one-way ANOVA. The analyzed

locus was shown as genotype classes and regression on the number of alternative allele.

Results and Discussion

The PCR reactions resulted in 411 bp fragments as shown in figure 1. The restriction digestion
analysis of 411 bp PCR product of DGAT 1 indicates the presence of three restriction patterns. In the first
pattern, one fragment (uncut) of 411 bp was observed while in the second pattern showed two fragments of
208 and 203 bp . The third pattern produced three fragments of 411, 208, 203 bp, which was the coupling of
first and second patterns, in other words it is a heterozygote (figure 2). The first pattern was assigned as
genotype KK (lysine variant); second pattern was genotype AA (alanine variant) and the third was genotype
KA (heterozygous). The results are in accordance with the data reported by Khun et al. (2004), Pareek et al.

(2005) and Lacorte et al. (2006).
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400bP — P se— — o - «—— 411bp

100bp —p

Figure. 1 DGATI undigested PCR product on 1.5% agarose gel (Lane M 100 bp. + 1.5 kb DNA marker, Lane 1 Negative
control, Lane 2 - 5 undigested DGATI)

M KA KA KK KA KK AA KK KA

«— 411pp

<«— 208/203

Figure2. DGATI genotyping by PCR-RFLP method (using Cfi1 (Eael) restriction enzyme). L3-L5: DGATI genotype KK

(411 bp fragments); DGATI genotype AA (208 and 203 bp fragments); DGAT1 genotype KA (411, 208, and 203
bp fragments)

Tablel. DGATI genotype, allele frequency and heterozygosity (%) in TH dairy crossbreds

Genotype frequency Allele frequency Heterozygosity
AA KA KK A K Observed Expected
N 3 222 162
0.77 57.36 41.86 29.46 70.54 57.36 41.56
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Genotypic and allelic frequencies were calculated and the results are shown in Table 1. Thai Holstein
dairy crossbreds (TH) showed a frequency of 29.45 % for the A allele. The result is in consistent with the
report of Larcorte (2006) which found 39% of allele A in Gir-HF crosses. The A allele in the TH population
may derived from the HF breed since there were many studies confirmed fixed DGATI K allele or very low
frequency of A allele (0-5%) in Bos indicus eg: Gir, Guzerat, Nellore and Red Sindhi (Kaupe et al., 2004;
Madhu et al., 2006 and Larcorte ef al., 2006). In contrast with Holstein Friesian breed (Bos Taurus), the high
percentage of A allele was found. Ripoli et al. (2006) reported that European Bos faurus breeds, with the
exception of Jersey breed, showed the lowest frequency of the K allele, while highest K allele frequencies
were harbored by Bos indicus type cattle.

The reviews in Scotti et al. (2010) study confirmed the higher A allele than K allele in Holstein
population in various countries. It seems that influences of North American Holstein genetics or selection
programs oriented to maximize milk yield, tended to increase p.232A allele frequency.

Since the TH population in Thailand is started from Thai native cows (Bos indicus) which expected to
have low or none of A allele in the population, and the purebred Holstein Friesian sires, mostly from the US
origin was used for genetic improvement in Thailand for long time, thus this may be the source of the A allele
in the TH population.

Deviation from Hardy-Weinberg equilibrium of the DGATI K232A4 genotypic frequencies for the
TH dairy crossbreds in this study (p<0.01) was observed in which there was an excess of heterozygous
animals (57.36%) and almost absence of animals with the p.232AA genotype (0.77%). This disequilibrium
could be a result of selection program of HF crossbred sires using in the routine Al in dairy cattle genetic
improvement under Master Bull project of Thailand since 1992. The selection is emphasized on milk
production, since the main dairy product (more than 90%) in Thailand is ready to drink milk, and may cause
the rise of A allele frequency in the crossbred population. This result was explained by the report of Weller et
al. (2003) which demonstrated that allele frequencies of this quantitative trait nucleotide (QTN) could be
relatively easily modified by means of variation in selection directions.

The observed heterozygosity (57.36%) as well as expected (HW) heterozygosity (41.56%) are
shown in Table 1. The numerous heterozygous animals provide chances of A allele selection in TH

population.
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Table2. Breeding value (BV) and Yield deviation (YD) of milk traits according to genotype on the DGAT1

locus and substitution effect of A — K allele.

Genotype n Milk yield(Kg.) Fat yield (Kg.) | Protein yield (Kg.) | Fat content (%) Protein (%)

Bv* YD** BV YD BV YD* BV** YD** BV YD*
Mean 36.26 90.52 2.83 6.14 1.90 4.71 .02 .06 .01 .01
AA 3 156.11 352.75 3.41 8.91 6.33 16.51 -.04 =23 -.03 -13
KA 222 70.84 190.07 3.09 7.21 2.47 6.83 .01 -.02 .01 -.01
KK 162 -13.35 -50.76 2.46 4.64 1.04 1.58 .03 17 .01 .05
A— K -84.23%* | -237.51%* | -.62 -2.53 -1.53% | -5.44** | 0.02*%* | 0.19** | 0.01 | 0.02*

*P<0.05 ** P<.01

The present study shows a relationship between the BV and YD for selected milk production traits
and DGATI genotype in Table 2. The KK genotype associated with highest content traits (fat and protein
percentage) and lowest for all yield traits (milk, fat and protein yield).

The KK genotype was associated with highest BV (p<0.01) and YD (p<0.05) for fat content of milk.
The results are in accordance with the results of Winter ef al. (2002), Grisart ef al. (2002) and Thaller et al.
(2003). On the other hand, KK animals in this study presented the lowest BV and YD for all yield traits: milk,
fat and protein yield. However, the intergenotype differences on fat yield showed not significant. The highest
protein content seemed to be related with the lowest milk yield, causing the lowest BV and YD for protein
yield. A similar observation concerning lower milk and protein yields was presented by Spelman et al. (2002),
studied on milk production traits in Holstein-Friesian, Jersey and Ayrshire cattle in New Zealand. However,
the different result was found for the effect of KK genotype on fat yield. Spelman et al. (2002) found that the
KK genotype was associated with higher fat yield. Such a tendency was contradict to the result presented in
the current report which found lowest fat yield in KK genotype.

The allele substitution effects on milk traits are statistically significant except for fat yield. The
direction of substitution also found similar to the results reported by Winter ef al. (2002), Grisart et al. (2002)

and Thaller et al. (2003). Only substitution effect on fat yield is contradicted to those studied in purebred dairy
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cattle. The finding different effects might be influenced by different genetic background, population level, or
selection criteria. This supported by the results found by Grisart ez al. (2002) in the New Zealand population.
Conclusion

Although the magnitude of the K232A mutation effects on milk traits differed between populations,
most of the direction was the same in this study, except for fat yield. The lysine variant was consistently
associated with high fat and protein contents, whereas the alanine variant increased milk and fat and protein
yields. The significant of YD on most traits indicates non additive genetic effect of the DGATI gene as the
additional source of variation, either within the acyl CoA:diacylglycerol acyltransferase or in another locus.
These results can be the basis for future studies on testing the DGATI neighboring loci as candidate genes for
milk traits in dairy cattle. In conclusion, polymorphism of DGAT1 is likely to be useful for GAS together with
traditional selection methods for selection of superior dairy cattle. Using this technology for complex traits
will not only improve accuracy and reducing generation interval but also accelerating genetic progress which

is the indicator of success in dairy cattle genetic improvement program.
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Genotypic Effect of Butyrophilin Gene on Milk Fat in

Thai-Holstein Dairy Cow

Saijai Cheunsuk'~ Nachai Sarataphanl and Kalaya Kengwikuml

"Livestock Biotechnology Research and Development Section. Bureau of Biotechnology in

Livestock Production. Department of Livestock Development, Thailand.

Abstract

Butyrophillin (BTN) is an integral protein associated with milk fat-globule membrane in most
mammal species. It plays a significant role in secretion of milk lipid which affects an economically important
trait in dairy animals. A genetic polymorphism study on this gene had been carried out to estimate the effects
of variability on milk traits in Thai-Holstein dairy cow in Thailand. BTN polymorphisms were identified
using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) and DNA
sequencing in 237 cattle. In all cattle, 501 bp of PCR product consisting of part of exon 8 was amplified and
digested with Haelll restriction enzyme. Two alleles namely A and B were observed. Two Haelll restriction
sites were found in the allele A as 316 and 162 bp fragments. In the allele B, 316 bp was replaced with 283 bp
fragment. Two genotypes, AA and AB, were found and the frequencies of these genotypes were 0.82 and
0.18. This gives frequencies of 0.91 and 0.19 for A and B alleles. The genotypes had significant effects on
breeding value, fat% and protein% in which AA genotype showed higher average yield for these traits than

AB genotype. (p <0.05)

Keywords: butyrophilin gene, dairy cow, milk fat, PCR-RFLP, Thai-Holstein cattle
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Introduction

Milk is a heterogeneous mixture of a colloidal suspension of proteins and milk fat, in an aqueous
medium containing lactose, minerals, and other minor components. Despite of some minor differences, the
qualitative make-up of milk is very similar among mammals. However, the proportion of each constituent
differs from one species to another, reflective of the needs of their respective offspring. Variation at DNA
level contributes to the genetic characterization of livestock population and may help to identify possible milk
production traits. In order to meet the growing demand for milk, improvements in dairy cattle has focused on
selection to improve quantity and quality of milk production. To find out which DNA markers influenced
these important traits will provide potential tools to customize the composition of milk by selecting for a
desirable character that suitable for the marketing.

Butyrophilin (BTN) is the major integral protein associated with milk fat-globule membrane in the
most of mammal species. The bovine butyrophilin gene has been mapped to chromosome 23 (Ashwell et al.,
1996; Taylor et al., 1996). In the same region, several quantitative trait loci (QTLs) for health and production
traits have been identified. Many of them were found to influence the somatic-cell content of milk (Ashwel et
al., 1996; Heyen et al., 1999). Because of its especially expression on the apical surface of the mammary
epithelial cells in the final stage of pregnancy and during lactation, butyrophilin may function either in the
secretion of milk fat droplets or in the maternal/neonatal immunity (Franke et al., 1981; Mather IH. and Jack
LIW., 1993). Furthermore, the BTN-knockout mice showed an accumulation of lipid in the cytoplasm of
milk-secreting cells and lipid droplets escaped from the cells without an intact membrane suggesting that the
butyrophilin is required for proper milk-fat secretion (Ogg et al., 2004). Bhattacharya et al (2004) studied the
variability at nucleotide level in cattle and revealed polymorphism of this gene. Restriction enzyme Hae 111
PCR-RFLP reaction of exon 8 of BTN gene showed three genotypes; AA, AB, and BB. The further research
was conducted to detect whether these genotypes effected on milk quality traits (Bhattacharya et al., 2006).
Interestingly, in cross breed Holstein and Hariana cattle, milk-fat% trait was found to be significantly
associated with genotypes while total protein% was not significantly affected by butyrophilin genotypes.
Komisarek et al. (2006) reported the same result in Jersey cattle. The aims of this study were to detect
polymorphism of the butyrophilin exon 8 and to estimate the effect of BTN polymorphisms on milk-fat
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quality traits in Thai- Holstein cattle which are the most dairy cattle raised in Thailand. The ability to select a
desirable allele of BTN will provide potential tools to be used as a marker assisted selesction (MAS) for Thai-

Holstein dairy cow breeding plan in Thailand.

Materials and methods

Sample and DNA preparation

Blood samples were collected from 237 Thai-Holstein cattle maintained at a dairy farm in Amphur
Paktongchai, Nachornratchasrima province, Thailand. From each animal, about 5 ml. of blood was taken from
the tail vein with vacuum tube contained EDTA and stored at 4°C until DNA extraction. Genomic DNA was
isolated by using DNA extraction kit (Axygen, USA). Spectrophotometer was used for checking the quality

and quantity of each DNA sample based on an optical density (OD) ratio of 260/280 nm between 1.6 and 1.8.

PCR-RFLP reaction

A 501 bp butyrophilin gene fragment covering part of exon 8 was amplified by using primer
sequences which were established on the basis of gene sequence available in the GenBank database (accession
number Z293323) (Taylor et al., 1996) (Table 1). The PCR amplification was performed in a total of 20 pl with
20 ng of genomic DNA, 0.2 pM of each primer, 0.2 mM of each dNTP, 1.5 mM of MgCl,, 1x PCR reaction
buffer, and 1U of Taq DNA polymerase. Amplification conditions included an initial denaturation at 95°C for
5 min, followed by 35 cycles at 95°C for 30 sec, 65°C for 60 sec, and 72°C for 60 sec, then followed by a final
extension at 72 'C for 5 min. The PCR products were separated by 2% (w/v) agarose gel electrophoresis.

The amplified fragments of butyrophilin gene were digested with 1 unit of Hae /I restriction enzyme
at 37°C 90 min in water bath and at 80°C 15 min. to inactivate enzyme activity. The digested PCR products
were subjected to 3% (w/v) agarose gel electrophoresis for 1.5 hr. and stained with ethidium bromide. The gel

was visualized and documented on Gel-Doc system (Alpha image 3400, USA).
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Name Sequence (5°-3) PCR-product RFLP RFLP site
primers size (bp) endonuclease sequences
Btn- TGGAGCTCTATGGAAATGGG
forward
501 Haelll CC-GG

Btn-reverse
TACCCAACAGGAAGAAACAG

Tablel. Primers used to amplify fragment of the butyrophilin gene, size of PCR product, and restriction enzyme site.

Sequencing
The PCR products belonging to different genotypes were purified using PCR purification kit
(Macherey-Nagel) and sequenced the purified products using the automated dye-terminator cycle sequencing

method with Ampli Tag DNA polymerase in ABI 3130 DNA Analysis Sequencer (ABI, USA).

Statistic analysis

Allele and genotype frequencies were calculated and a chi-square analysis was performed to test
whether the genotype distributions obtained complied with the Hardy-Weinberg law. The effect of genotypes
on milk fat, protein, and yield traits was tested using the GLM procedure of the Least Square Means and an F-
test conducted to evaluate the significance of differences between the least square means. The design QTL
marker model used was

The statistical model included the effects of BTN genotypes, breed fraction, herd-year-season age at
calving and age at calving2 of an individual deviated from adjusted population mean. The breeding value of
the individual animal using animal model was evaluated by Best Linear Unbiased Prediction (BLUP). The
analysis was carried out of 237 cows with 305-day completely lactation. Data for 305-day lactations included
overall milk, fat, and protein yields as well as fat and protein contents, originated from the routine control of

milk performance and were obtained from the farm documentation.
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Results

Polymorphism

The PCR reactions resulted in 501 bp (long gene) fragments. Hae III restriction enzyme revealed two
restriction patterns of which first pattern showed two bands of 316 and 162 bp and the second pattern showed
316, 283, and 162 bp in the agarose gel (Figure 1). However, the first pattern was assigned as genotype AA

whereas the second pattern as genotype AB as described in Bhattacharya et al. (2004; 2006).
M L1 L2 L3 L4 L5 L6 L7 L8

500 bp guilp Swep S—
500 bp

P A e e

Figurel. BTN genotyping by PCR-RFLP method. Lane M: 100 bp DNA marker; L1-L2: 501 bp undigested PCR products;

L3-L5: BTN genotype AA (316 and 162 bp fragments); L6-L8: BTN genotype AB (316, 283, and 162 bp fragments)

In allele A, the Haelll restriction sites were presented in 163rd, 176th, and 186" position on the gene

while in allele B, an addition of restriction site was presented in 217th position (Figure2.)

Allele A TCCAAGGCCTCTTTCTCTGGCCCCCTCCGGCCCTTCTTCTGCTTGTGGTCCTGTGGTAARAAGCCCCTGACT 225

Allele B TCCAAGGCCTCTTTCTCTGGCCCCCTCCGGCCCTTCTTCTGCTTGTGGTCCTGTGGTAARAGGCCCCTGACT 225

Figure2. Underline letters indicated the Haelll restriction sites (GG-CC) in PCR fragments. Allele A presented 3 positions

(163“’, 176“‘, and 186“1) and allele B showed an extra restriction site in 217" position.
26
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Frequencies

Among the 237 cows examined, the BTN-AA genotype was identified in 195 animals and AB
genotype in 42 animals. The frequencies of two genotypes, AA and AB, in Tropical Holstein cattle were
found to be 0.82 and 0.18, respectively. The frequencies of A and B alleles were estimated as 0.91 and 0.09,

respectively (Table 2). All genotypes were distributed according to the Hardy-Weinberg equilibrium.

Genotypic
Genotypes n Allele Frequency
Frequency
AA 195 0.82 A B
AB 42 0.18 0.91 0.09
BB 0 0

Table2. Genotype and gene frequencies of the HaellI-RFLP of exon 8 of BTN gene in 237 Thai- Holstein

cattle.

Sequence variability

Two genotype patterns, AA and AB, were sequenced and the sequences were aligned to the NCBI
gene bank (Accession number: AY491470 and AF037402) (Figure 2). Six nucleotide substitutions from allele
A to B were observed as cytosine to guanine at 71" position of the fragment, cytosine to thymine at 86"
position, adenine to thymine at 217" position, guanine to adenine at 258" position, adenine to cytosine at 371"
position and cytosine to thymine at 377" position (Figure 3). The nucleotide substitutions at 217th, 258“‘, and
317" positions from allele A to B effected amino acid changes from Lysine to Arginine, Valine to Isoleucine,
and Threonine to Proline at the respective position. Meanwhile, the nucleotide substitutions at 71“, 86th, and
377" positions from allele A to B showed silent mutation where there was no change of amino acids at the

corresponding locations.
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Figure3. Nucleotide sequence of butyrophilin gene allele A and B in Tropical Holstein cattle, aligned to

BTN-Bos taurus (accession number: AF037402) and BTN-exon 8 (accession number: AY491470)

® Numbers in the box indicated the positions of the substituted nucleotides

® Underline letters indicated substituted nucleotides from allele A to allele B

® Bold letters indicated amino acid change from allele A to allele B

Association

The BTN genotypes were found to have significant effect on milk fat % and milk protein% (p<0.05)
(Table3.). AA genotype showed breeding value for milk fat as 0.047 which was higher than AB genotype as
0.015. As well as milk protein, the AA genotype produced higher breeding value than AB genotype as 0.027

and 0.007, respectively. However, the genotype was not found to be significantly associated with total milk

yield (p>0.05).
Genotype frequencies
Trait AA AB BB
0.82 0.18 0
No. of cows 195 42 0
Milk yield* 4054.53 + 682.04 3837.15 £ 515.46 -
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BV_M305 (milk yield) -29.76 73.95° -
Fat yield* 162.15 +30.79 156.97 +21.15 -
% Fat 4.01 +£0.44 4.11+0.41 -
BV_AVG Fat 0.0469" 0.0146" -
Protein yield* 130.39 +22.25 125.71 + 15.88 -
% Protein 3.22+0.25 3.29+0.24 -
BV _AVG Pro 0.0271° 0.0072° -

Table3. * Overall means and their standard deviations for milk production traits in AA and AB genotypes.

a, b, and ¢ — rows with the same superscript differ at P < 0.05.

Discussion

BTN gene has been described in most mammal species and is likely to affect economically traits in
dairy animals because of its specifically expression in the lactating mammary epithelial tissue. Moreover, BTN
gene product functions in the secretion of fat globules at the apical surface of these cells during lactation (Jack
and Mather, 1990). Several polymorphisms of BTN have been identified (Husaini et al., 1999; Taylor et al.,
1996; Zegeye et al., 1999) as well as their impact on production traits (Komisarek and Dorynek, 2003;
Komisarek et al.,2006). In this paper, the exon 8 of butyrophilin gene was examined for polymorphisms in
237 Thai-Holstein cattle. The PCR reaction resulted in 501 bp long gene fragment. In allele A, the restriction
sites were presented in 163rd, 176‘h, and 186" position on the gene while in allele B, an addition of restriction
site was presented in 217" position which were similar to the previous reports (Taylor et al., 1996;
Bhattacharya et al, 2006). This addition restriction site resulted in the different of visible bands in gel
electrophoresis. The allele A presented 316 and 162 bp while in the allele B, the 316 band was replaced with
283 bp. To explore what kind of nucleotide changes being present in this gene other than RFLP variability,
gene sequencing was performed. Both alleles from all herd RFLP detection were examined on small number
of screened animals. Only three animals from each group were used for sequencing. All the animals which
were the same RFLP pattern had the same DNA sequence. From this result, PCR-RFLP method can be used

to categorize animals for butyrophilin gene for it does not only reduce the workload but also reduce the cost.
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In this study, only 2 genotypes were observed which were AA and AB with frequency of 0.82 and
0.18, respectively. This result was different from previous work (Bhattacharya et al., 2006) for their report of
3 genotypes (AA, AB, and BB). However, Sadr et al. (2008) studied in 3 different region cattle. Only 1 group
(Shadegan region) had 3 genotypes whereas other groups (Shoshtar and Mahshar regions) had 2 genotypes
(AA and AB). The allele frequencies estimated for this population; 0.91 for allele A and 0.19 for allele B,
differ from those previously reported from Bhattacharya et al. (2006) in Holstein-Friesians X Hariana
crossbred cattle; 0.87 for allele A and 0.13 for allele B. However, no BB genotypic animal was identified in
this Thai-Holstein cattle group so it is characterized by the preponderance of the A variant. Moreover, this
farm was selected because of its excellent management including record system. Dairy cows raised in this
farm have been selected from generation to generation for the best productivity suggesting that allele A might
be favored by selection for milk performance.

Sequencing results indicated the nucleotide changes between allele A and B and consequently 3
amino acid substitutions had been found. These substitutions might affect in the post-translational level
causing changes in biological activity of the protein. Changes in structure and function of BTN gene may play
a role in causing different secretion level of compositions in milk. Considering of milk quality; fat% and
protein%

In Table 3. The overall means and their standard deviations for milk production, fat and protein yield
in AA and AB genotypes are likely different. It seems that allele AA has higher performance than allele AB in
the same feed and management. (However, this is actual means, calculated from the phenotype which is not
adjusted for sire, lactation and the age of cows.) According to negative correlation, higher milk yield in allele
AA resulted in lower %fat and %protein than allele AB. In allele AA has BV_M305 (milk yield), BV_AVG
Fat and BV_AVG Pro lower than allele AB. It indicated that allele AA has less ability than the average of
the herd and less than AB.

In conclusion, polymorphism of BTN exon 8 is likely to be used as a genetic marker for
selection of superior dairy cattle. Using of this technology not only reduce the generation interval but also

enhance the genetic gain with the desired traits over the period of time. However, the further investigation
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should be conducted over a large size of samples, both in different areas and breeds, as well as other allelic

difference in other part of BTN gene, taking into consideration all possible genotype at difference loci.
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Comparison of Breeding Values Predicted with Lactation Model and Test-Day Model

in Crossbred Dairy Cattle

Sayan Buaban' and Jureeratn Sanpote1

"The Bureau of Biotechnology in Livestock Production, Department of Livestock Development,

Prathumtani 12000, Thailand

ABSTRACT

This study was designed 1) to estimate genetic parameters and breeding values for test-day (TD) and 305-
day milk yields, and 2) to compare estimates of genetic values with the test-day models (TDMs) with those from a
model using 305-day lactation records (LCM) to investigate the suitability of TDMs for genetic evaluation of
crossbred dairy cattle in Thailand. TDMs were analyzed using repeatability models and a set of random regression
models with lactation functions (Wilmink, Ali&Shaeffer and Shaeffer&Dekker) and Legendre polynomial of varying
order (up to four coefficients) on additive genetic(AG) and permanent environmental (PE) effects. The data included
86,519 TD records of 10,111 first lactation of crossbred dairy cows obtained from the dairy database of the Bureau of
Biotechnology for Livestock Production, Department of Livestock Development, Thailand calving from 1992 to
2007. Variance and covariance component estimates of LCM (additive and residual) and TDMs (Variance and
covariance of additive and permanent environment random regression coefficients and residual) were estimated by
Restricted Maximum Likelihood (REML) method and the breeding values were predicted by Best Linear Unbiased
Prediction (BLUP). The results showed that residual variance (RV) from TDMs were smaller than LCM. Heritability
estimates of TD milk yields from all TDMs were close to the corresponding estimates for 305-day milk yields (0.21).
TDMs resulted in higher means and S.D. of EBVs than LCM. Estimated breeding values with TDMs were highly
correlated with those with LCM (0.80 to 0.84 for sires and 0.78 for cows). Largest rank shift measured showed that
ranking of sire was affected less than that of cows. More genetic improvement can be achieved by using TDMs to
select animals for higher milk than by using models with 305-d lactation records. This finding indicates that TDMs
using TD milk yields could be alternative to replace LCM for genetic evaluation of milk yield in crossbred dairy
cattle in Thailand. The best models to fit TD milk yields are RR-TDMs which have the fourth order of Legendre
polynomial for describing the average lactation curve and AG and the third order for describing the PE curves

according to lowest PSB, MSE, RV and highest RHO values.
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Introduction

The current genetic evaluation system of dairy cattle for production traits in Thailand has been based
on the analyses of 305-day lactation records (Lactation Model, LCM).The basis of 305-day yield is a set of
TD vyields generally recorded at monthly intervals. Incomplete lactation records are usually extended with
adjusted factors to 305-day records. The accuracy of 305-day measures varies depending on the number of TD
that have been combined, the number of days between tests and the procedures of estimating 305-day yields
(Ptak and Schaeffer, 1993). The factors such as herd management and management group within a herd, days
in milk, age at calving and test, pregnancy status and milking times per day (Swalve, 1995) that could affect
the TD yield were thus averaged over the lactation period. These factors seem to be arbitrary.

Recently, attempts have been made to use TD yields (Test-Day Models, TDM) instead of 305-day
yields for the genetic evaluation of dairy cattle and, therefore, are increasingly being used. These models
consider all genetic and environmental effects directly on a test-day basis (Ptak and Schaeffer, 1993; Jamrozik
et al., 1997a; Reents et al., 1995) and therefore, improve the accuracy of genetic evaluation, provide better
modeling and extending of part lactation is no more needed. It maximizes the amount of information
gathering each animal. Cost of milk recording may also be reduced by having longer intervals between milk
recording and less frequent collection of milk samples. However, a TDM cannot overcome the loss in
accuracy from fewer TD or inaccuracies of recording (Wiggans and Goddard, 1997).

Swalve (1998, 2000) and Jensen (2001) have been investigated the approaches to modeling of TD
data in the following classes: 1) direct use by fitting a model to TD data; and 2) indirect use, two-step TDM,
based on correction for environmental influences on TD yields and aggregation of TD data into a lactation
measure for later processing with traditional model for lactation yields. Such models have been presented by
Jones and Goddard (1990) and are routinely used in Australia and New Zealand. Analysis for direct inclusion
of TD records in a model involves a range of assumptions about the structure of the (co)variances among
records which are different among various models. These are: (i) repeatability test-day models , RP-TDM or
fixed regression TDM, FR-TDM (Ptak and Schaeffer, 1993; Reents et al., 1995a, 1995b; Reents et al., 1998;
Vargas et al., 1998 ; Kaya et al., 2003), (ii) random regression TDM, RR-TDM (Schaeffer and Dekker, 1994;
Jamrozik et al., 1997; Meyer, 1997; Schaeffer et al., 2000; Kettunen et al., 2000; Schaeffer,2004, (iii)
multiple-trait TDM, MT-TDM (Meyer, 1991; Jensen et al., 1997; Wiggan and Goddard, 1997; Kettunen et
al., 2000; P00l1,2000; Lidaur et al., 2003; Muir et al., 2007), (iv) covariance function models (Kirkpatrick et
al., 1994; Meyer, 1997,1998; Meyer and Hill, 1997; Van der Werf et al., 1998; Lidauer and Mantysaari,

1999), (v) character process models (Pletcher and Geyer, 1999; Jaffrezic and Pletcher, 2000; Jensen, 2001;
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Meuwissen and Pool, 2001) and (vi) spline models (White et al., 1999; Druet et al., 2003). At present, there is
not universal agreement on which model to be used in routine prediction of breeding values and better
methods to compare models are desirable. In principle the model that maximizes genetic progress in the
population is recommended the most for genetic evaluation.

Two types of TDMs are used for national dairy cattle evaluations worldwide, RP-TDM and RR-
TDM. The RP-TDM considers observations within lactation as repeated observations. The stage of lactation
is considered only in the fixed effect part of the model. The random animal genetic effect is modeled as a
constant for each day in milk (DIM). The RR-TDM is an extension of the RP-TDM, where the random animal
genetic effect can vary for each DIM and is modeled by a RR function on DIM. This requires modeling the
genetic and non-genetic variance covariance (VCV) structure between any pair of TD observations along the
course of lactation (Jamrozik et al., 1997b; Kettunen et al., 2000). The chosen RR function determines the
number of equations per animal and, thus, the computational capacity requirement (Jamrozik et al., 1997¢).
Estimates of genetic parameters are most often estimated using restricted maximum likelihood (REML)
procedures (Patterson and Thompson, 1971), but Bayesian methods (Schaeffer and Dekkers, 1994) utilizing
Gibbs sampling as a technique for obtaining marginal posterior distributions have been advocated.

Parameters obtained in various models and with various data sets show great variability in both
average values and shape. Large variability of estimates including shapes could be due to several factors,
including too simplified models, small amount of data and resulting large sampling errors, unrepresentative
data samples, and artifacts of random regressions where extremes greatly influence the estimates (Misztal et
al., 2000). The general pattern of heritability estimates from multivariate analyses shows an increase of
magnitude towards mid-lactation and again a slight decrease at the end of lactation (Meyer et al., 1989;
Pander et al., 1992; Swalve., 1995; Mechado et al., 1998; Rekaya et al., 1999; Druet ef al., 2003; Kaya et al.,
2003; Gengler et al., 2005; Silvestre et al., 2006; Bilal et al., 2008) contrary to the trend from random
regression model (Jamrozik and Schaeffer, 1997; Kettunen et al, 1998; Strabel and Misztal, 1999; Van Der
Werf et al., 1998) which were higher than expected, especially for yields at the beginning and the end of
lactation. The magnitude of heritability estimates of individual test days never reach those for the
corresponding ones for 305-day records but close to them in mid-lactation (Swalve, 1995). In studies that
estimated the genetic and phenotypic correlations among TD records, it has been shown to be positive and
high between adjacent TD records and to decrease as the TD intervals increased (Meyer et al., 1989; Pander et
al., 1992; Swalve, 1995; Kettunen et al., 1998; Machado et al., 1998; Vargas et al., 1998; Olori et al., 1999;

Eslamil et al., 2004; Bilal et al., 2008) as well as turned negative between yields at the extremes of the

36



a v d
Nsaamalulagiimmmsnanigan?

Tt 5 atfuil 1 fquieu 2553
lactation trajectory by RR-TDM (Jamrozik and Schaeffer, 1997; Kettunen et al., 1998; Rekaya et al., 1999;
Strabel and Misztal, 1999; Brotherstone et al., 2000). Estimated breeding values (EBVs) have been estimated
using TD milk yield and these values were compared to the EBVs obtained from 305-day lactation milk yields
in many studies. Swalve (1995) estimated breeding values for 305-day and test-day yields and comparison of
both sets of breeding values indicated only minor changes in sire rank. Schaeffer et al. (2000) observed a
strong positive correlation of yield EBVs with previous 305-day lactation model EBVs for Holstein bulls
(0.97) and cows (0.93). Similarly, there was a strong positive rank correlation observed between ranking of
sire and cows on the basis of TD and 305-day yield (Kaya et al., 2003; Sawalha et al., 2005).

The objectives of this study were to estimate genetic parameters and breeding values for TD and 305-
day milk yields, and to compare the results from TD and 305-day analyses to investigate the suitability of

TDMs for genetic evaluation of crossbred dairy cattle in Thailand.

Materials and Methods
Data

Test-day and 305-d lactation records for first lactations of crossbred dairy cows were obtained from
the dairy database of the Bureau of Biotechnology for Livestock Production, Department of Livestock

Development calving from 1992 to 2007. Test-day intervals were approximately 30 d from 5 to 305 DIM.

To obtain data sets of a consistent size, the following records were included: data from daughters of
sires that have at least four daughters per class of herd-year- month test day, age at calving 18 to 52 months
old, an interval of between 5 and 35 days from parturition to the first TD, daily milk yield between 1 and 45
kg, at least 5 TD records per lactation, a minimum of 150 DIM. After applying these criteria, a total of 86,519
TD milk records measured on 5,417 different calendar months within herds from 10,111 lactations of
crossbred dairy cows, daughters of 936 sires belonging to 251 herds, were left to be analyzed.

Breed groups were classified by considering Holstein Friesian (HF) fractions and calving season was
divided into 3 seasons as follow: summer (March to June), rainy (July to October) and winter (November to
February). Herd-year-season subclasses with at least two observations were used in the analysis. The structure

of the final data file is given in Table 1.
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Tablel. The structure of the final data

Item Test-day yield data 305-d lactation yield data

Cows with observation 86,519 10,111

Herd-year-seasons classes - 2,451

Herd —year-month TD classes 5,417 -

Sires 710 710

Mean (kg) 12.39 3,759.89

Standard deviation (kg) 4.34 983.63
Model and Methodology
Model

Lactation model (LCM)

LCM was applied on 305-d yield observations and was used as the reference model in this work. The

equation analyzed can be written in scalar notation as:
Ve =HYS; +Xi= B X +a+ e,

where Ya ik is the yield of 305-d milk yield of animal j within herd-year season of calving effect i
, E?n are fixed regression coefficients specific to breed fraction, linear and quadratic of age respectively, & is
the additive genetic animal effect and &; ik is the random measurement error.
The linear mixed model equation was:

v=Xf+Za+e,

where ¥ is the vector of 305-d records for a trait, ,8 is the vector of fixed effects, {1 is the vector of
random animal additive genetic effects, € is the vector of random residual effects, and Xand Z are incidence
matrices relating observations to fixed and random animal additive genetic effects, respectively. The
assumption regarding the first moment for the 305-d model was that E [}’ ] =X ,I'? . The random additive
genetic and residual effects were assumed to be independent with respect to each other and to have a
covariance matrix of:

Ac? 0
Var [a] = [ a ,,] ,
e 0 IoS

where A is the numerator relationship matrix (the number of animals in the pedigree), Iis an

identity matrix (the number of cows with records), and U{i? and Ué? are the variances of additive genetic and

random residual effects, respectively.
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TD models (TDM)

Repeatability test day model (RP-TDM)

In RP-TDM, observations along the course of lactation were considered as repeated observations.
Hence, the additive genetic animal effect (AG), the animal environment effect (PE) and temporary
measurements errors were modeled constant along the lactation. The equation for all the models analyzed can

be written in scalar notation as:

Vi = HTM; + E3- 1 b Xijig + D BymXom (1) + @ + @03 + €5

where YL jkl 1s the yield of milk on test-day /th of animal & within herd- year month TD effect i,
HTM i is the fixed effect of herd-year month test day, f)n are fixed regression coefficients specific to breed
fraction, linear and quadratic of age respectively, B jm are fixed regression coefficients of test-day milk yield
as a function of ¢, which describes the shape of the lactation curve, nested within season of calving j ,
Xm (f] is the mth covariate from different functions evaluated at DIM ¢, (X}, and (g, are the additive
genetic animal effect and the permanent environmental effect of animal k respectively; and €; jkl is the
random measurement error.

The linear mixed model equation was:

v=XF+Za+Wp+e,

Defining £ as the vector for the AG effects for all animals in the pedigree, }? as the vector of the PE
effects for all animals with records, and € as the vector of the temporary measurement errors, the following
(co)variance structure was assumed:

a :
var H =0 Ig 0],
€ 0 0 Ig?

where A is the numerator relationship matrix (the number of animals in the pedigree), Iis an
identity matrix (the number of cows with records), and D'az 2 Jpz and JEE are the variances of additive

genetic, permanent environment and residual effects (residual variance, RV), respectively.

Random Regression test day model (RR-TDM)

In RR-TDM, the AG and PE were modeled by random regression coefficients. All models included in

their equation the same systematic effects and temporary measurements errors were taken to be independently
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distributed and with constant variance along days in milk (DIM). The equation for all the models analyzed can

be written in scalar notation as:

Vi = HTM; + Zam1 b X + 2im=1 BimXm (£) + X =1 ajmza,m(t) +
=1 @i Zp i () + € 5

jmepm

where YL jle 1s the yield of milk on test-day k of animal j within herd- year month TD effect i,
HTM i is the fixed effect of herd-year month test day, bﬂ are fixed regression coefficients specific to
breed fraction, linear and quadratic of age respectively, ,8 jm are fixed regression coefficients of test-day
milk yield as a function of t, which describes the shape of the lactation curve, nested within season of calving,
Xm(t) is the mth covariate from different functions evaluated at DIM t. The terms ijm and ijm are
the mth random regression coefficients (RRC) associated with the AG and PE effects of animal 1, respectively,
and Zajm (t) and Zme(t) are the mth covariates depending on DIM t, based on the function fitted to
the AG and PE effects, respectively. Finally, €} jk 1s the residual effect for each observation.

The linear mixed model equation was:

y=Xf+Za+Wp+e,

Defining €& as the vector that contains the random regression coefficient for the AG effects for all
animals in the pedigree, }? as the vector which includes the random regression coefficient fitted to the PE
effects for all animals with records, and € as the vector containing the temporary measurement errors, the

following (co)variance structure was assumed:

(1
v|-
e

where A is the numerator relationship matrix (the number of animals in the pedigree), ® is a

0 PRI 0
0 0 Ig?

var

GHA 0 D]

Kronecker product function, G and P are covariance matrices of random regression coefficients for AG and
PE effects, Iis an identity matrix (the number of cows with records), and [TEE is a variance of residual
effects (residual variance, RV).

The submodel were considered to define for describing the shape of lactation curve of fixed and
random regression in this study are such as the Ali and Schaeffer (1987), Shaeffer and Dekker function
(1994), Wilmink (1987), and orthogonal Legendre polynomials of different orders (Kirkpatrick et al., 1990)

function. The same type of function was applied to both fixed and random regressions.
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Variance covariance parameters applied

For LCM and RP-TDM, the (co)variance components (additive genetic, permanent environmental
and residual variances), were estimated with the restricted maximum likelihood method, employing an
accelerated expectation algorithm, using the REMLF90 program (Duangjinda et al., 2004). Convergence
criteria were the squared relative difference between consecutive estimates < 10", Residual variance for
lactation assumed to be constant throughout the lactation due to program limitations.

For RR-TDM, estimation of the (co)variance matrices for the AG effects in all models were used
obtain  the daily AG  (co)variances along the lactation from the  covariance
function [ (tij tj) — Z (ti)fz (t}'), where?? is matrix of genetic variance between random
regression coefficients, £ (ti) and Z (tj), are the vectors of covariates evaluated at times ti and t}- from
the submodel fitted to the AG effect as suggested by Jamrozik and Schaeffer (1997).The same procedure was

applied to the PE effect.

Breeding value estimation
Mixed model equations were solved by the preconditioned conjugate gradient (PCG) method using
BLUPF90 (Duangjinda et al., 2004). Solutions for additive genetic effects were used to form EBVs

corresponding to 305-d yields. Thus, the EBV for animal i was calculated as follow:

Under RP-TDM, it provides a single estimate of the additive genetic effect of a cow that is constant
for a whole lactation. Consequently, the breeding value for 305-day lactation (UJ RP—TDM) is equal to the

additive effect obtained on a daily basis multiplied by 305:
Urp—rpom = 305&1‘ ;

Under RR-TDM, function of solutions is the EBV for the random regression coefficients, which are
not very useful for ranking or selecting animals. Therefore it should be calculate EBV for each animal by
method of Jamrozik et al., (1997b). An EBV for a 305-day lactation from TD yields, U RRE—TDM, 15

obtained by summing the EBV for each DIM. That is

— §'305
URR—TDM - Zt=1 Dt >
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Under LCM,

P

Urem = @;
Model Comparison
The models were compared by using 2 criteria: 1) measure goodness of fit (GOF) and 2) test of
predictive ability (PA) for random set of observations.
The GOF for different models were compared in terms of the residual variance of the model (RV),
the percentage of squared bias (PSB-F); Ali and Schaeffer, 1987) ,the empirical correlation between the
observed value and predicted records (RHO-F) and mean square error (MSE-F) and also their ability to

predict observed records in excluded data set were compared on percentage of squared bias (PSB-P),

correlation between the observed value and predicted records (RHO-P) and mean square error (MSE-P).

The PSB was computed as:
. 2
P 1(3’1‘;';.:{ - }’ijﬁ:i)
2
Z?: 1 (.}'ljki )

PSE = X 100

where 7 is the number of records within the FIT subset, ¥; jkl is the observed /" TD record on
animal &, and ﬁi jlel 1s the fitted one by the model, calculated through the estimates of the systematic, AG
and PE effects associated to this observation.

The MSE was calculated as:
n;
MSE; = Z[}’u - ?z’j) /n;
=1

where ¥ i is TD observation j belonging to subset 7; ?:E i is the predicted value of TD observation j
in subset 7; and T1; is the number of observations in subset i. The model with the lowest MSE was assumed to
give the best fit.

The models were also contrasted according to EBVs, Standard deviations (S.D.) of the EBVs,
correlations between EBVs of sires and cows from LCM and other models. In addition, genetic trends for
milk yield from the LCM and TDM were plotted for visual examination by averaging the breeding values of

animals per birth year.

42



a v d
Nsaamalulagiimmmsnanigan?

9 5 N 1 Aguiey 2553
|
Results and Discussion

Mean and standard deviation

Table 2. Means and standard deviations of day in milk and milk yield, as well as the number of TD records.

Day in milk Milk yield (kg)
Test day Number of records

Mean = SD Min-Max Mean + SD
1 20.84+8.74 5-35 14.76+4.10 10,111
2 51.67+8.31 36-65 14.99+4.25 9,405
3 81.59+8.47 66-95 14.27+4.25 9,498
4 111.51+8.49 96-125 13.40+4.11 9,487
5 141.47+8.55 126-155 12.4543.93 9,454
6 171.214+8.59 156-185 11.67+3.63 9,219
7 201.04+8.68 187-215 10.88+3.56 8,679
8 230.95+8.72 216-245 10.15+3.41 8,046
9 260.83+8.68 246-275 9.55+3.27 7,043
10 290.37+8.81 276-305 9.09+3.09 5,577
Mean 144.53483.17 5-305 12.39+4.34 86,519

Mean and standard deviation of day in milk and milk yield, as well as the number of records for the
first lactation data set are shown in Table 2. Small variations were observed in the standard deviation of milk
yield of 10 test-day records obtained during the lactation period. The peak of milk yields in lactation curve is
around TD2 (day 36-65 after calving) and then decline as the lactation progresses that close to the pattern of

Pander et al. (1992), Swalve (1995), Jamrozik and Schaeffer (1997) and Buaban et al. (2000).

Estimation of the Genetic Parameters
Genetic and permanent environmental variances were calculated for each day along the lactation

trajectory from the estimated covariance function coefficients.
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Figure 1. Estimated daily additive genetic variances of milk yield over DIM predicted with RP-TDM (RP-L4), and RR-TDM

(RR-L4AWLWL, RR-L4SDSD, RR-L4L2L2, RR-L4L3L3, RR-L4L4L4 and RR-L4L4L3).

Estimated daily additive variances for RP-TDM (RP_L4) and RR-TDM (RR-L4WLWL, RR-
L4SDSD, RR-L4L2L2, RR-L4L3L3, RR-L4L4L4 and RR-L4L4L3) are shown in Fig. 1. RP-L4 has a
constant value throughout the lactation period which similar to other RP-TDM (not present) about 2.08 kgz.
The two lactational models (RR-L4WLWL and RR-L4SDSD) predicted much larger additive variances at the
onset of lactation than RRL with the same order (RR-L4L3L3). In general, RRL-TDMs showed a similar
pattern with a marked decrease in the first 35 days of lactation, then increases up to around day 65-95, and
steady decline afterwards except RR-L4WLWL which steady decline genetic variance from the beginning to
the end of lactation. This results are different from reported by Jamrozik et al. (1997a), who described a
reduction in genetic variance from the beginning to the 25th day of lactation and then stability in values
through to the end of lactation and those from Melo et al. (2007), who obtained increasing genetic variance

from the beginning to the end of lactation.
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Figure 2. Estimated daily permanent environment variances of milk yield over DIM predicted with RP-TDM (RP-L4), and

RR-TDM (RR-LAWLWL, RR-L4SDSD, RR-L4L2L2, RR-L4L3L3, RR-L4L4L4 and RR-L4L4L3).

Estimated daily permanent environment variances for RP-TDM (RP_L4) and RR-TDM (RR-
L4WLWL, RR-L4SDSD, RR-L4L2L2, RR-L4L3L3, RR-L4L4L4 and RR-L4L4L3) are shown in Fig. 2. RP-
L4 has a constant value throughout the lactation period which similar to other RP-TDM (not present) about
5.68 kgz. The lactation submodels, only RR-L4SDSD showed much larger PE variances at the onset of
lactation than others. In general, the estimates for daily PE variances were high at the beginning and end of
lactation and lower in between which similar to the study of Pool et al. (1999) and Lopez-Romero and
Carabano (2003). Similar to the AG variances, there is a marked decrease in the first around 35-65 days of
lactation. The fact that a constant residual variance was assumed might somehow influence the estimation of
PE variance. Olori et al. (1999) found that keeping a constant residual variance produced a bias on the residual

term in early lactation, without significantly affecting the estimates of the other variance components.

Dairy heritability estimates for test-day milk yield along the lactation trajectory are illustrated in Fig.
3. The heritabilities that were obtained from estimated daily variance components showed similar pattern as
for the genetic variation but were less extreme values at the onset of the trajectory because of higher
permanent environmental variances in this parts of lactation. The heritability of all repeatability models was
0.18 and was close to the value used in the LCM (0.21), but the estimates of RR-TDM were high at the middle
of lactation range from 0.20 to 0.33. The RR-TDM patterns are the same as the general pattern estimates from

multivariate analyses that shows an increase of magnitude towards mid-lactation and again a slight decrease at
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the end of lactation (Meyer et al., 1989; Pander et al., 1992; Swalve., 1995; Mechado et al., 1998; Rekaya et
al., 1999; Druet et al., 2003; Kaya et al., 2003; Gengler et al., 2005; 2005; Silvestre et al., 2006; Bilal et al.,
2008) contrary to the trend from random regression model (Jamrozik and Schaeffer, 1997; Kettunen et al,
1998; Strabel and Misztal, 1999; Van Der Werf et al., 1998) where were higher than expected, especially for

yields at the beginning and the end of lactation.

RP-L4
¥.... RR-LAWILWIL
—~ =A - - RR-L4SDSD
RR-L4L212
——s— RR-L4L3L3

—~ ® —RR-L4L4L4

RR-L4L4L3

Figure 3. Daily heritability of milk yield over DIM predicted with RP-TDM (RP-L4), and RR-TDM (RR-L4WLWL, RR-

L4SDSD, RR-L4L2L2, RR-L4L3L3, RR-L4L4L4 and RR-L4L4L3).

Estimates of heritabilities of 305-d yield in the first lactations computed from estimates of variance
components obtained with the TDMs are shown in Table 3. Estimates of 305-d heritabilities were closely or
greater than lactation-based estimates (LCM, 0.21). The estimates of 305-d heritability were larger when the
estimates of TD variance components were obtained with RR_TDMs than when they were obtained with the
RP_TDMs. This result may be due to the larger estimate of permanent environmental variance and the
associated 305-d estimate of phenotypic variance with RP_TDMs compared with the RR_TDMs. The 305-d
heritability estimates from the RR TDMs with Legendre polynomials were slightly larger than those

estimated by the RR_TDMs with lactational submodels.
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T able 3. Estimates of heritability for 305-d milk yields calculated from test day models

Model' Heritability” v, Ve v, v,
LCM 0.21 129,000 - 492,000 621,000
RP_WL 0.18 193,492 530,243 384,193 1,107,928
RP_SD 0.18 193,492 528,382 386,054 1,107,928
RP_L2 0.18 195,353 527,452 389,775 1,112,580
RP_L3 0.18 195,353 528,382 385,124 1,108,859
RP_L4 0.18 195,353 528,382 383,263 1,106,998
RP_AS 0.18 195,353 528,382 383,263 1,106,998
RR_LAWLWL 021 182877 481,040 213,027 876,944
RR_L4SDSD 0.19 162746 4756,25 205,585 843,956
RR_L4L2L2 0.22 191,162 453,931 216,748 861,841
RR_LAL3L2 0.26 219,879 438,420 200,934 859,233
RR_LAL4L2 0.25 204,078 449,226 179,538 832,842
RR_L4L2L3 0.21 173,868 475,030 186,050 834,948
RR_LA4L3L3 0.23 190,705 461,741 186,050 838,496
RR_L4L4L3 0.24 194,348 458,939 170,236 823,523
RR_L4L2L4 0.22 177,526 472,645 174,887 825,058
RR_L4L3L4 0.23 188,498 464,284 174,887 827,669
RR_LALAL4 0.23 190,962 461,542 171,166 823,670

! LCM is lactation model; RP-WL, RP-SD, RP-L2, RP-L3, RP-L4 and RP-AS are the simple repeatability TDMs; RP-TDM; RR-L4AWLWL, RR-
L4SDSD, and RR-ASAS are the random regression TDMs with Wilmink, Schaeffer and Dekker,and Ali and Schaeffer for additive genetic and
permanent environment effects respectively; RR-L4(i,;) are random regression TDMs with Legendre polynomials of order i and j for additive

genetic and permanent environment effects, respectively. : Using estimates with TD models except for LCM.

It seems clear from results in this and other studies (Rekaya et al., 1999; Brotherstone et al., 2000;
and Lopez-Romero and Carabano, 2003) that lactational submodels tend to overestimate the genetic variances
and underestimate the heritabilities in the extreme of lactation especially RR-L4SDSD. Lactational
submodels, which have been obtained by optimizing the GOF to the observed phenotypic trajectory of daily
production, do not necessarily yield an optimum associated covariance function in an RR-TDMs context. On
the other hand, models fitting large order polynomials seem to result in moderately oscillatory patterns and
sudden changes in the trajectory of the variances, unlikely in biological processes. These problems are likely

to be more severe for higher orders of fit. Statistical criteria that allow quantifying how the observed variance
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patterns translate into GOF and PA of the competing models were also investigated in order to add more
objective information in the comparison of models.
Model comparison

Tables 4 show goodness of fit and predictive ability statistic used for the model comparison. Among
simple repeatability TDMs (RP-WL, RP-SD, RP-L2, RP-L3, RP-L4 and RP-AS), RP-L4 model performed
better than the others in terms of GOF and PA criteria. It resulted in the smallest estimates of PSB, MSE and

RV, and the largest estimates of RHO. Therefore it could be selected for the fixed regressions of all the

random regression TDM in this study.

Table 4. Percentage of squared bias (PSB), empirical correlation (RHO) between observed and predicted data,
mean square error (MSE), and residual variance (RV) for the competing models; best and worst values for

each criterion are in boldface and italics, respectively

Goodness of Predictive
Model' fit ability
PSB-F RHO-F MSE-F RV PSB-P RHO-P MSE-P
RP-WL 2.028 0.903 3.498 4.20 3.651 0.822 6.295
RP-SD 2.000 0.904 3.449 4.15 3.823 0.814 6.592
RP-L2 2.023 0.903 3.488 4.19 3.216 0.842 5.545
RP-L3 1.994 0.904 3.439 4.14 3.164 0.844 5.456
RP-L4 1.984 0.905 3.422 4.12 3.145 0.845 5.423
RP-AS 1.985 0.905 3.423 4.12 5.592 0.748 9.643
RR-L4AWLWL 1.260 0.940 2.180 2.29 2.662 0.871 4.590
RR-L4SDSD 0.867 0.960 1.494 221 2.430 0.883 4.191
RR-L4L2L2 0.925 0.957 1.595 2.33 2.434 0.883 4.196
RR-L4L3L2 0.840 0.961 1.449 2.16 2.343 0.888 4.040
RR-L4L4L2 0.704 0.967 1.215 1.93 2.314 0.889 3.991
RR-L4L2L3 0.742 0.966 1.280 2.00 2.305 0.889 3.975
RR-L4L3L3 0.742 0.966 1.280 2.00 2.303 0.890 3.971
RR-L4LAL3 0.642 0.970 1.107 1.83 2.269 0.892 3.913
RR-L4L2L4 0.676 0.969 1.166 1.88 2.274 0.891 3.922
RR-L4L3L4 0.677 0.969 1.167 1.88 2.272 0.891 3.918
RR-L4L4L4 0.651 0.970 1.123 1.84 2.291 0.890 3.951
RR-L4ASAS - - - - - - -
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" LCM is lactation model; RP-WL, RP-SD, RP-L2, RP-L3, RP-L4 and RP-AS are the simple repeatability TDMs; RP-TDM;
RR-LAWLWL, RR-L4SDSD, and RR-ASAS are the random regression TDMs with Wilmink, Schaeffer and Dekker,and Ali
and Schaeffer for additive genetic and permanent environment effects respectively; RR-L4(i,j) are random regression TDMs
with Legendre polynomials of order i and j for additive genetic and permanent environment effects, respectively. RR-

L4ASAS are not present due to problem in reaching convergence criteria.

Differences among the 12 competing random regression TDMs were rather small when compared
with the statistics obtained for the simple repeatability model, particularly when looking at the PA criteria.
The performance of lactational models, RR-L4WLWL and RR-L4SDSD, was worse than that of RR-L4(i,))
models of the same order of fit, RR-L4L3L3. On the other hand, considering only sublactational models, RR-
L4SDSD showed a better performance than RR-L4AWLWL for all the criteria, agreeing with the results
presented by Jamrozik et al. (1997), Brotherstone et al. (2000) and Lopez-Romero and Carabano (2003).

For the RRL-TDMs fitting the same order of fit on both AG and PE effects, the greater the order of
fit, the better the results observed for all the statistics considered. Nevertheless, the improvements became
smaller with increasing order of fit. As an example, the reduction in RV was 14.16 and 8.00 % when
comparing successive models RR-L4L2L2, RR-L4L3L3, RR-L4L4L4. Similar reductions in RV were
observed by Pool et al. (2000) and Lopez-Romero and Carabano (2003).

For the series of RR-L4(i,j) model with different orders of fit for AG and PE effect, the GOF criteria
(PSB-F, RHO-F, MSE-F and RV) and PA (PSB-P, RHO-P and MSE-P) showed that increasing the order of
the PE effects produced larger improvements than increasing the order of AG effects within a given order of
the PE effects which similar to the study of Lopez-Romero and Carabano (2003).

In general, the lowest value of PSB, MSE and RV and highest value of RHO were obtained for the
group of models with L4 for the AG effect. The differences between models within this group were small.
Legendre polynomials of order 3 for PE were preferred over other orders of polynomials for this effect.

Based on these results, RR-L4L4L3 models with Legendre polynomials of order four for fixed
regression, Legendre polynomials of order four for AG and Legendre polynomials of order three for PE were

selected for further comparisons.
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Analysis of breeding values

Means and standard deviations

Average and standard deviations of estimated breeding values with all models for milk yield are
presented in Table 5. Compared to LCM, TDMs (RP-TDM and RR-TDMM) resulted in higher means and
S.D. of EBVs. Among TDMs, the RR-TDM gave higher S.D. of EBVs than RP-TDM. These results indicated
that TDMs would model somewhat more variability between the animals. Consequently, the use of TDMs for
genetic evaluation may increase the rate of genetic gain by reducing the chance of selecting genetically poor
sires and cows. As expected, cows had more S.D. of EBVs than did sires for all models. Also, other studies
(Schaeffer et al., 2000; Lidauer et al., 2000; Lidauer et al., 2003) have shown that moving from a 305-d yield
animal model to a TDM has a large impact on EBVs of cows but less impact on EBVs of bulls. This is
because the TDMs allow a better modeling of the herd environment, which improves the accuracy of cows’
EBVs. Bulls with a large number of daughters receive accurate EBVs also with 305-d yield models. Hence,
for the bulls, the advantage of TDMs is more visible in EBVs of bulls with a small number of daughters. In
most studies the model comparisons are not accurate because the genetic parameters in the different models
are not comparable. However, as in our study, Jamrozik et al. (1997¢) also reported up to a 5% higher S.D. in
EBVs for sires with at least 12 daughters when using RR-TDM instead of a 305-d yield repeatability animal
model. Reents et al. (1998) observed a larger increase (14%) in the S.D. of sires EBVs when using RP-TDM
rather than a 305-d yield animal model. Lidauer et al. (2003) showed the S.D. of EBVs of active bulls with
RP-TDM was in agreement with those estimated with RR-TDM. However, the S.D. of EBVs for young bulls

and young cows was 3 to 11% larger when using RP-TDM compared to using RR-TDM.

Table 5. Means and standard deviation (kg) of estimated breeding values for milk yield with test-day model

(Random regression (RR-TDM), Repeatability (RP-TDM), and with 305-d lactation yield model (LCM)

No. LCM RP-TDM RR-TDM
Sires 926 45.66 +144.47 73.13+194.60 82.58+199.02
Cows 1,0111 -4.60+152.30 4.54+ 218.87 21.09+232.26
All 1,1037 -0.38 + 152.30 10.30+217.76 26.25+230.29

Correlations
Correlations between 305-d EBVs for milk yield from the LCM and TDMs (RP-TDM and RR-TDM)
and between different TDMs are given in Table 6. Correlations were in general high for both sires and cows in

the range of 0.78 to 0.93 but lower than reported in the literature (0.87-0.99) (Reents and Dopp, 1996;
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Jamrozik et al., 1997b,c; Reents etal., 1998; Lidauer et al., 2000; Schaeffer et al., 2000; Emmerling et al.,
2002; Lidauer et al., 2003; Sawalha et al., 2005). Correlations of EBVs from RP-TDM with those from RR-
TDM were high for sires (0.93) but lower for cows (0.92). Consequently, there was a smaller difference in the
ranking of cows between RP-TDM and RR-TDM. This result may be partially due to TDMs sharing identical
fixed effects and only differing in random component. Correlations of EBVs from LCM with those of TDMs
were very high for sires (0.80 to 0.84) and were moderately for cows (0.78).The high correlations suggest
almost equal ability of the LCM and the TDMs in modeling EBVs of bulls. However, for cows, the
corresponding correlations show a possibility of substantial change in the rank when the LCM is substituted
with a TDM. Comparison of EBVs from different models does not indicate which model is better (more
accurate) for ranking purpose. It only shows that there are real differences between LCM and TDMs. The

parameters that showed which model was more accurate were the smaller residual variances.

Table 6. Correlations among estimated breeding values for milk yield with TDMs (RR-TDM and RP-TDM)

and with LCM for sires (above diagonal) and cows (below diagonal).

RR-TDM RP-TDM LCM
RR-TDM 0.93 0.84
RP-TDM 0.92 0.80
LCM 0.78 0.78

Tables 7 present changes in ranks of top sires and cows for milk yield from the LCM and TDMs.
There are 73% of the 100 sires with the highest EBV for milk yield would have been selected with TDMs.
These results are consistent with the large correlations found among EBVs with different TDMs for sires.
Fewer top cows were ranked the same with different TDMs (66%) than sires.

The ranking of top 100 sires and cows was different between TDMs and LCM. Fewer cows than sires
were in common among the top 100 animals from evaluations with the LCM and one of the TDMs. This is
similar to the findings of Swalve (1995); Kaya et al. (2003) and Sawalha et al. (2005). Swalve (1995) reported
that the largest rank shift in cows seemed to be associated with lactation curves that deviated greatly from
standard lactation curve but Sawalha et al. (2005) reported that the reduced number of similarly ranked top
cows with the different models is due to differences in accuracy of EBVs for sires and cows. The larger
number of available cows than sires to select from may have also contributed to the differences in numbers

ranked the same for sires and cows.
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Table 7. Numbers of top sires (above diagonal) and cows (below diagonal) with the largest 100 estimated

breeding values in common between TDMs and LCM for milk yield.

RR-TDM RP-TDM LCM
RR-TDM 73 72
RP-TDM 66 60
LCM 40 39

Table 8 show the averages of EBVs with TDMs and LCM calculated from the 100 top sires and cows
for milk yield. The averages of EBVs of the selected 100 elite sires and cows with RP-TDM were close to the
averages of EBVs of those selected with the RR-TDM. The largest differences were between the averages of
EBVs of sires and cows selected with LCM and any TDMs. This result agrees with the proportions of the 100
top sires and cows in common among different models as shown in Tables 8. Averages of EBVs of the 100
top cows were always greater than those of the 100 top sires, which is due to the differences in the proportion
of animals chosen when selecting the top 100 cows compared with the top 100 sires (i.e., the pool of cows
from which to select was much larger) that the same as Sawalha et al. (2005). This indicated that the estimates

of genetic trends for milk yields were likely to be different between each model that used LCM and TDMs.

Table 8. Average of estimated breeding values for milk yield (Kg/lactation) predicted with TDMs and LCM

for the top 100 sires and cows.

Model SIRES COWS
RR-TDM 453 736
RP-TDM 423 689
LCM 312 473

Genetic trends

Trends in 305-d EBVs of different model (RP-TDM; RPL4, RR-TDM; RRL4L4L3 and LCM) for
crossbred dairy cattle during 1991-2004 were shown in Figure 4. Because heritabilities on a 305-d yield basis
were different for all three models, it was expected that all the models would estimate the different genetic
trend. The trends in averages of EBVs by year of birth for milk yields obtained from the LCM, RP-TDM, and
RR-TDM with wide fluctuation were -0.38, 2.45 and 4.49 kg of milk per year respectively. Sanpote, J. and

Buaban S. (2003) reported 23 kg of annual realized genetic gain in milk yield using a multivariate analysis
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lactation model. Genetic trend from TDMs (RP-TDM and RR-TDM) are higher than LCM. This is similar to
the findings of Reents et al. (1998) that the genetic trend is significantly higher from TDMs in comparison to
LCM. The slightly lower trend in level of 305-d EBV from the LCM compared to the TDMs could be affected
by differences in fixed effect corrections. Differences between the estimated trends would indicate that some
of the models gave biased EBVs. The RP-TDM and RR-TDM gave nearly similar pattern of genetic trend but

genetic trend based on RR-TDM were higher.

y=4.49x-16.98

‘ __v___.,.ﬁ—'-'—.-——"

T, Y o2456K112.32

~y=-0.38x+237 ™
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Figure 4. Trend in 305-d EBVs for crossbred dairy cattle from TDMs (RP-TDM and RR-TDM) and LCM.

Conclusion

Based on the shape of the variance curves for different DIM, analysis of fixed curves, measurement
of GOF, test of PA for random set of observations, contrast each models with S.D. and correlation of EBVs,
and plotting of genetic trends made it possible to select the most plausible model for routine genetic
evaluation. Comparison of models based on the GOF and PA confirmed the better fit of models that the
average lactation curve should be described by Legendre polynomial of order four. Other curves included in
the RR-TDM should be defined with the fourth-order Legendre polynomial for AG and the third order for PE
curves is recommended because it had lowest PSB, MSE, RV and highest RHO values. Addition to model
comparison, TDMs resulted in higher means and S.D. of EBVs than LCM. These results indicated that TDMs
would model somewhat more variability between the animals. Consequently, the use of TDMs for genetic
evaluation may increase the rate of genetic gain by reducing the chance of selecting genetically poor sires and
cows. Correlations between EBVs for 305-day and TD milk yields for cows and sires from LCM and from
TDMs respectively are high, showed that TD milk yields were highly correlated with 305-day milk yield.
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Moreover genetic trends were larger for TDMs than for LCM .These results suggested that TD milk yields
could be used instead of 305-day milk yield for genetic evaluation of milk yield in crossbred dairy cattle in
Thailand providing suitable TDMs. The RR-TDM rather than RP-TDM are well suited to the analysis.
However, estimating breeding values by a RR-TDM is often limited by the extensive use of computer
memory. It should be investigated whether or not the dimensionality of the random regression TDM can be

reduced even more without substantial loss in accuracy.
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Effects of Cell Culture and Injectable Grades of Antibiotics on the Quality and Fertility
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Abstract

Antibiotics added in extender during production of frozen semen play an important role for decreasing microbial
contamination. The objective of the present study was to examine the effects of different grade of antibiotics (cell culture
grade vs injectable grade) supplemented in the semen extender on the quality and fertility of frozen-thawed bull sperm.
Semen samples collected from six bulls were frozen in Tris egg yolk extender containing either cell culture grade antibiotics
(GTLS: 250 pg/ml gentomycin, 50 pg/ml Tylosin, 150/300 pg/ml Lincomycin/Spectinomycin) or injectable grade antibiotics
(GTLSsS,, 250 pg/ml gentamycin, 50 pg/ml Tylosin, 150/300 pg/ml Lincomycin/Spectinomycin and 400 pg/ml
streptomycin. The thawed samples were evaluated for bacteriological contamination, semen quality and fertility.

Progressive motility and curvilinear velocity (VCL) of sperm in GTLS group were significantly (P<0.05) higher
than that in GTLSsS,. group. There were no significant differences in percentages of total motility and other motility
characteristics, membrane and acrosomal status of sperm among antibiotic grades. There were no significant differences in the
calving rates following artificial insemination (AI) with frozen semen derived from GTLS (51.6 £ 6.3) or GTLSsS, (49.8 =
3.9) groups. The results indicated that injectable antibiotics which cheaper than cell culture grade can be effectively used for

producing frozen semen without affect the semen quality and fertility of bull sperm.

Keywords: cell culture, antibiotics, quality, fertility, bull semen
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Introduction

The two major goals for artificial insemination (AI) are genetic improvement of livestock breeds for
increasing milk and meat production and elimination of venereal diseases. However, it is well accepted that
that bacterial and viral agents can be transmitted in semen by Al It has been shown that microorganisms can
be found in ejaculates even during hygienic semen collection in the perfectly and healthy bulls. Semen was
contaminated at the time of collection from atmosphere, teaser animals and semen extenders. So, additional of
antibiotics into semen diluents is necessary to prevent proliferation of the bacteria present in the ejaculated
semen.

In Thailand, 87% of fresh semen samples were contaminated with ureaplasma whereas 52% were
contaminated with mycoplasma (REF). The semen samples were also contaminated with Pseudomonas
(41%), which 6% of them were Pseudomonas aeruginosa and 6% were Corynebacterium pyogenes but free
from Campylobater spp. and Hemophillus somnus (Ratanapaskorn et al., 1996). Shin et al (1988) reported that
the combination of gentamicin (250 pg/ml), tylosin (50 ug/ml) and Linco-Spectin (150/300 ug/ml) (GTLS)
was more effective for the control of mycoplasmas and ureaplasmas and equally effective for the control of C.
fetus subsp. venerealis and Haemophilus somnus than the standard combination of penicillin,
dihydrostreptomycin and polymyxin B sulfate. The combination of GTLS was partially controlled ureaplasma
and mycoplasma by decreasing the contamination from 87 to 27% and from 51 to 14%, respectively
(Ratanapaskorn et al., 1996). Most of laboratory worldwide including in Thailand used cell culture grade
antibiotics which typically are pure and have been proven for the quality in producing the frozen semen.
Although they are effectiveness for the control of microorganism, however, it is more expensive, while
injectable antibiotics available for animals are more sheaper. Therefore, the objective of this study was to
investigate the effects of cell culture and injectable grades antibiotics supplemented in the semen extender on

the quality and fertility of frozen-thawed bull sperm.
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Materials and Methods

Chemicals

All chemicals in this study were purchased from Sigma Chemical Company (Sigma, St. Louis, MO, USA),

unless stated otherwise.

Animals and semen collections

Six Thai Holstein dairy bulls housed at the bull stud, Loburi province, Thailand were included in this
study. Semen samples from each bull were collected by artificial vagina. Immediately after the collection,
each ejaculate was visually assessed for sperm motility under a phase contrast microscope (400x) equipped
with a warm stage (37°C). Sperm concentration was assessed using a calibrated spectrophotometer (model
REF.Z160, IMV, France). Samples containing 2 70% motile sperm, and 2 500x10" cells/ml were used in
this study.

Semen freezing and thawing

Two consecutive ejaculates were pooled and diluted to a concentration of 80x10° cells/ml with a
cryodiluent (20% egg yolk-Tris) containing either GTLS (250 pg/ml gentomycin, 50 pg/ml Tylosin, 150/300
pg/ml Lincomycin/Spectinomycin) or GTLSsS, (250 pg/ml gentamycin (Gentalvet), 50 pg/ml Tylosin
(Tylovet), 150/300 pg/ml Lincomycin/Spectinomycin (Phamacia) and 400 pg/ml gentomycin (Merk). The
diluted samples were frozen in the 0.25 ml labeled plastic straw using a Digitcool 5300 cotrolled rate freezer
(IMV, France). The frozen straws were stored in liquid nitrogen until examine. For thawing, the frozen
samples were rapidly thawed by placing the straws in a 37 °C water bath for 30 s. The semen samples were
expelled into a 50 ml tube and kept in a 37 °C water. Ten microlitres of the thawed semen were then taken and
placed on a pre-warmed microscopic slide and the post-thaw sperm motility was assessed under a phase

contrast microscopy (400x). The frozen-thawed samples with a 240% motility were accepted for Al
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Bacteriological examination of fresh and frozen-thawed semen

Fresh and frozen-thawed semen samples were evaluated for ureaplasma diversum (Ud), mycoplasma
spp., campylobacter fetus and leptospira spp. contaminations. For detection Ud, semen samples were serially
diluted until 10" with Taylor—Robinson (TR) broth (PPLO broth w/o cv 10 % (w/v), 0.04 % phenol-red
solution, 20 % (v/v) horse serum (inactivated), 2.5 % (v/v) fresh yeast extract, 0.1 % (w/v) urea, 5,000
iu/ml Penicillin G, 0.1 % thallium acetate and the pH was adjusted to 5.7 - 5.8) and were incubated at 37 °C
for 4 days. To detect mycoplasma, semen was serially diluted until 10° with modified Hayflick (mH) broth
(mH broth has the same fomular with PPLO broth except 0.2% DNA calf thymus were added in stead of urea
and adjust pH to 7.8) and incubated for 4 days. Each diluted mH broth was inoculated onto mH agar plate and
incubated for 5 days at 37°C under 5% CO, atmosphere to observe growth of mycoplasma colony. To detect
campylobacter fetus, semen was cultured in blood agar plate No.2 and Butzler (campylobacter selective
supplement, Oxoid) using Campygen (Oxoid) to control atmosphere in the dessicator, incubated at 37°C for 3
days. To detect Leptospira spp., semen was cultivated in EMJH medium supplemented with inactivated rabbit

serum, incubated at 28°C and observed for 8 weeks (Heinemann et al., 2000).

Semen quality evaluation
Motility and movement characteristics Assessment by CASA

In order to assess for motility and movement characteristics, 5 ul of the thawed semen was placed on
a prewarmed (37°C) 2X-CELL slide chamber (20 um depth) and analyzed by CASA (IVOS, Hamilton
Thorne Research, Beverly, MA, USA). At least 800 sperm were analyzed for total and progressive motility
(PM) and movement characteristics including average path velocity (VAP), progressive velocity (VSL),
curvilinear velocity (VCL), beat cross frequency (BCF), straightness of track (STR), amplitude of lateral head

displacement (ALH), and linearity of track (LIN).

Membrane and acrosome integrity assessment by flow cytometry

The fluorescent probes used for membrane and acrosome integrity assessment were Pl and FITC-

PNA, respectively. The thawed semen was washed immediately by dilution with 10-fold volume of Hepes-
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buffered modified Tyrode medium (SP-TALP; 2.0 mM CaCl2, 3.1 mM KCl, 0.4 mM MgCl12, 100.0 mM
NacCl, 25.0 mM NaHCO3, 0.3 mM NaH2PO4, 1.0 mM sodium pyruvate, 21.6 mM sodium lactate, 10.0 mM
Hepes, and 6 mg/ml BSA) at 37°C and filtered through 41 mm nylon mesh (Spectrum, Los Angeles, CA) and
centrifuged at 500g for 10 min at room temperature to remove cell debris and extenders. The washing
procedure was repeated twice. The sperm pellet was resuspended in 1 ml of SP-TALP and the concentration
was adjusted to 50x10° cells/ml. For staining, a 440-ml aliquot of sperm suspension was mixed with 10 pl of
PI (marker for membrane damage) and 50 pl of FITC-PNA (marker for acrosome damage) to obtain final
concentrations of 25 and 10 pg/ml, respectively. Each sample was incubated at 37°C for 30 min in the
absence of light. The stained samples were filtered through 41 mm nylon mesh and subjected to flow

cytometric analysis.

Assessment of in vivo fertility by AI

Artificial insemination series using frozen semen from six bulls were conducted at Chantaburi and
Srakaew provinces. The cows, body condition score ranged from 3 to 4 (REF) were inseminated on the
second heat after calving with semen frozen in either GTLS (n= 1260) or GTLSsS, (n=1,445). The calving

rates were recorded.

Results

Bacteriological examination in fresh and frozen-thawed semen

Fifteen fresh and frozen samples were examined for bacteriological contamination. There was no
contamination of mycoplasma, campylobacter, leptospires in either fresh or frozen-thawed semen. By
contrast, 14 out of 15 (93%) fresh semen samples were contaminated with ureaplasma at 10°to 10° CCU/ml,

whereas only 1 out of 15 (7%) of frozen-thawed sample was contaminated at 10° to 10° CCU/ml.

Assessment of motility and movement characteristics by CASA
Effect of different sources of antibiotics on motility and movement characteristics of frozen-thawed
sperm analyzed by CASA is summarized in Table 1. There were no significant differences in percentages of

total motility of frozen-thawed sperm among antibiotic sources. By contrast, progressive motility of sperm
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diluted in extender containing GTLS was significantly (P<0.05) higher than that in GTLSsS,. group. No
significantly difference in the sperm movement characteristics between groups was observed, except for VCL
in GTLS group was significantly higher (P<0.05) than that in GTLSsS, group (147.9 + 17.9 vs 138.8 + 14.3).

Table 1. Mean + SD of motility, progressive motility and movement characteristics of bull sperm following

freezing and thawing in egg yolk Tris containing either GTLS or GTLSsS, .

Parameters No. of bull GTLS' GTLSsS 42
Motility (%) 20 56.0+15.3" 53.9+13.1"
PM (%) 20 32.2+10.0° 272+82"
VAP 20 852+6.8" 82.5+ 7.2°
VSL 20 65.9+5.1° 64.0+58"
ALH 20 78+13"° 73+0.9"
VCL 20 147.9£17.9° 138.8 +14.3"
BCF 20 258+4.0° 25.5+43"
STR 20 764 +55" 774+55"
LIN 20 468+ 5.5° 474+48"

GTLS: cell culture grade antibiotics; GTLSsS,: injectable grade antibiotics

Different superscripts in the same rows differ significantly (P < 0.05).

Assessment of membrane and acrosome integrity by flow cytometry

Percentage of membrane and acrosome integrity of frozen-thawed sperm analyzed by flow cytometry
is summarized in Table2. There were no significant differences among antibiotic sources (GTLS vs GTLSsS,)
in percentages of sperm with membrane-acrosome intact, membrane damage -acrosome intact and membrane-
acrosome damage.
Table 2. Percentages (mean + SD) of membrane and acrosomal status of bull sperm following freezing and

thawing in egg yolk Tris containing either GTLS or GTLSsS,,.

Parameters No. of bull GTLS GTLSsS,
Membrane-acrosome intact 20 53.0+£10.0 542 +9.7
Membrane damage - 20 23.4+79 21.8+5.5

acrosome intact
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Membrane-acrosome 20 23.7+10.0 240+ 7.7

damage

GTLS: cell culture grade antibiotics; GTLSsS,: injectable grade antibiotics
No significant differences in percentages of membrane and acrosomal status of bull sperm among antibiotic groups

(P>0.05).

Artificial insemination and calving rate

Number of cow inseminated with sperm from each six bulls frozen in extender containing either
GTLS or GTLSsS, and calving rate are summarized in Table 3. A total of 2,705 cows were inseminated, 1260
and 1,445 cows were inseminated with sperm treated with GTLS and GTLSsS,, respectively. There were no
significant differences in calving rates following Al with sperm derived from Bulls 1 to 5 (B1 to B5) frozen in
extender containing either GTLS or GTLSsS,. By contrast, calving rate produced by Bull 6 (B6) showed
significantly higher (P<0.05) in GTLS group than that in GTLSsS, group (62.6 vs 54.5).

Table 3. Calving rates following Al with bull sperm cryopreserved in egg yolk Tris containing either GTLS

or GTLSsS,.
Bulls GTLS GTLSsS,
No. of cow Calving rate (%) No. of cow Calving rate (%)
Bl 226 48.7° 238 46.6°
B2 167 52.1° 263 49.8°
B3 224 48.7° 228 50.4"
B4 229 53.3° 241 544°
B5 243 44.0° 240 46.6"
B6 171 62.6" 235 54.5"
Total 1260 51.6+6.3 1,445 49.8+3.9

TLS: cell culture grade antibiotics; GTLSsS,: injectable grade antibiotics
Different superscripts in the same rows differ significantly (P < 0.05).
Disscussion
A number of microorganisms can be found either in fresh ejaculated semen or frozen semen that contaminated

during the procedures of semen freezing. Moreover, bacterial contamination is also present in the yolks of
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fresh eggs (Bousseau et al., 1998). Therefore, there is a need to add antibiotics in semen extender to prevent
microbial contamination. The present study showed that injectable grade antibiotics (GTLSsS,) can be
successfully used to prevent bacterial contamination without decreasing semen quality and fertilizing ability
of frozen semen comparable to cell culture grade ones (GTLS). These findings have a benefit for reducing the
cost of frozen semen production due to injectable grade antibiotics were cheaper thancell culture grade ones.

To reduce the risk of semen donors from microbial contamination, all semen donors in the Semen
Production Centre have to carefully checked and free from IBR and BVD. Furthermore, prepuce washing
before semen collection decreased bacterial contamination such as Campylobacter fetus, Trichomonas or
ureaplasma (Chanarthinat et a., 1997; Rattanapaskorn et al., 1996). The antibiotic combination (gentamicin,
tylosin and Linco-Spectin: GTLS) used in this study was effective in controlling microorganisms and was not
detrimental to seminal quality (progressive motility and acrosomal integrity), which agrees with previous
study (Lorton et al., 1988a). Field fertility (nonreturn rate) studies were performed to evaluate bovine semen
processed for freezing using the antibiotics (GTLS). The results indicated no significant effect on seminal
quality as measured by field fertility under the conditions of these experiments using heated whole milk or
egg yolk-sodium citrate seminal extenders (Lorton et al., 1988b). The combination of gentamicin, tylosin, and
Linco-Spectin® can be safely used in bull semen to control specific contaminating organisms and is being
adopted by the artificial breeding industry (Ahmad et al., 1987). It has been reported that gentamicin was
harmless to motility and acrosomal status of frozen-thawed bull sperm, by contrast, it appeared to reduce
fertility of bull semen in a field trial (Ahmad et al., 1987; Ahmad and Foote, 1986). Tylosin is effective
against mycoplasma and ureaplasma in bovine semen (Truscott and Abreo, 1978), addition of this antibiotic to
processed bull semen may be useful to inhibit these potential semen contaminants. Moreover, motility and
fertility of tylosin-treated bull sperm was comparable with fertility of control semen (Ahmad et al., 1987;
Foote and Berndtn, 1976). Linco-Spectin® has been reported successfully used in bull semen as an
antimycoplasma agent without affecting sperm motility or fertility (Ahmad et al., 1987).

Injectable grade antibiotics did not affect percentages of motility, plasma and acrosomal membranes
of frozen-thawed sperm as compared to cell culture grade ones. Furthermore, differences grade of antibiotics

did not affect calving rates following Al. Sperm is complex cell, which need to possess many attributes
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(motility, an intact acrosome, ability to bind to the zona pellucida, ability to bind to the oolemma, etc.) in
order to fertilize an oocyte. A number of motile sperm cells are required for enhancing the fertilizing ability
of frozen-thawed semen, sperm may be infertile due to a lack of motility. High fertility sperm after freezing
and thawing must has an intact and competent plasma membrane which easily to rupture during the
freeze/thaw cycle causes intracellular ice formation (Steponkus et al.,1983), a major cause of cell death during
cryopreservation (Mazur, 1977). High fertilizing sperm must maintain an intact acrosome up to the time it
binds to the zona pellucida of the oocyte and undergoes the acrosome reaction, which releases the acrosomal
enzymes permitting the sperm to digest a hole through the zona pellucida, thereby allowing the spermatozoa
access to the oolemma (Yanagimachi, 1981). In conclusion, injectable grade antibiotics which cheaper than
cell culture grade can be successfully used to produce frozen semen without affect the semen quality and

fertility of bull sperm. These succeed can be used in Al industry.
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Improving the Freezability of Bull Semen Ejaculates by Sephadex Filtration

Mukda Rattanapaskornl*, Jatuporn Pongpeng2 , Rapiphan Uavechanichkul' and Kunasun Saikhun’
'Semen Quality control section, The Bureau of Biotechnology in Livestock Production,
Deparment of Livestock Development, Tiwanon Rd, Pathumthani, 12000
? Lamphayaklang Livestock Semen Production Center, Lamsonthi, Lopburi, 15190
3Department of Anatomy, Faculty of Science, Institute of Science and Technology for Research and

Development, Mahidol University, Nakhon Pathom 73170

Abstract

The effect of sephadex or sephadex-ionexchange filtration on the improvement in quality and
freezability of low-grade bull semen was assessed. Two types of filtration columns were used: one containing
sephadex G-15 (FS) and the other sephadex G-15 along with ion exchanger (diethyl amino ethane-52, DEAE-
52) cellulose and carboxy methyl-52, CM-52) cellulose (FS+IE). Unfiltered samples served as controls.
Semen ejaculates extended in Tris -citric acid (n=20, initial motility 50-60%) were filtered at 25-28°C. Semen
from five Al bulls was split-filter through the above two columns. Filtration significantly reduced the
concentration of recovered spermatozoa (22- 33%, FS, FS+IE) but improved sperm motility and progressive
motility of extended semen (P<.05). Filtration did not improve sperm motility after freezing/thawing. Sperm
motion characteristics of extended semen, was not significantly affected by filtration, while affected to
frozen/thawed semen. Frozen/thawed semen motion, VAP (path velocity), VSL (progressive velocity) Qg
VCL (curvilinear velocity)  were better in the filtered semen (p<.05). Sperm plasma membrane and
acrosome integrity of frozen-thawed semen were also improved by filtration (p<.05). It can be concluded that
filtration effectively separate weaken or abnormal spermatozoa in pre-freezing semen but could not improve

post-thaw sperm viability of semen.

Key words: Sephadex, bull semen

Research project no. 51(1)-0208-011

* corresponding Author
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Comparison of Quail, Chicken, and Duck Egg Yolk Tris Extender

on Bull Frozen Semen Quality

Jatuporn Pongpengl* Apichai Poonchai’

lLamphayaklang Livestock Semen Production Center, Lamsonthi, Lopburi

*NaKonratchasima Artificial Insemination and Biotechnology Centre. Muang, Nakonratchasima

Abstract

Comparison the effective of egg yolk form chicken duck and quail in egg yolk tris extender on bull
frozen semen quality. Semen of 6 Holstein-Fresian bulls aged 5-7 years were collected once a week for 5
weeks. The result showed the post-thaw motility of sperm in duck and quail egg yolk extender were higher
than chicken. (45.14 & 3.25, 43.72 & 3.08, 34.18 £ 3.12). Progressive motility of sperm in duck egg yolk extender
were higher compared with quail and chicken. (24.23 2 1.95, 21.00 & 1.51, 17.90 = 1.72) But Beat Cross
Frequency (BCF) of sperm in chicken egg yolk extender(25.2010.70) higher than duck (22.89 % 0.42) and quail
(23.0070.46). Percentage of acrosomal integrity sperm in duck and quail egg yolk extender were higher than
chicken 70.14 & 3.25 , 68.72 13.08 tay 59.1813.12. But morphologically abnormal sperm were not
significantly different (P> 0.05). Conclusion egg yolk tris extender contained duck egg yolk were a highest

semen quality after thawing.

Key words: Bull frozen semen, extender, egg yolk

Technical document no. 53(2)-0208-105

* corresponding author
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Effects of Egg-Yolk and Soybean Extract Based Diluents

on Beef Bull Frozen Semen

. . * .. . 2
Sakchai Payungw1wattanagoon1 Pakaon S1rlsompon1 and Apirak Utha
“Khonkaen Artificial Insemination and Biotechnology Research Center

“Northeast Bull Semen Center

Abstract

Semen of eight beef bulls were collected once a week for four consecutive weeks using

artificial vaginal method. Each ejaculate was divided into three parts for the study on effect of extenders
on beef bulls frozen semen. Group 1 was diluted with egg—yolk tris based extender. Group 2 was diluted
with Biociphos plus®. Group 3 was diluted with Bioexcel®. Semen evaluation in terms of percent post—
thaw progressive motility and living sperm were compared between the three groups. The results showed
group 1 has significantly higher post—thaw progressive motility than group 3 as 41.90 T 15.24% vs 34.60
+17.19 (p <0.05 ) respectively. However, post-thaw progressive motility at 3 hours of group 3 using
Bioexcel® had significantly higher post-thaw progressive motility as 17.10+13.16 compared with

11.56+9.44 (p<0.05) respectively.

® ®
Keywords: egg-yolk tris, Biociphos plus , Bioexcel , beef bull semen

Technical document no. 53(2)-0208-107

* corresponding author
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Age Seasonal Effect on Semen Quality in Brahman Bulls

Sakchai Payungwiwattanagoon1 Taweeroj Unchanpati2 and Puttipong Prambu’
' Khonkaen Artificial Insemination and Biotechnology Research Center

* Northeast Bull Semen Center

Abstract

The 32 Brahman bulls with 2,613 ejaculate data recorded from the Northeast Bull Semen Center to
were evaluated the effect of the age of bulls and seasons on semen quality. The results revealed that the
volume of ejaculates, sperm concentration and sperm motility were significantly affected by the age of the
bulls (p<0.05). The volume of ejaculates and sperm motility were highest in bulls aged 7-8 years (6.94710.12
ml, 71.8710.92%) which were higher than bulls aged 4-6 years and 9-11 years. However, Sperm
concentration was the highest in bulls aged 9-11 years (1570%29.58 x10° spermatozoa/ml) and was higher
than the 4-6 and the 7-8 year old bulls. In winter, sperm motility (67.23710.42%) was higher than in summer
and the rainy season (65.21710.53% and 64.74 £1.66%). The post-thaw motility was higher in summer

(44.677%0.50%) compared with winter (42.8810.37%) (p<0.05).

Keywords: Brahman bull, semen quality, Age, Seasonal

Technical document no. 53(2) — 0208 - 106

* corresponding Author
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Estrous Synchronization and Artificial Insemination with Frozen Semen in Goats

Apichai Poonchai " Anone Thungsanthia2 Narong Leingcharoen2 Bunlue Klampool2
. 3
and Malee Apimateetumrong
'Nakornrattchasima insemination and biotechnology research center,
Bureau of biotechnology in livestock production

2Embryo Transfer Research Center, Nakornrattchasima Province.

*Bureau of biotechnology in livestock production, Department of Live Development.

Abstract

The objectives of this study were to compare the effect of two different doses of pregnant mare
serum gonadotropins (PMSG) with progesterone (CIDR-G) and Prostaglandin-F20L (PGF,y ) for
synchronizing estrous in cross bred does and to investigate the pregnancy rates after single or double artificial
insemination (AI) in estrous synchronized does. Sixty cross bred, weighed 25-30 kg, aged 1-2 years, does
were used. This study was divided into 2 experiments. In Experiment 1, all does were inserted with CIDR-G
for 16 days and injected with 125 pug PGF,q, and 150 IU PMSG (Group 1) or 250 IU PMSG (Group 1) on
day 14. The time to onset of induced estrous was recorded in both groups. Experiment 2, cervical Al with
frozen semen was done at 36 h (single AI, Group 1) or at 36 and 48 h (double Al, Group 2) following CIDR-
G withdrawal in does synchronized with PGF,y and 150 IU PMSG. In Experiment 1, the mean interval to the
onset of estrous, in Group 1, was significantly later than that of Group 2 (29.05 + 7.64 h, mean = SD and
23.46 = 4.71 h, respectively, P < 0.05). All synchronized does showed the sigh of estrous. In Experiment 2,
there was no significant difference on pregnancy rates between single and double (AI) in synchronized does

(13.33%, 4/30 and 30%, 9/30).

Key word: artificial insemination, estrous synchronization, frozen semen, goats

Research project no. 50(1)-0208-040

* corresponding author
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Methods of Induction and Dosages of PGF,q on Estrous Synchronization in
Thai Native goats
Chanyuth Kapoll* Narong Benjakul2 and Jitsak Muangkaew1

' Suratthani Artificial Insemination and Biotechnology Research Center

? Nakhonratchasima Provincial Livestock Office

Abstract

The objective of this study was to determine the methods of induction and dosages of PGF,y on
estrous synchronization in Thai native goats. Fifty six does from 5 different farms in Surattani province were
subjected for the study. These 5 farms maintained similar farm management and all 56 does were fertile with
kidding history. Does were randomly divided into 3 groups. Group 1: 18 does were treated with PGF
125pg.,I/M, twice, first injection was on day 0 and the second was on day 11 . Group 2: 19 does were treated
with PGF,y 62.5ug.I/M, twice, similarly to group 1. Group 3: 19 does were treated with PGF
62.5ug.,svme, twice, similarly to group 1. All does were estrous checked by a vasectomized buck at 36 and
48 hours after the last PGF, injection. They were all artificially inseminated(Al) at 36 and 48 hours after the
last PGF, injection. Ultrasonographic pregnant check were performed on all does at 45 days after AI. The
results showed no significant difference on estrous of all does (in 3 groups) at 36 hours, 83.33 %, 73.68 % and
78.95 %, respectively. There was also no significant difference on estrous of all does (in 3 groups) at 48
hours, 94.44 %,78.95 % and 84.21 %, respectively. Estrous between group 3 and 4 was non-significant
(P>0.05). The average of estrous of all does was 85.87 %.  Ultrasonographic scanning did not show any

pregnancies of all does.

Keywords: Estrous synchronization, Thai native goats

Research project no. 52(1)-0208-086

*corresponding author
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Health Status and Growth Rate Study of Embryo-Transfer Origin and

Natural Origin Goats
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Bureau of Biotechnology in Livestock Production. Department of Livestock Development, Thailand.

Abstract

Embryo Transfer (ET) technology is now an important tool in animal breeding. Combination of ET
technology and artificial insemination (AI) helps accelerating of genetic improvement of livestock production.
The aims of the study was to investigate some hematological and biochemical parameters and intestinal
parasitic infestation in embryo-transfer (ET) origin and natural origin goats. Thirty two ET goats and thirty
one natural goats were used to study. Blood, serum, and feces samples were collected from each animal at the
age of 2, 6, and 10 weeks as well as the body weights were measured. Concentrations of serum biochemical
parameters were analyzed by a clinical analyzer whereas red blood cell and white blood cell counts were
determined using an automatic blood counter. By the end of the experiment, body weight of ET group was
higher than natural group (P<0.05). No difference of blood cell counts, red blood cells and white blood cells,
was found in both groups (P>0.05). ET group had significant higher concentration of potassium (K) at all age,
Creatinine (CA) at the age of 6 and 10 weeks, Total protein and albumin at the age of 10 weeks, than natural
group (P<0.05). While Biochemical concentrations of Alanine aminotransferase (SGPT), Aspartate
aminotransferase (SGOT), Alkaline phosphatase (ALK), Blood urea nitrogen (BUN), Calcium (Ca), Sodium
(Na), Phosphorus (P), Chlorine (CI), and Thyroxine hormone (T4) were not significantly different (P>0.05).

Four species of intestinal parasites were also found in fecal samples of both groups after 2 weeks of age.

Keywords Embryo transfer, hematological values, blood biochemistry and enzyme, parasitology, goat, growth rate

Research project no. 52(1)-0208-085
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Introduction

Goats are one of the domestic animals in tropical countries including Thailand (Jainudeen and
Hafez, 1993). They provide meat, milk, and skin. Most of the breeding plans and improvements depend on
natural breeding using bucks within the flock which inbreeding is likely to occur. Artificial insemination (AI)
technique is introduced to solve this problem. In animal agriculture, embryo transfer (ET) technology has
gained commercial prominence in the livestock genetics since 1970’s. Techniques have been adapted to most
mammalian species including sheep and goats. Super-ovulation and ET technique has advantages for
breeding programs because embryos can be gained from superior female combining artificial inseminated
with frozen semen from many well-selected male. Moreover, more embryos from super-ovulation technique
can be obtained per time more than with Al technique alone (Leeuw VW et al., 2000). In addition, these
techniques allow us an opportunity to prevent several infection diseases such as Caprine arthritis-encephalitis
virus (CAEV) which transmits from mothers to kids (Wolfe et al, 1987). Nowadays ET is an advanced, but
well established, animal breeding technology which arises through the use of artificial insemination. When ET
is coupled with Al, genetic progress may be accelerated even more. In goat, ET technique has been
established since 1932 in USA (Warwick and Berry). Then, in 1949, this research group had successfully
performed surgical ET (reviewed by Gordon, 1994). ET in goat has been developed couple with several
advance technique such as in vitro fertilization (Rao et al, 1984) and laparoscopy (Vallet et al, 1989). Rerat et
al (2005) compared health status between IVF (in-vitro fertilization) and Al calves which IVF calves had
higher feed intake and growth rate during the entire growth period than Al calves but there was no difference
of hematological, metabolic, or endocrine traits between these calves. However, there is no report indicated
the health status in ET goat.

In Thailand, ET in goat has been developed to help promote animal agriculture. Most researches
focus on improving breeding, distribution, disease control to enhance higher animal performance. In the
present study, the hypothesis was tested if apparently ET and natural origin goats differ with respects of
growth performance, hematological and biochemical profiles under field condition. The knowledge will be

useful for improvement of livestock production in Thailand.
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Materials and Methods

The goats used in this study were Saanen breed obtained from a dairy goat farm in Lopburi
province. All the kids were reared together with their mothers until at least 10 weeks of age. Sixty three
animals were used in which thirty two were embryo transfer birth-origin with seven paired twins and thirty
one were naturally birth-origin with two paired twins. All types of samples were collected from each animal at
2, 6, and 10 month of age which weight of each animal was measured at the same time. Fecal samples from
each animal were collected and examined for the presence of helminthes ova using direct microscopy,
flotation, and sedimentation techniques (Garcia and Ash., 1979). Five ml of blood from jugular vein was
collected from each animal following proper restraining by the owner or attendants with minimal excitement.
One ml of the blood was collected in ethylene diamine tetracetate (EDTA) vacuum tubes for hematology
profile examination and four ml of the blood were collected in simple vacuum tubes for serum enzymatic and
biochemical test. The samples were kept in 4°C until laboratory analyses. The blood samples were tested for
the red blood cell (RBC) total count, white blood cell (WBC) total cell count using automatic blood counter
(Hematology Analyzer MEK-6450J/K, USA). The serum was separated from each blood sample for testing
Alanine aminotransferase (SGPT), Aspartate aminotransferase (SGOT), Alkaline phosphatase (ALK),
Creatinine (CA), Blood urea nitrogen (BUN), Calcium (Ca), Sodium (Na), Potassium (K), Phosphorus (P),
Chlorine (Cl), Total Protein, Albumin (Bio-systems, Spain), and Thyroxine hormone (T4) using clinical

analyzer (Immulite 1000, USA).

Statistic analysis

Differences between ET birth-origin group and natural birth-origin group for perinatal blood
parameters were determined using SPSS Ms Windows Release 10.0 programme. One way ANOVA was used
for evaluating data between groups. The data were expressed as means + standard error of the mean (mean +
SE) to test significant differences at each point of the time. Differences of mean with p values < 0.05 were

regarded as statistically significance.
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Results and Discussion

Health status and growth performance

All animals were generally healthy, with few exceptions. Since they were raised in the same area
and at the same period of time, few animals from both groups suffered cold with purulent nasal discharge.
After treatment of antibiotics they all recovered to normal. In both groups, body weight increased with ET
group gained more weight than natural group by the end of 10 weeks (13.04+0.5 and 11.24+0.49, p=0.01,

respectively) (Tablel.)
Hematological status

The RBCs and WBCs counts of both groups from 2 to 10 weeks were not significantly difference
(Tablel). These included mean corpuscular hemoglobin concentration, lymphocyte, neutrophil, and monocyte

numbers (data not shown).

Tablel. Weight and Hematological values of ET- and natural- birth origin goatl

Animal groups

ref.
Parameters Age (weeks) ET (means+SE) Range2 Natural (means+SE) Rangez values’
Weight (Kgs) 2 6.91+0.36 6.18-7.64 7.69+0.29 7.11-8.28
6 9.25+0.56 8.10-10.40 9.89+0.38 9.12-10.66 NA
10 13.04+0.50" 12.01-14.07 11.24+0.49" 10.25-12.24
Hematology
RBCs x 106/;11 2 11.38+0.32 10.72-12.04 10.55+0.34 9.86-11.25
6 11.17+0.37 10.42-11.91 11.03+0.30 10.41-11.65 8-18
10 10.87+0.35 10.17-11.58 10.04+0.29 9.44-10.64
WBCs x 103/;11 2 12.16+0.62 10.88-13.43 10.28+0.68 8.90-11.66
6 12.40+0.65 11.08-13.73 11.66+0.68 10.28+13.05 4-13
10 13.03+0.61 11.79-14.28 13.65+0.80 12.03-15.28

1: n =32 per ET group, n =31 per natural group.

2: range = 95% Confidence Interval for Mean.

3: Delano ML., et al (2002)

a — row with the same superscript differ at P < 0.05.
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Serum metabolite concentrations

Creatinine concentrations in ET group were higher than natural group at the age of 6 weeks
(0.75£0.0.02 vs. 0.61£0.02, p<0.05) and at the age of 10 weeks (0.72+0.02 vs. 0.63+0.03, p<0.05). The same
as total protein and serum albumin concentration in which ET group were higher than natural group at 10
weeks of age (6.33+0.18 and 5.78+0.10, p<0.01 vs. 2.78+0.06 and 2.56+0.07, p<0.02, respectively).
However, the blood urea nitrogen (BUN) concentrations were not significantly different in 2 groups at all age

(Table2.).

Table2. Serum metabolite values of ET- and natural- birth origin goat1

Animal groups

ref.
Parameters Age (weeks) ET (means+SE) R::mgeZ Natural (means+SE) Rangez values®
BUN (mg/dl) 2 11.25+0.83 9.56-12.94 11.970.88 10.17-13.76
6 11.50+0.88 9.70-13.30 13.45+1.16 11.09-15.81 10-20
10 15.68+0.86 13.93-17.43 13.74+1.10 11.49-15.99
Creatinine (mg/dl) 2 0.69+0.03 0.63-0.74 0.65+0.03 0.60-0.70
6 0.75+0.92° 0.70-0.79 0.61+0.02" 0.57-0.66 1-8
10 0.72+0.02" 0.67-0.77 0.630.03° 0.57-0.68
Total Protein (g/dl) 2 5.45+0.13 5.32-5.87 5.38+0.12 4.96-5.46
6 6.14+0.18 5.78-6.50 5.81+0.27 5.25-6.36 6.4-7.0
10 6.33+0.18° 5.98-6.69 5.78+0.10° 5.57-6.00
Albumin (g/dl) 2 2.54+0.08 2.37-2.71 2.66+0.07 2.63-3.10
6 2.84+0.07 2.70-2.98 2.71%0.07 2.58-2.85 2.7-3.9
10 2.78+0.06° 2.65-2.91 2.56+0.07° 2.43-2.70

1:n=32 per ET group, n =31 per natural group.
2: range = 95% Confidence Interval for Mean.
3: Delano ML., et al (2002)

a, b, ¢, d — rows with the same superscript differ at P < 0.05.

135



a v d
Nsaamalulagiimmmsnanigan?

9 5 N 1 Aguiey 2553
_____________________________________________________________________________________________________________________________________|

Serum electrolytes and minerals concentrations

No differences were observed between ET and natural groups in concentrations of serum
electrolytes (Ca, P, Na, and Cl) over 10 weeks of age, except for elevated serum potassium in ET group than
natural group at all 3 periods (2, 6, and 10 weeks of age) (5.97+0.16, 5.96+0.12, and 7.76+0.88 vs. 5.48+0.09,

5.474+0.09, and 5.40+0.07, p<0.01, respectively.) (Table3.).

Table3. Serum electrolytes and minerals values of ET- and natural- birth origin goat1

Animal groups

ref.
Parameters Age (weeks) ET (means+SE) Rangez Natural (means+SE) RangeZ values’
Calcium (mg/dl) 2 10.40£0.33  10.03-11.57 9.99:0.24 9.34-10.32
6 10.09+0.15  9.78-10.40 9.86+0.19 9.47-10.25 8.9-11.7
10 9.96+0.15  9.65-10.27 9.53+0.19 9.14-9.93
Phosphorus (mg/dl) 2 8.50£0.32  7.59-9.55 9.010.30 8.66-10.39
6 8.94+0.26  8.41-9.46 8.63+0.28 8.07-9.19 42-9.1
10 8.610.24  8.11-9.10 8.31+0.29 7.72-8.90
Sodium (mEq/1) 2 145.97+0.69 144.57-147.37 145.00£0.50  143.98-146.02
6 148.34+0.90 146.51-150.18  145.13£0.52  144.08-146.18 142-155
10 145.00+0.60 143.77-146.23  143.97+0.51  142.93-145.00
Potassium (mEq/1) 2 5.97+£0.16"  5.63-6.30 5.48+0.09" 5.30-5.66
6 5.96£0.12°  5.71-6.21 5.47+0.09" 5.29-5.64 3.5-6.7
10 7.76+0.88°  5.96-9.55 5.40+0.07° 5.25-5.55
Chloride (mEq/1) 2 109.63+0.71 108.18-113.07 108.06+0.60  106.84-109.29
6 108.72+0.30  102.00-115.44  108.03£0.55  106.92-109.15 99-110.3
10 109.06+0.71 107.61-110.51  109.03£0.50  108.01-110.06

1: n =32 per ET group, n =31 per natural group.
2: range = 95% Confidence Interval for Mean.
3: Delano ML., et al (2002)

a, b, ¢ — rows with the same superscript differ at P < 0.05.
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Serum enzymes and hormone concentrations

No differences were observed between ET and natural groups in concentrations of serum enzymes
and hormone concentrations (SGPT, SGOT, ALK, and T4), except at the age of 2 weeks T4 level in natural
group was higher than ET group (6.34+0.36 vs. 5.07+0.24, p<0.01). However, T4 concentrations in both

groups were not different at the age of 6 and 10 weeks (Table4.).

Table4. Serum enzymes and hormone values of ET- and natural- birth origin goat1

Animal groups

ref.
Parameters Age (weeks) ET (means+SE) Rangez Natural (means+SE) RangeZ values’
SGPT (U/1) 2 15.59+0.82 13.93-17.26 14.03+0.69 12.63-15.44
6 15.59+0.64 14.29-16.90 14.39+0.72 12.92-15.86 6.0-19.0
10 14.09+£0.70  12.66-15.53 13.71+0.91 11.86-15.56
SGOT (U/l) 2 75.88+3.05  69.64-82.11 84.5542.54 79.36-89.74
6 83.41+1.78  79.78-87.03 80.23+3.30 73.48-86.97 167-513
10 77.28+2.59  71.99-82.57 77.4543.45 70.40-84.51
ALK (U/1) 2 567.75+54.80 455.98-679.52  497.48+54.31 386.57-608.40
6 317.13436.62 242.44-391.81  356.35+49.60 255.06-457.65 93-387
10 310.78+44.83 219.36-402.21  307.13+56.33  192.08-422.18
T4 (g/1) 2 5.07£0.24"  4.57-5.57 6.34+0.36" 5.61-7.06
6 5.35+0.25 4.84-5.86 5.81+0.30 5.19-6.42 6.4-7.0
10 5.00+0.19 4.62-5.38 4.94+0.29 4.36-5.52

1: n =32 per ET group, n =31 per natural group.
2: range = 95% Confidence Interval for Mean.
3: Delano ML., et al (2002)

a—row with the same superscript differ at P < 0.05.
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Parasitic status

Fecal examination revealed parasite infestation in both group at 6 and 10 weeks of age. At 6 weeks,
ET group, ten out of thirty two kids were found Eimeria ova (Figurela.) while natural group was found
nineteen out of thirty one kids. At 10 weeks, twenty five out of thirty two in ET group were infested with
Eimeria ova also two with Strongyloides spp.(nematode) (Figurelb.), one with Moniezia spp. (Tapeworm)
(Figurelc.), and one with Trichuris spp. (whipworm) (Figureld.)whereas in natural group, twenty three were
positive for Eimeria ova, four for Strongyloides, one for Trichuris, and three for Moniezia spp. (data not

shown)

Figurel. Four types of intestinal parasites found in ET- and natural- birth origin goat

a) Eimeria ova; b) Strongyloides spp.; ¢) Moniezia spp.; d) Trichuris spp.

Reference intervals for hematological and biochemical parameters are necessary for assessment of the
physiologic status of animals. There were few reports about the growth rate and blood component values of
young goats especially there was no report of those of ET origin goats. Since there were some concerns about
the growth rate of ET goats that they were smaller than the natural birth goat (personnel interviews). From this
study, at the age of 2 week, both group gained the same weight (6.91+0.6 and 7.69+0.29, p>0.05) as well as at
6 weeks (9.25+0.56 and 9.89+0.38, p>0.05). At the age of 10 weeks, ET group gained more weight than
natural group, 13.04+0.5 and 11.24+0.49 (p<0.05) respectively although there were more twin pairs in ET
group than natural group. This indicated that ET kids should be able to grow at the same rate (or even better in
this study) as natural birth kids. The amount of RBCs and WBCs in 2 groups were not significant different
and the total count of these cells were similar to report from Addass et al (2010) and Egbe-Nwiyi et al (2000)
although they were different breeds from this study. Both groups studied on the hematological values of goats

influenced by age and sex in different areas. For blood biochemical examination, there were significant higher
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in total protein and albumin in ET group than natural group on 10 weeks old suggested a higher hepatic
albumin synthesis (Rauprich et al., 2000) in ET group. Higher Creatinine concentration in ET group than
natural group at the age of 6 and 10 weeks might explained by the higher growth (body weight) in ET goats
than in natural goats (Van Nieherk et al., 1963). Considering these values in both groups compared to the
reference values, renal dysfunction could be excluded. No difference of serum metabolite and electrolyte
concentrations was found in two groups except potassium concentration. Potassium is the major positive ion
found inside of cells and essential for normal cell function such as regulation of the heart beat and the function
of the muscles. The abnormal of potassium level results in many clinical signs such as kidney diseases,
vomiting, diarrhea, eating disorder, etc. (Duncan and Prasse., 1986). Although ET group had higher amount of
potassium than natural group in all periods of study, there was no clinical sign indicating abnormality resulted
from potassium concentration. There was no difference of serum enzymes and hormone concentrations
between two groups except T4 level at the age of 2 week of natural group with unknown reason since all
concentration were similar in both groups when they were older.

Four types of intestinal parasites were found in both groups after age of two weeks. Eimeria spp.
was the most parasites found in this report. Coccidia are intracellular protozoa which at least 9 species have
been recognized in goat (Foreyl, 1990). In young animals, it is characterized primarily by hemorrhagic
diarrhea while the adult animals may carry and shade the protozoa but rarely show clinical signs (Speer,
1996). The second type of parasites found in these animal was Strongyloides species which are small
intestinal. Clinical signs include weight loss, diarrhea, unthriftiness, and, sometimes, skin dermatitis. Trichuris
spp. is mildly pathogenic nematode and can cause a minor cecitis and will feed from blood. Clinical
infestation is rare and results in diarrhea with mucus and blood. The last parasite found in this report was
Moniezia species. These tape worms are rarely of clinical signs or economic important. In young animals with
heavy infestation, they may develop potbellies, constipation or mild diarrhea, poor growth, and anemia
(Delano et al, 2002). However, all the young goats in this study did not any severe clinical signs indicating
parasitic infestation except some mild diarrhea in a few kids especially after rain fall and recovered shortly

without treatment.
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In conclusion, ET birth origin goats, compared with natural birth origin goats were characterized by
higher growth performance. However, this was not mirrored by consistent hematological, metabolic, or
parasitic change. Only serum metabolic (Creatinine, Total protein, and albumin) and mineral (potassium)
concentrations were higher in ET than natural goats but they were comparable to the normal values recorded
elsewhere. Both groups were generally healthy and survived through the study. Since goats are domestic
animal which increasing in economic values, more studies should be conducted to gain more knowledges for

helping improving of animal health.
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