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W E. ARKBREEAAAARARRARNELEBE WA LML ARG E7F, 30 XL FA4F 4K
B ahdy Bt RIS, 5F it B & RA) R F 41 (HNU 40) Aok R4 A 20 (LNU 40) #9.L F AN K
BFFREHNU A INUAAEARALERBEASY, ASEETNFERK>NILRANEZE mA L
MR EFH FFRAENRAETEZPCRERN THEARSBARTEES LR, &
RAM . 1)30 Al F x4 RAVD R E LN 2 o9 ANk £F HNU 44 LNU 4165 -F 3 54 R &
231 A (56.68+5.54) %A= (34.25+4.21) % , 4018 £ 5+ 2 % (P<0.01) , 2) HNU #484= LNU %1 /%
BMADGERERKTELEAARZF HNU 45 F X KB B 1(Prevotella 1) | #3530 52 /&
( Succiniclasticum) .\ p-1088-a5_gut_group #J 483 F & 2 F 1K T LNU 41 ( P<0.05) , £ & A
XPB_1014 % i& # ( Lachnospiraceae XPB_1014_group) . & & 3 # /& 1 ( Ruminococcus 1) 7 B &
A #+ UCG_004 ( Ruminococcaceae_UCG_004) . J& B #F # /& ( Ruminobacter) .Family_ X Il _UCG_
002 . JR 2 3R )& (Anaeroplasma) 9 A8 5F F B R % & T LNU 4 ( P<0.05) , 3) X 54 BT 15
E /A A £ L5 Ruminococcus 1., Ruminobacter, Anaeroplasma %3 A8 % ¥ 5 2 % % E 48 % (P<
0.05), 4)HNU 4L & 4 2% T 8 9N # ( Butyrivibrio _fibrisolvens) . /= 3% 34 BR 2 Ik 47 B /% ( Fi-
brobacter succinogens) #2J& B ¥ 1 /& _sp._HUNO07 ( Ruminococcus_sp._HUNOO7) X & % % & T
LNU 48( P<0.05) , W45 8 i B & & K K. & ( Prevotella ruminicola) . % 4% 3k 1 ( Streptococcus bo-
vis) |75 WA 9% 26 BR IN B ( Succinivibrio dextrinisolvens) #= 3% & J& B ¥ & ( Ruminococcus flavefa-
ciens) M B E2HAREARFEZF(P>0.05), B LA RRARANAELFBEMANEMNS
WRAEZFEF,

KR, L RARE,BE@R ;AN 5

FEHDES.S826 XHERARIREL: A X EHS.1006-267X(2019)08-3651-13

B PO Y K R AE 2 w5 AT AR 395 T3 9 ) B A,
Wk T E MG, BT E & X ER A A
PRI, shy 7 v 2 A R R HE il i
IS e 8, M THRE Y, 430
Pyt A dek o R R R AR B E S A
T AT G i BRI AR R 4 R 3l X ]
BHR R A 2, R Sk b ek 20 28 AL R ALY HE TR
i+, Harrison %52/l Calsamiglia 25 #F 580, 78

Y75 HH#A.2019-02-18
EE£WME . WA %A S AR FRIH (03120244)

AN RS A5 F T 2 s i R R R AR
SRR, XU e AR R R fE A a, B
SRHT M TARZ 55 ) B E H AT, 2 4 sl P i
ENERIEE S rSIRUEERTES T Tl ST N
M BEA 2R A 8 5200 2 3 ) G R
REENE , N, A 5608 i R R A
AR LU 95 T 20 T 5 Al 5 ARG 22 S E S TR
B AR S R4S AN AR KR, e A

EBRN:Z BE(1993—) 2o, A2 W5 AR, NS R 23 B A Y F5E . E-mail: 1471402850 @ qq.com
« BIEIEE . Tor &, Bz, W+ 4 30, E-mail; wanglizhi08 @ aliyun.com



3652 o ¥ B F

S

31 &

IR R 5 2 Bl ) M) R I 3R 1t — 22 0R,
o LA i 2o 1A 4 8 AR ok B v sl i ORI T R
BLE HE AL

1 #MRlERZE
1.1 Rz SRR

R~ 30 K10 HId A4 F¥ERE R
(24.47+0.38) kg BYMEPESS LT 22 1L ZE, 581
T A 2 RS 5%, A B AROK, i 2 B3R
(N EARFRFRUEY (NY/T 816—2004) (1A 25 kg,
H¥4HE 0.10 kg) #E 47 EC i, 1) b2 4 Bl & 8 37 K F
W 1, B H TR R R LR i T
RE¥, #H 07:30,13:30 F1 18:30 43 1] {7 b
1R, A HEE S DO SR TG R 1 4% 4 &
TN FAF 0 ] W A o RN RDRL R AT TR A
e,

®1 ARARREFKTE(THREM)

Table 1 Composition and nutrient levels of
the diet ( DM basis) %

WA o
Items Content
JFk#l Ingredients
£k Corn 38.47
HH Soybean meal 4.50
/NJ34T NaHCO, 0.45
Ak NaCl 0.45
kMRS CaCo, 0.08
AR5 CaHPO, 0.60
TiRK Premix" 0.45
B & A Alfalfa meal 20.00
£ B Leymus chinensis 35.00
41t Total 100.00
377K F Nutrient levels”
RiHE ME/(MI/kg) 9.34
HLEE M BT CP 9.71
5 Ca 0.52
WP 0.33
BRYEVE VR A 4 ADF 24.07
TR 4T 4 NDF 36.11

SR R A A 5 4 MR 42 44 Premix provided the fol-
lowing per kg of the diet: Fe (as ferrous sulfate) 40 mg,Cu
(as copper sulfate) 10 mg,Zn (as zinc sulfate) 70 mg,Mn
(‘as manganese sulfate) 40 mg, VA 2 937 IU, VD 343 IU,VE
30 IU,

D ARIBE TS, A S . ME was a calculat-

ed value, while the others were measured values.

1.2 RWIEIHEERRE

REEH 30 d FUHRIWIA 6 d 10K 56 100 21 B,
AT A 55 1 R SR AR T, X I A 3K 0 3 2R AT AR
o AR T B A R A A 2R IR i
WA 6 d RSB SIRA, L2
WG B H R T H AT 3908 Dk R 1l $
b BRI ) A I, —20 CARAESE . Bl S 6 1L 2F
B 2 A3 R e R A pH i)
W TCH A 2 R LIS B 1R E NEY,
—R4rF =80 CLAAF, I 22 40 B 25 44 5 41 i
TR 2 A R0 A L UE K B VRCE TG 1 B
O NIRRT B DR A, BURE 25 5 o L
B F]-80 CvkA T I~-FE, F T8 B & B8 b () I
FE o MR B A R AR RE S A S
SRR FULL 2 AR R A ORI R A 5
mr.

AFHZ(%)=100x( B AR ERA -
ER-RA) / BARFRRA .

SRIG GE1T 30 il 26 % A R U R G S 2
{HAIbR 22 |, 2 IR Ramos %5 i 07 325 B A FH R
KT F-E+0.5 fhr i 22 14 1 FE AR K & &R
4 (HNU 4) , BRI HZE/N T EE-0.5 R
HE 22 A A S AR R H SR 41 (LNU 4, I X
HNU 21 F1 LNU H r9#f i 47 50 Ak
1.3 H&oH

% FH Roche Cobas—8000c¢702 & 8 sh4: 4k ¥
ASCI 7€ M R b BV L (PT) & 1 (ALB) (IR
K (UR) GJHREE(TC) HM =M (TG) &% ¥
JIE £ 1 I [ B ( HDL-C) AR % B2 iig 25 1 I8 [
(LDL-C) % & S 47 N % 2 i ( GPT) 4% %L it 54 il
(GOT) i Pk .

ZEMERE S T BT (DM) MR 4 (Ash) HL
B (CP)  HPEPR IR 47 2 (NDF) R P e i £F
4E( ADF) 5 (Ca) Wi (P) MU (EE) & 1Y
M E S Mk oL W kAT, R CP i
A 7 2 RS ABRE i ()0 7 1k

B WP A A (NH,-N) A W & (BB
( MCP) FI4% % 1 B 5 B2 ( VFAs) & 5 190 22 . A
—-80 CTYKAETHL L 50 mL 8 B W g Wi RE &, 76 7K
TR, SR 4 TESL (12 000Xg) 10 min, B
VE W, R R R KSR A — ORI L £ 7k D
NH,-N &' R % 5 752 85 30 2 MCP &%
YR A 3% 4% ( Varian CP-3 800, 3% [ )
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ME VFAs( LM R AT iR ) &™),
1.4 #HH 16S rDNA FiEEMF

S H N AR S E Tk B s, G
FIWEIR 2% P EL 7S W (PBS) K B Uk N &Y T2 1
IS CEUR/ TR LU R I DAN i - R = e 2
238 R 4 TE L (10 000%g) 10 min, Y E DT
7€, | TIANamp Bacteria DNA Ki[ K# 4 bR £
(dbmt) AR W ] 4 0% B E Y S DNA, Bk
RS IR & U W k4T, A A barcode 1Y
0T 0519 515F F1 806R | LIKTS 1Y DNA K
FEAR , XTI TR 16S rRNA /) V4 5748 X i 4T PCR §”
P A3 5 7= 9 ] Tlumina’ s HiSeq 300PE -
BT s T

BT i 38 A DU T AR AR W B, gl Ak i
4, i L A5 I8 SO AIG BT £ B4 3, Ll A 3 R T i
H/NTF Q25 AR FEE K T 6 K FE/NT 200 bp
FIKT 500 bp #7451, 48 5 ¥ JH Usearch V7.0 25
Bt AR 493 50 = T 1Y R BOS  FE R S AR AL
KT 97% ) F3EaE I, FH Uclust J57% Fil Furthest 228
B R 2K R B AE 43 2% ¥ 9T ( operational taxonomic
units, OTU) , SRS 7E 5> OTU (145 41) i 326 HORH X
FJE B = P FIE M iZ OTU AR RT3 5 IR 3R
¥ %) 5 SILVA ( http.//www. arb-silva. de/) HJ
SSUrRNA #4512 2% e 51 47 H X071 e
2L L OTU Wy v B 38 T4 43 27K 1 1 1 A
XPERESR, TE R EE o3 09[R B £ 1] QUIME
V1.8.0 B35 alpha £ #£PE 48 %0/l QIIME V
1.8.0%K 3158 L S 18] /%) Unifrac B0 25, 5F A F R %X
1422 T A b 1] 79 2 AR AR 23 B (PCoA ) ]

1.5 BEPREBRSHEREMRK X EE (real-
time) PCR 37

H real-time PCR ( Bio-Rad CFX96) %4 & M
MRS P rE R FAER 22K FT B ( Fibrobacter succi-
nogenes) V& £F 4t T R 9K [ ( Butyrivibrio fibrisol-
vens) i B 5 5 IK K ( Prevotella ruminicola) |
VAWK 32 30 82 9N B ( Succinivibrio dextrinosolvens) .
T (08 B R ( Ruminococcus flavefaciens) 4 HEEK
W ( Streptococcus bovis ) Fl & H BR H J& _ sp. _
HUNOO07 ( Ruminococcus_sp._HUNO007) 7 ™~ 5HE H
J5T B A AH DG B0 40 T 2R 47 5 1 40 Hr . PCR BY S I 44
%M 25.0 pL( % 2), =M Stubner'"™ 195 1, H
A B R B R A o TR, 225 i A o
2% . Real-time PCR 5|49 W35 3,

% 2 Real-time PCR X N {k &
Table 2 Real-time PCR reaction system rL

5% IR
Reagents Sample volume
SsoFast™ Eva Green ® Supermix 12.5
#5149 Forward primer 1.0
FE514 Reverse primer 1.0
DNA #%4% DNA template 5.0
WK ddH,O0 5.5
41t Total 25.0

PCR ¥4 72 J5: 98 C WAL 1 30 s, 1 G,
95 CAME 55,58 CiBk 55,72 CTHEAH 5 5,40 4
TEER ;1 step J R M2 (55 R B . POLEUE RETE
SEAR 28 I AT

% 3 Real-time PCR 3|4
Table 3 Primers of real-time PCR

i 5| W13 E = BTN
Items Primer sequences (5'—3") References
Jei BRI JE _sp._HUNO007 % : AGGCGGGACTGTAAGTCAGA .
Ruminococcus_sp._HUNOO7 N : ACGCATTTCACCGCTACACT

FEBR AR L2 RFT T . GGCGGGATTGAATGTACCTTGAGA .
Fibrobacter succinogenes T : TCCGCCTGCCCCTGAACTATC

AR YE T BRI B i . TAACATGAGAGTTTGATCCTGGCTC (18]
Butyrivibrio fibrisolvens Tl . CGTTACTCACCCCCCCCGTCCGC

H 93 1 2R R B i . GAAAGTCGGATTATGCTCTATGTTG (1]
Prevotella ruminicola T Ui : CATCCTATAGCGGTAAACCTTTGG

VARRS 35 B I B % : TAGGAGCTTGTCGATAGTATGG [10]

Succinivibrio dextrinosolvens

Fii# . CTCACTATGTCAAGGTCAGGTAAGG
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WU H ElE 2] 27 3k
Items Primer sequences (5'—3") References
R BRI 1% . CGAACGGAGATAATTTGAGTTTACTTAGG [10]
Ruminococcus flavefaciens T : CGGTCTCTGTATGTTATGAGGTATTACC
HEBRTE 3% : TTCCTAGAGATAGGAAGTTTCTTCGG [20]

Streptococcus bovis

Ti# : ATGATGGCAACTAACAATAGGGGT

s 5 7% AR U0 1R 8 I 7 T AR A5 O A N 7 51 F AT 31 Refer to the corresponding sequences obtained by high-throughput

sequencing of this experiment,

1.6 HESiITS5HH

HHE 0 SPSS 19.0 AL A IE 2 50k 3 i A7
A2 53 W EERK, P<0.05 HEREE, P<
0.01°82 5t & %, A SPSS 19.0 H' ) Spearman
SFYUF G ( Spearman rank correlation ) X 111 3 Y 2
FIH 25 A ) A S 2 2 S 0 0 A AR R =F B kA7
FAEIM T, P<0.05 Fm HFFAE FE MR

2 HERESWH
2.1 ®|AMAXR
30 HK 56 2 X)) Rk 9 &R RO B {E R

(45.62+9.89) % , L SV Hl N 20.71% ~67.47% , A%
SRE(CV) 7 26.81%, H“ER T i i ik
W53 4 7 s, WBE R i R Bk BE Y HNU ZH 1L 3¢ 8
HOLNU A3 7 H a3k 4 vl %0, 2 48 )Rk 0]
FHE3 50 (56.68+5.54) % Fl (34.25+4.21) % , 4
PRI , 41 A 22 S i (P<0.01)
22 [AMEFYRRUEHALERER

H 2 5 A A1, HNU 41 f1 LNU 41 2 [8] fi] f
DM . Ash ,OM .EE  ADF #Il NDF #Y 2 Wi 1k % 2%
PR B3 (P>0.05) . HNU 44K CP 1R I
LR B F =T LNU 4 ( P<0.05)

F4 HNUEFMLNUALFHERMNAE
Table 4 Nitrogen utilization of goats in HNU group and LNU group

3 4% AR e . SR
Items Number Nitrogen intake/ Fecal nitrogen/ Urinary nitrogen/ Nitrogen utilization/%
(kg/d) (kg/d) (kg/d)
R1 0.321 6 0.097 6 0.058 6 51.42
R2 0.476 4 0.149 5 0.077 0 52.46
R3 0.584 2 0.215 2 0.062 0 52.56
1 AR A R R4 0.318 6 0.084 8 0.064 0 53.29
HNU group R5 0.430 9 0.118 4 0.081 9 53.53
RO 0.423 4 0.134 6 0.032 5 60.55
R7 0.386 0 0.114 4 0.027 8 62.18
R8 0.360 5 0.079 4 0.037 8 67.47
FH4{H Average value 56.68+5.54
R1 0.530 8 0.162 9 0.224 7 39.63
R2 0.485 3 0.189 6 0.153 9 39.15
R e R3 0.428 9 0.174 1 0.108 7 37.72
LNU group R4 0.420 9 0.144 6 0.127 2 37.17
R5 0.425 4 0.160 1 0.107 2 29.24
R6 0.525 8 0.162 6 0.164 8 26.97
R7 0.525 8 0.168 2 0.151 8 20.71
SEH4{EH Average value 34.25+4.21

BAR FEREMIRAZ 6 d RHHAIEE 197 1H .,

Nitrogen intake, fecal nitrogen and urinary nitrogen are the average values of six days of metabolic test data.



8 11 FOBEE AR EM R LR S AR S S A E S 3655

RS HREFVRRUBELEEZESR

Table 5 Difference of nutrient apparent digestibility in diets %

=] 205 Groups J

Items LNU (n=7) HNU (n=38) P-value

T & DM 71.59+4.00 71.22+3.42 0.852

K43 Ash 55.54+7.12 55.98+5.31 0.895

HAE AT CP 63.38+5.61 70.39+4.35 0.017

LG EE 68.49+6.84 67.58+3.89 0.763
FRE PR 4T 4E NDF 63.12+6.17 63.31+4.52 0.949

B R A 2T 4 ADF 51.42+8.80 48.09+9.69 0.497

2.3 MmMEPENIERER 3% TP, ALB,UR,TC. TG, LDL-C & & & GPT.

2 6 nI% , HNU /1% HDL-C &%  GOT itk R ¥ AR E (P>0.05),
T LNU 4 (P<0.05) ; HNU 4 F1 LNU 4H 22 [a] Ifi.
®6 MEENIBFER

Table 6 Differences of plasma biochemical indexes

i H Z1% Groups P
Items LNU (n=7) HNU (n=8) P-value
BEE TP/(g/L) 71.30%5.51 74.48+2.52 0.165
H&EH ALB/(g/L) 30.86+3.42 30.43+1.48 0.750
SN GPT/(U/L) 22.80+3.53 18.74+5.16 0.103
HE AR GOT/(U/L) 68.77+8.10 65.06x14.12 0.552
JRZ UR/(mmol/L) 5.54+1.04 5.07£0.78 0.338
HHEEE TC/( mmol/L) 1.78+0.38 2.11+0.37 0.112
Hl =M TG/ (mmol/L) 0.35£0.19 0.25£0.14 0.225
15 % 1 IR 4 M ) [ % HDL-C/ ( mmol/L) 1.21%0.12 1.4320.22 0.034
1% %% £ JIig & 1 IE [ % LDL-C/ ( mmol/L) 0.59x0.27 0.72+0.18 0.292
24 EEABEHRER NH,-N % &% & (K F LNU 41 (P<0.01) ,HNU

7 n[H ,HNU 4l S pH B & & T PR RN IR & & B30T LNU 41( P<0.05)
LNU 4 ( P<0.05) ,HNU 4 )98 B i MCP & &1 HNU 98 B LR T R & i F L TR/ TN R $ 11K
BEE T LNU 4 (P<0.01) , HNU 4 9% 8 % FLNU 4, HESARE(P>0.05),

RT BEEABERESR

Table 7 Differences of rumen fermentation indexes

WiH 2H %] Groups P
Items LNU (n=7) HNU (n=8) P-value
pH 6.13+0.22 6.41+0.24 0.034
AAA NH,-N/(mg/dL) 20.89+4.10 4.10£1.81 <0.001
WY& A B MCP/ (mg/dL) 17.89+1.21 20.11+0.73 <0.001
LR Acetate/ (mmol/L) 30.40£3.66 26.59+8.80 0.275
N Propionic/ ( mmol/L) 10.87+1.02 9.05+3.19 0.016
T8 Butyrate/ ( mmol/L) 8.16+1.68 7.80+2.24 0.960

LR/ VIR Acetate/propionic 2.82+0.44 2.74+0.86 0.203
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2.5 WEMENMSARMNERSN
2.5.1 ARUFSIH OTUs 534

AU TF, N 15 A8 B AR b R )
1180 19845 i Jit it (1 )5 41 |, °F ¥ B 4>+ i

100 000+
90 000 -
80 000 -
70 000
60 000
50 000
40 000
30 000
20 000+
10 000

04

BAEMFIIH

Total numbers of effective sequences

LNU.R1
LNU.R2
LNU.R3
LNU.R4
LNU.R5
LNU.R6
LNU.R7
HNU.R1
HNU.R2
HNU.R3

LNU . & F) %4 low nitrogen utilization group; HNU

sample number, & [F], The same as below.

< 155 ZUF) FH R 41 high nitrogen utilization group; R1~R8: # i 2%

(78 679.87+5 548.27) 55 ; Z>97% FUIE BT |
455 25 356 4~ OTU, i i FEAS L Z2 1) OTU 5
700 (K1)

m 7% Sequences MW OTUs

r 2500

2000

- 1500

S OTUs%L
Total numbers of OTUs

r 1000

F 500

HNU.R4
HNU.R5
HNU.R6
HNU.R7
HNU.R8

=}

=

B1 15 ALFEERFHEEHFIIHME OTUs &

Fig.1

2.5.2  Alpha ZFEMESHF

BEAIL Al 3R — 2 0 S 1) AR, O X 3 2 31
RAEHFNM OTUs FH#ATS I, KRG DL 2 L=
VI P 51 B85 R L ) A SR A R 2. A
K2 W& A S, BAmRIM& BT
V27 AR B TG UL A 5T TR AR 1R
B N Y REA S REAE T 36 4 R Z BN B BFRR S

2500
3 ~LNU.R1
5 2000 f ~-LNU.R2
< LNU.R3
° LNU.R4
E 1500L —~-LNU.R5
g ~LNU.R6
3 --LNU.R7
—~HNU.R1
#1000} —HNU.R2
2 - HNU.R3
E —HNU.R4
O 500} -~HNU.R5
- HNU.R6
HNU.R7
0 , , , . . HNU.R8

0 10000 30000 50 000 70 000

M FIRE Sequence depth

2 BHENEESL

Fig.2 Rarefaction curves of each sample

Total numbers of effective sequences and total numbers of OTUs obtained from rumen of 15 goats

N5 F] 1) 4 Fh 48 %1 ( observed species index) |
Shannon #5 %% . Simpson & %1 . Chaol 5% . ACE #5§
B 558 PD whole tree $5 50 %F alpha £ FE VLTS
BTHE SR IR 8, B4R HNU 4 AL EI 94
Fh¥5 %% . Chaol 5%k . ACE #5 %% . PD whole tree 15
BAIRT LNU Ay (1 2 H2Z W45 o 2R
B EF AR E(P>0.05),

2.5.3 B ST

AR A1 A i TR) A AR A 352 1% BE 25 ( Unweighted
unifrac-distance ) , F 32 A8 bR 43 X 46 & A0 AR AL 14 2
P50, 58 3 B, B 2 e fa) BB 2 fE R /)
AR 1] B 26 0 s 1 A R0 it B 5, R
R T AR 2 AR AL i BRI, AN & mT LUE
HNU 41 B ah 2R 4 2 i, 10 LNU 214 A 0 4520
I3HL

M E 4 4% 4119 ANOSIM 45 323 4 Il LR
HLR=0.147>0, Ut BHA M Z R K TAHWN; P =
0.015<0.05, BB 2H [H] 4 1 2 22 5
2.5.4 RIS 5 A

AWM, N 15 A58 B A ek I 3] T 23
AT, AP TAEBER ] 5 B A S ey
(4 90% 7 A7, He i fULFF B 1T (HNU 41 -F 2 {5 A
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61.37% ,LNU 4F-Y{EH 59.91% ) [ AHXF F B 5
R AR S — (HNU 441 N 32.11%,
LNU 415F ¥4 30.75%) (K 5) . 788K F 13k
TR T 239 W&, FHXT 5 B B )& oy
iKW & 1( Prevotella 1) (HNU 24 12.02% ,LNU 21
17.63% ) , H W A B 1R B RCO [ 18 #f ( Rikenel-
laceae RC9_gut_group) (HNU 4 11.71% ,LNU £
10.16% ) , 2 38% W ¥ 5 R A HF 31, A BEAF 21 3
B, LNU 4 Prevotella 1 Ff# 3% A TR 16 )& ( Suc-
ciniclasticum) A X =F & W 3 5 F HNU 4 ( P<
0.05) , 1M H K& & 1 ( Ruminococcus 1) |, BIRH

Bl XPB_1014 #i& #f ( Lachnospiraceae XPB_1014_

group) I B BR B Bl UCG _004 ( Ruminococcaceae
UCG_004) F1%% & #T 7 J& ( Ruminobacter ) ) A8 Xf
F RN B F LT HNU 41 ( P<0.05) ; B4, b H —

SRR X = BE LA B T2 ) A 21 ) 7 7 i 2 22
S (P<0.05) , BRI o, Xfix sbg] b4 i % 22
SRR Y, AR 32 5 5 1 2 B A& R 2R A
FEME S BT, B R E B, A 3 DN # 1 4 ( Clos-
tridia) . F ¢ 18 1 49 ( Methanomicrobia ) | 7 %8 5 42
T 1] (unidentified Firmicutes) ;2 > H . & B
( Clostridiales) . ! %5¢ /\ & Bk & H ( Methanosarcina-
les) ;3 B JUFF B} S24-7 ( Bacteroidales S24-7_
group) Ji B BRI #} ( Ruminococcaceae ) . iR AT B Fl
( Acidaminococcaceae ) ; 7 I~ J& : Ruminococcus 1.
Ruminobacter Ruminococcaceae UCG_004  JR & ¥
JEAK J& ( Anaeroplasma) | Succiniclasticum . Possible
genus_ Sk018 | Lachnospiraceae XPB _1014 _ group )

50 ERM AR L E MR K R (P<0.05) ,

#8 HHK alpha HHEEISE
Table 8 Alpha diversity indexes of each group

alpha ZREVEFS 5L 215 Groups P
Alpha diversity index LNU (n=7) HNU (n=38) P-value
WLERF| AU A8 5L Observed species index 1 557.42+187.62 1 507.75£77.00 0.503
Shannon f£%% Shannon index 7.60+0.38 7.69+0.37 0.646
Simpson 84X Simpson index 0.98+0.02 0.98+0.01 0.813
Chaol F5%% Chaol index 1 708.94+214.86 1 641.50+93.26 0.434
ACE 8% ACE index 1 712.56+217.18 1 648.18+87.19 0.453
T ¥R Good’ s coverage/% 0.996 28+0.000 75 0.996 50+0.000 53 0.533
PD whole tree 5% PD whole tree index 96.48+7.84 94.87+4.10 0.621
R=0.147, P=0.015
100 - ; - _

§ 0.1 - 80 - :

n . :

=

et 60 4

LNU

2 = | *HNU 0

2 0.2 .- i

@ ’ * - H

N . 20 i a é

R
—0.1] « 4H[E] Between HNU LNU

-0.20 -0.15 -0.10 -0.05 0  0.05

FE 41 PC1 (17.02%)
3 FARRSTE

Fig.3 Principal coordinate analysis plot

B4 &HA ANOSIM Fiit 447 &
Fig.4 ANOSIM statistical analysis chart of each group
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Table 9 Distribution of bacteria with significant differences in relative abundance among groups and

their correlation with nitrogen utilization efficiency of host

FAXF I BE Relative abundance/% P
ME| Correlation
Items LNU (n=7) HNU (n=8) P i coefficient
P-value (R?)
£ R # Clostridia 20.36£2.27  26.50+4.87 0.009 0.614"
Class Negativicutes 7.60+4.38 3.31+1.97 0.026 —-0.457
KB H Clostridiales 20.31£2.27  26.42+4.84 0.009 0.600"
OErder HAILHME H Selenomonadales 7.60+4.38 3.31+1.97 0.026 -0.457
REZJFEME Anaeroplasmatales 0.05+0.01 0.07+0.02 0.020 0.517
AT Rl S24-7 Bacteroidales S24-7_group  7.89+2.65 16.90£5.68 0.002 0.650
#l i H PR #} Ruminococcaceae 7.82+0.57 9.29+1.00 0.004 0.536
Family R #F5 BF Acidaminococcaceae 5.61+3.77 1.70+1.01 0.014 —-0.550
R4S JFUARE Anaeroplasmataceae 0.05+0.01 0.07+0.02 0.020 0.517
WHEIRICHIE 1 Prevotella 1 17.63£5.04 12.02+4.75 0.045 -0.279
FRBEFABR A B Succiniclasticum 5.57+3.67 1.70+1.01 0.013 -0.550
JR B BREJE 1 Ruminococcus 1 0.86+0.25 1.26+0.31 0.018 0.621°
p-1088-a5_gut_group 0.61+0.43 0.24+0.18 0.044 -0.289
%"‘%ﬁ XPB_1014 B35 B 0.24+0.07 0.41+0.14 0.014 0.496
& Lachnospiraceae XPB_1014_group
Genus Jei H R AL UCG_004
Ruminococcaceae UCG. 004 0.14+0.05 0.22+0.05 0.005 0.506
8 E ¥ )8 Ruminobacter 0.07+0.08 0.22+0.13 0.024 0.536"
Family_X II_UCG_002 0.06+0.03 0.11+0.04 0.029 -0.140
RE S JEARIE Anaeroplasma 0.05+0.01 0.07+0.02 0.020 0.517°
Possible_genus_Sk018 0.02+0.01 0.03+0.01 0.045 0.476

# AR R8I (P<0.05) ,

* represent R value is significantly correlated ( P<0.05).
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Fig.5 Composition of bacteria at genus level of each sample



8 1 FOBEE AR EM R LR S AR S S A E S 3659

2.5.5 MO E
XF 15 ANEE A ) B R0 36 5 5 R AT o B, OF
Fe X BE AL T A 35 07 1 3752w AR 8 A7

~(KE 6), EH, Prevotella 1. Rikenellaceae RC9_

gut_group J& THIFF BT, BEFAMRINEEF UCG_002

I

-

( Succinivibrionaceae UCG_002) J& T2 H ], H
) e =2 PR R TR RE R 1], AT Y B
AT UL th, Prevotella 1 2 %8 B HAHXT =F B B & 1Y

R,

| JR 2458 H ¥ )8 Eubacterium_ruminantium_group
BEHIRRINE BHUCG-002 Succinivibrionaceae UCG-002 3
J81 B BRI BINK4A214 Ruminococcaceae NK4A214-group
EIZFBINK3A20 Lachnospiraceae NK3A20-group

% B BKi# 82 Ruminococcus_2

BIRHBIAC2044 Lachnospiraceae AC2044-group

TEINHE B2 Sutyrivibrio_2 1
Moryella

Christensenellaceae_R-7_group

FIRF A XPB1014 Lachnospiraceac XPB1014-group
FEIRIARR L ARFF B B Flbrobacter

_ WEHEIRKHERINK3B31 Prevotella NK3B31-group -1
Erysipelotrichaceae_ UCG-004

FIZFAIND3007 Lachnospiraceae ND3007-group
723 B YN B Eubacterium_coprostanoligenes_group -2
JLBRIRE & Desulfovibrio

A B M B Selenomonas-1

FHRBRFAUCG001 Veillonellacese UCGO01

J8 B BRI BIUCG005 Ruminococcaceae UCG005

p-lOOS-gE_gul roup
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BT EINEJE Pseucobutyrivibrio
- 8 HEREAIUCG010 Ruminococcaceae UCGO10

- HIKIK
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8 B BRERIUCG014 Ruminococcaceae UCGO14

B AIRCY Rikenellaceae RCY_gut_group

Anaerovorax

WEHEKKHEEL Prevotella_1

W H K KHEAIUCG003 Prevotella UCG-003

W H K KHAIUCG001 Prevotella UCG-001

AR EA)B2 Treponema 2

FHUCGO004 Prevotellaceae UCG004
1 Ruminococcus_1
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Fig.6 Heatmap of shared-genus of each sample

2.5.6  HL BTk T I 48] 22 S O A

ARG AR i il Al g Pk 7 7 F 5 E A
J5 ik A OC 1) 988 S 40 B 2R 4T real-time PCR 3 #7 .
ZE RN 10 Frzs , HNU 409 Butyrivibrio fibrisol-
vens B M W % = F LNU 4 (P<0.01), Fi-
brobacter succinogenes F Ruminococcus _ sp. _
HUNO007 % 8% % T LNU 41 ( P<0.05) ;1fi Pre-
votella ruminicola . Succinivibrio dextrinosolvens .Ru-

minococcus flavefaciens Fl Streptococcus bovis K it

15 2 B BA W3 25 (P>0.05)

3 %W 8

XTI A s PR UL, A A AR 2 LA
AR IE W 5 0 0 BRI B kA
AT MCP W5 18, o fi J2 58 e 18 i 3 Al w] i
WAL 11 ¥ L 091, B 53 i A R o U R 3
T B A NH,-N 2GR b R 2 R0 i Y
21y, R SO R P4 B MCP Y JEORL
T H NH,-N i, B 1 A o e A
RE S, ox 2290 1 BEWOCHE AT IE & R 3%, O
Bl DR BCHE Y, ph e 3 TR 2% o R INH-N
(19 5 2 2 A2 AR MR v R e A T R S
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AL MR U, A B MCP 3 B (52, AS3bE6
HNU 21 F1 LNU 25 /% ] B 280 2t 050 10 6 e Rk
64—k, {H HNU 4 NH,-N S &l 2 &M T
LNU 4, X {5610 HNU 20 i3 4 I e e s v 207 A
R T BB KT LNU 4, sl E 2t o)
A A N MCP [ 3 3 5 T LNU 41, B 2
R 1 NH,-N & i 2B AR AR 2%, X
VFIE /2 HNU 240k Z20F) F 2% 355 T LNU 4019
—AEEEHE 5N 7 AR — B LA R
TAT AT a8 0 500 A 4 B0, 2% B0 &0R) FH 2R R TR) B9 1
FHIEE pH N B2 2 NH,-N Hl MCP & & 78 41

] F7 7 8 22 57, X ] g 5 20 18] UR) 3 A7 A 22
SAMRARKER, B E T pH M LB E , i 5k
T ARCHR A 52 i R AR Y TR AR G, DT R
RE KRR, —OELLT R E pH IR L
6.0~7.0, AR5 LNU 41 pH (F 41 K 6.13+
0.22 ,HNU 4 pH W-F-¥{E K 6.41£0.24, ir A 1L
FHMEE pH BRIGEIEF LR Z N, H)2, HNU
ZH 1) pH #1123 = F LNU 41, X AR v] B2 thF HNU
HPNRR S RT LNU 451, S5 AR AT 58 B S
Hrh R R S YA o, Ruminococcus _sp. _
HUNOO7 . Fibrobacter succinogenes B

R0 5EEAREHEEXNTHEBEENEE

Table 10 Abundances of 7 ruminal bacteria associated with protein degradation lg (¥ D14/ mL)

=] 2l %] Groups P

Ttems LNU (n=7) HNU (n=8) P-value
WA T BRI Butyrivibrio_fibrisolvens 4.3x107+2.1x10° 2.6x10°£1.3x10° 0.002
FEBRIAMR 22 IRFF T Fibrobacter succinogenes 1.4x10°+1.2x10° 1.2x10°+1.1x10° 0.027
Wide & B IR K Prevotella ruminicola 8.0x10°+1.2x107 2.1x10°+1.4%10° 0.063
T 98 1 BRI _sp.HUNOO7 Ruminococcus_sp._HUNOO7 2.2%10°+1.6x10° 1.8x107+1.3x10’ 0.014
HEEEBRTA Streptococcus bovis 2.1x10"+3.4x10* 4.7%10"+4.0x10* 0.187
WS BE IR N Succinivibrio dextrinisolvens 3.5%10°+4.3x10° 1.9x10°+3.9%10° 0.327
O B Ruminococcus flavefaciens 1.2x10°+1.7x10° 2.6x10°£2.4x10° 0.226

WML B 53 5 25 TV 37 R 0008 TR 00 25 DDA
5, HLMBAEASZS Sy 45 31, 38 23 W0 5 A0 43 B 10 38
HHOG A B A A 8 A, T DA A4S 56 3 1 1 R R
SISO PEA . MV R A (UN) B i 8 F kAl
W2 sh ) R A AR A, B AR R
W S22 3l W T R AR R B BV o T s ik )
PraE B AR B, I TR S 3 A B DO B — A
FE bR, UN ZFEPR 2 Az Bl i R UN J& %% i Fll
PRAHEH A f ) sh B R, SEARRE R,
JH NH,-N S @K%Y, AR E NH,-N &
T HAE TR S L WM UR FEH Y UN 5wk
iz $98 B 7 AL NH,-N, DA NH,-N & &
Frdaxtfase ™, ARK P, UR & /76 HNU 4 A
LNU 21 [ JC & % 22 5, i % 5 NH,-N F1 MCP
I AE 2 20 W) 25 S A I 3, 1 K D 25 R 1
PRI ] i 208 T P 1 ORI R ) 2 e s R

ARUGR K B 30 H I 2R AR IS ) A%
T SR 5 A LA — B, AR e AT R AR 4 R
FHBCRHIAE 20.71% ~ 67.47% 22 18] 75 FE AR 5+, LA
AR MBI s b, AT F s e 8 T

XA JHA SO 1 B A A S iR R A
FIFHR AR 2 A IE R IR IE . 78 A X Z A7,
BRI R WL 2 3 W AR RCR AR 22 57 19 4
AR DU AT 5T 2 B, 2 sh i RERT T 350 1
AN 22 S R A7 BB BRI R
Tl ) FH 236 11— A4 8 B 2 R 40, TR I I 44 3h )
FURFH R 0 R 22 5 Pt 3/t 2 — ol 3558 77 7E 11
MG, VAR B 5T 01, 5 ol 4 X R R
TN F AR SR AR AR T RS K
WESE T 988 B A 1 45 4 5 A vt Fi 2 ORI R 3
FIRZ I

TR S A s R B LR, e TR
bk ik o g T 55 46 S MCP, SR 5 MCP 5 /]
R R o B i B S — R N i e R T AR
W A W AT B, E A TE BN B R
70% 2470 MCP, [H L8 B s A 9 76 I 24 s 9 1)
FRER 5 BT flad B2 v R 4 5 A Y AR
SERI I E N5 1E 3 AUR R 2 A DG I A
PIAAE = AR 22, 1T HLA S B A 4 0 AR X 3 B
BB U Prevotella 1 (LNU 41 17.63% , HNU 41
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12.02%) . AHBFFEH Prevotella 1 2 Fr A5 K¢ i B9 95
B | R AR X T B R Y e X DA
FELE R 20 HNU 4 Prevotella 1 ) %t 3
B EAE T LNU 4, Prevotella 1 TELESHITZ
P AN, LR ST E R 3 ) A A A TG B IR TG IA
U R IR B M Prevotella ruminicola , b fiT4E F 1Y
ICILIE LT e R R TE A FAR A R
& AR E SO TR, IR R R BRI
TN A LB R AT 4 OB ey K RO
GE Y I RE S AT [CE B IR [WTE A Prevotella
ruminicola iR '™ ; A5 Prevotella ruminicola #%
N EA 5 B A BT DI fg, (H 2 AR 58 3 re-
al-time PCR 43 #1 & B, Prevotella ruminicola WJ#H
PR AL R R W 2 25 R, R, AR g v i
B Prevotella 1 20 [A] 1 3 22 5 09 I DX v AN 3 28 475
it — ST

AWEFESE R LW E e R K E | Rumi-
nococcus 1 A1 Ruminococcaceae. UCG _004 %) AH Xt
FERE FEFh K I Ruminococcus _sp. _HUNO07 Ky
FHXTFE FE, HNU 4 #0255 T LNU 41, Rumino-
coccus flavefaciens (1. J& T Ruminococcaceae ) 7F 21
(B 4 22 57 AR AN i 2% (H A B0 b HNU R F
LNU 4., LI 2058 % B, Ruminococcaceae 1
AR 2100 W A e L Y () £F 2 98 A 1, T R A 1Y
LR YR A AR — R R MR R Y,
U, B8 R 3 S A W AR B R S B AR A i A T2
X R BT A FIAN o HAT B ik £ 11 5 B BB 1Y &1 4
R E IR Fibrobacter succinogenes . Butyrivibrio
fibrisolvens %% | AHRGE X AW AT T R B4
Br, &5 58 Bon e AE HNU 4 a9 A0 Xt = B Wi e T
LNU 4, HIFRNZEITA 54 4R A S A
HRREAE i 1E EXT R A . W Succiniclasticum , &
RERr IR S PN 2R 4E o fife 7 A 0 35 E0 R I fie ol TR IR A
Mife#t Fibrobacter succinogenes Xt £F- 4 %) 43 fi# , $&
A58 & B LNU 401 Succiniclasticum % =
BT HNU 4, B a5 R UL LNU 40
ATRE= AL T T 2 1Y BRHARR , o Ud B 2 o 2F 4 B fi
IR —E et g EXT R FIH ., B8 8 Suc-
cinivibrio dextrinosolvens | Streptococcus bovis ZE 4,
YOS B AR AR A o BRI 5T I R
R )& 7176 HNU 4R LNU 41 1] 1) 22 53, 25
AU H VAT B FE 45 R & B IR W B ( Prevo-
tellaceae) _UCG_001 #Fl Prevotellaceae_UCG_003

A AR X = B ) R NDF 7K S 38 i - =5 A9 28 4k B
PRI 2 P B SR 4R RE 0T AR
HhEEFRIR G R W B AT R T A AR o
PR BTG M | O B MR AR AT dE B BE 1 0 5 £ 4k %
fift T L 5% R A [ 422 b {2 0 4 A ) R A L 3R
ATHEN 20 T 76 AR A 23 B8 315 37 i IR0 45 2R 5 S5 b
T8 15 IAEE b & HE VR FH AT RE R — B, X AT RE A 2
FEOEA K E]EAT4E HNU 4151 LNU 41 8] {1 22
SRR

4 & i

Ly =0 Gtk v 280 R AR 80 A7 A B IR A S 1A
ZE 5, XM 22 S 50 E AR WA A S A Y 22 S
A%, B PR Z R 518 T 2R 3 3RO
AICA W, fE 2 AR R8s, 8 TP Fi-
brobacter _ succinogenes . Butyrivibrio _ fibrisolvens |
Ruminococcus_sp._HUNO007 F B m il £ |
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Differences of Bacterial Structure and Composition in
Rumen of Goats with Different Nitrogen Utilization

LI Qiong WANG Lizhi® WANG Zhisheng XUE Bai PENG Quanhui
( Key Laboratory for Animal Disease-Resistance Nutrition of China Ministry of Education, Animal Nutrition Institute ,

Sichuan Agricultural University, Chengdu 611130, China)

Abstract; The objective of this study was to compare the differences in the bacterial structure and composition
in rumen of goats with different nitrogen utilization. Thirty goats were chosen as the experimental animals, ac-
cording to the data of metabolic test, goats were chosen as the high nitrogen utilization (HNU) group and low
nitrogen utilization (LNU) group. Rumen contents of each goat in 2 groups were collected after slaughter and
the differences of their bacterial structure and composition were analyzed and compared by high-throughput se-
quencing technique, and 7 proteolytic bacteria were quantitatively analyzed and compared by real-time PCR.
The results showed as follows: 1) there were obvious individual differences in the nitrogen utilization in 30
goats, the average nitrogen utilization of HNU group and LNU group was (56.68+5.54)% and (34.25+
4.21) % , and there was significant difference between groups ( P<0.01). 2) The differences of rumen micro-
organisms structure in HNU group and LNU group were different at the genus level. The relative abundances of
Prevotella 1, Succiniclasticum, p-1088-a5_gut_group in HNU group were significantly lower than those in
LNU group ( P<0.05), and the relative abundances of Lachnospiraceae_XPB_1014_group, Ruminococcus 1,
Ruminococcaceae_UCG_004, Ruminobacter, Family_X Il _UCG_002 and Anaeroplasma groups were signifi-
cantly higher than those in LNU group ( P<0.05). 3) The further analysis showed that the relative abundance
of Ruminococcus 1, Ruminobacter and Anaeroplasma had a positive relationship with the host nitrogen utiliza-
tion (P<0.05). 4) The numbers of Butyrivibrio fibrisolvens, Fibrobacter succinogenes and Ruminococcus_
sp._HUNOO07 in HNU group were significantly higher than those in LNU group ( P<0.05) , and the numbers of
Prevotella ruminicola, Streptococcus bovis, Succinivibrio dextrinisolvens and Ruminococcus flavefaciens had
no differences between two groups ( P>0.05). In summary, there are significant differences on the bacterial
structure and composition in rumen of goats with different nitrogen utilization. [ Chinese Journal of Animal Nu-
trition , 2019, 31(8) :3651-3663 ]

Key words: goats; nitrogen utilization; rumen bacterial; high-throughput sequencing
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