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Ingredients, %
Concentrate 28.09 32.16
Wheat bran 7.01 6.05
Beet pulp 0.00 4.48
Brewer's grain, wet 0.00 19.05
Timothy, hay 7.79 2.11
Corn silage 25.96 9.02
Rye silage 12.98 7.02
Alfalfa, hay 9.09 5.92
Rye grass, straw 0.00 541
Tall fescue, straw 2.60 3.27
Kline, hay 0.00 3.01
Oat, hay 6.49 2.51
Sum 100.00  100.00
Chemical composition, % DM
Dry matter 66.86 67.15
Crude protein 14.87 16.13
CFat 7.43 6.39
Fiber 19.06 17.34
Cash 7.45 7.53
Neutral detergent fiber 45.75 45.68
Acid detergent fiber 27.24 26.39
Total digestable nutrient 69.08 69.09
TDN/CP ratio 4.6 43
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T1 T2 SEM
pH 6.41 6.5 0.167
Ammonia-M, mg/dl 38.14 36.93 043
Acetate, mM 37.36 38.13 6.69
Propionate, mM 8.62 9.39 5.20
iso-butyratet, mM 0.56 0.50 0.44
Butyrate, mM 5.39 6.28 7.37
iso-valerate, mM 0.49 0.53 0.59
Valerate, mM 0.47 0.70 1.05
Total VFA, mM 52.89 55.53 21.33
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Genome-Wide Association Studies Using
Haplotypes and Individual SNPs in Sim-
mental Cattle
Yang Wu', Huizhong Fan', Yanhui Wang',
Lupei Zhang', XueGao', Yan Chen', Junya
Li', HongYan Ren?*, Huijiang Gao'*
"Institute of Animal Science, Chinese Academy of
Agricultural Science, Beijing, China,

*Department of life sciences, National Natural
Science Foundation of China, Beijing, China
PLOS One 9(10): 109330, 2014. October 20.
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SNP (single nucleotide polymorphisms)< 283t
GWAS (Genome-wide association studies) 1
(single marker analysis)t= RHFLES Aujsk=
A WolE qrab] flsl 7P dsletal e

AREEE B 2 el 595 didew @
B2 GWAS 7= =AFE d#Ed {4 Ho

ket ol
9= SNP
stepwise

(genetic variation)E HAZEsh= dl 7|3
gk Aol ogt SlE freof Aol Jakd
52 T2 simple liner regression %
regression procedure s = ¥18 4

18 ]%t Haplotype block 7|WFe] A= QIZES:
¥3slo] we A7} aAEAL individual SNP
analysis 50+ o 93¢ Z23E d9lomn, A o
- (association studies)o| A= © ZHsta 4%
Ads da gl

T 7FA] W7k (single marker analysis % haplotype
block analysis)®] o] 97l spxRh QIZF F-7
As ez & A7 ¢ 9 FPEgley, 7=

S gdeR & A7 A Hud Aol glth o]
bovine genomedl| tIdt haplotype structureE -5
atal LAY Befske FAAES AEetaat of
ATE T HAU

* AFLHE

» 2008~2011%d  Afele]  ZA¥gt Simmental bull
S 16187190 £%, 4F 2 w557
24, w34 BARY 9§45 34
g4l 7% —foreshank weight (ZAHE] FA)2k
triglyceride level (TG level, &34

» SAE Zt FAL of How B4 59
Yijen = 1o+ Farm,; + Month; + Year, +e;;,,
ik : I8 S, p: JAHEE, Farm;: AHSEH,
Month; : =587, Yearc: B5E, ejan: F3H
S ERAE, ¥4 0 B599S TATAL 2

» g 2 HAOTHE genomic DNA F=,
[llumina Bovine SNP BeadChip (774,660 SNPs)
2 fAAd 24 59

» SNP A7 :call rate 90% V|%k minor allele
freq. 5% W3k, HWE $]4)

» missing genotype 10% ol 2 wldlz]o} oz} &
2% o}l AHAl HiAlL

> 9425 9 631,396 SNPsE o] HAJo] o] &3}

» Haplotype block partitioning: Daly JM &
(2001, Nat. Genet) % Gabriel SB < (2002,
Science)?] WS o]83lo] haplotype block T
’J. haplotype % RI% 52 EM &aglgos g
H. PLINK Z2713& o]&

» Single marker association
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Haplotype based association

y* =Xb,+ Qu+te
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» 7} chromosome®l t]3t haplotype block2] 4= (Fig. 1.) : %A 92,5537]2] haplotype block©.% —‘:’rF/]E]Oi_Tf_
71 2 block- 116 SNPsO.Z 14, 7P 22 block> 2 SNPs2.2 4. block®] Bt Z7]= 5.690]%2-

> PCA(T@E‘E‘M)E =31 AxAore] g A== E@E(Flg 2)
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Fig. 1. Number of haplotype blocks per chro- Fig. 2. Population structure map drawn from
mosome. the first three principal components.

» 9% SNPs9] 7% : Table 1 & Table 2.
— foreshank weight (SAFE} ANl gk o4 SNPs % 49| F-H-544} (Table 1)

Table 1. Associated SMNPs and nearby candidate genes for foreshank weight.
sMP <hr Position P ovalue Heritability TSR i

Name Distance (bp)
Bovine HDOS00016290 B e 133608 aza crac Wwithin
BowneHBO8000 16379 s sSa38156a 101E0F =33 cEprs sz100
Bovine HDOB000 16396 B 542434907 173607 a8 cEP7E within
BowineHDOS000 16286, s Sai31549 2.006-07 210 GrAc within
Bovine HDOE00D15392 B s44zss08 2.06E-07 210 (== Within
BouineHOOB000 16404 a Sadssor 20607 228 ceprs Wathin
Bovine HDOB00016406 B Sasr3267 206607 asa cepra azaz
BovineHOO800016302 a saierase 252607 a8 Griac Wathin
Bovine HOOB00016399 B 54281748 2.52E-07 .08 GHAQ 1090
BovineHDOBOOO16353 | Sazgioen 252607 z o7 Graa 10433
Bovine HDOB00016309 B saiszzeo s21E-07 ass crac wwithin
BouineHOOB000163 17 a Sazpasss s21E07 asa Graac Within
©0i:1 0. 3371/ curnal pone 01 09330 1001

= 8 IAA (BTA 8)9 54.1 Mb~54.5 Mb <#olA F2]%¢l 127] SNPs 2 32 GNAQ9}
CEP78%& =gl
— triglyceride levell tidt 912 SNPs % 4 $H7HAF AH (Table 2)

Table 2. Associated SNPs and nearby candidate genes for trighvceride levels.

SMNP Chr. Position P value He ritability Nearest gene
Name Distance (bp)

BovineHDOS00027 280 5 G611 35744 6.1BE08 5 GRINZB 273060
Bovine HDOS00027 277 5 06120620 136E07 439 ATETIP 261657
Bovine HDN500027 310 5 96183375 1LBBEOF 489 GRINZE 225429
Bovine HDOS000 27 268 5 SEOB0S 74 195607 534 ATEAIP 22611
Bovine HDOS00027313 5 G6185924 297E07 467 GRINZB 222880
Bovine HDOS00027 311 5 S6184216 BO9E0F 428 GRINZE 224588
Bovine HDOS00027 272 5 SEOP0TT3 BS3EOQ7F 468 ATFTIP 231810

doi:1 0,137 Vjournal.p one 01093300002

= BTA59] 95 Mb ~ 97 Mb A4 77]¢] 2491 SNPs3} 414+ GRIN2BSH ATF71P7} &4
7 FAo digk GWAS A (Fig. 3) : A% B S A 2 A gl ti$t single marker
Ao, CoF D= haplotype wAHHOE e SAbe] A 2 Z”Z]“Lﬂ of ek Axsl. o
7)ol 214 ¢1 marker positions (SNPs)o] 79| W8k 9ol AEHomn w53 Aapy}t &y,
%, F BT Ay} SNPsEo] B FiolA FH .

»
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Fig. 3. Manhattan plots of genome-wide association studies for two target traits. A & B
foreshank weight and TG levels in the single marker analysis, C & D : foreshank weight
and TG levels in haplotype analysis.

» 9|4 haplotypes®] 7% (Table 3 & 4)
— foreshank weight (Table 3) 2 F/3A%
FEAA

SFf (Table 4)° gk 94 haplotype blocks % #]<]

Table 3. Associated haplotype blocks and nearby candidate genes for foreshank weight.
NSNP Chr Start End SNP1 SNP2 P value Gover NanTast gens

Sig SNP Name Distance (bp]
7 8 54443407 54467908 BovineHDOBO0D 16396 BovineHDOBDO01 6405 6.69E-09 ¥ CEP7B Within
7 B 59583500 59617549 BovinzHDOBO0D 17750 BovineHDOB00O1 7800 4.03E-08 N MGC134066 3252
6 8 54284149 54351569 BovineHDOBO0D 16350 Hapmap49140-BTA-38265 5.53E-08 ¥ GNAQ 3491
9 B 54154880 54233883 BovineHD0E000 16313 BovineHDOB0O01 6327 7.526-08 ¥ GNAQ Within
do£10.137 1/journal pone. 01093302003
Table 4. Associated haplotype blocks and nearby candidate genes for triglyceride levels.
NSNP Chr  Start End SNP1 SNP2 P value Lawes MEKTt G

Sig SNP Name Distance (bp)

28 5 96135744 96177119 BovineHDDS00027 280 BovineHDO500027309 BISE-0B ¥ GRIN2B 273060
ki 5 96183375 96184216 BovineHDO500027310 BovineHD0500027311 1.23E-07 Y GRIN2B 225429
9 5 96069476 96093159 BovineHDO5 00027264 BovineHD0500027274 143607 Y ATF7IP 210513
2 5 96185924 96186658 BowineHDDS00027313 BovineHD0500027314 258E-07 ¥ GRIN2E 222880
4 5 96112564 96128473 BovineHDO500027 275 BovineHD0500027279 277e-07 N ATF7IP 253601
010,137 1/journal pane 01093305004

= Table 1 2 29| F29]4<l Y okehe 2 570 (TG levels)7}
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HAR S Wet
Body condition during pregnancy and lactation
and reproductive efficiency of mares, D. R.
Henneke, G. D. Potter and J. L. Kreider,
Theriogenology, 1984 wvol. 21, No. 6, Texas
A&M University
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FHES SEkely] e gate] WA A A
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%
H 1. 20 H 002, B0 & 90 A0 M2|OF0 M2 AP
ok A 90 i 2 90
1w I DE DP EEAE DE DP
(kg) (Mcal) (Kg) (kg) (Mcal) (Kg)
A 10.03 324 1.29 10.03 37.98 1.74
B 10 32.34 1.29 49 27.01 1.4
C 247 15.68 0.75 7 322 1.74
D 24 15.52 0.78 15.23 50.02 2.28
TEAFE T 4.5 kg Mt Ax/Y T 7.0 kg W A4
B 2. HE7IZO 2 Me2O8E A, AMXY, diojAcME S
w5 904l 5 A 5 90d
A 562 145 6.6 537 16.8 7.7 541 14.1 7.1
B 566 13.8 6.7 528 15.7 7.54 490 11.2 47"
C 549 13.4 6.1 502 11.4 3.4 505 11.1 3.7¢
D 560 13.2 6.0 478 11.4 3.8 512 13.7 6.8
sbe ol 59 ) BAH felAol (p<0.05).

[e]
b2 ol $4)

g ) B4 §2149] (p<0.05).
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Aol Ao ggs WA gleA gk $
&to] Zuidhof et al. (2014) 7iufcke] dujeb)sto]
A OAREERIL glomA 19579 EE 19784 o]F®
A g BRoR Az e 2719 S8
Az A ok g 24 30841F (2005)S ]85
o] FHE el A9 A%, &8 2 A A4
of MAE S ATasick 1 Ak T 9F 50
WAzE Al Al mEEket WS slgithe
2& Holal Slvh(ad 1 % 2). AT 289
1957%1?‘%8 316g, 197818 632 g 2 200539
© 1,396 golaL, 56 1957982 905 g, 1978
Jde 1808g T 20059FH 4,202go]913u1,
2005389 A9 AT 195738 <] ATl w]a]
28Ul vl 464%, 56LHl 464% Z715F%]
olgjet mEnket Ave Alo=nt ofel A 4
A A Agadory ST} (19 2).
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------- 1977 ——2005

4.0 ====1957
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Age (d)

a7 2. UHEIHERA 1957 U 19784 O
24 308 A S (2005)014 Liolof TE 42 E
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0| e
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T H

e 1

§ 10 — —

E * e 1957 s 1977 ——2005

@ 0

21 28 35 42 49 56
Age (d)

8 3. YHHEIC A 19573 2 19783 O]
T MR X A2 58 HIZAS (1957
2 1978)2 =~ 308 S S| (2005)
Ol A Ltolo|l ME 7t&=xel NMHE (A

g, g/ 7t55, g)2 #Hat

g 19 3)& 1957l 2180l oF 35904 56
U7 Aaf Aashe FAE HelH, 1977498 2
200538l 247 17 2 92 564 7HA] A5,
7155 AdEolA 200533 0] 1957 A3l Hls] 3
T 3ul o] FIHATHE S HRIth webA o]y
g Avke, 9 B 7S ALks fEixe dids
o] Aol frEfsiths e Al o 7 AR
QTENAE 200598 1957 2 1977380 A
3 AEsHA wren, ol Ay 56dHAME
1.9180]2k=, HHA7|Ho = 15:87kx]e] Wole]oj A
22k g ogls AR W2 9788 Holu

ATHGE 1).
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100% .
= i Bk G- LA 1977 w2005
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uy L}
2 \
~ LY
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2 a
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0 14 28 42 56
Age (d)
MYUEX] 2 §& HXAS (1957 X 1978)1t
=9 Hat Ao (A) ¥ Ao HS(B).

Age (d) | AMC-1957 | AMC-1978 | 2005
0to 7 2.553" 1.382° 1.108°
0 to 14 3.300° 1.506° 1.275¢
0 to 21 3.188" 1.608"° 1.379°
0 to 28 3.084° 1.706° 1.483°
0 to 35 3.003° 1.832° 1.573¢
0 to 42 2.882° 1.899° 1.674
0 to 49 2.871° 2.018° 1.808°
0 to 56 2.854° 2.135° 1.918°

*¢Means within rows with no common superscript
differ significantly (P <0.05).
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Zuidhof et al.2] 200533
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olg]9] AFo] 110% % 28UH] * 128%
Zkltke Ale HQth of#feh Ais 56U
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201499 AR RA TN 28UFel 77 1412 g
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308, —2007 % —2014 |4 AFEE www.
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% =39 XEZ (Zuidhof et al. 2014. Poult Sci

93: 2970-82)
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¢ AIE2Y HEA $F0] A2 U= AI2°] Benzoic
acid? H7Pt 8489 8% 1%L, fWts
g g AW TAE 9%

* Q7 =2
Subramaniam Mohana Devi, Jin Young
Cheong, In Ho Kim. 2015. Effects of dietary
fiber and benzoic acid on growth performance,
nutrient  digestibility, reduction of harmful
gases, and lipid profiles in growing pigs.
Annals of Animal Science 15:463-474.
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¥ o] A= AEW AREs wxate] AsAes
A=A AR flsiM F gemtE el Bt
22.82kgd] AHHNAES FAEIGIE AlFAAlE
2x2 Q9 #Ao& AR sugar beet pulp?] 2
(0, 50 gkg)?t WA 297 (0, 5 gkg)o=
TSIt Al Ay, A2 dRR 50 g/ke
©] sugar beet pulpt 4= A 2 A A
Alell Qe mAIA] koLt 50 g/kg®l sugar
beet pulp9} WEAE 5 g/kgd] ETolE Tl W
Agtolu g3lrae] v FoshAl A

& A (N-acetylcycteine)E ©]- 83 =2l Ful
M A A dA ASHZHHIEAS 71

ol 2 X|o

=]
M =@ E2— s

* SMR TiH7I50) J

A Aoz A% TG B A
FAZ st} 5ol Y 2 WY gz o
Sto] 71] el WS olof W ohjet 4
o 4 Aels e we FARel oblHa glom,

ol SH] AT MEE PYA dAAE EEet

p

TARE sl H7EE AL Qv A ojAIAI A9
Whe F2 1 AL ME 9E el s

% 4§7]40] /1Fo] B3 ok

> el Bey 2 9 A

> 2% PAES FeSH WIS B GUL F
27

> Y AR oA FE 4w e

> U] ola e vAEe] He 3 &3

> =4 44 oA

> W ukg e
oleid olel J1Fe] S A we ATAEo)

FAA dAAE Frketa glom, ZEnjo]QE X~
(Probiotics), Z]H}o] 2 Bl (Prebiotics), 7]4H.

32 zWilem Ay

HE3EE, 52, B F, FEURI= 5o
Be Fi 2450 A UAARA 1 Fse
9]

# MIIHZ 22Tl N-acetylcycteineQ| TAA|
CHKA 2AM 2| 7t

o

H4E Eate o
AAAE shs AN F8 ki
AEE A2 (ROS; Reactive Oxygen

£

AE

10 12

o=
Species) = HSHAZ Aol AstaL Qi A
= 99 Bd WAl g e AE T
A, AL, DNA 5o AISHAA Al 222l
e Hdel= Aom dejx ok ol Hsskr]
st 7]2to2 vitamine C, E, glutathionr?} 7
antioxidants®} Catalase, ~Superoxide
(SOD), Glutathione-Dependent Peroxidase (GPx)
9} 742 antioxidant enzyme 5©] Aol EAjs}o]
AEE BIF SpAnE ojgh 22 dAikael g
AAeI712e] ol F2 Iwgh SR EA
ol zdd A% A3l 2E 2 (Oxidative Stress)

7F o7,

Dismutase

» NACY @it 715

N-acetylcysteine (NAC)> 3 EHsl=
SRR FAlO AAlslEARA Az &4
350 7lojehs o2 4EA gk NACE Al
oM cysteine© & WH3}¥|o] glutathione (GSH) Y%
Aol ATEAR AE3ozH GSHY NS =8
W oope), (Mo GSHE A (A GSSGel
A 298 GSH=S] W3hol Fast g9l glutathione
reductase®] A3} Z71%T} (Banaclocha, 2001).
NACE AljellA] 2FEAS 02 vhyo] ilsiA=

AR AF 4SS B ohel BE g
MEISe] 4 FEHES EoFE o) qUE 4

Y3,



OH

N-Acetylcysteinel| =&

s N-acetylcycteine2| ¢4+ Zu} 2M

* G =8
Xu CC, Yang SF, Zhu LH, Cai X, Sheng YS,
Zhu SW, Xu JX. 2014. Regulation of N-acetyl
cysteine on gut redox status and major
microbiota in weaned piglets. J Anim Sci. 92:
1504-11.

* o7 27}
> OlSANE A B Bl R e
— total antioxidant capacity (T-AOC), glutathione

peroxidase (GSH-Px), superoxide dismutase
(SOD), hydroxyl radical (IHR), and contents
of malondialdehyde (MDA), H,0,, NO
» olfAbE A Falt A (E. coli) 2t 7N
A (Lactobacillus)
> olfirhE AAtEE B ke A
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