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Application of PCR-DGGE and Real-Time PCR to analyze the cecum

microflora of health and diarrhea rex rabbit

ZHOUYi'* WEN Bin®® SUN Hao' DUAN Ling® FU Xiang-Chao’
ZENG Dong'” NI Xue-Qin'~ WANG Ping’

(1. College of Veterinary Medicine, Sichuan Agricultural University, Chengdu, Sichuan 611130, China)
(2. Sichuan Academy of Grassland Science, Chengdu, Sichuan 611731, China)
(3. College of Life Science & Technology, Southwest University for Nationalities, Chengdu, Sichuan 610041, China)

Abstract: [Objective] To provide theoretical basis for using probiotics to prevent and treat the diarrhea
weaning rabbit, the experiments were performed to explore the structural changes of cecum microflora
in the diarrhea rex rabbit. [Methods] Total DNA were extracted from the cecum contents of 5 healthy
and 5 diarrhea rex rabbits respectively. PCR-DGGE and Real-Time PCR were applied to analyze the
differences of Cecum microflora between the healthy and diarrhea rex rabbits. [Results] Through the
analysis we found that the richness, evenness and diversity index of PCR-DGGE profiles bands were
not significant difference. But clustering analysis and Principal Component Analysis (PCA) could
distinguish diarrhea group from healthy group. Real-Time PCR detection showed that in the diarrhea
rabbit, despite the number of the population of normal intestinal flora including Prevotella, Clostridium
cluster I was not changed (P>0.05), the population of Streptococcus spp., Clostridium leptum group,
Bifidobacterium spp., Clostridium coccoides, Ruminococcus albus, Butyrivibrio fibrisolvens,
Fusobacterium rausnitzii were sharply decreased (P<0.01). However, the number of Escherichia coli,
which belongs to the Enterobacteriacae family, was greatly increased (P<0.05). [Conclusion] The
results prove that the population of probiotics decreased, some harmful microorganism quantity
increased in the cecum of diarrhea rex rabbit, the cecum flora structure is difference but not significant
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(P>0.05), indeed the structure of flora has a tendency to complicate in the diarrhea rabbit.

Keywords: Diarrhea, Intestinal microflora, PCR-DGGE, Real-Time PCR, Rex rabbit
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1.1.2 FEiK57: DGGE W&k, Bio-Rad A F];
B YL 2 A A OGN X S ar BT 4l 2X Tag
MasterMix (F4uk}), Femttze BRI RA R
SYBR Premix Ex7aqll, FAY TRECOKE)HRA
Hl; OMEGA ZERHEHUAT £ [OMEGA® Stool DNA
Kit (50)], W#EBRICAEMRHHARTHUEA ], PCR
519 B SRR (i) SR A RS )6 1
1.2 ER52 DNA $2EL

18l OMEGA ZEREFIBGR H) £ [OMEGA”™ Stool
DNA Kit (50)], & IEEAETWE 3 $ e sl 25
Y B DNA, M ¥ B I 52 X (NanoDrop®
ND-1000 UV-Vis Spectrophotometer) Il & ¥ &
(OD14/ODyg=1.8-2.2), ‘E-30°C /1.
1.3 16S rRNA £[X V3 [X PCR ¥ 1%

i FHHZEUY) DNA 205 16S rRNA HEHAY
V3 [X(339-539 bp), FI¥FH: LliF5 19 GC &k
% . 5-CGCCCGGGGCGCGCCCCGGGCGGGGCG

GGGGCACGGGGGGACTCCTACGGGAGGCAGC
AGT-3"; Fis|¥H . 5-GTATTACCGCGGCTGGC

AC-31 RN AR R (25 pl): 2xTag MasterMix
(CWBIO) 12.5 uL, EFUE514)(10 pmol/L)45 1 L,
A DNA 1 uL, 55 ddH,0 #ME 25 pL, #—14
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58°C30s, 72°C2min, 30 MEH; 72 °C 10 min,
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100 V., 60 °C s MYk 16 ho RAIRRRR Y ()5
H Bio-Rad® GS800 Calibrated Densitometer X %EZ
HEAT UG ALHL
1.5 RHZEE Real-Time PCR

Real-Time PCR (RT-PCR)%/H Bio-Rad® CFX
96 P I PCR AGHAT, 255519 Sbnifeth 2k Il
% 1, WIKRZE (25 uL): SYBR Premix ExTag 11

12.5 uL, EFHF5145(10 pmol/L)4% 1 uL, A 1 uL,
ddH,0 9.5 uLo W &4 : 94 °C 4 min; 94°C 30,
SR KRR 1)30s, 72°C 30, 40 M
¥ ; 72 °C 1 min; 95 °C 1 min, 50 °C 1 min, 60 °C
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5% Quantity one %} PCR-DGGE [&l3i 47 4b 3
Je S EdE, T Excel FAG T, NTSYS 2.1
AR UPGMA LA TSR IS0 SR T SPSS 19.0
BEATPSTAE A ¢ K9G AT B AR s B
GraphPadPrism 6 1EX]

2 RS54
2.1 PCR-DGGE %8
7t PCR-DGGE (& 1), ZH B iR

HR1 HR2 HR3 HR4 HRS5 DRI DR2 DR3 DR4 DRS

E1 @RFESH % PCR-DGGE Eli%

Figure 1 PCR-DGGE profile of health & diarrhea rex
rabbit

F: HR 1-5. DR 1-5 G 5IFon @R . B MR

Note: HR 1-5 (Health rabbit 1-5) & DR 1-5 (Diarrhea rabbit 1-5)
represented health rabbit & diarrhea rabbit respectively.
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Table 1 Primer sequences of microbial 16S rRNA gene for Real-Time PCR. TM & regression curve

AR

Bacterial species

ElE7I 2

Primer sequence (5'—3")

5 =4 5 /AR KR

Regression curve/T;,

2 3k

Reference

SEAHEE(130 bp)
Total bacteria

R IRICE(151 bp)
Prevotella

e P4 T TRILE(158 bp)

Butyrivibrio fibrisolvens

[T #FH230 bp)

Enterobacteriaceae family

[ KT (144 bp)

Enterococcus spp.

XUEZFT 1% (243 bp)
Bifidobacterium spp.

MRPRZEHE 1(120 bp)

Clostridium cluster 1

REISHE TV (230 bp)

Clostridium leptum group

MR HEZERE XIVa (440 bp)
Clostridium cluster XIVa

(08 H ERTE (295 bp)

Ruminococcus lavefaciens

[ €95 H BRTE (175 bp)

Ruminococcus albus

BRI AT ER (158 bp)
Fusobacterium rausnitzii

TP TIRT (160 bp)
Salmonella species

g R IHAT R (113 bp)

Escherichia coli

F-CGGYCCAGACTCCTACGGG

R-TTACCGCGGCTGCTGGCAC

F-GGTGTCGGCTTAAGTGCCAT

R-CGGAYGTAAGGGCCGTGC

F-GTTCGGCTGGGCACTCT

R-CACCGCGACATTCTGATTC

F-CATTGACGTTACCCGCAGAAGAAGC

R-CTCTACGAGACTCAAGCTTGC

F-CCCTTATTGTTAGTTGCCATCATT

R-ACTCGTTGTACTTCCCATTGT

F-TCGCGTCYGGTGTGAAAG

R-CCACATCCAGCRTCCAC

F-ATGCAAGTCGAGCGAKG

R-TATGCGGTATTAATCTYCCTTT

F-GCACAAGCAGTGGAGT

R-CTTCCTCCGTTTTGTCAA

F-AAATGACGGTACCTGACTAA

R-CTTTGAGTTTCATTCTTGCGAA

F-GGACGATAATGACGGTACTT

R-GCAATCYGAACTGGGACAAT

F-CCCTAAAAGCAGTCTTAGTTCG

R-CCTCCTTGCGGTTAGAACA

F-CCCTTCAGTGCCGCAGT

R-GTCGCAGGATGTCAAGAC

F-TCGTCATTCCATTACCTACC

R-AAACGTTGAAAAACTGAGGA

F-CATGCCGCGTGTATGAAGAA

R-CGGGTAACGTCAATGAGCAAA

Y=14.354-0.260 7X R’=0.997
T=60 °C

¥=14.39-0.280 7X  R’=0.998
T=55 °C

¥Y=0.290 7X+14.290 R’=0.997
T,=60 °C

Y=13.87-0.192 7X  R*=0.995
=52 °C

Y=0.254 2X+14.356 R’=0.999
Tm=52 °C

¥=13.837-0.204 5X R’=0.998
T,=62 °C

Y=13.376-0.226 6X R*=0.998
Tn=60 °C

Y=14.288-0.247 2X R’=0.992
T1n=60 °C

Y=14.748-0.261 5X R’=0.997
Tn=60°C

Y=14.211-0.273 9X R*=0.998
T=56 °C

Y=14.164-0.269 1X R*=0.998
Tn=52°C

¥Y=0.300 4X+14.394 R’=0.995
Tw=60 °C

Tn=59 °C

Tw=59 °C

(9]

(9]

[10]

[10]

(7]

(9]

(]

[11]

[11]

[12]

[13]

(]

[14]

[15]
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&

HR1

=
S

HR4

HRS

HR3

DR1

DR2

i

0.63 0.70 0.76 0.82

Z B Coefficient

2 BRS5ESH%MERE PCR-DGGE £ RESHE
Figure 2 Cluster analysis figure for PCR-DGGE bands of cecum flora of health & diarrhea rex rabbite
T R EIE  NTSYS2.1 £, ik DICE R, RISl UPGMA %5 HR 1-5 il DR 1-5 735 Zn i@ HEise

1-5. IB¥5Hit 1-5.

Note: Clustering analysis graph generated by NTSYS2.1, DICE coefficient was used to analysis the data, the clustering analysis by UPGMA;
HR 1-5 & DR 1-5 represented health rabbit 1-5 & diarrhea rabbit 1-5 respectively.

*®2 BEMESHREMERSHEMER HAIERFEE

Table 2 Diversity index, evenness & richness of cecum microbial population in health & diarrhea rex rabbit

il LR By FEE
Group Diversity Index Evenness Richness
SRR 3.90+0.04 0.90+0.01 49.60+1.81
Diarrhea Rabbit
R 3.8540.12 0.89+0.03 47.40+5.60
Health Rabbit

T AT TSR IS REAS ¢ 1635, WEACE R 0.05, n=5; BRI EYELRMELE, IETEA 5 AR 122 B3R 2 (P>0.05).

Note: Independent sample ¢ test was used for analysis, P=0.05, n=5; Data using mean + standard deviation, there is no significant difference

diarrhea compared with the healthy group (P>0.05).

HZEeEAR S ERIE . NE 1 el A
H, TCIS R TS e S R AR A T R
2T, i BRI VS G i 3 AN R A ol ak #
47.40 F149.60, VRO NIZAEA T HERE .
PCR-DGGE 457 UPGMA 3520 (K 2) IR,
fa AR VS A e L B ke S B B X A e,

RS 22 [ I ARRIPE S 0.63, VB G & A I TS 5
AP BEES AR R AR ARk . (RSB A5 fi B A
TS E 40T DGGE Lk P 2R R $5972)
B FEEGER 2), WAL A2 588 535 (P>0.05),
VLIRS S B i st & A As b, (FJRAR
A B3 . DGGE 254 s/ (8 3) 5 R 24y
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gl MR 2E BAHE], PCL (23.94% V4l e i1 V5 i o [X.
ol ol I HEEATHIRAY . B, VS 5 I e s
=l Fahs %80, {0 PCR-DGGE I 4 2 5

5: 2k ® [HR2 AR
% 0 ® HRY 0 DRI QDR 2.2 Real-Time PCR 5%

g ok MSTREAS ¢ KR DGR AT LA T, SR
T o S Lo, LY 9B S M e 0 TR )
S 7 qom (P<0.01), JGHFHEEHP<0.01), JHEREIR(P<0.01).

-6 -4 -2 0 2 4 6

F {98 B EREE(P<0.01) . MEZEHE X Va (P<0.01).
WRIEEBEIV (P<0.01), XU AT @ (P<0.01), %4
E3 BERSESH%ZEEEPCR-DGGE £y 4 TRRINE(P<0.01). HHARFF IE (P<0.01)3) i EFE

Component 1 23.94%

DR ik, WHKREP>0.05), REAEHE 1 (P>0.05)X
Figure 3 The PCA result of PCR-DGGE analysis in health e - ETSPRNNN s
& diarrhea rex rabbit cecum microbial flora 2 ﬁ: Lf_ﬁ@ﬁi%ﬂh;ﬁ . ﬁ@‘@ '%l};‘k il ﬂ]{//l I 3% bl

*3 RBEMESHREHARRNLESE PCRER

Table 3 The result of Real-Time PCR analysis in health & diarrhea rex rabbit cecum microbial flora

e MRS B B PG B
Bacterial species Health rabbit Diarrhea rabbit Bacterial species Health rabbit ~ Diarrhea rabbit
p (Lo gcopy/g) (Logcopy/g) : P (Lo gcopy/g) (Logcopy/g)
- ! Yo B s
el . 11.73+0.32 10.95+0.13 : E@‘_ﬁ; HRRIA 8.78+0.21 7.74+0.54
Total bacteria ' Ruminococcus albus
A2y o LTI TS -
Wk R 10.04+0.67 9.42+0.24 | Q}’Fiﬁi&%g 8.33+0.27 7.30+0.33
Prevotella \ Butyrivibrio fibrisolvens
y ok : EHZ A 2 kK
WAkT iR . . 10.26+0.15 9.79+0.06 P hr EE@H_:% o 11.15£0.29 10.48+0.07
Enterobacteriacae family i Fusobacterium rausnitzii
HRER 7.29+0.41 5.66+0.58" ! ﬁﬁﬂ%ﬁ ! 6.22+0.21 5.60+1.00
Enterococcus spp. i Clostridium cluster [
@ﬁﬁ%ﬂ% 7.80+0.06 6.98+0.20" | 2 X N a 10.67+0.28 10.02+0.03"
Bifidobacterium spp. : Clostridium cluster X [Va
BRERR 10.97+0.38 10.30+£0.23"

Clostridium leptum group

T ST SRS A%, WEKTHR 0.05, n=5. BEWEFAEEASHEALLE, = ZREEP<0.05), 7 ZHFH
B3 (P<0.01).

Note: Independent sample ¢ test was used for analysis, P=0.05, n=>5. Significant difference for the diarrhea compared with health group, *:
Significant differences (P<0.05), " Significant differences (P<0.01).
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® HR5
ODRj
$
= ® HR4
S ®iR3
o ODRI
£ 0
g DR2
2 DR3
£
S ® HR2
O R
O DR4 . . .
-4 -2 0 2 4 6

Component 1 74.76%

4 ER5E54E® EE Real-Time PCR {50747
#R

Figure 4 The PCA result of Real-Time PCR on health &
diarrhea rex rabbit cecum microbial flora

FEAR R RS A S YRR o FES T 45 TR BETE B
B EL B R, RS A T R R L B S T
(P<0.05), #E—PRMRA R KRS, WS
Wit Cq 1AW/ NTEFMR(IEIEA VS k=
22.05+1.21 VS 26.71+3.16, P<0.05), HABAHEAS L
AR, ERS0HE 48R, PCl fEiR
RT-PCR A SRR 74.76%, I EL¥ TS AR
o NAEATRS, UL Z 22 2 .l L,
Y5 i I s T M 2 AR S AR R S R
AL %, 5 DGGE 444 R4 Hr 4t 5
—H,

3 4

Wi AR IVE Y . g4 R, IR
JRE AR, ShpiE R A sE B3GR s e 145
D5 T -y EE AU, BFSE K PR G i
kB H - R K 2L 400 2 R AR ARG, TR R4 AR
AN, S BERREE ABCRRIRTY SRIAE S R R
I F A 25 A T U RT DL s s 2k v el | mdi
S apE Y WS E I A S, Hi
Jo 38 A W e A e f A RS Ty T R ¥R A T4y
HEMIER.

W34 PCR-DGGE &3k & FH, JE V5t s A

i R G TR AR AR A 0.63, MRS o B
WRIRELS A R A — B U, H R IR A8 ) kAR I
AHEZHEMIBASE T HEALBRENER
(P>0.05), 3577 53 45U A ek 5 VS5 114
2R 2 AN B — 3 MRS % B W A
PCR-DGGE #5775 e 0 i TR o
RN F AN IS % A 5 8 A i s a1
TR L5 AR, I\ PCR-DGGE 45 BT
MFER a5 RRE , YIRT LATE W e e e Fn
TSHGR XA TT, 6B TS FUE A S B W = v
ZESIRAAAEN), FIRESE TS & A Ao Rk
A HBERCE T2 PCR-DGGE AAERINK T,
1M K 1) PCR-DGGE A fig kil i) 48 b 250 ) 1= 7t
IR I K I 230 PCR-DGGE KRS £ ke
R4t FIF A 3 9% 5 Takahashi 25 e A1
T MEFLRRAT 5, RJH RAPD-PCR K 16S rRNA %t
T P AR A Sz R A T B 2 v A A 0 3] ) LAt 2L
R AT T E TR0 2 U A 3]

RT-PCR r#rion, MEEBGRE R HERK
ERIACES (e U s iR e Y
B AR (P>0.05), Xt A A i b S R G fE—
EREE FEA BRI, X R miE
S S AR P e R Bk AR N
J T8 P9 IE H BRI AU Sy, HRZ TR
[EE IR < 7781 L AR % & U SOy WA W BURIf s c a0
SEER B P TR A, 5 REENE
REEmIE ", EATECE A (P<0.01) &5
B RFEE M 2L . RIAEBEIVAI X IVa, A
BHERDE . IR YE T RN . PR I 45X LE i 18
FEA PR B 8D (P<0.01), X EEfAE
YTEEWh S 54 2R T tae R, A
(R P TR DT T NN BB 10 T T A B 1) 240, 38
REAE TR AR YT i RAE . AEAMGIE ™ TR
WL HREEBENV A X Va, T RRAEIE I 55
R516 52 FIBITIA I TS 5 T AR I RCREY, iR
T, MR E ARk 5 M 2 R e R DA
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K, PUFFRR ) — 40 B ) 5 i L R AR
i i NF-«B AR 40 R T 1 2k P Al iLAE
WO IE TS K i, X e St i TH A RE
WAZEIRAE S RE T . Wil S 1 B VIAH S I i A= 8
HRFR(P<0.01), 1M X EE4 25 Tl b W g i Y R AR aE
— NSRS KA, e R LA
MUSAF R A I B 35 A 1, SEE v LIEN
FB AR IR R B ASUAT LI A LR |
S 54 2 UHE R, BB 5 A A ek
HLWGALTWEH, BGANAEIGTE L . 0% B 2
ML, 43U TgA, FERAF NGB RS IR A58 1
EE T EERE ERE LR, Wit E
POSUBE AT B 50 S BEH (8 R AIG(P<0.01), 0] T
GREFRIEAVSRER . WK AR FCRAS A ASF . st n]
W, &S KA A TE A B K ERAR R, A
B Ay K43 AT I VS A5t e W A T 3 A
5%, (B4 Hr W FF R S TP 0 He A0 Rk SR V5 20
kTR L I AN (P<0.05), E—RRR2E
AKFRRM A [RKIAFT B, H R I Co (/N T
fEFREZH(P<0.05), RIS KiniT E%ce L7,
X5 R F BTG B A A I 1 Y B KA B A
i ETHAIARY, UL TS K AR s T R R
AR, FEEAREE S T AN B AR B AR AL RD
A raEYEGE TR . SURERMEY SR B, B
R AR I E R SR T B — 2 T o

AR Y45 435 ] PCR-DGGE F1 Real-Time PCR
Jrid, RHEREFE S M 5 M E I T T, K
PO R A IS 5 B AR 5 WA >, A E
BRI MiE RS — e R B AT B AR
U R

& £ X Mk
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