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Abstract: This study aimed to systematically identify expression short tandem repeats (eSTRs) in
dairy cattle that are significantly associated with gene expression, in order to explore their regulatory
roles in gene expression and complex economic traits, thereby providing functional variant resources
for molecular breeding. A total of 108 Chinese Holstein cows were sampled for tail vein blood
collection. Genomic DNA and total RNA were extracted and subjected to 30X whole-genome

resequencing and transcriptome sequencing, respectively. After quality control, 105 samples were
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retained for further analysis. STRs were annotated and genotyped at the population scale using TRF
and HipSTR. Gene expression levels were quantified after quality filtering with Trimmomatic,
alignment using STAR, and normalization with edgeR. Based on a =1 Mb window around
transcription start sites (TSS) , a linear model was used to assess the association between STR
dosage and gene expression to identify cis-eSTRs. Weighted correlation network analysis (WGCNA)
and Gene Ontology (GO) were further applied to explore the functional relevance of c¢is-eSTRs in
complex traits. A total of 25 154 significant cis-eSTR-gene expression associations were identified.
These c¢is-eSTRs were predominantly located in intronic regions and near TSSs. WGCNA revealed
that cis-eSTR regulated genes clustered into several functional modules, some of which were
significantly associated with traits related to milk production and immune. GO enrichment analysis
revealed that these modules are broadly involved in biological processes such as immune response,
lipid metabolism, cell cycle, DNA replication and stability. Several key genes (e.g., IRF7, BoLA -
DRB, CCT2) might play important functional roles in immune regulation and mammary gland
function. c¢is-eSTRs play important roles in regulating gene expression and complex traits in dairy
cattle. The czs-eSTR resource generated in this study provides a valuable foundation for the functional
annotation of complex traits and offers potential molecular markers for breeding applications.

Keywords: Holstein cattle; cis expression quantitative trait loci; short tandem repeat sequence;

WGCNA ; complex traits
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A. Correlation analysis between the length and proportion of STR motifs in the reference genome of Holstein cattle; B. Genomic

STR locus density map of Holstein cattle population
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Fig.1 Trend of STR repeat length distribution and genomic distribution of polymorphic STR loci
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A. The correlation between the top 10 PCs of gene expression (EPCs) and known biological factors; B. The contribution of each

PEER factor to gene expression variation; C. The correlation between PEER factors and RIN, parity, farm, and genotype

principal components (PCs); D. The correlation between PEER factors and blood parameters
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Fig. 2 Covariate correlation analysis
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1 B0 REZMcis-eSTREEXBEHNER

Table 1 The top 10 most significant cis-eSTRs and their associated genes

2 32k i PR S T R R A KT A A HE§ /bp B P RO AH
cis-eSTR Associated gene Distance P value Effect size
10_86879661_GTT ENSBTAG00000011985 —1957 2.43E-43 0.12
9_87281756_ATTT ENSBTAG00000036061 73 951 3. 18E-32 0. 30
9_86877091_A ENSBTAGO00000036061 —330714 1. 46E-30 1.18
16_75522657_A bta-mir-29b-2 —137713 2.06E-29 1.11
16_75522038_AGC bta-mir-29b-2 —138332 1.05E-28 0.37
16_21773538_AGGGGG TGFB2 —34 465 2.87E-27 —0.52
23_39522637_T KIF13A —3465 4.11E-27 —0.35
16_75522510_A bta-mir-29b-2 —137 860 4.12E-27 0.61
18_57557982_TGCC ENSBTAG00000019227 —83 311 4.48E-27 —1.32
16_75518951_T bta-mir-29b-2 —141419 9.57E-27 1.12

F2 523 27826583 AGEEXBME
Table 2 Genes significantly associated with 23_27826583_AG

FKIKF N Associated gene i85 /bp Distance WM PAA P value O H Effect size
ENSBTAG00000001476 —70 319 2.20E-18 —0.53
ENSBTAG00000012208 —44 623 2. 84E-17 —0.49
MIC1 —86 615 1.07E-13 0.44
ENSBTAG00000053433 —134 699 1.77E-13 0.46
MIC2 —22 420 3. 63E-09 —0.39
ENSBTAG00000051047 — 117 674 2. 76E-08 —0.33
BoLA-NC1 —726 506 3.49E-08 —0.37
ENSBTAG00000005146 —701 400 7.34E-08 0.34
VARS2 — 332 504 2.37E-07 0.21
ENSBTAG00000001477 —665 948 1. 15E-05 0.26
CCHCR1 —166 171 1. 84E-05 0.21
A B
0.001 5 0.4
- 0.3
%%‘0.0010 %’g.oz
Q - e
(=W
0.000 5 01 D
0.0000 0] = I e
1 05 ) 05 i FUTR SUTR CDS  down- g;t:lrc intron  splice upstream
e R OLA K S/ Mb SR
Distance from TSS

Genomic_region
AL eSTRTE HAREEH 3% R IR (7 51 (TSS) £ 1 MY I 73 s B. eSTR7E A [7] 1 K 41 J1 fig X 3k 19 53 A1
A. The distribution of eSTR within the range of =1 Mb at the transcription start site (TSS) of the target gene; B. Distribution of
eSTR in different genomic functional regions
B3 TaHTIB 4 cis-eSTR ) 5 75 #0 Ih BE 45 1E

Fig. 3 Distribution and functional characteristics of cis-eSTR in Holstein cattle
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