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A Review on Longevity Trait in Dairy Cattle Breeding
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(College of Animal Science and Technology, China Agricultural University, Beijing 100193)

Abstract: Longevity is an important functional trait in dairy cattle. In addition to yield traits, longevity is more economically
important than other traits in dairy breeding. The characteristics of longevity include low heritability, unfollowing normal
distribution and performance later, hence longevity is the most difficult trait to select in dairy breeding. Since the 1950s, dairy
breeders have begun to pay attention to longevity traits. Now, researches on longevity traits have continued. After the 1990s,
longevity has been included in total selection index in many countries. However, longevity traits currently are not included in China
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Dairy Performance Index (CPI), and the study on longevity traits is also in its infancy in China. This review presented the trait
definitions, methods of genetic evaluation, relationships between other traits, genetic makers, and selection strategies on longevity
traits to systematically introduce its research and application in dairy industry. The complex relationships between longevity and
other traits were described by summarizing the genetic correlation coefficients reported by many studies. The selection strategies for
longevity traits in the various countries with developed dairy industry were highlighted by summarizing information collected from
their dairy breeding program. Furthermore, this review also summarized the studies on longevity traits in dairy cattle in China.
Longevity traits had various definitions, and there were various models used to preform genetic analysis, including linear model,
threshold model, survival model and random regression model. There were low to moderate genetic correlations between longevity
and other traits, including yield, linear type, fertility, health and workability traits, in which the higher genetic correlations were
found between longevity and linear type traits in udder system. Generally, dairy cows with better performance on fertility and health
traits were better on longevity. Among different populations, there were some differences on relationships between longevity and
other traits, which were largely influenced by selection goals of current population. The total selection indexes in many countries
included longevity. In addition to using direct longevity to select it, the indirect selection methods were also used in many countries.
Udder system, strength, rump angle, feet and leg system, and mastitis resistance were comment traits used to indirect selection. Many
genetic markers associated with longevity have been found in various populations, most of which were in genetic regions that have
been reported to be associated with traits such as reproduction, disease and body type. Finally, this review also proposed the
necessities of collecting longevity data, estimating genetic parameters, locating genetic markers, exploring evaluation model and

selection strategy in China dairy cattle population.

Key words: longevity; genetic evaluation; genetic correlation; genetic maker; genetic selection; dairy cattle
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All confirmation traits are linear type traits of dairy cattle. The longevity traits defined as the survival status are uniformly converted into the survival rate (the
survival is defined as 1), and the favorable direction of its EBV is consistent with the longevity traits defined as the life length. In figure 1, “2” “ea” “ees”
represent that the number of literature related to current trait was less than 5, 5 to 10, or more than 10, respectively. The literature related to this figure is not

listed in references
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Fig. 1 Genetic correlations between longevity and type traits
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The longevity traits defined as the survival status are uniformly converted into the survival rate (the survival is defined as 1), and the favorable direction of its
EBV is consistent with the longevity traits defined as the life length. Among the non-return rate, clinical mastitis, and fertility diseases, cows with no return,
clinical mastitis, or reproductive diseases respectively were defined as 1. In figure 2, <,” “..” “..” represent that the number of literature related to current trait
was less than 5, 5 to 10, or more than 10, respectively. The literature related to this figure is not listed in references
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Fig. 2 Genetic correlations between longevity and production, fertility, health and workability traits
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Table1 Genome-wide association analysis on longevity traits
liES Bl A PRIk E X PR IpiEit] I I 3% SNP frfE ik ik HE R
Author Breed Trait definition Phenotype Analysis method Chromosome of Candidate gene
significant SNP
STERI 184 iRz e T R [EEAEVE 16+ 30 UBIADL, MTOR. ANGPTL7, EXOSCL10.
Holstein Productive life Trait deviations  Simple regression SRM, MASP2, TARDBP, CASZ1.
FEREAF i — GPC3. PHF6
Herd life
FEREL 16+ 30
The number of
calving
NAYER] 1] i T H A TEREAG iy WREEEME  hsdEA 5. 6. 7. 14. 18. CTULl. NPFFR2
Holstein Herd life Deregressed proof Single SNP regression 20, 21
i K Ak 5. 6. 18 NPFFR2
Indirect longevity
e 6. 7. 14. 18. 20. —
Survival 21
HAY ¥4 £ R A= i RIEA A LRSI VE 1. 2. 3. 8. 9.  GBELl. GTDC1. ZEB2, CTNNA2,
Composite breed Productive life Corrected Single SNP 11, 19, 25 REG3A.REG3G. BTBD17., CD300A.
phenotypes regression CD300LB, CDR2L, FADS6., FDXR
U Ji7 1. 2. 3. 9. 11, 15, GPRC5C. GRIN2C. HID1
Bayesian 19, 20, 25. 29
SAOWAPHAKS  Zeefif f A2 A= Fidir PERFERUE —bik 5. X SYT1.DOCK11, KLHL13, IL13RA1
Cross Holstein ~ Productive life Phenotype Single step GWAS
ZHANG!®™ g ZRRWAEF Fidy WRAERME SRS 5. 6. 9. 10. 18. NPFFR2. vitamin D-buinding protein.
Holstein Partial productive life Deregressed proof Linear mixed model 23 PPP1R14C, GCH1., ZNF613 ZNF617
JEBR A1 6. 21, 23. 25 CCDC149, LGI2, KCNK16
Nordic Red
dairy cattle
G4 — —
Jersey
MESZAROS ™ P IR A WEEIEME AbsdEA 6. 13, 14. 19. 21 DERL1,SNTG1,LOC614437,ALB,
Simmental Productive life Deregressed proof Single SNP AFP, LOC100140503, ADAMTS3,
regression E2F1, RALY. SYT10. NTRK2
COLEF o o LA it A& g B RAC 7. X INSR. LOC520057
Holstein Productive life Predicted Single SNP

transmitting ability regression

i 9 A2 TR Bk 6 K AF VR IR B FIEAR s A2 SE B B4
DR KT AT B s vk e v, g, FUAE
AT R AR KA MR R R IR
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Table 2 Genetic evaluation and selection on longevity traits in various countries

[ X PRIk E BABTEA 77 R AR
Country/region Trait definition Methods of genetic evaluation Weight in index
IEPN KT K7 —120d. 120- 240d. 240 d-2 74, 2 74 -3 1 Ttk - BLUP - i 8% (LPI, 2019)
Canada PR 3 4 G B R AT TR A, 5 MR 5 traits - BLUP - Animal model

Direct longevity: a total 5 traits, survival status from the 1% calving to day 120,

day 120 to day 240, day 240 to 2" calving, 2™ calving to 3" calving, and 3"

calving to 4" calving

(KT AR VT oy . WAFLMRE . ARG 2 A R R A

[SiELERIN

Indirect longevity: including somatic cell score, milking speed, non-return rate,

calving to first service interval and some type traits
I BRI AR LR - BLUP - Bh#in 4% (TPI, 2017)

us Direct longevity: productive life
KA RS ESy P FLIRE . FLEAER AR R
Indirect longevity: including somatic cell score, milk yield, milk fat yield, milk
protein yield and some type traits

fif KRG 1 - 72 AR A7 IR A

Netherlands  Survival status from the first calving to the age of 72 months

[ i 3 AT 0-49 d\ 50- 249 d 250 d - X HEMITRI M AETIRA:, JL9

Germany MR
A total of 9 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 3 lactations

PR HEKTR: A A5

France Direct longevity: productive life
KA QRN E WRRTLDS 8. WFLIE . F 7 BRI AR
Indirect longevity: including somatic cell count, clinical mastitis, some
reproduction and type traits

E[AL7¢ SRHRFBER 24 34 4L 5y 6 MBI AL AR, 35 MR

Nodic A total of 5 traits, the partial productive life from the first calving to the 2”", 3’d,
4™ 5™ 6™ calving

v HEKH: KRR 20 30 4 BN IRES, 3R 3 AR

New Zealand Direct longevity: a total of 3 traits, survival status from the first calving to the
2", 3 4™ calving
KA AEERTFLE AR SRIRBOPE . SRERMWAFLEE . SR A4
BRI AR R PR S
Indirect longevity: including milk protein yield, body condition score, milking
speed and somatic cell count in 1% lactation, and some type traits

ONINI AT 7 MR BRI N B AR RS, 38 7 AR

Australia A total of 7 traits, survival status from the first calving to the 2", 3, 4™ 5™ g™

7" 8" calving

Single trait - BLUP - Animal model

PR - BEHLEE - BLUP - 34
st

Single trait - Random regression -
BLUP - Animal model
LRIk - BLUP - hipsisn
Muti-traits - BLUP - Animal model

BRI AT - B AMEL AL Y
Single trait - Survival analysis —
Sire-maternal grand sire model

Z YR - BLUP - St
Muti-traits - BLUP - Animal model

Z YR - BLUP - St
Muti-traits - BLUP - Animal model

LYK - BLUP - Shfiny
Muti-traits - BLUP - Animal model

3% (TPI, 2017)

8% (NVI, 2019)

20%(RZG, 2018)

5% (ISU, 2019)

6% (NTM, 2018)

6% (BW, 2016)

8% (BPI, 2014)

5 EATE E Interbull Chttps://interbull.orglindex) [ F Al bp2s 107 il 38 i & (s RIS o KA MRIRAE A 4=t I i 5 2

Adapted from website of Interbull (https://interbull.org/index) and breed associations from various countries. The information in this table is the selection

information of longevity traits in Holstein cattle
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