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SEAL R IR £ R VR & B M T R R K BR T e SE
B R TR i 2 — . Hori % 5@ i3 7 7 2 4%
WWHESE  ER K Mok fE L2 5 iR
F 00 HFT T AR S S VR ) 85% A2 A, 3R W] ML AT
W AE K FE LR gd i FR A, B
HU, R T BE 41 TR A v 45 A 00 B oY R A TP e A2
TS M R EREE T O T KR b K R R
I v MR B R T 45 Al B 35 BE 04 3 A5 A8 Ak D) 6
B S—Jrim, LIEPMMAY R R ERE
B T4 — AN R AR A T SR IR ) RE Y Bk
FAXS H GG . KRS WK T BRI R W RE
T T M T B AR AR 9T TE 6 1 v kA e R AE A ]
S 7 B, b R BROE R RE ) A8 Ak fig A E o
RURR A 5 TR 1) A % e o R A A 7k S [R) R Y A
BXTHRANREHMAEY SIS R
MXREAEENPE L, Ao KR+
KA 5715, % ] RFLP fI1 Real-time PCR 3% A& ,
LA TR 7K K5 5% B 100 1 8 v i AT T B A V% 45 A
FURE T =5 B2 1 728 Ak, DL R 3 b A TR R b B A2 Ak
5K RS 4 5 A Bk R IR RE T B OC &R, S ik — 20 i B
Hu AT R B AE g b Y IR B8 ) R g IR 0 0 PR
WA -

1R

L1 ##

L1.1 gt 4 g K A8 + T 2008 4F 10 R H
e P4 28 L T g KR B 5E R K R AR S RS
J& T AR B O ERAEX , R 0 -20 em#f)Z
T KRR R, ARRT S, i 1 mm
i AR AR TR AL

L1.2 F2 50 AL &% : pGEM-T 44k 11 1§ 2 [
Promega 7\ ] ; pMD19-T #% {& | ¥ i PCR X & Hf
Premix Taqg F1 SYBR® Premix Ex Taq™ 11 $1 3 Kk
HEF Y TR BRA 7 s DNA 4lifb 50 & [ RAR
AR (b m0) A R 2 ) 5 B 9 DD Msp 1 AN
Mnl 1 W H 3% NEB 23w 5 5 5% I e ih mg ot 4 2
B 2 W) 56 W5 o AR AR Ol [ A B Al v TR R
DL (5417R , Eppendorf) 5 L 3k X (DYY-2C &I, Jb 5T
HiR—ALAR ) ) s PCR X (81000, Bio-Rad ) 5 & I i
12 % 4t ( GelDoc XR, Bio-Rad) ; %¢ ) 8 & PCR Y
(CFX96 #,Bio-Rad) .,

1.2 REEREFRLIHED Fe(ll)EFEZNE

FRECAT 1463, 000 g5 10, & T K 1Y I VG
P 4% R 11 (me o) RN T 2585 50K, 5E N,
FrEH A O, , RIS 55 I 40 36 % 3 5 & T 30°C fE i
Wi () o sl E 1 h 1 d.5d. 10 d.20 d
30 AR FE K IG B [ AL 3, & Ab I & 6 iy R
FERS B 3 3SR G e K B T 18 Fe ()
Wb JE AR BRI E , 53 A0 3 Oy FE B T - 20°C UKAR v
7R, A R HU L BE S DNA Z o L4 Fe (1) Wk
W& e R H Logistic £ B (14 31 7 22 #0& J7 ¥ W 3CHR
[19],

1.3 T#HPREY S DNA ZE

W R 119 8 SRR A S B ABRER P I A
APOE BT . S AR 1 DNA SR B0 i,
0. 8% Iy 5 W B it i Uk 2 Ak [m1 i DNA
1.4 H#4FE# 16S rDNA ) PCR ¥ 18 1 52 P& 3L
M

LL E. coli DHI 1y 16S rDNA ¥ 51| 2 Z: L )5 4],
BT AT W B B RS W, d 44 Geol63F1 (5'-
TAATACCGRATAAGCCYACG-3") il Geol63F2 (5'-
TAATACCTGATAAGC CCACG-3") . D)4 Hu4hifk i
A DNA S Bb , 938 M AT A RL 16S xDNA 331, 44
R & ;. Premix 25 L, Geol63F1 Fl Geol63F2 £1 pL
(10 pmol/L) , Geo825R"'' 1 pL (10 wmol/L) , DNA
FEAR2 wL, A 7K #b 250 L. PCR JZ B 4% 4 ) 3C ik
[21], ¥ #4791 0. 8% Ly g 1 i vk 2l Ak M i 5 5
pGEM-T A 7 £z , Ak 2] IM109 Jk 37 25 4 ffa v, 33
AT 5 1 BE O 3%

1.5 16S rDNA fJ RFLP £ 8! B £ R M55

FH M3 38 51 947 B v PCR 73, i 18 FH 7
YElET . WVE PCR =453 5 H Msp 1 F0 Mnl 1 R 41
PEN VI EEEE Y] (37°C ,6 h) ,EEEI =W H 12% RN
95 T P B G PR VKO AR U o K L TK BT e A o 0/1 2%
i, &% HI UPGMA & H] NTsys2. 10 84 3 17 54 b
M HA MR AR Z R — AR KR
JL(0TU)

ZHEMETRBS IROCHR [ 22 [3H5, Hoh o 281
18815 T Shannon-Wiener #5844 ( H') . Simpson 1§
#(Ds) , Margalef #5 % (d,, ) . Pielou 5] i 45 %
(E) Menhinick 8% (R,) e Fft (8] AH 8 AL R 2 4 45
B(PIE) ; % ] Jaccard 3§ 803% 7R B W BE Z B4, it
BAHAC = /(at+b-c), HaFlb o510 24
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V& 25 A1 OTU £, ¢ M RE& LA OTU %%,
1.6 MERGLZEW

it RFLP oy U 25 5L Bk ik 45 b B 1) 5 [ SC %
FE S I Y . 7€ NCBI 3 47 blastN Fb X, 1 B
Z Wy, FIH MEGA4. 0 #8444l N-J 7% & K2
BRI R G R EW .
1.7 16S rDNA #J Real-time PCR

i PCR . W& & 5 SYBR Green 2 x Buffer
12.5 pL, 31 97" Geo494F F1 Geo825R % 1 plL
(10 umol/L), i DNA # 47 2 uL, ddH,0 %k &
25 uL, W & 3 ANEE . RN KM 94°C T AR M
3 min,94°C A5 #£30 s,55°C 1B k20 s,72°C ZEAH130 s,
R 40 NG ER @l TR EE Ol 65°C - 95°C

PRUEMZE S AN B 27F A1 1492R 7
1 Geobacter surfulreducens [ 16S rDNA, I 5
pMDI19-T #% K 3% 47 , #% 1 5] IM109 J& 52 745 41 Jid , i
TE BH P O T o B USRI R RV B 5 1T
K ¥ DUEL (copies/ L) o DL 10 546 B 76 B8 I 0 00 kL
R, B AR 2

2 HERFAT

2.1 FE#EKEFEEFTEEH Fe( ) FFEHF1E

KRS B RS Jrad 2 i Fe () e 5 22 16 4n 5]
L. ML AEM, Fe (1) WML hFI8 dEE R
RGN, WK FR25 dJE Fe () W BE R A IR B AR E
WA R Logistic B RIYUA , 15 B H i Kk It
o 10.16 mg/g, & K R PN K (V) K
1.064 mg/ (g-d) , 5 KN 38 X B 64 6] 18] ( 7,,,,, )
H4.84 d,

10- /@/%/g
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Fig. 1 Variation of Fe( Il ) concentration in paddy soil during flooding

incubation.

2.2 ih#FER 16S rDNA TR E S M T

7% PCR P21 Msp T Al Mnl 1 W67 1R 33 U &
2, GEit /KSR RELP 43 43 780 45 5L 0L &
3, M3 RN 1 nln, K ) s K i 0] st 4 i B 16S
rDNA 53 B SCE 20 A DI 28T e 2 fy 85 Fp, H
WHS diy (76 F) , fe > Y30 dig, AT 54 Fh,
Vo A S v D) 2 T L B — R Y SRR O R
— i B, AT 7 L R K 43 G s T K 20 d Ak 3
(38.71%), 5 d 4b ¥ (32.10%), 10 d kb
(26.32%), 1d kb B (23.38%), 1h 4 P
(21.29% ) ,30 d4b ¥R (18.18% ), 4% Kb 3 (1) i %5 1
CA T 61.29% —81.82% , i3 W] SC I 1) 78 36 12 1 4%
o, BEMEHAT (AR 3R 4 HE b b AT T R R 0 LS
A

MI123456789101112M131415161718192021222324

MI123456789101112M131415161718192021222324
B

2 HATEF 16S rDNA 3% 5 B F 59 W Eg 1] [ i
Fig.2  Profile of partial 16S tDNA clones digested by Msp [ and

Mnl 1 respectively. Line 1-24 ;. RFLP profile of partial clones; M.
low molecular weight DNA ladder. A: Msp 1 ; B: Mnl | .

LT o 0B Y AT BRI R AR T 2 AR PR AR Rk
e M 1 FH,Shannon-Wiener 1880 (H') \F &
JE 45 % (d,, )  Menhinick 5 %t (R,) | 15 3 45 %L
(Ds) FFp ] AH B LR ZAEPESR R (PIE) Y 3R U0 1
K20 d4b B i) B T K 30 d Ak B AR /) 5 & A Ak
BLZ A5 AR R (E) KRBT h>1d>20d >
5d>30d >10 d 7EIEFERY 6 Fh ZREVESR XL, 4,
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Fig. 3  Statistical results of RFLP profile from 16S rDNA clone libraries in paddy soil during flooding incubation.
F1 TRBAHAKBIBTFERER « ZHMEER
Table 1 « diversity indices of 16S rDNA clone libraries in paddy soil during flooding incubation

Flooding oTu/ Coverage/ Diversity indices
time N % H D, dy, R, E PIE
1h 64 / 155 78.71 3.8392 0.9714 12.4915 5. 1406 0.9231 0.9777
1d 64 / 154 76. 62 3.8299 0.9712 12.5076 5.1573 0. 9209 0.9776
5d 76 / 162 67.90 3. 8602 0.9633 14.7417 5.9711 0.8913 0.9693
10 d 62 / 152 73.68 3.6239 0.9574 12. 1420 5.0289 0.8781 0.9638
20 d 85 / 155 61.29 4.0709 0.9717 16. 6553 6.8274 0.9163 0. 9780
30 d 54 / 154 81.82 3.5202 0. 9541 10. 5222 4.3514 0. 8825 0. 9604

N was the number of clone in each library.

AN [ gk 3 [) (%) AE AL PR W] 3d 2ok B I B2 Y Jaccard
T BOCHI W, FLBCIE B 5y, DU % 4 AR (PR B & o F
* 2 F M, HEK20 d5 H A L B (8] () Jaccard $i5 %
J30.073 0. 198 Za], i1 hAl dgb B2~ /&) (10 dAn
30 d 25 d 530 dZ 8] Y Jaccard 45 %K 0.247 -
0.336, BK LF N F K AL BR 2 8] ) AT 5 R
TE R AR 2 A, 22 WA K st 1) 455 52 i) s AT o1 B
T G RE) LR U 45 R Bl 5 5 ) T %) 18 0 A7 7 % 22k
=S UN i

%2 AREEKMEIATELTLE EE Jaccard 5
Table 2 Jaccard indices in paddy soil during

flooding incubation

Flooding Similarity

time 1h 1d 54d 10 d 20 d 30 d
1h 1

1d 0.255 1

5d 0.167  0.177 1

10 d 0.200 0.212 0.290 1

20 d 0.192 0.146 0.073 0.195 1

30 d 0.229 0.255 0.336  0.247 0.198 1

2.3 RBELBEMNEBTH

A KTF 5% 19 OTU 5 SRR, A
[F] 78 7K B 39 Ach 388 e e 7= A T 10 o b A R R 1 4R B
AU, A 7K R T) 16 0 T 7 A B O A AR e AR Ak
mE 4 s, WKL Wik B L3 @2 A8 A B
C 1 F (BT &5 He il 4 3k 6.45% 5. 16% 5. 16%
6.45% ) ,1 dAbEE >k B F1 C (Ll R 5.19% Fi
7.14% ) ,5 dab ¥y B .C 1 D (LB ky 6.79% |
12.35% 1 7.41% ) ,10 d4b ¥ 3% B . C.D . H I I
(H B K 7.89% . 6.58% . 11.84% . 5.92% F
5.92% ) ,20 dib 3y C F1 D ( H R 10.32% Fi
7.10% ),30 d b ¥ b S5 DOE.G R J ( Lk Bl
9.09% .5.84% .5.19% H1 12.99% ), 2K # A Fl F
{UAEL habh B Sl R4S FE1 dEI10 dih 3 2 8] B
i L) 5 3 A, 20 d N30 dAb 38 e SOAT BT 5 2
Al C 7E#E /K1 hE20 dAb B ¥y R (R348 A0, Bk &
MR THE RS, Hohs d o RIE(E ; 58 D
TEWEKS dB[30 dib B rp ¥ R L34 AY, L R B R
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FhG R, Hod 10 dohf KIE(E; 268 E Il G
AHE S 7K 30 d Ak # v kg 32 A W /K20 dAb B
Fr e i, {230 dif i K 2R A H R T WK 10 d

Ak B S A FSE AL T A b Ak B b L AR AR B
052674 J e S AN ] Ay B — w6 sl R H BL,
TE30 d i 3, H 9 X LS

B, e Elc O WM

147 [Ir EMG

12 4

Proportion/%

=

B Bl
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Fig.4 Successional change of preponderant RFLP types in paddy soil during flooding incubation.

2.4 BAEZFHTAELIHRBHAERNRESR
L

3 3 X DA A A e BT A A Y R G R R A R
Sz, IWES af LA Y, 328 B 500 A T
Clade 1 fi1 Clade 2 t, 1 5 Clade GM ( G.
metallireducens Clade) 22 R %5 K, 2Kk# A C.D.F .G,
ILFIJJET Clade 2, 1j25% B . H fil E J§ T Clade 1,
TEARTR ME K AL B B C A D 28 Y i 1 A
B T A 2R B, R I R STk R . TR 3 ey
it )@ F Clade 2 9255 C.D FiiJ& F Clade 1 )35
BB & A RN, 5ok A TIRKRZITRY A2
15 G B 7K A B 2 LU TR BE B R0, 3X R W B3 K A
A R AR T B 23 A S TORR ) AR R A
FEAE—E 2200 o Jr N %) © 45 38 & NCBI, % 5% 5
SN :HQ875495-HQ875554
2.5 AE#EKHBAXKELIHHTFERRAENE
EEi

K H Real-time PCR 3453 (%) /K [7] 5 7K B 1 7K F
SeU bR iR o AV ESE S A F R SR
3o P e WU b M AT B RE A L2 B 16S tDNA
SR N BRI AP FRE, R 3 TTLE N, 1
FRE B E B 7F 1.063 x 10° - 18.357 x 10° Z [a], H.

FEWEK 10 dAb B A =F B S5 ok, 120 d Ak B A (8 /D o
YN FERELE 0. 234 x 10° 8. 915 x 10° i), # /K1 d
b3 R B K, 20 dAR SR R i, AHEAT B R} o
SV T HE B L B, W K L d A BE A HE (A R
(1.199% ), ¥ 7k 5 d 4b B A4 Lo {8 38 3 8 hn 3]
4.161% , ¥ K5 d%)20 d4b 3 H H A5 25 18 34 hn 3F
K F e i {H (4. 537 % ), i #E 7K30 dAbFEAY L AE A BT
TR

3 itk

3.1 #EkEFHESTEFHMTERSHEMENX
EA

Moo ZREMEFRBUE L Ok F R [ K I [R]
Ab ) 22 RE R R BLUE B AR e, W KS dAI20 d
SO FRH B 2 AN UEAE T K 10 dFI30 d4h B Y 2 4
PRI S )y o 5 B0 R AR b Y R SR S i
THER A Z R B AR A AT OC . N HBAT B R A L 7
BER ST BT, AL LA TR 46 S M — e 5L, £ W /K B 3 il
R rf 2 TR A6 B i 10 A8 Ah b 5 235 ) Hb AT DA R Y A
MErerE, AU HGE" K LK RG22
i 45 2 S P R B SRS AE10 d - 22 d PR M 7
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k Geobacter chapellei (U41561)

51 Geobacter sp. Plyl1(EF527233)
iii 1h-20-F

% 30d-112-G

84 1d-58-C
5d-1-C Clade 2

10d-140-1
100 I__ 10d-100-C
20d-15-C

20d-30-D
———5d-12-D

1h-59-A
98 L—
87 L-30d-58-D _

100 | Geobacter sulfurreducens(U13928)
98 - Iron-reducing-bacterium(FJ269097)

100 |: Geobacter metallireducens(1.07834)
Geobacter hydrogenophilus(U28173)
Iron reducing bacterium(FJ269108) —
5d-99-B

69 I: 1h-85-B
55 1d-59-B

10d-5-B
58 —79|7 Geobacter humireducens(AY187306)
87 Geobacter bemidjiensis(AY187307) Clade 1

30d-44-E

56 Geobacter uraniireducens (CP000698)
84 _|jM)acre1~ sp.FRC 32(CP001390)
—_— 99 10d-8-H

0.01 L Uncultured Geobacter(AB293274)

5 fR#EKE 16S r1DNA EHR B

Fig. 5 Phylogenetic tree of preponderant RFLP types based on 16S rDNA sequences. A phylogenetic tree was constructed using MEGA 4.1 software.

30d-6-J

Clade GM

82

66

The neighbor-joining method and kimura 2-parameter model was applied, bootstrap analysis was done with 500 replicates, 689 bp-691 bp were

considered. The scale bar represents 0. 01 substitutions per nucleotide site.

F3 KBLHBFHERNZMAER 16S rDNA # I
Table 3 The 16S rDNA copies of Geobacteraceae and Bacteria in paddy soil during flooding incubation
Copies of 16S rDNA g™' dry soil

Flooding time

Geobacteraceae x 10° Bacteria x 10° Proportion/ %
lh 3.091 +0.130 * 1.883 £0.053 * 1.642
1d 10. 687 =0. 912" 8.915+1.179 " 1.199
5d 6.837 +0.307 1.643 £0.196 4.161
10 d 18.357 £3.905 ° 4.300 £0.093 * 4.269
20 d 1.063 0. 109 ° 0.234 +0. 023" 4.537
30 d 5. 186 +0. 609 1.641 +0.084 3.161

The different superscript of small letters within samples were significant differences (P <0. 05).

#,22 dJE SMRER W E AEFFAE BUR A EE K W WA EE M S EEPEREAR . SR, X T K20 d
kS d A RIS ZREBE N IGERRA AR EARKRESHAE, N T2 R L AT 15 B 5L
K,M10 dFI30 d 2 REVEREMR N 32 S E 0 LR dh W a B RS, KR R AL B TR TR
PR THFERZ A, th TE R Z AR FEOUAT (RO [ kg J ol A W 0 48040 B 9 ) RE
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TIAETE Sk o T, AF fh A ZS AL Bk 5 Wl Ak ik
JLU T A e A A TS AT R 4 L 2 R
P 2 2 R S i 5 30 B 4R A Bk O A LU
JE | — 8 55 5 VR R 4 i R 2 S A BT B R R, AT
S ECHAT B RHRE VR TR A O TR Y Fe (1)
A AR AT B R A K A BRI PR 2 A v Ak
+ g Fe (M) i J5id B2 0 A7 (LI 1), MK 1 h -
10 d.10 =25 dfi1 25 =30 dn] 430k 3 AR 2
BB o RS 0 3 b, 8 A 4 LR B i
TS AR A 3 KT T R g O 5 T RE, 8 K 10 d R 3%
W B o), S EOREE 2 R PP R 5 55 BB
H, Fe (T ) 0 J5 3 4 3H 5 Je A, B3 24 4 LA % e )
) R S B FL TS A I I A T R ST
PRI RE H B A K A R P PV 4 = B
i, Fe () ¥ J50ik B84 2, ) 9 40 1 2k 2 AR
FECHLBR ), W I f) Mo AT B R JRE 76 20 RE MM Ll
W
3.2 HKIEFE 5 4 1 AT B R B KRR
BHXER

AR 3 B 2 780 3 85 A8 Ak TT DL, R TR ok
Fsf i) b 388 b T 8 R 0 00 A B I o LA %
THIRAAEL . v F kAR AR P AT R e R
K5 % 3 i o HbFT R b BB S B PR SR o
SEW 14 W R LA AR SR 0 BB R T, T k-5 W 1 4 b
HA IR 55 4 B J1 o 18 W K8 55 009, 5 3 4
B IR T S SR Fe () 70 J2 I, SR T o 5% i 1) 3T
BRI R, AN B C D H R T 4 K
R 01 3 T o L 91 5 A X 4 34 K I i 43 31
510 d BfiF T 5 Fe (1) /S W5 (4 0 K6, 4 W 752
A B 525 4 T, SR P ke SR W ) AT 1 R 4 o I W7 B
PR T v S B, IR B 3R U5 0 O S B
WA E G AT, Ju R KR T 18 k30 d 4k B
() Lo 1) A, S A I F RS (L AE HE K1 b
PR TR T 5% 900 32 R (R 75 R i 8 5 Ab
B S BA VARA # A 7E W K 10 d &b B R i
&, ¥E7K 20 — 30 dAab B W B 35 ok, HED e AT 2
Kk AEAF WS HEAT AR K, i TAEL b — 10 dgyg il x
SR W 1) o T B AR (S AR F A TR L g1
T,
3.3 GERMHEREETLS Fe(ll) EEAEN
FIEFA

MEE T 16S rDNA $2 U151 3 AT B R4 3 40 1

Real-time PCR 253 F i, AN [R] ¥ 7K B[] 4 38 v ) i
FERRL 2 B 2 B0 st AR Ak, (05 840 T8 19 3= B A
R R —8tE . BT DL, R AT B R 3 B R A
FRE A (G/B) AL T 75 5 F b AR LA .
Je, AN R d K b B G/B A fE 1.199% -
4.537% , 5 A A BF 5000 gE R OR R M AT (4
<5% ) JHWR KRG LM AKREFE 1 d i G/B FAk,
JE R HE KT hE1 B 4 38 v b 20 T 1Y % B e
R b FF T B A0 B, 35 L G/B AN 1. 642% FEAIR K
1.119% . WK1 d =5 dffy G/B e 38 i, ik 5
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Effect of flooding time on community structure and
abundance of Geobacteraceae in paddy soil

. 1 - 1 . 1 2
Jiaohua You , Shuhong Xia , Baoli Wang , Dong Qu
'College of Life Sciences, *College of Resources and Environment, Northwest A & F University, Yangling 712100, China

Abstract ; [ Objective ] The dynamic characteristics of community structure and relative abundance of Geobacteraceae were
investigated to understand their response to microbial iron( I ) reducing in flooded paddy soil. [ Methods] The paddy
soil was incubated anaerobically and the amount of Fe(II) was determined during the flooding incubation. We retrieved
Geobacteraceae sequences from clone libraries constructed for different time points (1 h and day 1, 5, 10, 20 and 30)
after flooding of the paddy soil. The diversity and community structure were analyzed by using RFLP method, and the
relative abundance of Geobacteraceae was detected by real-time PCR. [ Results | Microbial reduction of iron( I ) changed
greatly in early time and was stable after incubated for 20 d in paddy soil. The largest iron reduction potential was 10.16
mg/g with a V, _of 1.064 mg/(g.d) at the time of 4. 84 d whereas this process achieved plateau after 20 days flooding.
Diversity of Geobacteraceae, given by alpha indices, fluctuated during the flooding incubation. Two peaks of diversity were
observed in treatments of 5 d and 20 d respectively, while significant low diversity appeared in samples of 10 d and 30 d.
Beta indices described the differences between community structures of Geobacteraceae and hence reflected the variation of
the flooding situation over time. In all samples, 10 RFLP-based preponderant types were found, which fell into clade 1
and clade 2 of Geobacteraceae. The relative abundance of Geobacteraceae was the lowest in 1 d (1.20% ) and the highest
in 20 d (4.54% ). [ Conclusion ] The dynamic variation of Geobacteraceae diversity, community structure and abundance

are closely related to microbial iron( Il ) reducing in flooding paddy soil.

Keywords: paddy soil, geobacteraceae, community structure, abundance, RFLP
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