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Abstract: Using real-time PCR method to detect the effects of varying levels of triticale dried distillers
grains with solubles (TDDGS) inclusion in beef cattle diets on the populations of three rumen Prevotella
species viz., Prevotella ruminicola, Prevotella brevis and Prevotella bryantii. The results showed that 1)
compared with control group (CG), the populations of P. ruminicola and P. brevis in all TDDGS groups
(20%, 25% and 30% TDDGS) increased, and a 47-fold (P < 0.05) and a 794-fold (P < 0.05) significant

increase were observed in 20% TDDGS group respectively, however, the population of P. bryantii de-
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creased in all TDDGS groups and a 5-fold (P < 0.05) significant decrease was found in 20% TDDGS

group; 2) compared among TDDGS groups, significant population difference was only observed be-

tween 20% and 30% TDDGS groups for P. ruminicola, however, no other significant population differ-

ences were found between the TDDGS groups for the three Prevotella species. The conclusion was that

incorporation of 20% TDDGS in beef cattle diet significantly affected the populations of all three rumen

Prevotella species but no obvious population changes were found between the TDDGS groups.
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SE AT T B E AR R K R bR A: R R Xt
o 1A R R RO AR ;. Ozatsumi 25U i
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(20% TDDGS): H:#1(90:10) 65% T-5L K& LIRE
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FEHN; (3) 25%/NERE TIFELA(25% TDDGS): #4:
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5% ) R4k R RN, 5% KREFI; (4) 30%/N R
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1.2 EBEMEY S DNA RYIRERFN 41k
1.2.1 EBREVHRIRE: K05 28 K, 74t
TR AF SRR R AR B M N A IR &Y, K
W N AYIAE Stomacher (Seward Ltd., Worthing, West
Sussex, UK) =44 A sh¥ a2, 4°C, 6500 x g
B0 30 min, FF LW, BUUEW R AT RS
—80°C RAF, LIASHEH DNA, H A&y ik W SCHk[7].
KA R A Y E R EETE, JFA
DL BRI TC A 25 R S8
122 EEMEYE DNA MIRNSRE®RD: K
B 0.5 g bR B AN A PIR 51 8.0 )5 I UTTEY),
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DNA Kit), i izl & n9 3t B 43 32 5508 B BUEY)
M DNA, DNA ¥ f1 Nanodrop® ND-1000 (Nano-
drop, Thermo Fisher Scientific)4 i K 54N JE
T17E 260 nm FIUAE o ODagonso FLIEK T 1.8 ) DNA
T

1.3 PCR i

1.3.1 PCR 514): Prevotella ruminicola 1 Prevotella
brevis T INFEFE S ) WLSCHR[11], Prevotella bryan-
tii T PRSI SCk[6], SI9F oI L3 2.
132 RTFXEREBTE: ALK 2 3 FEm
SI XX 3 P AL 2 DNA FAF A 5
16S rRNA SE[A H 19 i Beift 4T PCR &1 . 9 8 4504
M1 95°C 2 min; 95°C 1 min, AR I (% 2)
30's, 72°C 1 min, 35 PE; 72°C 10 min, SR FR
25 uL, HAMERFEA549°4 300 nmol, ik DNA
20 ng, 1 £i% Ex Tag N ZE WK, 2.5 mmol SE# AR

16S rRNA (copy/mL) =

16S rRNA concentration (g/mL)x 6x10% (copy/mole)

JIEYI(ANTPs 1R 4, 1.25 U 4 Ex Tug DNA 4T
PCR 74 th S HE Bl LUK 73 25, EB Y8

1.3.3 BfHEBEREMERN: BN 3 Mg
DNA th¥/ #4455 3 4~ PCR =¥y afifl 5 4700 1%
¥ 25 RAE GenBank ] BLAST #4774 (1) [F]
PRSI o

1.3.4 B#r&E Real-time PCR AR ZHI{E: I H
PR ZEAL ) PCR 72915 QIAGEN 247 1Y pDrive %
R, b B B AL(QIAGEN), #EFT rifeky
I%, SRIG W PR e, FEHLPRIE AR VE . R
QIAGEN Jiiki DNA #2HUi7 & (QIAprep Spin
Miniprep Kit)$2 B 40 Fki DNA (BAAERAE 52 1R
UEF) . SRS IR B BARTE 514, FH PCR %55E
BHAE 5B o I 5 BH A sE B SR, DNA B9VREE, AT
FEEERGRE, WIVERRUERTZE . 16S rRNA 3 H$5 Dl 40
i Yu USRI R WA (1)

)

16S rRNA amplicon size (bp)x 660 (g 16S rRNA/mole/bp)

F1 HRAMMEFKE

Table 1

Ingredients and nutrient composition of four beef cattle diets containing varying percentage of triticale dried

distillers grains with solubes (TDDGS) used in this study

i (T 5k HeAit) Content (DM, %)

X B4 20%)N B2 TR A 25%/NEBAE T4 30%/ N B T4l
Control 20% TDDGS 25% TDDGS 30% TDDGS
JE AL Ingredients
NE AN b
el s e e e
KREFI 10 10 5 0
Barley silage mineral and vitamin mix 5 5 5 5
B4 Nutrient composition
HLEEH CP (%) 13.40 17.20 17.70 19.70
rh M PR 4T 4E NDF (%) 23.60 25.80 23.20 22.20
PR M Ve U 4 4% ADF (%) 8.00 10.20 8.70 7.90
YEH Starch (%) 51.40 41.50 41.80 44.00
Ca (%) 0.78 0.78 0.71 0.87
P (%) 0.41 0.52 0.55 0.58

&2 PCREREEMNEBEHMERSIY

Table 2 PCR primers for detection of rumen bacteria

e R/ Size (bp) 5|4 Primers (5'—3")

F#RE Target bacteria BRI T, (°C)

R _ 24 F: GAAAGTCGGATTAATGCTCTATGTTG 5
revotetta ruminicota R: CATCCTATAGCGGTAAACCTTTGG

Prevotella brevi 220 F: GGTTTCCTTGAGTGTATTCGACGTC 5
revoteita brevis R: CTTTCGCTTGGCCGCTG

) F: ACTGCAGCGCGAACTGTCAGA
LRl bl S R: ACCTTACGGTGGCAGTGTCTC e
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LA Prevotella ruminicola 15, Te i Ao A5 o i £
JEM 236 x 107-2.36 x 10°#5 DL 10 155 515 B 14
16S rRNA F Bei Bks se B P41 o DABTORL A AR, ik
T PCR )i, 3 8 MERRE, WMbIE 3 DE . [FN,
i 3 ASToREM A HXTIR, IR R (12,5 pL)InF: 2 x
MasterMix (Brilliant Il SYBR® Green QPCR Master
Mix) 6.25 pL, 20 umol 514 F A5 49 R 45 0.31 uL,

2 pumol ) ROX reference dye 0.19 pL, #&Hx 1 uL,
ddH,0 4.44 uL., KWZ: 95°C 10 min; 95°C 15 s,
59°C 1 min, 72°C 90 s, 45 ME; 72°C 10 min, 3 fif
BRI BRAE R, BRfi 2o R Bk 2k (1),

135 EBERBERMHERBOEE: H Statagene
Mx3005p B % 5 72 it PCR{XUFI SYBR® Green 17%¢
YRR T Y . R AR R SR AR Bl LR SRR AR
MV FERR BE AT 5. SOWAR RN 12.5 pL, HBidRik
J& M 20 ng, 6.25 uL 1Y 2 x MasterMix (24 Surestart”
Taq T . Reaction buffer, dNTPs, MgCl, fil SYBR
Green I 44¥}), . FlETI#4 031 uL. Prevotella

ruminicola #1 Prevotella brevis W) Z4: 95°C
10 min; 95°C 15 s, 59°C 1 min, 72°C 90 s, 45 MEE;
72°C 10 min, Prevotella bryantii [ 5cAF: 95°C
10 min; 95°C 15 s, 68°C 30 s, 72°C 30 s, 45 MEH,;
72°C 10 min, 2GR AE R E S5 —2F o
W fR 2 N 55°C—95°C, HFAbHT M 0.2°C, JfildEw¢
HfET.
1.4 HTEHITHH

RIEE R H SAS 9.2 #4F ANOVA &7 ikfT
Gt #r, £ ik A Duncan 7,

2 iR

A4 EBREY S DNA
AEE N 58 ) 13 DNA  $EEURF] & i fE Ht
T8 8 A=) 5 DNA B BRIE B HL vk 45 R LI 2.
KA B & B A 2l 20 8, il DNA 9 v B S AR
1E 100 mg/L LA I, ODssos0 (HAE 1.8-2.0 Z[A], ZHifE
RN TG A ) EK

2.1

| y=-3.241x + 35.63; ¥ = 0.999 y=-3.308x +44.32; ¥ = 0.998 y =-3.340x + 39.86; * = 0.999
= '\. a2 INC 37 '\_
30 | 38 | 3t
; 2 1 o3 SN
£ 2 £ 30 £ 25t
18 26 21 1
14 7 22 17
10 NP ({1 B 18 S 13 P
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
P& DU EE Lg copies P2 DL HOEUE Lg copies ¥ DUBOSHUE Lg copies
Prevotella ruminicola Prevotella brevis Prevotella bryantii
Bl1 3#EELERE Real-time PCR iREMLEREE

Fig. 1

Standard curve obtained by using real-time PCR quantify rumen Prevotella ruminicola, Prevotella brevis and

Prevotella bryantii

bp M 1 2 3 4 5 6

23130

9416
6557
4361

2322
2027

564

7

8§ 9 10 11 12 13 14 15 16

2 ASEERMEY DNA BikE
Fig. 2 Agarose gel electrophoresis of total DNA extracted from rumen contents of beef cattle
Note: M: DNA marker, Lambda DNA/Hind IlI; 1-4: Control group (CG); 5-8: 20% TDDGS group; 9-12: 25% TDDGS group; 13—16: 30%

TDDGS group.
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2.2 BirRERYE

MSCHR AT AN 2L i 519, #Ef7EE PCR
K, 24k )5 Y 3 R 2] DNA I RED 4 1 H
AR BE, SR ILE 3. FpillAe b s RE D1 E
(9 R B ELEERP 514 0007 38 R B 5 SOk I8 1Y
—%.

500

250

100
50

3 3MERMRRAEREREY DNA ¥ 1

Fig. 3 Amplification of three bacterial target fragments
with genomic DNA template

Note: M: DNA marker, 50 bp ladder; 1-3: Prevotella ruminicola
(74 bp), Prevotella brevis (220 bp) and Prevotella bryantii (540 bp).

2.3 BirE B ENE SN

1E GenBank | #|H BLAST #4725 # Rl J544
AT, GEREM, ¥ SIS GenBank P o A B
FESNARAME R T 99%. UL, v 3 By 5ok
Jo kL JiE B 48 i DL, T AR A v il 2 A
YIE
24 FNHEREELER

B RE i B CtAEAE 16-34 Z 1], HHR7EbRE
YIS Z N o 3 Tl TR 0 0 A ph 4 1 LA ) £
HAth A=, R TCIRFEFPESFA 519 AR,

MWE 4 A LLEH, P. ruminicola WAIE 20%
(6.42 x 10" copies/mL). 25% (3.84 x 10'? copies/mL)
F130% (7.43 x 10" copies/mL) TDDGS #H 5 %t B £H
(1.37 x 10" copies/mL)HH H V242 U1 ¥4 T,
3T 47, 28, 6 f%; T H. 20%7F1 25% TDDGS
20 55 % REZLAH E 22 57 18 25 (P < 0.05), 30% TDDGS 4
5%t 2 BN B3 P ruminicola 1F TDDGS £H [f]
(20% . 25%Af1 30% TDDGS) M4 1}, 20% 5 30%
TDDGS #AM 2257 B (P < 0.05), HAxH a2
SARRE., KT P ruminicola, P. brevis 1£ 20%
(5.39 x 10" copies/mL). 25% (2.81 x 10" copies/mL)

http://journals.im.ac.cn/wswxtbcn

H130% (1.17 x 10" copies/mL) TDDGS £H 5 % H& 41
(6.80 x 10°® copies/mL)AH L2785 D ¥4 T, 4
AT 794 41,17 £%; 1 H 20% TDDGS 41 5 % #R
HAH 25 5 B3 (P < 0.05), 25%71 30% TDDGS 2 5
X} MR 21 ¥4 22 53 AN .3 L P. brevis 1E TDDGS 4[] Fo 45
BF, A i zEs A3 . M, P bryantii 15
20% (8.77 x 10° copies/mL). 25% (1.57 x 10" cop-
ies/mL)H1 30% (3.54 x 107 copies/mL) TDDGS 4 5
X HRZH(4.34 x 107 copies/mL)HH HF-2414% D1 4k 4
R, 23 IFEAG 5.3 .1 % 1 H. 20%7#1 25% TDDGS
2H 5% R AH 22 57 B 3 (P < 0.05), 30% TDDGS 41
IR 25 R . P. bryantii 76 TDDGS 2H 6]
B, A AR S AN R E

10" B C

[ Control diet

a Hl 20% TDDGS diet
K] 25% TDDGS diet
30% TDDGS diet

1012 -

101

XRXXK

9.9

108 |

RX

16S rRNA gene concentration (copies/mL)

K
o2

10°

P. ruminicola P. brevis P. bryantii

B4 3MEELERE 16S rRNA EE#NKMARE
BERT R

Fig. 4 Average copy number of 16S rRNA gene from three
rumen Prevotella species viz.

Note: A: P. ruminicola; B: P. brevis, C: P. bryantii. Significant
differences between diets (control, 20%, 25% and 30% TDDGS)
(P < 0.05) are noted by different lower case letters within each
organism.

3 i
AHEFEF ] RT-PCR LRI T H R A a8 I AN [
Fe i) TDDGS X 3 Fh 32088 B IK B (P, rumini-
cola. P. brevis, P. bryantii)$ 50, MIRER %
T AR, A0 75 B DN 5 T il R T A 1) 4
(1) Frf5 TDDGS £H(20% . 25%7H1 30% TDDGS)5 X}
WRZHAH LR 22 55 (2) T4 TDDGS 4110(20% . 25%
F130% TDDGS) 2= 5 BIR[E e il i) TDDGS (15
AUV (Dose effect) 5+
AARISh, P. ruminicola TTE 4 # H AR T 1911
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$5 DU T P. brevis 18, P. brevis [# X & T P. bryantii
B, X SATARRGE A —5 . Weimer 45078 25 B 15
Ar R HR P EERER R 6 G mIzEE P
ruminicola B B A X B & T P. brevis W, 1 P.
brevis TH X E & T P. bryantii B .41, Tajima
AL o AN T e HLRL A 2 SR R B R R,
P. ruminicola WU #RILIE W3 5 T P. bryantii 1
M TDDGS 5% A LRI KT, P. rumini-
cola F1 P. brevis WA E TXHEA, Hr 20%
TDDGS WM E A P. ruminicola 1 P. brevis F %X
i KT B 43 300 T 47 1% (P < 0.05)F1 794 4%
(P < 0.05), MM TDDGS M BN P. bryantii
R AR T X R 4L, Hoh 20% TDDGS 21 46l
0 P. bryantii W BCE A X F X AL FEAL S A%
(P < 0.05), iXELLFIREN], HARFUSIAR LAY
TDDGS W g2 FBUHE E Hix 3 Fhia £ 2ty
Pl MHER 1 HAYHARB K, HRPEM TDDGS
Xt 20% TDDGS 41 H AR I> & s Mgk, X il B
J& 20% TDDGS 4 5% fi4H 3 M dch A % 25
ROJR A . %5 — 51 M\ TDDGS 41 [a) 45 1 R F, Bl
A HAf TDDGS o fiil i 4 & CR Rk L 84 ), P
ruminicola 1 P. brevis [H 5 ¥ 5 T REGEH, 1M P.
bryantii WU R F IS, X5 Tajima 7455
] AR HORR AL AR J5 155 28 KK &AM P ru-
minicola W WECE T T 3 4%, 1Ml P. bryantii 8
BT 10 AL RA—50, IEAh, Hobson %N
Tajima 251144 % AL i MURLAG O & E T, P, ru-
minicola THJEIE B HAOCH R . X85 nT DR
fi BB 5E TP % H AR TDDGS Hfi i85 Ch kL
BIXEIN) P. ruminicola WEUE R BEA R A
JREMAEBRE Y, & H IR # (Prevotella
species) & B WUEY H B KB — 32, I H AR
M RN F] H AR R 2 sh W rh B B, X 2L 20
BN 2 5 g LR R ROK AL A s & RN A
W5 P. ruminicola F1 P. brevis T/ HE H R
TDDGS H T 55 (20%—30% TDDGS) i A JTF T 1%,
EZ g T X B ECRE, BT H AR TR i TDDGS
A RE 2 IR 15 v 3ok PR A R S0 3 A oo H R
MR —E/ER, M P. bryantii 5 H Al WiF
BRIE A S i A2 A e B, TTRE S B B UE B R A fig
A RO N 1 E Y, B TDDGS ¥R L

B4 H1(20%-30% TDDGS), HARrhieh & & 8 f />
I (41.5%—44.0%), {H 1B A% F X5 B4 H R
TEM S (51.4%) . L, FOARTER & 2 1) A8 1k ] Ak
I P bryantii W H K TDDGS 7T
(20%—30% TDDGS)% it A7 FT It = {H 24 534K T Xf #]
BRI, HGE T B IR A AT

WAL R KW, AN[F TDDGS % in kb 4]
1) H KX 3 B S IR W AR A P, 4 H
KRN 20% TDDGS B, W& F+ T P. ruminicola
N P. brevis WEE, MFART P. bryantii HE & 3
T 7E TDDGS 2H [8] ) % i 28 fh 22 S A o
Bifl: R EZRRMEFASBARFBAFFR
Paul ] Weimer 1§+ 3 #78 § L5 KA rE R4k
20 DNA #9424k,

2 £ X #
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