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Introduction: The genome-wide association study (GWAS) is a powerful approach to identify genomic regions
associated with fertility traits that explain a significant portion of the genetic variance associated with these traits
and identify the relevant causal mutations. Evaluating the correlation between each genotyped marker and trait is
an essential strategy for GWAS studies that examine the effects of all markers by considering their possible
interactions, environmental factors, and even mutual effects between markers. Recently, machine learning
methods have been introduced to genomic topics, and the basis of these methods is different from the common
methods of genomic evaluation. The machine learning method is used to estimate the genomic breeding values of
the candidate animals by considering the training data (genotypic and phenotypic information of the reference
population). One of the key advantages of this method is the ability to analyze large data. Machine learning is a
branch of artificial intelligence whose goal is to achieve machines that can extract knowledge (learning) from the
environment. A variety of machine learning methods (random forest, boosting, and deep learning) are used to
model genetic variance and environmental factors, study gene networks, GWAS, study epistasis effects, and
genomic evaluation. Random forest is one of the machine learning methods that has been successfully used in
various fields of science. This research was conducted to identify markers and genes related to reproductive traits
such as calving interval (CI), days open (DO), daughter pregnancy rate (DPR), and age at first calving (AFC) in
Iranian Holstein dairy cattle. These traits have already been investigated with the ssGBLUP method and using a
smaller sample size. However, in the present research, by using more genotyped animals, a random forest
algorithm was used to identify markers and genes related to reproductive traits.

Materials and methods: The records used in this research were provided by the National Animal Breeding Center
and Promotion of Animal Products of Iran and included AFC, DO, CI, and DPR related to the genotyped bulls'
daughters. In this research, the pedigree information of 2774183 animals was used. The genotypic information of
the markers related to 2419 Holstein bulls was used. Genomic data quality control was performed using factors
such as the number of genotyped SNPs per animal (ACR), the number of genotyped animals per SNP (CR),
Hardy-Weinberg equilibrium (HWE), and minor allele Frequency (MAF). When filtering genomic data, the
markers whose MAF was less than 5% were removed, and then the samples whose genotyped frequency was less
than 90% were identified and removed. Then, the markers whose genotyping rate was less than 95% in the samples
were identified and removed. Finally, the SNPs that deviated from the HWE test (P<10°) were excluded from the
analysis as a measure of genotyping error. To control the quality of genomic data, PLINK 1.9 software was used.
Then Ranfog software was used in the Linux environment to perform analysis through random forest algorithm.
Results and discussion: By using the random forest algorithm, a total of 21 important SNPs were observed, then
important fertility trait candidate genes were identified by the gene ontology method, and 62 genes were within
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250 Kb of these SNPs. The most significant SNP was observed for AFC. The main SNP for AFC is in ARS-
BFGL-NGS-22647 BTA3, for CI is in ARS-BFGL-NGS-114194 (BTAL11), for DO is in BTA-74076 -no-rs
(BTAS), and for DPR is in ARS-BFGL-NGS-32553 (BTA26). The researchers, who studied fertility traits in
Nellore cattle using machine learning methods, identified MPZL1 and CD247 genes on chromosome number 3
and this gene was associated with age at first calving. Many pathways of cell biology affect the performance of
reproductive traits. Research has reported the relationship between the CD247 gene and pathways of biology,
including cell development and function. Research has shown that the /JFFO2 gene plays an important role in the
molecular structure of cells, as well as in the mechanism of blastocyst formation, embryos, and the length of
gestation in cattle. In a study conducted on the mouse population on the structure of the flagellum and the sperm
maturation process, the role of the ALDH4A1 gene in the sperm maturation process was reported. The association
of the RPS6KCI gene with pregnancy rate and antral follicle number in Nellore heifers has been reported. The
KAT2?B gene is a transcriptional activator that plays an essential role in regulating the correction of histone
acetylation and plays an important role in improving carcass quality, muscle and fat development, and metabolism
in native Chinese cattle. In addition, they play a key role in regulating biological processes and are related to cell
growth, metabolism and immune system function.

Conclusions: According to the objectives of this research, new information on markers and candidate genes
related to reproductive traits in Iranian Holstein dairy cattle was reported. The markers and candidate genes
identified in the present research can be used in genomic selection to improve the reproductive traits of Holstein
dairy cattle.
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Table 1. Information about the pedigree

Parameter

Number of animals

Individuals in total

Inbred animals in total

Sires in total
Dams in total

Individuals with progeny
Individuals without progeny

Founders

2774183
2020760
28498
1332556
1361054
1413129
278081

ends Gilises Slao gl 5o 3,50 sloosls (g L] SleSLI Y Jsom

Table 2. Statistical information of analyzed data for different reproductive traits

Trait Number of Records Mean Min. Max. S.D. C.V.(%)
CI (day) 943430 412.45 300.00 700.00 83.371 20.21
AFC (day) 1355824 773.88 630.00 1200.0 97.340 12.57
DO (day) 1283493 132.43 40.000 350.00 71.750 54.17
DPR (%) 902031 25.163 -27.750 48.000 17.792 70.54

CI: Claving interval; AFC: Age at first calving; DO: Days open; DPR: Daughter pregnancy rate
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Fig. 1. Manhattan plots (GWAS) for age at first calving (AFC), days open (DO), calving interval (CI), and
daughter pregnancy rate (DPR). The colored dots indicate the markers and the red line is the threshold of the

markers with high importance score.
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Table 3. The importance score of identified SNPs for reproductive traits of cows and heifers

Trait BTA SNP Position Importance Symbols of nearby genes
score
3 ARS-BFGL-NGS-22647 1207469 2.80 MPZL1, RCSD1, CREGI,
CD247, POU2F1
2 ARS-BFGL-NGS-37797 133986945 2.12 IFFO2, ALDH4A1, TASIR2,
PAX7, KLHDC7A
4 ARS-BFGL-NGS-102938 116467552  2.04 DPP6, Vault
16 BTB-01240789 70565112 1.83 RPS6KC1, ANGEL2, VASH2,
FLVCRI1
AFC 12 Hapmap54493- 10648444 1.73 OLFM4
1s29018712
15 Hapmap47041-BTA-54700 49958907 1.53 OR52AB4, OR52J1,
OR52J3D, ORS51P1,
ORS1L1C, OR52827
1 Hapmap52737-rs29021682 157579130 2.21 KAT2B, SGO1
6 BTA-03189-rs29010955 102495127 1.71 HSD17B11, NUDT9,
SPARCLI1, DSPP, DMP1
13 ARS-BFGL-NGS-14434 71987095 1.57 SRSF6, L3MBTLI1, SGK2,
IFT52
CI 11 BFGL-NGS-114194 106245832  1.56 LCN12, PTGDS, CLIC3,
PAXX, ABCA2
23 Hapmap30534-BTA-137081 14580054 1.51 LRFN2
27 Hapmap24404-BTA-139489 38672897 1.51 PSD3
DO 5 BTA-74076-no-rs 76019053 1.84 ELFN2, MFNG, CADDI10, U6,
USP15
20 ARS-BFGL-NGS-46098 2951322 1.75 -
14 Hapmap51382-BTA-107906 38044172 1.52 PI15
15 BTB-00266941 70325855 1.52 LRRCA4C, 5S rRNA
23 ARS-BFGL-NGS-84065 46963476 1.66 LYPD6, LYPD6B, KIF5C,
SLC35B3
DPR 26 ARS-BFGL-NGS-32553 22977848 221 ARMH3, HPS6, LDBI,
PPRC1
7 BTA-95616-no-rs 34011987 1.81 5S rRNA, FAM170A
7 Hapmap33885- U2, 5S rRNA, CRIP1
BES9 Contig513 1348 85176647 1.51

AFC: Age at first calving; DO: Days open; CI: Calving interval; DPR: Daughter pregnancy rate
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