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#*'0!)*<79#K!W0&)!/*)!7#8:+8<#.!;)&$A!*!5`!*A*8+)#!A#9!78#7*8#.!RI!'+<R&$&$A!*$.!

R+&9&$A!\O!<g!5_!W-X!R;::#8!*$.!OK\!A!T;F&#2#!VE5!-A*8+)#!SM&)0#8!,+9#';9*8!1&+9+AIL!@-UK!

-:%#8!%0#!<&_%;8#!'++9#.!:+8!%#$!<&$;%#)L!\!fg!+:!#%0&.&;<!R8+<&.#!/*)!*..#.!*$.!%0#!

)+9;%&+$!/*)!7+;8#.!&$%+!%0#!#9#'%8+70+8#)&)!<+9.!%+!)+9&.&:IK!!

! \G5O!fg!+:!#*'0!)*<79#!/#8#!9+*.#.!&$%+!+$#!+:!%0#!/#99)!&$!%0#!A#9K!F<*99#8!

:8*A<#$%)!%8*2#9!:;8%0#8!.+/$!%0#!A#9!/0&9#!9*8A#8!JT-!:8*A<#$%)!8#<*&$!'9+)#8!%+!%0#!

/#99)K!X9#'%8+70+8#)&)!/*)!'+$.;'%#.!*%!]O!2+9%)!:+8!P\!<&$;%#)!S1&+G(*.!g*R+8*%+8&#)L!

3-UK!W0#!A#9)!/#8#!%0#$!2&#/#.!;)&$A!*!M9;+8!30#<!\\OO!;9%8*2&+9#%!9&A0%!'*R&$#%!S-970*!

6$$+%#'0L!3-U!%+!#$);8#!%0#!78+7#8!@3(!78+.;'%!/*)!+R%*&$#.K!W0&)!/+8Q)!RI!;)&$A!

;9%8*2&+9#%!9&A0%!%+!2&);*9&e#!/0#8#!%0#!R*$.)!+$!%0#!A#9!+'';8K!-!R*$.!*%!*778+_&<*%#9I!^OO!

R*)#!7*&8)!&$.&'*%#.!%0#!78#)#$'#!+:!%0#!*778+78&*%#!78+.;'%!/0#$!'+<7*8#.!%+!

?I7#8g*..#8!5QR!SNOOG5OLOV[!R7L!1&+9*RL!"-UK!!

;*-3:3)#"3(4,(:,;1>,;-(@*)"+,

, -:%#8!2#8&:I&$A!%0#!78+7#8!@3(!78+.;'%!/*)!+R%*&$#.L!%0#!*<79&:&#.!JT-!)#=;#$'#)!

/#8#!7;8&:&#.!%+!8#<+2#!#_'#))!78&<#8)!*$.!.TW@)L!%0#$!'+$'#$%8*%#.!;)&$A!JT-!39#*$!

*$.!3+$'#$%8*%+8G\!SpI<+!(#)#*8'0!3+87KL!B8*$A#L!3-UK!!NO!fg!+:!#*'0!)*<79#!/*)!

'+<R&$#.!/&%0!]O!fg!+:!$;'9#*)#G:8##!/*%#8K!NOO!fg!+:!R&$.&$A!R;::#8!/*)!%0+8+;A09I!
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<&_#.!&$!*$.!'#$%8&:;A#.!%08+;A0!*!)7&$!:&9%#8K!W0&)!#$*R9#.!%0#!JT-!%+!R&$.!%+!%0#!:&9%#8K!

W0&)!/*)!:+99+/#.!RI!%/+!*..&%&+$)!+:!NOO!fg!+:!/*)0!R;::#8!*$.!'#$%8&:;A*%&+$K!!W0#!/*)0!

R;::#8!/+8Q#.!%+!8#<+2#!*$I!+%0#8!78+.;'%)!%0*%!<*I!0*2#!*.0#8#.!%+!%0#!:&9%#8K!M&$*99IL!

%/+!5O!fg!*..&%&+$)!+:!$;'9#*)#G:8##!/*%#8!/#8#!*..#.!%+!%0#!)7&$!:&9%#8!*$.!'#$%8&:;A#.K!

W0;)!NO!fg!+:!7;8&:&#.L!'+$'#$%8*%#.!JT-!)7#'&:&'!%+!%0#!78&<#8)!/*)!&)+9*%#.K!!

567,!.9*.4)34=,

, M+99+/&$A!7;8&:&'*%&+$L!%0#!*<79&'+$!)#=;#$'#)!/#8#!)#$%!%+!%0#!c$&2#8)&%I!+:!

W#$$#))##Gh$+_2&99#>)!,+9#';9*8!1&+9+AI!(#)+;8'#!M*'&9&%I!&$!k*9%#8)!g&:#!F'&#$'#)!

1;&9.&$AK!F#=;#$'#!'08+<*%+A8*<)!/#8#!8#'#&2#.!2&*!#<*&9!*$.!#2*9;*%#.!%+!.#%#8<&$#!&:!

FT@>)!/#8#!78#)#$%!*%!P!9+'*%&+$)!&$!343(5E!YZN5!S"q-UL!Y[V\S"q3UL!Y]5ZS-q3UL!*$.!

Y^]OS"q-UVK!

!"#$%&'()())*+,#*-.*+,84:.)"3(4,>#".,

, X2#8I!)*<79#!0*.!78#2&+;)9I!8#'+8.#.!&$:+8<*%&+$!+$!%0#!=;*$%&%I!*$.!%I7#!+:!

R*'%#8&*!78#)#$%!&$!#*'0!=;*8%#8!+:!%0#!;..#8!:+8!#*'0!%#)%!.*%#K!X*'0!'+/!/&%0!!/,#*-.*+,

78#)#$%!&$!+$#!+8!<+8#!=;*8%#8)!/*)!&.#$%&:&#.K!T#_%L!%0#!$;<R#8!+:!.*I)!R#%/##$!%0#!:&8)%!

*$.!9*)%!%#)%!.*%#)!:+8!#*'0!'+/!/*)!.#%#8<&$#.!S%+%*9!%&<#UK!W+!.#%#8<&$#!%0#!*2#8*A#!

$;<R#8!+:!!/,#*-.*+,&$:#'%&+$)!7#8!*!VO\!.*I!9*'%*%&+$L!%0#!$;<R#8!+:!)#7*8*%#!&$'&.#$'#)!+:!

!/,#*-.*+,/*)!.&2&.#.!RI!%0#!%+%*9!%&<#!*$.!<;9%&79&#.!RI!VO\K!W0&)!A*2#!*!)%*$.*8.&e#.!8*%#!

+:!&$:#'%&+$!:+8!*99!)*<79#)K!

!

T;<R#8!+:!!/,#*-.*+,&$:#'%&+$)!!_!VO\!r!F%*$.*8.&e#.!6$:#'%&+$!(*%#!
W+%*9!W&<#!
!
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! 3+/)!%0*%!%#)%#.!7+)&%&2#!:+8!!/,#*-.*+,*$.!78#)#$%#.!'9&$&'*9!)&A$)!+:!<*)%&%&)!S8#.L!

0+%L!&$:9*<#.!<*<<*8I!A9*$.L!*R$+8<*9!<&9QL!#%'KU!.;8&$A!%0#!)*<79#!7#8&+.!/#8#!

'9*))&:&#.!*)!s'9&$&'*9tK!3+/)!%0*%!%#)%#.!7+)&%&2#!:+8!!/,#*-.*+!.;8&$A!%0#!)*<79#!/#8#!

'*%#A+8&e#.!*)!s);R'9&$&'*9t!8#A*8.9#))!+:!'9&$&'*9!)&A$)K!W0#8#:+8#L!'+/)!<*I!R#!'9*))&:&#.!*)!

R+%0!'9&$&'*9!*$.!);R'9&$&'*9K!6%!)0+;9.!R#!$+%#.!'+/)!<*I!0*2#!%#)%#.!7+)&%&2#!:+8!+%0#8!

%I7#)!+:!R*'%#8&*!.;8&$A!%0*%!%&<#K!

! M&2#!'9&$&'*9!'+/)!S55NL!\P\L!VOZ]L![[\L!*$.!]ZVU!/#8#!';99#.!*:%#8!+$9I!+$#!)*<79#!

'+99#'%&+$K!W0#8#:+8#L!/#!+7#8*%#.!;$.#8!%0#!*));<7%&+$!%0#)#!'+/)!0*.!+$#!&$'&.#$'#!+:!

<*)%&%&)!:+8!*!VO\!.*I!9*'%*%&+$K!-!);R)#%!+:!ZZ!'+/)!/#8#!*$*9Ie#.!;)&$A!*!<&_#.!-TBH-!

<+.#9!&$!F-FK!

!

30#-1$#!

! W0#!*2#8*A#!:8#=;#$'I!+:!#*'0!A#$+%I7#!/*)!'*9';9*%#.!:+8!#*'0!FT@L!*$.!*99#9#!

:8#=;#$'&#)!/#8#!.#8&2#.!:8+<!%0#!A#$+%I7#!:8#=;#$'I!RI!*..&$A!%0#!*778+78&*%#!

0+<+eIA+;)!A#$+%I7#!:8#=;#$'I!*$.!0*9:!+:!%0#!0#%#8+eIA+;)!A#$+%I7#!:8#=;#$'IK!

?*79+%I7#)!/#8#!'+<7&9#.!*$.!9*R#9#.!*''+8.&$A!%+!*!$;<R#8&$A!)I)%#<!78#2&+;)9I!&$!

79*'#!&$!%0#!9*R+8*%+8IK!W0#!:8#=;#$'&#)!:+8!%*A!FT@!0*79+%I7#)!*$.!*<&$+!*'&.!0*79+%I7#)!

*)!)0+/$!&$!W*R9#!5K!

!

!

!

!

!
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!

!

4&"10(56(F&$A9#!$;'9#+%&.#!7+9I<+870&)<!*$.!*<&$+!*'&.!0*79+%I7#)!78#)#$%!&$!7+7;9*%&+$!

*$.!%0#&8!8#9*%&2#!:8#=;#$'&#)K!(

Tag SNP Haplotypes Frequency AA Haplotypes Frequency 
 +621 +735 +816 +980   365-621-735-980-955  
    122-206-245-327-332 
GCCA  25.62% TGCAA 26.03% 
GCAA  0.41% VWHKH   
AGCG 0% CAGGG 0.00% 
    AX   
GCAC  19.01% TGCGG 19.84% 
GCCG  0.83% VWHRR   

GGAG  44.63% AWQRR 48.76% 
GGCG  4.13% CGGGG   
GGCA   0.83% CGGAA 0.83% 
   AWQKH   

  n=121   n=121 
!!

! W0#!%+7!%08##!%*A!FT@!0*79+%I7#)!S"33-L!"3-3L!*$.!""-"U!*''+;$%#.!:+8!]^KNZ`!+:!

%0#!)*<79#)K!6%!)0+;9.!R#!$+%#.!$+!)*<79#)!/#8#!:+;$.!%+!0*2#!%*A!FT@!-"3"L!*)!$+$#!+:!

%0#!)*<79#.!7+7;9*%&+$!0*.!*.#$&$#!*%!7+)&%&+$!YZN5K!W0#!%+7!%/+!*<&$+!*'&.!0*79+%I7#)!

S-ku((!*$.!Hk?h?U!'+$%8&R;%#.!%+![PK[^`!+:!%0#!)*<79#!7+7;9*%&+$K!W0#!8#<*&$.#8!+:!

%0#!7+7;9*%&+$!/*)!'+<7+)#.!+:!Hk?((!*$.!-kuh?K!-4!/*)!$+%!8#78#)#$%#.!&$!%0#!

)*<79#.!7+7;9*%&+$K!

!

!

!
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!

4&"10(76(-<&$+!*'&.!'+<R&$*%&+$)!/#8#!*))&A$#.!*!0*79+%I7#!'+<R&$*%&+$!$;<R#8L!*$.!

8#9*%&2#!:8#=;#$'&#)!/#8#!'*9';9*%#.!:+8!#*'0K(

Assigned 
Haplotype 
Number 

Amino Acid 
Combination 

Frequency (%) Number Cows 
(Subclinical and 

Clinical)  

11 VWHRR  x  VWHRR   2.63% 3 

12 VWHKH  x  VWHRR   13.16% 15 

13 VWHRR  x  AWQKH  8.77% 10 

14 VWHRR  x  AWQRR   15.79% 18 

22 VWHKH  x  VWHKH    8.77% 10 

24 VWHKH  x  AWQRR   23.68% 27 

44 AWQRR  x  AWQRR  27.19% 31 
! M+8!%0#!#$%&8#!7+7;9*%&+$L!0*79+%I7#!'+<R&$*%&+$)!PP!*$.!NP!/#8#!%0#!<+)%!

.+<&$*$%L!*''+;$%&$A!:+8!\OK][`!+:!%0#!)*<79#!7+7;9*%&+$!SW*R9#!NUK!?*79+%I7#!

'+<R&$*%&+$)!5N!*$.!5P!*''+;$%#.!:+8!A8#*%#8!%0*$!5O`!+:!%0#!7+7;9*%&+$!*)!/#99K!B$9I!

0*79+%I7#!'+<R&$*%&+$!55!*''+;$%#.!:+8!9#))!%0*$!\`!+:!%0#!7+7;9*%&+$L!/&%0!*!7+7;9*%&+$!

)&e#!+:!%08##!'+/)K!

!

!

!

!

(

(
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8.9-%0(56(!W0#!I#)i$+!*$*9I)&)!+:!);)'#7%&R&9&%I!%+!!/,#*-.*+,7#8!0*79+%I7#!'+<R&$*%&+$!:+8!

!"#$#!%"!<*)%&%&)K!(#.!)0+/)!%0#!7#8'#$%!);)'#7%&R9#!"(,!/,#*-.*+K!19;#!&$.&'*%#)!$+!!/,#*-.*+!

&$:#'%&+$K!!-!*$.!1!.#$+%#!)%*%&)%&'*9!.&::#8#$'#)!R#%/##$!0*79+%I7#!

'+<R&$*%&+$)K

(

W0#!'9&$&'*9!.*%*!)0+/#.!*$!*2#8*A#!PO`!);)'#7%&R&9&%I!%+!!/,#*-.*+,*'8+))!*99!

0*79+%I7#!'+<R&$*%&+$)!SM&A;8#!5UK!!?*79+%I7#!'+<R&$*%&+$!55!)0+/#.!$+!'+/)!/&%0!

'9&$&'*9!!/,#*-.*+!&$:#'%&+$)L!/0&9#!'+<R&$*%&+$!5V!/*)![\`!);)'#7%&R9#K!-$!-TBH-!%#)%!8*$!

/&%0!%0#!343(5!0*79+%I7#!'+<R&$*%&+$!#=;*9!%+!%0#!%8#*%<#$%!A8+;7!.#<+$)%8*%#.!%0#!

7#8'#$%*A#!+:!<*)%&%&)!/*)!)&<&9*8!R#%/##$!A8+;7)K!30&GF=;*8#!*$*9I)&)!*9)+!)0+/#.!

)&<&9*8!7#8'#$%*A#!+:!<*)%&%&)!*<+$A!A8+;7)!S7r!OKVZ\]UK!-!%8#$.!:+8!)7#'&:&'!'+<7*8&)+$)L!

.#:&$#.!*)!*!7!2*9;#!9#))!%0*$!OK5OL!/*)!:+;$.!:+8!'+<R&$*%&+$)!55!2)K!NP!*$.!5N!2)K!5VK!
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3+<R&$*%&+$)!5V!2)K!PP!/*)!'9+)#!%+!%0&)!9#2#9L!*%!7r!OK55K!-!)&A$&:&'*$%!.&::#8#$'#!S7aOKO\U!

/*)!:+;$.!:+8!'+<R&$*%&+$)!55!2)K!5VK!"#$#8*99IL!'+<R&$*%&+$)!55!*$.!5N!0*.!9+/!<*)%&%&)!

78#2*9#$'#!/0&9#!'+<R&$*%&+$)!5PL!NPL!*$.!PP!/#8#!*2#8*A#K!3+<R&$*%&+$)!NN!*$.!5V!0*.!

%0#!A8#*%#)%!78#2*9#$'#!+:!<*)%&%&)K!

!

8.9-%0(76(W0#!I#)i$+!*$*9I)&)!+:!);)'#7%&R&9&%I!%+!!/,#*-.*+,7#8!0*79+%I7#!'+<R&$*%&+$!:+8!

&'(!"#$#!%"!<*)%&%&)K!W0#!8#.!7+8%&+$!+:!%0#!'+9;<$!)0+/)!%0#!7#8'#$%!/&%0!!/,#*-.*+,

&$:#'%&+$)L!/0&9#!%0#!R9;#!)0+/)!%0#!7#8'#$%*A#!/&%0+;%!!/,#*-.*+,&$:#'%&+$)K!

(

M+8!);R'9&$&'*9!!/,#*-.*+,<*)%&%&)L!]O`!+:!%0#!'+/)!&$!%0#!)*<79#!7+7;9*%&+$!/#8#!

);)'#7%&R9#!SM&A;8#!NUK!?*79+%I7#!'+<R&$*%&+$)!5P!*$.!NN!.#2&*%#!:8+<!%0#!*2#8*A#!]OENO!
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8*%&+L!0*2&$A!PN`!*$.!\O`!);)'#7%&R&9&%I!%+!!/,#*-.*+L!8#)7#'%&2#9IK!X2#8I!'+/!/&%0!

0*79+%I7#!'+<R&$*%&+$)!55L!5NL!*$.!5V!%#)%#.!7+)&%&2#!:+8!);R'9&$&'*9!!/,#*-.*+,&$:#'%&+$)K,

W0#!30&GF=;*8#!7G2*9;#!:+8!*99!0*79+%I7#)!/*)!:+;$.!%+!R#!OKO5VNK!F7#'&:&'!'+<7*8&)+$)!

/#8#!<*.#!R#%/##$!#*'0!0*79+%I7#!'+<R&$*%&+$K!-!s%8#$.Lt!.#:&$#.!*)!*!7!2*9;#!+:!9#))!

%0*$!OK5OL!/*)!$+%#.!:+8!'+<R&$*%&+$)!55!2)K!5P!*$.!5P!2)K!PPK!F&A$&:&'*$%!.&::#8#$'#)!

R#%/##$!%/+!0*79+%I7#!'+<R&$*%&+$)L!.#%#8<&$#.!RI!*!7!2*9;#!9#))!%0*$!OKO\L!/#8#!:+;$.!

:+8!%0#!:+99+/&$A!'+<R&$*%&+$)E!5N!2)K!NNL!5N!2)K!5PL!5V!2)K!NNL!5V!2)K!5PL!5P!2)K!NPL!*$.!NN!2)K!

NPK!W0#)#!)7#'&:&'!'+<7*8&)+$)!0#97#.!.&)%&$A;&)0!R#%/##$!);)'#7%&R&9&%I!A8+;7)!-L!1L!*$.!

3K!W0#!s-t!A8+;7!%8#$.)!%+/*8.!);)'#7%&R&9&%IL!/0&9#!s3t!0*)!%0#!A8#*%#)%!8#)&)%*$'#K!,

,

8.9-%0(<G!W0#!*2#8*A#!$;<R#8!+:!!/,#*-.*+,!"#$#!%"!<*)%&%&)!'*)#)!7#8!VO\!.*I!9*'%*%&+$!:+8!

#*'0!0*79+%I7#K!3+<R&$*%&+$!NN!0*.!%0#!A8#*%#)%!&$:#'%&+$!8*%#!R;%!$+!.&::#8#$'#)!/#8#!

:+;$.!%+!R#!)&A$&:&'*$%!R#%/##$!0*79+%I7#)K!(*/!<#*$)!*8#!)0+/$!&$!A8##$L!/&%0!)%*$.*8.!

#88+8!.#$+%#.!RI!R9*'Q!9&$#)K!!

!

!

(

!( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (:(



38&)7!5P 

W+!'+<7*8#!%0#!8*%#!+:!'9&$&'*9!+8!);R'9&$&'*9!<*)%&%&)!R#%/##$!343(5!0*79+%I7#)L!

%0#!*2#8*A#!$;<R#8!+:!&$:#'%&+$)!7#8!0*79+%I7#!'+<R&$*%&+$!/*)!'*9';9*%#.!RI!.&2&.&$A!%0#!

%+%*9!$;<R#8!+:!&$:#'%&+$)!:+8!#*'0!'+/!*$.!.&2&.&$A!RI!VO\!S$;<R#8!+:!.*I)!&$!+$#!

9*'%*%&+$U!%+!)%*$.*8.&e#!%0#!.;8*%&+$K!W0#!#88+8!R*8)!8#78#)#$%!%0#!)%*$.*8.!#88+8K!M+8!%0#!

'9&$&'*9!<*)%&%&)L!0*79+%I7#!'+<R&$*%&+$!NN!)0+/#.!%0#!A8#*%#)%!&$:#'%&+$!8*%#!S5K[OU!*$.!

%0#!<+)%!2*8&*R&9&%I!SVKOOU!SM&A;8#!VUK!3+<R&$*%&+$!55!)0+/#.!$+!'9&$&'*9!&$:#'%&+$)L!

*9%0+;A0!%0#!)<*99!)*<79#!)&e#!)0+;9.!R#!$+%#.K!!"#$#8*99IL!'+<R&$*%&+$)!55!*$.!5N!0*.!

9+/!&$:#'%&+$!8*%#)!/0&9#!'+<R&$*%&+$)!5PL!NPL!*$.!PP!/#8#!*2#8*A#K!3+<R&$*%&+$)!NN!*$.!

5V!0*.!%0#!A8#*%#)%!&$:#'%&+$!8*%#)K!

!

8.9-%0(=G!W0#!*2#8*A#!$;<R#8!+:!!/,#*-.*+,&'(!"#$#!%"!<*)%&%&)!'*)#)!7#8!VO\!.*I!9*'%*%&+$!

:+8!#*'0!0*79+%I7#!'+<R&$*%&+$K!W0#!8*/!<#*$!&)!)0+/$!&$!A8##$!*$.!R9*'Q!9&$#)!*R+2#!%0#!
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