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AIRSFRIEILTE P & B2 R R E B S LRI

TNE KT HKE EHE X
(SRR WHCHBCE MBI 1O RS 210095)

8 E. [869) KA KB R BT 18] Fo ) 78 BAF S0 A W3 K B R BATH BRLEH . B A A KAT
Az e#n. [ REILH L ASLE RN R R HIE TR0 L B R AR, A4
T4 k. 8 BABHHAES, R RELSIK 34 B A EEAES, KA TS RIS
7k R (Denaturing gradient gel electrophoresis, DGGE). 16S rRNA 3 F /5 7| 547 F= 52 B & K2 &
PCR (Quantitative real-time PCR)# ARt & B kAL F A2 #p A AL M RATEMA T R

[4 %] 0 #K(D0)S 4 #K(D4). 8 #K(DS)HAFH BEABMAMES 5] K 68.81%. 70.82%, w1 4 Hit
KRG 8 Btk 18] A B AIALMEN] A 81.93%, RF F T D4. D8 5 DO EABNAM(P<0.05), &
6. 8 (FEABNAE % %4 Legionella tunisiensis. Pedobacte bauzanensis) e 3 A~ i) & ok 8 2 F 1)
RIS, BEZRARE; £ 10 RABME A Rummeliibacillus suwonesis) £ 2 A~ & H 1% A
PH BB P RNALSE; &% 12, 13 (RABWLE » 5 & Psychrobacter sp. PRwf-1. lamia
majanohamensis) &k ) A £ T #ptAffo EAEAF, AWMERE T AMHAORERES T 43K, 8
RAAFF 68 F(P<0.05), 5 0 FoR AR £ 73R EFH(P>0.05). [£54£ 1 1427 B i) Fa 5 78 242 4%
A LR #n T K BEREH AR L MAIE, BRI I e sE K mds TALE,

KPR ABER, AT, @EATA, THEHERRGRER, EHRLLEF PCR

Succession of bacterial community in duck bio-bed over time
ZHANG Xiao-Ting ZHENG Wei-Jiang LIN Yong YUANJing YAO Wen"
(Laboratory of Gastrointestinal Microbiology, Nanjing Agricultural University, Nanjing, Jiangsu 210095, China)

Abstract: [Objective] This study aimed to character the succession of bacterial community in the litter
during the fermentation of duck bio-bed. [Methods] The experiment was conducted in one meat duck
bio-bed farm of Jiangsu province. The new litter (DO), used litter from 4™ (D4), 8" (D8) meat duck
flock and feces from duck at 34 d age were sampled. Denaturing gradient gel electrophoresis (DGGE),
16S rRNA gene sequencing and quantitative real-time PCR were used to monitor the composition
changes of microbiota in the bio-bed. [Results] DGGE profiles showed that, the similarity between D4
and D8 was 81.93%, which was significantly higher than the similarity between D4, D8 and DO
(68.81% and 70.82%, respectively) (P<0.05). Bands 6 and 8 (the closest relatives: Legionella
tunisiensis and Pedobacter bauzanenss, respectively) were dominant in all litter samples. Band 10 (the
closest relative: Rummeliibacillus suwonesis) was only dominant in used litters. Bands 12 and 13 (the
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closest relatives: Psychrobacter sp. PRwf-1, lamia majanchamensis, respectively) commonly presented
in all litters and feces. Real-time PCR results showed that the number of Escherichia coli in duck feces
was significantly higher than that in D4 and D8 litters (P<0.05), while no significant difference was
observed between duck feces and DO litter (P>0.05). [Conclusion] Both the application time of bio-bed
and duck feces origin microorganisms can affect the bacterial community and the number of E. coli in
the bio-bed, and the bacterial community structure tends to be stable in line with the application time of

the bio-bed.

Keywords: Bio-bed, Meat duck, Bacterial community, Denaturing gradient gel electrophoresis

(DGGE), Quantitative real-time PCR

BB 2 R AR R FE IR TS G R R E 5
AR ITE . REEEEARE 1 000 IR P
145 tiEFY, AL IR SR — SRS
RKF 1x107 2, Rk et o s ok o i 4
AR AR SR T A L, P A R
AL FRBE AT SF 14 7™ F R BT 5 Y [l A, ] bk 2 e
PR B} o G 320 B o 5 AR R e A ke TR R f P i A e
WREZ ZANE, AMIERI, BRBIREEPZE
FEFFRR . FLIRRAT B S5 t BT L] fe P B[] B4 i
BTN, 0 R AR P R AT L VDT TS
TR AR Bt o T[] B ) S BT e T

F 1 Ay SR G IR B B 75%, TLo5ts
GG A P SIH TR RAE Al A AR T SR R M % PR
PSR L . Pk, ARG A K R i U 4
RAETLIG 2] T RIFRIHE . (H2, AR
PRI | SRR M B 0 3
BUA WARGE o PR, AR 2030 o A8 P J32 e e P Uk
(Denaturing gradient gel electrophoresis, DGGE) . 5
F 2% Y & PCR (Quantitative real-time PCR). fIi#
Z 16S tRNA JER P MTAFHOR, X R g IR Al
PR P BRI A T R E BT,
R TR PAIIG £F 77 v ) £ LA LRI e PR A0
1 MRSk
L1 KRR RERRE

RIS T 2011 4F 11 H & 2013 4 7 HAETLH A
WS e e PR SR A kA T, ISR 8 LU sk Paig .
FEARIG 5 A T R AR AR R JURE . Hefo] [t
UCHIVET, FESAE ., fHse. Vagkk, B2
40 cm, FEFRIUAE I BeM 2 AT I 5 e i 55
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A, RS SRR TS 1 200-1 800 1, fRIFR%
JEH 2.4-3.6 Pl/m’ . ARG E N 20 5 4
B BR A, R R RS A Bk ERITOK. &
TR BRE i T R TP A TETHAE, — BRI AR
THFERET 40%, TULAZ00 % a8 I e 2ok 5 % i AR
JAShEH, DR KBERA RO EE . AW ik
oIS INERARL K R FAIRTRIFIR Z5 SR s, e R
THFEARMLL 40% M BHIIET T RFE, E T 0(DO0).
4 (D4). 8 (D8) = AMrFHHL U F KA H] st . B4R
FERF SR 3 MG, MG &2 78 5 A
RARHRFENL, Rl —MS&10 5 DHURHE M SE R IR S
VR —AREA . Z351F DA, DS [ & iy Fp A% 4
KRAE 10 21 34 HIB ARG A2 73002 F 2 mL K
BEAAEE T, JRBURIE DNA B, 4R —08 4
() 10 PP S8 S R ) Ja VR — MRS
1.2 EERXFIE)RINZE

DNA $2HURH &, Mo Bio 22wl ; BifEHHEEAE
afifbil G, RIEEYARAF; PMDI9-T ik,
SYBR Premix ExTaq. Premix ExTaq, TaKaRa 2\ F];
ANHEER, AT AEY TRARAA HHLPCR AL,
Biometra /3 #); D-code DGGE %#4t. GS-800 %45
1%, Bio-Rad /A1l .
1.3 ASEZEEABNEFNEFEEEN DGGE
S
1.3.1 Z4E DNA #=2EUK PCR #18: KA DNA
P2 IO ) 6 FR U DR Ak AT PR WIS 58 (5 A it 1
DNA. R4 519 U968-GC K L1401 (% 1)
XA 16S rRNA FEHAY V6-V8 HJAZ X i#4T PCR
P41 PCR 2 JWAA (20 pL): Premix ExTaq 10 pL,
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. TS I#I(10 pmol/L)4% 0.4 pL, DNA it (2
10 mg/L) 0.5 uL, FIREFUHILE KME . PCR
FW &M 94 °C 5min; 94°C30s, 56°C20s,
68°C40s, 35 MEH; 68°C 7 min,
132 DGGE REL5r: 28 Muyzer 5P ik
X PCR F=¥Jit1 7 DGGE 43#r, RNImMESE R R
J& 8%, BERASMERSIE R 38%—53%, ML 85V, H
PKIREE 60 °C, HLIKIHA] 12 ho HL¥KES o m R
PEATRSRRER YL, 22 GS-800 RIS,
M GelCompar 11 #1770 #7 . R H Z M 18 %
(Shannon-wiener’s $5%0) AR E WG EU(H) FE(S).
5] BE (Bn) 54808 LU Rl VA TR 2R . Ha T
BINEATR : H=—XPinP;, zUrp P g il vh B
— ZRH IR R B AR I 0 T A ARl R B e T o
FoRs FRE(SRHAE A T T & A S H B 1
S (Eg)=H"/LnS, X Ho 2RSS 8, S MR,
1.4 405 16S rRNA EE £ F5 5
KA S 4 8F A1 1510R (% DY 16S

rRNA JE[H 4741, PCR ;=) 2B e e oAk i1
aaifb)s, A PMDI9-T ikt A KT E
DH5a /RS2 84000, U T3 2 N E&E R LB 31
JEEAR b B55F 14-16 h, Pk 1B TE LIS 14 M13F
1 M13R (& DFHE AT P53 AF IE#
TEFERY 16S rRNA FERAY V6-V8 [XIak, F55kEN,
7t DGGE ¥ T Eext, FHRILECHIZRA, ¥S
JERE i DG i 1) 7 A 6 8 TR M K 3 DR A B2 il
¥, P8Rl I BRI  GenBank #E17 HAL

5 M 16S rRNA FEHJF 51 7E GenBank & 5%
S5 . KM488499 . KM488200 , KM488201 .
KM521548 Fl1 KM588083 .,
1.5 SEMAFTEEEST

K H FP2 #l RP2 (£ Y WM KWITFE
ATCC25922M Y K BT B AR E i o 514 1369F
1492R M T 2 K i P SLERT A9 16S rRNA i [H 5
DU, FRUERhZRHh y=—3.273x+40.057, R*=0.996.
5149 FP1. RPUUHTF0 5 KE 5 o 19 K W AT B8

R1 FARFARSIHIFS
Table 1 List of primers used in this study

FAik 514 5]l E = DTN
Assay Primers Sequences (5'—3") Reference
TATE U968-GC CGCCCGGGGCGCGCCCCGGGCGGGGCGG Nubel 25
Total bacteria GGGCACGGGGGAACGCGAAGAACCTTAC
L1401 CGGTGTGTACAAGACCC
Bact1369F CGGTGAATACGTTCYCGG Suzuki 212
Prok1492R GGWTACCTTGTTACGACTT
8F CACGGATCCAGAGTTTGA(C/T)(A/C)TGGCTCAG Lane!™
1510R GTGAAGCTTACGGCTACCTTGTTACGACTT
ON 7] FP2 GAGCGCAACCCTTATCCTTTG Byl
Escherichia coli
RP2 TACTAGCGATTCCGACTTCATGG
FP1 AATGGCGCATACAAAGAGAAGC
RP1 GTTGCAGACTCCAATCCGGA
MI3F TGTAAAACGACGGCCAGT [l
MI13R CAGGAAACAGCTATGACC
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16S rRNA St K # Dl %% , #r M B & 4 it A T R fel A ] P G, Rk P O 3 & A —

y=—3.282x+35.824, R*=0.998. Real-time PCR J i}
K 20 uL /A% : SYBR Premix ExTaq 10 uL, I,
TS 1#7(10 umol/L) K Rox £ 0.4 pL, DNA F5Ax
(#9710 mg/L) 2.0 pL, HAERBHTCHEKRMEL
RN 95°C305s; 95°C5s, 60°C30s, 40
AMER . BAFEMRIISR A 3 MR, BOFE.
1.6 HESHT

RIGEIRE ] Excel 2010 ¥ M)5, il
SPSS 18.0 %f4h ANOVA F- BN} A 15 bR EA T i
EMHT, BRI EHARERRR
2 ZR545H
2.1 EFRMERAREMASEERE A B EAE
=iz oA

WNE 1B, AR RS I] P R ke o A
DAY (6 201 71 T B DGGE 38 B AR IE S #r, D AR
FHEIEM, FACRAMZMEREM . WA 1A PR,

DO D4 D8 F
M123123123M123456M
1d N ” T 1 ]

"
"
i

s, Hop 4 1.4, 9. 10 R E A i FHHVEN(DA4
D) ALFER , MAEHT B RN DO)FIZEAE h AR
B 5 ST S I R TRE A8 FH Ao ) 74 0B 777 52 sk 2> 5
2t 6. 8 FLREIFAET A HYRIRE ;s 44 7
{XAE D O HPAFEALE R AT S5 A -t mT RE S e
HORUMAEYI AR A5, 454 2. 3. 120 13 /8
S TR S A T A, TERTERROR AR A B

KR A R ALK A] DGGE g AR
PESE IR (B 1B) R, TSR 4 AL ARG A 8 HL K A
1) % T PR HR B 7 DGGE K13 5 0 Sty sk e 14
TEA] AR 23 90 68.81%., 70.82%, 4 Htik5 8
HERHELRHE DGGE EIHEHAHLINE R 81.93%,
BERTHY o HUy Rl RS ) A
(P<0.05), KEERMH 0. 4. 8 HIKAGHRIHRES
PR IS S8 e B AR AL 23 A7 65.28% . 66.08% .
66.46%, LU ZE AN .2 (P>0.05)

%
100 - . CIDO/D4 =3 DO/F
DO/D8 <ID4/F
%0 m D4/D§ O DS/F
5
E2 00
£z
=5 40
®E
20

o
Litters of bio-bed

e
Duck feces

El1 LEKERITESRER ., AMELEE S E DGGE EifA)F DGGE ElEEIUM 5 #7(B)
Figure 1 DGGE profiles (A) and their dice similarity index (B) of the litters of duck bio-bed and duck feces
e DO: ARIFFRAMAHTEHOR; D4: I 4 AR DS (I 8t AHkl; F. AMYSEMERET. *: 2R B3, P<0.05.
Note: DO: New litter; D4: Used litter from 4™ meat duck batch; D8: Used litter from 8™ meat duck batch; F: Meat duck feces. *: P<0.05.
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R T T iR R AE A R AR AR R
B, AHFSE I OB A RS 28 E DGGE EIE L
PAAMF I TEREFIFR R DGGE HLIK AT L, 224775 5 4
SRS (R 1A), Ik BRI
ARRAFEY, Z55R03% 2. 7T #k DGGE K
TSRS 6. 8 MR /30 AT I
%R H 8 1 Legionella tunisiensis (97%) R &
"] Pedobacter J& 1) Pedobacter bauzanensis (96%);
25 10 AYFARUE ) JERER T ] Rummeliibacillus J&
] Rummeliibacillus suwonesis (93%), X EAELR
I 4 F0 8 HLU TS HRL B RE s A5 12 7 13 1Y)
ALl A Psychrobacter sp. PRwf-1 (99%)#il lamia
majanohamensis (87%), 5l 28T 1 18 FF 1 &
U BRI TR, e 250 A AR
HAW.
2.2 BRME AR EFAMSEEREREXN R E R
ZHMEY. FEMISENF

R T A AR TN A G 28 {58 4 7 5 40 22 AL R T 2

FEVERRE(HY) . F (RIS (B AT 27 G 03T
SEILANEE 3 B, A HEUCHRER i AR (8 Z AR
BoskasE, YWIE N 3.34-3.59, BHKEFARILDE
JKIF-(P>0.05); DO, D4, DS, F ZAEEE 5
4 30.67. 39.67. 42.00. 32.67, D8 A BE =T DO,
F (P<0.05), HARAHLIR 254 53 (P>0.05), 156H
B AR ol FH B[R] S R S A AE A A, k)
A+ & A —E R R RZEE 45 B
(Ex)H 0.95-0.98, HORLFIIEH B3Rk 2 5 W 2%
IKF(P>0.05),
23 HRMFERAMEMABEEEFTERPR
MHE AT R ER M

2 Ay R T DA PR Ao R v Al 1 PR IS 288 A0
B KR E g R, 4550 SR HoR g m 5o
2 R ) NS 05 1 A A P AL R . E AR
H#EH(D4, D8 ) 5HEEHEH DO )M, EREEL
A PTG, TR R BER A R R e
{H 25 SR 55 W KO- (P>0.05); 288 rf S B0 5

* 2 HERIMASEEER DGGE ElIE P M T 16S rRNA EE2FIILE

Table 2 Identification of dominant bands in DGGE profiles of the litters of duck bio-bed and duck feces

P L] s HEE K i
No. Closest kéleolrg; zieggf:bf:;nd in the Sequeliluc;1 ng:sswn i ({50) Similarity (%)
6 Legionella tunisiensis KM488200 1527 97
Pedobacter bauzanensis KM488199 1511 96
10 Rummeliibacillus suwonesis KM521548 1508 93
12 Psychrobacter sp. PRwf-1 KM588083 1516 99
13 lamia majanohamensis KM488201 1509 87

*3 ABKRERIIERER. EEHS DGGE £HEH MR, FERHNAESH

Table 3 Diversity indices, abundance and evenness analysis of the litters of duck bio-bed and duck feces

Ffdh AARAEEL

TS 51

Sample Diversity indice (H") Abundance (S Evenness (Ey)
DO 3.34+0.09 30.67+2.60° 0.98+0.00
D4 3.50+0.03 39.67+2.03" 0.95+0.01
D8 3.59+0.04 42.00+1.53* 0.96+0.00

F 3.340.05 32.67+1.41° 0.96+0.01

. DO: RIFIFRATEHTEE#RE; D4: (I 4 SLUCAyorl; D8 M 8 ftukiysvil; F. PIMSZEMEREN,. [l —d8FaH —FAR AR/

Y HEROREREE, P<0.05.

Note: DO: New litter; D4: Used litter from 4™ meat duck batch; D8: Used litter from 8™ meat duck batch; F: Meat duck feces. Different letters

in the same row indicated statistical significance.
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Total bacteria Escherichia coli

B2 ABAERAIZEPEHNNEESR KBTEERH

XHUE

Figure 2 Quantitative real-time PCR analysis of total

bacteria, Escherichia coli of the litters of duck bio-bed and

duck feces

e DO: AKRFFRAR IR EEEEL; Da: A 4 HEREHENE

D8: ] 8 LR HIHEL; F: AMSZEMERE S, *: 2253 B2, P<0.05.

Note: DO: New litter; D4: Used litter from 4™ meat duck batch; D8:

Used litter from 8" meat duck batch; F: Meat duck feces; *:
P<0.05.

T B R P B, 2574 B3 (P>0.05),
R S AR 2 D B R R AT BB, B
BRI KRR T 4 k. 8 kAR R %L
i, ERARIKEFEKFEP>0.05); 3P KT E
Bom T 4 k. 8 LB f(P<0.05), 5
0 HEUCHBH EE 25 518 18 3(P>0.05)
3 i

KRR T A By 4 i PR A 7 B vl R 1)
PRI YL, BRI . AR ek
(A A A 25 A ] e T s i) g i iy AR
FEIHORHRR 22 IIERLA H (14 )5 2 [l Bkl 171,
DRI T fie AR b ol P 3l R o BT AR AR A X T B IR 11
LS A A B TR

AR AFIH DGGE HAIBER T A& BEK NI
B Z S 8 U PR i A v ARl R R 25 A AR Th R L
55 M A AN B AR DG o SRRl A 20
SR BRA Al A, RIS B S B R
YoKo GRS SRR HEZE A B I a] A 3
M EA—E WA, [ 4 JLUORT 8 HEUR RS A& A
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HOBHH] DGGE EliEAHRI: (D4/D8=81.93%) ik 2 5
FH 5 KM RN R OR E R A R
(D4/D0=68.81%; D8/D0=70.82%). SFAMIFT 4% K
1, Cressman ZE/ V35l 5k A A8 fef SR At A 2 4F
DL SR 7, 14, 21, 42 d PUSERHE] £ 89 DGGE
BIEHEAT T HeE, AR BB i SoR 20 45 Bt ) 5 R AR AL
PERAR, 1717 52 ARk 4 45 eF 1] 2 ) B AR R
o Ud B BE RS HEE I G R IBTE | RS A
THAEREE PRI AR, BB X R B
FTF—8 KEEURHER 1. 2. 3 R EREIK
HOBHY DGGE IS0 &30, A 1. 2. 3 4E4uk)
AT B R 39.9 25, 32.1 4%, 21.3 4%, Hukb
FRE = B S B AE O S I T AIG . 1M Cressman 251
Xof RIS SR W 8 FNFRATT X AR SRk I 9 2 3R
B, oA OB BT AR S T 2 4500 . AR
FEAER IR 8 MR BB A E(42.00 5 B & = T
0 HERHRE P 9 20 50(30.67 £%), Bl I A]
L, DGGE B ECA B, AR
SER 2= TATRE S R IEIR SRR, . KRR )y
KW ZEFA K, AW TG K B2 #RL i A
J& . FEFeA/ bRk A, KBEIKIEZ) 40 cm, I
FRIUAT IR 2 AR R 5 R R S P R o [
Xt RSk DGGE B i ZREMEFR B BT e i, fif
FH 8 LR LA B TR AR R E 1, WA
SRR 1 BRI

R T R I RAE P AR A T AR O
AWFFE R BRI AN IS DGGE Bl h i
ST FIFRR DGGE HLIKXF L, 2E305 5 M
SRR AT R, 450 6. 8 ILIRIAFIET 4 RAE
SCHORHRE SR, IR AR TSR IR S, & 16S
rRNA JEHFF Ml Al 47 6 BRI A
Legionella tunisiensis (97%), J& T2 H 1 E R #
J&, & 8 MAIIE N Pedobacter bauzanensis
(96%), J& THFFH] Pedobacter J&. KB F
BESARIE . REre AR, (AR L R A HE
T4 1 BB R 5 A e P B30 R A P e 6 v YL T
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JEREMAE R R4 ZY, (A5 AR AR H AR
O3AE )1z Hoa HE IR Ay 25-43 °CMY1, Pedobacter
JE AT AL . BT RS A X AT
& FIRTR R AR RORME I R R B A, B
W AREMIERE . &4 10 B EAHEUE R
Rummeliibacillus suwonesis (93%)Jg& T /5 BE B [ ] 25
HATERE Rummeliibacillus J&, {X7F 542 ff FHEVEL
(D4, D) RIUAMLH, B bt R DO)FIZE(E
FEARMEL R, 3 55 JEERE TR ] 41 B A ALY 43
5, TERER AR & R A, B2
FRETR N A 2 iR A AR EP O AR ] 43 (AP 2% £
2 5l AR Ay, o mT e ok s A
VIR BRnZE R, Hrp gy 20 30 12,0 13 7EEK
fi AR S A TP AT, FERT R AR R B

2R PRI, S 12 BRI A Psychrobacter sp.

PRwf-1 (99%)J& T/ RIE W1 VAT HR , 4507 13 1
FERIEE A 1amia majanohamensis (87%))& Tk i
IR A E, Hrh AT E s TR R, 2R
2N T A 22 Rk Ak A R IR Y, (s s T
S5 ROCEHAR, BOX PRI R 1 T A R HRL
RGP A ML 8 R/ N1, RIS/ Ny
FYARKEGE, OIS

KIGHTF RS2 YN8 N IEF R — 51, (g
DILY/N N BER gy e ol [ I 7B T LS DN 72 R RS
SRS TS R ARIA . K BEAR (T
Frh, SRR R BB A S B R SR T
R AN AR, RISt o] BEE A P BE m
N fRRE . ATl SR i PCR X 3 4
NSRS SYNAA LB Uil RN SNE R DN 7] S H By
SERAHT, ZEREIN: 4 LR 8 HLURHRL B R ER
Bop it okl B SRV R SR, R
JRETHFE, WS ERE TR, HESARE
(P>0.05), ZEfErp RiptFREcE &5 T 4 #k. 8
HEUCHRRIRE AR (P<0.05) KR RITE t % 3 T AH
PIRZESR, XHER 1. 2. 3 4EAYARS KBRS |
TR I, RGP . Y1) IR RN T AR Pl
FHI ] 52 T B #434%, Chinivasagam 252100 i i E &5

et I R RSB TR AT B R ARG R o, 78
Frif Rl R RS CR AT 1k 4.2x10° CFU/g, fEE
A HIEEIRINY 9.7x10* CFU/g., X —45 & &
T2 R AR — & R BRI, ARS8 155 8 it
WA, R PTE S Bte e MR EZE TS . S
W T A1) AR R PR 350 14 AP 5 ¢ v 7K T 1) L TR AR
ST ORI =00 21 i N7 S s N 04 50 AN YN (1] 4
AR RN R 11 5 | A P RS fe R JXURS: o

4 R

AWFTELREIT, IS S e PR A ) X R
] 2 A A RN )R A RS 2E AR R E MR, —E
oo 0 P SRR T R T B ) B8 i 8 1]
SEACTIREAR, AT MmO A5 |36 4 A fekt
JR XS o

2 % X #k
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