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A Single-Step Genomic Evaluation of Claw Health Traits in French Holstein, Montbéliarde and Normande Breeds
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Claw lesions are the third most important health issue in dairy cattle, after mastitis and fertility issues. 21 lesions defined according to ICAR standards are recorded by trimmers on touch pad since the early 2010s. Seven of these lesions (Digital Dermatitis (DD), Heel Horn Erosion (HHE), Interdigital Hyperplasia (IH), Sole Hemorrhage Circumscribed (SHC), Sole Hemorrhage Diffused (SHD), Sole Ulcer (SU) and White Line Fissure (WLF)), which have a prevalence of more than 10%, and/or may be responsible for lameness, were studied in the Holstein, Normande and Montbéliarde breeds. Breed specificities have also led to study Toe Necrosis (TN) and Corkscrew Claw (CSC). In summer 2022 dataset, more than 440,000 Holstein trimmings (respectively 80 000 Montbeliarde and 62 000 Normande) from 250 000 cows (respectively 44 000 Montbeliarde and 35 000 Normande), including 35,000 genotyped cows (respectively 15 000 Montbeliarde and 10 000 Normande) were available for the development of the genetic evaluation model. 40% of the cows were trimmed more than once, but only 20% were trimmed in different lactations. Estimated heritabilities ranged from 0.01 and 0.22 depending on the trait. Genetic correlations showed two groups of traits that were highly correlated: 1) within the infectious traits (DD, HHE and IH), in particular with high correlations between DD and IH (between 0.65 and 0.80 according to the breed); 2) within the non-infectious traits (SHC, SHD, WLF and SU) with genetic correlations between 0.40 and 0.89 in Holstein; TN and CSC being relatively independent from the other traits. Multiple trait single-step genomic evaluations have been developed for each group of traits to limit computational times, with a negligible effect on estimated genetic values compared to a nine traits genetic evaluation. Implementation of routine evaluation is planned for April 2024.

Introduction

Claw health are a major welfare problem in dairy farming, often causing pain and lameness in cows. In France, it is the third most costly disorder and is responsible for a fifth of culling after mastitis and fertility trouble. Lameness usually has a multifactorial origin. 24 claw health traits as described in ICAR Atlas (ICAR, 2020) can be registered, and 11 of them are mandatory.

Until now, the development of claw health genetic evaluation in France has been private initiatives directly led by breeding companies [START_REF] Leclerc | French regional genetic collaborative projects to improve welfare and resilience of dairy cows[END_REF]. A need to harmonise the different initiatives and to bring the Holstein closer to the Eurogenomics golden standards, led to initiate a national project in summer 2022. With data currently available, it is now possible to set up a multiple trait model that takes into account successive trimmings using a single step methodology, and to include new traits of interest as required.

Based on data collected since 2012 in the 3 main breeds (Holstein, Normande and Montbéliarde), the objective of this study was: 1) to select traits of interest from the 24 claw heath traits; 2) to estimate genetic relationships between those traits; 3) to develop a multiple trait model that takes into account successive trimmings using a Single Step Genetic Evaluation.

Materials and Methods

The claw health database

Breeding organizations (Evolution/Synetics, Genes Diffusion, Origen Normande, Umotest) gathered information on 642 540 claw trimming animals (Table 1 with breed distribution), collected by 220 professional trimmers on touch-pad from 2012 to 2022 in 9 091 herds.

Data comes from a limited number of herd, because not all of them are using trimming service, and a large part part of the trimming service is carried out by independent trimmers who do not have the touch-pad to collect claw health data. In addition, the breeder chooses which cows to trim. Therefore, we have nonexhaustive data within herd.

To ensure the quality of the data, only data from herds enrolled in official milk recording, having a lactation rank of one to five5 and a lactation stage of one to 550 are considered. The cows must have at least the two rear claws trimmed and a minimum recovery period of four months after the previous lesion to be considered as a new lesion as mentioned in EuroGenomics Golden Standard (S. De Roo, 2022 -personal comm.).

Analysis of herds with exhaustive trimming has shown that only 12% (Normande) to 21% (Holstein) of cows have no lesions, so we decided to not assume a healthy status / absence of claw disorders of untrimmed cows by default.

Nine claw health traits from the 24 ICAR Atlas were selected: Digital and interdigital Dermatis (DD), Interdigital Hyperplasia (IH), Heel Horn Erosion (HHE), White Line Disease (WDL), Sole Hemorrhage Diffused (SHD) and Circumscribed (SHC), Sole Ulcer (SU), Toe ulcer and Necrosis (TN) and CorkScrew Claw (CSC). These traits present a prevalence of at least 10% in one of the three studied breeds, or for TN an increasing frequency and a large economic impact, culling being in most cases inevitable.

Due to infectious status of Digital Dermatitis, only cows from a herd with affected contemporaries are considered healthy.

Model

Bivariate and Multivariate linear animal models were fitted using REML procedure from the Wombat software [START_REF] Meyer | WOMBAT: a tool for mixed model analyses in quantitative genetics by restricted maximum likelihood (REML)[END_REF], based on selected data described in Table 1. A minimum of 10% of the herd trimmed per year is required to select data for genetic evaluation, but this minimum is increased to 15% with two annual visits for genetic parameter estimation (and 50% in Holstein).

The following linear animal model, with repeated observations within and across lactations, was applied: y=X+Za+Zp+e where y is the vector of severity scores for the traits (from 0 = healthy to 3=severe lesion except for TN and CSC which are treated as a binary traits 0/1);  the vector of fixed effects consisting of a herd  trimming date effect (with minimum five cows in Holstein and four in the other breeds), trimmer  year effect, age of calving  parity effect, calving month  year effect, parity  lactation month  3 year period effect ; a the vector of additive gene tic effect ~N(0,A²g), p the vector of random effect of permanent environment ~N(0,I²pe). X and Z are incidence matrices.

A Single-Step genetic evaluation using HSSGBLUP software [START_REF] Tribout | HSSGBLUP: A Single-Step SNP BLUP genomic evaluation software adapted to large livestock populations[END_REF] using multivariate model similar to variance component estimation was performed on the 9 traits and then split in two groups of traits: a group of three infectious traits (DD, IH and HHE) and 6 traits (SHC, SHD, SU, WLD, CSC and TN) to limit memory requirements and computational time by two to three.

Results & Discussion

The prevalence of the traits is not similar from one breed to another one. In Holstein (Table 2) (Normande & Montbéliarde breed are in Annex), DD and HHE have a higher prevalence than on other breeds. In Montbeliarde breed, it is mainly the prevalence of WLD and CSC that distinguishes it, while in the Normande breed, many traits show higher prevalence than in the other breeds (DD, IH, TN, WL, SU).

In Holstein (Table 2), heritabilities are quite low, between 2% and 10% (between 2 and 8%, in Normande except for interdigital hyperplasia with a moderate heritability of 22% (Table 5 in Annex) and between 4 and 9% in Montbéliarde (Table 6 in Annex), but within the range of similar studies [START_REF] Crv | E-30 Claw Health Index -Manual quality[END_REF][START_REF] Johansson | Genetic evaluation of claw health in Denmark, Finland and Sweden[END_REF]. The repeatability trend is similar between breed, with some traits with moderate repeatability ranging from 0.17 to 0.23 for digital dermatitis, white line disease and sole ulcer and quite high for interdigital hyperplasia and toe ulcer and necrosis ranging from 0.34 to 0.47, illustrating how difficult it is to treat for this lesions in the long term.

The estimated genetic correlations tend to show the existence of 2 groups of traits: A first group of infectious traits with DD, HHE and IH and a second group with mechanical/physical lesions with SHC, SHD, WL, SU, TN and CSC. The genetic correlations within group are high: for instance, between 0.50 and 0.71 between the 3 infectious traits in Holstein. Within group of mechanical lesion, genetic correlations are usually moderate (generally in the range from 0.25 to 0.50), except high correlations between SHC and SU with 0.89, 0.78 and 0.84 Table 2. Holstein genetic parameters estimates (Prevalence of the traits (%), heritabily on diagonal, Genetic correlations (rg) above diagonalstandard error of heritability and range of standard error of genetic correlations, and repeatability) for claw health traits (Digital Dermatis (DD), Interdigital Hyperplasia (IH), Heel Horn Erosion (HHE), White Line Disease (WDL), Sole Hemorrhage Diffused (SHD) and Circumscribed (SHC), Sole Ulcer (SU), Toe ulcer and Necrosis (TN) and CorkScrew Claw (CSC)). Impact of splitting the nine traits into two groups of traits is negligible. Correlations between GEBV obtained in a nine traits sets vs a 3+6 traits are over 0.99 for all traits in the three breeds (except for DD and HHE in Montbéliarde breed > 0.984) More than 1,6 millions of animals were evaluated based on the 500 thousand trimmed data and 46 thousand animals in the Holstein reference population. GEBV are expressed in genetic standard deviation unit. Analysis of the risk factor (% of animals affected) as a function of GEBV shows, for instance in the Normande breed, that number of animals with IH drops from 73% for an index of -1 to 25% for an index of 0, and from 19% of animals with TN to only 1% for similar index than previously.

Holstein

Composite indexes have been defined for each breed to optimize their uses and to improve the genetic level of the population, taking into account prevalence and estimated incidence costs (Table 3) (synthesis from Dolechek and[START_REF] Dolecheck | Animal board invited review: Dairy cow lameness expenditures, losses and total cost[END_REF]2019;[START_REF] Whay | The impact of the lameness on the welfare of the dairy cow[END_REF][START_REF] Willshire | An economic review of cattle lameness[END_REF][START_REF] Bruijnis | Assessing economic consequences of foot disorders in dairy cattle using a dynamic stochastic simulation model[END_REF]Charfeddine and Perez-Cabal, 2017; and discussion with French veterinarians R. Guatteo and A. Wachépersonal comm.).

For infectious traits, the composite SLI (Table 4) has the same weighting for the three breeds. For mechanical traits, breeds specificities have been taken into account (Table 4) by including toe necrosis in selection index in Normande breed, and corkscrew claw in Montbéliarde breed as well as increasing weight on white line disease for this breed.

A claw health index gathers the SLI and SLM, with a balanced weight in Montbéliarde, whereas Holstein and Normande give 60% on SLI and 40% on SLM.

Conclusions

From the nine claw health traits studied, two groups of traits emerge which are more or less genetically independent of each other, and which make it is possible to evaluate them in two sets of 3+6 traits.

Breed-specific composite for claw health have been decided in concertation between breed societies and will be included in future revisions of the Total Merit Index.

The first routine genetic evaluation is currently implemented at GenEval and the official release is scheduled in April 24. 

Table 1 .

 1 Description of the datasets used for the differents step of the study

	Holstein	Normande	Montbéliarde

Table 3 .

 3 Estimated claw disorders cost

			Estimated Cost	
		Direct	Indirect	Total
	DD	50€	150€	200€
	HHE	25€	0€	25€
	IH	50€	50€	100€
	SHC	25€	0€	25€
	SHD	25€	0€	25€
	WD	30€	100€	130€
	SU*	50€	200-300€	300€
	TN*	50€	300-1000€	450€
	CSC	25€	0€	25€
	* High culling risk for high severity levels	

Table 3 .

 3 Estimated claw disorders costs in €uro.

			Estimated Cost	
		Direct	Indirect	Total
	DD	50€	150€	200€
	HHE	25€	0€	25€
	IH	50€	50€	100€
	SHC	25€	0€	25€
	SHD	25€	0€	25€
	WD	30€	100€	130€
	SU*	50€	200-300€	300€
	TN*	50€	300-1000€	450€
	CSC	25€	0€	25€

*

Annex 1.

Normande and Montbéliarde genetic parameters estimates

  

Table 5 .

 5 Normande genetic parameters estimates (Prevalence of the traits (%), heritabily on diagonal, Genetic correlations (rg) above diagonalstandard error of heritability and range of standard error of genetic correlations,

	and repeatability) for claw health traits (Digital Dermatis (DD), Interdigital Hyperplasia (IH), Heel Horn Erosion
	(HHE), White Line Disease (WDL), Sole Hemorrhage Diffused (SHD) and Circumscribed (SHC), Sole Ulcer
	(SU), Toe ulcer and Necrosis (TN) and CorkScrew Claw (CSC)).				
	Normande Preval.	DD	HHE	IH	TN	SHC	SHD	WL	SU	CSC repeat.
	DD	43%	0.08	0.37	0.80	-0.45	-0.25	-0.26	-0.39	-0.27 -0.19	0.18
	HHE	33%		0.02	0.18	-0.29	0.11 -0.01	-0.22	0.31	0.00	0.04
	IH	30%			0.22	-0.29	-0.24	-0.23	-0.16	-0.22 -0.15	0.47
	TN	5%				0.03	0.23	0.27	0.43	0.22	0.15	0.39
	SHC	14%					0.03	0.50	0.31	0.78	0.20	0.06
	SHD	29%						0.03	0.45	0.30	0.36	0.06
	WL	28%							0.07	0.25	0.36	0.23
	SU	18%								0.07	0.10	0.23
	CSC	3%									0.05	0.19
	error h²		0.010 0.004 0.017 0.008 0.005 0.006 0.010 0.009 0.010
		Min	0.04	0.12	0.04	0.10	0.06	0.09	0.08	0.08	0.09
	error rg	Max	0.12	0.17	0.12	0.17	0.16	0.16	0.14	0.13	0.16

Table 6 .

 6 Montbéliarde genetic parameters estimates (Prevalence of the traits (%), heritabily on diagonal, Genetic correlations (rg) above diagonalstandard error of heritability and range of standard error of genetic correlations, and repeatability) for claw health traits (Digital Dermatis (DD), Interdigital Hyperplasia (IH), Heel Horn Erosion (HHE), White Line Disease (WDL), Sole Hemorrhage Diffused (SHD) and Circumscribed (SHC), Sole Ulcer (SU) and CorkScrew Claw (CSC)).

	Montbél. Preval.	DD	HHE	IH	TN	SHC	SHD	WL	SU	CSC repeat.
	DD	24%	0.04	0.58	0.65		0.26 -0.10	-0.02	0.32 -0.20	0.13
	HHE	34%		0.04	0.34		0.44 -0.03	0.14	0.44	0.11	0.06
	IH	13%			0.09		-0.01	0.04	-0.02	0.06 -0.08	0.39
	TN	2%								
	SHC	14%					0.04	0.26	0.36	0.84	0.36	0.08
	SHD	33%						0.04	0.17	0.32	0.46	0.06
	WL	33%							0.08	0.49 -0.02	0.18
	SU	10%								0.05	0.21	0.19
	CSC	15%									0.07	0.17
	error h²		0.006 0.005 0.009		0.005 0.005 0.008 0.006 0.008
		Min	0.07	0.08	0.07		0.05	0.08	0.07	0.07	0.08
	error rg	Max	0.12	0.11	0.10		0.11	0.11	0.09	0.11	0.10

Acknowledgments

This research project led by Eliance was financially supported by Breeding companies (Evolution / Synetics; Genes Diffusion; Origen Normande and Umotest) with the support of numerous trimming data suppliers, and GenEval for the implementation of the routine evaluation. Previous studies conducted through GénoSanté and MO3San have contributed to the creation of trimming databases and first experiences with genetic evaluation. GenoSanté was labelled by the Valorial competitiveness cluster. It has received funded from the Fonds Unique Interministériel (BPI France, regions of Brittany, Alsace and Pays de Loire). MO3San was labelled by the Valorial competitiveness cluster. It has received funded BPI France (regions of Burgondy, Franche Comté). A seed project POD² funded by Apis-Gene to establish a reference population by providing financial support for genotyping.