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Abstract

This experiment was conducted to estimate the SNP effects for milk production traits by parity using a total of 506,481 test
records from 293,855 heads of Holstein cows calved from 2002 to 2016 and the information on 41,837 SNPs from 2,007
heads. Most of the SNP effects for milk yield were distributed from -1 to +1 and most of the SNP effects for fat yield and
protein yield were in the range of -0.04 ~ +0.04 and -0.03 ~ +0.03, respectively. For milk yields, the numbers of SNPs whose
effects were more than 4 standard deviations in the first, second and third parity were 9, 11 and 11, respectively and the
number of common SNPs whose effects were more than 4 standard deviations in all parity was 5. For fat yields, they were
14, 9 and 8, respectively in the first, second and third parity and the number of common SNPs whose effects were more
than 4 standard deviations in all parity was 8. For protein yields, they were 9, 7 and 6, respectively in the first, second and
third parity and the number of common SNPs whose effects were more than 4 standard deviations in all parity was 2.
There was no common SNP with more than 4 standard deviations for milk, fat and protein yields. This might be due to the
genetic composition differences among milk production traits.
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HAZ d12]ES BEse). Liu 5(2014)-2 SNP Single-step genomic model& 7igtsto] 24w &dof| 4 SNP &3+E 2|7
48 4 e RIS AAlEIl o, o] & Aol 37| A gt e A7t RIS AcWinkelmal et al,, 2015; Garcia-
Ruiz et al,, 2016; Jattawa et al., 2016; Nguyen et al., 2016). mebA] 2 ALe] 22 I AAtho] ababd [ g4k do| of
SFSNPs9] &5 F7slal o] 59] 324 £/ Fsh=t Uk

M= 3

FHH X1z

2013\ @5E] U B 591 527 % 2§ F< 2404 DNAAIE-S 2382 BovineSNP50 BeedChip(Illumina, USA)
2 083l F2 090T(Ml¢+ 507, M4 1,583)0l] Tzt 50,908712] SNPAE S 4-7513lch

FAREES] FAH7He A QA ol EAlEH= SNP(1,1397H)2F A AAV 2] =g Bt ER1E| 7] ok SNP(5367H) S #1171
3131 & 49,233712] SNPE o]&50] F2H71E ALt F2371ol|A 2 SNPE AZ-E0] 10% ©)4, Tk Ado] gl SNP(
B E3o] 7t o]del 49), ALtiASAAHIES} 196 o]}l 792} sht]-2lelH 1333 (Hardy-Weinberg equilibrium)
ZALlIA] 2 > 23.93 o)dRl SNP(7,3967)= AFAIGHRITE. TSt SNP2] AZ-E0] 10% o3l 7HAIE(83F)2 ZAlollAl A <fsi3d
on EAH7} 5 AZH SNP -3-43-2 Beagle genetic analysis softwareS 0] 85t0] ZZZHS a5t om | Al 2 Ao
o] &5 7iAI2t SNP2] 4= 7k} 2,007} 41,8377 ct.

B 1=
FHT YR AaTiArdact =SS e 2R E 20029 1€5-E 2016\ 129 Atojof] 21t SAERR] 24 736,402
o] G el vk AR, F 1,754, 71471E A5kl fAkEelA = 305 4 2] 7150] 2,500kg BIRHe[ A

16,000kg 27} 7%, 3059 +4 -FAF2] 71521 70kg B|To] 71U} 600kg 2141 749, 305Y +4 F- 7| 50] 80kg 1]
o] A 500kg =R 7390k ERHEA} 7| 50| e A 34k 205 79 A AR = A= Tk
5 AT (F-2d =AY 7150 71 570 n]Tkel 2kg et ARxpE 2t o] 1*P2P(17~317H%) 2 2H31~457)
9), 3:2H45~59711) 2] RIS Blofub= 2k: W 14k 27715 0] U= 7HAIE Folli] ATl (57 ERhd =-AlE) Ui 7]
£ 571571 oloke] Akg= A= ik whebA] A2 FA] o] o] 85 AFE= 214 293,85 4 A7) 2 F 506,4817H% 2.0,
Atge] B 9l E242 Table 10 AIAI5H3ICH

E}*II‘l I:él'tl'l
A2 thakx} o A (Multiple lactation model)& o853l (Jamrozik et al,, 2007), 1 E3foll= AA L (3=
UHA - R Ao B S TSIl o, §7, AR Rl Ak AA71E2 Z7te] P 1 lok
AR 75, ‘IC')FX]% gt Aol tigh (322t RS E 7 79, AR S E 2elon,

Table 1. No. of records (percentage), means and standard deviations for 305-days milk, fat and protein yields (kg)
by parity

. Milk production traits (kg)
Parity No. of records (%) ik = Protein
1 293,855 ( 58) 8603 &= 1605 328 1= 68 273 £ 50
2 137,471 (27) 10048 + 1916 378 =80 320 + 59
3 75,155 (15) 10547 + 1987 398 + 83 334 + 61
Overall 50,6481 (100) 9284 =+ 1934 352 =79 295 4+ 60
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y,=Xb +Za +e,

SlollAl, y, = ] Abxke] 274712, b =iia) Abxke] A7 2ol cigk A ET, o = i) Abxte] A1 2ol cigt Ale) 4

7¥) SR, e, = A Abxke] 747471 Sol ciet Qo) @Ak, X,, 7, = 1) Abxtel 2747)53 el vmeyoln], Alx}
g HEA7} 917 wiwel] 2aF #at-a-2A oA SRR 07} 1=

Caq’ 0 0
R=| 0 Oz’ 0 | =diag(ryy, Iz, r33), R = diag(r!?, r??, r33)
0 0 Op3?

ukebA EekedHA 4] (Mixed model equation, MME)-2 the-at 24t

ri1x, X, 0 ri'x,'Z, 0 by X, 'y,
0 r22X,'X, 0 r?2X,'z, b, |_ [r*%X."y:
rllzll‘xl 0 llz -’Z +H™ 1 11 H- -1 12 31 rllzln’yl
0 rZZZzlxz H—l 21 2222 ZZ +H 1 22 5‘2- PZZZZJyz

Aol g, g,= FHE, g, g, =FHFE, 1, 1,= O 1, 1, =04 = ar k[ (00, L 4R

QA4Ye] JY, G- = HABAYLL] G, A, =RFAH R L= A Sl chet By Re] ojyeiolct. 2}
SNP EA|Q1A}8 Eah ofefet o] GEBVE] & QAPHAE S3tof 2743 4 ok,

é\g — Zﬁ o]
ollx, &= A3 SZ7H R, 2 SNPJ A48, Gi= SNP SafH|E{olt}, o] & 24ke] 4] 0 & HHgkolH ofzfie} et
G =ZDZ\

RlolA, D= 7FA] WEo|tt. 919] T 7 42412 o] -&sto] ofzfie} Zo] SNPEIof| thet 424 © & BIgHt 4= Q]r}.
il = ADZ'G*~'4, = DZ'(ZDZ)™4,
floilA, 6= SNP &1} ¥lE], $\widehatfa_{ght$= 714 SZ7} e, , 7= SNP2t A A4, D="15%] #lEfo|th (Wang
et. al,, 2014).
FAE BARZEAM B 944 $Z7M= Window 7 Ultimate K -3414|9] Intel(R) CPU E5-2609 v3 @ 1.90GHz (2
processor, 128GB RAM) ZAFE}E- 0]-8-5to] BLUPF90 family X 2 138 (Misztal et. al, 2015)-0.2 F7g5t3]ct.

1) 2499 (EF-Eehdz-AZ)

ZF 506,4817H9] HAALE W) B3] = 4479709100, =4 et 113709) AAAtErt A EIQIc) ER Al et B
(3~59), o15(62~8%), 7F0¥~11%), A2(12¢€~29) 5 AHAEE TR EA-Rohd z-Ald o] 4= & 62,28770%.2
o, A7 T9le] Wt 371 8 HRICE R34 Aol F3S v BA-Rehd =-A1d g3ke] 3715 34517] $l5te] Nested
procedure(SAS 9.3) =351 3Ict.

Y AF Aol gt Bde] Eahe 2R Holofl thsto] 43, Rt fohigroll A 242} 19.8%, 24.9%9 22.2% % TFE &
=0 Hlste] 714 IA| Uehston Batd o] Fak=11.2~13.8%2] HEIS Ueiich BebAlde] k= 71 2gkom,
4.3~4.4%2] W 91E LFERAICHTable 1). R84 g Zol| tiet 7 Tele] Fake 2] Hol2) 35.3~40.3% 5 AW e 4 =7t
A 29 o}g}?ﬂﬁJ,]-o]q-

Fl

7%, 9 A, bl e 2uhgsle) 1700} 23 BFAISE wE olat (P < 0,017} QgEglon, 40l s
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£ 0.97~0.980]cHTable 2).
FHDS

ebake] R, RAl et fehsgol] oish R34 0.28, 0.263 0.230.2 A9l om, A7t S7184-2 e
24513 O (Table 3), ol21et &k 2l=+o] H1o}t U513 thPowell} Norman, 1981; Montaldo 5, 2010).

A7t 571E g o] Zhadhe ARl ARt 571 E f Q1B TH 4 QQlo] fAYAg A o Hol 2HE-
517 wZo|m, -RA| o] At fretalEtol vlsto] 224t o] S RE] 24 0] P d k= 20 & UERSTE 95 SRR,
FrehERFoll A A -3 Al 0] # 91 0.85 ~ 0.992 1l =] LR o B TAIL0] 9= 042 ~ 0.522 /-4
AR WAl LR o]2st Auk= el=re] B ek Ax|Ec. QI (2017)Ak50l w2 A9 (/5 0.28, 7
AW 0.28, R HEF 0.28), S (53 0.37, AT 0.36, FrehiE 0.35), ZHUHCHR-F 0.43, 5213 0.34, 523 0.40), A
(R 0.39, FAYT 0.38, Fr T 0.37), AR 0.5, FAYT 047, FHUZ 0.51), ‘Forze a2t (73 0.18, 7
AR 0.11, AR 0.14) 02 B E|gleh

l-lJ

Table 1. Percentages of the total variance in milk production traits (kg) accounted for by herd, year, season and
error

Milk production Traits (kg)

Source of variation

Milk Fat Protein
Herd (%) 19.8 24.9 22.2
Year (%) 11.2 13.6 13.8
Season (%) 4.3 44 4.3
Error (%) 64.7 57.1 59.7
Total variance (s2) 3741306.0 6216.6 3627.1

Table 2. Linear and quadratic regression coefficients of month of age at calving for milk production traits (kg)

linear Quadratic

Tarits (kg) BSE B,1SE r
Milk 209.565™* + 13.783 -1.740%* + 0.179 0.97
Fat 7.044% £ 0.456 -0.056** = 0.006 0.98
protein 6.945** = (0.449 -0.059** %= 0.006 0.97
P <0.01.

Table 3. Heritabilities, standard errors, genetic and phenotypic correlations among parity in each trait

Production traits (kg) Parity . Pa121ty 3
Milk 1 0.28£0.01 0.51 0.43

2 0.91 0.20+0.01 0.48

3 0.88 0.99 0.16-0.01
Fat 1 0.260.01 0.52 0.44

2 0.94 0.23+0.01 0.49

3 0.90 0.9 0.204-0.01
Protein 1 0.2340.01 0.51 0.42

2 091 0.18+0.01 0.50

3 0.85 0.98 0.15+0.01

Diagonal: heritability, upper triangle: phenotypic, lower triangle: genetic correlation
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Genome-wide association study (GWAS)

1) SNP &3] 22

BLUPF90 family 2 124 (Misztal et. al, 2015)2] ssBLUP(Single step best linear unbiased prediction) -] JEE 7}
A 78A9] #Hnt BEH RS 71 = 7HA BRo] B3E S o83 4= QU7 wiizel ghie] B4 B3] 71 $57HEBV)
oF 544 §F7HGEBV)& BAloll 450 & 4= low, o A4k S oto] SNPs &7+ 5748 4= QItWang et. al., 2014),
AP {3, AR - chalo) oish SNP(41,8377H) kel 37g%) 2k 212t -1.61~1.48kg, 0.07~0.07kgx} -0.04~0.04kg
o] Hol2 Uehilom, 14k} gk tislo] 2% SNPs G} 7he] B S Ay 2 J125}0] Figure 20f] UERAICh

T3 7405 SNP 344 P2 A gro2 Helsh & kR ar o] B4 2h3 o] -goto] Ak 5, A R ol g
SNP &3} ghe] 3718 xS AAeHrHFigure 3). thE-2] SNPs &3} H2 RaH0~1kg), A-A1%=H0~0.5kg) 2} F-cHeleF

(0~0.3kg)ollA] ul-- 7%*% FrEo] 2 Bastal glo, i o g 37]7F 2 SNPse ATt EAfsh= 2 ER1g 4= 9l

ek

Figure 2. Manhattan plots of SNP effects for milk yield (kg) by parity (1~3) (from top to low)
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2) SNP &3}e] #E3

9, ARl tisto] 24 SNP &2t g1e] 4] 2715 vlastr| 9fsto] SNP &} ghe BESHAIZ S of
Al A k2 FstithFigure 4). A rHEaEollA] 3x EEHAES] 9] UlollA] SNP 372]2] oF 99.74%7}F R ghral 71dskal,
T8 AAREA O] M 7|82 4 X EEHAL oo & St

ol tigh 4 x EEHA} o] ghe A'd SNP2| 4= 14}, 244} 34tollA] 22} 971, 11702} 11701, & Akt 3
OF 4o)/de] gk yEhd SNPO] 4= 5702 1481 A 37H(Hapmap30086-BTC-002066, Hapmap30646-BTC-002054,
Hapmap26621-BTC-072953), 158 G4 17H(BTB-00582817), 191 &A1) 17H(Hapmap60292-1s29022330) Tt (Table 4).

ARl tigh 4X FEHARR] 32 A'd SNPQ] = 14k 24t 34bol| A ZE2} 1471, 9719t 870 ATt & Akt 3502
40)/d<] 7S Lehd SNP2] 4= 8712 28 A1) 17H(ARS-BFGL-NGS-38368), 38 44| 17](ARS-BFGL-NGS-5249), 71
A 17H(BTB-00305676), 881 H44A)| 17H(Hapmap40707-BTA-29831), 14% A4 37H(ARS-BFGL-NGS-57820, ARS-BFGL-
NGS-4939, ARS-BFGL-NGS-103346), 1581 44| 17H(Hapmap40965-BTA-37194) Tt (Table 4).

il Thgh 4 X EFHARR] 32 A1 SNPO| 4= 14F, 24K} 34tol|A] 2k2t 97), 779k 6713, g Abxfolli] 350 %
40)449] 7S LR SNP2] 4= 27 2 28 A4 17](ARS-BFGL-NGS-118956)2} 2551 A1) 17H(ARS-BFGL-NGS-94143) 2
UEHTtHTable 4).

Ditridvazen of arp_sba Churibution of wnp_sbs Distrivwtien of srp_sba

Dhtrivwsien of snp_she Dhtrivution of srp_sba Distrivution of srp_sba

Distrivution of srp_ska Distrivution of anp_sba Dhtrivuton of arp_sba

Figure 3. Distribution of the estimated SNP effects for milk, fat and protein yields (from top to low) (kg) by parity (1~3)
(from left to right)
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s

el .0t Ca

Figure 4. Manhattan plots of standardized SNP effects for milk, fat and protein (from left to right) yields (kg) by
parity (1~3) (from top to low)
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Table 4. Single nucleotide polymorphism (SNP) name, chromosome number (Chr.), position, SNP effect, and
absolute standardized SNP effect of more than 4.0 SD value for milk, fat and protein yields (kg) by parity

Milk Fat Protein
Parlty » " STD - SNP - STD
SNP name Chr.  Position  SNP effect STD value SNP name Chr.  Position  SNP effect SNP name Chr.  Position
value effect _ value
1 ARS-BFGL-NGS-147 2 86035295 -1.3706 4.1466  ARS-BFGL-NGS-110038 2 133914351 0.0524  4.0310 Hapmap50173-BTA-96591 2 75546229 0.0339  4.0235
ARS-BFGL-NGS-118956 2 86085303 1.3228 4.0019 ARS-BFGL-NGS-5249 3 8346751 0.0564  4.3401 ARS-BFGL-NGS-147 2 86035295  -0.0342  4.0606

Hapmap30086-BTC-002066 14 2524432 -1.4515 4.3914  ARS-BFGL-NGS-29278 3 86865326 -0.0548 42141  ARS-BFGL-NGS-118956 2 86085303  0.0353  4.1869

Hapmap30646-BTC-002054 14 2553525 -1.3849 4.1898 BTA-68603-no-rs 3 86886379 -0.0526  4.0419 Hapmap54069-1s29012123 3 37394538 0.0355  4.2067
Hapmap26621-BTC-072953 14 27380992 -1.3931 4.2146 BTB-00305676 7 38584625 0.0532 40925  ARS-BFGL-NGS-7918 4 80110313 0.0341  4.0469
BTB-00582817 15 21401836 -1.3737 4.1560 Hapmap40707-BTA-29831 8 26609877 0.0552  4.2471 Hapmap60292-rs29022330 19 20209602  -0.0351  4.1613

Hapmap60292-1529022330 19 20209602 -1.3619 4.1202  Hapmap55039-rs29017433 9 53197668 -0.0533  4.0972  ARS-BFGL-NGS-80289 19 23397071 0.0340  4.0321

Hapmap57648-1529022376 19 22709090 1.3649 41292 Hapmap24336-BTA-128283 13 31177467 -0.0524  4.0331 ARS-BFGL-NGS-117274 25 17860710  -0.0340  4.0347

ARS-BFGL-NGS-117274 25 17860710 -1.3269 4.0143  ARS-BFGL-NGS-57820 14 1651311 -0.0620 47667  ARS-BFGL-NGS-94143 25 21779048 -0.0370  4.3853
ARS-BFGL-NGS-4939 14 1801116 -0.0580  4.4614
ARS-BFGL-NGS-107379 14 2054457 -0.0531  4.0806

ARS-BFGL-NGS-103346 14 68578968 -0.0520  4.0027

Hapmap40965-BTA-37194 15 59379134 0.0574 44144

ARS-BFGL-NGS-55309 15 599373 0.0551  4.2362
2 ARS-BFGL-NGS-147 2 86035295 -1.4067 4.0868  ARS-BFGL-NGS-38368 2 80044248 -0.0642 42026  ARS-BFGL-NGS-118956 2 86085303  0.0399  4.1797
ARS-BFGL-NGS-111592 4 112433116 1.4125 4.1035 ARS-BFGL-NGS-5249 3 8346751 0.0697  4.5607 BTB-00582817 15 21401836  -0.0400  4.1848
BTB-01650338 6 112946370 -1.3813 4.0128  ARS-BFGL-NGS-29278 3 86865326 -0.0611  4.0008 Hapmap60292-rs29022330 19 20209602  -0.0384  4.0225
ARS-BFGIL-NGS-57820 14 1651311 1.4788 4.2962 BTB-00305676 7 38584625 0.0643  4.2113 UA-TFASA-6532 22 21770149 -0.0409  4.2862
ARS-BFGL-NGS-107379 14 2054457 1.4777 4.2930 Hapmap40707-BTA-29831 8 26609877 0.0656  4.2917 UA-TFASA-6407 22 21853102  -0.0384  4.0247
Hapmap30086-BTC-002066 14 2524432 -1.5654 4.5477  ARS-BFGL-NGS-57820 14 1651311 -0.0707 46293 BTB-00883599 24 29349786 -0.0411  4.2989
Hapmap30646-BTC-002054 14 2553525 -1.6119 4.6828 ARS-BFGL-NGS-4939 14 1801116 -0.0669 43814  ARS-BFGL-NGS-94143 25 21779048  -0.0411  4.3031

Hapmap26621-BTC-072953 14 27380992 -1.4544 4.2254  ARS-BFGL-NGS-103346 14 68578968 -0.0654  4.2777
BTB-00582817 15 21401836 -1.5673 4.5534 Hapmap40965-BTA-37194 15 59379134 0.0652  4.2669
Hapmap60292-1529022330 19 20209602 -1.4077 4.0898
UA-TFASA-6532 22 21770149 -1.3891 4.0355

3 ARS-BFGL-NGS-111592 4 112433116 13323 41109  ARS-BFGL-NGS-38368 2 80044248 80044248  4.3129  ARS-BFGL-NGS-118956 2 86085303  0.0364  4.0402

BTB-01650338 6 112946370 -1.3026 4.0195 ARS-BFGL-NGS-5249 3 8346751 8346751  4.5892 BTA-63344-nors 10 29644914 0.0364  4.0452
Hapmap30383-BTC-005848 14 1489496 1.2998 4.0107 BTB-00305676 7 38584625 38584625  4.2103 BTB-00582817 15 21401836  -0.0387  4.2942
ARS-BFGL-NGS-57820 14 1651311 1.4083 4.3455 Hapmap40707-BTA-29831 8 26609877 26609877 4.2585 UA-TFASA-6532 22 21770149 -0.0393  4.3616
ARS-BFGL-NGS-107379 14 2054457 1399 4.3187  ARS-BFGL-NGS-57820 14 1651311 1651311 4.5533 BTB-00883599 24 29349786  -0.0385  4.2780
Hapmap30086-BTC-002066 14 2524432 -1.4716 4.5406 ARS-BFGL-NGS-4939 14 1801116 1801116 ~ 4.3250  ARS-BFGL-NGS-94143 25 21779048 -0.0382  4.2405

Hapmap30646-BTC-002054 14 2553525 -1.5353 4.7374  ARS-BFGL-NGS-103346 14 68578968 68578968  4.3313

Hapmap26621-BTC-072953 14 27380992 -1.3537 41770 Hapmap40965-BTA-37194 15 59379134 59379134 4.1933
BTB-00582817 15 21401836 -1.4999 4.6282

Hapmap60292-1529022330 19 20209602 -1.3153 4.0584

UA-TFASA-6532 22 21770149 -1.3207 4.0751

AHA}

& AT sEUEY 3 ATA AR PJ01268003)2] A]dof] 2fsf o] Foixl 2.
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