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Evaluate the diversity of bacteria associated with liquid and
solid phases of rumen contents of Mongolian
Sheep using PCR-DGGE analysis

ZENG Yan, NI Xue-qin® , ZENG Dong, JIAN Ping, WANG Jian, TANG Yu-rui
(College of Veterinary/Key Laboratory of Animal Disease and Human Health of Sichuan Province.

Sichuan Agricultural University, Ya’an 625014, China)

Abstract This experiment is to explore the diversity of bacteria associated with liquid phase samples and solid phase
samples of rumen contents of Mongolian Sheep. This study choice the research methods of polymerase chain reaction-
denaturing gradient gel electrophoresis (PCR-DGGE) . The results were analyzed by cluster analysis and PCA. Some
common and special bands were identified at the same time. The results showed that both the bacteria from the liquid
phase samples and solid phase samples had a high diversity.and the liquid phase samples had higher number of bands
compared with the solid phase, were 30 and 24, respectively. Compared with the solid phase samples, the shannon
diversity index,evenness and richness of liquid phase samples were higher, were 3.45,0.90,30.20 and 3. 23,0. 84,
24. 62, respectively. Samples of rumen liquid phase samples and solid phase samples from the same individual clustered
together, and the similarity coefficient were up to 0. 81. Uncultured rumen bacterium and Uncultured Bacteroidetes
bacterium were predominadt in the rumen of sheep. The special bancterial in rumen content was Alcaligenes sp. .
Furthermore, both the liquid phase samples and solid phase samples of rumen contents of Mongolian Sheep had
abundant bacteria and highest diversity in the liquid phase samples.

Key words Mongolian Sheep; PCR-DGGE; liquid phase; solid phase; cluster analysis; PCA
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EER AW RA MIEASE . PR
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B at s RN B 2 sl ) S HR B R i 1 H
B AOAF 5% #h it Hovh, e 35 EE VR S oAl
B AR N AN I S R AR AT T
KREWFFE, B K28R T8 5 IR & N AEY 0 k
GEb SRR b AEAE TR N SRR BV Y i
AW ok B R T WRAE PN 2 ) R T AR N A
H & R R Y Al 2 4l p ™ i fifi 75 62k 4 & 4%
EARFEZIRE. Bl wEoe R B Y fe 2
T 200 Hb BAF 5 R T VRO R AR 20 A 2 L) e LA R R
HEME XL,

B E . FH G0 W 00 26 55 35 B2 R AL RE 43 2 55 9%
L1268t AT A R 4 B2k A 1B AL F A
ARA . 1993 4F, Muyzer 265 1 Ol PCR-DGGE $
AR TR A Wy i 2 HE 0, B AT g iz i
TR ) L SO W RN g T R ) R R 4
R 5T . AWF5T i PCR-DGGE H AR 456
A 18 o BRI > o VA 552 3y S8 B VRCRF R[] AH 20 T
M ZMEE BTN R S0 S A AR e 5%

1 #MH5RFE

L1 Rz

I Wk A DU 4 A 22 i 44 1l B e Y ik
5 HF MR REESE T F GE N 1. 2.
3 T 4 RIS VEN REENT G P 3 R H 2y ((48. 16 &
1.48) kg,
1.2 RIe s
1.2.1 #H&HegRE

TR ES N TR E NEY. O KE =
20 A 3k B AT B VRORF RN [ AR A A R AR 3 L B
By R 5 mL 5L 5 g, 404 2 KA EP & b 2 il Al
s B A ] SE 00 % S B — 80 C KA R AF .
1.2.2 FZXAAMNAME

KIGFFE 16S r DNA V3 X3 H 59 - i3
HEFEFL A S A FRA A 52X Tag MasterMix (46 5
N YR A R F]D s Gel Extraction Kit (35
E OMEGA A 7)) ; DGGE £k 7] (3£ H Bio-Rad
3 E)D 5 AR G 24 i AR o g E R R B R A
7]);pMD® 19-T Vector (K& F4EY T A R
) ; NanoDrop® ND-1000 #% & 2 11 ¥ B I 2 1%
(Wilmington, DE 1981, USA); M] Research PRC-

200 #1 DGGE H, 3k ¥ (Bio-Rad Canada, Mississauga,
Ontario) ,
1.3 BY/S5/RIKERRIAE S DNA
1.3.1 HmeyRa e

FE S 09 WAL B 2 B Zhou 25 5 k. R HL
200 mg W H EAHES T 2 mL EP &, ilLA 600 pL
PBS i W, 7% ¥ ¥ 2 )5 [F 9 B WA A & Clg
200 1)1 000 r/min B0 10 min, f& 8 78O
A 600 uLL PBS %W 1 000 r/min #.0> 10 min J5§%
LW AR TE 4 ‘C /T 13 000 r/min B
O 5 min, PEDE .
1.3.2 #sbmi & DNA a4 &

TEF AL B 5 () FE & om A 20 pL 5 TR B RN
600 pL By TE ¥ . 780 1R 215 37 “C/KH 30 min;
A 15 pL A K A1 500 pL 24# W .55 “CKi
4 hJE ARl 25+ 24 = 1 (M = 45« Ik
BAR AW .4 °C 13 000 r/min .0 10 min; #% 8 Fik
WEH EP HRMAMKBIL R 24« 1AM 7k
BEIRAW . IR )5 4 °C 13 000 r/min .0 10 min,
B DLTE s INAZEARFRAY 100 Y R EE, —20 C it
;4 °C 13 000 r/min B0 ULIES WAL S 20 min, 3
FRUTTE » F 80240 5 A I Uk & — Wk T I 19 4l BT L
DNA F 60 ul. TE WM. A NanoDrop® ND-
1000 #% W2 45 11 vk B2 M 5@ A A I DNA ik B2, &
—20 C fRAFFEH
1.4 #A&E & DNA 16S r DNA V3 X i 1

KIGFFH 16S r RNA V3 X (339~539) L Ji# Al
TUESI . 40 5-CGC CCG GGG CGC GCC
CCG GGC GGG GCG GGG GCA CGG GGG GAC
TCC TAC GGG AGG CAG CAG T-3',#15-GTA
TTA CCG CGG CTG CTG GCA C-3'M", PCR ¥~
AR RGBS W, R RS . 2 X Taq
MasterMix. # #z DNA Fi1 ddH, O, fin#¢ & 4 5 2~
1.0.1.0.12.0.1.0 A1 10. 0 pL. PCR "8 & 1+ W
94 ‘CHWiAEM: 4 min; 94 CAE M 30 5,58 “CiB k 30 s,
72 “C #Eff 2 min, 35 NG FF; 72 C HE A 10 min,
PCR 7= FH ¥ BE R 1. 0 0 Bt B A58 J0C Fi K G 0
1.5 PCR-DGGE % ff

TEHL 35 %0 ~ 65 U4 (14 28 P B J5e Fi VOB JEE (40 D0
R AN 7 mol/L JRZE DN, 3% A Bio-Rad Dcode 3
17 PCR-DGGE & Jie t 3K HL UK 22 il o 1 X TAE
VR, B UK 25 1 100 VO HL JE AT 60 °C iR BE H Uk
15 b HL UK 25 oS S IR R g 68 7 1k b B 5 2R L 5%
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FH Bio-Rad GS800 Calibrated Densitometer 9
g .
1.6 HMERGFRMEEHFRENRF

DGGE &35 I+ 9 vk A e S Pk 2% i %1 ke [l i
JERWT IXTE Sy . # 1.4 J7 % PCR 9~
H4 . PCR ¥y fit DGGE sk #f A a1l B #9 7 Be iy 1E
Bk AR Z AR 3R . KT RS OR
i GC IO 15 i 44k 1) DNA, 4 B SCHERL3 ]
(07 %5 R 38 MR 3% B2 5% i 57 & (pMD® 19-T
Vector) i% £z H & # 19 PCR 7 9. H K % #F @i
DHO5 o J8% 52 25 20 i i A% 422 77 ) ) U A 78 92 3R F
W CEHE N HHER) AN I3 A B v B %
g B HERE LB 5 AT BR A FIF . ¥EFH Chromas 2
79 4 B KA o B 3R F 4, SR J5 7E GenBank
(http://www. ncbi. nlm. nih. gov/BLAST/) %t #&
JE T X H 2 2% 06 R 420 1Y Y 9N 64T 3 AT .
1.7 HESW

JI AT AR 06 B I SAS 9. 1 #ifk  NTSYS 2. 1
BAFA Excel 2013 #E47 48310 #r . k4% PCR-DGGE
e SR Y 3y B RS o B R 2 R PR R AR .

2 ZERE57M
2.1 EBKRMEREMEERMAER PCR-DGGE Eif
ST

TR R it 114 FEL K T 9 v R 2R 0 S A
FRATE o T 4 €58 2l S I A B 5 2% 0 B 1 52 J 1
IR QR 40 BT B I B 2 R 0 SR 8 AR A [
FHAE R 27 A T R R R EL UK AR (BT DD B 2R B
TR AN A B A A7 22 5 WOMTRE i B B 1
b2 R P8 26 B 30 4% HL S AR AR A F
P2l O T T 20 2% s [UATRE i BoA SR B9 i
L HOF R A RO 24 4% HOR RS 1R ) £7 7E
PR 22 53 - S2 KE il B 264 U 13 4% 10 S3 il Y

FO Bk 25 2. NI R B WOMT 0 TR 19 Z AR T
Il A 200 749

L1 12 I3

4 L5

L1~L5 Jyd B WARAE AL 3 S1~S5 i B B AR A . T
El . 1.2.3.4.5.6 F1 7 2% 1.2.3.4.5.6 Fl 7,
L1-L5, Rumen liquid samples; S1-S5. Rumen solid
samples. The same as below. 1,2,3,4,5,6 and 7 stand
for band 1,2,3,4,5,6 and 7.

1 BB RAREHEEDHAEKN PCR-DGGE EiE
Fig. 1 PCR-DGGE profiles of the liquid and

solid samples from the rumen

2.2 PCR-DGGE B & 4R

PCR-DGGE i (& 1) ) £ B e g B ke
AN A B 2R RN EE (S (2R
PR B CHD A4 A7 B CEHD 2B RE S 40 5 A~ R 50, B
T FE I A 4 5 B, R 1 MK 2 Al )
AHRE 5l 20 TR 1 22 R R 4R B 38 50 R E R S A
s A0 A 3,450, 90 1 30. 20 5 [ AHBE & 40 T A
AR B S R R YR AL.
3.23.0. 84 F1 24,62, [F, 98 B WAHFE & 40 18 H
AN Z R, 4 R 5 PCR-DGGE [ i 45
— 3.

X1 EEREMEAEEMENSHEEEE NOBERFEE

Table 1 Shannon diversity index,richness and evenness of DGGE profiles of

the liquid and solid samples from the rumen

e 5 SRS D WA R EES)

Sample No. Shannon diversity index Evenness Richness
L1~L5 3.1540. 30 0.8240.08 24.00%£6. 20
S1~S5 2.9640.27 0.77£0.07 19.80+4. 82
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Fig. 2 Shannon diversity index,evenness and
richness of bacteria in the liquid and solid

samples from the rumen

2.3 PCR-DGGE BB E S
REHr R (K 3D, 6] —sh WA 1998 B )
AF R[] AR ot 200 T O A 45 A 2 A L A v L4y
SRAE — 8 5 (B HARAU A7 7E 25 7 - L1 FE 5L A0 ST A
o T PR L 2R B0k 0. 81, T L3 KE i Al S3 BE & 7]
AU R EGR A 0. 95, AT BBt sh 1 Mk 2 55 2 3L

[ L1
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ZHU Coefficient

3 PCR-DGGE Bl &HHRENN
Fig. 3 Cluster dendrogram of PCR-DGGE bands in gel

2.4 PCR-DGGE B &1 PCA o047

PCR-DGGE K&y PCA 43 #r (] 4) 5 R 2K 5
Prid 45 A — 2. PCL By 5Tk % 28. 78%, PC2
(9 SR S 20. 88205 PC1 B M ks L1 K A1 ST
FE S5 HABARE 5 20 T T PC2 00 &R LA AE 5,
A S4 B 5 HAWAE G TT R RS 1 RIS 4 H
52t 3 099 R A DRl S RO [ T 5 R A
X531 5[] — 20 4 A 4% 1% Y80 FH R T AR o R AE — S L 3R
WA [] 301 AR XoF i) — 20 40 1 A 79 YRR R 1 A A i
YA TR 1 22 B R S A AN
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Fig. 4 PCA analysis of PCR-DGGE profiles

2.5 EERBEMEAEREENFTREETHRE
REM SR

DGGE P36 Iy 4 264t A 1] 1 B/ o 0 1 245
VLR 2. 968 '8 WUAR [ AR o 200 T T R 45 4 1 95
WA KEARKRE R E M E (Uncultured rumen
bacterium) F1 & 55 F# #L #F B ] 4 5 ( Uncultured
Bacteroidetes bacterium) ; i M AE i P 9 & K &
RS VE B 250 20 B O 7 B T R (Alcaligenes
sp. ) ARG IR B 40 (Uncultured bacterium) fl R
B = LA & 1] 48 B (Uncultured Bacteroidetes
bacterium) ,

BRI P 45 2R 5 GenBank £ & vh i A4 9
R PR PR IR 3 99 06 . HLACHT 3.6 F 7 AHLIE 2 5
ik 100 24, BE I AR A5 1 1 5 [R]85 40 e b 2 4 1 1
G/ ESE TR S
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Table 2 Comparison of genomic sequences in common bands and special bands by sequencing and BLAST analysis

R R b GenBank B 2o L 10 B R 4B %5 3 ) MR Y
Band name Sequence size Closest relatives found in the GenBank database(Access number) Similarity Note
Band(1) 196 Uncultured rumen bacterium clone GRC147 (DQ673612. 1) 99 H UL
Band(2) 194 Uncultured Bacteroidetes bacterium clone L2n11UD (HM105463. 1) 99 w0
Band(3) 199 Alcaligenes sp. VV1(EU817657) 100
Band(4) 194 Uncultured bacterium clone GDIC2IKO1ALEXO (JF657965. 1) 99
Band(5) 175 Uncultured rumen bacterium clone L102RT-6-G11 (GU304000. 1) 99
Band(6) 175 Uncultured rumen bacterium clone L102RT-2-C03 (HQ400097. 1) 100 O
Band(7) 194 Uncultured Bacteroidetes bacterium clone L2k19UD (HM105424. 1) 100 w0

T 25 B RN R 53 40

Note: * Blank part of note in the table represent specific bands.

3 4t i
3.1 BEERMBEREHEMAER PCR-DGGE E L 54
RAshPigEmEEfMmEE R 2, HEEE
KA . PCR-DGGE [ B R 52 % £ H
TRORH 0 [ AR o X 5 A 0 P RO AR R . Y
LU= 1 968 T VRORH R0 [ R 0 A 0 TR 45 4 R 2 R A A
— 5 22 5 » Cunha 5 9 58 01 & 90 L 74 1L =
Te 1 VROAFRI ] AH B0 R 5 38 A R R R A B
O JERBEE AT o ADLAT BT AR 2 26 B
WEENRA®KREE (Clostridium) F1 L #7F B )&
(Bacteroidetes) 1% 2% T 16 B fif - 4E 25 ¥y I 7 i H
AEEAMER . SR Derrick %1 5@ i 454 & i@
P HORBIESE T 12 Sk W A 0 96 VORH R0 [ AH fL
AW G S A BRIEE T T AR 0 RORE TR A R 25 SR L
RE WA DL H AT F 2Ok T EHFIRIRE R
(Prevotella) LI 7 J& (Bacteroidetes) , 1 8 H
AH BS54 B A R 8T T W2 9N 1 J& (Butyrivibrio)
FHUAT & J& (Bacteroidetes) , [FIFE, A58 ) PCR-
DGGE &3 i) 22 K¢ 1 45 5 45 5 2% W18 B 1 A0 7
HH A0 TR AT 22 5, LR VROAH A0 T 2 A R T T A
A . BEFERMNT N R A 4K
Wy Jox 28 B T BRE TR 2T 4R AR P A0 R RE A 0 TR 3
BT BRI 22 R AT B (Fibrobacter succinogenes) |
{58 B 3R B (Ruminobacter albus) F 85 (0,988 B R H
(Ruminococcus flave faciens) , H iZ IS H AL /L & K
FEAE T B TR P R 3 A A R ) 0 I A
TR A5 1 A T 0 0 07 R A T 4 o DL R S A L

T AH & A Y 4 TR R 2R T 2, X 5 AR 0 45 SR A1
—.
3.2 PCR-DGGE EiZ#BE N B PCA £
R4 PCR-DGGE &35 2 W] >k 3 94 B W AH (9 410
PR 26 22 T [ A AH SR 2840 B R - ZEAS 8] 2 AR
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. X RIS AR X IR B A R S e <RH A A B
X 9RE AN B 52, n] BB P SR BRI A 1Y) R A I
S3 %, Carberry %17 % lj PCR-DGGE 1 RT-
PCR HARWFGE T o Z8 HARXT 24 H 498 8 4l i 1
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IMASTR] HOH SR 09 40 08 22 S 350K B W RS X 98
T 20 T 5 0 KT Bl A R A R S e A
1) PCA 43 BT 7 358 0B i 6 SR S T I b g R A 3
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B Jami 551556 4 B far 7 20405 4 A R ()98 B A= 4
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WL A4 Zh Y B N AW E 2R | R
BE B T DRUDURF B 0T . LR 5 %P W PCR-16S
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