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g SABL T )BT A [ A AR Ik R WL E o AT EE XL
LT i G 2 DL AR A A B IRk Ok
2% SR PR I i)t A o 850 R A % 3 R A A AE R 2
o JX AN [ #8230 A T R v R Bk 2 ) A R A
J SO AR LA A R . B Ah, HHT R g
B IR RE R e A T AR L 2 s 22 50 M AR R
S8R RVAPE IR d g UK NS i S
AWE5tiz il DGGE 2 3¢ [ i bk 16S xDNA J3° 51l 73 4
T k5 85 T R W I R P A R T Ry
TR AW, B WL R AN [ B B AR ) A
(K 2 e FL 3 AR AL DL DA B8 % Y Al v 28 A
P oL R A AT R TR AL 1 B S i

1 MBS ik

L1 #a

L1.1 #HEFEE LB AL AP f VL
AR A PR A R g AR S b, R R 7R R T
77 0100 kg flokF AR N8 kg A= A1 Ko K IR AR R I AE A
IRIK T 78 5y WK 5 RS HE S AR MEIX 24 h )5, 4 15 77 k)
B 22 4 b5 T PR AL b, OGP 1) T IR v, =
HAE 50 ~60°C 4 F4ERF6 hAi 47, SR )5 A AR B il
B 22 35°C BT JF 1) &, A AR08 KU AL 2, — Ik Ok B i
PGS o A1 Ak Bk B b, A 5T LA B A A AE K
a3 A TR IR B B R A e BRUAL BE AT IR O SR
B FRE S WR R % IS 10 0o TR SR A E R W SR 4 1 TR
LIk e TR BOR H 2 ORGSR R 5 B 5
Gy 5 AL B, 43 5 A OBHEL 25.59C,0 h) » B Ok}
i 32.4°C =50.3C,7 h), C CEI 56.7°C,9 h) , D
(Bl 52.0°C -40°C, 16 h) , E (Bl 32.6°C, 18 h) .
KAERE ot BE R TR RT3 2910 em &b 5 R UR AR
H 21300 g, WA P H K5 T -80°C LR 47

L1.2 EFELEMAF 5P B ETAY TR
BRI 54 WA 7 5 1 Omega T35 /E 4 DNA $2
B #) £ (Omega Bio-tek, Doraville, GA, USA),
dNTP, Taq 5 4 1, BENEBE, 5% Goldview B, N i
T fic » RPN B R e » PR 2, PG e 4 K00 0 B K T
W RAEWA R AT A 5810 & W % &
oML Ceppendorf, #8 [ ) , PTC240 PCR 1 {% (Bio-
Rad, USA), Dcode™ Ji& [ 5¢ 4% #) | % %t (Bio-Rad,
F ), SW-CJAD 3% TAE & (VL 75 75 %5 13 0 % %
J ) R g & 45 (UVL B .

1.2 £ FE 4 DNA H932ELF0 PCR ¥ 1

) PT84 T AR B 12000 x
g B0 10 minj5, 3 B, (R UIIE Y . DNA $2 1
KA K H Omega 3% 3 A2 ) DNA 2 UK 7 & .
4174 16S rDNA V3 w748 X 3l 1 51 4 338f (57—
ACTCCTACGGGAGGCAGCAG3") 1 518r ( 5-
ATTACCGCGGCTGCTGG3") #E4T PCR #14, [ ¥7 5]
Wy 573 % B GC A (CGCCCGCCGCGCGCGGLGE
GCGGGGCGGGGGCACGGGGGE) , R MRk % Ky, 10 x
Buffer ( & 2.0 mmol/L. MgCl, ) 5 uL, dNTP
(10 mmol/L) 1 wL, F F 3 51 4 (10 pmol/L) &
1 pL,Taq fi§1.25 U, Bikz DNA (50 ng/pl) 1.0 pL,
ddH,0 #h78 250 pL, % & I e S MR P R
94°C i 4% ¥4 4 min; 94°C 75 ¥ 30 s; 56°C JB K 60 s;
72°C ZEAH 30 5530 AN 1E e, 72°C ZE A1 7 min, {52 1 T
49C . B AL EE ) PCR P2 43 WL, 76 1. 5% B Jig bl i
1£,5% Goldview 43,1 x TAE & i, 120 Vi & H
VK30 min, $E I R FR S8 EAT R -
1.3 DGGE B jk & Ei% 5t

Dcode™ P 58 4% £ Wl £ 45 (BioRad, USA) X%}
PCR =¥ 17 DGGE HL ¥k 78 B 28 T8 M 19k Jie sk JIR
PN M B e = U TN s B fie =375+ 1) IR B 8% , AR 1k
FIVE FE VG H 30% - 55% (100% 11 A8 Tk 71
7 mol/LJK 3, 40% W I i) , 180 V L J& 7, 60°C H
W1 x TAE 22 vy k4.0 h, BFE& & PCR 74
400 ng. HLJK4E 5, SYBR Green [ 4 %30 min, 7F
B AR R g . R A Quantity One2. 0 4K ff
(BioRad, USA) X DGGE P 347 A 3h 4> #1» 1 &
B B VK 45 A1 19 22 /> FIAR R = FE A .
1.4 DGGE £HEIWFMFINRZELE D

I Kb B A A A s (g W 1) JHEAT PR
Wy al e, DL S Bk 2 Yk PCR 938, 97 34 5| ) 2 %
fETR 1.2 frik, K PCR = 4)3& #2 3] pUCm-T 2 14
H 2 Al K M AT BRI 52 25 40 B S R 1 B B PR O 3 Bk
WO (5 5 % 3l 1 % PCR ORI D) 56 HiF e B s » 4
BTk, &8t Bl AE TAEY TRERKS AR A
AP o W 5 4 AT B GenBank 1 #EAT Blast
43 M b %} Chttp: / /blast. ncbi. nlm. nih. gov/Blast.
cgi) » I K B MEGA4.0% # f f ) Neighbor—
Joining (NJ) J5 v #E4T 1000 ¥k Bootstrap £ % J&5 )
ARG R E W 0 R RS, A8 A G 3R 1
GenBank & 3% 5 .
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2.1 DGGE B4 #7

AN ) Ak BEAE it vh ) 40 R S AF 16S rDNA V3 X I
() PCR F BE KN30 R 30% - 55% 1) 48 P b 5
FLVKCKE AN 1) 4l B 28 B R AT T B o (& 1)
DGGE ¥ i 25 i Quantity one 2.0 A 4k # )5 75 H
FoarfiE i EMAENEEME (B L ERD G R1E
TR AE 34 AL LB FEIRAG 122 A4, &AL B
gl B AU F E AT/ Z 57 B A ~E hgy
IR 31.27.27.22 FI 15 AN 471, B4 1 (A1) <
12,13 (A5) .19.23 (€2) .26 (A10) .28 (All) .32
(A12) 134 (C6) BT % 5 AL BE, I 42 4571 70 45 4 21
H AT AR 45 A4.9.A6.A7.A8.A9.C1 Fl 29
JUBRTEAL B E rh A5 B0 4547 8410 F1 14 LU I
TEALFE A, B2 ORI B B 45 A2V A3LS.
B2.A9.22 A1l I 30 WP — Ik KR AT £ &
T ICSG BOH 2R T 4% B3 C3 AT CS I Bl E K T
HEAT M7 LA o & 4%l AR N = FEE 45 R 8o,
B4y ALVASVA10.ATL Rl A12 76 % kb £ v A %) =
JE 3B A Ie 4 Al A0 5 A PR TR] 1) SR BE R B R AR
TR REEE R AR A P G o AN () A 2 o (1 1 34
Sty CREW = B KT 309% ) 20 1 R AR o 3 B AR LA
[, AbFE A [ 34 FE A1 A2 A3 A4 A5 AT,
A9 ATL Fl A12 %, kb FE B ({38 & A A0 45 A1 A4
AS A9 AT HI A2 25, kb FE C IR 34 A A0 5 AL
A4.A5.A9.C2.C4.A12 FI C5 %, kb ¥ D [ f 34 4%
MEALFE A1 A4.D1.A9.B3.C1.C2 Ml A10 %5, kb3 E
(A 38 & A 4045 A1 A5.C2.A10.C3 Fil A12 %,
2.2 BWEHFINERBESH

¥ B v 55 A B A A AT bRl 1 A A4 A gk AT R
W v B ORI S IR F A1) 23 4k, 7 A AR AL I
Genbank F1 4T 7 Blast Lt %F 4> #7, th 3 2 7] &1, fF
A 50 [ 95 P T 98% , Hh A 10 45 )% 4
Jg ARG FE A T M 16S tDNA V3 [X F B, A12.B2 fl
D1 3 A B 1 AR N R S0 40 . AR A R gt
b (I 2) r BT g SR mT LUE o, A2 5 A A8
J& (Sinorhizobium) ¥ C5 (JQO70405) ¥ [% B #, B2+
Dl 5 & fg #F J& ( Sphingobacterium ) [f] C3
(EU438982) .C4 (DQ530164) b [ B Kk 4> W 58—
I, 1AL G RNy KA FEAT o DR LA 50K 23 A

®1 FTRLEH#RD DGGE FHMBEMIE (%)
Table 1  The relative intensity of DGGE bands within the

different composting samples

Band No. A B C D E

1 (A1) 82.55 82.45 81.35 86. 13 82.29
2 (A2) 40. 56 28. 37 16. 50 0. 00 0. 00
3(A3) 50.58 28.52 0. 00 0. 00 0. 00
4(A4) 66. 28 82.44 80. 53 60. 69 0. 00
5 22.54 26.33 25.58 0. 00 0. 00
6 (B1) 0.00 26.58 0.00 0. 00 0. 00
7(D1) 12.85 11.59 17.29 46.75 0. 00
8 23. 64 0. 00 0. 00 0. 00 0. 00
9 28.56 17.57 24.57 23.52 0. 00
10 14. 54 0. 00 0. 00 0. 00 0. 00
11(B2) 23.48 21.22 15.82 0. 00 0. 00
12 15. 64 27.56 25.61 28.98 13.48
13 (A5) 57.52 53.58 62.53 36. 67 52.75
14 26. 66 0.00 0.00 0. 00 0. 00
15 (A6) 25.78 27.59 29.35 21. 86 0. 00
16 (A7) 32.4 24.53 27.54 22.52 0. 00
17 (A8) 26. 50 25.37 23.50 21.54 0. 00
18 (A9) 66. 56 32.85 31.50 30. 54 0. 00
19 17.54 27.55 22.65 22.85 17.56
20 (B3) 0.00 26.74 29.63 52.61 29.35
21(C1) 17. 54 21.20 30.58 53.24 0. 00
22 31.28 31.52 26.57 0. 00 0. 00
23(C2) 18.31 29. 65 34.88 53.57 32.59
24 18.75 0. 00 0.00 0. 00 46. 56
25(B4) 27.55 29. 47 0. 00 0. 00 0. 00
26 (A10) 26.52 27.35 31.56 50. 47 48. 46
27(C3) 0.00 0.00 34. 86 31.25 47.93
28 (A11) 46. 28 55.98 32.41 22.56 20. 68
29 19. 18 21. 66 17.56 15.22 0. 00
30 17.58 16.74 16. 46 0. 00 0. 00
31(C4) 16.28 0.00 32.56 23.85 31.46
32 (A12) 43.56 45.28 44.36 31.59 37. 64
33(C5) 0.00 0.00 34.89 27.28 32.58
34(C6) 15.42 14. 65 24.54 17.56 17.53

PAK B K1) 2> 31 78 JE 1 1] (Proteobacteria) (16 £k,

69.57% ) FUAT |7 (Bacteroidetes) (6 ¥&,26.09% )

AEEER ] (Firmicutes) (1 #k,4.34% ), Hp 1 £k
JEHEG ] B A AR B R (Clostridium) 40 W 5 400 FF 1 1]
ZBEP 4L E Dysgonomonas~ UK B & (Bacteroides) F
P T 8 (Sphingobacterium) 41 ; M5 16 A v P
TR PR ALY B R AR T T 1D S M PP B K — 2R y-
BT WO W kR (56.25%) . B W KN B AT R
(Acinetobacter) 5 B ) 7 )& ( Pseudomonas) < i ¥F B8
J& (Enterobacter) 40 1 2%, ok & B—% T 4N W 2
¥ 3 A Bk (BLL CL. C2) ¥y A B ol 1 s
( Comamonas) 20 B > T o =25 T2 6 40 W 2K BEFI2 A
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Fig.1 DGGE fingerprints of 16S rDNA from Phase Il compost of Volvariella volvacea.
%*2 DGGE £HFINRBZLEMENR
Table 2 Phylogenetic affiliation of sequences retrieved from DGGE bands
Band Most closely related organism (GenBank Accession No.) Similarity / % Affiliation (class, genus)
Al Uncultured Dysgonomonas sp. (JF911640) 100 Bacteroidetes, Dysgonomonas
A2 Uncultured Acinetobacter sp. (GU356385) 100 Proteobacteria, y—Pro, Acinetobacter
A3 Pseudomonas sp. (1Q237663) 99 Proteobacteria yPro, Pseudomonas
A4 Uncultured Bacteroides sp. (FR693796) 99 Bacteroidetes, Bacteroides
A5 Pseudomonas sp. (JQ692082) 100 Proteobacteria yPro, Pseudomonas
A6 Enterobacter sp. (HQ234381) 100 Proteobacteria y—Pro, Enterobacter
A7 Pseudomonas gingeri (EU196787) 99 Proteobacteria yPro, Pseudomonas
A8 Acinetobacter sp. (JF322986) 99 Proteobacteria yPro, Acinetobacter
A9 Acinetobacter lwoffii (EU240445) 98 Proteobacteria y-Pro, Acinetobacter
A10 Enterobacter asburiae (JQ682630) 99 Proteobacteria y-Pro, Enterobacter
All Enterobacter sp. (GQ487560) 100 Proteobacteria, yPro, Enterobacter
Al2 Uncultured bacterium (HQ891330) 100 Unknown
Bl Uncultured Comamonas sp. (JF923616) 100 Proteobacteria B-Pro, Comamonas
B2 Uncultured bacterium (EF659299) 99 Unknown
B3 Stenotrophomonas sp. (JF829613) 99 Proteobacteria y-Pro, Stenotrophomonas
B4 Clostridium sp. (AB610567) 99 Firmicutes, Clostridium
Cl Comamonas sp. (HM113649) 100 Proteobacteria -Pro, Comamonas
Cc2 Comamonas sp. (GU458274) 100 Proteobacteria B-Pro, Comamonas
C3 Sphingobacterium sp. (EU438982) 99 Bacteroidetes, Sphingobacterium
C4 Sphingobacterium sp. (DQ530164) 98 Bacteroidetes, Sphingobacterium
C5 Sinorhizobium sp. (JQ070405) 100 Proteobacteria a—Pro, Sinorhizobium
Cc6 Klebsiella variicola (JN941309) 100 Proteobacteria yPro, Klebsiella
D1 Uncultured bacterium (AM500800) 99 Unknown
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Pk (C5A12) by T A 498 3 JE (Sinorhizobium) 41 14 ;
WL Rk 27, B T A2.A3.B1 Fil B4 b B B A
BN, BRI H 42 19 (82.61% ) Bk 3 [ 14 K 34 S Tif 4
A (7E C AR 3R 11 e R v JL 399 0 5 i 97 HE B 1
B o

3 itig

AWEF K M DCGE J5 vk 73 M & 4 175 77 kL — Ik
R W o R v A B R R 1 AR A BF ST A R R W AN ) Ab
FHURF fty (] 40 V1 AR % 45 M AE P AT 2 B2 EAFAEAE —
(22 5> BEAT — IRCR T 3R R 1K) HEAT » 40 vl B % 78 R 2B
A B A W » A IS AE e il 391 R0 4 1 R 0 T 2 A
i FA Al T > JE AR 16S rDNA J 41 928 #ff 2 1 H )
L HAT

MAHFFTHRAT ¥ DGGE &5 vl LLE i, 18] 3
LUK 2510 SE L T T B 2 1 N R R VR 2 PR TR ALY
Fw o T H B B IRk L T R T E R I
B HL UK 2% o 78 WD 5 TR A R R VR 2 R A
TEBEZ AIG, IX 5 O 22 40T I A7 00 M JIE B kT oo 7
AN BRI A B Y . R R L B
Al (Dysgonomonas) ~AS5 (R B H JE) A1 A12 (b 4¢
RUIR V) 3 45 Ak, ASTR] I Ak 21 CR BB B o AR 94
2l SO BEAE R AR RO A T IOR T
FE TP B RE S AP AE R S A I AR o 78 K HI A
(A H#EOA) AR A R 28 45 Dysgonomonas
(AD) BT 8 (A3VAS) AEIAF 8 (A2.A9) .
AT B 8 (A4) < #F B 8 (ATL) 0 42 4 98 11
(A12) g1 - Bl A K e T2 10 T 46 » 78 R e 90 31 110
THil I (b B8 B) 035 1 bR (¥ T S8 A7 Ak, H 2
ARG (A2 A9) FIAR B i w1 Ja (A3) 8 41 B 14
AR FBEAE N B o I R v 5 O S B B (A 2
C) 5 A0 B4 TR R 110 200 b 282 T W A B B R A T A 1 K
A5, P SR SR A R (B3) VM B R (C1.
C2) YR FF1H 8 (C3.C4) Fil b A2 4R 9% 1 )& (C5)
BRI 46 0 I sl AR O) = B2 S 25 8 T, iy HL 3 288 o pk A
HELRE R B b FE b (Ab B D) 4 SR B 82 5 FF 5 A #
M AT S AL B i 1R 22 A T B B AR RN T S 5
Fr 50 B RN AT 1R R (A4) 8 40 TR AR X S I ) R
ISP SN T N P W /o 0 [ L SRS A
Dysgonomonas(Al) R B (AS) L E
(A10) 5 JI5 AT 1 J8 (C3.C4) I rh 4243580 14 & (A12.

C5) o J&5 B 55 ] g i 2™ (2009) Fl AJ Székely
% (2009) FI I DGGE Bl A A5 40 £ 5% 5 55 7 K
W I RE TR AR TR R VR 45 R T R U O A R T AN A
R B B LT 28 FAT VT J8 08 Sl A R I IR e I T
25 PR B A0 B0 R 51 R T IR R 3 3R R s A
K R JeE A AT 5 i e D SRR A T e it S B
R N RTTRER GRS RS U L L & O R 0N ]
)& R 5L R )8 A Thermacetogenium J& 41 18 55

HR A AT 5T I F B A 10 23 SR A7 W] DA S
I 15 R AL B 5 AR AR N FE ORIk Ok
(Frat R rh 4 A R 2R A R 23 A o B TR R
JE T AR T UAT RT3 AW o
B 2 TR 2N A3 TG AT A S AT B A TR T 44 6 AT
ME 1A g o 19 ANIRAT P 411K 58 B B RR A5 K
P 1) v U 30 P R0 ek 300 e G 00 3] 5 0 s il Y AR S 69
Dysgonomonas~ ¥ B J& < Ji7p AT 17 Jag B0 51 1 o1 8 < AN
BIFT TR < S 0 B A B PR B R e S T AT R
R~ H A A R T R S AT IR T 10 AN R 41 e
YF Zhang %" (2009) % H DGGE J% 16S rDNA Jlll J
FE AR 22 i Sy 5T 1) Ak A OB H v AR ) e R A AL
IR I A RV TP R L 2 MR A T
Dysgonomonas & ¥ %[5 Y ¥4 & 98% LA .o Insam
Heribert % "% (2002) #3840l #T 14 J « {82 %1 10 131 Ui <
5 AT BT Je8 0 AN Bl T 1 Ja 40 1 A S I A 1 7R T K
W% i WL B Bt B A% W $). Hee-Chan Yang %M
(2006) Fil Myungjin Lee 2" (2011) 43 5 78 uf [§ A
[Fi) 1 X (1 S IR 75 ) v 23t 5 TR R TRk A 0
31 % % M Stenotrophomonas koreensis sp. nov. Fl S.
daejeonensis sp. Nov, 1fi] 5T 1F K& od F2 =0 4 0 3] 1%
JE A1 B I 9T R WL ARGE -« 26T M\ B R R R A R
EA B2 KT HRAT AR U MUK o 21 2 3% B At 1l g
FBF TR I8, Yu H 2" (2007) Fil Chen Y 43 MY
(2012) 73 3l 76 75 A& My 75 7K b 3R A % 3t 4% i 7 o
TN R F N R RE 8 IR R TR RIR AT 4E 3R A
W T B IR NS B AR BE 4T 20 128 1% 97 K D RE B 23 A
ARG AT T, W LA U 2 28 4N A A1 Bl B SR RL
TR N R A I R AR A R A T R ALUAE
fl . Boulter J 2 "Y (2002) , DV Adegunloye and FC
Adetuyi"® (2009) 7 HE I Ak i 72 vb 40 B % 2 %SG 30
TR A0 99 Je v R R T R A 26 R AT HEJIE AR AT 5 S 2
I T AL HENE B 8% 40 2% W BAE AE A e AR IQ 1
AWEFE I Co (o A IR ) e B 1 MR A R % % A
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B B A e 0 285 W1 3% Bk T DL B ) A
A7 5 JF HL W] REAE A e i 72 v SR e AL Tl R 45 R
HEAE o ZF AT TR A0 T L S AT R A R K
SIS T AR S WA o e it HE S R A O 2R
Tk A 0 T » 10 R 398 A BT 50 3R A5 1 6K 1 271 0 20 i 45 2R
DL AEFEA UK e 1 R v 8 R AS I 2 2 ARAT R
AN, X 0] fE 5 % DCGE 4% 1 Bl I R I Fe 3 &
A0 W5 R B IR R 3 AR AR IR BN R I AL By
EWNEESEY PN

Z 2% WK
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Denaturing gradient gel electrophoresis analysis on
bacterial community change in the phase Il composting of
Volvariella volvacea substrate

Changqing Chen' ?, Yun Jiang', Li Meng’, Yu Li>"

' College of Agronomy, Jilin Agricultural University,” Engineering Research Center of Chinese Ministry of Education for
Edible and Medicinal Fungi,® Key Laboratory of North Edible Fungus Resources and Application, Ministry of
Agriculture,* College of Life Sciences, Jilin Agricultural University, Changchun 130118, China

Abstract: [Objective] To study the bacterial community change during the phase II composting of Volvariella volvacea
substrate of cotton waste and to clarify the predominant bacteria at different composting stages. [Methods] The 16S
rDNA-DGGE (denaturing gradient gel electrophoresis) and clone strains sequencing methods were used to track the
change of bacterial community during composting. [Results] The DGGE profile shows that the diversity of bacterial
community was rich and bands diversity decreased with the composting progress. The dynamic changes of predominant
community and relative intensity were observed. The 23 predominant strains belong to 3 classes of Proteobacteria,
Bacteroidetes and Firmicutes, 6 families of o, B, y—Proteobacterium, Bacteroidetes, Sphingobacteria and Clostridia, 11
genera, in which 19 strains were thermophilic bacteria. The genera of Stenotrophomonas, Comamonas, Sphingobacterium
and Sinorhizobium were predominant bacteria in the stages of high temperature and drop of temperature during composting.
[Conclusion] The bacterial community structure and predominant community change dynamically during the phase II of
Volvariella volvacea composting, especially in the course of entering the stage of high temperature.

Keywords: Volvariella volvacea, phase Il of composting, bacterial community, 16S rDNA-DGGE
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