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ACE : Abundance-based coverage estimator

AST : T ANRTGX U7 X /) T A7 =7 —1, Aspartate aminotransferase
ARA : G —H 7 2 R—3 X, Acute ruminal acidosis

AUC : fhi#t FTHFH, Area under the curve

BUN : JRF %53, Blood urea nitrogen

Ca: 1) 7 A, Calcium

DEG : ZBIZEh#{s -, Differential expressed genes

DM : #2480, Dry matter intake

GGT : y-ZNVH IV T AT =T —E, y-glutamyltransferase
IPA : Ingenuity pathway analyses

KEGG : Kyoto encyclopedia of genes and genomes

LA : 3L/, Lactic acid

LBP : U ARZHEREG 2 > 7327 &, Lipopolysaccharide binding protein
LPS: URAR U Y > 71F 4 K, Lypopolysaccharide

NDF : H1E7 % — = > Mi#k#E, Neutral detergent fiber

RDP : Ribosomal Database Project

NH3-N : 7 B =7 HE% ¥, Ammonia nitrogen

NMDS : FEFHEZ R T R EREAEST, Non-metric multidimensional scaling
OTU : Operational taxomic unit

PCA : %57 5747, Principal component analysis

PCoA : FJEAZS3#HT, Principal coordinate analysis

PD whole tree : Phylogenetic diversity whole tree
1



qPCR : quantative polymerase chain reaction

SARA : HiAMFE —H 7~ R—I A, Subacute ruminal acidosis
TCHO : # = L 25 u—/L, Total cholesterol

TDN : A]{H{b#/r#e &, Total detergent nutrient

TMR : Total mixed ration

TP : #&% > 737, Total protein

VFA : I MEARARNEN2, Volatile fatty acid
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TN EEA O ThH L BEBFEIL, OPWRE, MREORE, M7/
fgli7e & DR AR D, thoodhfl & bl U RN 2 SR+ 2 e sV 2
EMHBHILTWD (103), Fe2NETIHK 250 HEEO A0 s i, BEFMEIT
ZDOWKI 160 HER%EZ DTV 5 (Tablel), F£7=, TFTIHEMHAFLHT Wagyul &
LBk h, PERCA—A N7 U 7S CIIZ RIS CAE SN BB
BTN TS,

BEMFEEEHIFERFENMEETH Y, @B 10 2 HEN S 30 »AlE COR
B & @ L CRIRERE, (AR OR G217 22 (35), FRCIEE HH O — R
(20~22 72 A i) I e 2 2 ARE A 30~501U/1 & W O RAEIZ P> 2 & THEN
RAITSIAAR A > AERAAERE A~ S3 b O il & T 7 I L, 5 AN 0 ORI 2SHE 2 1845
TAHZEEEME LI X I ARIRERS X ORH 6Ok 508Toi5 (83,93),
Lo L, BEMEIEE 4TI I 5 ORFERREE H1EIC K 0 AR & 72 REMER B3 5
T D, RHAEO I FREREICMA L TWDRARIREED 9 I
(2,184,655 5H, Rk 27 ) ThH Y, MAFOFEFE LI LUET, FEHORFKAH
Ba o R SCERE R B R G IERET R (PR 27 FE) TRt 0E—HE
B R, ROIE, BNEEN, BIOE X I A RZIEORAE LOE, B
ML 72 oT-BEEIT £ < (Table2), ZEDORFHELEZMNTND, £z, RIEEEO
SR L D5 —HWNTO VFA OFH, B8 L OB ORI Z2E A1 L0 H—Hik pH
23 5.0 Z FlE% & ARA, pH 728 5.6 7 RIS —H 3 KL R & 725 & SARA
LW ELD (89,94), SARA IFFLFOREBHRIBEMEDOMHMEETH Y, IR
SR Z PED RV, TRERERDOIRT, FWHEN, AER, WIREEOREA L BH L

TW5 (5,28, 89), EDWE TIX, FLFD 40%75° SARA Z34E L(31), IBEHT
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1% 2 BB SARA FIERN 32.5 ~37.7%ThH-7= (7). —J7, ARAIZEITHEED
WRIEAIC L DMNEMERETHY, B —HKpH N 45 L TICRD5ZEHH Y, ARA
DFIEIC L0 BREKDIKT, T EOBEKEREZZL, FBICELZ L HH D,
—HAUTIEE BRI ml H72Y 100 ZIZOFEDME, 10 5o7m MY 7B X
OEENFIEL (14), ZARRMEIZ L 0B SND MR X EEO B R % %
HoTWD (72), £z, MFEIZIZENZENOEEpH 03H VY (19), FH—HIK pH O
ZENZ L0 A RS A b L, FRCB ORI 512 X5 SARA FIEATIX
FELWEARBDOOND (78), Tz, M # OMENTIZUTE TIRENERRE AR 7 L
BRIKENESCR IR — 7 = 2L, BLOY 7% A A PCRIEDHNHILTH
% (26,68,86), MZ T, H—HNOMEIXE —FimlE, H—RiEMEELS L0
B RG2S T ORI #5200 BH S 4L (60, 74), FHAIZER L CTHE—HNEREZF
L, THFEMEZ RS> TWD (16), £72, HH—H NHIBEITARBNEMEIC K 0 e i B,

T T R, 28T R, IR R E, FLERPEA IS K OVELRAI T I 5

~

WZHFESILD (8,30,57), SARA FBFIC L D56 —BHNMEEOEITALEOWRE N

%< (15, 110, 121), JEFEH TIIIEFTRENIMHE D SR E O 38 E STV D0

B
S

(30), —75 CREMEIEE 4 ORI RRIEEEZAG I E O 5 — Bk pH, HRB X
O —HAMEEOBITHE S TRy, £, F /38 F L EE L4
B L ORBERE 2 7950 (44, 84), BRI X 0 IRAN & 2 MR O FR i E
HRLEIKIZ L 2 AU OB TH Bk pH (35— Hi#K pH & i L afEa =
ZERMBITWD (20,25), LoxL7a b, BEMMEEESFO RN 72 RE R
AR O B —HIREB L O Bk pH, Mok X OMIE# 02 b4 bk U 7= s
TNV SAAAR

— B B3 — BN OE R R I BB R R 2 > T D, filE LT,

— R RIS REEA A DYWL D H I pH ZFRET L, EEERIE

HAN T 1 h U FREDOK 50% %50, BEAESZEICHEI FE -HRpHIEKTIZLD
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HIREEA A ORI L, BEERAMEES D (23), £, H—FRE L&
FLEIXAE SRR OB & 50 < Z1F, SARA R CTIIH —HiK pH OIKTH
KO —HN VFA IREOBINC X b F0RC R U, ERFLIEAO R ERE L
K LT VFA ORISR ZEHET 5 Z ERNHEINTWD (104), — 7, BRIEfTES
KIZ L D — B VFA R OB NS — BRI BR8N U 7 BERE DS HE L
(116), FH—HIK pH K TIZ L VIEPIRE LT- 7 7 LAMEE | kO LPS A I’
TT5ZETREMORIEZFET HZ ENMOBILTWD (58,67,85), £z, filk}
KRS D 2B A3 B — B ORGIEE_ BRI RAT T RBIC SN T, fERITHEMIE R R
(104) BERTZ 72D, EFETIIDFEMTFRIFIETHL~YA 70T LAIE (64,
118) RV 7/V% A A PCRIE (39,62,120) & W25 — B ¥ B OF R FELD
FERR BTN TV D, T4 & V72 SARA FEFRHER CIIMmsig, ik
K1, a2 VAT a— VAEGK, ol L OHIIREEE R 72 2B L 7o B85 TR ELO
BALRHE SN TWD A (69, 75, 97, 105), — 5 CREFMMILE 4 ORI 2RE
BEFZAS AL O B — H R LR OBIBFHBOZLITHRE ST,
ARIFFETUL, IRIEEELZ AT o 5 BB G 2F OB 5 O FBE S & 5 —
BYEROBLE BT 2 BT, @EEH O REBMESZ A, JEFFEE (10
—14 71 Ay, H (15-22 7 Hllm) BLOEH (23 -30 7 Al DOHE —Hikes L O
B B pH, VFA, NH3-N 35 J OVFLERIR 7 ONT LPS VEPEME, N CHIE # D ZE
bk L O — BRI R OB s 73 Bl & PRt L7, 36 1 | CIikBEMEF 0K
W 7 R R EEN AR 1) 3 5 55— H OIS AE 13 L OV OFE BT 281 & i
5 HT, BERIOMEITICN S 5 HIR pH, Z Ofh—BFiRIER T J O E #
TERRDZEAL 2 HHE U7z, RIZE 2 B CIX B EBMERE RO E R L 25— Bk
& HIROPER I ORI DM B HE AR & b LU, BB G 2 ORI
ST DN N OBR A RO D Z L A E Lz, £72, HI3ETIIEET

Bk L ORI 0 BB RS O RIEEEHEAR X9 2 5 — B OISR OE R
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BT L L ML L, &R, HARTITRBNEFOIEETRMICLO%
— B LR OB FREOE(EZHO NI T2 AR TH - BRE LEIZBIT S
MR B T 21T o7z, 26 —@EONEIC L 0 BREMEILE F O EE R,
S L ORI O — BRI L O HlR MR OS5 — BB _E R OB s 138
BOZEEH BT D 2 L, MORIESEIZE 0T O 5 BB G F Ofiilk
fa G- ORER 2 85— B IR OB B RIT4 25 2 & TRBMFEL T F O ERHER,
REMERBO T, X OEEMEOR EIZFT G 2 7 O ARRER 2 5 L 7=,



Table 1. The number of beef cattle in Japan in 2015

Items Number
Total 2,489,000
Fattening 1,568,000
Japanese Black 740,700
Cross-breed 481,500
Holstein 345,800
Breeding
Japanese Black 579,600
Calf
Japanese Black 340,700

Table 2. Factor of death or disuse and develop of disease of beef cattle joined the Japan's

Agricultural Insurance Scheme in Japan in 2015

Factor of death or disuse

Develop of disease

Items Proportion (%)  Number Proportion (%) Number
Total 100 30,933 100 725,910
Ruminal disease 10.3 3,187 2.90 24,721
Rumen tympany 9.39 2,904 0.52 7,466
Rumen impaction 0.61 189 2.11 15,315
Rumen acidosis 0.30 94 0.27 1,940
Hepatitis 3.27 1,011 3.95 28,639
Urolithiasis 1.05 324 0.64 4,646
Abmasal displacement 0.87 269 0.17 1,260
Vitamin A deficiency 0.18 57 0.84 6,122




FH1E BEBEMEIEEFORERIC L 2% —Fimtikes L OE %
MR D 2L,

1. i

JEEFCHL A AR, FEEILESE O LFENR L2 B L LIz RIEfE O 246
DATHOIND DY, FEEEMED R DZARIT L0 H—HNIZ VFA, FLERSE DA B
WENZFEAESNTEREL (2,76), H—HWNpH MR T 95 Z & TSARA X° ARA %
FRIET D (76), FLAFZ HWTHESIRY, THIR7Z SARA I LU ARA ¥ EER T,
B HIRRE R &S HIR pH I AWICEE L, F-HREOAICHEET 52 &
PG SN TVND (49,78,86), fil& LT, IREFEIZIGICL 25 Bk pH DI
PR, BB IR # O FE 2 ME Y Td 5 Firmicutes ORI OHINL O
7 LEVERE OSEPRITLE 5 Bacteroidetes DA LE DI 3 X Tuv% (68, 78),
F72, TETITEREEX pH £ o —23F —Hik pH ORIEICHW BN D, B
BEX pH £ o —I IR OB E SN AIRETH Y, FH—HIKO pH LIREZ EMEIC
[FRFEHIT 2 Z E W A[EETH D, IR ER pH B P —OFHE L E—H 7 ¢ X
TN HERRLTZFE—HIR pH 13RO TRV IEOME (r=0.968) BdH 5 Z Lok
HEEINTEY, WBEASH COFHBIFEEEINTWVD (53),

BEMAE (IO ML LBV 22 < EET 02 A7 5 (13), BEM
BT E 10 7 Hli 6 30 7 A e £ Tkt L CRIESTEIS 246 S, Bl
Whzcie % 452 B CIEE Hilic e % 2 v A BIRERIZ46 5L, mhes v
AREZBMEIZROBBREELZ L5 2 EDFFEITHD (82), L2 Lann, £E

FFE A2 6 1T 2 R 20 B2 45 12 L 2 IEF I T 0 55— B MR O RRIRF ) 28
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b, H—H OISR L L OEMEFIAAETH D, £o7wd, RKETIHR
BRSO R 2R RIEEEI L AR 12X 5 % — H OIS B L O OERF
ZAGNNIT 5 AT, BEEETORENEIET 2 O CTEF/, Tk X

ORI 0% — BIRIEIR I L O SR O 2 bz el L7z,

2. MBS X 0U5E
(1) k4 & s s

A TOERFINTE FRFEWERZE ST L DEKRELZT (A201720), FE5r
134 T SR ST B MO BE R B v 2 — OB EBRfEEHZ AV T b=,

AR CIXREME LS 9 A AW -, BRI 12 7 ARERCE —H 7 1 A
7 /L (BAR DIAMOND ft, Idaho, USA) Z %57 L, IR SLRMOKERRA &
X — « BERME 2 — Nl T20 4 HB (10 7 HE - 30 B A ) OIEER
BRAATVY, IEEHNE A RO 720 EICE VIR E R, B L OB L Lz,
RIEfEHS X OMETE (o) IZIEERIHICIE—HiEkE% 0.8 kg/day & L THa
HEZFEHL, BETY, #HCidfamiss & L (Table 1-1), EFRTHI D7
EHEI G TR IR AR X OHLETE CENEN 12.6%B LN 122% THh o 72, KIEEH
OAEFERE - JRIEEEIE 26:74 (RTHD), 13:87 (FH]) BB LUV 14:86 (15 H) TH Y,
HAFRZAEYE (TOICHES RBFRIEE, WRIEHFE ORI HER TS J O E O P E
(T Table 1-1 \Z7R L7z, Zeds, HEEIOKGERIE 09:30 36 LT 15:30 (TATVY,  J)EARH)

(THLEEHG G 1 KR ICHA G L, KITAE Bk E L,

() EBRA Y 2— )b L Eb
%—HiK pH ORI EIXFIEBT OB 14 HEIZITWY, HIEHO 4 HE2S 10 H
Ho7 B2 E Lz, F-HIIREEDO T HBIZE -H 7 4 AT V&I

L, Ta—T7%28m L) o UEHWTHEELD 100 ml #8641 L, —HEOWKET
9



— Y& TR L 721%-80°C THRAE L 7=,

— M pH IZ Kimura et al. (53) O FEICHEKSE, HF-H 74 AT LENLTEH
—HERICEE L ERE%5K pH o — (YCOW-s, [LJEHHE DKK (), #iFE
M) Z MWz, 10 23 Mk CEREE 217 > 72,

2) VFA, NH3-N J5 J OVFLER IR KN ONT LPS T&AE

— B IR OB FS X ONAIE J7{%1T Hirabayashi et al. (41) O HIEICE- T2, T 72
H VFAJIER Y7L & LT, 25%A % U VBRI 3N filig 1 ml 2 25— H ik 5ml (2
WL, SENEfE 24 FERSEIC CTHE Lo, FRER 3,000 g, 15 oflEOE21T
W, EEZ-80°CTHRAFE LTz, # VFAIREE, 45 VFA(RLEE, 7'm 4 R, FElE) IR
FERIEIL/N v 7 K77 2 (Thermon-3000; 3%, Shimadzu, 5#L) =MW T A7 1
~ b7 7 4 — (GC-2014; Shimadzu, 5U#f) (Z X V1T-7z, £/, FLEBRAEM Y~
Tl LTHE—HIK 5ml & 2,000 g, 4°C, 15 4D L, bk % -80°C CRIE L7,
LR EOREIITTHROAB o HAEXy N F v b, D/L-FLE, R-
Biopharm, BergstraBe, Germany) % 7z, LPS HliE ¥ 7L & L TH —FHHK 5ml
Ty R h¥T 7 VU —0OF 2—7 (BioPure, Eppendorf, Hamburg, Germany) (Z%7
AL, 11,000g, 4°C, 30 sy Lic EEEZ = REXF v 07 ) —DF 2 —7(Z
STEL, -80°CTIRAFE L72, LPS IHMAEORIEIZITTER D~ & (Pyrochrome with
Glucashield Buffer, &) Z Hu 7z,

3) A HE A Ak
DNA fifilHi% Kim et al. (50) @ FiEIZ T2, T2 6, fREL72 250 pl OF—
B> 72 100 pl DY ' F—2A (750 pg/ml, Sigma-Aldrich Co., St. Louis, MO,

USA) #z 37°CT 90 31 > FaX—F L1z, TO®HT 70 X7FH—F
10



(FIEMidE T2, KBR) % 10 ul (10,000 U/ml) I % 721 37°CT 30 3l A o F =2 ~—
N7z, ZOBBEEIZ 60Ul D 1% RTIIVERET MY 7 AB IO 0T A %7
—¥ K (1 mg/ml, Merck Japan Ltd., #JX) Z/1%, 55°C, 531 v Fa~~—hFL
T REIRIL 7 = /=7 aa iRV b4 YT IVT )ba— b (25:54:1)  (Fueitize
T2, Ri) BLOZ muaRL b (RO T, KBk) 2 M 3 e 21T o7,
THRIZ S M (LT R Y 7 AEIRE 100% =% / —/v &1z, 21,900 g, 4°C, 15
Syfili O Lictk, EF&ERE Lz, WRISIEEME 70% — 5 7 — /I X ki L,
RO SET2fR b Y RNy 7 7 — IS THIEMR Lo, KR L7 DNAIRIZT A 7
YA = RO ERE (Biospec-nano 260-26300-31, Shimadzu, FUER) TR K Ol
FEAREL, MEIZOWTIERSEEL (260 nm/280 nm) 78 1.8~2.1 12725 Z & %
LT,

WAL — 7 = > A{EIX 16S Metagenomic Sequencing Library preparation guide
(Illumina, 2013, USA) (ZfEWFEHE L7z, 725, il L7 DNA #i#&lE 16S rRNA
D V3-V4 I ZIET D720, 2="—H LT T4 ~—Tbh D 341F (5-
CCTACGGGNGGCWGCAG-3") KT 805R (5’-GACTACHVGGGTATCTAATCC-3%)
Z 7=, PCR W D BUGHLARIK X 12.5 ul @ 2 x KAPA HiFi HotStart ReadyMix
(KapaBiosystems Ltd., UK), Sul %77 4 ~— (1 uM) LV 2.5 ul OFEHAE DNA
(10 ng/uL) ZEFIL 25 ul & LCEFE L, PCR F = — 7|2 DNA 7RG T 40
ul &2 5 X955 L=, PCR 7’1 b 2)Uid¥A 711 (95°C 3 43f8) % 11[al, HA
271 2 (95°C 30 b1, 55°C 30 F 38 L TV 72°C 30 7018 % 25 [0], A 7 L 3 (72°C
555 % 181 & U7z, HE0E FEY X AMPure XP beads (Beckman Coulter, High Wycombe,
UK) ZHWKERL L, T4 7 Z U —Ii% Nextera XT Sample Preparation Kit (Illumina, San
Diego, Ca, USA) % HVNTHEEE L 72, Paired-end (2 x 150 bp) | Illumina MiSeq platform
Z VBRI K0 i Uiz, fRHT#S 5413 Sequence Read Archive of the National Center

for Biotechnology Information ~%#% L, SRA accession number /% PRINA548210 T&
11



-7z (http://submit.ncbi.nlm.nih.gov/subs/sra/),

T _XT? Y — KX MOTHUR program (version 1.41.1; University of Michigan;
http://www.mothur.org/wiki/;Schloss) (2 & ¥ ## AT 2 47\, AT 5 151X MiSeq
(https://mothour.org/wiki/MiSeq_SOP) DIFEHAEEEFNAIZAEIE 2N 2 72 7152 F iz,
FoNfz U — RIESILVA U 7 7 L A7 — & ~X—Z (SSURef release 128; (90)) %
HWCIERERS Z#A L, v > v Er7 L, Bonislicxt L “Chimera.
vsearch” =<2 RZ M \\¥% 2 ZELSZ HEFR L, Mothur RDP training set (version 16)
ZHWTE L~V E TORGINT 21T > 72, T, OTUs % 97% AHEIMEZ 7~ b
A7MEELTHINE Y TAZ ) T HZETRELE, TXTOH T
“sub. sample ¥ 2~ REHWTHEHRENL L7z, £OE, W2 U — FoDed-o
T TN EREEFHB I OB LD 1 >F o L, IO IIZ AW 2o
77o 6N 7- OTU IZXF L, “summary. single” 22~ > K& HWCHIEROE T X0
fE¥CT®H % Chaol, ACE, BXUMIEMOZERIEDEH TH % Shannon, Simpson,
Heip I[ZOWTREHT 21T o 72, % OTU OREKESIT “get.oturep” =~ > REZHWT
P& L, BLASTn 7’1 7 7 A (http://blast.ncbi.nlm.nih.gov/Blast.cgi) @ 16SrRNA
—J T AT —H~X— A (Bacteria and Archaea;May 2019) |2 L 0 BFE4 =08 L7,
I B, 77 A § EIZH S piphillin (http://piphillin.secondgenome.com/; 47) % {#
HLUTT =% a5 Uiz, BERESPEINTICOWT, 97% 2y bA7fEE L, A ¥
7 ) IKEREIY KEGG database (October 2018) % FVWVE Y 24 CT7=,

4) Mg A LA

MARIEE— BIRERI & [ARFIZ A~/ Y G B U O AR IE (7 VERASAH, )
) EMIESBERIA D BIE (AR Tk o, R 2 v TR
WRZ2>BERIM U7z, BRIMEE, ~/XU o F b U o AR ME 1 1,500 g, 20 4rfdiE0 L,
o7 2 -80°CTIRTF L 7o, R 0 BEAIA U $R10E 13 37°CC 15 3 M ARIR TR,

1,500 g, 15 77 fiiz.0 LT S AU 7= ik 2 -80°C TR AT L 7=, Il 13 TP, BUN, TCHO,
12


http://www.mothur.org/wiki/;Schloss

Ca, AST, GGT, VitaminA, PB-carotene 33 J T Vitamin E OHIEIZHVY, ~/XU
U o AniEE, LBP ORIEICHE L7z, LBP ORIEIZIX, RO F >~ ~ (LBPfor

a wide variety of species ELISA KIT, Hycult biotech, Uden, Netherlands) Z H 7z,

(4) HEEHEAT

%7 — % X Shapiro-Wilk normality test (= & ¥ 1IE#L /4R & feid L7z, % — H K pH,
—HHT pH 2 5.6 BLW 5.8 LI &>l (pH < 5.6 Kfff], pH < 5.8 F¢fil;
min/d), AUC (pH < 5.6, pH <5.8), VFAs 3 X OSLERIEIE, LPS iEMEME I ONC ik
AR T RO IEE M O B L, EHAR OYE 1T paired -test & HV, FEIE
B DOT —21E 0 4 Va3 Y o ONARLFF 5HE & - THAT Lo, FEERT, Hi
J&, OTUs, MEFOEE S35 KOS LT W O I IESL S0 OS5 61X
paired t-test Z FHVY, FEIEHL A DT — & 121X Mann-Whitney U test & VN CTHET L
7o 24 BE[SFEY) pH, pH<5.6 BifE], pH<5.8 Fjf#], AUC (pH<5.6, pH<5.8) &5
Te PCA f##T 1% R package ggbiplot (R software version 3.3.2; R Foundation for Statistical
Computing, Vienna, Austria) Z 72, HIEEEMENTIC L Y 15 5472 OTUs =° KEGG
INAT =2 A J17 3 Y —3 LORM MO AP AT 70O NMDS #4712 13 R package
ggplot Z U /=, OTUs & —FHMik (24 FEREY, &K KO & pH, # VFA
B L OHERIEEE, 4 VFA ORERL LI ONT LPS iEME(E) 3 X OURRY I LBP #2EE O[]
C Pearson’s correlation coefficients Z 1TV, fEFRIZHSWek — v 7% Prism
software (version 8.10; GraphPad Software Inc., La Jolla, Ca, USA) % W CIER L 7=,
B TOT —ZIIFIEEW OFEIE & FEAERE (SEM) T& L, Prism & VN CTREHT
HATo7c, WIS P<005 2 HAEEHV & L, P<0.10 ZFERMEMDY & LT,
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3. MR
(1) B ER X OH—H ik pH

EEHIM P ICRRRE, 8V EOBRIERIZI2TOF TR bk o7, 1K
HITEEATH & B ORI LRI TEAENAE (P <0.05) REMBED 5
ATz (Table 1-1), JEEEEORARITIEE P TR, HBEIL HEE (P<0.05)
eEfEZ R L, fib b OSBRI TR, %L K LARE (P<0.05) Z2EfH
s L7c (Table 1-1), SKBEREFETIL, IEEHHO DM, TDN IZai#lds L O &
bl LAE (P<0.05) Z2{&AE % 7% L, NDF 13 ] TR, %8 & A8 (P<0.05)
72 fE %A R L7z (Table 1-1),

55— H pH TIE, 24 BEf O pH 7 — & 0 b 5% pH, 4 pH, 57 pH 38 L O
pH < 5.6 B[], pH < 5.8 FFfi]3s L OV AUC (pH < 5.6, pH<5.8) ZHH L7= (Table 1-
2), IEBEHM ORI pH B L O pH XA & il LA E (P < 0.05) 72{KEZ 7~
L7z, 24 IfEEYS) pH OARABEIZ VY, IEE R & Folg L T pH <5.6 R d X
NAUC (pH < 5.6) IZAE (P <0.05) 72EfE% 7~ L7z (Table 1-2), Figure 1-1 % 10
Gy T L OWHE—HIK pH 7 L, IEE AT — Y OMEATIZNE 5 FAH—FiK pH O

2RO b7,

(2) %—'H#K VFA, NHs-N 35 L OFLERIR I QN LPS 15 MEAE
JEE % H O VFA IR IR L OHH & i UAE (P <0.05) RREEZRL,
AT OFEEE-7 v 4 Ukl & AR (P < 0.05) Z2EfE%Z R~ L7- (Tablel-
3), Fiz, IEBERMOIBEE TN O & i LAEE (P<0.05) 7e@Efis
AL, PO IR & LA E (P <0.05) RIRMEE R LT, EFRIHE O

LPS {EME I 3 KO & Eei LA E (P < 0.05) 72{EfEZ 7R L7z (Tablel-3),

14



(3) ERI T

B AT CIE 24 REFY) pH 38 K Ol pH 235 — B iR pH ICH B % 5.2 5 £ 5
2K THY, pH<5.6 K], pH<5.8 Kffild LN AUC (pH <5.6, pH <5.8) (&%
HOE—H pH I b B % 52 HINF TH -7 (Figure 1-2-A), £72, IEBFRIHT
I3 VFA T OFEIETS K OFEER DRER LN — H N BRI B2 5 2 5 BHER R+ T
BV, FHMIRER L LPS IEMEITH M O — B NRBEIC R b ZELY 5 2 5K+

Td -7 (Figure 1-2-B),

(4) — B K O B A Rk

1) ZERMERRHT

OTUs 3 X O OIS S MEE O B F S 2/~ 7550 (Chaol 3 X UV ACE)
FEB AT — Y OMEATIZHEWEE (P < 0.05) (2D L7220y, HMIEREO @A DY
— M HS & ZREME & 2R $FE%L (Shannon, Simpson 38 XY Heip) 1ZIEERTH,
H, BIOBHOMICHEEZEITRD b h- 7= (Figure 1-3),

2) FEILUE AR AT

NMDS f#tr TIEIEE 3 L O] & ik LA O OTUs OEKINFRD b,
—J5CH#ID OTUs 28 40k L T /= (Figure 1-4-A), £72, KEGG /XA 7 = A
717 U —IXETHR L O & TR b 40 L Tz (Figure 1-4-B),

3) BT F & O B e A i bt

FIEE W O — F IO M EERIZ S TOREH T Firmicutes 36 L O
Bacteroidets F DAL E <, KD 80% T 7= (Figure 1-5), Firmicutes [
¥ L U Bacteroidetes P28 32 F 270 Ml 7 8 ORI ELIT Figure 1-5 1278 L7z, M3
F1> Tunclassified] OFMEIIR L2 0BEHR L D FTAOSEPRSETHLZ L&
/R LT3, Firmicutes FHIZJE 7% unclassified Ruminococcaeae 33 &2 T unclassified

Firmicutes |[ZAE B AT & bbig LHHEICTHE (P < 0.05) 721KfE %7~ L, unclassified
15



Clostridiales XA & L ~Z I THE (P<0.05) KfEZ R~ L7 (Figure 1-5),

4) T2/ OTUs #k ke

OTUI1 (unclassified Ruminococcaceae) 35 & T8 OTU2 (unclassified Lachnospiraceae)
IHNEEH O —BIRMERE D OTUs The bR EN @ o7z, IEFRTHO
OTUS (unclassified Firmicutes), OTUS8 (unclassified Ruminococcaceae) , OTU26
(Butyrivibrio), OTU30 (unclassified Firmicutes), OTU37 (unclassified Clostridiales
Incertae Sedis 13), OTU110 (unclassified Clostridiales), OTU189 (unclassified Firmicutes)
5 LY OTU238 (unclassified Lachnospiraceae) |39 #] & bz LA E (P < 0.05) 72
fli% 7~ L, OTU43 (unclassified Lachnospiraceae), OTUS5S5 (unclassified Firmicutes) 33
L OV OTU62 (Ruminococcus) (X H & i LA E (P <0.05) 72{XfE% 7~ L7z (Table
1-4), 7=, BEFE# IO OTU26, OTU30, OTU37, OTU43 35 X U OTU199 (unclassified
Lachnospiraceae) XATH# & LE~FE (P < 0.05) Z2{&{E, OTUS5 ¥k LN OTUL67
(Intrestinimonas) VIRTH & B LA E (P <0.05) 72 &%z R~ L7z (Table 1-4), IEE
i OTU30, OTU167 3L TN OTU238 1341 & el LAE (P < 0.05) 7RfRfE%
R, —HTOTU62, OTU199 [Z# W] & Lb A E (P<0.05) 72EfE% 7k L7z (Table

1-4),

(4) FE72 OTUs & 55— HIRMEIR O FH B BELR
BBk EARELMEBEREGRZR L OTUs @ 9 5, OTUI (unclassified
Ruminococcaceae), OTUS (unclassified Ruminococcaceae) I & O OTU26 (Butyrivibrio)
23 24 B pH (r=0.416, 0.427 35 K10 0.476) 35 L O824 FRRETACIK pH (r=0.458,
0.454 BL1TN0.435) EHE (P<0.05 7Z2IEOFHBEBMFRZ R L, pH<5.6 RKfE (r= -
0.476, -0.472 3 L 11-0.432) 33 LN pH < 5.8 ] (r = -0.509, -0.476 35 L 11-0.473)
EHE (P<0.05) 72ADMBREZ R L= (Figure 1-6), —J7, OTU68 (unclassified

Lachnospiraceae) OAERILIT 24 FFFIEY pH (r = -0.530), 1K pH (r=-0.531) B &
16



UM pH (r=-0.499) EHE (P<0.05) 72AOMEEARREZ R L, pH<5.6 KEfH (r=
0.453) BEL V' pH<5.8 K] (r=0.417) & AR (P<0.05) 72 IEOHBEREFRZ R LT,
# VFA JRFEIL OTU167 (r=-0.412) & AE (P<0.05) 72AOHEBERREZ L, L2
I 1% OTU34 (unclassified Firmicutes; r=0.521), OTU68 (r=0.503), OTU167 (r=0.556)
BLONOTU238 (r=0.587) EAE (P <0.05 ZRIEOMEEGREZRL, —JF OTU6
(Prevotella; r = -0.449) 1 X N OTU62 (r=-0.453) A& (P<0.05) Z2AOHBIREMF
ox LTz, F£7=, LPSIEMEMEIX OTU125 (unclassified Ruminococcaceae; r = 0.519) &
HE (P<0.05) 72 EOMBEB%REZ R L, OTUS (r=-0.413), OTUS (r=-0.440), OTU13
(Mogibacterium; r = -0.414) 3 XX OTU37 (r=-0.470) L A& (P<0.05) 2B D

Btez R L7z (Figure 1-6),

(5) MIRAA PR AT R
BB OME AST EERL LU # I A JEEIIRTHE L O H & ik LA &
(P<0.05) 2@fEx/RL, pIurTrBLOEX IV EREITARE (P<0.05 72K
iz R L7z (Table 1-5), IMikEAL2FAIRGEIZEET 5 PCA TiE, EFRIHI LOH
HCl1X TCHO, ©X# I E, B Z a7, BUN, GGT, IO Ca BEEENRKMIMA
RO EENE S 2, B TIIE X 2 A B IO AST B SRR MmN & b
WA 5 2 HIN1CTh-o 7 (Figure 1-7),

4. *%

AR CIL, F—HRO 24 KEEY pH IZIEE A7 — Y OETICHEVME T L, 5

Bt

— B pH < 5.6 R E I L ORI T2 4 fE5R, 11 FFEsRE, —
XM 7: SARA OPZWIERMETH D —H Y-V O —HiK pH < 5.6 B 3~5 K¢
(4), FIX3FEFRILIE 36) ZH/ZLTWAZ EvD, SARA L2, Frlct#

HICIZEED SARA THDH I EWRBINT-, SARA IZEEEDIKT, TH, IFHE
17



B, BiER 72 EOBFROIFIK & 720 (89), ARER TIZETOBEEM TREZ ED
JEIRSOTIR DR AT 72K, IBEAT — YV OEITICEVAEIZAE (P < 0.05) (2
U7z, LR oRER CILREERFEIG OIMCiEy, e 5% IR T L2F—H
W pH O IEFE~DEIENRELS 725 Z EDRHE SN TVD M (24, 50), AREROE
B L ORI O ORIEFEFEISIZIFFEE (87% BEL N 86%) ThHh-o7-
WZH b 6T, BHOFE—FIR pH (XTH & i UREZ R L, £, AR
D 24 WF L) pH IZNEFR OETICEWR A IR T L, JEFRB X O Ho
24 B E— HiR pH OIRAE (6.22 5 L1V 6.06) (XL AX A & - 1R
B 6 D SARA #H3ER TD 24 BEH 5 —H ik pH DI (6.10 B L
5.97) LFEBLL TWs (77, 49), —J7 THEBIO 24 FFEF-) pH (5.73) 1ZLARTO
e K& TRLMERTHoT-, 7, VFA ITFE BB 2Kkt EEL2H#KEE T
HY (77, FBBIKpH EAOHMENRH D Z L3 E SN TS (53), LA L2aR
5, ANFABR CIIH VFA 2 L5 — B ik pH O MICFIBIRIMRIZFRD H v (r=0.258,
P>0.05), BE AT =V OEATIZHEWRZ IZHED LTz, £z, IEE#E
TlX VFA (pKa 4.9) & LLig U 10 f5F2EE O R T o 5 AEE (pKa 3.9; 76)DIREN A B
(P<0.05) 72iEflizm L, F£72, PCAIZL D HHOABREE R X O LPS IHMEENE
—HERICR O EEE X DENTH -2, ZIUTIEBE R CIIE — B iR O R R
REZS VFA PEANGHBRPEAE~D =BT H L Z L, FI3HE —HMIK L To
sodium hydrogen exchanger isoform 3 (NHE3; 97) <° monocarboxylate transporter isoform
4 (SLC1643 ; 51) FEDFEHEREDIEHEIZfE D VFA WINOEINIZ L 26D EEZ S
Niz, b0 end, IEERMICET 25— Bk pH O FIXFLERIRE OB
MK 7o TND Z EMRB SN, LLAans, EEHRMCIIH —HiK pH
NE LUVMEME A7~ L, LPS P23 E (P<0.05) (ZHEIN L7223, KAgif A+ o> LBP
REIIHKIEEMOMICHEBEZITRO LT, H— TR LR DY 7 HERE DRHE

(1,39) BNAELTWARWNT EAURIEBE T,
18



—RAIZEE — B pH & MREFEDO S E S 36 L OSHRME & ORNZITEDOMHBRERD
HY, BBl pH DI TIC L B HIEROE S Sk L OSHEMEORD 24 5T
% (49,68,77), ARBRTIL, % —HiK pH DK FIZEWEB %I D OTUs 35 L Ol
FFEOD B E X &2/~ (Chaol 3 X NACE) VA E (P<0.05) (23D L7223, Hi
B D S %2 4 #8248 (Shannon, Simpson 38 X O Heip) IZA B 21T H b7
Mo T, BRI OMEROEE 38 LOSERMEDOEEIL RNV A X A & iz
IR O SARA FFRHAB O > T4 X EHPL L T (4,623 7 v; (T7)),
ZAUTNE BRI O % — B K pH ORI HEY, BT OB E S8 L ORI
[#1> SARA #FHHHBRET L LREITHD L, ZDO%DOREMIRIRESEIZIEIC X
%8 — iR pH O F IO B8 ST T 25, —F TEEEMIEA
fLLBNWZ EERLTWS, 26D Eonh, BEMMEIEEFIXEREAEORG
i

l#

(ZFF 9 35— B pH OAX TSk L CHRIEEFE D ZARM: 2 D 2 & T8 — B ikHI 4
DIEFMEEZHFF L TWDE LD EE X LIV,

AFRERDO NMDS 722 v MM OTUs 38X WNKEGG /XA Y = A 7 2 Y —(THDW0
T — B 3 O B L OB TR A R~ LT D, LETO RV A Z A
> WTRRER T, I 22 R IR B R 4G (T FE O 55— Bk pH OIR N LT VFA
IREEDHANZLES PCA 7'y b OB EHRE LTS (80, 109, 119), AFER T
[FAEFEHHIO OTU 3 LT KEGG (125-5< NMDS 71w R Ml fRE ] & bl L
SIBLTERY, BEMEEEFOH— B E &I CIIR BN 2R EE R Z 4G
SO SSIHETH D Z L BRI NI,

— BHIROMEFTIX Firmicutes M35 X O Bacteroidetes [ DML 3 e b K& <,
ERDK) 80% Tdh o7z, Firmicutes FIIL Y T ARG & K L L7z 200 DL EOME
J& % & (30), Bacteroidetes 55— H WM 85 2 iRk 25 77 ARRME TR D
FEDOREVHEM & SHTWD (76), AR TIZNEE T 05— B M E# O

Firmicutes FIZHTHI & L LA E (P <0.05) ZRMKMEZ R LIz, ZHUTIRESE S
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WHESIE —FIK pH OIK FIZ XY v m— X5 HE %2 & T unclassified
Ruminococcaceae 33 & TN unclassified Clostridiales DA & (P < 0.05) 7225 —[K &
BZOI, ZORERIIE —HIKpH OIKT (pH<6.0) (2L /L & — X35 3
VI LD URTOHSE & —E$ 5 (102),

AR TIL 35 D OTUs BETDOREAT —VDETOH L TN TR Hivlz,
OTU D/ ¥H1% RDP training set % fHV>, 72 %5 77%HI% GenBank database Z VN THT
o7z, RO — 8 W OMIE & Tl unclassified Ruminococcaceae DAL
Db RKE <, W unclassified Lachnospiraceae 35 X OY Prevotella DR LD K
Eipolod, LIRIORN AL A % VTR O — B M # # Tl Prevotella 73
B BN KR E WHIE R 72 - 72 (33, 50, 68, 77), Z OFHEL, S X 5E W,
BLOHFIFEIO 2 EPEERS L OREOH R BV E L TR EEZFH LR
JEERRIZAG 24T 9 2% (92), BB TEREOR EREOEIMNZ HRY & LTk
IRIRY ORIEEFBEAEEAT O LW I FEFIEOBENI L2 bDEBZ R BN, £z,
OTUS (unclassified Ruminococcaceae) & OTU26 (Butyrivibrio) (IAEBERIHITHHIE X
O EHBLAE (P<005 Z2mfEaRL, ZIH O OTUs | Pearson’s
correlation analysis |Z X ¥ 55— H K 24 K- pH & IEOFHRERAMR DGR D BTz,
unclassified Ruminococcaceae 35 X O" unclassified Lachnospiraceae [XiH{LE DIRKEE %
EFIZEROMEEN H Y (11), Ruminococcus (X7 v 7 v o3fif & OB#E N RE ST
W5 (17). F£7=, Butyrivibrio 1325207 5 EE 2 0T 26 NDBH Y, F—HWN
R DOEE L E 2> T D (43), MA T, OTUL67 (Intestinimonas,; Merdimonas
faecis strain BR31) ¥ J OY OTU238 (unclassified Lachnospiraceae; Intestinimonas
butyriciproducens strain SRB-521-5-I) |XFLERIRFE & ORIZAE (P < 0.05) 721EDFH
BABR AR BT, F£72, Merdimonas faecis strain BR31 1355 — 8 OILERPEA & D
BIEMEDSRIZ S AUTE Y (100), PEAE SNVIZFLBRIL Intestinimonas butyriciproducens

strain SRB-521-5-1 \IZ= ANV F—B L ORZFR E L THWLILTWD (55) AlEEME
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MR ST,

MR AR A TR B % BT BEE (87) M~ DIEE O ER & <7
AR T D1 ASTIRE DN AT LU L i LAE (P<0.05) Z2@EfEZR L,
PCA TIFEHI D1 H AST JREA M PR EDIT S L TRV EE 52 5 2 LAVE
SNz, o, BERY TR LOHH & R E TH D5 (45,46) B
17 8 L O Vitamin E A E (P<0.05) ZMEfEZ2 R Uiz, HFRESE & %H— 5K LPS
(TERICBAR L TRV 37), EEEMOE—HIK LPS ITAiHF JOHH] & i L
BE (P<0.05) @Mz L2, Ifid LPS OV E 279 LBP (37) 1
BEEPRO N oTo, Fiz, WM LPS O LV kA N L AREER
ENDZEPMESNTND (70), ZNHDOZ 0D, IBERY TILEH—H K LPS
(THINS 223, 55— H KM LR O ) 7HEREIZ L0 i~ LPS Bt A3 g Ha,
Fo, —EM R~ ENTE LPS ICK W BEEINZBEA L AICRLEZ I
E, B a7 UEOHECAERENTAER, BRAIER A (0 72 W EE o PR Re fE
ENFBELIbDEEZ BN,

5. /&

AR I BEMMENIEE & OREEB 2T 25— 8 OMISIE B L O%
DOIERAMTFZ 62T 5 BT, S FOREMEES; 9L HWCEE
AT, PR L ORI O — BRIk R L O E SRR O (LA i LTz, = Okk
B, TRTCORBFHCHRASCRRAE L & OERIERIZRD bhT, $—HiK pH
FIEE AT =V OEITICEVE T L, IEETHTIETRE, BXORYCIIEED
SARA ZXJE L Tz, £z, BB BRI T — B PN ILERIR I O8N 23 55— Bk pH
KTFO—NTHDZ RSN, RENMEIEETFORETHL EEX LN, I
2T, BB L B CITRTE & b LPS iEMEENAE (P < 0.05) (2L, %6

— B A BRI AT & NI T v e — XM ERE RO TIZ LD
21



Firmicutes M ELL DD 2N A S 40,  ZAVUINEF R OMEATIZHE 5 IRIEETE O G
EHE—HIKpH DR T E S B EE R BTz, LA LA HMETEDZERMEIC
— B pH OIRTICHE Y 2T R 6T, T BB ORI 22k Z e 2
FEICR T DE-HOWCREN TH DL EBEA DN, ZNHDZ b, BEMEY

DOIEEFHIC%INCIE, F—Hil pH OIKT, LPS OREAEEM, o — Ry

B

FERL L DD TFE DPRIEER A I O B — B NRE DDA S LY, =T

BB E S I TMEEO 22 RSO Z & TREOZ(IZHEL L TWVWD Z &N

ST,
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Table 1-1. Body weight, dietary composition, components of concentrate diet, and chemical

analysis of diet in Japanese Black beef cattle during the early, middle, and late fattening stages

Fattening stage!

Items Early Middle Late SEM
Body weight (kg) 439.1% 561.8° 712.4¢ 12.6
Daily intake amount (kg)
Concentrate 6.0? 7.6° 6.1* 0.32
Rice straw 2.12 1.1° 1.0° 0.13
Components of concentrate diet (%)
Corn 42 42 44
Barley 0 14 25
Bran 27 21 18
Corn gluten feed 10 5 0
Soybean cake 6 8 5
Soybean hull 7 8 6
Saline 1 1 1
Clay 2 1 1
Soypass® 5 0 0
Sufficient rate (%)
DM 88.7% 96.17 75.4° 3.48
TDN 91.2° 102.4* 74.2° 3.85
NDF 43.9% 36.8° 31.5¢ 0.54

@b<c\Mean within a row, different superscripts significantly differ (P < 0.05)
The age of cattle in the Early, Middle, and Late stages were 14, 21, and 29 months, respectively.
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Table1-2. The 24 h mean rumen pH, duration of time, and area under curve (for pH <5.6 and

5.8) in Japanese Black beef cattle during the early, middle, and late fattening stages

Fattening stage

Item Early Middle Late SEM
24-h mean rumen pH
Minimum 5.43° 5.30% 4.98° 0.10
Mean 6.22° 6.06" 5.73° 0.03
Maximum 6.79 6.76 6.69 0.09
Duration of rumen pH (min/d)
pH <5.6 139? 2872 688° 105
pH <5.8 226% 460 802° 110
Area under curve (pH x min/d)
pH <5.6 4.29° 7.68%® 13.7° 5.17
pH <5.8 5.24° 12.7% 24.0° 1.51

“bMean within a row, different superscripts significantly differ (P < 0.05)
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Figure 1-1. Changes in the 10-min mean rumen pH in Japanese Black beef cattle during the early, middle, and late fattening stages.

Days 1 to 7 denote observation during the latter 7 days of each fattening stage. Arrow indicates timing of sample collection (1300 h).
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Table 1-3. Total volatile fatty acid (VFA), individual VFA proportions, acetic acid to propionic
acid (A/P) ratio, lactic acid concentrations, and lipopolysaccharide (LPS) activity in Japanese

Black beef cattle during the early, middle, and late fattening stages.

Fattening stage

Item Early Middle Late SEM
Total VFA (mmol/dl) 13.12 12.3? 9.77° 0.72
Acetic acid (%) 62.5 57.1 58.6 1.69
Propionic acid (%) 214 27.1 27.1 2.08
Butyric acid (%) 11.9 12.8 11.2 0.92
Other (%) 4.20 3.04 3.08 0.53
A/P ratio 3.06% 2.24° 2.342 0.24
Lactic acid (mg/dl) 6.80% 2.50° 14.1° 0.89
LPS (x10* EU/ml) 1.34% 4.29° 6.62° 1.49

@bc\Mean within a row, different superscripts significantly differ (P < 0.05)
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PC2 (17.9% explained var.)
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PC2 (22.3% explained var.)
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® Early 4 Midde M Late
Figure 1-2. Principal component analysis (PCA) plots in Japanese Black beef cattle during the
early, middle, and late fattening stages. PCA plots were generated from the ruminal pH, duration
of time and area under curve (for pH <5.6 and 5.8) (A), rumen fermentation parameters (B)

PC1 and PC2 represent principal components 1 and 2, respectively.
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Figure 1-3. Column scatter plots of bacterial diversity indices in Japanese Black beef cattle during the early, middle, and late fattening stages.
* indicates significantly (P < 0.05) differ. OTU = operational taxonomic unit; ACE = abundance-based coverage estimator

Relative abundances of major bacterial phyla and genera in Japanese Black beef cattle during the early, middle, and late fattening stages.
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Figure 1-4. Non-metric multidimensional scaling (NMDS) plots in Japanese Black beef cattle
during the early, middle, and late fattening stages. NMDS plots were generated from the
operational taxonomic units (OTU) (A) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis (B). The stress was 0.10 and 0.14 for the OTU- and for the KEGG

pathway-based ordinations, respectively.
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Figure 1-5. Relative abundance of bacterial genera belonged to major bacterial phyla Firmicutes

and Bacteroidetes in the rumen liquid in Japanese Black beef cattle during the early, middle,

and late fattening stages.

&b Mean different superscripts significantly differ (P < 0.05) during the fattening stages.



Table 1-4. Relative abundances and taxonomic classification of core operational taxonomic units (OTU; shared by all samples) in Japanese Black

beef cattle during the early, middle, and late fattening stages.

Stage
Percent to
RDP classification BLASTn
OTU Early Middle Late SEM  (genus level) BLASTn classification identity ~ Accession no.
OTU1 11.7 6.73 6.84 3.05 Unclassified Ruminococcaceae Ruminococcus bromii strain ATCC 27255 97.8  NR _025930.1
OTU2 6.85 6.47 6.46 231  Unclassified Lachnospiraceae Faecalimonas umbilicata strain EGH7 95.2 NR 156907.1
oTU4 2.89 346 2.86 1.42  Succiniclasticum Succiniclasticum ruminis strain SE10 95.9 NR_026205.1
OTUS5 5.14% 1.85°  2.14%® 0.77  Unclassified Firmicutes Thermotalea metallivorans strain B2-1 88.6 NR 044503.1
OTU6 231 3.16 1.40 0.84  Prevotella Prevotella ruminicola strain Bryant 23 98.9 NR_102887.1
OTUS A6 AT 18i® 045 Unclassified Ruminocorcaceae T ScuAqpiavonlractor phocaeensissirain 922 NR_147370.1
Marseille-P3064 -
OTU10 2.10 2.04 0.80 0.57 Unclassified Ruminococcaceae Ruminococcus bromii strain ATCC 27255 95.6 NR 025930.1
OTU13 1.66 2.01 1.48 0.42  Mogibacterium Mogibacterium neglectum strain P9a-h 94.8 NR 027203.1
OTUI1S5 1.77 0.69 2.26 0.66  Unclassified Ruminococcaceae Ruminococcus bromii strain ATCC 27255 94.5 NR 025930.1
0TU24 0.98 0.53 0.72 0.27  Unclassified Lachnospiraceae Faecalicatena orotica strain JCM 1429 933 NR 114392.1
OTU26 0.97* 0.17° 0.20° 0.14  Buwyrivibrio Butyrivibrio proteoclasticus strain B316 99.3  NR_102893.1
OTU30 1.13° 0.13° 0.35° 0.11 Unclassified Firmicutes Novibacillus thermophilus strain SG-1 87.4 NR 136797.1
OTU34 0.65 0.28 0.71 0.17  Unclassified Firmicutes Monoglobus pectinilyticus strain 14 90.0 NR_159227.1
OTU35 0.56 0.62 0.77 0.29 Olsenella Olsenella profisa DSM 13989 98.5 NR 116938.1
OTU37 070" 014> 034" 0.0 Unclassified Closiridiales Emergencia timonensis strain SN18 933 NR 144737.1
Incertae Sedis XIIT
OTU43 0.38" 0.48° 0.20° 0.13  Unclassified Lachnospiraceae Acetatifactor muris strain CT-m2 91.5 NR_117905.1
OTU54 0.26 0.38 0.19 0.10  Schwartzia Schwartzia succinivorans strain S1-1 99.3 NR_029325.1
OTUS55 0.12°  059° 057 0.17  Unclassified Firmicutes Salinithrix halophila strain R4S8 87.0  NR 134171.1
OTUS58 0.20 0.46 0.21 0.12  Unclassified Firmicutes Gracilibacter thermotolerans JW/YJL-S1 89.6 NR 115693.1
OTUe62 0.09" 0.45° 0.12° 0.06  Ruminococcus Ruminococcus flavefaciens strain C94 98.9 NR 025931.1
OTU64 0.19 0.41 0.36 0.15  Unclassified Planctomycetaceae  Thermostilla marina strain SVX8 84.8 NR _148598.1
OTU68 0.23 0.24 0.89 0.19  Unclassified Lachnospiraceae Blautia glucerasea strain JCM 17039 93.0 NR 113231.1
OTu79 0.21 0.27 0.30 0.09  Unclassified Clostridiales Thubacter massiliensis strain Marseille-P2843 93.7 NR 144749.1
OTU80 0.24 0.28 0.12 0.07  Unclassified Firmicutes Geosporobacter ferrireducens strain IRF9 88.6 NR 148302.1
OTUB6 0.14 0.21 0.23 0.08  Unclassified Clostridiales Vallitalea pronyensis strain FatNI3 90.4 NR 125677.1
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Unclassified Lachnospiraceae
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Atopobium parvulum DSM 20469
Sporobacter termitidis strain SYR
Anaerobacterium chartisolvens strain T-1-35
Ruminococcus flavefaciens strain C94
Intestinimonas butyriciproducens strain SRB-
521-5-1

Eubacterium nodatum ATCC 33099
Ruminococcus albus 7 = DSM 204535
Caloramator fervidus strain RT4. Bl
[Clostridium] aminophilum strain F

Merdimonas faecis strain BR31

95.5
93.0
89.3
94.1

96.7

91.8
98.5
89.6
933
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Continued Table 1-4
NR_102936.1
NR _044972.1
NR_125464.1
NR_025931.1

NR_118554.1

NR 118781.1
NR_074399.1
NR_025899.1
NR 118651.1
NR_157642.1

abcMeans within a row, different superscripts differ (P < 0.05)
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Figure 1-6. Correlation analyses between the relative abundances of core operational taxonomic

units (OTUs; shared by all samples) and rumen parameters in Japanese Black beef cattle. Cells

are colored based on Perason’s correlation coefficient analyses. Blue represents a negative

correlation and red represents a positive correlation.

*Significant correlation (P < 0.05) between the OTUs and rumen parameters.
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Table 1-5. Blood metabolites in Japanese Black beef cattle during the early, middle, and late

fattening stages.

Fattening stage

Item Early Middle Late SEM
TP (g/dl) 6.68 6.89 6.96 0.18
BUN (mg/dl) 12.1 14.5 11.3 0.98
TCHO (mg/dl) 106 109 93.0 7.31
AST (IU/N) 69.2° 71.3% 100° 10.1
GGT (Iu/l) 27.7 26.9 25.5 3.18
Ca (mg/dl) 9.97 9.84 9.72 0.12
Vitamin A (IU/dl) 40.2% 35.5% 62.4° 3.67
B-carotene (pg/dl) 0.48? 0.33¢% 0.11° 0.06
Vitamin E (pg/dl) 1222 1712 92.6° 12.5
LBP (ng/ml) 283 493 389 67.3

@bcMeans within a row, different superscripts differ (P < 0.05)
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Figure 1-7. Principal component analysis (PCA) plots in Japanese Black beef cattle during the
early, middle, and late fattening stages. PCA plots were generated from peripheral blood

metabolites. PC1 and PC2 represent principal components 1 and 2, respectively.
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FH2E BBAEFICRT DIEERINOE —FiK, H-HREB X
OV - BRMEAR & Al i Al oD P

1. i

JEH LRI L AL O EPENE 2 1S 5 T DICIRIERIE O S M ThN D B, £ D
LI VE-HANTO VFA RN ERET 5 2 &L TH—HIR pH DR T E2#<
(76,95), MZ T, {MALE pH OEENEWHLE M #EERNELT 5 2 L85
NTEY (52,78,86), & —HiK pHAX FIZHEWEE—HNMIE# D 7 7 LRIERE DL
WIRHE S5 Z L TH—HWN LPS AL, mb~pshsZ & Tk, $HUE
BT, BEERSGONRBERBORAET D (7,36), 512, H-HiK, H-HRES
KO — BRI LB O B A R R RR I IR E R A B LD T E Nl S
TWD (21), Bl& LT, 55— F M oMM C s — B i@ & i L
Proteobacteria DA% LE 28 Firmicutes 35 & TF Bacteroidetes & bR E W2 &3 A &
TW5b (17, 96), F£7=, AIHIK pH OIK FICKT 28EEEHA L LT, KBEOED
WER DIRFN, 55— FHNE LR O OFERKEEA 42 DI END Y, RIEER
IZX 0 ZNENOEENEHORNEGNEAT H 2 ERImEINTWD (23), IMZ T,
5 B R pH IZBOUKIS X OMER OFEEERIC L0 55— ik pH & g U CREifE & 72
D% (20,25), 5B E AR REI IS — B EBEIL TV D 2 L
HEINTWD (25,44), Bl LT, B HiREB LOH B E#EITHE O 2k
S¥AfLL L, Firmicutes, Bacteroidetes 35 X UV Actinobacteria 1, Prevotella, Ruminococcus
B LW Clostridium J&73 38 L TREVMEMLZ HH 5 Z L RHE S TWD (52),

REMMEIIAAEAOMETHY, H1ETIIHEELHOE—FHIK pH, MREB X
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O #E DZEALIZ DWW TR L, IR B &N I 1T 2 FLERIR BE O¥EINC K % SARA @
HIE(LYE, BREMMEIEESORIEE I 2 R0 7201 LAME D=y, R
BI2 4612 X 2 ATH K pH DI TITHE D F—H B L OE ZH ORREIEH OZ/IZ oW
TIFFHARETH D, 2O, KRB TITIFHE -BHIRKB L OE ZHiK pH, MR,
(CH— B, BB R L0 HIME SRR IEE T 5 2 L TR

EMEIE T FOREGEIZAGICR T DS QMR LRO S Z L2 AR L LT,

2. MBtB L U5k
(1) feakAdo & Ol 28 5
EAF S LOERERITIHE 1 ELFERTH D,

2) F—HBIK, F—HEERIOE _HIROBM

H-FIROBMITE 1 EL R AT Y 2 — /LTI, LEFEL RIED HIETH
ST, HHIROBMITE B 7 0 AT AENL, B _HNICEE LIS nsX
pH BB —JEHDE —BREZHIM LTz, £DO%RONIEGIEITH -FIRL AR TH
Do F—HABITEEEL L VN 25g BELL, WET—E2 AW THFIC TR
D, FREZRFENN Y T~BIAL, MEHEESTHY 70 & LT-80CTRIF LT,

(3) MIEHEHE B L OHE

1) %—HikEs L0 5k pH

F—HIKRP L O _HiK pH ORE I TR 26 pH & v — (IWJEHHE DKK
(%), ¥ #HAV, F-H7 4 AT VE LFE—-HERETNS JOE _HNICH
L7, WEFMEIE 1 ZELFEETHY, RERYIRIZERM A (day0) ORi%ZZIE
ve HiE & LTz,

~

2) BB, F _HiK VFA, NH3-N 3 L OFLESEFE M ONT LPS IEMEAH
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B—HIR, H B VFA, NH3-N 35 X OFLERIR EEE ONT LPS YEMEAE O M E 715
35 1 BOFE—BIRICHWCFHEFRKRTH D,

3) I stk

DNA fifltHi A EITSH —H ik L O B OABIIE 1 EIZBIT 558 —FH KDL
HEFEETHD, F-HEBBEOWHFICHONT, F—HEWES gICTE Ny 7 7—50
ml ZNZ XY — (XA T—BEEMR (BK), Kik) TH# L7 1,600g, 4°C, 159
[0 L7z, £0t% B4 11,0008, 4C, 25 pfEL L, HEME TE Ny 7 7 —
T—[EWEE LTc, DIROHITH 1 EOH—BFIROLBETIELFRERTH 5,

WA > — 27 = XEIZ1E MOTHUR program (version 1.41.1; University of
Michigan; http://www.mothur.org/wiki/; 98) V>, ¥ — 7 = XA HIEITHE 1 FE L [F
BThs, MEROERE S, SISOV TOMHTIZIZ“summary.single” =<2 R
ZH\, OTUS, MEEOEE & 2RI T 5 Chaol, ACE, & X UHIEOZEk
PR35 CToH % Shannon, Simpson ZHH L7z, 7z, PCoA (Z1% Lozupone and
Knight (65) 23#4F L 72FENNE UniFrac distance 5% AV, FIEFEHICHITHHE —5

i, B R KO H IR O OB 2 S L7z,

(4) HEaEHIEAT

SERHERHT IZ 1 Prism (GraphPad Prism ver. 5.01, LaJolla, Ca, USA) Zf\ 7=, %
7 — 4 | Shapiro-Wilk normality test (2 & 0 IEBLOAA 2R L7z, Bkl L OH
" HE pH OWNEMED © 24 FEFFY) pH 36 L UM RTH O 1 KfESEY%) pH 2R L
Teo 72, FIEBHOE —Hikk L O Bk D 24 KFEFE pH, 1 KEFEFEE pH,
VFAs, NH3-N 35 X OFLERJ 0 NS LPS TEMEME O LT IEH AT 07— # 11
paired t-test 2 V>, FEIERSMHOT —Z TV o vz VOIS RREIZ X Y
fEMT 2 AT o 7o, HEBEH O —BIL, F—H R LOH _HikoMEM, MEE,

OTUs, AHEFED S E S 36 L OSSR i X IE#L A D356 1 X one-way analysis of
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variance (ANOVA) with Bonferroni post-hoc analysis % F\>, FEIEH/0A DL X
Kruskal-Wallis test with a Dunnett’s post-hoc analysis {2 & 0 fi#tr 21772, H—HIKP
JOH MK OTUs & 5§ —Hikds O HikMk (24 W) pH, # VFA
JE, % VFA O, FLEET X OV NHa-N RN N LPS 1EPEME) [HC Pearson’s
correlation coefficient 17\, fEFICESW-b — b~y 7E2{EHR L, WThb P

<005 ZFEZHV L L, &7 —XITFHERS L OFEHERZ (SEM) TH LT,

3. AER

(1) H—HikP L O _HiK pH

FERHIRI IR, BACRIE, THIZ EORERIER 2 29 5 413580 b o
2o 24 BRI pH IZIEE T CIZ 2 TORBRBIE % 5k pH 258 — ik pH
S LAR (P<0.05) @iz, THITldday 6 ZFrE, 5 _HiK pH 235
—HiK pH L LAE (P<0.05) REfExRL7z, —F, IBE#YO day-3, -1,
0, 5 TII%E _Hik pH BN —Hik pH L HELARE (P <0.05) ZRMEEERLT-
(Figure 2-1), E:AFATH O—BREEEE) pH 1%, BB RIHTIX 0:00-6:00 (256 —F ik pH
MNE—HIKpH &l LAE (P<0.05) ZeEfEz Lo, £, IBEHHITIX 12:00
— 16:00, 23:00 3 XN 2:00 (25 _Hik pH 25— HiK pH L LARE (P < 0.05)
B AR UTs, — 07, IEEHRYITIE 8:00 — 18:00, 23:00 35 1 T8 2:00 (25 ~HiK

pH R — Bk pH & LA E (P<0.05) 72KfE% 7~ L7= (Figure 2-2),

(2) #®—HiK, % _HIK VFA, NH3-N I L OFLEEE E I O LPS fE Mg

ETOREY CTHE - BHIROK VFA BEITE BRI LAE (P<0.05) 2E
iz 7k L7 (Table 2-1), BEBEHH EZRYIOE —HiKD VFA F OFEBREALITE —
Bk LAE (P <0.05) ZXEERL, 7 u b4 @ikl ds —Higs

BLARE (P<0.05) Z2Efizmrsliz, £72, EFERHE FHHOFE —~HikD VFA F
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DOFEFEAERILITE BRI LAR (P <005 ZEEERL, 2 TOEFHT
B HIROEHE-7 1 B4 RITEE B & i LA (P <0.05) 2REZRL
7= (Table2-1), AEE PHIDOH — ik NH;-N B35 “Hik L ik LAE (P<0.05)

72 ARAE %A 7~ L7z (Table 2-1),

(3) B—HIK, H—HEHLLOE HIHOME K

1) ZARVEfRYT

JEFFHTIE, H—HEIED Chaol 3B BRI OHE Bk i LARE (P
<0.05) REfEE/RL, B TIIFE -HAED ACEITE -HRBSLOE _Hiktlt
NRAEE (P<005 ZREfEza R~ Lz, LLARARS, OTUs, ZEEMOfERTH D
Shannon 33 & O Simpson (32 TCOEEM TH—HIK, FHHBREBLIOE _HIKRD
FICH BZILER D b/ ) - 7= (Table 2-2),

2) FRILIVERRAT

PCoA TiE, 2 THOEEMTHE - HiKIBS LU _Hiko 7 v v kALl L7554
AR LI, EETHB L OB O —-Fik, F-HREBIVCE _BiROT 1 v
IR & el Loy L Tz (Figure 2-3),

3) MIEE PR3 L OV B R A Al b

2 TOREHNCIB T, Firmicutes 35 & U Bacteroidetes FANE—HiK, £ -HE
ks J OV BB I 5 O MR Y Tl b AEREE 23 K & 7o 72, Firmicutes PHIZJE T
LAEEJE O T, EFERTH TS — B B D unclassified Ruminococcaceae 2355 —H
BB LOE _HIKRE L L THR (P <0.05) 72M&ME%, Succiniclasticum H3F—H
e LAR (P <005 72fKffi% =~ L, unclassified Firmicutes, unclassified
Clostridiales 3 & Y Mogibacterium 135 —HiKIB LT OHE _HIK L HLXAE (P <
0.05) Z2EfEZ R L=, 72, IEEm7H# Ti Bacteroidetes P92 &3 5 M J& D H T,

% — H B D unclassified Porphromonadaceae 33 & T unclassified Bacteroidetes 235
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Hik &t LAEE (P<0.05) 72KfE% ~ L7 (Figure2-4), 7=, Firmicutes )&
TOMBEARD D H, BEFH TEFH —HRED unclassified Clostridiales #5 & T
Mogibacterium D3 FH—HKB L OE _HiK L W LAE (P<0.05) ZEfEx =L,
unclassified Lachnospiraceae 7355 —H K & thifg LA R (P<0.05) eEfEz R~ L7, £
7=, JEE T HATIX Bacteroidetes FHIZ B HHMEM D 9 B, 55— H R D unclassified
Porphyromonadaceae 235 _Hik & bk LAE (P <0.05) Z2EfE% 7~ L7= (Figure 2-
4), —FHIEB %Y TIX Firmicutes FIICB T 2 MEROFT T, H—-—FHRBED
Succiniclasticum 2385 — H R3S L OVE “HiR & ik LA E (P <0.05) ZeEfEz~ L,
unclassified Clostridiales 33 &2 OY Mogibacterium D35 — B & LG E (P < 0.05) 72
AR LTz, —77, BRI B &IEIZH T 5 unclassified Ruminococcaceae
ITFH—HiRE i LA R (P<0.05) 2{&fE% R~ L7 (Figure 2-4),

4) FH 72 OTU kLt

B HIREB X O B TIE, OTU1 (Ruminococcus bromii strain ATCC 27255),
OTU2 (Faecalimonas umbilicate strain EGH7) % J. (0N OTU3 (Olsenella umbonate) 7> f¢
HEWERCEZ B TWe, e, BB IK TIX OTUS (Thermotalea metallivorans
strain B2-1), OTUS (Pseudoflavonifractor phocaeensis strain Marseille-P3064) 7> & Aij
HITHE L LAE (P<0.05) ZREfEzr LTWe, £z, F_Hik T, IBF
AT OTU3 IZH I & Ll L CTHE (P<0.05) 72@EfEZ -~ L, OTUS 39 #] & b

B (P <0.05) 2fBfEE R L7z, 3 _HiKO OTUS [T R & L ~H#ls L
BWITHE (P<0.05) 2IKfEERL, OTU16 (Prevotella ruminicola) VXaiH# & bbig

LM THE (P<0.05) Z2{EfE% R~ L7z (Figure 2-5),

(4) FH-HREHE _HIKDOEEZ OTUs &5 —FiRd L O Fik MR o+HEI B
41



%

FH—HIKEFE _HKOEE OTUs &5F—Hikdk L O% ~HiREIR O BIBEItR
I% Figure 2-5 1278 L7, B " HIK CTII# VFA IEE A OTU2 (r=0.42) B LN OTUI0
(Ruminococcus bromii strain ATCC 27255;r=0.44) L HE (P<0.05) 72IEOHEZ R~
L, VFA IZ8 1 2 EERE O E1E OTUL (r=0.43), OTU2 (r=0.49), OTUS (r=0.49),
OTUS (r = 0.46) B3 LN OTUIL0 (r=0.47) EHE (P<0.05) 72IEDOFHEI%, OTUlL
(Chelonobacter oris; r = -0.48) & HHE (P <0.05) 2ADMHEAZRL7, VFA DT
0 B A IR ORI — B Tl OTU9 (Acetatifactor muris; r = 0.57) A5 (P
<0.05) Z2IEOFBEE /R L, % B CTlX OTU6 (Prevotella ruminicola strain Bryant
23;1=0.41) LR OTUI (r=0.57) L HE (P<0.05) /REDHEAZ R L7, VFAH
DOEERE DORERLEITE — HIK TIX OTU2 (r=0.40) & A E (P <0.05) 7RIEOFHE%Z /R
L, % "HiKTIX OTU2 (r=0.67), OTUI13 (Mogibacterium reglectum stain P9a-h ; r =
0.49) L OTUI0 (r = 0.57) EHE (P <0.05) RIEOFHEEZ/R LR, —FHT
OTU11 (r=-0.55) ITAE (P<0.05) 72EAOHEEZ R LI-, Biig-7 0 4 U ERibix
F—HIKTILOTUS (r=0.42) BLTOTUS (r=0.67) EAE (P<0.05) 721EDOFHR
L, % B TIZ OTUI (r=0.44), OTUS (r=0.52), OTU8 (r =0.74), BI N
OTU13 (r=0.45) A& (P<0.05) Z2IEOMBEE R LTZ, —J7, Hiig-7' v 4
IS —H KD OTU9 (r = -0.41) B LU _FHiKD OTU4 (r = -0.41)3 LT OTUI1
(r=-0.59) & AE (P <005 2ADOHEAZRL, NH:-N REIZH -FHK T
OTUI10 (r=0.41) A& (P<0.05) 2IEOFMBZ R L, & ~HiIK TIL OTU2 (r=0.54),
OTUS (r=0.41), OTU13 (r=0.57) 3L T'OTUI0 (r=0.44) & HE (P<0.05) 72iE
OMBEZ R LT, £z, HBEREIZE —BH K TiX OTU6 (r=-045) & AE (P<0.05)
REOFMBEERL, B HKTIEOTUI3 (r=0.50) A& (P<0.05) 7RIEOMBI%

R,
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ARHRBRTIE, BB X OO 24 BRESER S L O 1 RS %— H iR pH
355 B pH LB LAE (P<0.05) RMEMEEZ R L7, ZORRITFNVALZ A
VHEE ORISR W T HIK pH 285 —HIK pH L ik LREE 7R3 &0
VIRTOHE (52,29) & —H L, ZIUIHE _BIKIZBITHEKIZE DA RE LUK
BN D MEHR OIRFN L DREEEHPNER TH D LE X B (20,25), LrL7Z
RS, BB TIE 24 BRI KOV 1 B8 — B e pH 3% Hi pH & ke
B LAE (P<005) REEE2 R L, £72, # VFAEREZXE2TCOEFTHMHBWT
FHRE R LB HIRTHE (P <005 REfEZ/RL, ZO/MEIZEER
BIOHFH TR VFA IREOEINC LV EFE—HK pH NMETT5E VWO HE 1 ED
MRE =BT 5, —F, IEFEMTIIHE —FHKOM VFA IRENE _HK LV bE
EZRLTWDIZE DO T HE—HiKpH 235 ~HikpH & ik LUsfEx R L7z,
7, F1ETIHEEEYOFH —HIE pH O FITILBREEOEMENS —KTH D 2
EDIRIR ST, IO FLIRIR L 135 — Bl L OB HIROMICA EEITRD
biviedodz, —77, HiBK pH OREEAEN IR E 5 MER OIRFICH — B AL
I BRI O DEKEERO W2 EDRH Y, FH—HIK pH N IEH 72KEIT Rz TV D
BRITMER DIRFINT &2 TAMER N EREEIEM CTH 2 Z LTk L, F—HiK pH D
& TR — BOREIE B R 2> © O ERFE O 5 WA K 2 $R1EE F O FIE AN+ %
ZERHMBINTVWD (23), ZD 7, IEBHRY TIIRMA RS OZHEIC LY
MR & D5 H COBEERNEL U, — 05 T BRI LR D OFEREE DSy
WNHIN L, F—H COREERNHEMLIEZ ENEXLN, ZOMBEL LTE
HiRpH 2385 — Bk pH & Hli U TR A R L72 2 EDVRIB S N7z, LA L7 b,
RBEMMBILEFOIEFTEINCI T 2H—HK pH &5 _HiK pH ORERMEIZ SN T

DA = XL EfRAT D12 DIITH R LHEBPMLETH DL LE 2 BT,

BB

HIE#ED PCoA T, HEEH, FFICIEBERIHIOE —BHiklEE & F B IGE

= OFAPMENHA ST o Tz, — T, B —HEBED PCoA 7'v v MIF—HikKE
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O _HIREMBEL TRV, 2N D ORMRITE —BIKE F Bk O MBS E
P2 WS LIATOHE (52) BROE—HIK & 5 — H &Ik O M & A% R T E
PO bND ETLHWME (17, 96) & —ET 2D, LnLRKDL, H1ETIILEFTH
[ ORRIRFINZEAIC L0 8 — B pH 2ME T L7212 b 2303 & T HIEFE O 2RI
BATRD LT, ARBROFE B b A LT T — B il & Rk
ZRRMEDOEALZ R LT, ZAUTREREIZAGIZ X D pH OIE TR FEDO S E
SB LSRN T2 L0 9 LIETOHRE (52, 78) LIZE L2 b0 TH-o7=,
ZOZEND, FBLEOKREEBELIL, 5 H MR I H IR # & Rk
MEFEDO SN A RS Z & TH B pH O FIZHS LTV D Z EAVURIR STz,

HNE#EHERL TIX, Firmicutes 35 X Y Bacteroidetes P ORI — B, %8
BB LW T HIROMEE Chb RE L, ZILIRTO®E &L —ET 5 (84), &
7z, EEAHIEM, MEE ORI E TOIREY TH Bk L O Bk
EOMICABEZETIRD N2 o7, H—HiK pH &8 _HiK pH ORIZITHE (P
< 0.05) ZRENRBO SN, — I TH BRI KO B B S R ARE T
O bV, ZhE pH OZABIC LV 5 — Bl A AT 5 & D LRTO
(86) LITHLD LD TH-T, £z, B —HIRL B B EIEOMEEHE R (TAE
DRSO HAL, AL, HAOE BT DUAEE & B TR RO #
AR E S BRD L 0 ) RIOWE (71) & —ET 5, 6& LT, Lachnospiraceae,
Ruminococcaceae, Succiniclasticam, Clostridiales 335 &2 " Mogibacterium 1345 IEE # D
F-HIREE - HRETHEIEOFEEZE (P <005 BRBOLI, ZOZ LB
RIS (21, 71) L FEARICEBMAELEFFTIIE -BREFE -FREZLTHLO
IS > TODHBREN B2 5 Z L VRIB S T,

Ruminococcus bromii |37 > 7 3T HA0E CTH 0, IRIEFEIOZIEICT IV E
— B A EN TORRRIENRE L 725 2 ENHE SN TND (27, 56), KRBT

X R bromii 1 TFE—BHRBIOE _FHik?d OTUs O TEWVWERLZ EDHTEBY
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(OTU1, OTUI10 35 X T* OTULS), # —Hi#K TIEM VFA IR, VFA FHOREMEES L O
F&lg ORI, A ONS NH3-N JREE & HE (P <0.05) 2 IEOMBEARRD Lz, Z
DFERE, R TOREH CTHE _HIKO VFA HOFRE ORI L OFEE-~7 1 v
VEREEN B L I LA E (P < 0.05) REEE R L2 SICE#ET A0
Ezohlz, N6 LD, R bromii (TREBRMEREEFOH —HIRICEIT 5%
FEMSRBIC HEREEIZ RTIZ L TV D Z W I NI M T, H—HiKR & g L,
F B TIIEE D OTUs 238 BRI & IEOMBERH Y, #ilé LTH VFA 2
J£ (OTU2 38 XN OTU10), VFA RO (OTU 1, OTU, OTUS5, OTU8 ¥
X OYOTU10) B X O'NHs-N #EE (OTU2, OTUS, OTU13 3 XU OTUL0) THEED
OTUs £ A E (P<0.05) RIEDQHENEO bW, ThbDZ b, H—-HikKE
b LR — B 3 O 572 OTUs 1, & 0 BHECBHEREICRIE L T\ 5 2 &

DIRE Tz,

5. /&

AR T —FiRB L O Bk pH, MIRECNCE —BiK, £ -HRER L
OVEE — B A A A 2 IR W IS i3 5 2 & CREMMEIEE & ORI E S
T 2SR ) OB A RO H Z L2 B E LT, B—m OEl L - BB
NEH 9 B A W R R B AT 21T - 72, Z OREER, TEFERHES X
O IO — iR pH 135 “HiR pH L LARE (P <0.05) ZfEfliE R LTz, —
FHCHEBHRYIOFE —BIK pH (35 Bk pH L LEAE (P<0.05) Z2EEEZRL,
ZAUTRHIR R B4R K D RTH K pH DI FIZfE, FH—HRE LD
DERRA A OGWNMEESNT=Z LIt b EEB 2o, £, F BB X
O “ B CTIIIE T W OMEITICH O MEEE DO SERMEDT R RO b, BB
JEE AT R I 72 IR IR AR 48 1 o6F LR — B ilkids L OVE BRI w5 (X 2R &

DT & THIE L, BEHEREZHER L TW\WD B X b, MEFEMHERITETOIR
45



B CTH— BRI LU HE s B RPEDGR 0 ALy, F— B R E
I BB L OF — HIRE# &R OMENTED DI, ZIUTE—HNOWH
& BRI O > TODIEHEREN R 5 Z LIk D EBX O, L LR,
ML DR E VN OTUs TiE, H—Hik & bl L ' Hi#k > OTUs 3 FEEHEREIZ L ¥
FRICBAE L TWD Z RSz, #ilE LT Ruminococcus bromii (OTUI,
OTUI10 F L OTU1S5) 1355 —HiKIZI T 5 VFA IR, VFA F OEEEE K OB
e DORERIEB KONH-NBE LB (P <0.05) RIEOMBENGEO LN, Zh b
D Lnb, BERM O BEMES T, BRI ZRRESBZEIC K 55 —HiK pH
DR TR U CREEEA 22 L TS L TR Y, HF-HRBLOE “HiREE
X DEZEMEEZ RS Z & T pH OZLIZHEIGN L T\ D 2 E BRI,
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Figure 2-1. Changes in the 24hr mean rumen and reticulum pH within six days before and after based on sampling day (day0) in Japanese Black
beef cattle during the early, middle, and late fattening stages.

*Indicate the significant (P < 0.05) difference versus reticulum pH at the same time point in each fattening stage.
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Figure 2-2. Changes in the 1hr mean rumen and reticulum pH at a day before the sampling day in Japanese Black beef cattle during the early,
middle, and late fattening stages. The black arrow indicates the time point of feeding.

*Indicate the significant (P < 0.05) difference versus the reticulum pH at the same time point in each fattening stage.
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Table 2-1. Total volatile fatty acid (VFA) concentration and VFA proportions, ammonia nitrogen (NH3-N), and lactic acid (LA) concentration, and

lipopolysaccharide (LPS) activity in the rumen and reticulum liquids fractions in Japanese Black beef cattle during the early, middle, and late
fattening stages.

Early Middle Late
[tems Rumen  Reticulum SEM Rumen  Reticulum SEM Rumen  Reticulum SEM
Total VFA (mmol/dl) 13.17 122 0.29 123" 122 0.48 9.77° 8.36 0.50
Acetic acid (%) 62.3 65.1 0.06 56.7" 58.3 0.21 58.6° 59.5 0.32
Propionic acid (%) 21.8 22.1 0.05 27.5° 26.6 0.16 27.17 26.3 0.28
Butyric acid (%) 11.8° 10.5 0.09 12.7" 12.0 0.09 11.2 11.0 0.07
Others (%) 4.20 2.20 0.10 3.10 3.20 0.01 3.08 3.14 0.02
Acetate-Propionate 3.05 3.22 0.17 294 2.41 0.06 234" 2.44 0.04
NH;-N (mg/dl) 6.51 6.02 0.06 546" 7.13 0.59 7.17 7.06 0.04
Lactic acid (mg/dl) 6.79 7.42 0.83 2.50 2.92 0.48 14.1 13.7 1.53
LPS (x10° EU/ml) 13.4 13.9 0.20 429 45.1 13.4 66.4 84.1 6.40

* Indicate the significant (P < 0.05) difference versus reticulum fluid in each fattening stage.
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Table 2-2. Bacterial diversity of the rumen liquid, rumen solid, and reticulum liquid fractions in Japanese Black beef cattle during the early, middle

and late fattening stages.

Early Middle Late
Rumen Reticulum Rumen Reticulum Rumen Reticulum

SEM SEM SEM
Items Liquid Solid Liquid Liquid Solid Liquid Liquid Solid Liquid
OTUs 938 885 1009 49 846 730 937 37 453 454 583 24
Chaol? 1162 1052 1052 52 1061%° 858" 1156 45 632 584 749 31
Ace’ 1227 1016 1025 49 1130 1029 1013 44 600" 739 659" 31
Shannon* 4.12 4.37 4.15 0.10 3.92 4.15 4.13 0.08 3.93 4.18 3.91 0.09
Simpson5 0.063 0.062 0.04 0.06 0.064 0.051 0.044 0.05 0.065 0.047 0.067 0.06

! Operational taxonomic units; 2 Chao indicate the species richness; > Abundance-based coverage estimator, indicate the species richness; * Shannon
index represents the species diversity; > Simpson indicate the species diversity.
2bMean within a row different superscripts significantly differ (P < 0.05) in each fattening stage.
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Figure 2-3. Principal coordinate analysis plots generated of the rumen liquid, rumen solid, and

reticulum liquid fractions in Japanese Black beef cattle during the early, middle, and late

fattening stages. PC1 and PC2 are principal components 1 and 2, respectively.
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Figure 2-4. Relative abundance of bacterial genera belonged to major bacterial phyla

Firmicutes and Bacteroidetes in the rumen liquid, rumen solid, and reticulum liquid fractions

in Japanese Black beef cattle during the early, middle, and late fattening stages.

“®Mean within the rumen liquid, rumen solid, and reticulum liquid different superscripts

significantly differ (P < 0.05) in each fattening stage.
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Color ch

3 o S »
e Vglue o Y\:‘S’@o y @e\'a : @&‘\b\- ebg\“\ g {;}S\ \bé@ 3«9\&
Relative abundance (%) \'ﬁ ocf';‘ -\0&9 &‘q é;,\ = \.gél Q’S
Taly Middle Lae  sim < o & 8 FE ¢

OTUl  Ruminococcus bromit strain ATCC 27255 11.68  6.73 6.83  3.05
OTU2  Faecalimonas umbilicata strain EGH7 684 646 645 230
OTU3  Olsenella umbonata 343 585 957 322
OTUS  Thermotalea metallivorans strain B2-1 513" 185" 214" 0.77
OTU4  Succiniclasticum ruminis strain SE10 289 345 286 142
OTUS  Pseudoflavonifractor phocaeensis strain Marseille-P3064 461 137" 191" 045
OTU7  Prevotella ruminicola 255 370 133 097
hal:liln OTU6  Prevotella ruminicola strain Bryant 23 231 315 140 084
OTUILl Chelonobacter oris 0.31 324 297 205
OTU9  Acetatifactor muris 2.81 0.43 1.91 1.27
OTUI13 Mogibacterium neglectum strain P9a-h 1.66 201 1.48 042
OTUL0 Ruminococcus bromii strain ATCC 27255 2.09 2.04 0.80 0.57
OTUIS Ruminococcus bromii strain ATCC 27255 1.77 069 226 0.66
OTU14 Bifidobacterium angulatum 2.04 201 016 093
OTUI12 Bacillus sp. YIM M13235 047 267 117 059
OTUIl  Ruminococcus bromii strain ATCC 27255 1342 645 609 2.6l
OTU2  Faecalimenas wmbilicata strain EGH7 815 636 584 211
OTU3  Olsenella umbonata 1.44" 718" 5.06" 1.81
OTU4  Suceiniclasticum ruminis strain SE10) 1.02 291 399 083
OTUS  Thermotalea metailivorans strain B2-1 493 151" 230" 068
OTU6  Prevotella ruminicola strain Bryant 23 276 282 220 074
. OTUS  Pseudoflavonifractor phocaeensis strain Marseille-P3064 381" 146" 1.86° 038
Relti'::iﬁ"“ OTULIL Chelonobacter oris 023 299 376 174
OTUI13 Mogibacterium neglectum strain P9a-h 2.14 1.62 230 054
OTU7  Prevotella ruminicola 202 270 125  0.69
OTUI0 Ruminococcus bromii strain ATCC 27255 265 237 054 072
OTUY  Acetatifactor muris 324 055 1.49 1.38
OTUI2 Bacillus sp. YIM M13235 073 233 161  0.60
OTUL6 Prevotella ruminicola 130 1.8 124" 079

OTUI15 Ruminococcus bromii strain ATCC 27255 1.66 0.69 1.90  0.57 -

Figure 2-5. Correlation analyses between the major operational taxonomic units (OTUs) and

fermentative parameters of rumen and reticulum liquids fractions in Japanese Black beef cattle

through the early, middle, and late fattening stages. Cells are colored based on Pearson

correlation analyses. Red represents a positive correlation and Blue represents a negative

correlation.

abMean within the fattening stages different superscripts significantly differ (P <0.05) in rumen

liquid and reticulum liquid.

“significant correlation between OTUs and parameters of rumen liquid and reticulum liquid at

P <0.05
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5 3E BBAEFOLE T L RIICRT 5% —Fitikes L O
T w2 15 A S M TSR IR B B A O

91

=

&

1. ¥
JEE AL W EPENE 215 5 7o OICIRIEF B O 24 N B T DI (114), £h

8

IRV — B pH OIK T8 — B N VFA OHEINNERD B D (76,95), T DfkH
ELUCH—HIK pH Ok L 72K FIC X Y SARA Z%JE L, &—HIMEEOLH)
R —HWNA~D LPS OR 24 < 2 & T (36) FFRONTFIESE, #50UE M2 & DR
MR ORENER EIND (7,36,88), LLATOREBRTIL, IBEHFICRESGE %%
BUTBRICE — H SR O S E L 1 — R RE O L R 35 2 &M
WEENTVD (30,88), F£7z, BEMMIIAABEGOMETHY, @RI
AT 2B CIEEY o —HEICm b & 2 A BEAREICRD, Mk L
mes I A ZHIRUTCRESEOZIEE LORD b OG- 21T 9 2 & MR
Tho, H1EORRTIE, BEMALEHINCE T TITHRED SARA, BX
O HITIZEE D SARA Z3IEL TH Y, KK & L THYTIIEkO®mE (76, 95)
DX DI VFA JREOHIMNER & B 2 Hieh, B TIEE - FNALBIREED
B — B pH K T O—KNTh D ATREMEN R S T, £z, 1 BB IOE
2 ORI L 0 BE TR L OB CIIAT & i L - HiRB L 0% - HiK
FEE# DO ZARME DR ITRRD ST, ZHUTEBIA 2R IR A0 S 5 /B il
pH O Fizxtd 2 BREMFEREFOMISHIEETH D Z LR SNz, Ll
Mo, H1 8B LOE 2 BOMBRIIFIEEHORZISRBREIR 25% T Tk 0, RE

B A HEAS U7 BR D28 — B R pH 36 & OV #% 00 Z2(LE DN I IS RE ST 12DV T ODA!
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A+ Th o7, A2 AW T3 CIRIES RO L 0 A L7 —
i pH DA T 36 L O stk ds L OB ARMED 2RISR L —HIE 1, 2 R
THST DRIV HDH &N TWD (104), 2078, AR CIZEEMFEEESF
DOIEE 11 3 L O NI AR A e L7205 — Bk pH Ok, A gk
BLOSREOE(LZHASNCT S 2 LT, F B L OB o BREMERE 508
JEEHERS 1T D8 — H OBIGEE I OER T 2R+ 2 2 L2 BV E L,

2. MEBXOHE

A TOERFINTEFRFIYERE BT LHKR (A201720) 252 772,
(1) kA & s i

KRB CTITEREBMELETS 6 A MV, FERAFICITE —H 7 10 A7/ (BAR
DIAMOND ft) Z#:2%& Uiz, IEEFHOF (n=3, Middle, 21-22 » Hin) I1LIE
fAlkRE - AP HEIERT (ZRIBRKIET) TRBRZATV, IEFHRBIO4 (n =3, Late, 31
7 ) IR RN EMOKEE BRI A v & —  BERA Y v & — (RN )
T2 To 72, IBEFHHE X OBRPORBRFOEREIZZENEIN 436 £ Tkg B L
V685 £ 24 kg (¥ £ fEHERRE) Tho7o, REBRMFIEFEHE T COEREEM
FEARE A WV B35 RIEEIEHE S IZEE Lok HRIX (CON [X) 35 X ONRIE &R
B Z M U REERI A (HC X)) &L, MfEEHIfo 5 &2 Huy, o5
& U 7o MAR - IR IZ AT BRI ST EF 14  CON X368 L OVHC X TE I E L 14:86
BLV6:94 THY, %HI4FD CON XKELUHC K TEILEI 16:84 33 LT 5:95 T
H o7 JEEFRIACHE A L2 REFAEHT CON X3 L OYHC K TR TH - 7203,
B CILIERRMEE B L DEIA X CON X3 LTV HC K TEIEL 59.3%F L O
49.7% CTd o7z, HIEEH OFEM e EEHE RIS J O H A BIEUE (79) 1HD <%

EBIRRITHOWT Table 3-1 1R LT,
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Q) EBRAF Y 2 —)L L b

FERA T Y 2 — /WIIEE T KO0 CON X3 K UVHC Ka 2
14 A& L, CON RETHREHIZ HC X&EBAtA Lz,  ZH—H ik pH (3155 ]
H1 10 53 MR TRl E 21T > 72, FH—BIRITARBRX O A O 13:00 I[2H—F
T4 AT &I UTCIEFEN G 100 ml FRECL 72, BRER L7235 — B kI ZEOWE

=8 % A TR % -80°CIZ THURE fRAF L 72,

(3) WEHEH I L0k

1) %—HiKk pH
H—H® pH OWEIL Kimura et al. (50)D FIEIHEV, EEHYEEX pH oW —
(YCOW-s, [LIJE S DKK (1§)) 5 —H 7 4 A7 V&N L CH—-HEFRICHEEL,
R A 10 23[R CHillE 217 - 7=,

2) %— Bk VFA, NH3-N 35 K OFLERJE FE I QNS LPS JE M

F— BRI Gotoetal. 35) DHFIBITHEVLE L, ffT21To72, T72bb, H—
Bk VFA I W A7 v~ 7' F 7 4 — (Hitachi-163, H ., HR), 5 LPS &Mt
EOBEIZIEH D~ b (Pyrochrome with Glucashield Buffer, A2{b52 T3 (£F),
FO) &M, FLERIR EE ORI T IR O LR AT HIFEE*® v  (F v I, D-
/L-3LEZ, R-Biopharm, K- ) Z A\, NH;-N OHIEIZ1E NH;-N analyzer (Kjeltec
Auto 1035; Actac, L) Z MW\ /o,

3) MR AL

#—HikH> 5 D DNA OHfHIE Kim et al. (50) O HEZHWTITo 72, HRIL7Z
DNA &RIET A 79 A = A5 NN EEE (Biospec-nano 260-26300-31, Shimadzu,
SAER) TUREE M ONHIEE 2 E L, MU IZWOLEE . (260 nm/280 nm) 7% 1.8 -2.1 (1T72
HZ EEfEHR LTz, DNA @ pyrosequencing (22 T, forward primer 357F (5°-

CCATCTCATCCCTGCGTGTCCGACTCAGNNNNNNNNNNAGRGTTTGATYMTGG
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CTCAG-3’) S X [6) reverse primer 518R (5-
CCTATCCCCTGTGTGCCTTGGCAGTCTCAGTGCTGCCTCCCGTAGGAGT-3") &
PCR 7' X v 7 A3 L L T EmeraldAmp® PCR MaPeriod9 (TaKaRa, Fjt, BEG)
%M\ iz, PCR XV —~ /¥ A 7 F— (MyCycler; Bio-Rad, B IX) % HW\THTED
7' haUSHEVT o 72, PCR & THE, 7 v — 270 % O TC B XIKENEIC
—HOBIEIC AR 2N L 2R Lz, WLy — 27 = LT 16S
Metagenomic Sequencing Library Preparation (Illumina; San Diego, Ca, USA) % HW»,
16S RNA & V3/V4 8 ik # 8§ & + % 7= ® , forward primer (5-
CCTACGGGNGGCWGCAG-3’) B X [6) reverse primer (5°-
GACTACHVGGGTATCTAATCC-3") Z 7=, PCR BUSNRDFHHIZIE Nextra XT
index Kit (Illumina, USA) Zflif L, PCR #1T~>7=, HEIEEMIZOWTIET H e —
AT VEKIKENEIS CT—#HOBARICNME D 720 2 & sl Lo ig, IRty —7 =
> — (Illumina MiSeq; Illumina) (2 X5 —77 = A %{T- 7=,

WA — 7 = 2 DFE R 1T BaseSpace® Sequence Hub @ 16S Metagenomics %
PTG T, M SR AR L OY 97%AH IR E A 7 » b A7 fiE L L7z OTUs DR
B aRE LT, Fio, AEFEOFLIIETR K OARMEARAT IZIZIENE UniFrac distance

A2V, PCoA fEHTE X O PD whole tree, Chaol 33 JX TN Shannon Z & H L 7=,

(4) HEEHRAT
24 FEREY, Femds L O IK pH, AUC W TNZ pH < 5.6 FEfT 1345 IE B HIRET © CON
X3P L OHC KOREREIE O 8 HH (day D225 14 H B (day 7)DEHIE R 7=,
AUC (pH X hour, pH < 5.6) 33X U pH < 5.6 F¥fE] (h/day) I YcowReport software
(L7 3 DKK (BK)) & W TR L7z,
AUC 3 LU pH < 5.6 I¢fE]IE SARA OFJEFR L OVEIEEDFEE L LTHY, FH—5

& pH, AUC 3 LU pH < 5.6 FEf IR L OEHERR 2= (SEM) 2R M L7z, #t
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FHEHTIZ X Prism (Graph Pad Prismer. 5.01, LaJolla, CA, USA) Z M\, &EEH
D —HiK pH, VFAs, NH3-N 35 K OFLERIR B0 TNT LPS TG MEME, Nz CHIEFED
ZRRME, M DR R LD CON X & HC X & O H#ZIZ 13 paired t-tests % FU 7=, VFASs,
NH3-N 36 K OFLEAIREE, LPS IHMEME, MEATE D A5 TS KOS O R EL I3 -8
BIOMEAERRZE (SEM) 2B Lz, 2 THT—Z TP<0.05 2 A88%EH 0 &

L7,

3. R
(1) % —'Hik pH
AR HHAE O M RER X OfG GEEHI B IR bvkno e, —F, BE®RHA
TITAAEE RN ORIERZRT 2 2 L TREEB L UREREEL R L (Table
3-1), HAEE W OMEKERX TIEFE, THIZR & ORERIERITRO bhinoiz,
JEE R4 Clid HC X 24 B pH 36 X O pH 2% CON X & fhi LA &
(P<0.05) ZMEfEAZ R~ LT, ££72, HC XD AUC ¥ XU pH < 5.6 Fffij A% CON [X. &
LE_EE (P<0.05) Z2@EfEA /R L7z (Table3-2), — 77, IEBH 405 —H ik pH,
AUC, pH<5.6 RpfE L X CHREZILRO b7 (Table3-2), IEE FH#4
TIX CON X3 L UVHC X% pH < 5.6 IRFflIZ23 £ £41 3.79 3 L1V 10.86 h/day TH

0, %4 CON XFB I OVHC XX 1743 B LV 16.53 h/day TH - 7=,

(2) F—"HIK VFA, NH;:-N I X OFLERE E IF ONZ LPS I&MHE
JEE HHAZE T3k VFA 2, NHa-N B KOV LPS IEMHEICH XKF O F B 21X
RO BN oTo, LML G, BEEHZHFTIE, HC KD# VFA IRERS L OH

PR X CON X & Il LA E (P <0.05) 7@ fE %7~ L= (Table 3-3),
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(3) H— B K DM A A Rk

1) ZARVERRYT

OTUs, A OB F S 2/~ 955 CTh 5 Chaol I8 L UNSEMEAL RTHMTH 5 PD
whole tree, 3 KT Shannon (Z2OWT, FEBFHIOMXHE THEZITZE O B0
7= (Table 3-4),

2) FALIVERRAT

PCoA TiZ, IEFFHIHFD CON XI5 LTV HC KO 1y MIFELL L TWas,
%D CON KB LOHC KO 7 v » MImpa LTz (Figure 3-1),

3) B T3S & OSHIEE J@ A i bt

F— B 51X 25 MBEOMBEM R S vz, IEE A TIdR bR X
XUV 1 Firmicutes (73.0%), Bacteroidetes (12.2%), Proteobacteria (5.3%) 35 &
N Euryarchaeota (4.4%) Th o7z, £7=, BEEZH4 TIX Firmicutes (86.3%),
Actinobacteria (5.0%), Proteobacteria (2.7%) 33 & U" Bacteroidetes (2.6%) 75#¢ & F# ik
o REWMEMTH - 7= (Figure 3-2), MiEEOH <, IEEF 4TI
Ruminococcus (13.1%), Butyriibrio (9.0%), Caloramator (8.1%) ¥ J T Prevotella (7.9%)
W BRI DO R EWVER TH 0, IEFEHEATIX Butyriibrio (20.0%), Olsenella
(11.9%), Sharpes (8.9%) 3 & O\ Caloramator (7.4%) 3 bR DK & WHIE B T
Hotz, IBEFHED HC KIZEBIT S Caloramator 1% CON X & LB LAE (P <
0.05) 72IME % 7R L, Succiniclasticum X CON X & b~ E (P < 0.05) 72&EfE% R~
L7 (Table 3-5),

4) FH72 OTU Ak Lt

JEE HHEI4 D 8722 OTU 1L OTU1 (Caloramator mitchellensis, 18.5%), OTU3
(Oscillospira eae, 13.3%), OTUS (Butyrivibrio proteoclasticus, 8.15%) ¥ X1} OTU6
(Dysgonomonas wimpennyi, 6.49%) CToV, —F THIFOFEEZ OTU L OTU2

(Olsenella uli, 27.1%), OTU1 (18.1%), OTU4 (Sharpea azabuensis, 13.4%) ¥ XX OTU3
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(8.01%) Th-oiz, Mx T, PE®ZHATILHC XD OTUL ¥ L X OTU1S (Slackia

faecicanis) 1% CON X & iz UARAE Td D8R (P <0.10) 23588 H4172 (Table 3-6),

4. #
JEFEHB LRV A K A o Tlrafdeth oRERFENE G 22 L (40% 205

B

90%) BEITHkRE L7= 55— Bk pH O & & AUC 25380 b= &2 8iE (10) <
RIEEEI O ST X D8 — B pH OIX TIZHE S 4 VFA IREOBIAHE Sh T
W5 (32,95), —J7, WIVAZA EFOTZERESEIZEICE D SARA BRFERT
(3, PR 2 B BICHE B pH O TR TR N & 7220, RIEEPEHEAAIT S 55
—HEREOHEISNRD LNz EHEIN TS (104,105), A RIORE CIZEFH
4D HC X T CON X & i U T 24 FFfi]* ) pH, &IK pH OFE (P < 0.05) 72
AR L OVAUC, pH < 5.6 REfEIOAFE (P < 0.05) 72@EAFRD b=, %“EIF
TIL CON X & HC KOMICHEZRZTERO bT, I CIREEEEIG 0
Ikt U — Bk pH OIK T L AUC O O SIS DZEAL A Z80 Bz 2
ENPTRRE NI, L LG, JEFTHI40D CON X & HC XD#k VFA REIZAH
BAEITRO N oz, F, KRB TIIIEE#Z4D CON KB L OHC KD
M CH— B pH ICAERZLITERD D7 - 7228, HC X Tix CON X & bhlg L
TH#S VFA JRERB L ORMBIREOAE (P <0.05) REENEO bz, ZORIRIT
Sato (95) DIREEIEIOZAGIT LV #8 VFA IR R L OFLIRIRE OHEINNTRO v
ETLHREL—HTHLDOThHoTo, £, EEEBRMHFTIZ CON K& HC XD,
FRIR LIS 10 fERRE DR E RENRO b, ARBROMEL LY, BREMHEEE4
DIEBE#HAF TIIRMARIRES B ZAGIC L 2R E Th 5 VFA LMD PEE
HMREO N OO0, F—HIK pH 2 Tlxd 5 NLE(LT IS HE ) 3%
BELTWI LD EEZ LT,

M DS SWT, RIEFEZ 240 L7ZBRO S — Bk pH O T I35 B #
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DEREMEERD SED Z ERRESNTVD (30,88), LxLARn s, ARBRTIX
JEB H 40D CON X & HC X% il L7565 —H ik pH DK T (6.00 — 5.76) X5 —
HiE pH OIK TIC L 0 w2 ERMEDME T L7z & F D BLRTO#HE (6.52 —6.10; (78))
CHH L+ T CTh o728, OTUs, MEHEOBE S 47~ 7 8 TH S Chaol
B EOHIEEO LR A R340 CTdH 5 PD whole tree 35 & OY Shannon (X H #1435
FOBRHAFOH X CTHEENRD bNRNoTe, 2D Lnh, 51 EOFER L
— % UREMMEIEE 41X R W02 @R AR O 45 52k U, M # O e A R D
ZETHEHISLTWAHA D EEZ BT,

BB P45 5 C U3 Firmicutes 23 JEE #1436 L O I Tl HIEAEL D K E Wl
T, WOTIEE T4 Tl Bacteroidetes, Proteobacteria 5 J U8 Euryarchaeota
DORERIE A K E <, # W14 Tl Actinobacteria, Proteobacteria 33 & U" Bacteroidetes
RERIE DI R E v oz, MEDOW|E TIEI A2 W SARA FFERERIC KV 5 —
A # O Firmicutes ORERELAHIM L7 Z & (49), BE RNV A& A D —
Al B #% Tl Bacteroidetes 23 b, F£7213 2 F B IR R E WMEM TH - 72 &
HELTWD (76), £7-, LWEEZHWET AT 77 7L v FROBIHD LT X
% SARA OFFEFEHABRIZ X 5 pH DL FIZfEV, Bacteroidetes %D 777 AREMEE O
fif, WO DERD BV (76), F— B I % O Bacteroidetes DOAERL L3 L72 2 &
(49, 108) NHEINTWD, Tz, AR TITEEFH4 L~ SARA 23 &
D EETH o = HRAIZEB T, Firmicutes OAERL LD EES L O Bacteroidetes
BENEO LN O EEZ LN, LoLaens, LIETO SARA 3R (49,
108) & khiie U AR B H 1 4 d6 L OV 140 C Il X Ol 8 PO A Rl L2 R & 72 28k e
<, ZHUFBRFEMMEIEF BT 2 RH R REFRRZEICT 28068 Th 5
EFEZ BT,

— B OME BRI OWT, JEE THI4TIE Ruminococcus 735 & HERLLL

DR E <, WRUNT Butyrivibrio, Caloramator %5 3. OY Prevotella DRERKIEDI K & Do
61



7o —77, IEBEBRYIETIX Butyrivibrio 73 HRERKIE K X <, RUNT Olsenella,
Sharpea ¥ S8 Caloramator ORERULH K Z 72> 72, Ruminococcus 13/ v — /L7553
R & % < G, WA TITHAE TSRO G2 LA L ik L, BIEsE %%
W UTEBICHERIE A BEEZ R T 2 E0NHE SN TV D (86,95), AR TlL, IBEF
A LA EHRS 5- 03 7 < IRIEETEH A6 Tdh o 7212 b 2 h2 0 B Ruminococcus
P BIEALLE DK E WHIEE TH > 72, Z 3L Ruminococcus 73 Ruminococcus bromii
BOT T URBRE A B OMEEAZ E A TRY, RV AL A VIEE S TIRRE Ak
LA L0 2D OMEFEOE|S DSEANZ Y Ruminococcus DOAERLLL 3 EEINT 5
EWVOWE L —ET D (56,78)s —F, NEBHIIFTIX Butyrivibrio 73 b AERLEL
REWMEFEE TH o7, Butyrivibrio 13FH—BNOBEEOFEA (83), ELr—ZXX
T U7 OFA (30) 6 L OFLIEPEADTRET (48) L, BT HHEREA RO,
AGRER TIX Butyrivibrio OFERRILIZE B ZIIRO LN -T2 b 00, JEEHHIF
TIX HC X T CON [X &t U Butyribivrio OASRLEEAAEIN L, #%#4ETIZHC X T
CON X & b~ Lz, b o2 Lo, BREMREIEE SO IRE Y
(28T D Butyribivrio DFE| Z BT 57-0121%, L0 2L ORBRA ERQ D LEHR
boLEZOLNT,

Caloramator 1% Firmicutes FIIZ B L, /v —A, 77 h—RA, <)L h—A, &
77 P =ABIOR T a =R EORKY DOFHEEZEHO L MEE TH D (88),
AR TIIEF T4 D Caloramator DRERLELIT CON X & g L HC X THE (P
< 0.05) MEEE R LTz, F—HWTO Caloramator DFRENIARHARETIEIH D H D
O, EEFHAOBREMFLE 4O FERMEE Th 5 AlRetEsmie S,

Succiniclasticum (X3 7 BEOREEL L O T v U4 VBR~EHBT 21ERARSH 5 2
EDRHHINTND(107), ARERTIL, TEEFHAFITIBT HC XD Succiniclasticum
DORERLIEDY CON K & bR EREEA TR L, ZHUIHFH T e 4 oL

75CON X &l L HC K CEEAZ R LI EHEE L TWDA EEZ DTZ, 20D
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Z B IEF R HIEO BEFEEE 4Tl Succiniclasticum HNJEEEREH G 5- 2500

WS e B U OBEAIZES > TV D AIEEME S R S e,

5. /NE

R CTIXREMMINE FOIEE PR L OB IREER 2 G L7208
—BE pH OZAL, MBS L OSHREOZ L ZALNCT 52 LT, Tk
F O W O BEFENLEF 4 OIREEFEHER (23T 2 35— H OIS aE /1 O AT
AT 52 LR HIE Lz, RRBR CIIIEE B L OB o BREmERE 4%
FRENIET O, WEEARFEIS O ITLE 55— B pH B L O — H ik
F s DT DWW TR LTz, £ OFER, IBEF 4TI X (CON X; 14 H i)
SR L, REATEIZAGX (HC [X; 14 HH) CTH—HIKD 24 FEFEY) pH 3 LY
BIK pH OFE (P <0.05) RMETFARO LN, —HIEBHBA Tl CON KB &
OVHC KD FE— B pH ICAEZITFRO Do 7208, fkfee L7-HE O SARA 7
X CRD LI, £, BEFEHRBFO HC X TiHi VFA B K OFLEREE M
CON XZ g LAE (P<0.05) Z2EfEZ R L7c, Mx T, BEFH4 6 X%
LOE—HIHE B L OZEMEITELE L Tz, B4 TiE HC Ko
Prevotella }5 X O Caloramator Ok L7 CON X & il LA E (P < 0.05) (ZHI0,
BIMETFLTWEz, ZhbDZ &b, BEMESIIEERI LI, #%#T

TEIEEREFE A OINC L 2% —Hik pH OZEEDHHE STV D Z EAVURIB STz,
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Table 3-1. Components of the control and hi-concentrate diet and nutrient supply fed to the
Japanese Black beef cattle during the middle and late fattening stages fed control (CON) and
high-concentrate (HC) diets.

Middle Late
Items CON HC CON HC
Components of diet
Concentrate (kg) 6.0 8.0 6.8 6.3
Rice straw (kg) 1.0 0.5 1.3 0.4
Crude protein (%) 13.3 14.1 13.3 14.0
Total digestible nutrients (%) 76.8 80.1 74.8 81.8
Neutral detergent fiber (%) 30.8 27.0 34.8 20.8
Acid detergent fiber (%) 13.1 10.5 17.2 8.1
Non fibers carbohydrate (%) 46.4 50.3 42.6 58.0
Nutrient supply (%)
Dry matter 86 111 96 79
Crude protein 130 172 149 126
Total digestible nutrients 109 142 97 87
Calcium 99 127 53 21
Phosphorus 227 301 118 111
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Table 3-2. Rumen pH, are under the curve (AUC) and duration of time (pH < 5.6) in Japanese
Black beef cattle during the middle and late fattening stages fed control (CON) and high-
concentrate (HC) diets.

Middle Late
Ttems CON  HC  SEM CON  HC  SEM
pH
Maximum 6.58  6.64 001 6.43 598  0.09
Mean 6.00 576" 0.03 548 548 0.0l
Minimum 544 514" 0.04 489 509  0.04
AUC (pH x hour, pH<5.6)  0.64 338 029 410 378 028

Duration of time
( pH < 5.6, h/day)

“Indicates the significant (P < 0.05) difference between the LC and HC periods in each group.

379 10.86 1.15 17.43  16.53 1.16
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Table 3-3. Total volatile fatty acid (VFA) concentration and VFA proportions, ammonia
nitrogen (NH3-N), and lactic acid concentration, and lipopolysaccharide (LPS) activity in the
rumen liquid fraction in Japanese Black beef cattle during the middle and late fattening stages
fed control (CON) and high-concentrate (HC) diets.

Middle Late
Items CON HC SEM CON HC SEM
VFA
Total VFA (mmol/dl) 686 725 0.0 126 153 0.59
Acetate (%) 66.9 62.9 1.26 372 49.7 3.18
Propionate (%) 17.1 20.8 1.49 26.7 36.7 3.80
Butyrate (%) 12.6 12.0 0.61 12.9 0.57 0.94
Others (%) 3.21 4.16 0.26 2.96 3.96 0.35
Acetate : Propionate 3.94 3.17 0.28 2.37 1.47 0.34
NH;-N (mg/dl) 8.85 9.73 0.80 10.4 120 1.81
Lactic acid (g/1) 0.013 0.014 0.00 0.018 0.146° 0.03
LPS ( X 10° EU/ml) 10.01  16.21 2.65 7.63 5.80 3.13

“Indicates the significant (P < 0.05) difference between the LC and HC periods in each group.
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Table 3-4. Bacterial diversity of the rumen liquid fraction in Japanese Black beef cattle during
the middle and late fattening stages fed control (CON) and high-concentrate (HC) diets.

Middle Late
Items CON HC SEM CON HC SEM
oTus" 203 160 10 100 81 12
PD whole tree”’ 21.5 178 0.8 13.3 10.8 1.2
Chao1” 384 300 20 179 137 22
Shannon index™” 6.66 6.15 0.11 4.95 4.09 0.33

D operational taxonomic units, 2 phylogenetic diversity whole tree, indicate the species
diversity,* Chaol indicate the species richness, ¥ Shannon index represents the species
evenness
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Figure 3-1. Principal coordinate analysis plots generated from the QIIME visualizations of the
rumen liquid fraction of Japanese Black beef cattle during the middle and late fattening stage

fed control (CON) and high-concentrate (HC) diets. PC1 and PC2 are principal components 1
and 2, respectively.
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Figure 3-2. Relative abundances of the major bacterial phyla in the ruminal liquid fraction in
Japanese Black beef cattle during the middle and late fattening stages fed control (CON) and
high-concentrate (HC) diets.
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Table 3-5. Mean relative abundances (> 1% of total sequences) of the major bacterial genera in
Japanese Black beef cattle during the middle and late fattening stages fed control (CON) and
high-concentrate (HC) diets.

Middle Late

Items CON HC SEM CON HC SEM
Genus  Butyribivrio 6.25 11.7 1.35 21.8 18.1 2.84
Ruminococcus 14.2 11.9 1.70 4.44 7.05 2.06
Caloramator 10.6 552" 0.32 12.4 2.34 2.88
Olsenella 0.08 1.01 0.40 11.0 12.7 3.25

Sharpea 0.80 0.82 0.37 0.61 17.2 7.43
Prevotella 5.60 10.17 1.50 2.72 0.40 1.08
Oscillospira 6.08 6.13 0.66 3.38 2.48 0.81
Mogibacterium 4.18 3.02 0.43 8.39 2.497 1.74
Succiniclasticum 4.25 7.20" 0.97 0.25 0.86 0.18
Methanobrevibacter 5.19 3.61 0.79 3.01 0.43 0.77

Slackia 1.47 1.41 0.15 6.46 3.56 1.15

Blautia 2.73 2.43 0.19 2.15 2.61 0.46
Thermicanus 3.97 192 0.52 1.80 0.78" 0.37
Clostridium 2.98 2.45 0.26 0.88 1.33 0.31
Bifidobacterium 0.09 0.37 0.16 0.60 9.11 4.02
Dysgonomonas 1.75 3.56 0.84 0.09 0.29 0.06
Alkaliphilus 223 0.36 0.25 1.75 0.89 0.26

“Indicates the significant (P < 0.05) difference between the LC and HC periods in each
fattening stage.

TIndicates the trend (P < 0.10) towards significance between the LC and HC periods in each
fattening stage.
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Table 3-6. Mean relative abundances (> 1% of total sequences) of the major bacterial OTUs in
Japanese Black beef cattle during the middle and late fattening stages fed control (CON) and
high-concentrate (HC) diets.

Middle Late
Items CON HC SEM CON HC SEM
OTU1 Caloramator mitchellensis 24.8 122 7.56 291 701t 737
OTuU2 Olsenella uli 0.23 241 0.54 27.4 26.7 11.0
OTU3 Oscillospira eae 13.1 13.3 5.41 8.68 7.33 327
OTU4 Sharpea azabuensis 0.03 1.62 0.34 1.23 255 5.46
OTUS Butyrivibrio proteoclasticus 6.05 10.2 333 1.12 1.71 0.58
OTU6 Dysgonomonas wimpennyi 4.46 8.52 2.65 0.27 0.78 0.21
OTU7 Alkaliphilus crotonatoxidans 4.00 3.26 1.48 0.55 2.22 0.56
OTUS8 Parabacteroides goldsteinii 3.28 4,08 1.50 0.07 1.53 0.33
Qne iig;’;’f:;i‘:ﬁ; ) 283 377 135 062 031 019
OTU10  Prevotella ruminicola 0.40 6.17 1.34 0.25 0.22 0.10
OTUl11 Blautia wexlerae 1.88 1.12 0.61 1.94 0.76 0.55
OTUI2  Longilinea arvoryzae 4.32 0.84 1.05 0.20 0.31 0.11
OTU13 Selenomonas infelix 1.04 3.48 0.92 0.45 0.57 0.21
oTU14 Clostridium alkalicellulosi 2.29 1.63 0.80 0.67 0.45 0.23
OTU15 Slackia faecicanis 0.82 0.74 0.32 2.89 0.547 0.70
OTU16  Blautia coccoides 1.75 1.03 0.57 0.67 1.22 0.39
OoTu17 Catonella morbi 0.00 0.02 0.00 0.24 4.30 0.93
OTUI8  Eggerthella sinensis 0.82 0.54 0.28 248 0.62 0.63

“Indicates the significant (P < 0.05) difference between the LC and HC periods in the Mid group.
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FAE BEMETOIEERHIC L 2B —BME LR OB IO

1. Fim
RIS O ZHMITIEFT LSBT 24 EEOm B4 BEY L L HiET

D, LNLERD, BEEORKEHOZIET LV E—-HND VFA LU0
72 EDOERERROEANEINL (2, 76) , TORERE L TEHE-HikpH METT5Z
& T SARA X° ARA N FEET D (76), H— Bk pH & —EDKIEILRD Z LITLTE
U7 J8B%, MBS, WIHREE7R E 2 HEFF T 272 DICEHETH D (76,78,109)
55— F R pH XM & DA RERE 72 & DREA R L OV — FMEE O BE/ERIC X
DRI, R, BREAFEHBEIZEZ D ANT VAR RN TND (2,6,18,23), £/,
MR O HIE O SARA FFREABRIC LV, FH—HAE LR oS, Bia 53
BAERRD 5N ERHESIINTEY (51,105,106), Mx T, JL4Z2ZH W3
[Fl O IR EEEL (65%) #6537 BRICTIE, H—HAEOME RESCAEREICE T D
RO HBLAME STV D (104), £72, TMR &5 L7zwslolosl
A CIEEE — TR LR O BE 0358 B, Iz CIEIGHSAE & U CHzslill & i L7-
FRRERT (EGF) 7 F V7, NI AT 53— v THEKN T B (TGFB) v~
TV TBEIOA R UERREIRT (IGF) 20 DEGs 2358 b7z (106), F
72, Kimetal. (51) IFEEAADFFICH—T AL —H —DHEiE LI-Z & TH—
BIXEEOBMERE L 720, H-EHEONY THREICEELZELD L LB, §
— BRI IR O MUIC BRI D TGFBI 72 EDORER B IR 7 F U v 7ox

A A (EGF BX W IGF #H % 378 I LICEENRO LN EME LT
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Wb,
BEMEEFTHIAREAEOMFETH Y, FHHIEN 2 ST 588103 od S FE &
DHELI AW LR TH D (13), BEFFEEE L@ 10 7 A #5304
HEETD 20 7 ARIEE Sh, LA TORREORELRER  (REFREE 40%-
70%) F721F TMR D845 L ik Likle L 72 iREE RO 248 (RIEATEFEIS 70% -
90%) MNITHILD (81,106), #1F, 2B LU 3 EORERIC LV BEFMEED
BHEOEHN 2 SIREREHIME O BIE WK pH, AIF MR, M@ SR 02 bk X
OSBRI E IOV THRBRO 6N b OO, F—HEREDOZAE —H K5 L
BZRT 2 BIn FREEICE 2 D BIZHOWTOHRITHE LA TR,
Tz, KRR CIZEEMEILE 2 AW THIEEHICHK T 55— B RE Lk
DB FHRAEOLNMB L OE—FIK pH, H—HIEMEIKEOZHEERHZH 50T
L, B—BEREOZIT T 55— B KR O HEISEE ) D4y F 1t & 3 2 7201
— RN b Rz AR T B R A AT L7

2. MElEB X OVU5k
(1) BEatss & e Bl
R L OMREE LTS 1 mEFERTH D,

(2) BHF

— BRI LRI F R (15 7 Hiw) , 8 Q1 1 Hils) 3K OB 294
H ) \ZEM Loy (BP-8OF, WA A VXA R —X IER) Z2HNCEHKE
T O AR ER pH & o Y — (BT OEHETT LV RI L7z, 55— BRI
T B HICmAI L7 U IR E A BRI /K (PBS) ZHWC 3 mykiFL, -

80°C CHRAF L 7=,
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(3) HIEHEH B LOIE

1) ~A 27 v7T LAYEIZ X D8RR I BURT

HRNA X Kimetal. SO FEZHWNCHIE LZ, T7hbb, L=V~
/L 50 ~ 100 mg (Z%F LAY 2 ml @ RNA filiHHF{3K (TRIozl; Invitrogen, Carlsbad, CA,
USA) ZIMZ ATV F A A L7214, RIETS oMEHE L=, £ D% TRIzol IRFEfF
B E O FNEIZHE O FE RNA R U, B FRBUEITICH W, fi L7
RNA [ RNeasy RNA Clean-up Kit (QIAGEN, Valencia, CA, USA) % F\ > THINE L
72, #& RNA % NanoDrop ND-1000 475t (NanoDrop Technologies, Thermo
Fisher Scientific, Waltham, MA, USA) # HWCT/E&E L, 2100 Bioanalyzer 33 L Y
RNA 6000 Nano LabChip Kits (Agilent Technologies, Palo Alto, CA, USA) % VT
B OfER%Z1T > 72, RNA Integrity Number (RIN) | 7.4 £ 0.4 CEEEI KX OMEHRE
RFE) ThoT,

~A 7 a7 LA LI Kizaki et al. (54) OFIEICWEVT -T2, T72b5, 15268 O
UYL AEBELIZYY c A UTDNA~YA 7T LA (GLP22092, Agilent
Technologies, USA) Z# i L, @ YtiEi#% (cyanine 3) L7-fHAHH) cRNA ' —~7
% Gene Expression Hybridization Kit and Gene Expression Wash Pack Kit (Agilent
Technologies) # AW\ T~ TV XA E—a L, ELEHEIToT,
A% Agilent Microarray scanner (Agilent Technologies) Z W T A ¥ ¥ > &1T -
7=, Feature Extraction ver 9.5 (Agilent Technologies) % F > CHEI{EENTES L OV T — X
M ZiT o7z, ~A4 707 LA OTF =2 T ESET VT Y X825 BRYT
GeneSpring 12.0 (Agilent Technologies, USA) ~A1 >R — K L7z, RO ~A1 7 =1
7 LA OF — &% Gene Expression Omnibus (GEO) 7 — & X— X (ZfR{F L7z, GEO
DX %25 7 1d Platform, GPL22092; samples, GSM 3901089 — GSM3901115; series,

GSE133152 Th - 7-,
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DEGs D/SA T = A BILR Yy MU=V ENTIZILIPA ¥ 7 h 7 =7 (Ingenuity
System, Redwood City, CA, USA) % 7=, DEGs ® U A k% GeneSpring 12.0
(Agilent Technologies) % HVNT/ERK L, fold changes (FC) = 2.0 LA EDEE %
IPA ~7 > 71— R L7z, DEG f##TIZ1% IPA knowledge base = FV >, FEVAEREK S
SO R ER A T & AT L7,

2) U T H A I PCRIEIC K D REEBRIS - F BT

~A a7 LA FENTIZ LV up-regulated F 7= (% down-regulated & H|E S 7= 8 s
FDHH 9 ELTFERI L, qPCR & AWM OMFEEZ 1T o 72, # RNA ¥
7"/L1% TUBRO DNase (Applied Biosystems, Foster City, CA, USA) % HWWTIRA L7=
DNA Z[rZ L72, # RNA (800 ng) (% High-Capacity cRNA Reverse Transcription Kit
(Applied Biosystems) Z H\WTHERE 21TV, ¢cDNA &Rk L7z, qPCR IZIiQ
SYBR Green Supermix8Bio-Rad, Hercules,CA) 335 & U" StepOne™ Plus Real-Time PCR
system (Applied Biosystems) % V>, Kimetal. (51) O FEIHEWERG L=, 77
A ~ —{X Primer Express software (Applied Biosystems) Z H\\CTT ¥ A1 > L7z
(Table 4-1), qPCR DFERIT S U LA T AT E R3-0 VBT E Fu b —+
(GAPDH), VR Y —AL% 378 127 (RPL27) BX OB 77 F > (ACTB) =&
AR T IZERE L the 2 ““C'method (63) = AW THRFHEL L TEHE L, AR
B> qQPCR IZB W C MBI & LT= GAPDH, RPL27 XN ACTB {2\,
TNENORBEIZZRITRO b2 oTc, 2TOH qPCRIZIMIQE A K7 A
~ (The minimum information for Publication of Quantitative Real-Time PCR

Experiments, (12) ) IZHEVMT 72,

(4) HEEHENT
— B pH B LU —H K VFA, NH:-N 3 K OVELER I FE I ONT LPS 1 MEEL

DN T ORERHENT HIEITHE 1 HEFRTH 2,
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~A a7 AL EonET — % OEBEHIRIZ OV T O IR paired
Student’s ¢-tests with the Benjamini-Hochberg FDR multiple testing correction (FDR #f 1F-
P <0.05) 12L& Y17\, GeneSpring 12.0 (Agilent Technologies) % FV TR L 7=,
Fold change (FC) (FIEE H 1] & mifl (first period) , % & HH (second period)
BELOEH & il (total period) N EITHH L7z, PCA 7' 7 N devtools
package with microarray data in R ver. 3.3.2  (http:// www.r -project.org; R Foundation
for Statistical Computing, Vienna, Austria) = H W TRENT L72, &7 —Z 13X P<0.05 %

FEEZHVEL, P<010 Z2HEREMHY & LT,

3. Rk
(1) ~A4 7 a7 LAEI K DMERENER R

) EELEEIET

K IEEWIM O — B R ERZI2381) 5 DEGs (FDR #filE P <0.05) 1ZZNEh
3,570 (first period) , 3,856 (second period) 3 & T 2,477 (total period) TH YV, £D
9 BIFC|>2 Th o7 b DIiEZ LI 873DEGs (315 upregulated, first period) ,
1,216DEGs (656 upregulated, second period) 35 & T 115DEGs (34 upregulated, total
period) ThH o7z, 22 DEEBEE A4 T D period TEH) (FDR ffilE P <0.05,
I[FC|>2) LTk, firstperiod T upregulated ¥ 7213 downregulated T& > 7= 181s 1
I% second period 3 L T total period TIXZ < 41 downregulated & 721 upregulated
ECHIE &7 (table 4-2),

2) gk BB AR T DB

— BRI BRI 1T 2 ik B R - DX 22 @ soluble carrier  (SLC)
family A > /3X—"Tidd 1, Afirst period (2 upregulated, 11downregulated) , second
period (12 upregulated, 7 downregulated) ¥ X OX total period (1 upregulated, 2

downregulated) = EI TEHENDFE O H AL/ (Table 4-3),
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3) EEAE AT

PCA TIRZNZNOIEEWNCEIT L 7 vy MIFLL L TV, EEH &g
LTl LSO e v MIsHEL Tne,  (Figure 4-1),

4) FEHEEER T OMREL * > b U — 7 fififT

DEGs OIEERIKITIPA V7 b U =7 #HWIEE L7- (P<0.05, z-score > 2 or <
2), First period TIIIEMEAL U 72 FEERR IR 1T 72 0o 7228, BB(bRO U W2k (Oxidative
Phosphorylation) /N A 7 = A 23 & JIf] (z-score =-3.32, P=3.72X107) & T\
(Table 4-4, Figure 4-2A), —J7, second period TIZER(LAT Y L ERIL/ S A T = A D3k
HIEPEAL (z-score =2.50, P=6.61X107) S TEY, If SN2 T = A 1158
O BV > 7o (Tabled-4), Table 4-5 | first period (11 downregulated) 35 X T
second period (11 upregulated, 2 downregulated) (Z331F A (LEI Y V(b /SA T = A
ICHAAEN TV DB 2R L TV D,

3 AN X - FRAT 121 first period, second period 35 & O total period (28 CTH E
7ML F 7213 HH] S 4172 DEGs (P < 0.05, z-score > 2 or < 2) Z MV 7= (Figure 4-
3), First period CTi¥, CD437 (z-score=3.67, P=2.69X10°) M bikMib <7z
UEHIAEIK 7T Y, nuclear factor, erythroid 2 like 2 (NFE2L2; z-score = -3.99, P =
8.71 X 10°) A3 i & il S 4v7c LIRHIEIR - CTd> - 7=, Second period Tl genistein
(z-score =4.61, P=6.93 X107) 3 X 1" immunoglobulin G (IgG; z-score = -3.84, P =
2.64 X107 M HIEMH LR L OWH &7z Bihl#ER 1~ Ch-7-, F7z, total
period Tl PD98059 (z-score=2.82, P=2.78 X 107*) 3 X T MYC proto-oncogene,
bHLH transcription factor (MYC; z-score = -2.39, P =2.97 X 10?2) 23 HiEHE LB L O
P S 37z EPEHIEIR 7 CTd o 7=, First period TH EIZIEMELI L OWH S iz
A F- 1% second period TIXZ L ZALENHF X OVEMAL L Tz (Figure 4-

3)o
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(2) VT H A L PCRIEIC K DFReERIRFHE
~A a7 LAjEL gPCRIEIZL D 9 BT OBE T RILED I
Supplementary Figure S1 (27~ L72, & TOER 7 CRELEDOIINTS L OV J7 1

IT—F L Tz,

4. *%

51 B CIHRBNEEE FORMNLRESEZBICLDH Bl pH, F—§

B

PR DAL BT g o 7z, ARGER TILIRRER A CH — B MR L OB T3
BOEIZOWTHEEIT> 72, AN TIEHBOKEIREIZ SR L OB MHEIEW
N BRI KOO _ERABAE L AERMAMEN D 5 L HE SN TEY (66),
A1 — BIR pH SMAEFR 720K YE (5.8-6.5; (23)) LV bIRMEIZ/ZR2D Z &2k b
RAES S DA S AU (88), H— HRE L O I X OB TR BLOZ LA 580
HIDZ ENREENTVWD (51,104, 106), % 1 2= CIEEHR 2R BIEEE 21612
X0, IEEHMOEITICHENE —HIK pH M~ IZIKF L, pH<5.6 FEfH], pH<5.8
IREEI S EEIN3 2 2 E S BT 0, JEE s X OMEHI T D SARA DFIED it
WENT, £, EBERHITIEE -HNT VFA LR L 10 (FRREOBETH 5
LA (pKa 4.9 vs. 3.9;76) ORENMUOIEER & i LARE (P<0.05) 72EfEz R
L7z, Thox, EBEHRMICIT 25— FiK pH O T IZFLERRE O3 —&K
ThHIERRBRINT,

ins BB R 7 (SLC family) 1355 — BRI LR OWIERE 2 il L, 55— Bk
pH 2l 2 HR L ZZ N THEY, BRESEOREEICER T 25— 5K pH
DK FIZ X W monocarboxylate transporter (MCTI; 6) , sodium hydrogen exchanger
isoform 3 (NHE3; 120) ¥ X O downregulated in adenoma (DRA4; 9) 72 & Oifn 135
DEINT 5 Z ENMESNTWD, LLARRE, ARERTIE 22 @ SLC family

B TOAE (P<0.05) REEHMPBRD ONT-H DD, first period TiX SLC family
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s D% < M downregulated (11/13) & HIE &41, — 5 T second period Tii%
< 73 upregulated (12/19) &HIE S 47z, Bil& LT, first period Tl SLCIA6 (NHEG)
B I OSLC2643 (DRA) 7% downregulated (FC = -4.08, -6.71) & M€ S 7223,
second period CiX upregulated (FC =4.08, 10.80) & H|EIN7-, T bHDOFERIZK
¥ first period TILEH— B MR -2 OWIEEREIL SARA BREZIZ L 0 BEREfEE 2 &2
L, second period CIEEE— B AR F R OEMIEREIC X 0 #is B R T O FBLIN
EhlizbosEz bz,

BLLRZRN T & 12, SARA OZEK N7 5 first period (JEBRTH vs. F11) &
second period (F 1] vs. %) (2T, DEGs 3 X UOFRHTHE IR TH D FEAERSEK,
EWRHEEER FOEEIT R HDOFER TH o7, ZiUTMZ, PCA TIIEEHH
PHIE L OB LEER L TV Z & D, B REER 2 O REN K
HERZ & AR X472, LaMonte et al (59) 17 ¥ K—3 A2 Xk B iEVERR %
(ROS) HIKD A kL AMMAEENT D720 h—RA U VBRI, T )
Vv R EORMBRHICEBRIRBDO LN Z L2 WELTWD, £z, BT v
VEIRLOFE HAZ L 0 BRI A N U AREIN L2 AE R, ROS OREMEE IR 5 7201
WAL Y ERAEOIRPENEENT 5 Z A HE STV D (38), THITZ,

VFA, FFICEEIRITILAREEIT L 0 55— B AL L RGIaN TRk S 4, ROS ZEA
THLZERMONTWD (85), LML DL, EHEBFEREFEHEE S A —  —
FF T RV ALLZ—F (38) (21D mitochondrial superoxide dismutase 2 (SOD2;
FC=-2.29, P=2.16X10") 73 first period {233\ T downregulated & H|iE 41, —JF
second period Ci% SODI (FC =1.52, P=1.77X107%) & 3L L upregulated (FC =2.32,
P=524 X 10°) LHEINT, ZNLOREITAE (P<0.05)RZEHNFTEH Hi
7o AEAERL 1% C & 5 ”"Mitochondrial Dysfunction” (P =2.697; 7 — % JE48#) (2 B9
% NADH dehydrogenase subunit 6 (ND6; 115) ? first period (2B W T b A E 72

upregulated & HIE SN2 Z ENB B EMITIN D, URTO#WME LY, SARA 3
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JEL CWAIEE P TITRE DL A N L ARIND Z ENTRIZND A (1, 85,
101) , AR O FHI T — BRI LG O b2 » L 212k LT ORSE
25, LARTOFLAZ W2 (17 BRE) © SARA FRHBROAER (38) &tk
LIS ChDZ ENmRBEInNz, £z, ZNOOMENOIEE R CIIm{b A b
VADWIED I h 3y R 7 OREESER FHIS L, BEMEEET BT
%, B & g U 7o o0 25— T RE RSB R AR O FRAAS = 2kt 3 2 MEgs P A g
Ihiz (42), £7z, DEGs DT —ZENTHERIZOWVWT S I h = R U 7 OERERE
EERRBETDHHLDOTHoTZ, Hlé LT, firsto period (23T _RifHIHEIK - TH 5
PPARGCIA (PGC-1 a; 73) Ol Z2 i+ 2 BE 4 & SIEREREK TH D “Oxidative
Phosphorylation” 723 & #iffill SR Th o 70, FHUTINZ, PGC-1 DFRsBLE
DIKF (40) I X PCG-1 « -responsive BAn T DK T (73) IZFE 5 BBy Y b
BEREDIR T ITRVA A Y UM Z 6T 2 R ME SN TEY, ThIER
ARERICB W CTHEEERK TH D “Insulin Receptor Signaling” A3 S U724k & —
HT2bDTholz, Tz, RHHOREGHEZAGIC L 2MOERIERE R X
O VFA (R — BRI BRI BT DE O A ML A2 L, I hav R
U TR T HAbry U i b OB RERREE B L UMl O L7 R+ TH 5 (115)
ubiquinone oxidoreductase subunits DFHBER TGS E I LicbDEEX BRI
7o TIUDHOFER X0 IEE R CIIER RIS X 2 M A fApaR 12 BY L C o BRE
bE d L OIS 75 12 k9~ 2 MasatE A e S vz,

Second period Tl% SARA R DK DZEACIZHENE — BRI LD N T o2
U7 h =2 X DB REDEE N O bivic, £72, IEEHRYI TOALBIEED
B (P<0.05) 7RI, 5 FORIE b RN O BRI kg 2 BB HE DS
L 3B D 2 LR &7z, Riemann et al (91) XML T 2 F—2 AT &
D ke L 72 MAN pH (pHi) O T 36 L OHERR O IREEFRRE 2GR D, EEi

DGR T35 L OBTIEECR T0 ) W BAEARINT 5 = & 2 8@ LT
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%, FLEE L G OBRMEICOWTHEH SNVRD - DILEFED Z & Tixb 5723, #
BRI~ DA MG, MAEH Al XIS 2T 2 2 & TGO HIHE, 1T

EHEICEE LTS Z ERMLNTWDS (22), BlE LT, MiastowipT >
R—3 203 pHi DR T3 L OMIIAFLERIRE O ZH &, S HIT4TL (w7 AH
fE) MK D 7 a—ABREMEMZHET L2 LnHmESNTWD (111), %
AU, LT > R—Y A FTIEIEARE T & R— 3 ADNRKE & bl LS oMM
JSRIZH T % ATP PEADIELEY U I LEIG OEMZH Z ERMmbn TRy
(113) , Z Ui second period (233 T “Oxidative Phosphorylation” 23 M4AL L7= 2
& &8T5, RRBROR RO HE—H I L Oy FLER IR B o 1E o 4H B B
REAODCT D7 OICITE R DBEENLETIIH 50, F-HNILBEEZEDOA

B (P <0.05) 7Z2NAN 5 — BRI LRGN OB TR B EIT DR < &b —EBidEe
Brhx, Ihar FUTHNOBENY VB SR Y = A 2 EET 5 2 & THila
HEIFREN 2 M EEE TV D Z AR I N,

F 7=, LEUREEIK T TH D PDIS059 (a mitogen-activated protein kinases kinase
inhibitor; 3) , sirolimus (immunosuppressant that inhibits cell cycle progression; 99) ,
bexarotene (anti-cancr action by inducing T-cell lymphoma cell apoptosis; 117) 3 & X
KDMS35B (critical regulator of genome stability and DNA repair; 61) OIEMH:A{LFS LY
MYC (transcription regulator suppressed by intracellular butyrate; 112) D #7234 T D
period TFRH HAL, ZHHDZ LIZX Y BEMEIEFEFOETOREEH CEHIR
PR IR BRI ZAG 103 2 PR EE O MR EEIEREME) N TV D 2 & AVRIE S iLT,

5. /R
A CIIREBMEEE 2 HWTHKIEEMIZB T 25 — K LR OB T
REEOZLB L OFH—FHK pH, FH—HiEMREOXEEREZH LML, F—

B EREL DZAUITHT$ 55— B RIIE OB ISHE ) D7 A 2 I 572012, % —H
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MR E R OB RBLE A AT Lo, AR CIL 9 BHO BB T 442 H\W T~
A7 aT LA &AW HRERE TR 21T > 7o, T ORER, WikEEEETTh
% SLC family #&fs -1, IOEFHICHTHIIZEE T down-regulated(11/13) , #%#ic
HHIZ B~ up-regulated(12/19) & HIE S4LH D13 <, VFA HEARIs L OV SCFA-
/HCOs AR LA Tdh D SLC26A43 i+ D3 BEIL, THICHTHICHXTHEE (P
<0.05) IZIE T L, BHIITHHICHTHEE (P<0.05) ([Z¥ML7z, £/, EF
AITHIS KOV CIE s — BRI LR OBRLAY U VBR(b /S A T = A 3l S, — 5
B CIIALER A R & LB iy ) U b SR T = A B KO AL AEHERE DAE1E
BRROBNT, ZNHDZ EnD, BEERMOBEMFEAS TITE —FRIE LS
D VFA WL & 55— F N~DBERERA A 43 MIEtE S, B o mEae 26
(23S LTV D ATREME DS RIE S T2,
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Table 4-1. Gene symbols and sequences of the primers used for quantitative real-time PCR.

Gene GenBank Primer (5°-3")

Product access No. Forward Reverse

GAPDH NM 001034034 GCCGATGCCCCCATGT CAGGAGGATTGCTGACAAATC
ACTB NM 173979 GGCCGAGCGGAAATCG GCCATCTCCTGCTCGAAGTC
PRL27 NM 001034051 GCCCGACGAGAGGCAAA AACCGCAGCTTCTGGAAGAA
PRL2] NM 001191412.1 GCACACTTTGTGAGGACCAATG TACACCCATCAGGCCATGAA
LAMP3 NM 001102135 GATCCCTGCAGTGGTGATGTC TGCTTGCATGTGACTGTTGTAATG
ENPP3 NM 001075923  GACTGCTGCTGGGACTTTGAA GTCTCCCCACAGCGAAATTTAT
BNIPL NM_001079621 TCAAGGTGACAGGAAGACTTGTGA CTCCTTGATGCCGAGATCCA
DHTKD] NM 001205838 GTACCGGCTGTGGGAATCG GGACGTCATGGGTTGAAGGT
PRS19 NM _001037467.2 ATGTCAACCAGCAGGAGTTCGT CACCCATTCAGGGACTTTCAG
POLR2K  NM 001037623.3 TTTGGAGAGGCCTAGAGATTTCTC TCATTGGCTGCTGCTTTGG
SLC2643 NM_001083676 AAAAGTTGTGCCGCTGTTCTG TGCTGGCAACCAAGATGCTA

ZNF33B NM_ 001075810 AGATGACACCACCCTTATGACAGA CCAACTTTTTCACTCTTCTTTCACTTT
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Table 4-2. Common differentially expressed genes (fold change > 2, FDR corrected P < 0.05)

identified in comparisons of the early and middle, middle and late, and early and late stages.

Gene Fold Change Gene Name Accession No.
Symbol Middle vs.  Late vs. Late vs.
Early Middle Early
ND6 5.84 -11.9 -2.04  NADH dehydrogenase subunit 6
FNDC5 4.07 -10.1 -2.47  fibronectin type III domain containing 5 NM_001105421
DHTKDI 3.68 -15.8 -4.29  dehydrogenase El and transketolase domain containing 1 NM_001205838
NBN 3.09 -7.87 -2.55  nibrin BC102801
RPL3 3.03 -6.66 -2.20  ribosomal protein L3 AB098822
1PO35 3.00 -8.95 -2.98  importin 5 NM_001037817
LRFN2 2.72 -15.8 -5.82  leucine rich repeat and fibronectin type 111 domain containing NM_001192595
UBE2E3 2.64 -5.32 -2.01  ubiquitin-conjugating enzyme E2E 3 NM_001079783
TLR2 2.63 -6.96 -2.65  toll-like receptor 2 NM_ 174197
YARS2 2.61 -8.66 -3.32  tyrosyl-tRNA synthetase 2, mitochondrial NM_001098088
RHOU 2.38 -44.9 -18.9  ras homolog gene family, member U NM_001098147
PRNP 2:32 -4.69 -2.02  prion protein NM_001271626
CHRM3 2.19 -5.32 -2.42  cholinergic receptor, muscarinic 3 NM_ 174270
ESF1 2.10 -4.76 -2.27  ESFI1, nucleolar pre-rRNA processing protein, homolog NM_001192772
(S. cerevisiae)
Tox2 2.09 -4.28 -2.05  TOX high mobility group box family member 2 NM_001206688
HNRNPU 2.05 -4.21 -2.05  heterogeneous nuclear ribonucleoprotein U NM_001076920
(scaffold attachment factor A)
CYP46A41 -2.21 8.92 4,03 cytochrome P450, family 46, subfamily A, polypeptide 1 NM_001076810
NOV -2.31 4.89 2.11 nephroblastoma overexpressed gene NM_001102382
SMPD2 -2.52 524 2.08  sphingomyelin phosphodiesterase 2, neutral membrane NM_001075383
RABI9 -3.04 7.11 2.34 RAB19, member RAS oncogene family NM 001035040
SLA2 -4.11 10.9 2.65 Src-like-adaptor 2 NM 001035294
LAMP3 -5.16 11.8 2.28  lysosomal-associated membrane protein 3 NM 001102135
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Table 4-3. Differentially expressed genes (FDR corrected P < 0.05, fold change > 2) encoding rumen epithelial transporters in the comparisons in

Japanese Black beef cattle during the early, middle, and late fattening stages.

Gene Symbol Fold Change Gene Name Accession No.
Middle vs. Late vs.  Late vs.
Early Middle Early

SLC5A412 2.24 -2.54 solute carrier family 5 (sodium/glucose cotransporter), member 12 NM 001101059
SLC6AS -2.01 solute carrier family 6 (neurotransmitter transporter, creatine), member 8 NM 174611
SLC74608 -2.05 solute carrier family 7, member 6 opposite strand NM 001075567
SLC946 -4.08 4.08 solute carrier family 9 (sodium/hydrogen exchanger), member 6 NM 001101146
SLCI10A45 212 solute carrier family 10, member 5 XM 005194549
SLC22A45 -3.68 solute carrier family 22 (organic cation/carnitine transporter), member 5 BT025403
SLC2248 -3.50 6.75 solute carrier family 22 (organic anion transporter), member 8 NM 001206246
SLC22418 -2.49 2.20 solute carrier family 22, member 18 NM_001083374
SLC2343 -2.32 solute carrier family 23 (nucleobase transporters), member 3 NM 001191386
SLC25A45 -3.30 2.99 solute carrier family 25 (mitochondrial carrier; adenine nucleotide

translocator), member 5 NM 174659
SLC2546 -5.59 4.80 solute carrier family 25 (mitochondrial carrier; adenine nucleotide

translocator), member 6 NM 174660
SLC25A411 -2.48 2.38 solute carrier family 25 (mitochondrial carrier; oxoglutarate carrier), member

11 NM 174671
SLC25417 2.10 solute carrier family 25 (mitochondrial carrier; peroxisomal membrane

protein, 34kDa), member 17 NM_001045948
SLC2643 -6.38 10.8 solute carrier family 26, member 3 NM 001083676
SLC2843 -6.71 10.2 solute carrier family 28 (sodium-coupled nucleoside transporter), member 3 NM_001192167
SLC2944 2.45 2.32  solute carrier family 29 (nucleoside transporters), member 4 NM 001193196
SLC3545 -2.73 2.52 solute carrier family 35, member A5 NM_ 001076025
SLC35C1 -2.09 solute carrier family 35, member C1 NM 001101210
SLC35F5 -2.63 3.83 solute carrier family 35, member F5 NM 001101242
SLC3947 -2.46 solute carrier family 39 (zinc transporter), member 7 NM_ 001076237
SLC39411 -2.17 -2.92  solute carrier family 39 (metal ion transporter), member 11 NM 001076390
SLCO241 -2.08  solute carrier organic anion transporter family, member 2A1 NM 174829
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Figure 4-1. Principal component analyses plots of Japanese Black beef cattle during the early
(white), middle (gray), and late (black) fattening stages. PC1 and PC2 are principal components

1 and 2, respectively.
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Table 4-4. Canonical pathways activated (z-score >2) and inhibited (z-score <—2) generated by Ingenuity Pathway Analysis (IPA) in comparisons

of the early and middle fattening stages and late and middle fattening stages.

Canonical Pathways -log(p-value) zScore! Ratio Molecules

Middle vs. Early stages

iNOS Signaling 2.10 -2.00 0.133 FOS, IFNGR1, IFNGR2, CALMLS5, JAK1, LBP

CCRS Signaling in Macrophages 1.93 -2.00 0.096 GNAII1, FOS, GNGS5, CCL5, CD3G, GNG7, CALMLS,
GNB1, CACNG1

IL-22 Signaling 1.87 -2.00 0.167 IL10RB, AKTI, IL22RA1, JAKI

NRF2-mediated Oxidative Stress Response  3.39 -2.11 0.094 SQSTMI1, ABCC4, AKT1, UBE2E3, NQO2, HSPBS,

MAP2K 1, PPIB, FOS, AKR7A2, SOD2, CCT7, ACTB,
PTPN11, CAT, EPHX1, AKR1A1, VCP, HERPUDI

Insulin Receptor Signaling 1.51 -2.11 0.075 AKT1, PTPNI11, PPP1R12A, PPP1CA, PPP1CB,
PRKARIB, JAK1, SCNN1A, MAP2K1, SYNJ1, PPP1R11
Oxidative Phosphorylation 2.43 -3.32 0.101 SDHB, UQCRCI1, NDUFA9, SDHA, NDUFV3, NDUFSe,

ATPAFI1, ATPSF1C, ATP5F1B, SDHC, NDUFS1
Late vs. Middle stages

Oxidative Phosphorylation 2.18 2.50 0.119 COXI11, UQCRCI1, SDHA, NDUFV3, NDUFABI,
NDUFS1, SDHB, UQCRQ, ATP5PO, NDUFA6, ATPAFI,
ATPSF1C, SDHC

Role of p14/p19ARF in Tumor Suppression  1.46 2.45 0.133 SENP3, FGFR1, UBTF, PTPN11, MDM2, TTF1

Endocannabinoid Cancer Inhibition Pathway 1.57 2.32 0.095 MAP2KS, GNAII, FGFR1, SMPD2, MAP2K 1, RHOA,
PTPN11, CREB3, SPTLC1, TWIST2, PRKAR1B, DDIT3,
VEGFB, CASP8, PRKAR2A

"Values indicate a statistically significant match between up- and down-regulation patterns.
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Figure 4-2. Oxidative phosphorylation in the canonical pathway analyses of Japanese Black beef cattle using IPA software. The IPA knowledge
base was used to analyze DEGs with raw estimated fold changes >2 by comparing the (A) middle and early (z-score = —3.32, P = 3.72x1073), and
(B) late and middle (z-score =2.50, P = 6.61x107) fattening stages. Green represents the downregulation of integrated genes and red represents

upregulation of genes.
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Table 4-5. Genes (raw estimated fold change >2, FDR corrected P < 0.05) integrating the oxidative phosphorylation canonical pathway generated

by Ingenuity Pathway Analysis (IPA) in comparisons of the early and middle fattening stages and late and middle fattening stages.

Fold change

Gene Symbol Middle vs. Early Late vs. Middle Gene Name Location Type
ATPSF1C -3.39 2.16 ATP synthase F1 subunit gamma Cytoplasm Transporter
ATP5F1B -2.16 N/A ATP synthase F1 subunit beta Cytoplasm Transporter
ATP5PO N/A 2.05 ATP synthase peripheral stalk subunit OSCP Cytoplasm Transporter
ATPAF1 -3.40 3.94 ATP synthase mitochondrial F1 complex assembly factor I Cytoplasm  Other
COXl11 N/A 2.33 cytochrome ¢ oxidase copper chaperone COX11 Cytoplasm Enzyme
NDUFAG6 N/A -4.22 NADH: ubiquinone oxidoreductase subunit A6 Cytoplasm Enzyme
NDUFA9 -2.06 N/A NADH: ubiquinone oxidoreductase subunit A9 Cytoplasm Enzyme
NDUFABI N/A 2.02 NADH: ubiquinone oxidoreductase subunit AB1 Cytoplasm Enzyme
NDUFS1 -3.20 3.07 NADH: ubiquinone oxidoreductase core subunit S1 Cytoplasm Enzyme
NDUFS6 -2.22 N/A NADH: ubiquinone oxidoreductase subunit S6 Cytoplasm Enzyme
NDUFV3 -2.06 2.18 NADH: ubiquinone oxidoreductase subunit V3 Cytoplasm Enzyme
SDHA -7.32 7.18 succinate dehydrogenase complex flavoprotein subunit A Cytoplasm Enzyme
SDHB -3.18 3.57 succinate dehydrogenase complex flavoprotein subunit B Cytoplasm Enzyme
SDHC -3.42 2.78 succinate dehydrogenase complex flavoprotein subunit C ~ Cytoplasm Enzyme
UQCRC1 -4.71 3.57 ubiquinol-cytochrome c reductase core protein 1 Cytoplasm Enzyme
UQCRQ N/A -2.25 ubiquinol-cytochrome c reductase complex III subunit VII  Cytoplasm Enzyme
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Figure 4-3. Heatmap of upstream regulators (P < 0.05) generated by IPA in comparisons of the
early, middle, and late fattening stages in Japanese Black beef cattle. Cell colors are based on
the activation z-score. Blue represents a negative z-score and red represents a positive z-score.
N/A, not applicable.
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Supplementary Figure S1. Validation of gene expression levels in Japanese Black beef cattle

during the Early, Middle, and Late fattening stages by quantitative real-time PCR (qPCR).

Fold changes are the differences in mean transcript abundance between the Early and Middle

or Late stages.
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