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The CXCR1 gene is associated with milk production and mastitis resistance/sensitivity
in dairy cows. This study aimed to identify polymorphisms in the CXCR1 gene and
their association with milk quality traits in Holstein, Sistani, and SistanixSimmental
crossbred cows. Over three months, blood and milk samples were collected from 27
cows (10 Sistani, 10 Holstein, and 7 SistanixSimmental). Milk components, including
fat, protein, lactose, and solids-not-fat percentages, were measured. DNA was
extracted using an optimized salting-out method, and a 594 bp fragment of the CXCR1
gene was amplified and sequenced via the Sanger method. Polymorphic regions were
identified, and genetic structures were analyzed using MEGAL1 and Dnasp5 software.
Multiple linear regression and GLM procedures in SAS 9.4 were used to assess
associations with milk quality traits. Results indicated limited genetic diversity in the
CXCR1 gene among breeds, with Holsteins showing the highest divergence. Ten
polymorphic sites and five amino acid changes were identified, with a dn/ds ratio of
1.63, suggesting natural selection's role in gene evolution. Notably, variants in the
SNP230 region significantly correlated with fat, lactose, and solids-not-fat percentages
in milk. These findings underscore the CXCR1 gene's potential in enhancing dairy
cattle breeding programs.
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Extended Abstract
Introduction

The CXCR1 gene is one of the candidate genes affecting milk quality and resistance to mastitis in dairy

cows. This gene has been mapped on chromosome 2 of cows (BTA2), and studies in different breeds have
shown that some specific variants of this gene lead to increased resistance to mastitis. Therefore, the present
study aims to identify different variants at the CXCR1 locus and their association with milk quality traits.

Materials and methods: In the present study, 27 purebred Sistani and Holstein cows (10 heads each breed) and
SistanixSimmental crossbred (7 heads) were randomly selected and blood was collected from the jugular vein.
In addition, milk quality traits including fat, protein, lactose and solids non-fat percent were analyzed for three
months. DNA extraction was performed using the optimized salting-out method. A pair of specific primers
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was used to amplify a 594 bp fragment of the CXCR1 gene. The amplification products were sequenced using
the Sanger method. Genome editing was performed using the Chromas program and low-quality regions were
removed, and a 518 bp fragment was used to examine polymorphism among different sequences. Identification
of genetic variants, including deletions and additions (Indel) and single-nucleotide polymorphisms as well as
genetic structures of populations such as the distance and divergence between and within populations and
phylogenetic analysis were performed using MEGAL1 and Dnasp5 software. Finally, the association between
the variants and milk quality traits was examined using a multiple regression model using the GLM procedure
of SAS 9.4 software.

Results: In 10 regions of 518 base pairs in length, polymorphism was revealed in 25 different sequences
belonging to Sistani, Holstein and SistanixSimmental crossbred cows after editing the sequences. The 10
regions included 7 single-nucleotide polymorphic sites and three deletions and additions (Indel). The
percentage of polymorphism among the total samples was 1.93%. Among the 172 amino acids resulting from
the translation of the nucleotide sequence of the CXCRL1 locus, five polymorphic regions were revealed, which
were located at positions 3, 5, 77, 91 and 102 of the protein chains. Changes in the protein chain included the
conversion of glycine to glutamate, threonine to glutamine, serine to leucine, alanine to valine, and serine to
proline. In all populations, the percentage of transition substitution was higher than transversional substitution,
which is probably due to the greater stability of transition substitutions. Kimura's neutral limit is equal to 0.5,
and values higher than 0.5 indicate the role of selection in evolution, and less than 0.5 indicate the absence of
selection and the influence of other evolutionary factors such as migration and mutation. The Kimura index
coefficient in all breeds was more than 0.5, indicating the role of selection in the evolution of breeds and genetic
changes in the mentioned area. The highest divergence rate was in the Holstein population (0.01 bp). Among
the divergence rates of different breeds, the highest divergence rate was observed between crosses and
Holsteins (0.00354 bp), and the lowest between Sistani and crossbred (0.0014 bp). The coefficient of
evolutionary differentiation among breeds was 0.099 bp, with a standard error of 0.056 bp, indicating a very
low coefficient of differentiation in the studied area. The number of deletions and additions (Indel) was 3
positions with a length of one base pair. The ratio of mutations that led to amino acid changes (ds) to changes
that did not cause amino acid changes (dn) is an index that indicates the role of natural selection in the evolution
of populations. In the present study, a pairwise comparison of the sequences from different samples of Sistani,
Holstein, and crossbred cows was performed, yielding a value of 1.63, which indicates the involvement of
natural selection during the evolution of different cattle breeds. The results of the study of the association of
genetic variants in the CXCR1 gene region with milk quality traits showed that polymorphism in the 230 gene
region (SNP230) had a significant association with the traits of fat, lactose and solids non-fat percentage. At
the SNP230 locus, the allele with higher frequency in the population had a higher effect than the allele with
lower frequency in all quality traits of milk.

Conclusions: Genetic variation was observed at the CXCRL1 gene locus, but it was limited. Most regions of the
gene were conserved across breeds. Association analysis between gene variants and milk quality traits showed
significant associations, so it could be a useful marker in dairy cattle breeding programs.
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T T T GGCACGCCACCCACAGAAGACTA
NHNNTANANTCCCTGTGAGATAAGCACTGAGACACTCAACAAGTATGCTGTGGTCGTCAT
CTATGCCCTGETCTTCTTGCTAAGCCTCCTGGEARACTCCCTGGTGATGCTGGTCATCTT
ATACAGCCGGATTGGTCGCTCTGTCACTGATGTCTACCTGC TGAACCTGGCCATGECTGA
CCTGCTCTTCGCCATGACCTTGCCTATCTGGGLCGCCTCCAAGGCAAAGGGNTGENNCTT
CGGLACACCCCTGTGCAAGGTGENCTCACTCCTGAAGGAAGTGAACTTCTACAGCGGTAT
TCTACTGCTGGCCTGCATCAGCATGGACCGCTACCTGGCCATTGTCCATGCCACACGCAC
GCTGACCCAGAAGCGGCACTGGGTCAAGTTCATATGTTTAGGCATCTEGECCCTGTCCGT
GATCCTGECCCTGCCCATCTTCATCTTCCGTGAGGCCTATCAACCACCGTACTCCGACCT
AGTCTGCA

>54802

GTT TTGGAAATTAC CACCCACAGAANNACTATGATTATA
GTCCCTGTGAGATAAGCACTGAGACACTCAACAAGTATGCTGTGETCGTCATCTATGCCC
TGGTCTTCTTECTAAGCCTCCTGGGAAACTCCCTGETGATGC TGEHCNNCTTATACAGEC
GGATTGETCGCTCTATCACTRATGTCTACC TGCTGAACK TEGCCATGBCTGACCTGETCT
TTNCCATGACCTTGCNHNNNNGGGCCGCCTCCAAGGCARAGGGNTHGNNNTTCGECACAC
CCCTGTGCAAGGTGGTCTCACTCCTGAAGGAAGHGANNT TCTACAGCGGTATTCTACTGC
TGACCTGCATCAGCATGGACCGCTACCTGRCCATTGTCCATACCACACGCACGCTGACCE
AGAAGCGGCACTGOGTCAAGT TCATATGT TTAGGCATCTGEGCCCTGTCCGTGATCCTGE
CCCTGCCCATCTTCATCTTCCGTGAGGCC TATCAACCACCGTACTCCGACNNNNNC TGCA
»SABA3
GTGGGNNGGGT T TGANGNNGAGT TTGGAANT TACAGCGGCNCGCCACCCACAGAAGACTA
TGATTATANTCCCTGTGAGATAAGCACTGAGACACTCAACAAGTATGCTGTGGTCGTCAT
CTATGCCCTGETCTTCTTGCTAAGCCTCCTGGEARACTCCCTGGTGATGCTGGTCATCTT
ATACAGCCGGATTGGTCGCTCTGTCACTGATGTCTACCTGC TGAACCTGGCCATGECTGA
CCTGCTCTTNNCCATGACCTTGCCTATCTGGGCCGCCTCCAAGGCAAAGGGCTGEATCTT
CGGLACACCCCTGTGCAAGGTGETCTCACTCCTGAAGGAAGTGAACTTCTACAGCGGTAT
TCTACTGCTGGCCTGCATCAGCATGGACCGCTACCTGGCCATTGTCCATGCCACACGCAC
GCTGACCCAGAAGCGGCACTGGETCAAGTTCATATGT T TAGGCATCTGGGCCCTGTCCGT
GATCCTGECCCTGCCCATCTTCATCTTCCGTGAGGCCTATCAACCACCGTACTCCGACNT
ANTCTGCA

>54804

T TTNNNNNTACAGCGGCACGCCACCCACAGAAGACTA
TGATTATAGTCCCTGTGAGATAAGCACTGAGACACTCAACAAGTATGCTGTGGTCGTCAT

ile Sl Cn DIA Jsb &) aigas 48 g5l a5 FASTA s 51 iy Y S

Sy S 4) CadeS 0 (g Bl g boodl Galyg sl DNA I s sl 2] gy 07 pS0lo (b JIgs

Sk iz WA cadS b sl Jly Wi sl (9908 2l Iy cono g €8 I Gliabl sl (paseiel lacsy
O Gln Sl b g el plo o gls 55y (e85 Slalllas I (6l > wcanl alsyo ol 5 Cudbge snimd LS
(Brown et al., 2017) cusl s oslazwl DNA JIg5

& ko Sl (slaaiuel g pliils o Sliuw sdli 3 CXCRL (5 Jlg 4 bgsye diges VY 2" gl o

YO ol g B Bls Callaol (g5lyten guls JJu (V8 5 10) diges ¥ dlaws (¥ USU5) wb plool ailfais 9 oUgd &g
DA Jobo & askad S wigad o (sla I ol gl 55 Cogllasl (g5 Bl b ki 0,55 (gum sy o5 gl Wiged
WAS 0,30 MEgA Cuoyd b (Sits sloylid b wyp (gl 5L cas

[E] m11: Alignment Explorer (all-sequence-ask.mas)
Deta  Edit  Search  Alignment  Web  Sequencer

Display

Help

(=% EmEre ri «0XBx&+&Har @338

DNA Sequences  Translated Protein Sequences

1 Snger sequencing
2 Aingment



QL0 (/p0 5 5 Sums /o 9IS ilisio (Lo} 43 s oSy oy 4l  CXCRL (guiipilspic T (slo yisgr ki (it jy — ole)

Sloaisel g Sliww (pliils (2l clagls ;5 CXCRL 5 ol casilSs o Jlg JS ISsns ol
gl ©yg0 & (159Ul 5 Sy ) S ) (slaba (slagyiaa Jud i sl 0ad LY Jgia 53 JUiour Gl
5 e (5, b oy SSsSH sl bt ool 488 5 Sy closigtlS s Lo gt o 3 o Cud
o5 yp yd dS cagilS g M L(Y SUE) Wadb o 00l inles glate S5y b cglaio slassgils'ss gl (olaygiw
(SlaglS 4 3leie 45 L1305 10 55 (530 i DIA b olSols Vo 55 0l o lodigud (e 53 ISz 13 4 395m 0
oS by oliee Baiged JS 0 50 )8 (el ISy (g wingy Jliapux Gl &5l 5 (pliile (Sl
Al o g5 Pl 10 HSde Al cladlre Sl 45 gy do > VAY 5o 4 g

JbonoX Sl (ol g cplusle o Sl LalB clagls 3 CXCRL 55 oKl jo JSisis ol ) Jous

DRI Sty 33 Olae 85l
Yof VY Y. Yo Y X3 X A ¥ Y
T c c A c A T G G A ol SA001
T G A C A A A G ol SA002
T oluile SA003
T olile SA004
T oluile SA005
c A otedle SA006
oluile SA007
T otedle SA008
oluile SA009
T olile SA010
o] SAOLL
ezl SA012
c . . . . . . A . L el SA013
ezl SA014
Lozl SA016
ezl SA0L7
(g SA018
esithages SA019
(s SA020
(s SA022
(s SA021
A (5 SA023
(s SA024
A (5 SA026
A (s SA027

g IStk oS ie solSols ples 45 15 osalio Sbais ool 1+ aalllas 5,90 CXCRL 15 o5l i BYA o
o 2029 Sy b Syiie e M g3 ISty oSl Jloz 93,8 4 panmis M 5 ISiz oSly (13 45 Singe I

Ui em ol ol o8 s 3] e Lol o315 3939 (i) £i5 adllas 5y90 4l 53 45 a3 o i o yd VAY IS5
alie Sladllas > .a5L CXCRI 5 4l jo wads cdadbrs b ddlllas 350 anl Job g Cuzos o318l 390 S5 68 o &



IFeF poylez 6yl o g oliy 8,90 5] (0l pgle 4 o A¥5

VL JSBir Gl e Wi b ladpe o (B 0 el Sgliste ilisee slagy) 3 MSBaia (i gl s,
(Kimetal., 2011) caol ous i,l55
53 da2 5 gelsivel JIg5 & (S5 oS’ bl 5 CXCRL (5 (ol 5 oy igmwlpiuo T (oAb
0355 Spolgiool WY s 4y (285 05055 Sl & oo CXCRIL (55 )5 aalllas 350 42l 53k e WA Jsbo o5
Cambgo Ail Caliste cladiges cpw 0 bl (Sly bl g ad plulis JSKbas ool gy (twmlginel WY 0 )

ol 01 ALY Jodo )3 ghelginel Slposs g4 4

JtiagesX Gl sloaiSesol g Slius (pliln slagls > CXCRL (g5 oSl (sapmlyinel JIg )5 Sz 25 .Y Jgoa

Olws gl Ol gyt Syl VY Jgb 45 Cunlgo 3,
Slebigls 4y ppund G<E ¥ \
onllS & g T<Q 5 Y

o) 41 S<L w ¥
odlly & oY AV a) A
Odon & G S<P V¥ b

aime Lol game g4 oy Lis (aseliwl WY 1) CXCRL 559y 50 (shumlginel St ool gy (ololis
T<C.4291C) 001835 anb )3 350 ;Lo Jolis Sl cplicla slagl CXCRL 5 ;5 SNP s .l oS> ol o
U9 (A<CHIYYY+ 3 T<CY-a¥+) CXCRL 5 UTR™ ;3 3560 45 ¢ (A<C.+819G 5 A<C.+816C .C<c.+365T
cuely &S (C<C.A365T) 13,5 o S (pgp 40y 4y yocie Dyg0 SO el 0l 5)liS sl i (o 1 ool o0
(Pokorska et al., 2015) s dpwlgisel 6,565 VY Caumgo 1 opiVl & oplly (030l

b can Y Job 4 onds cbles dilate 93 (g5b cans OVA Job )3 LCXCR1 (5 olOb 40 ol bl (2155
Blo o yigs wle  JolSS Jolse 51 b Olpuss a8 1 )3 saalie pusd (90 9 ol clbles 5L cas FYA gooomo 10 g
(¥ JSE) Wlosile Lol yo adlsl

Conserved Regions

Dynamic Defined Parameters given the observed S5:-

Minimum window length. HMwil - 133

Conservation threshold. CT: 1
[IRegion: Start-End Conservation Homozigosity P-walue]
Region_1: 16-229 1000 1000 050046
GGG CACGUECACCCACAGAAGACTATGAT TATAGTCCCTGTGAGATAAGT
ACTGAGACACTCAACAAGTATGC TG TGGTCGTCATCTATGCCCTGGTCTT
CTTGCTAAGCCTCCTGGGEASACTCCCTEGGTGATGCTGGTCATCT TATALS
GCCGGATTGGTCGCTCTGTECACTGATGTCTACCTGETGAACCTGGCCATG
GCTGACCTGCTCTT
Region__2: 305-518 15000 1,000 os0046
CTCACTCCTGAAGEAAGTEGAACTTCTACAGCGGTATTCTACTGCTGGCCT
GCATCAGCATGEGEACCGCTACCTGGLECAT TGTCCATGCCACACGCACGLCTG
ACCCAGAAGCGEGCACTGEGTCAAGTTCATATGT I TAGGCATCTGGGLCCCT
GTCCG TGATCC TGGCCCTGOCCCATCT TCATCTTCOCG TGAGGLCCTAT CAAL
CACCGTACTCOCGAL
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