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Introduction: Obstructive gastrointestinal (GI) malformations are one of the most important congenital problems
resulting in calf mortality within a few days of birth. The most common site for atresia, after the esophagus, is the
jejunum. Jejunum atresia is the congenital absence or complete blockage of a part of the jejunum lumen. Early
detection of intestinal obstruction is essential to prevent further complications. Intestinal atresia is an
underdiagnosed congenital defect in cattle. It results in complete occlusion of the intestinal lumen and, unless
surgically corrected, results in death or euthanasia of the affected calf. There is limited information on the
incidence of this condition or risk factors, including predisposing alleles, associated with the defect. Atresia is a
well-known congenital defect of the gastrointestinal system in calves and investigations into the etiology of this
condition are warranted. Domestication and selection have significantly changed the behavioral and phenotypic
traits in modern domestic animals. The selection of animals by humans left detectable signatures on the genome
of modern dairy cattle. The identification of these signals can help us to improve the genetic characteristics of
economically important traits in goats. Over the last decade, interest in the detection of genes or genomic regions
that are targeted by selection has been growing. Identifying signatures of selection can provide valuable insights
about the genes or genomic regions that are or have been under selection pressure, which in turn leads to a better
understanding of genotype-phenotype relationships. This study aimed to identify the selection signatures using
the unbiased theta method associated with gastrointestinal atresia in Holstein dairy calves.

Materials and methods: For calves with intestinal atresia, muscle tissue (>1 g) was collected from the Latissimus
dorsi muscle postmortem, and submerged in RNA later solution. DNA samples from 91 atresia cases and 377
control animals were genotyped using the Illumina 777K BovineHD beadchip (Illumina Inc). The work described
here is a case—control association study. Single nucleotide polymorphism (SNP) missing 5% of data, with MAF
of <1% and Hardy—Weinberg equilibrium P-values <107 were removed. The genotyping efficiency for samples
was also verified, and samples with more than 5% missing data were removed. Grouping was done to infer
selection signatures based on Fsr statistic. The bioinformatics investigations were carried out using the Ensembl
database for bovine genes (assembly ARS-UCD].2), to identify potential candidate genes which already have been
reported in/or surrounding genomic regions containing the peak of absolute extreme Fsr values. The regions
corresponding to the upper and lower 0.01% of positive and negative obtained Fsr scores were considered regions
under selection. Genes within a 500-kb span of the start and end of the QTL were identified using Ensembl 108
on the ARS-UCD1.2 bovine genome assembly implemented in biomart. Then, using the PANTHER database, the
general biological function of the genes was checked. At this stage, it is assumed that genes that belong to a
functional class can be considered as a group of genes that have some specific and common characteristics, and
the quantitative trait loci (QTLs) in the selected region were extracted using the Animalgenome database, and the
genes were compared with other researches. GeneCards (http://www.genecards.org) and UniProtKB
(http://www.uniprot.org) databases were also used to interpret the function of the obtained genes.

" Corresponding author: mohammadi13371364@gmail.com



Mohammadi and Shamsollahi: Identification of selective signatures associated with... 58

Results and discussion: with a 99.90 percentile threshold of the obtained theta (0) values, eight genomic regions
on chromosomes 7, 12, 13, 21, 22, 23 (two regions), and 29 in the Holstein calves were identified. Further
investigation using bioinformatics tools showed these genomic regions overlapped with the genes (CSF2, SIAH3,
TMEM 144, and SKIV2L) associated with embryonic development, small intestine length, apoptosis, and several
tumors. The population used in our study is small, owing to the challenge of collecting a substantial amount of
blood on calves on commercial herds having received the diagnosis of gastrointestinal atresia and ready to be
culled. Diagnosis and culling of gastrointestinal atresia animals are ineffective preventive measures. Further work
is required to identify which farm-specific or management risk factors contribute to the incidence of intestinal
atresia.

Conclusions: The results of this study may provide an important source to facilitate the identification of genomic
regions and then, the genes affecting gastrointestinal atresia in claves. However, further studies are warranted to
refine the findings using a larger sample size, whole-genome sequencing, and/or high-density genotyping.
Keywords: Genomic scan, Cell proliferation, Single nucleotide polymorphism, Candidate gene, Congenital
defect
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Table 1. Distribution of SNPs after quality control and the average distances between adjacent SNPs on
autosomal chromosomes

Chromosome SNP (n) Chromosome length Mean distance
(Mb) (kb)
1 43796 158.34 3.13
2 38490 137.06 3.56
3 34211 121.43 3.55
4 33689 120.83 3.59
5 33271 121.19 3.64
6 34301 119.46 3.48
7 31877 112.64 3.53
8 30795 113.38 3.68
9 29639 105.71 3.57
10 29332 104.31 3.56
11 31058 107.31 3.46
12 24812 91.16 3.67
13 22088 84.24 3.81
14 23236 84.65 3.64
15 23641 85.30 3.61
16 23171 81.72 3.53
17 21472 75.16 3.50
18 18750 66.00 3.52
19 18401 64.06 3.48
20 20892 72.04 3.45
21 20224 71.60 3.54
22 17594 61.44 3.49
23 14651 52.53 3.59
24 17939 62.71 3.50
25 12598 42.90 341
26 14816 51.68 3.49
27 12770 45.41 3.56
28 12601 46.31 3.68
29 14127 51.51 3.65
Total 704242 2512.08 3.56
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Fig. 1. Animals clustered on the basis of principal components analysis (PCA) using genotyping information of
all animals
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Fig. 2. Distribution of 10 windowed theta values for healthy and patient (with gastrointestinal atresia) Holstein
calves. The SNP position on different chromosomes shown on the X-axis, and theta values are plotted on the Y-
axis. The values above the line are in the 99.9 percentile of all theta values

2 0515 ol (6551 L a po gagi Gblio cnl jo 0ads Glulids slagy) g Dol 3550 (gagiy (A Y Jga

Table 2. Genomic regions containing selection signatures related to gastrointestinal atresia, and genes (QTL)
reported in these genomic regions in Holstein calves

Chromosome Genomic position Reported genes in the region Reported QTLs in the
(bp) region
7 ACSL6, CSF2, P4HA2, PDLIMA4, -
22148908:22648908 GATAD24, YJEFN3, CILP2, PBX4,
LPAR2, ZNF354B, JMJD4, SNAP47
12 TEX29, ARHGEF7, ANKRD10, INGI, Bovine respiratory disease
15596695:16096695 CARS2, NAXD, SLC25A415, THSD1, susceptibility
VPS36, CKAP2, NEKS, ALG11, SIAH3
13 15094268:15594268 ve, US -
21 13645869:14145869 FAM174B, CHD2, RGMA, -
22 34609518:35109518 SLC25426, LRIG1, SNORD22, CNTN4 Age at puberty
23 BoLA, MCCD1, ATP6V1G2, LSTI, M. paratuberculosis
24806018:25306018 PAQR& EFHCI, TRAM2, TMEMI14A, susceptibility
GSTA2, GSTAI,
23 GSTAS, GSTA3, GSTA4 ,CILKI, FBXO9, -

NOTCH4, GPSM3, PBX2, AGER,
27149202:27649202  AGPATI, EGFLS, PPT2, TNXB, CYP2I,
STK19, SKIV2L, NELFE, CFBC2
29 26780575:27280575  ORSG3F, ORSG3L, OR10D3, OR10GYH, -
OR8BIAU
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Table 3. Gene set enrichment analysis significantly (P<0.05) associated with gastrointestinal atresia

GO ID Term (GO hierarchy level) No. genes Candidate genes FDR
in the GO
term
Biological process
GO:0044237 Cellular metabolic process 10 IMP4, CDKLI, POLE?2, 0.015
DCLK1, MMS19, ATP5S, CAS,
ACERS, LGSN, GGH
G0:0032502 Developmental process 8 MEGF10, SAV1, TRIP12, 0.001
BATF, PROX2, FER, EIF2B2,
OSTN
GO0:0048856 Anatomical structure development 8 ATP8BI, CRTACI, SFRPS, 0.003
TTPA, TP63, TGFB3, SPG20,
SMADYVLDLR
GO:0030154 Cell differentiation 11 FER, WDR7, LRRC17, EIF2B2, 0.002
ATP8B1, CRTC3, CHUK,
FZDY, WNTS8B, PIK3CD, IL2,
GO0:0019538 Regulation of cell proliferation 13 MARCH3, DZIP3, MAP4KS5, 0.005
CDKLI1, PTPN18, NEK9,
PMPCB, ACER2, ADCK],
ASPH, SMADY, PLCB1, HERC
GO:0055074 Protein metabolic process 7 CLDN4, CLDN3, MYL7, NCF1, 0.040
LOC102169118, CTNNAI,
CTNND?2
GO0:0045778 protein tyrosine kinase activity 9 CCL24, NCF1, CHUK, GNBI, 0.045
PIK3CD, ADCY1, PRKCZ,
ADCY7, CCL26
Cellular component
GO0:0030054 Cell junction 6 CLDN4, CLDN3, MYL7, NCF1, 0.006
LOCI102169118, PYCR2
G0O:0034703 Cation channel complex 8 CAMK?2B, PER3, CALMLSG, 0.007
GNBI, DVLI, FZD9, WNT8B,
PIK3CD
&b o o8
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