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Dairy cow longevity is an essential economic trait that can supplement the breeding value of production traits, which is related to the herd time and lifetime milk yield of dairy cows. However, longevity is a relatively difficult trait to select for dairy cow breeding due to low heritability and numerous influence factors of the longevity in dairy cows. Longevity trait has been used as an important breeding target of a comprehensive selection index in many dairy developed countries; however, it has not been included in performance index in many developing countries. At present, cows in these countries are still in the primary stage of “large quantity, low quality, high cost, and low yield.” The average parity of dairy cows is less than 2.7, which is difficult to maintain the production efficiency to meet the demands of the dairy industry. Therefore, there is an urgent need to select and breed for the longevity of dairy cows. The various definitions and models (including linear, threshold, random regression, sire, and survival analysis) of longevity were reviewed and standardized. Survival analysis is the optimal model to evaluate longevity, and the longevity heritability is 0.01–0.30 by using different definitions and models. Additionally, the relationship between longevity and other traits was summarized, and found that longevity was regulated by multiple factors, and there were low or medium genetic correlations between them. Conformation traits, milk production traits, reproductive traits, and health traits may be used as indicators to select and breed the longevity of dairy cows. The genetic assessment methods, heritability, influencing factors, importance, breeding, and genetics of longevity were reviewed in the manuscript, which could provide a valuable reference for the selective breeding to extend the productive life of Holstein cattle.
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INTRODUCTION

The longevity of dairy cows refers to the time from the first calving to exit the herd when cows do not have sufficient productivity. The production life of dairy cows is less than 3–4.5 years (Kerslake et al., 2018), but in fact the maximum annual production occur in the fifth lactation period, and the highest annual profit typically achieved in the sixth lactation period (Horn et al., 2012). The natural lifespan of cows is approximately 20 years, but the average culled time is much earlier than the natural life. Moreover, cows will be eliminated if they cannot reach the peak production to obtain the highest profit (Najafabadi et al., 2016).

The longevity of dairy cows is a complex trait with low heritability and a lack of supporting data, and longevity is affect by many factors, such as the inherent factors (lactation, health, conformation traits, and reproductive performance; Ferris et al., 2014) and the external factors (milk price, nutrition, management, policy, feeding cost, and replacement heifers; Grandl et al., 2016; Vries and Marcondes, 2020). Therefore, it is a difficult task for breeding longevity traits in dairy cows, and it is necessary to select the traits of longevity, which determines the utilization value of dairy cows, improves the economic benefits of dairy farms. It is especially important for the development of dairy industry.

Longevity of dairy cows was studied at home and abroad, and various definitions and methods of longevity were proposed (Table 1). However, because these terms are often used interchangeably and confusedly, which can confound the study of longevity traits. Therefore, it is necessary to standardize the terms of longevity traits. Herd life refers to the days from birth to culling or death (Zhang et al., 2021b), productive life refers to the days from the first calving to culling or death (Raguz et al., 2011), milking life refers to the days from the first calving to culling or death but excludes all dry periods (Zhang et al., 2021b), and stayability refers to the probability that a cow remains in the herd enough time to raise a certain number of calves that pay for her development and maintenance costs (Costa et al., 2020). Nevertheless, longevity is included as an important indicator in the comprehensive selection index of dairy cows in various countries. Prolonging the productive life of dairy cows can reduce involuntary culling (Zavadilová and Stipkova, 2012) and improve the voluntary culling of dairy cows (Sewalem et al., 2008), but can also help to increase the market profit of dairy enterprises (Albert, 2020), meet consumer demand, enhance animal welfare, respond to climate change, and promote environmentally sustainable development (Grandl et al., 2019). We mainly focuses on genetic evaluation, influencing factors, breeding, genetics, and breeding methods of longevity were reviewed to provide a reference for the selection and breeding of longevity traits in Holstein cattle.



TABLE 1. Terms and definitions of longevity in dairy cows in the literature.
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GENETIC EVALUATION AND HERITABILITY

Longevity is a very important economic trait. Several countries have explored different models to evaluate longevity based on different definitions, data properties, and quality to improve the selection of longevity traits by genetic evaluation. Typically, these models include linear models (Allaire, 1976), threshold models (Boettcher et al., 1999), random regression models (Pelt et al., 2015), sire models (Brotherstone et al., 1997), and survival analysis (Buenger et al., 2001). Linear models, threshold models, and random regression models can process multiple traits simultaneously; thereby directly estimate the genetic correlation between longevity and other traits with a relatively fast calculation speed (Imbayarwo-Chikosi et al., 2015). Survival analysis can appropriately accommodate censored data, consider time-dependent environmental impact, and manage the skewed distribution of longevity characteristics (Imbayarwo-Chikosi et al., 2016). The estimated value of the trait is remarkably close to the measured value, which can easily be adapted to longevity data and provide accurate results, but the calculation speed is relatively slow. In addition, linear, threshold models, and random regression models generally produce lower estimation of longevity heritability than survival analysis models on the original scale (Ducrocq, 1997; Setati et al., 2004; Jamrozik et al., 2008; Kern et al., 2014).

Survival analyses included parametric, semi-parametric, and non-parametric methods (Smith and Westgarth, 1957). Cox proportional hazard model is a semi-parametric method, and the Weibull distribution model is a parametric method, which have been used to estimate the longevity traits of dairy cows (Zhao, 2013). The Cox proportional hazard model is used to analyze the factors that affect the survival time without a clear benchmark risk rate function, which has a wide range of applications and shows high statistical efficiency (Stokes, 2019). The Weibull regression model is a multi-factor analysis model and is based on the Weibull distribution. The weight of each factor in the production life can be obtained with the change of time. The Weibull model can more adapt to the censoring, covariates changes with time, and the screening process more intuitively. Therefore, Weibull regression is more accurate than the Cox proportional hazard model, but it is also more complex.

Researchers use different models to genetically assess different longevity definitions, and find that the longevity heritability is low with rates 0.01–0.30 (Table 2). Although the selection process might be slow, there is sufficient genetic variation. The breeding of longevity traits could be improved indirectly by selecting traits that should be a strong genetic correlation with longevity. Indirect selection is useful if the square of the genetic correlation between the indirect trait and longevity is greater than the heritability of the longevity trait. In addition, the breeding of longevity traits could be improved by combining conventional breeding strategies with modern genome selection technology.



TABLE 2. Heritability of longevity.
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LONGEVITY WITH OTHER TRAITS


Longevity and Conformation

Conformation traits with genetic traits can be monitored in early life (usually the first lactation), thus it is an attractive indirect traits of longevity (Miglior et al., 2017). Conformation traits include lactation system traits (breast texture, udder attachment, udder depth, teat placement, median suspensory, rear breast width, and rear breast height), foot and leg traits (bone quality, rear view of the rear leg, and foot angle), and body traits (weight, body height, and body depth). The higher total conformation score, the longer the longevity. Dairy workers worldwide have been committed to improve the longevity of dairy cows by looking for the ideal score for each conformation trait and exploring the correlation between these traits and longevity (Figure 1; Zavadilova et al., 2009, 2011; Kern et al., 2015; Mao, 2015; Imbayarwo-Chikosi et al., 2016). The nine-point scale is often used to score the conformation traits of dairy cows, and the optimal score value is selected only when the productive life is longest and the milk yield is highest.

[image: Figure 1]

FIGURE 1. Ideal score for various body traits of dairy cows.


Longevity has a weak genetic correlation with the lactation system and body condition (Zavadilová and Stipkova, 2012), and it is unfavorable for selecting the longevity trait. While body height, chest width, loin strength, rump angle, rump width, foot angle, bone quality, rear view of the rear leg, breast texture, fore udder attachment, rear udder attachment, udder depth, teat placement, median suspensory, and top-line were all positive genetic correlated with the longevity (Sewalem et al., 2004; Wu, 2007), and it is favorable for longevity trait selection, among these traits, foot angle and rump width are the highest correlations with the productive life of cows. On the contrary, there is a significantly negative genetic correlation among teat length, fore teat placement, and longevity (Vacek et al., 2006; Čanji et al., 2008). Moreover, several studies have found that other traits are negatively genetic correlated with longevity (Vollema and Groen, 1997; Perez-Cabal et al., 2006; Muntean et al., 2018). Above all, longevity has a high genetic correlation with lactation system traits, a low genetic correlation between foot and leg, and a low or medium negative genetic correction with body traits (Figure 2). These differences among studies may be due to the different breeding needs, herd size, genetic background, the term of longevity, and the analytical models used in the study of cow longevity in different countries. Additionally, the oral score also plays an important role in productive life. Muntean et al. (2018) found that Bolan cows with a better oral score (score of 1) have longer life expectancy. If degeneration of the incisors affects the feeding ability of the cows, which in turn affects the nutritional level needed to maintain physical condition. Cows can live longer and produce more milk when they achieve ideal scores conformation. Therefore, these conformation traits are the ideal indirect trait for selecting and breeding longevity of dairy cows.
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FIGURE 2. Genetic correlations between longevity and type traits.




Longevity and Milk Production Traits

To reduce the cost of reserve cows during the breeding process, it is important to select cows with excellent milk production and longevity (Wasana et al., 2015). A study of 36,663 Slovenian brown cattles found that longevity was positively genetic correlated with 305-day milk yield, with a correlation coefficient of 0.23 (Jenko et al., 2015). Dairy cows had a longer lifespan and higher final milk production when the first milk production of primiparous cows was less than 30 L/d (Haworth et al., 2008). Kaupe et al. (2007) studied 1,291 Holstein cows and found that longevity was significantly negatively phenotypic correlated with milk fat and somatic cell count, with a correlation coefficient of −0.08 and −0.52, respectively, and longevity was positively phenotypic correlated with protein content, with a correlation coefficient of 0.01. Longevity had a significant positively genetic correlation with milk fat and milk yeild, the correlation coefficients are 0.46 and 0.43, respectively (Weigel et al., 1998), and it was positively genetic correlated with fat and protein, the correlation coefficients are 0.56–0.61 (Haile-Mariam and Pryce, 2015). However, other studies have found a negative correlation between production life and milk production (Mirhabibi et al., 2018; Bieber et al., 2019), which indicate that high-yield cows have high energy metabolism during lactation, and their breasts may be more vulnerable to the milking equipment. There is a positive genetic correlation between somatic cells and blood immune-related cells. Sartori et al. (2020) found that the high positive genetic correlation between longevity and fighting ability (average ra = 0.669). Therefore, a higher resistance to mastitis is associated with their better welfare and longer the lifespan of dairy cows, which lead to a higher milk yield and production to farm benefit.

Furthermore, the urea nitrogen content, lactose content, and milking temperament also impact longevity of dairy cows. Miglior et al. (2006) found that there was a linear correlation between the lifespan and the urea nitrogen content, cows culling rate decreased with the increasing of urea nitrogen content, but the cows culling rate would increased when the content of urea nitrogen still increased to a certain extent. Because urea nitrogen content above 19 mg/dL had an important influence on the reproductive traits of dairy cows (Wang et al., 2010), which would increase their return to estrus and shorten their production life. On the contrary, the content of urea nitrogen less than 12 mg/dL might reduce milk production and milk protein content by affecting the rumen microflora quantity and reducing dietary protein index, thereby shortening the life of dairy cows (Zhang et al., 2011). Costa et al. (2020) found that the lactose content in milk decreased and dairy cows were more likely to be eliminated with the increase of breast infection degree and parity. Miglior et al. (2006) also found that cows with low lactose level had higher risk of elimination, whereas dairy cows with high lactose levels had a low risk of elimination. Because high lactose level may affect the pregnancy rate, early luteal reaction, and subclinical and clinical ketosis of dairy cows, which can shorten lifespan. Milking temperament can be defined according to milking behavior (Hedlund and Løvlie, 2015) and aggressiveness occurs during feeding (Uetake et al., 2004). Cows with a fast milking speed have a higher somatic cell count and susceptible mastitis (Sewalem et al., 2010). A docile temperament is beneficial for increasing the calving rate, conception rate, milk production, and production life (Chang et al., 2019).



Longevity and Reproductive Performance

Improvement in reproductive performance and the using of sex-controlled semen increased the number of replacement heifers in most dairy economies, which also cull more reserve cows (Overton and Dhuyvetter, 2020). Sewalem et al. (2005) analyzed the factors affecting the herd life of Holstein, Jersey, and Ayrshire cows, and found that the risk of being culled was higher for older heifers than for heifers calving at an age between 24 and 28 months in all breeds. Late calvings are presumably caused by some problems associated with herd management, fertility, other health problems, and higher rearing costs. In addition, cows first calving at <21 month of age have a high risk of culling due to dystocia and the high elimination is related to the quota system that exists in Canada (Nilforooshan and Edriss, 2004). Anim et al. (2020) analyzed different lactations recordings and found that productive life of dairy cows gradually decrease with the increasing of the age of the first calving, especially for cows calving at an age over 29 months. Mossa and Ireland (2019) found that cows had low fertility, low milk yield, and a high elimination risk with low and high follicle numbers. Therefore, to reduce costs, cows should be bred for the first time at approximately 14 months so that they can achieve the first calving at approximately 23–24 months. However, it is important to choose the first calving time of the cows according to the climate and breeding needs of their country.

The calving interval is a reproductive trait with low heritability (Pryce et al., 2000). The ideal state of dairy cows is lactation for 10 months and dry milk for 2 months. When the time of artificial insemination is less than 60 days, the conception rate is found to be significantly lower. Do et al. (2013) found that there was a negative correlation between the first two calving intervals and the production life of dairy cows (the correlation coefficient is −0.265), and cows had a longer calving interval and higher milk production with a short production life (Wu, 2007). Calving ease significantly reduces the service life and reproductive performance of dairy cows (Maturana et al., 2007). Although the criteria for calving difficulty vary from country to country, the result is that unassisted cows live longer than cows that require assistance during delivery (Hossein-Zadeh, 2016). Dystocia reduces herd profitability, impairs the reproductive performance of cows in the next breeding cycle, and reduces milk production (Hossein-Zadeh, 2016). Rajala-Schultz and Gröhn (1999) found that the risk of culling for dystocic cows was significantly increased during the first 30 days after calving and at the end of the lactation. In addition, the number of pregnancies (Molina-Coto et al., 2020), open days (Pinedo and Vries, 2010), and calf survival rates significantly increased the risk of cows being eliminated (Yalew et al., 2011). Therefore, there was a low or moderate genetic association between reproductive traits and longevity traits, it is necessary to continue to further examine the correlation between these traits and longevity in follow-up studies of the breeding traits of dairy cows. In particular, the first calving, calving interval, calving ease, and calf survival rates may be the indirect traits that can be used for the early selection for longevity.



Longevity and Disease Traits

There is a unfavorable genetic correlation between longevity and health traits, especially metabolic diseases, which have a strong genetic impact on productive life, and the genetic correlation is −0.98 (Shabalina et al., 2020). Therefore, health traits can be considered as an index to measure productive life. Hadley et al. (2006) found that up to 80% culled dairy cows had the health problems. Therefore, appropriate treatment methods should be adopted to reduce the prevalence of disease in dairy cows to the greatest extent. The main diseases related to the longevity of dairy cows include mastitis, foot disease, metabolic disease, reproductive disease, digestive tract disease, tuberculosis, and brucellosis. Dairy cows suffering from clinical mastitis and reproductive diseases are the most likely to be culled, which have low or moderate negative genetic correlations with longevity (Holtsmark et al., 2008). The culled risk during the remaining lactation period increases after cow suffering from mastitis, and mastitis resistance is positively correlated with productive life (Neerhof et al., 2000). Therefore, longevity can be extended by selecting cows with high resistance to mastitis. Reproductive diseases, such as abnormal estrus, retained placenta, ovarian quiescence, ovarian cysts, persistent corpus luteum, and endometritis abortion can shorten the lifespan, which can prolong the calving interval and decrease milk production (Pascottini and Leblanc, 2020).

Foot disease affects the longevity of dairy cows by affecting their activities, feeding behavior, and production performance. Charfeddine and Perez-Cabal (2016) found that the existence of ulcers or white lines in foot disease was associated with low milk yield of Spanish Holstein cows, the existence of ulcers, or white line disease in early lactation will extend day open and long calving intervals. Metabolic disease is an important cause for the involuntary culling of dairy cows. Milk fever is the most important disease affecting the survival rate, followed by ketosis, fatty liver, and abomasal translocation (Probo et al., 2018). These diseases are related to both longevity and milk production, the risk of dairy cow culling increases when one metabolic disease coexists with another. More importantly, the metabolic stress caused by metabolic diseases can damage the mitochondria and further affect the longevity of dairy cows. Ketosis is the most important metabolic disease in all countries (Huber et al., 2016); ketosis will secrete less milk and milk fat content. The sick cow will no longer continue to secrete milk with the aggravation of the disease, consequently, they will be involuntary culled and the production life will be shortened.

Bovine infectious tuberculosis and brucellosis are two major infectious diseases in dairy cattle breeding, which not only endanger human health but also shorten the longevity of dairy cows (Ma and Xie, 2020). Breast tuberculosis is an infection of the mammary gland that results in a lump on the outside of the breast, causing in low milk production and short lifespan of cows (Yang and Zhou, 2010). Brucellosis is a common epidemic disease in pastures; cows suffering from brucellosis are prone to abortion, retained placenta, and long-term infertility (Wang, 2020). Additionally, the longevity traits of dairy cows in various countries with the increasing understand, the longevity of dairy cows should not only be studied after calving, but also before calving. The calf survival rate is affected by respiratory disease and diarrhea, which occur annually in most intensive dairy cows (Timsit et al., 2017). According to the National Animal Health Surveillance System of the United States, half of the deaths of calves in the United States dairy industry are caused by diarrhea (Yong-II and Kyoung-Jin, 2014). Therefore, a cow herd with high disease resistance will be beneficial to extend the longevity of the cows.



Longevity and Nutrition

Nutritional factors are directly or indirectly related to the growth and development of animals, physiological and biochemical indices, and immune indices (Michael et al., 2019). High protein levels can have various toxic effects on the ovum, oosperm, and embryo, and it will reduce prostaglandin synthesis and progesterone, delay estrus, and ovulation. Moreover, low protein content in the diet will cause reproductive diseases, such as delayed follicular development, abnormal estrus, low conception rate, and retained placenta (Liu, 2017). Excessive carbohydrate content in the diet will lead to rumen acidosis in dairy cows (Agovino, 2018). An imbalance in the calcium and phosphorus ratio can readily cause the development of metabolic disorders and osteoporosis. The feeding, ruminating, and digestion characteristics of cows are significantly different at different ages. Therefore, total mixed ration (TMR) technology should be promoted according to the nutritional needs of dairy cows at different ages, growth stages, pregnancies, and lactation (Schingoethe, 2017). The roughage and concentrate should be cut, stirred, mixed, and fed in proportion to ensure a balanced nutritional intake for dairy cows. Additionally, regular sampling and analysis of the TMR mixed diet should be carried out to reduce the inconsistency between the trough feed and the allocated feed in the mixed diet, because imbalance nutrient can result in diseases and thereby shorten the longevity of dairy cows.



Longevity and Management

The improvement of cow comfort and welfare is conducive to improve the profitability of dairy farms and longevity. Bouffard et al. (2017) studied Holstein cows in 100 tiestall dairy farms and found that most cows tied in the cattle pen had an increase in the incidence of foot disease and shortened the lifespan by comparison free-ranging of cows. Fuerst-Waltl et al. (2018) found that the culling rate of free-ranging Simmental cattle was 15% lower than stall-fed Simmental cattle. Exercise may be an important factor for improving the health of dairy cows. Therefore, it is important to adhere to the concept of animal welfare and provide more consultation services for the breeding of dairy cows (Karin et al., 2018). It is important to control the herd size (Sawa et al., 2016), keep warm in winter, and provide sufficient ventilation to prevent heatstroke in summer. In addition, flooring type and slipperiness, barn cleanliness, bedding type and quantity, and stall design are all associated with increased odds of lameness (Wu et al., 2018). Additionally, managers should regularly assess performance and health status data in accordance with the range management system to detect adverse trends for timely treatment. In daily life, cows should have the opportunity to bask in the sun every day, sufficiently brush the cow’s body, which ensures they are clean and dry at all times to promote blood circulation and metabolism and grasp the suitable age for breeding. The breasts should be massaged every day, which maintains normal function of breast and promotes lactation. Ensuring cows should have appropriate daily activity to improve their physique, feed conversion time, and efficiency, which in turn ultimately improve the milk yield. In particular, the dirt between cows toes should be cleaned regularly, and the cows’ feet should be pruned. Protecting the cows’ feet in strict accordance with the operating procedures of foot repair technology will reduce the occurrence of limb foot disease (He, 2011).




LONGEVITY IN BREEDING SYSTEMS IN VARIOUS COUNTRIES

For many years, most selection indices worldwide focused on increasing milk production (Miglior et al., 2005). With relative emphasis on production in various countries, the selection indices have gradually shifted toward a more balanced breeding goal of improving production, especially protein yield and percentage, longevity, udder health, conformation, and reproduction (Vanraden, 2002). Longevity of dairy cows has been studied in many countries since the 1950s (Zhang et al., 2020). Longevity traits are heritable and can be improved by selecting (Miglior et al., 2017). The definition and model of longevity traits are also developing with further research on longevity traits in developed countries (Miglior et al., 2005). However, there is currently no consensus on definition of longevity trait or on the methodology for the evaluation across countries. Therefore, the definition and model for longevity trait selection, and the longevity trait weight in the comprehensive selection index of each country is inconsistent.

The United States considers productive life, which combines direct longevity defined as total months in milk through 84 mo of age, along with somatic cell score, milk yield, milk fat yield, milk protein yield, and some conformation traits (Cruickshank et al., 2002), and usually analyzed by single trait-best linear unbiased prediction (BLUP)-animal model. Canada considers longevity is a total five traits, survival status from the first calving to day 120, day 120 to 240, day 240 to second calving, second to third calving, and third to fourth calving, which combines direct longevity somatic cell score, milking speed, non-return rate, calving to first service interval, and some conformation traits, and usually analyzed by five traits-BLUP-animal model (Sewalem et al., 2007). Nodic considers longevity is a total of five traits, the partial productive life from the first to the second, third, fourth, fifth, and sixth calvings, which usually analyzed by muti-traits-BLUP-animal model. Germany considers longevity is a total of nine traits, survival status from day 0 to 49, day 50 to 249, and day 250 to the next calving after the current calving among the first three lactations, which usually analyzed by muti-traits -BLUP -animal model (Zhang et al., 2020). France considers productive life, which combines direct longevity along with somatic cell count, clinical mastitis, and some reproduction and conformation traits, which usually analyzed by Single trait-survival analysis–Sire-maternal grand sire model (Zhang et al., 2020). Australia considers longevity is survival status from the first to the second, third, fourth, fifth, sixth, seventh, and eighth calvings, which usually analyzed by muti-traits-BLUP-animal model (Zhang et al., 2020).

Longevity was included in the total performance index (TPI) by the American Holstein Dairy Association in 2001, which accounted for 8% of the latest TPI established in 2021. Canada added longevity to the lifetime performance index (LPI) in August 2001, longevity accounted for 5% of the latest LPI index in 2021. In 1990, longevity is added to the nordic total merit (NTM), and longevity accounted for 7% of this index. In Germany, milk yield, conformation, and functional traits were first included in the selection index relative zuchtwert gesamt (RZG) in 1997, function longevity accounted for 20% of the latest RZG index in 2020. Longevity accounted for 5% of the French Index de Synthèse UPRAISU in 2021. The weight of longevity traits in the TPI of Australian and Dutch dairy cows was 8 and 12%, respectively. Therefore, longevity plays an increasingly important role in dairy cattle breeding in various countries.



BREEDING AND GENETIC SELECTION

Improvements and genetic selection for milk yield have led to substantially steady increase in milk production over recent decades in many countries, including Canada, the United States, and throughout Europe and Australasia (Schuster et al., 2020). However, due to only focus on the improvement of milk yield, other traits, and the disease resistance of cows decrease (Ingvartsen et al., 2003). Therefore, the aim of breeding in various countries gradually shift to more balanced breeding, functional traits, and especially longevity traits. All functional traits have also been included in the selection indices of respective countries (Miglior et al., 2005). There are two approaches to study longevity, the first is to select longevity directly, and the second is to select the underlying functional traits as the breeding goal. The indirectly selects for traits that are difficult to measure or do not have complete data records (Vollema, 1998), and it is important to determine the heritabilities and correlations of these traits.

Since longevity is a low-heritability trait globally (Schuster et al., 2020), and true longevity of cows cannot be known until cows were culled, which makes a longest generation interval (Ducrocq et al., 1988). The emergence of genomic selection technology has shortened the generation interval, improved the breeding value, and accelerated the genetic progress of longevity (Liu et al., 2011). Although genomic selection accelerates genetic improvement, cows can be replaced slightly faster, and raise all born heifer calves to replace cows is not the most profitable strategy in many cases (Vollema, 1998). Thus, the optimal asset replacement theory is only the necessary number of heifers is selected and the lowest genetic merit is sold, which can help to expand the dominant population (Weigel et al., 2012).

In addition, the underlying molecular mechanisms of longevity remain not to be incompletely understand, which slow research progress on the longevity of dairy cows. Molecular breeding methods can more accurately determine the genetic potential for specific traits. At present, many molecular markers, genotypes and metabolites are being assessed in terms of their correlations with the longevity of dairy cows, which can assist in the selection of longevity traits in dairy cows.

Seeker et al. (2018) found that bovine relative leukocyte telomere length (RLTL) was a heritable trait, and the association with longevity traits can be used in breeding programs to increase the lifespan of dairy cows. Bovine telomeres shorten with age, and the relationship between RLTL at different life stages and the productive life of dairy cows has not been explored. RLTL is generally positively correlated with longevity in humans and vertebrates, but telomere length is negatively correlated with longevity, which implies that short telomeres are associated with an increased mortality risk (Wilbourn et al., 2018). The only other study on the relationship between RLTL and productive life displays a significant but weak correlation in dairy cows (Brown et al., 2012). Therefore, a follow-up study is needed to assess the longevity benefits of a strategy of breeding according to RLTL through genome-wide association analysis. Huber et al. (2016) sequenced 19 dairy cows plasma by using a metabolomics approach to identify the metabolites of long-chain acylcarnitine, spermidine, and biogenic amines associated with prolonged production life, but these metabolites have not yet been confirmed. If these potential new biomarkers are confirmed, they can be used for the genetic selection of bulls and dairy cattle breeding, and increase the number of dairy cows with “extended life” metabolic genetic traits. Ioannidis et al. (2018)found that plasma microRNAs were associated with telomere length, milk yield, milk composition, somatic cell count, reproduction, and blood metabolites related to body energy balance and metabolic stress, suggesting that these microRNAs may be significantly associated with a productive life. Additionally, researchers from various countries have used genome-wide association studies (GWAS) and single-nucleotide polymorphism (SNP) to identify many genes, quantitative trait loci (QTLs), and SNPs are significantly related to longevity (Table 3), indeed, a large number of genes (Figure 3) and QTL (Figure 4) have been discovered from cattle QTL projects.1 At present, these genes and polymorphisms are also being studied and tested to determine their relationship with longevity and extend longevity of dairy cows.



TABLE 3. Genes, single-nucleotide polymorphisms (SNPs), and quantitative trait loci (QTL) related longevity of cattle.
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FIGURE 3. Chromosomal distribution of genes associated with productive life.
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FIGURE 4. Chromosomal distribution of QTL associated with productive life.




CONCLUSION AND FUTURE PERSPECTIVES

The dairy industry is gradually moving toward intensive, large-scale, standardized, and mechanized breeding worldwide. With the increasing attention being paid to the breeding value, lifetime benefits, climate change, and environmental sustainability of dairy cattle globally, the focus of dairy cattle breeding has begun to shift to more balanced breeding goals, including longevity, health, welfare, milk yield, milk quality, and environmental sustainability. Longevity have been incorporated into breeding programs in many developed countries according to the dairy production importance (Miglior et al., 2005), and have been selected for longevity traits. Extending of dairy cow longevity has become an urgent need for the development of the dairy industry. Nevertheless, longevity does not yet include into national selection indices in many developing countries because of the complexity. For example, the newly revised Chinese Dairy Performance Index (CPI) in 2020 only includes milk protein content, milk fat content, somatic cells, conformation, lactation system, and feet, and longevity has not been included in the selection index. To increase the breeding of longevity traits, it should be included in selection indices in each country, because longevity trait has economic value as its improvement that can reduce production costs (Allaire, 1981). It is worth noting that the correlation between longevity and milk yield remains unclear. In the future, if longevity is included in the selection index, it will be necessary to comprehensively consider whether it will affect the milk yield of dairy cows.

The short longevity of dairy cows not only seriously affects productivity, but also hinders the scope for selection for other traits. In traditional breeding, researchers in various countries have used different models and trait definitions to directly or indirectly select for longevity traits (Gill and Allaire, 1976; Hoque and Hodges, 1980; Buenger et al., 2001). Multiple-trait evaluations combining indirect measures of longevity with direct measures are helpful to improve the accuracy of longevity evaluations (Miglior et al., 2017). In addition, the terms used to describe the longevity trait are inconsistent across countries, and if all terms are used interchangeably, there will be inconsistencies and ambiguities in the definitions of longevity (Caraviello et al., 2004; Brickell and Wathes, 2011; Raguz et al., 2011). Therefore, it is necessary to standardize the different terms related to longevity traits, and researchers can choose different definitions of longevity depending on the purpose of their study.

With the development of molecular technology, genome selection can significantly improve the genetic improvement speed of dairy cows and shorten the generation interval. However, genomic selection accelerates herd replacement, the accuracy gradually decreases due to recombination and the linkage between SNPs and causal genes disappears with time (Zhang et al., 2021a). Longevity traits have low heritability and are highly influenced by the environment, since dairy cattle are farmed globally, and the environment varies greatly from country to country, so it is important to study the interaction between longevity traits and the environment. In the future, it will be particularly important to correctly identify the early indicator traits and genetic markers of longevity, improve the accuracy of longevity assessment, collect complete records of dairy cows’ conformation traits, lactation system, reproductive traits, health traits, limbs, and hooves, and perform dairy herd improvement (DHI) determinations. However, it is important to find a balance between collecting record data and resulting benefits to farmers. Good performance recording in combination with an appropriate model of genetic evaluation and a well-organized selection process have been shown to be useful for breeding of longevity in dairy cows, which will make better progress in this field. In additional, national policies and animal welfare can be a challenge in choosing a longevity herd or the optimal herd in breeding longevity traits in the future when production efficiency and profit are the primary goals. Therefore, the future selection of dairy cattle for longevity breeding will require a fully integrated and balanced breeding model.



AUTHOR CONTRIBUTIONS

HH and TM contributed to the writing, preparing the original draft, investigation and validation. YaM and XW contributed to revision and supervision. YuM contributed to the conceptualization. All authors contributed to the article and approved the submitted version.



FUNDING

This study was supported by grants from the Modern Agro-industry Technology Research System (CARS-36). The development and application of health control technology for high yield dairy cows (No. 2021BEF01001).


FOOTNOTES

1https://www.animalgenome.org/cgi-bin/QTLdb/index



REFERENCES

 Agovino, M. (2018). Optimising cow longevity, reproductive performance and milk yield. Int. Dairy Topics 17, 7–8.

 Albert, D. V. (2020). Symposium review: why revisit dairy cattle productive lifespan. J. Dairy Sci. 103, 3838–3845. doi: 10.3168/jds.2019-17361 

 Allaire, G. S. G. R. (1976). Genetic and phenotypic parameters for a profit function and selection method for optimizing profit in dairy cattle. J. Dairy Sci. 7, 1325–1333. doi: 10.3168/jds.S0022-0302(76)84363-9

 Allaire, F. R. (1981). Economic consequences of replacing cows with genetically improved heifers. J. Dairy Sci. 64, 1985–1995. doi: 10.3168/jds.S0022-0302(81)82801-9

 Anim, I., Res, J., Kuevi, D., Dragin, S., and Mirkov, M. (2020). Effect of age at first calving and other non-genetic factors on longevity and production traits in holstein cattle under vojvodina province condition, serbia. Indian J Anim. 54, 499–505. doi: 10.18805/ijar.B-1063 

 Ashwell, M. S., and Tassel, C. P. V. (1999). Detection of putative loci affecting milk, health, and type traits in a US holstein population using 70 microsatellite markers in a genome scan. J. Dairy Sci. 82, 2497–2502. doi: 10.3168/jds.S0022-0302(99)75501-3

 Bieber, A., Wallenbeck, A., Leiber, F., Fuerst-Waltl, B., Winckler, C., and Gullstrand, P. (2019). Production level, fertility, health traits, and longevity in local and commercial dairy breeds under organic production conditions in Austria, Switzerland, Poland, and Sweden. J. Dairy Sci. 102, 5330–5341. doi: 10.3168/jds.2018-16147 

 Bjelka, M., and Novák, K. (2019). Association of TLR gene variants in a czech red pied cattle population with reproductive traits. Vet. Immunol. Immunopathol. 220:109997. doi: 10.1016/j.vetimm.2019.109997 

 Boettcher, P. J., Jairath, L. K., and Dekkers, J. (1999). Comparison of methods for genetic evaluation of sires for survival of their daughters in the first three lactations. J. Dairy Sci. 82:1034. doi: 10.3168/jds.S0022-0302(99)75324-5 

 Boldman, K. G., Freeman, A. E., Harris, B. L., and Kuck, A. L. (1992). Prediction of sire transmitting abilities for herd life from transmitting abilities for linear type traits1. J. Dairy Sci. 75, 552–563. doi: 10.3168/jds.S0022-0302(92)77792-3

 Bouffard, V., Passillé, A. M. D., Rushen, J., Vasseur, E., Nash, C. G. R., and Haley, D. B. (2017). Effect of following recommendations for tiestall configuration on neck and leg lesions, lameness, cleanliness, and lying time in dairy cows. J. Dairy Sci. 100, 2935–2943. doi: 10.3168/jds.2016-11842 

 Brickell, J. S., and Wathes, D. C. (2011). A descriptive study of the survival of Holstein-friesian heifers through to third calving on english dairy farms. J. Dairy Sci. 94, 1831–1838. doi: 10.3168/jds.2010-3710 

 Brotherstone, S., Veerkamp, R. F., and Hill, W. G. (1997). Genetic parameters for a simple predictor of the lifespan of Holstein-friesian dairy cattle and its relationship to production. Anim. Sci. 65, 31–37. doi: 10.1017/S135772980001626X

 Brown, D. E., Dechow, C. D., Liu, W. S., Harvatine, K. J., and Ott, T. L. (2012). Hot topic: association of telomere length with age, herd, and culling in lactating holsteins. J. Dairy Sci. 95, 6384–6387. doi: 10.3168/jds.2012-5593 

 Buenger, A., Ducrocq, V., and Swalve, H. H. (2001). Analysis of survival in dairy cows with supplementary data on type scores and housing systems from a region of Northwest Germany. J. Dairy Sci. 84, 1531–1541. doi: 10.3168/jds.S0022-0302(01)70187-7 

 Čanji, V., Strapak, P., Strapakova, E., and Juhas, P. (2008). Effect of conformation traits on longevity of cows of slovak simmental breed. Slovak J. Anim. Sci. 41, 83–90.

 Caraviello, D. Z., Weigel, K. A., and Gianola, D. (2004). Analysis of the relationship between type traits and functional survival in US holstein cattle using a weibull proportional hazards model. J. Dairy Sci. 87, 2677–2686. doi: 10.3168/jds.S0022-0302(04)73394-9 

 Chang, Y., Li, X., Zhang, H. L., Yuan, J. G., Guo, G., and Liu, L. (2019). Genetic analysis for temperament of chinese Holstein in Beijing area. Acta Veterinaria et Zootechnica Sinica. 50, 44–52. doi: 10.11843/j.issn.0366-6964.2019.04.004

 Charfeddine, N., and Perez-Cabal, M. A. (2016). Effect of claw disorders on milk production, fertility, and longevity, and their economic impact in spanish Holstein cows. J. Dairy Sci. 100, 653–665. doi: 10.3168/jds.2016-11434 

 Clasen, J. B., Norberg, E., Madsen, P., Pedersen, J., and Kargo, M. (2017). Estimation of genetic parameters and heterosis for longevity in crossbred danish dairy cattle. J. Dairy Sci. 100, 6337–6342. doi: 10.3168/jds.2017-12627 

 Cole, J. B., Wiggans, G. R., Ma, L., Sonstegard, T. S., Lawlor, T. J., and Crooker, B. A. (2011). Genome-wide association analysis of thirty one production, health, reproduction and body conformation traits in contemporary U.S. Holstein cows. BMC Genomics 12:408. doi: 10.1186/1471-2164-12-408 

 Costa, E. V., Ventura, H. T., Veroneze, R., Silva, F. F., Pereira, M. A., and Lopes, P. S. (2020). Estimated genetic associations among reproductive traits in Nellore cattle using Bayesian analysis. Anim. Reprod. Sci. 214:106305. doi: 10.1016/j.anireprosci.2020.106305 

 Cruickshank, J., Weigel, K. A., Dentine, M. R., and Kirkpatrick, B. W. (2002). Indirect prediction of herd life in Guernsey dairy cattle. J. Dairy Sci. 85, 1307–1313. doi: 10.3168/jds.S0022-0302(02)74195-7 

 Dentine, M. R., Mcdaniel, B. T., and Norman, H. D. (1987). Evaluation of sires for traits associated with herdlife of grade and registered Holstein cattle 1. J. Dairy Sci. 70, 2623–2634. doi: 10.3168/jds.S0022-0302(87)80332-6

 Do, C., Wasana, N., Cho, K., Choi, Y., Choi, T., Park, B., et al. (2013). The effect of age at first calving and calving interval on productive life and lifetime profit in korean holsteins. Asin Austral. J. Anim. 26, 1511–1517. doi: 10.5713/ajas.2013.13105 

 Ducrocq, V. (1997). Survival analysis, a statistical tool for longevity data. Proceedings of 48th Annual Meeting of the EAAP, 25–28.

 Ducrocq, V., Quaas, R. L., Pollak, E. J., and Casella, G. (1988). Length of productive life of dairy cows. 2. Variance component estimation and sire evaluation. J. Dairy Sci. 71, 3071–3079. doi: 10.3168/jds.S0022-0302(88)79907-5

 Ferris, C. P., Patterson, D. C., Gordon, F. J., Watson, S., and Kilpatrick, D. J. (2014). Calving traits, milk production, body condition, fertility, and survival of Holstein-Friesian and norwegian red dairy cattle on commercial dairy farms over 5 lactations—ScienceDirect. J. Dairy Sci. 97, 5206–5218. doi: 10.3168/jds.2013-7457 

 Fuerst-Waltl, B., Aichhorn, T., and Fuerst, C. (2018). Mountain pasturing of rearing stock reduces the culling risk as dairy cows. Int. J. Anim. Biosci. 13, 209–212. doi: 10.1017/S1751731118001465 

 Gill, G. S., and Allaire, F. R. (1976). Relationship of age at first calving, days open, days dry, and herdlife to a profit function for dairy cattle. J. Dairy Sci. 59, 1131–1139. doi: 10.3168/jds.S0022-0302(76)84333-0

 Grandl, F., Furger, M., Kreuzer, M., and Zehetmeier, M. (2019). Impact of longevity on greenhouse gas emissions and profitability of individual dairy cows analysed with different system boundaries. Animal 13, 198–208. doi: 10.1017/S175173111800112X 

 Grandl, F., Luzi, S. P., Furger, M., Zeitz, J. O., Leiber, F., Ortmann, S., et al. (2016). Biological implications of longevity in dairy cows: 1. Changes in feed intake, feeding behavior, and digestion with age. J. Dairy Sci. 99, 3457–3471. doi: 10.3168/jds.2015-10261 

 Hadley, G. L., Awolf, C., and Harsh, S. B. (2006). Dairy cattle culling patterns, explanations, and implications. J. Dairy Sci. 89, 2286–2296. doi: 10.3168/jds.S0022-0302(06)72300-1 

 Haile-Mariam, M., and Pryce, J. E. (2015). Variances and correlations of milk production, fertility, longevity, and type traits over time in Australian Holstein cattle. J. Dairy Sci. 98, 7364–7379. doi: 10.3168/jds.2015-9537 

 Handcock, R. C., Lopez-Villalobos, N., Mcnaughton, L. R., Back, P. J., Edwards, G. R., and Hickson, R. E. (2020). Body weight of dairy heifers is positively associated with reproduction and stayability. J. Dairy Sci. 103, 4466–4474. doi: 10.3168/jds.2019-17545 

 Hare, E., Norman, H. D., and Wright, J. R. (2006). Survival rates and productive herd life of dairy cattle in the United States—science direct. J. Dairy Sci. 89, 3713–3720. doi: 10.3168/jds.S0022-0302(06)72412-2 

 Haworth, G. M., Tranter, W. P., Chuck, J. N., Cheng, Z., and Wathes, D. C. (2008). Relationships between age at first calving and first lactation milk yield, and lifetime productivity and longevity in dairy cows. Vet. Rec. 162:643. doi: 10.1136/vr.162.20.643 

 He, Y. (2011). How to extend the production and utilization lifespan of dairy cows to the maximum extent. China Anim. Ind. 24:90. doi: 10.3969/j.issn.2095-2473.2011.24.054

 Hedlund, L., and Løvlie, H. (2015). Personality and production: nervous cows produce less milk. J. Dairy Sci. 98, 5819–5828. doi: 10.3168/jds.2014-8667 

 Holtsmark, M., Heringstad, B., Madsen, P., and Odegard, J. (2008). Genetic relationship between culling, milk production, fertility, and health traits in norwegian red cows. J. Dairy Sci. 91, 4006–4012. doi: 10.3168/jds.2007-0816 

 Hoque, M., and Hodges, J. (1980). Genetic and phenotypic parameters of lifetime production traits in Holstein cows. J. Dairy Sci. 63, 1900–1910. doi: 10.3168/jds.S0022-0302(80)83157-2 

 Horn, M., Knaus, W., Kirner, L., and Steinwidder, A. (2012). Economic evaluation of longevity in organic dairy cows. Org. Agric. 2, 127–143. doi: 10.1007/s13165-012-0027-6

 Hossein-Zadeh, G. N. (2016). Effect of dystocia on subsequent reproductive performance and functional longevity in Holstein cows. J. Anim. Physiol. Anim. Nutr. 100, 860–867. doi: 10.1111/jpn.12460 

 Huber, K., Dänicke, S., Rehage, J., Sauerwein, H., Otto, W., and Rolle-Kampczyk, U. (2016). Metabotypes with properly functioning mitochondria and anti-inflammation predict extended productive life span in dairy cows. Sci. Rep. 6:24642. doi: 10.1038/srep24642 

 Imbayarwo-Chikosi, V. E., Ducrocq, V., Banga, C. B., Halimani, T. E., Van, W. J. B., and Maiwashe, A. (2016). Impact of conformation traits on functional longevity in south african Holstein cattle. Anim. Prod. Sci. 58:481. doi: 10.1071/AN16387

 Imbayarwo-Chikosi, V. E., Ducrocq, V., Banga, C. B., Halimani, T. E., Vanwyk, J. B., and Maiwashe, A. (2017). Estimation of genetic parameters for functional longevity in the south african Holstein cattle using a piecewise weibull proportional hazards model. J. Anim. Breed. Genet. 134, 364–372. doi: 10.1111/jbg.12264 

 Imbayarwo-Chikosi, V., Dzama, K., Halimani, T., Wyk, J. V., Maiwashe, A., and Banga, C. (2015). Genetic prediction models and heritability estimates for functional longevity in dairy cattle. South Afr. J. Anim. Sci. 45:105. doi: 10.4314/sajas.v45i2.1

 Ingvartsen, L. K., Dewhurst, R. J., and Friggens, N. C. (2003). On the relationship between lactational performance and health: is it yield or metabolic imbalance that cause production diseases in dairy cattle? A position paper—sciencedirect. Livest. Prod. Sci. 83, 277–308. doi: 10.1016/S0301-6226(03)00110-6

 Ioannidis, J., Sánchez-Molano, E., Psifidi, A., Donadeu, F. X., and Banos, G. (2018). Association of plasma microRNA expression with age, genetic background and functional traits in dairy cattle. Sci. Rep. 8:12955. doi: 10.1038/s41598-018-31099-w 

 Jairath, L., Dekkers, J. C., Schaeffer, L. R., Liu, Z., Burnside, E. B., and Kolstad, B. (1998). Genetic evaluation for herd life in Canada. J. Dairy Sci. 81, 550–562. doi: 10.3168/jds.S0022-0302(98)75607-3 

 Jamrozik, J., Fatehi, J., and Schaffer, L. R. (2008). Comparison of models for genetic evaluation of survival traits in dairy cattle, a simulation study. J. Anim. Breed. Genet. 125, 75–83. doi: 10.1111/j.1439-0388.2007.00712.x 

 Jamrozik, J., Mcgrath, S., Kemp, R. A., and Miller, S. P. (2013). Estimates of genetic parameters for stayability to consecutive calvings of Canadian simmentals by random regression models. J. Anim. Sci. 91, 3634–3643. doi: 10.2527/jas.2012-6126 

 Jenko, J., Ducrocq, V., and Kovac, M. (2013). Comparison of piecewise weibull baseline survival models for estimation of true and functional longevity in brown cattle raised in small herds. Animal 7, 1583–1591. doi: 10.1017/S1751731113001055 

 Jenko, J., Perpar, T., and Kovač, M. (2015). Genetic relationship between the lifetime milk production, longevity and first lactation milk yield in slovenian brown cattle breed. Mljekarstvo 65, 111–120. doi: 10.15567/mljekarstvo.2015.0205

 Karin, A. S., Ian, D., Anki, R., and Ulf, E. (2018). Farm characteristics and management routines related to cow longevity: a survey among swedish dairy farmers. Acta Vet. Scand. 60:38. doi: 10.1186/s13028-018-0390-8 

 Kaupe, B., Brandt, H., Prinzenberg, E. M., and Erhardt, G. (2007). Joint analysis of the influence of CYP11B1 and DGAT1 genetic variation on milk production, somatic cell score, conformation, reproduction, and productive lifespan in german Holstein cattle1. J. Anim. Sci. 85, 11–21. doi: 10.2527/jas.2005-753 

 Kern, E. L., Cobuci, J. A., Costa, C. N., McManus, C. M., Campos, G. S., Almeida, T. P., et al. (2014). Genetic association between herd survival and linear type traits in Holstein cows under tropical conditions. Ital. J. Anim. Sci. 13, 665–672. doi: 10.4081/ijas.2014.3419

 Kern, E. L., Cobuci, J. A., Costa, C. N., Mcmanus, C. M., and Neto, J. B. (2015). Genetic association between longevity and linear type traits of Holstein cows. Sci. Agric. 72, 203–209. doi: 10.1590/0103-9016-2014-0007

 Kerslake, J. I., Amer, P. R., O’Neil, P. L., Wong, S. L., Roche, J. R., and Phyn, C. V. C. (2018). Economic costs of recorded reasons for cow mortality and culling in a pasture-based dairy industry. J. Dairy Sci. 101, 1795–1803. doi: 10.3168/jds.2017-13124 

 Khatib, H., Heifetz, E., and Dekkers, J. C. (2005). Association of the protease inhibitor gene with production traits in Holstein dairy cattle. J. Dairy Sci. 88, 1208–1213. doi: 10.3168/jds.S0022-0302(05)72787-9 

 Liu, B. C. (2017). Effects of nutritional factors on reproductive performance of dairy cows. Modern Anim. Husb. Sci. Technol. 7:56.

 Liu, Z., Seefried, F. R., Reinhardt, F., Rensing, S., and Reents, R. (2011). Impacts of both reference population size and inclusion of a residual polygenic effect on the accuracy of genomic prediction. Genet. Sel. Evol. 43:19. doi: 10.1186/1297-9686-43-19 

 Ma, M., and Xie, D. L. (2020). Suggestions on monitoring, quarantine and prevention and control of two diseases in dairy farms. Chin. Livest. Poult. Breed. 016:122.

 Maiwashe, A., Nephawe, K. A., and Theron, H. E. (2009). Analysis of stayability in south african angus cattle using a threshold model. S. Afr. J. Anim. Sci. 39, 55–60. doi: 10.4314/sajas.v39i1.43546

 Mao, J. (2015). Genetic analysis betweet type traits, milk production traits, SCS and longevity traits of holtein cattle in shanghai. master degree thesis/dissertation. Jiangsu: Nanjing Agricultural University.

 Martinez, G. E., Koch, R. M., Cundiff, L. V., Gregory, K. E., and Vleck, L. D. V. (2004). Genetic parameters for six measures of length of productive life and three measures of lifetime production by 6 yr after first calving for Hereford cows. J. Anim. Sci. 82, 1912–1918. doi: 10.2527/2004.8271912x 

 Maturana, E., Ugarte, E., and González-Recio, O. (2007). Impact of calving ease on functional longevity and herd amortization costs in basque holsteins using survival analysis. J. Dairy Sci. 90, 4451–4457. doi: 10.3168/jds.2006-734 

 Mészáros, G., Eaglen, S., Waldmann, P., and Slkner, J. (2014). A genome wide association study for longevity in cattle. Open J. Genet. 4, 46–55. doi: 10.4236/ojgen.2014.41007

 M’hamdi, N., Aloulou, R., Bouallegue, M., Brarc, S. K., and BenHamoudad, M. (2010). Study on functional longevity of tunisian Holstein dairy cattle using a weibull proportional hazard model. Livest. Sci. 132, 173–176. doi: 10.1016/j.livsci.2010.05.011

 Michael, A., Occhio, D. X., Pietro, S., Baruselli, B., and Campanile, C. G. (2019). Influence of nutrition, body condition, and metabolic status on reproduction in female beef cattle: A review. Theriogenology 125, 277–284. doi: 10.1016/j.theriogenology.2018.11.010 

 Miglior, F., Fleming, A., Malchiodi, F., Brito, L. F., Martin, P., and Baes, C. F. (2017). A 100-year review: identification and genetic selection of economically important traits in dairy cattle. J. Dairy Sci. 100:10251. doi: 10.3168/jds.2017-12968 

 Miglior, F., Muir, B. L., and Doormaal, B. V. (2005). Selection indices in Holstein cattle of various countries. J. Dairy Sci. 88, 1255–1263. doi: 10.3168/jds.S0022-0302(05)72792-2 

 Miglior, F., Sewalem, A., Jamrozik, J., Lefebvre, D. M., and Moore, R. K. (2006). Analysis of milk urea nitrogen and lactose and their effect on longevity in Canadian dairy cattle. J. Dairy Sci. 89, 4886–4894. doi: 10.3168/jds.S0022-0302(06)72537-1 

 Mirhabibi, S., Kashan, N., and Gharahveysi, S. (2018). Genetic evaluation of survival traits in the Holstein dairy cows of Iran. Egypt. J. Vet. Sci. 49, 71–74. doi: 10.21608/ejvs.2018.3070.1031

 Molina-Coto, R., Moore, S. G., Mayo, L. M., Lamberson, W. R., Poock, S. E., Lucy, M. C., et al. (2020). Ovarian function and the establishment and maintenance of pregnancy in dairy cows with and without evidence of postpartum uterine disease. J. Dairy Sci. 103, 10715–10727. doi: 10.3168/jds.2020-18694 

 Mossa, F., and Ireland, J. J. (2019). Anti-müllerian hormone (AMH): a biomarker for the ovarian reserve, ovarian function and fertility in dairy cows. J. Anim. Sci. 97, 1446–1455. doi: 10.1093/jas/skz022 

 Muntean, C. T., Herring, A. D., Riley, D. G., Gill, C. A., Sawyer, J. E., and Sanders, J. O. (2018). Evaluation of F1 cows sired by Brahman, boran, and Tuli bulls for reproductive, maternal, and cow longevity traits. J. Anim. Sci. 96, 2545–2552. doi: 10.1093/jas/sky169 

 Najafabadi, H. A., Mahayari, S. A., Edriss, M. A., and Strapakova, E. (2016). Genetic analysis of productive life length in Holstein dairy cows using weibull proportional risk model. Arch. Anim. Breed. 59, 387–393. doi: 10.5194/aab-59-387-2016

 Nayeri, S., Sargolzaei, M., Abo-Ismail, M. K., Miller, S., Schenkel, F., and Moore, S. S. (2017). Genome-wide association study for lactation persistency, female fertility, longevity, and lifetime profit index traits in Holstein dairy cattle. J. Dairy Sci. 100, 1246–1258. doi: 10.3168/jds.2016-11770 

 Neerhof, H. J., Madsen, P., Ducrocq, V. P., Vollema, A. R., Jensen, J., and Korsgaard, I. R. (2000). Relationships between mastitis and functional longevity in danish black and white dairy cattle estimated using survival analysis. J Dairy Sci. 83, 1064–1071. doi: 10.3168/jds.S0022-0302(00)74970-8 

 Nilforooshan, M. A., and Edriss, M. A. (2004). Effect of age at first calving on some productive and longevity traits in iranian holsteins of the Isfahan province. J. Dairy Sci. 87, 2130–2135. doi: 10.3168/jds.S0022-0302(04)70032-6 

 Overton, M. W., and Dhuyvetter, K. C. (2020). Symposium review: an abundance of replacement heifers: what is the economic impact of raising more than are needed. J. Dairy Sci. 103, 3828–3837. doi: 10.3168/jds.2019-17143 

 Pascottini, O. B., and Leblanc, S. J. (2020). Modulation of immune function in the bovine uterus peripartum. Theriogenology 150, 193–200. doi: 10.1016/j.theriogenology.2020.01.042 

 Pelt, M. L. V., Meuwissen, T. H. E., Jong, G. D., and Veerkamp, R. F. (2015). Genetic analysis of longevity in dutch dairy cattle using random regression. J. Dairy Sci. 98, 4117–4130. doi: 10.3168/jds.2014-9090 

 Perez-Cabal, M. A., Garcia, C., Gonzalez-Recio, O., and Alenda, R. (2006). Genetic and phenotypic relationships among locomotion type traits, profit, production, longevity, and fertility in spanish dairy cows. J. Dairy Sci. 89, 1776–1783. doi: 10.3168/jds.S0022-0302(06)72246-9 

 Pinedo, P. J., and Vries, A. D. (2010). Effect of days to conception in the previous lactation on the risk of death and live culling around calving—ScienceDirect. J. Dairy Sci. 93, 968–977. doi: 10.3168/jds.2009-2408 

 Probo, M., Pascottini, O. B., Leblanc, S., Opsomer, G., and Hostens, M. (2018). Association between metabolic diseases and the culling risk of high-yielding dairy cows in a transition management facility using survival and decision tree analysis. J. Dairy Sci. 101, 9419–9429. doi: 10.3168/jds.2018-14422 

 Pryce, J. E., Coffey, M. P., and Brotherstone, S. (2000). The genetic relationship between calving interval, body condition score and linear type and management traits in registered Holsteins. J. Dairy Sci. 83, 2664–2671. doi: 10.3168/jds.S0022-0302(00)75160-5 

 Pryce, J. E., Haile-Mariam, M., Verbyla, K., Bowman, P. J., Goddard, M. E., and Hayes, B. J. (2010). Genetic markers for lactation persistency in primiparous australian dairy cows. J. Dairy Sci. 93, 2202–2214. doi: 10.3168/jds.2009-2666 

 Raguz, N., Jovanovac, S., Gantner, V., Meszaros, G., and Solkner, J. (2011). Analysis of factors affecting the length of productive life in croatian dairy cows. Bulg. J. Agric. Sci. 17, 232–240.

 Rajala-Schultz, P. J., and Gröhn, Y. T. (1999). Culling of dairy cows. Part i. effects of diseases on culling in finnish Ayrshire cows. Prev. Vet. Med. 41, 195–208. doi: 10.1016/S0167-5877(99)00046-X 

 Ramos, P. V. B., Silva, F. F. E., Silva, L. O. C. D., Santiago, G. G., and Menezes, G. R. D. O. (2020). Genomic evaluation for novel stayability traits in Nellore cattle. Bulg. J. Agric. Sci. 55, 266–273. doi: 10.1111/rda.13612 

 Saowaphak, P., Duangjinda, M., Plaengkaeo, S., Suwannasing, R., and Boonkum, W. (2017). Genetic correlation and genome-wide association study (GWAS) of the length of productive life, days open, and 305-days milk yield in crossbred Holstein dairy cattle. Genet. Mol. Res. 16:gmr16029091. doi: 10.4238/gmr16029091 

 Sartori, C., Guzzo, N., and Mantovani, R. (2020). Genetic correlations of fighting ability with somatic cells and longevity in cattle. Animal 14, 13–21. doi: 10.1017/S175173111900168X 

 Sasaki, O., Aihara, M., Hagiya, K., Nishiura, A., Ishii, K., and Satoh, M. (2012). Genetic evaluation of the longevity of the Holstein population in Japan using a weibull proportional hazard model. Anim. Sci. J. 83, 95–102. doi: 10.1111/j.1740-0929.2011.00943.x 

 Sawa, A., Bogucki, M., and Niewiadomski, P. (2016). Cow longevity in herds of different milk production levels and herd size. Anim. Sci. 55, 261–266.

 Schingoethe, D. J. (2017). A 100-year review: Total mixed ration feeding of dairy cows. J. Dairy Sci. 100, 10143–10150. doi: 10.3168/jds.2017-12967 

 Schuster, J. C., Barkema, H. W., Vries, A. D., Kelton, D. F., and Orsel, K. (2020). Invited review: academic and applied approach to evaluating longevity in dairy cows. J. Dairy Sci. 103, 11008–11024. doi: 10.3168/jds.2020-19043 

 Seeker, L. A., Ilska, J. J., Psifidi, A., Wilbourn, R. V., Underwood, S. L., and Fairlie, J. (2018). Bovine telomere dynamics and the association between telomere length and productive lifespan. Sci. Rep. 8:12748. doi: 10.1038/s41598-018-31185-z 

 Setati, M. M., Norris, D., Banga, C. B., and Benyi, K. (2004). Relationships between longevity and linear type traits in Holstein cattle population of southern africa. Trop. Anim. Health Prod. 36, 807–814. doi: 10.1023/B:TROP.0000045965.99974.9c 

 Sewalem, A., Kistemaker, G. J., Ducrocq, V., and Doormaal, B. J. V. (2005). Genetic analysis of herd life in Canadian dairy cattle on a lactation basis using a weibull proportional hazards model. J. Dairy Sci. 88, 368–375. doi: 10.3168/jds.S0022-0302(05)72696-5 

 Sewalem, A., Kistemaker, G. J., Miglior, F., and Doormaal, B. J. V. (2004). Analysis of the relationship between type traits and functional survival in Canadian holsteins using a weibull proportional hazards model. J. Dairy Sci. 87, 3938–3946. doi: 10.3168/jds.S0022-0302(04)73533-X 

 Sewalem, A., Miglior, F., and Kistemaker, G. J. (2010). Analysis of the relationship between workability traits and functional longevity in Canadian dairy breeds. J. Dairy Sci. 93, 4359–4365. doi: 10.3168/jds.2009-2969 

 Sewalem, A., Miglior, F., Kistemaker, G. J., Sullivan, P., and Doormaal, B. J. V. (2008). Relationship between reproduction traits and functional longevity in Canadian dairy cattle. J. Dairy Sci. 91, 1660–1668. doi: 10.3168/jds.2007-0178 

 Sewalem, A., Miglior, F., Kistemaker, G. J., Sullivan, P., Huapaya, G., and Doormaal, B. J. V. (2007). Short communication: modification of genetic evaluation of herd life from a three-trait to a five-trait model in Canadian dairy cattle[J]. J. Dairy Sci. 90, 2025–2028. doi: 10.3168/jds.2006-719 

 Shabalina, T., Yin, T., and Knig, S. (2020). Influence of common health disorders on the length of productive life and stayability in german Holstein cows. J. Dairy Sci. 103, 583–596. doi: 10.3168/jds.2019-16985 

 Short, T. H., and Lawlor, T. J. (1992). Genetic parameters of conformation traits, milk yield, and herd life in holsteins. J. Dairy Sci. 75, 1987–1998. doi: 10.3168/jds.S0022-0302(92)77958-2 

 Smith, C., and Westgarth, D. R. (1957). The use of survival time in the analysis of neutralization tests for serum antibody surveys. J. Hyg. 55, 224–238. doi: 10.1017/S0022172400037128 

 Stanojević, D., Dragan, R., Bogdanović, V., Raguž, N., Kučević, D., and Popovac, M. (2018). Genetic trend of functional productive life in the population of black and white cattle in Serbia. Genetika 50, 855–862. doi: 10.2298/GENSR1803855S

 Steri, R., Moioli, B., Catillo, G., Galli, A., and Buttazzoni, L. (2019). Genome-wide association study for longevity in the Holstein cattle population. Animal 13, 1350–1357. doi: 10.1017/S1751731118003191 

 Stokes, M. (2019). Andrea cox: trapped in a vice: the consequences of confinement for young people New Brunswick. J. Youth Adolesc. 6, 313–314. doi: 10.1007/s10964-019-01023-0

 Strapáková, E., Strapák, P., and Candrák, J. (2019). Genetic trend of length of productive life in Holstein and slovak simmental cattle in Slovakia. Acta Univ. Agric. Silvic. Mendel. Brun. 67, 1227–1234. doi: 10.11118/actaun201967051227

 Szyda, J., Morek-Kope, M., Komisarek, J., and Zarnecki, A. (2011). Evaluating markers in selected genes for association with functional longevity of dairy cattle. BMC Genet. 12:30. doi: 10.1186/1471-2156-12-30 

 Tassell, C. P. V., Ashwell, M. S., and Sonstegard, T. S. (2000). Detection of putative loci affecting milk, health, and conformation traits in a US holstein population using 105 microsatellite markers. J. Dairy Sci. 83:1872. doi: 10.3168/jds.S0022-0302(00)75058-2 

 Timsit, E., Hallewell, J., Booker, C., Tison, N., Amat, S., Trevor, W., et al. (2017). Prevalence and antimicrobial susceptibility of mannheimia haemolytica, pasteurella multocida, and histophilus somni isolated from the lower respiratory tract of healthy feedlot cattle and those diagnosed with bovine respiratory disease. Vet. Microbiol. 208, 118–125. doi: 10.1016/j.vetmic.2017.07.013 

 Tsuruta, S., Misztal, I., and Lawlor, T. J. (2005). Changing definition of productive life in US holsteins: effect on genetic correlations. J. Dairy Sci. 88, 1156–1165. doi: 10.3168/jds.S0022-0302(05)72782-X 

 Uetake, K., Kilgour, R. J., Ishiwata, T., and Tanaka, T. (2004). Temperament assessments of lactating cows in three contexts and their applicability as management traits. Anim. Sci. J. 75, 571–576. doi: 10.1111/j.1740-0929.2004.00229.x

 Vacek, M., Štípková, M., Němcová, E., and Bouška, J. (2006). Relationships between conformation traits and longevity of Holstein cows in the Czech Republic. Czech. J. Anim. Sci. 51, 327–333. doi: 10.17221/3946-CJAS

 Vanraden, P. M. (2002). Selection of dairy cattle for lifetime profit. Proceedings of World Congress on Genetics Applied to Livestock Production Montpellier France August Session. Available at: https://aipl.arsusda.gov/publish/other/2002/7thWCGALP_VanRaden_Commun01-21.pdf (Accessed July 4, 2021).

 Vanraden, P. M., and Klaaskate, E. J. H. (1993). Genetic evaluation of length of productive life including predicted longevity of live cows. J. Dairy Sci. 76, 2758–2764. doi: 10.3168/jds.S0022-0302(93)77613-4 

 Vollema, A. R. A. R. (1998). Selection for longevity in dairy cattle. Available at: https://edepot.wur.nl/206306 (Accessed July 4, 2021).

 Vollema, A. R., and Groen, A. F. (1996). Genetic parameters of longevity traits of an upgrading population of dairy cattle. J. Dairy Sci. 79, 2261–2267. doi: 10.3168/jds.S0022-0302(96)76603-1 

 Vollema, A. R., and Groen, A. F. (1997). Genetic correlations between longevity and conformation traits in an upgrading dairy cattle population. J. Dairy Sci. 80, 3006–3014. doi: 10.3168/jds.S0022-0302(97)76267-2 

 Vries, A. D., and Marcondes, M. I. (2020). Review: overview of factors affecting productive lifespan of dairy cows. Animal 14, s155–s164. doi: 10.1017/S1751731119003264 

 Vukašinović, N., Moll, J., and Künzi, N. (1995). Genetic relationships among longevity, milk production, and type traits in swiss brown cattle. Livest. Prod. Sci. 41, 11–18.

 Vukasinovic, N., Moll, J., and Künzi, N. (1997). Analysis of productive life in swiss brown cattle. J. Dairy Sci. 80, 2572–2579. doi: 10.3168/jds.S0022-0302(97)76213-1 

 Wang, D. L. (2020). Causes and prevention measures of bovine brucellosis. Jilin Anim. Husb. Vet. Med. 388, 78–80.

 Wang, D. W., Cao, Z. J., Li, S. L., Huang, W. M., Wang, Y., Wen, W., et al. (2010). The relationship between content of milk urea nitrogen and reproductive performance of dairy cows. Acta Zoonutr. Sin. 22, 1509–1514. doi: 10.3969/j.issn.1006-267x.2010.06.007

 Wang, M. Q., Ni, W., Tang, C., Guo, J. H., Zhang, H. M., and Li, M. (2018). Association analysis on the SNP of LF-131C>T and LF-28A>C with milk performance, clinical mastitis and lifetime for chinese Holstein. J. Agr. Biotechnol. 26, 811–818.

 Wasana, N., Cho, G. H., Park, S. B., Kim, S. D., and Do, C. H. (2015). Genetic relationship of productive life, production and type traits of korean holsteins at early lactations. Asian-Australas. J. Anim. Sci. 28, 1259–1265. doi: 10.5713/ajas.15.0034 

 Weigel, K. A., Hoffman, P. C., Herring, W., and Lawlor Jr, T. J. (2012). Potential gains in lifetime net merit from genomic testing of cows, heifers, and calves on commercial dairy farms. J. Dairy Sci. 95:2215–2225. https://doi.org/10.3168/jds.2011-4877 

 Weigel, K. A., Lawlor, T. J., Raden, V. P. M., and Wiggans, G. R. (1998). Use of linear type and production data to supplement early predicted transmitting abilities for productive life. J. Dairy Sci. 81:2040. doi: 10.3168/jds.S0022-0302(98)75778-9 

 Wilbourn, R. V., Moatt, J. P., Froy, H., Craig, A. W., Daniel, H. N., and Boonekamp, J. J. (2018). The relationship between telomere length and mortality risk in non-model vertebrate systems: a meta-analysis. Philos. Trans. Roy. Soc. B. Biol. Sci. 373:20160447. doi: 10.1098/rstb.2016.0447 

 Wu, H. C. (2007). Relationships between body type score and FHL, 305 milk, CI in Holstein cow. master degree Thesis/dissertation. Shandong: Shandong Agricultural University.

 Wu, X. D., Feng, W. Y., Zhou, Q. M., Xu, X., and Zhang, Y. (2018). Causes of hoof disease in dairy cows and common treatments. Chin. J. Anim. Husb. Vet. Med. 496:77. doi: 10.3969/J.ISSN.1671-6027.2018.04.061

 Yalew, B., Lobago, F., and Goshu, G. (2011). Calf survival and reproductive performance of Holstein-Friesian cows in Central Ethiopia. Trop. Anim. Health Prod. 43, 359–365. doi: 10.1007/s11250-010-9697-9 

 Yang, X. B., and Zhou, G. W. (2010). Diagnosis and treatment of major diseases of dairy cows. Modern Anim. Husb. Sci. Technol. 7:176.

 Yazdi, M. H., Thompson, R., Ducrocq, V., and Visscher, P. (1999). A comparison of two survival analysis methods with the number of lactations as a discrete time variate. School Biol. Sci. 48–52.

 Yong-II, C., and Kyoung-Jin, Y. (2014). An overview of calf diarrhea—infectious etiology, diagnosis, and intervention. J. Vet. Sci. 15, 1–17. doi: 10.4142/jvs.2014.15.1.1 

 Zavadilova, L., Nemcova, E., and Stipkova, M. (2011). Effect of type traits on functional longevity of czech Holstein cows estimated from a cox proportional hazards model. J. Dairy Sci. 94, 4090–4099. doi: 10.3168/jds.2010-3684 

 Zavadilová, L., and Stipkova, M. (2012). Genetic correlations between longevity and conformation traits in the czech Holstein population. Czech. J. Anim. Sci. 57, 125–136. doi: 10.17221/5566-CJAS

 Zavadilova, L., Stipkova, M., Nemcova, E., Bouska, J., and Matejickova, J. (2009). Analysis of the phenotypic relationships between type traits and functional survival in czech fleckvieh cows. Czech. J. Anim. Sci. 54, 521–531. doi: 10.17221/29/2009-CJAS

 Zhang, Q., Guldbrandtsen, B., Thomasen, J. R., Lund, M. S., and Sahana, G. (2016). Genome-wide association study for longevity with whole-genome sequencing in 3 cattle breeds. J. Dairy Sci. 99, 7289–7298. doi: 10.3168/jds.2015-10697 

 Zhang, S. J., Kou, H. W., Ding, X. T., Liu, X., Cai, W. W., Zhang, Z. J., et al. (2021b). The research progress and application of genomic-wide selection in ruminant genetics and breeding. Chin. J. Agric. Biotechol. 29, 571–578. doi: 10.3969/j.issn.1674-7968.2021.03.016

 Zhang, H. L., Liu, A. X., Mi, S. Y., Li, X., Luo, H. P., Yan, X. Y., et al. (2020). Review on longevity trait in dairy cattle breeding. Sci. Agric. Sin. 53, 4070–4082. doi: 10.3864/j.issn.0578-1752.2020.19.019

 Zhang, H., Liu, A., Wang, Y., Luo, H., Yan, X., Guo, X., et al. (2021a). Genetic parameters and genome-wide association studies of eight longevity traits representing either full or partial lifespan in chinese Holsteins. Front. Genet. 12:634986. doi: 10.3389/fgene.2021.634986 

 Zhang, F., Qiu, W., Liu, X. J., Chang, J., Qiu, J. Q., Liu, X.-H., et al. (2011). Effects of dietary protein level on milk performance and urea nitrogen content of lactating dairy cows. J. Hebei Agric. Sci. 15:87.

 Zhao, J. Q. (2013). Research on molecular markers and productive life, linear type traits of holstein cattle in china. master degree thesis/dissertation. Wuhan: Huazhong Agricultural University.


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Hu, Mu, Ma, Wang and Ma. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fgene-12-695543-t001.jpg
Terms

Productive life

Functional productive life
Length of productive life

Herd life

Longevity

True longevity

Stayabity

Functional longevity

Lifespan
Milking fife

Definitions

The day from first calving to culing.

The actual productive life and mainly depends on productivity.

“The total number of days in milk up to 84 mo of age with  restriction of 305, 500, or 999 d per
lactation (PL305, PL500, or PL99S, respectively).

‘The abilty of the cow to avoid culing for involuntary reasons such as sterilty or disease.

‘The number of days from first calving unti culing or censoring
The days between first calving and disposal.
‘The number of completed lactations.

“The day from first calving to culing,
“The total number of days from the first calving date to the last (culing) date.
The length of time that individual cows remain in herds after their first calving.
‘Sunvival o the next lactation.

The total months in milk by 84 mo of age.

The number of days from first calving until culling or censoring

“The length o time during which an animal is able to stay producing i the herd, and sunvival.
“The individual farmer to eliminate cows for low mik production (voluntary culing)

‘The abilty to delay any culing.

A measure of cow survival that does not require recording of cul data.

‘The probabilty of a cow remain in the herd enough time to raise a certain number of calves that
pay for her development and maintenance costs.

‘The abilty of the cow to calve at least three times until 76 months of age.

‘The measure of whether or not an animal remains and produces in the herd until a specified point
in time.

‘The number of days between the first calving and culing.

‘The different lengths for the time interval for survival.

The cow's abilty to avoid involuntary culing or culing not correlated with its own production.
The capabilty of cows to delay involuntary culing for infertiity or diseases.

The number of lactations an animal completes or is expected to complete prior to culing.

‘The days from the first calving to culing or death but excludes all dry periods.

Source

Raguz et al., 2011
Vukasinovic et al., 1997
Tsuruta et al., 2005

Vukasinovic et al., 1997

Caraviello et al., 2004
Martinez et ., 2004
Yazdi et al., 1999

Brickell and Wathes, 2011
Tsuruta et al., 2005

Hare et al., 2006

Jairath et al., 1998

Vanraden and Kiaaskate, 1993
Sasaki et al., 2012

Jamrozik et al., 2013
Strapakova et al., 2019

Jenko et al., 2013

Handcock et al., 2020
Costa et al., 2020

Ramos et al., 2020
Jamrozik et al., 2013

Zavadiova et al., 2011
Pelt et al,, 2015
Stanojevic et al., 2018
Strapakova et al., 2019
Brotherstone et al., 1997

Zhang etal,, 2021a






OPS/images/fgene-12-695543-t002.jpg
Sample

Holstein
Holstein
Holstein
Holstein
Holsteins
Holsteins

Swiss Brown
Black and White

Holstein-Friesian dairy cattle
Cow

Holsteins

South Affican Angus
Holstein

Holstein

Brown cattle
Black and white

Dairy cattle
Holstein dairy

Danish dairy cattle
South African Holstein Cattle

Holstein

Holstein
Slovak Simmental

Country

America
United Kingdom
‘America
America
America
America
Switzeriand
Netherlands

UK
Germany
America
South Afrca
Tunisie
Japan
Sioveria
Nethertands

Dutch
Iran

Danish
South Africa

Iran

Slovak

Trait

Herd ife
Length of productive ffe
Herd life

Herd life/Functional Herd life
Herd life

fongevity

Herd life

Length of productive lfe/
Herd fe

Lifespan

Functional longevity

Herd lfe/productive ife
Stayability

Longevity

Longevity

True longevity
Functional longevity
Longevity

Functional longevity
Length of productive life

Longevity
Functional longevity

Length of productive life/
Functional productive life
Length of productive e

Model

Linear mixed model

Sire:

Sire

Sire

Multiple - trait mixed model
Linear model

Sire

Sire

Sire

Survival analysis

Multiple trit sire model
Threshold

Proportional hazard model
Weibul proportional hazard
model

Piecewise Weibull baseline
Survival models

Random regression sire-
maternal grandsire
Random regression
Weibul proportional risk
model

NAV longevity model
Weibull proportional hazards
model

Regression

Weibull sire model

Heritability

025

0.10

0.035

0.03
0.01-0.10
0.085
0.08-0.14
0.085-0.136

0.063

018
0.08-0.10
0.24-0.30
0.19
0.119-0.123

0.094
0.099
0.115-0.149

0.146
0018

0.022-0.090
o1

0.082/0.012

013
005

References

Allaire, 1976

Hoque and Hodges, 1980
Dentine et al., 1957

Boldman et al., 1992

Short and Lawilor, 1992
Vanraden and Klaaskate, 1993
Vukasinovié et al., 1995
Vollema and Groen, 1996

Brotherstone et al., 1997
Buenger ot al,, 2001
Tsuruta et al., 2005
Maiwashe et al., 2009
Mhamdi et al, 2010
Sasaki et al., 2012

Jenko et al., 2013

Pelt et al., 2015
Najafabadi et al., 2016

Clasen et al., 2017
Imbayarwo-Chikosi et al., 2017

Mirhabibi et al., 2018

Strapakova et al., 2019






OPS/images/fgene-12-695543-g003.jpg
Count

4

0
O L I N ) d S o0 VAR U S R Y oo oA D
T o o o o oF o P T S o T P P P o T





OPS/images/fgene-12-695543-g004.jpg
Count

800

700

600

500

400

300

200

100

0
FtP®

&

Fe®e®

&

QS

LILLI LIS
ST T P T T E PP TP F P e o





OPS/images/fgene-12-695543-t003.jpg
Author

Pryce et al., 2010

Ashwel and Tassel, 1999
Saowaphak et al., 2017
Nayeri et al., 2017

Zhao, 2013
Wang et al., 2018
Steri et al., 2019

Szyda etal, 2011
Bjelka and Novk, 2019
Khatib et al., 2005

Tassell et al., 2000
Mészéros et al., 2014

Cole et al., 2011

Steri et al., 2019

Zhang et al., 2016

Kaupe et al., 2007

Zhang et al., 20212

Shabalina et al., 2020

Country

Australia

United States
Thailand
Canada

China
China

Germany
Poland

Czech Republic
Urited States

Urited States
Sweden
Urited States

taly

Netherland

Germany

China

Germany

Breed

Holstein, Jersey

Holstein

Holstein

Holstein

Holstein
Holstein

Holstein
Holstein

Czech Red Pied
Holstein

Holstein
Fleckvieh
Holstein

Holstein

Holstein, Red
Dairy Cattle,
Jersey

German Holstein

Chinese Holsteins

Holstein

Definition

Longevity

Productive ife

Productive life
Longevity

Productive ife
Productive life

Longevity
Functional longevity

Longevity
Productive life

Productive lfe
Longevity
Productive e

Longavity

Longevity

productive lifespan

Productive life;

Herd lfe; mikking lfe;

Partial Lifespan
Length of
productive life

Analytical method

SNP-by-SNP

Microsatelite
Marker

GWAS
GwAS

sSCP.
SNP mutation
analysis
Gwas

'SNP mutation
analysis
HiSeq X-Ten
SNP mutation
analysis
Microsatelite
Markers
Gwas

GWAS

GwAS

GWAS

SNP mutation
analysis
GWAS

GWAS

chromosome  Gene, SNP, and QTL

6,26

2,21,23

5, BTAX

18,6, 14

12
2,3

16,30

3,4,6,14,23

6
21

2,21,23

5,6,8,14

7, BTAX

16,30,

23,9,10

21

2,X,9,18,4,
20,25

4,10,13,28

13.5-23.7 Mb (6 SNP),
70.4-75.6 Mo(5 SNP), and
0.33-1.46 Mb(6 SNP)
BMS2519, BM103, and 513

SYT1, DOCK 1, IL13RAT, and
KLHL13

CTUY, NPFFR2, GYHRI,
GPSF1, DGAT, and GRINA
FoxO1(TT)

CXCR1-816 A>C, LF-28A5C,
and SLC35A3-66G>T
43.25-43.69 Mb,

17.56-18.06 Mb

LEPR, LEP, ABCG2, DGAT1,
and BTN1A1

TLR1 7980T, TLR1 1762G>A

Pl

BMS2519, BM103, and
MBO26

SYT10, ADAMTS3, NTRK2,
and SNTG1

INSR, LOC520067, and
GRIA3

UBIAD1, MTOR, ANGPTL7,
EXOSC10, SRM, MASP2,
TARDBP, CASZ1, GPC3, and
PHF6

KONK16, PPP1R14C, and
GCH1

UTMP SNP1296

RPRM, GRIA3, GTF2HS,
CASA, CAGNAZDI, FGF10,
and DNAJA3

ETV1, ONECUT1, MACROD2,
and SIRT1





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Analysis of Longevity Traits in Holstein Cattle: A Review



		Introduction



		Genetic Evaluation and Heritability



		Longevity with Other Traits



		Longevity and Conformation



		Longevity and Milk Production Traits



		Longevity and Reproductive Performance



		Longevity and Disease Traits



		Longevity and Nutrition



		Longevity and Management









		Longevity in Breeding Systems in Various Countries



		Breeding and Genetic Selection



		Conclusion and Future Perspectives



		Author Contributions



		Funding



		Footnotes



		References



















OPS/images/fgene-12-695543-g001.jpg
Ideal scores

4

3
<«

&

&
F

e

N
<&

& & & S 8

& & S

& v“"ﬁ? 8 &@@\‘b@ &
&

&

&

qy‘“ e

&





OPS/images/fgene-12-695543-g002.jpg
Median suspensory e———Sssss——
Capacity I
Weight —
Feet and legs E—
Angularity e
Udder depth e
Teat length —
Rear udder attachment width ——
Rear udder attachment height —
Rear teat placement —
Fore teat placement —
Fore udder attachment E——
Rear leg rear view e
Rear leg side view I
Bone quality ]
Foot angle I
Rump width —
Rump angle —
Loin strength —
Body depth —
Chest width ——
Top line e
Body hight =_—--—m
-0.6 -04 -02 0 0.2 04 0.6 0.8






OPS/images/cover.jpg
, frontiers
in Genetics

Analysis of Longevity Traits in
Holstein Cattle: A Review









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers

in Genetics





