Genetic parameters for the antibody test of internal parasites in Merino sheep
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Introduction Parasitic worms in sheep harm their health and reduce meat and wool yields. Breeding for worm resistance offers a durable solution and helps prevent the development of worm resistance resulting from excessive drench use. The worm egg count (WEC) is a well-established trait for selection with low to moderate heritability ranging from 0.16 to 0.22 in Australian Merino sheep (Swan et al. 2016). High parasitic specific IgA responses have been consistently identified as a key mechanism in sheep developing natural immunity to worm infections. These animals have reduced number and size of adult worms which then produce less eggs (Hernández et al. 2016, Shaw et al. 2012, Stear et al. 1995). Two tests were developed to measure a mucosal IgA antibody response against parasitic larvae stages of Teladorsagia circumcincta, Haemonchus contortus, and Trichostrongylus species using saliva. Test-A used a recombinant protein secreted by the worms as the antigen, while Test-B used a crude extract made from exsheathed stage three larvae (L3). Optimised enzyme-linked immunoassays (ELISA) were used to measure these responses. With the advancement of new technologies for estimating internal parasite load, it is crucial to assess the feasibility of developing breeding values for the industry. The aim of this study was to estimate genetic parameters for the saliva antibody tests against worms. 
Materials and methods In total, 1,484 and 857 sheep had records for a recombinant protein internal parasite antibody test (Test-A) and a crude extract protein test (Test-B), respectively. Data management, quality control, normality test and transformations were conducted in Python v3.12. The Shapiro-Wilk test was conducted to assess the normality of the data. To address the right-skewed distribution, data transformation (including logarithmic, cube root, square root, and Box-Cox) and standardisation were performed. The optimal data transformation was assessed by comparing the coefficient of variation (CV) of the transformed means for each dataset and the Log-likelihood model fit from univariate analyses. A linear mixed animal model and Wald F statistic test (P < 0.05) were conducted in ASReml V4.2 (Gilmour et al. 2021). Various fixed effects were assessed, including birth type (BT), rear type (RT), age*sex interaction, age of dam, and contemporary groups (CG) defined by site, year of birth, sex, and month of measurement. The genetic groups and maternal genetic effects were assessed in the model by fitting them as random effects. The final model for Test-A included only CG, while the BT and age*sex interactions were also fitted for Test-B. The permanent environmental effect was included as a random effect only in Test-A. 
Results The best data transformation was the cube root, which resulted in lower CV and higher Log-likelihood. Low to moderate heritabilities were observed in Test-A and Test-B. The highest value, with h2 = 0.40, was observed in Test-A. Low genetic variances were observed for both traits, ranging from 0.002 to 0.01 for Test-A and Test-B, respectively. Genetic (0.96±0.01) and phenotypic (0.83±0.01) correlations between Test-A and Test-B were strong, suggesting that selection for Test-A would result in similar changes for Test-B. 
Table 1. Genetic parameters and heritability for parasite antibody test in Merino sheep
	Trait
	Vp
	Vg
	Ve
	h2

	Test-A*
	0.01(0.001)
	0.01(0.001)
	0.01(0.001)
	0.40(0.05)

	Test-B*
	0.02(0.001)
	0.002(0.001)
	0.02(0.001)
	0.12(0.06)


* Vp: phenotypic variance; Vg: genetic variance; Ve: error variance; h2: heritabilities

Discussion The low genetic variances reported in this study could indicate a high effect of environmental conditions or could be due to the magnitude of the measurement. Although the genetic variances were low, the moderate heritability indicates that a significant proportion of the observed variation is due to the additive genetic effect, suggesting that selection could be effective. Including additional records for both Test-A and Test-B will be crucial in refining the genetic parameters for these traits and assessing their correlation with other health and production characteristics.
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