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Howe, RIELIR A5 kg A& HRIURIFHRE 1S R M A3 A, 058 [ A(FRE, &%
T M4 2% T)fellA(A4A%ET),H85 RF, M 14 d, EiXH 60 d, TERXM
BB OhERBR R REHBRER TR, KA DNA, A EH X2 Zhn B E m
T Ao = VR 4 %, KA Tlumina Miseq PE300 F &M 2B B F e S, SR A1) 14
FellAEmB OERBETRA BHETRINA  FRARLRFAMKEZEEFRT | A (P<
0.05); TAHEBFRARTEFRT [ 4(P<0.05);MASFREFFTREFBRE D FIK
F14a(P<0.05), 2) I8 14 Ace 8 2 FIKT [ A (P<0.05); MMAFRIM#UIEFIKT |
2H(P<0.05); M FEHEBHKXBEHT 1 ARTH(P<0.05), mIAFERBHLIEZT I A
(P<0.05), ZLEAd ARFE 20 A ETHEKRTHFREFTEMAR S FTRANKE,
CERTRERBESARABF A LA,
KW LT %5 BE;mA; SR
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WS FYA DOR RO KA WM fIERER BT R Y B e b ok A

PR fE T EATH, AR b T R A
TTFEM SR A, RS A SR 07 X
I AT PR P A D o ] B A X R R
SR RLAR 5 SR H a2 i b i, B L5
o DX B RE AR A T, A T R LR A 7
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AR AR R L Z R R R R B 4
i — RN E Z i fbpd A R e e gk
AR AT IR 22 R0y, v R R R e, — R,
LR B ST 30 % 9 0 o AR L RE Y 7% ~
10% , KA sh it B b 296 2% iy nl 3 1k BE

AR B AR BE BT AR . E LB RS A&,
RO SR 400 T R0 B 7 S okl R 1 2T 4 i ik 20
PR A K 3 ol 000 6 4 R P 7 A R 398 T 444 5
Zhou %" F] 16S rRNA 1= 38 il ¢ AR 434 T 80
TR A AF 98 B AN 2 R R Rg ), 25 SR R IR
TN BALTE R X PR AR R AN TR A AR X R O W R R
M, (BN T A B R VE 2 R, BET, B AR
TR X B AR W IX 2R S A B BE 9T 22 2 A kR
H S I B R IR A, T AN [ R R 1 B LA
FIREA B R 25 5, W9 B A 0 X R 1 2 e T B
AIARTR] 10 200 A 5 0y T R R 4 S 4 B
Yrged ' 9 e 0 AR B DD AE G . TR, AR B 5 DA
P32 S A by B R DR AIE 5 )RR v A (] K P B %R

B AT 7 P s T R A 2 AR E R R A
YAk — AR HHLARDREBE IR e A A A B4
LR i = AR R A 2 A

1 #MRlEFR*E
1.1 RIiEt

AR R FH R 3R 58 4 BE AL 50 i 0, il 5
SR AR 1.2 5 3R IR RS s 5
SRS A IR bR ) T GRDRR AR R 4R R 2R 7K
Vo 3, ol T (IR A E T
H(EF 2% T) MM 4% 5H87), #ik
14 d, X 60 d,

T AR T 8 BT A AR PR AL 2k FH 45 S I i A
MRS AT S h e A T B e 1AM
I 20 R Ry 45 10 P 3 2 ) e e R 5 i 45 Ui
VTR ) | AR I U AN & 3 N = 1 s |
A BT o AR R AR R A R S 5
KL 1,

®1 KBEREARANREFRKE(THRER)

Table 1 Composition and nutrient levels of experimental diets( DM basis ) %
WiH 2H %] Groups
Items I Il m
J5 Bl Ingredients
EK Corn 12.85 21.35 31.35
/NAZ %k Wheat bran 18.00 13.00
=1 Soybean meal 6.00 3.00 6.00
“E¥E Chinese wildrye 45.00 15.00 4.00
B 15 Alfalfa 15.00 25.00 16.00
Fr4& Caragana 20.00 40.00
%5 Limestone 0.50
BEER S 55 CaHPO, 1.00 1.00 1.00
&1k NaCl 0.65 0.65 0.65
WIR Kl Premix" 1.00 1.00 1.00
43 Total 100.00 100.00 100.00
B 5K Nutrient levels”
fLitE ME/(MI1/kg) 8.50 8.42 8.34
HAEHAT CP 10.67 10.71 10.75
FRE PR £ 4 NDF 40.36 42.27 44.05
JegsHPEmK b &4 NSC 46.83 44.97 42.62
£5 Ca 0.79 0.84 0.78
W P 0.53 0.47 0.56
JEM Starch 2.58 2.23 2.46

1) TR R A AT 5 (R ML 42 it The premix provided the following per kg of diets: Se 0.30 mg,Cu 25.00 mg, Fe 55.00 mg,1
5.10 mg,Mn 25.00 mg,S 60.00 mg,Zn 116.00 mg, VA 18 000 IU,VD 3 000 IU, VE 576 1U,
2) ACIHRE T, HoAs hS2l{E . ME was a calculated value, while the others were measured values.
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1.2 RV RAFEE

PEFARSL KA 1~1.5 i % {KHE 45 kg K24
PRS2 15 HOBEL A 3 A, i 5 2
W B W B %, H R ROK, S — 3K, BER
09:00 A1 1700 £ 1M 1k,
1.3 BARRE

EIEGA I IR 5 1 KRG 6 h i 1
KSR E W, & 4 B Ig, 7% TR A
BN ARG T-80 CTHRAT,

14 EBEHAREMTFHEEHENNE
1.4.1 AN 41 DNA 4 ERL

960V WKL DR 2H A DNA Y 52 2 B 2 1 {1
1) 7S he k= IR 8% (CTAB) 5, 1.5% 1Y
Ji5E HEL KRG DNA A9 5¢ 3% 1, it P I B 130000 2 KL 42
DNA 1y B F2liFE
1.4.2 HMIEHEY

FIMBFCA TS ERRE NP ARA S
B, 51 B IR 2,

®2 BEAEMTFALE PCR ¥ 854

Table 2 PCR amplification primers of ruminal bacteria and Methanogens

y S R BB

314 519731 i i

Primers Primers sequence (5'—3") Annealing Amplification
) > sequ ‘ temperature /C length/bp

peiE) F.CGGCAACGAGCGCAACCC 60 130

General bacteria R.CCATTGTAGCACGTGTGTAGCC

00 B K F.CCCTAAAAGCAGTCTTAGTTCG 54 175

R.albus R:CCTCCTTGCGGTTAGAACA

w0 yR PR F.:ATTGTCCCAGTTCAGATTGC 57 173

R.flavefaciens R:GGCGTCCTCATTGCTGTTAG ) -

FEYREAR 22 AR R F:GTTCGGAATTACTGGGCGTAAA s o1

F.succinogenes R:CGCCTGCCCCTGAACTATC :

WA YE T IR F:GCCTCAGCGTCAGTAATCG 60 -

B.fibrisolvens R: GGAGCGTAGGCGGTTTTAC

7 BT F.:CCGGAGATGGAACCTGAGAC 60 129

Methanogens R:CGGTCTTGCCCAGCTCTTATTC

e S AT 7R F:CCTCCGCAATGTGAGAAATCGC 60 130

Methaneobrevibacterium R. TCWCCAGCAATTCCCACCAGTT

PCR = 3 1K &l 25 pL, %3 % & DNA 4R
2 pL, I FUHES #1451 wL,DNA EH i 12.5 pL,
JolEK 8.5 pL, [ Z %L, 95 CHZAZ M 5 min,
95 T8 30 s, 1B KR BER I8 A A i E 40 5,72 €
FEAH 40 5,40 MR, 72 T 5 min, 4 TR, 718
T 1.5 % B TR W J A et R A T 8 )
& H MR B,
1.4.3 PCR F=¥IHY vi

REFRBE 0 5 AR 1% 1 2 | PH M TR A 1k
W A BRI 1 S AR BE M R I 2
FEAL TS B KB B A BR A A, D 45 R 7E
NCBI kA7 Lo, AH AL BE 343K 2] 95% LA I, i di
P & 4R ORI AE bR v i 4R, R RO
7 FH AR SO 22 e B AN 4l B )RR A
PULEL,

JFORLAE D1 E0A JEE (copies/wL) = {6.02%
10**( copies/mol ) XDNA (ng/uL) x107°/
DNAlength(bp) x660[ g/(mol - bp) ]} .
ds X GE B OAT R AR W O & — W OB 2
100 ng/wL, & 4> W A& & o A [F] Priemix Taq
AR TR & ) 28 6 Y4k SYBR Green [T, 5157 ML 5
(1) Ct AEACAKE I 19 A o il 245 30 95 DU 1150
AT
v, MOXCXVD
K. MO AR HE b o it 2k 115575 2 04 5 DL
B, C AR LR 4] DNA ¥ B (ng/ul) ; VD &
fift HE R 41 DNA BT FH L B KRR (L) 58
RT-PCR J2 v # fif ] DNA B4 (ng) ; V N 48 BURE
AREEIN A DNA IR 8 Y (mL)

]
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1.5 BELESHFENIE
1.5.1 DNA $2HUFI PCR 43

DNA $2 U PCR 4734 5 07 1.4, 51917 B
W3,
1.5.2 Illumina Miseq “F & il ¢

WP TAERIE HilgEEH AW ELRHARA
A 47, FH Mlumina 23 7] #) Miseq PE 300 “F- 5 i

Y .
1.6 HiESIt5HH

Hs 28 Excel 2013 3,32 H] SAS 9.0 A1y
ANOVA i BT HLI R J7 224007, 2 8 LA B
K JH Duncan [G 3%, 25 B 8 N ¥ (E 45 1 25
P P<0.05 1 25 55 o 25 P Wb of

x3 NESMRANSIYER

Table 3 Information of primer for sequencing analysis

. . PHIRE B IR
Tt RSl s o .
. . Amplification Annealing
Item Forward primer (5'—3") Downward primer (5'—3")
length/bp temperature/ C
W Archaea TGYCAGCCGCCGCGGTAA YCCGGCGTTGAVTCCAATT 468 55

2 & R
21 ARHBPAFKFEETIEFES MM
FREFHERN RN

4 AT DI I 2 A I 2H A9 S 40T | 1
T R IR LT AE T BRI L BE 3 IR 22 R AT TR EK

HWEMT [ 4H(P<0.05), 1 20 F1 1 20 ] TG b &
Z5(P>0.05), ¥R EREEE R EIKTF
[ #H(P<0.05), T A5 M#H 1205 M 410 G %
Z 5 (P>0.05) o IZH 7™ 9 o AR e 260 AT 1 4 o
BEMRTIHP<0.05), THS5TH THSMH
[B] JC i 3 2% 5% ( P>0.05)

R4 ARPARKFRETHREFEEAFRN "R IREHENZM

Table 4 Effects of different levels of tannin in diets on number of rumen bacteria and

Methanogens in sheep

1g16S rDNA % U1 %

WA ZH %] Groups P i

Items 1 I m P-value
HYITH General bacteria 13.12+0.21° 12.42+0.34° 12.00£0.56" 0.004 8
M9 5 BRI R. albus 7.99+0.20* 7.39+0.54" 7.22+0.19° 0.000 9
O H ERH R flavefaciens 9.41+0.49" 8.80+0.29" 9.15+0.49™ 0.003 3
WAL T RN B. fibrisolvens 9.04+0.17" 8.61+0.32° 8.40+0.31° 0.016 0
FEBRIAMR 22 IRFT T F.succinogenes 9.96+0.30" 9.11+0.38° 9.20+0.47° 0.002 7
FEHE R Methanogens 8.52+0.61° 7.88+0.18" 7.53+0.44" 0.005 1
H 48 ¥ T # Methaneobrevibacterium 8.91+0.80° 8.58+0.35" 7.99+0.27° 0.004 0

[R5 H e JE AR AN R /NG SRR 0R 22 5 .3 (P<0.05) AR BE 7 B ROR 22 5 R 3 (P>0.05) . T,

In the same row, values with different small letter superscripts mean significant difference ( P<0.05) , while with the same or

no letter superscripts mean no significant difference ( P>0.05). The same as below.

22 ARPABAKFRETHAEEBEETHTE
gZ=di: kA
2.2.1 R APORFEZKF R T XA R E I o
EZ= A

DUy 854 4 fe ANREAS 3 B AT 407, 4
EEHE AU B T E N SR BOLE 5, A

RIS D P 7 35 R 8 T 0,99, 1 e J5 2241
Breesk . 15 A IRIR 2] 703 996 5 it i /Y
T A 16S RNA K751, & AN FE A F- 1 clean
reads £ H 4 46 933, & A M & i & 22 7 (P>
0.05) , F¥J4rKEAERIC(OTU) L H A 19, %
HIE T EZF(P>0.05), MAFRIEEH D EMK



2726 ;oo

It

L
&

Eitd 32 %

FIlAH(P<0.05), | HET4H. D45 M4 TR
EHEF(P>0.05) | A 5T 14
M4 (P<0.05), Hip T X B EHM T M4 (P<

0.05), MMM Ace 58 B FEIRT [ 4 (P<
0.05) , I 2L A I 41 18] G 8. 3% 25 5+ ( P>0.05) , 4541
[B] Chaol ¥4 TC 2 & 25 ( P>0.05) ,

x5 EELEHSEENFREENSHERSHEEER
Table 5 High-throughput sequencing quality control and diversity indexes of ruminal archeae

W H 2151 Groups P
Items I I m P-value
Clean reads 3¢ H Clean reads number 48 109+341 3 47 383+293 3 45 308+560 6 0.929 2
Y HEEAERITEH OTU number 20.80+3.43 19.40£3.09 19.40£1.41 0.867 8
A< 15 %L Shannon index 0.93+0.13° 0.83+0.19" 0.61+0.18" 0.013 0
S ZRFEHL Simpson index 0.45£0.10° 0.56+0.11° 0.71+1.78° 0.015 2
Ace $5%4 Ace index 26.80+1.93" 20.17+1.37° 18.08+1.53" 0.033 6
Chaol $£%% Chaol index 22.60+4.60 21.04+4.40 21.47+4.10 0.916 2
T3 JE Coverage 0.99 0.99 0.99

2.2.2  JARR R OR R K P B 6 AR R B
EZELeqiopA
2.2.2.1  EE R TR JE K L5 R AL
Gl

25 ALV Bl B AR 1K P T R 21
H2(P>0.05) (K 6) , FHNH R )

W], B 1E 98% DL F o FETTKF Bk 73k
A TR 2 2 A I 07 7K - 9 380 T g 4
AR AR R B A 4 R W 2
(P>0.05) , 25 A A PL SRR O AT A, A
B BRI B R AR 73 26 19 T B R B 2 A 1l
BT IR AR G R

Fo6 BEHEENFKFELNYMLES(SEHELHXT 1%)
Table 6 Proportion of ruminal archea at phylum and family level ( more than 1% of total archea) %
WA 205 Groups Pt
Items I i m P-value
I ] B ] Buryarchaeota 98.91+3.23 98.95+3.53 99.01+3.33 0.551 6
Phylum H4r2% Unclassified 1.09+0.13 1.05+0.35 0.89+0.11 0.512 6
B H e FTF B Bl Methanobacteriaceae 98.14£3.12 98.30£3.56 98.40%3.26 0.663 0
) ML E AL Thermoplasmatales_Incertae_Sedis  0.76+0.15 0.65+0.11 0.60+0.11 0.526 3
Family N . .
H4r2& Unclassified 1.09+0.13 1.05+0.16 0.09+0.13 0.512 6
TE & KB A BEAS rh 8 D W ot S AT DR e o
el (K1), miE L el w, fEEAKE Egdadh 3 4t if
ROTHIO BRI BB, AR AT BERT 3.1 8wt o 2 00 S T IR 0 PR A B S

BAEAN LU N R SEAT 40 2 09 B )@ B o L il e
A,
2.2.2.2  JE O AR I AR A A B

Bl 2 SHFREAS Y OTU 7K - die /N 3 40 531 4y
M (PLS-DA) , BEA 5 11 2 [8] 1 5 4% e B AR 1] ) B
B FRSr COMPL Fl COMP2 7R 25 Sk sk %
L4350 11.06% 1 12.05% ,  HA45 41349 COMP1 Al
COMP2 i3t , £ HAEAR A HAT R

B sy B MR MR e — B
VR 98 8 R G RR I AE p J E A O LR
SERMUCEM E AR UME” T SEN, RAR ES T
SUUEH R E P SRS R . Tana 551 BF
FERW, 4 5 BT RE B I 3 R A )™ R e R
Sk At BT B, AR R P R N 29 R 6% 1 BT
REAT T R AT L R EARR 22 IR AT TR B R
R R P e BB, X ARAE T BT R B, T
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A4 3 50T, VA A0 4T IR I TR A e T R
BEARG, 4 T B S R R gy, PRI R I
BT R DL Sl A A N S R, AR A
TR RS I 2% F1 A% BT 2 RRAR T 48 0
Hrh B O E R AT RNE ™
BEIPRRLZARAT B B0 . AR P A I 2% 57 B 2
FEARR T 2 (R 18 BRI RO, TSN 4% 507 41 8 (8

TR AT LR E
Percentage of archaea at genus level/%

T R AR A R RS AR IR 4% 5
T WA T AR SR B TR e R S AT R
O | T 290 577 20 7 P Joe T R P o R AT P 50 e
A TR, AR LRI 4 R —2,
FCJGUA Al fE 2 50T 2028 TR 440 1 R PR b R A
P IR AS S A M BE SR B R A BT X
BRI 200 I A B R L e 54 2 1 B Y e Dl L
T3 A R R R E RN R Z —,

" A Others

WG B Thermophilic bacteria
HEFFBE AL Methanobacteraceae

" HLEAFHE 4 Methanobacterium

" K433 Unclassified
" FEAT i JB Methanobrevibacter

11 12 I3 14 I5 11 12 1I3 114 5T T2 1113 1114 1115
5 Sample

E1 BEOHEBKELHNEEAM

Fig.1 Community composition of ruminal archea at genus level
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FE 41 COMPL (11.06%)

2 EBEHHE OTU /K PLS-DA
Fig.2 PLS-DA of rumen archaea at OTU level
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S5 WA — B, D R R TR A o 3 v A S R
B ™ o T A0 T AR e Rl e
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EZc2 301

9o A R B N RUE I — A, X R
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FEME S I 2 sh P B e i HE B B DDA G . 2 2R
BN R AR BCRAE A W VG S G 2
R AR 4 B A OG5 A AR B IE A
K, Ace ¥8EUFN Chaol F8EUCRMEAEYRETS F 1,
BV FE S Ace FEEUMI Chaol $8 Ky 5 1E A ¢,
Franzolin %5 W58 1 /K 298 15 v W e R 2 BE 1,
A5t I AT TR Dl oK A R O B R P A
J& . St-Pierre 25" % Bl 44 sh ¥y yRE B W ke B LA
ot AT TR o 32, O H B K R s AR AR
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Effects of Different Levels of Tannin in Diets on Rumen Bacteria,
Methanogens Number and Rumen Archaea Diversity in Sheep

LILi LI Dabiao® WANG lJingyao XIE Yongfang LI Zinan
(Inner Mongolia Key Laboratory of Animal Nutrition and Feed Science, College of Animal Science ,
Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract.; This experiment was aimed to investigate the effects of different levels of tannin in diets on ruminal
bacteria and methanogens number, as well as ruminal archaea diversity in sheep. A total of 15 healthy sheep
with weight about 45 kg were selected and randomly divided into 3 groups: group I (control group, without
tannin) , group II (2% tannin) and group Il (4% tannin) , with 5 sheep in each group. The pre-trial period
was 14 days and the formal trial period was 60 days. At 6 h after morning feeding, rumen fluid was collected
by oral sampler, and then microbial DNA was extracted to measure the number of ruminal bacteria and metha-
nogens by using real-time qPCR and the diversity of ruminal archaea by using the Illumina Miseq PE 300 plat-
form. The results showed as follows: 1) the number of general bacteria, Ruminococcus albus, Butyrivibrio
fibrisolvens and Fibrobacter succinogenes of groups Il and Il were significantly lower than those of group I
(P<0.05). Compare with group I, the number of Ruminococcus flavefaciens of group Il was significantly
decreased ( P<0.05). The number of methanogens and Methaneobrevibacterium of group Il were significantly
lower than those of group I (P<0.05).2) The Ace index of ruminal archaea of groups II and Il was signif-
icant lower than that of group I (P<0.05). The Shannon index of ruminal archaea of group Il was signifi-
cantly lower than that of group I (P<0.05). In addition, the Simpson index of group I was significantly
higher than that of groups I and II (P<0.05), and Simpson index of group I was significantly higher than
that of group I (P<0.05). In conclusion, 2% and 4% tannin in diets can decrease the number of ruminal
general bacteria and methanogens; the community richness and diversity of ruminal archaea are also decreased.
[ Chinese Journal of Animal Nutrition, 2020, 32(6) :2722-2729 ]
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