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Abstract
Objective

Lactation persistence and milk production are among the most economically important traits in
the dairy sheep industry. Lactation persistency is defined as the ability of a sheep to maintain milk
production at a high level after reaching peak production. Identifying selection signatures can
provide valuable insights about the genes or genomic regions that have been under selection
pressure, which in turn leads to a better understanding of genotype-phenotype relationships. This
study aimed to identify genomic regions with positive selection signatures related to lactation

persistency and milk production in sheep breeds using the FST method.

Materials and Methods

In this study, data from Zandi (96 samples), Chios (317 samples), and Valle del Belice (481
samples) sheep, genotyped using a 50K BeadChip, were used to identify genomic regions under
selection associated with milk traits. After quality control of the initial data using PLINK
software, 36,605 SNP markers in 880 sheep were retained for further analysis. To identify the
selection signatures, the statistical method of FST was employed using the FST software package.
Candidate genes were identified by SNPs located in the top 0.1% of FST values. The GeneCards

and UniProtKB databases were also used to interpret the functions of the identified genes.
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Results

Using the FST approach, we identified ten genomic regions on chromosomes 1, 2, 4, 6, 8, 9, 11,
13, 17, and 20 that were in the 99.9th percentile of all FST values. The identified candidate genes
associated with milk and lactation persistency traits in these genomic regions included FAIM,
CEP70, TLR4, SLC37A3, KDM7A, HERC6, NT5DC1, SPIDR, SMOX, and RNF144B. Genes
located in these identified regions under selection were associated with milk production, milk fat
synthesis, lactation persistency, inflammatory response, and immune system functions, which can
be directly and indirectly related to milk production traits. Additionally, a review of the extracted
QTLs showed that these QTLs are involved in economically important traits in sheep, such as
milk yield, milk fat composition, milk fat percentage, and milk yield persistence.

Conclusions

The genes identified within these regions can be considered candidates under selection based on
their functions. However, further association and functional studies are necessary to confirm the
implications of the genes obtained from this analysis. The results of this research can be used to
understand the genetic mechanisms controlling milk production and persistency traits. These
findings could potentially support genetic selection in sheep for improved milk yield and lactation
persistence following peak lactation.
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Table 1. Description of the quality control steps in differe

CodsS J oS Jolpo o gi ) Jgua

nt studied breeds at the level of

individuals
ga; ool sl
Zandi Chios ol
Valle del
Belice
Sblges dlass 96 317 481
Number of animals
aby Cawd l cuigl doyd Vel i b oladises s 0 0 12
Excluding animals with call rate<0.90
A5 YL IBS L pladiges Bls 0 0 0
Excluding animals with Identical by State>0.99
2l H)3 565 umes 0395 5l 2, PCA 3JUT 3 a5 bl i 2 0 0
Excluding animals that were clustered outside of their
population mass in PCA analysis
o8ilo 3L sladiges JS oluws 94 317 469

Remaining animals

oLl sl b IUT g1y SNP sl S5liss oS

J S lises Jolpo aoS Y Jous

Table 2. Summary of quality control steps for SNP markers used for signature of selection

analysis
Quiality control filters SNP number
S J S S Jolpe SO dlass
sy D50 s, Slis IS oluw 37228
SNP number before QC
top g i) a8 T Jlslys Jblas | il bl 716
Excluding SNPs <5% MAF over all animals
Dges yo 40 Ao )d A0 I iaS Sled s &5 L ol Sl Gl 69
Excluding SNPs <95% Call rate over all animals
(Vo) S peinls=con )l ol 51 Gl | b Silis bl 24
Excluding SNPs with deviation from HW (<0.000001)
o.\SLouﬁLg L;Lm)iit.ﬁ.} Sliss 36605

Remaining SNPs
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Figure 1. Animals clustered on the basis of principal components analysis (PCA) using

genotyping information animals. The colors black, red and green represent the Chios, Valle

del Belice and Zandi sheep breeds, respectively
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Figure 1. Distribution of 5 windowed theta values in studied breeds: 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
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Table 3. Genomic regions containing selection signatures related to milk and composition

traits, and genes (QTL) reported in these genomic regions
oloni (b cuin) (wgij CurBige a4l 39290 S 229290 SRQTL  ojlews

pjeeg S Genomic position el s o)Al 3 ow
Number of (bp) Reported genes in the Reported QTLsin 5K\
chromosomes region the region D i
PubMed
1 250784670:251784670  FOXL2, PIK3CB,  milk linolenic acid 20655453
FAIM, ESYT3, MIRAS, content,
MRAS, MME9, milk linoleic acid
ARMCS, DBR1, U6, content

AAGNT, DZIP1L,
CLDN18, CEP70

5479187:6434187 TLR4, ASNT2 - -

104513029:105468029  HIPK2, TBXAS1, - -
PARP12, KDMT7A,
RAB19, DENND2A,
ADCK2, NDUFB2,
SLC37A3, BRAF
6 36554248:37518248 FAM13A, HERC3, Milk fat percentage 21749424
NAP1L5, PYURF,
HERC6, U6, PPM1K,
ABCG2, PKD2, SPP1,
8 21272358:22197358 TRAPPC3L, CALHM4, - -
CALHMS5, DSE,
TSPYL1, TSPLY4,
NTSDC1, COL10A1,

DN

FRK
9 31730281:32685281 CEBPD, SPIDR, - -
PRKDC, MCM4,
11 20360852:21299852 ANKRD13B, COROS, Milk yield 21693024
SSH2, persistency

EFCAB5, NSRP1,
SLC6A4, BLMH,
TMIGD1, CPD,
GOSR1,
TUSC5, BHLHAS,
ABR, TIMM22, NXN,
RNMTL1, GLOD4
13 50259800:51214800 HAO1, ADRALD, - -
SMOX, RNF24,
PANK2, MIR130A2,
MAVS, AP5S1,
CDC25B, CENPB,
SPEF1, ADISSP,
HSPA12B, SIGLEC1

17 25888483:26017483 U3, U6, milk yield 23810588
20 38045942:39000942 U3, RNF144B, DEK, milk yield 20394603
KDM1B, TPMT,

NHLRC1, U6, KIF13A
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