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ABSTRACT

Domestication and selection has changed behavioral and phenotypic characteristics in modern domestic animals
significantly. The selection of animals by humans left detectable signatures on the genome of modern cattle. The
identification of these signals can help us to improve the genetic characteristics of economically important traits in
cattle. Nowadays, mastitis is one of the main economically important diseases in dairy cattle that mostly caused by
intense selection for milk production in recent decades. In this study the genomic regions associated with mastitis, the
genomic data of national project in Germany Holstein dairy cattle was used to identify. The samples were genotyped
using lllumina Bovine 50K SNP. 133 case and 133 control cows were chosen for investigating of selection signatures
using Theta (6) population differentiation statistics. With 99.90 percentile threshold of the obtained Theta (6) values,
10 genomic regions on chromosomes 1 (2 regions), 3, 5, 6, 14 (2 regions), 21 (2 regions) and 28 were identified.
Further investigation using bioinformatics tools showed these genomic regions overlapped with the genes associated
with immune system, autoimmune diseases, different type of cancers expressly breast cancer and milk production. In
conclusion, the results of this study may provide an important source to facilitate the identification of genomic
regions and then, the genes affecting mastitis in dairy cows.

Keywords: German Holstein cattle, mastitis, selection signatures, theta statistics.

* Corresponding author E-mail: rahimimianji@yahoo.com



e §olem b ba o Sl glaailis S5 o gy 1) 5 oline owle fof

Al 0 s Glar S0 jslre slealSl>
(Selective Sweep) ol wg,l> e Sl
Biswas & Akey, 2006; Akey, ) 5gi oo S
.(2009; Moradi et al., 2012

2 IS Sl i a4 i Wlgi o ol
P ool Sl Ay seh Camer S
i O Wledgs Sl cod oS placaae
O B obml Sl ) A il e 3L
R PO PRI [ S VX PO R NCHPS
42) bloasexr o M SlghE 5o ol cus @
3 (O] BLbl el b g ol T 095 sl
2 Sede bl I glalas plpear wilsi e
et 3l et 4 abgye SIS sleolSl>
Ol aeey ol 5o ool 0550 bl slagygasl
Fsri ) cous patle L shrex pld 3Ll &
Akey et al., 2002; MacEachern ) (Fixation index
& by Fsr sba byl 5,5 o,Lsl (et al., 2009
om0 o)) 8 Bl 3l g el 350 slaolSolr
ol ie (JolS glis) SG 5 (D5l (y50) So0

Jlo sz (b 5o 515 (55, 09,58 Slinions s
ol Jlss a4 g 9,8 ol el ools flis 5
el gian b b SBUl g baoly 5 S
ol 555 Ciliee 3blie ,o bl slaailes sl
Barendse et al., 2009; Hays et al., 2009; ) <ol
MacEachern et al., 2009; Qanbari et al., 2010;
I kSl ) oles oo a5 (Stella et al., 2010
ookl b alides sooly jo cimex pled dslis
2,5 ololis canlin g bl slo kg,

5 S Slagls I Sslite slasly (udos b
el Gl Wl g oS ol sss
0-SNP K slaa!,l 5 eoliiwl b wobsl slaasles
S5 Al YYP 5 Wl Bl e 98
Aidgy aid T 138 Cue bl cou aS wl glulls
BTAL8 (g, ondolulis 3blie on ipge 5l (S

Oygo ke &5 Slidss Ll a5 ol I8
e Jsb b s 3155 QTL Sy og ad S
Al opl jo cpliads g8 o Jieady 9 oy
Sliixe (Qanbari et al., 2011) ol ouls )58

-

400

ssbaeay Sliios plxl @dds glaass b
Ban a5 (093)) S5 @bl b lap; (asuis
SOWE SSVCEOR JPRSRNC IR S5 KR ELS]
oBass  wilg oo bl gleaslas Slolis
o G55 @bl b lag b bL3)| s saieds)|
JESTRNT SRVC SPUSJEIRUICER SR EET BN R CORE
OBy —obely bls)l e cSll 5 Sy 4
(Gholami, 2014) ob wales (Guigd —cuigil)
sladan 5l S obul cos gble gluls
De Simoni Gouveia et ) el Lol S5 gl
2 osAl 4l s 4 el slaylse> (@l 2014
GlAl Loae sloobl Bas (b Skl
St oy Gl Lyes s 13
soo; plelid 5 (555 mhw jo Dbl glaailes
Al sled 4 Gl slapBag 80 ke
Biswas & Akey, 2006; Gu et al., 2009; Hays et )

.(al., 2009
s-ios(Neutral theory) oo &k &L,
Bass I K5 maw o ool obol sla g
&> & (Kimura, 1989) wie oz bl
ol el ol Sy (Sl e, b
ol sl Vs Sloy a4 wae slajier >
oz o aziliz bl LS oz jo gl
S ol ol 031 (Sls Gl el wa
osian b xS 895 analr o3l S0
5 Nyl gy (Sl a5 g0l )8l 0eh oo sl
sl 4l i S lie we ol eSS
ks 4 Ay a8l S Sbly (Sl o Sonla
Ol el cepua Staols Gl e o
Slalp Gl sl Sbl gg ,n 4 5,8 walys
(Positive Selection) couie sl aesga sla 1
S8 Gl 5 oo Dl JLos 4 25 oo 43S
3 Serse ST Jlold wiesgw slacdlls
Sy b S 5 e a b s sbelSile
salys Gl 5 s (Sd) atwgn ol
Genetic ) ol en Jlsl 1) ooy pl a5 cél
5 55 Bd> L els 4 .au55 oo (Hitchhiking



Ao ,oY 5l ieS s yi s Call rate g MAF slaglS
Moradi et al., ) wods Bi> ails ww,010 4
oo, Sles aile 3L sle SNP oy 5l e (2017
asly Glyzil ol g0l Jolas 5l caday a5
slbs 5l 6,58 lae leay (P-value<10)
Sl aslad LS ol e 1 Bl s
(Teo et al., 2007)

CehS U5 Glihe ol ! j) e
Golel Gla s, i oy Sl slaailis daosls
o ooliwl Fst (ygeyl 5l Gudizs cpl yo 4 o)ls
P WS (oo lulid | G5 5l (bl Fst (8,
151y 9 plete ©jgot Glow 5 plle) Conex 9o
(Moradi et al., 2012) wlazs,5 |18 Ll Gas

Slr &S Jol Slored 5o slapls Gudow cal o
Gl o 5 el WYY () by )55l 658 50
oS lapls 5 sl plyrear wials 3,58, () )
Olpreds Wl plas 1) Gl )5 6 )lew 5l £98 2
ol jled aSul @ azgi b odad a8 3 las o ol
9 WS o omgy JSie L) For s apl
slaels i nled g e gaieg)S slp oeizen
&l DMU V6 l33la 5 51 oslinl b Lo 5 pllo
9 e oailo Bb Sl eliny )9 Solem B
YY) oilo Bl s slel g0 wojo Y slapls
095 90 Olyed (pllo ol VY 5 ley el
Bagheri et al., ) o colarwl pj dal, 5 koeols
(2013

Pij:Hi+YJ‘+eij

A5 el 5TH 00,8 5B asay pij alal, ol o aS
A Sl S ey gl Jlm b b 51
o OAJLA@[J

Saly Ghsy 90 & Far wrex il (g0
L5 b 50,5 Lo, 5 (Wright, 1951 & 1965)
g o dwle (Weir & Cockerham, 1984) (0)
GRS s sl ey shel oM 5 (S
5 s 45 08 el LS s, ) L ala,SS

FST S)LQT )l oolaiul L| LS.L.JL..;I slf o‘).v T2 o
bl BTA6 4 BTAL3 o bl sleailes
slr opl slagy (Fp @ble cnl o a5 wo S
Mancini et ) og ool (5,155 clsS g s Slaw
Gbalis Ll b a5 emen (@l 2014
SOl YAZ 0 1F 50 lapgises S 55, Sl
Sol> bl (525 9 gl dusewsl) Canchim ol
5 (rdplbie) slogesgw o0 Sk lag

(Urbinati et al., 2016) wos olobis oo
(o (6 i 5lf S 5o bg,lew u.ub
P 5 doades ye cpbiide BP0 SR b
S5 8l e ol 5 B ez slasS
L Lo opeb >ly sloles 5 ol gloales

sglS g, LT Kassel olKisls s, Ken b aS g
el o 1zl 108 ol cplisls

9 9 3lge
Sl s 15 e b A 31 3l o
5 o eolatwl B F O cpliide ol (g, aS
o5 NO- e BOI5 adgl J S 5l e 59, o
oS Sldl G Jled jo S5 a5 VY 5l pliids
L g Wog lew Slao e glpy olo,ld cou

[llumina Bovine 50K SNP slaal,l ;I solaxul
B8 18 Las! e wsad Bol5 s
50 edwliawsds slaesls cuiS 5l laebl sl p
Ja.~.:9.t ools U""")”S liso J?‘fo @LQJ 6[.&34.5)2.»
Ozt 5 al Jlesl adgl sleosls (g4, Plink
a8 sl B8l duo 00 5l o b slagls cal> s
Ol el cpl e sas Bie o slea s )
ale oYL saies Bols a5 oladigel a5 el
OBols s oz L aS ol g Jlsd
95 o 51w (Barendse et al., 2009) siib of o
MAF: Minor Allele ) LT Jlgl,s J8las Jale
sy (Call rate) oly o &5 ¢ (Frequency

oo o a5 LSNP 5 ous arlze SNP o



e §olem b ba o Sl glaailis S5 o gy 1) 5 oline owle for

S g W

FOPNY Lo 5l wuaS S oo pbol 51 e
(Wl Gol) VY 5 o ol VYY) o5 Y98 0 Siles
Sb om sloa o plxil ol Silas FRFYY Lo
G5 cpl 0 oolaiul 950 GBWIE slacsly il
b 3 |y kS SIS Bl ol (S FOSIY)
4 g oy o3 plials 315 59y (e 3390 12
2 ools sl g Jlhe plol ol p o bl en
5 ool MAF bl 4 SIS VWA L5 3 o
g b oS ulygo,le Jole 5l Glhadl o a0 Slis
pa5 b o re Sloallis (qwp sl diged Jlod i @
O (S oy 5l sdeliewsd mls

o9y 9 (Fs) Soly Sz pled sl sla o)
(2o, WNYF) YL Son by 0) Lo o,lb
Geios cpl jo cde faed w0 () JSE) 04 o]
LS somex pled oy, o] ey s L
Gl &Sl @ azgr b andl .l oo ool ioles
odds odwlie YL Niwwen (Cockerham, 1984
Sy90 Curaz 90 ;0 Ldiges jlod a5 Lol ofga
30 Gmizmed Cawl HUanl BB il Glees auolie

o) b (Ken 5 iy Gl 2
hwgS laol duslie o yge3l 90 ol (00,094
5 (Moradi et al., 2012) ass ;a0 g loads Sl
Manzari ) Jlpl ssawss s sbaoly duglas o

el 00l 5,155 (et al., 2016

J31s L3l Jled g ond (5 S aiges sloos,S Lo
(Weir & Cockerham, 1984) <l 04,5
VB oo e by, ool ) eselawsa sla i)l

2 LS s aly Gy 90 4 baipe laacul
lr b5 55 dloe 5l 28,5 bl R Laors
o gl S Gles sl SNP LS e
@33 8,1 eSle SNP o (35 slray Sl
2 WIns 55 plgieas jolme SNP gy o ol
OSitie (B1F) 5,5 e g A awlxe Slis
oebiade o 55 a0 LS (chmex il 35
O e A s SEXCEL 13818 5 51 oslazul b
ol Al (5551 AL » )L (85 oy
sy Excel [l38le s 5l eolawwl L p-Value ;)
fen lp a5 dble 5 aclxe 92 Suo
Slas Glgreay ails oYL (53,0 jelre sl Silis
RN VEI SN P B

&l bl Llas gl gblee olulis 51 e
Ber g @bl cnl yo oad A)IF slagyy (o) 2
5! (Moradi et al., 2012) la )1 Gl,bl 5L cuas oLS
Ensemble Biomart tool UMD3.1 sl ol
sy oSles owyn lp ¢ Bos Taurus
PubMed Cuslures 5) o glulis
«https://www.ncbi.nlm.nih.gov/pubmed)
DAVID GeneCards (http://www.genecards.org)
proteINSIDE 5 6.8 (https://david.ncifcrf.gov/)
A eslaiw! (http://proteinside.org/)

Corr FST and Teta:= 0.984

[+]
a o
3 w °
- o i M
W
[T [al]
S -
(]
. .
o
(=] T T T T T
0.00 0.02 0.04 0.06 0.08 0.10

Teta

Figure 1. Correlation between population differentiation statistic of Write (Fst) and unbiased Theta () values in
German Holstein cattle
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Table 1. Identified genes within the genomic regions under selection pressure which are associated with mastitis in
Holstein dairy cows

Chromosome Location on the genome (bp) Genes
1 127961597-129424205 ATR, XRN1, GK5, TFDP2, ATP1B3, GRK7, RNF7, RASAZ2,
PXYLP1, SPSB4, SLC25A36, TRIM42, CLSTN2, LOC511302,
ZBTB38
181227520-131642361 COPB2, MRPS22, *PRR23A, PIK3CB, FAIM, CEP70, ESYTS3,
MRAS, NME9, ARMCS, DBR1, A4GNT, DZIP1L, *PRR23B,
*LOC783600, FOXL2
3 79333053 INSL5, TCTEX1D1, SGIP1, PDE4B, *MGC137454
5 40512359-40762830 CNTN1, LRRK2, SLC2A13, SNORA18
6 65749899-65833751 GABRG1
14 31513907-31589988 CYP7B1, ARMC1
MTFR1, PDE7A, DNAJC5B
33372261-33384807 VCPIP1, SGK3, MCMDC2, PPP1R42
COPS5, CSPP1, ARFGEF1, CPA6
21 32598936-32758644 ISL2, SCAPER, RCN2, PSTPIP1, TSPAN3, PEAK1, HMG20A
LOC505658, LOC509956, LOC617313
35640578-35777432 LOC786126, LOC508858, GZMB, STXBP6
28 40093345 CCSER2
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The bold type genes are the reported genes associated with mastitis and udder diseases

* The genes with uncharacterized function
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Table 2. Mean (standard deviation) of daily milk yield, milk fat and protein percentage and SCC in sick and healthy
animal used in this study

Milk yield (kg) Milk fat (%)

Milk protein (%)

SCC*1000/ ml

Sick Healthy Sick Healthy

sick Healthy Sick Healthy

Mean  30.28(6.27)  28.23(5.15) 3.88(0.6) 3.85(0.63)

3.38(0.27) 3.4(0.29) 276.93(705.47)

107.41(262.4)
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