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Abstract

Object: This study focuses on early embryonic mortality in dairy cows, a trait influenced by c
omplex factors. Based on an in-depth analysis of both genetic and non-genetic factors affecting thi
s trait, we aimed to screen and validate multiple genes associated with early embryonic mortality i
n dairy cows and their SNPs, and to develop a KASP-based genomic detection kit for early embr
yonic mortality for practical application. Furthermore, based on KASP genotyping, metabolomic ana
lysis was performed on dairy cows at high and low risk of early embryonic mortality to screen an
d validate key differential metabolites, with the goal of identifying methods to reduce early abortio

n rates in dairy cows and improve the economic efficiency of dairy farms.

Methods: (1) Reproductive indicators associated with early embryonic mortality were analyzed

in six large-scale dairy farms located in northern Xinjiang. The postpartum day 50 marks the start
of synchronization treatment. Artificial insemination is followed by the first B-mode ultrasound pr
egnancy diagnosis (initial examination) at 30 - 35 days post-insemination, and the second B-mode u
Itrasound pregnancy diagnosis (follow-up examination) at 60 days post-insemination. Reproductive d
ata were collected from a total herd of approximately 9,631 cows (including 5,778 adult cows) ov
er the period from 2021 to 2025. The rates of initial pregnancy diagnosis, follow-up pregnancy dia
gnosis, and abortion in adult cows were calculated across different years and months to investigate
non-genetic factors influencing early embryonic mortality in dairy cows. (2) On the genetic front,
based on previous research, 15 genes associated with early embryonic mortality were selected. Ge
ne polymorphism analysis was performed in 350 Holstein dairy cows using PCR-SSCP and DNA s
equencing. Genes with favorable polymorphism were selected for further analysis of their associatio
n with early embryonic mortality in dairy cows. MPVA was used to identify the polygenic genoty
pe combination with the strongest correlation, and a rapid detection kit was subsequently develope
d, followed by validation of its accuracy. (3)Based on the polygenic genotypes screened by

MPVA, high-risk and low-risk genotype combinations for early embryonic mortality in d
airy cows were obtained. Key differential metabolites associated with early embryonic d
eath were then identified by comparing high-risk and low-risk cows, and these key met

abolites were selected for applicability validation.
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Results:(1) An analysis of non-genetic factors associated with early embryonic mortality was c
onducted in six large-scale dairy farms around Shihezi, Xinjiang. The results showed that all farms
exhibited a pattern of decreased conception rates and increased abortion rates during the hotter m
onths from July to September. Significant differences in the incidence of early embryonic mortality
were observed among different farms. Furthermore, farms with higher levels of feeding and mana
gement showed improved conception rates over the years. (2) Using PCR-SSCP and Sanger se
quencing technologies, six genes with favorable polymorphism were identified. Through
correlation analysis, three genes VCAMI-56, PAG1-193, and GAPDH-30 were found to
be significantly associated with early embryonic mortality in dairy cows. For this compl
ex trait regulated by multiple genes, high-risk and low-risk polygenic genotypes for earl
y embryonic mortality were screened and determined as follows: high-risk genotype co
mbination: VCAM1-56(CC)-PAG1-193(GG)-GAPDH-30(AT);low-risk genotype combination:
VCAMI1-56(TT)-PAG1-193(GA)-GAPDH-30(AA). These combinations can serve as core
genotyping markers for a KASP assay kit. (3) Through non-targeted metabolomics, meta
bolites associated with the high-risk genotype for early embryonic mortality were screen
ed, including lysophospholipids, fatty acids, and steroid hormones, among which progest
erone was identified as the most critical metabolite. Following intramuscular injection of
progesterone, it was found that while the incidence of early embryonic mortality remai
ned largely unchanged in dairy cows with the low-risk polygenic genotype, progesterone
significantly improved the embryonic survival rate in dairy cows carrying the high-risk

polygenic genotype for early embryonic mortality.

Conclusion:(1) Analysis of non-genetic factors indicated that the incidence of early embryonic
mortality in dairy cows varied significantly among different farms. Furthermore, farms with higher
levels of feeding and management showed improved conception rates over the years. (2) The KA
SP rapid detection kit for early embryo death of dairy cows was successfully constructe
d, and the typing accuracy and detection success rate of the kit were 95.00%, which pr
ovided practical technical support for early embryo death risk screening and molecular
breeding of dairy cows. (3) Progestin injection before pregnancy can effectively increase

the survival rate of early embryos and reduce the risk of early embryo death in dairy

cows with high risk of early embryo death.
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