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Changing Characteristics of Geobacteraceae Community Structure in Paddy Soil During Flooding Incubation
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Abstract: Geobacteraceae is identified as a typical family of dissimilatory iron( Il ) reducer with distribution in anaerobic environment. It
plays an important role on the decomposition of organic matter, the suppression of methane production, the bioremediation of heavy metal
pollution with valence fluctuation, and the transformation of phosphorus, sulfur and other nutrient elements. In this study, total DNA was ex—
tracted from six paddy soil slurries including 1 h, 1 d, 5 d, 10 d, 20 d and 30 d treatments of flooding incubation. The changing characteristics
of community diversity and succession of Geobacteraceae were analyzed by using denatured gradient gel electrophoresis (DGGE) based on
16S rRNA gene (rDNA) of Geobacteraceae. The influence factors on characteristics of community diversity and succession of Geobacter—
aceae in different flooding treatments were analyzed by canonical correspondence analysis (CCA ). It showed that the Geobacteraceae
community structure was taken place the successive changes under different flooding time. The r—strategists organisms dominated in the early
succession, while the k—strategists organisms gradually replaced them in the late succession. Similarity coefficient indices were the lowest be—
tween 1 h and 1 d treatment and the highest between 20 d and 30 d treatment. Richness indices and Shannon—Weiner indices were the high—
est in flooding 5 d treatment, and the lowest in flooding 1 h treatment. The result of PCA (principal component analysis) based on digitized
DGGE patterns and the sequences showed that the changes of the community structure were stable at the end of flood incubation. The CCA
ordination among DGGE profiles and environmental variable factors demonstrated that Fe( Il ) concentration strongly correlated with the to—
tal variation of the bacterial community. The phylogenetic tree of preponderant DGGE bands could be divided into two groups. The major se—
quences could get together with the sequences of uncultured Geobacter spp. from paddy soil. The dynamic variation of community structure
resulted from different flooding time will provide a theoretical basis to clarify the characteristics of community structures of iron-reducing
bacteria and phylogenetic classification.
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&5 KX HAEGITR BRI G394 AR AL
BFESARYE

1 #BE57FE

L1 T4
LK RS 1 F 2008 4F 10 H R A BRPG A DUHTH

AR EL B ENKFRMOR 5 FIAE H . 1 R A A
Ak, BRXT GBIt 1 mm + 3G Kb BT
B H TR RS A
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Table 1 Fe( Il )concentration and pH in paddy soil during

flooding incubation

WK AL

Lo 1d 5d 10d 20d 30d
Flooding time treatment
pH 6.64 612 663 670 669 6.52
Fe( )&

Fe( 1T )content/mg-g™ 0.553 0.780 6.123 8.396 9.807 10.480

1.2 TIEREYE DNA AR

P VR FERE i B R VR I L 2 BR Zhou SEPO T Bk
FREL YR M DNA, F 0.8% 35 N M B Fie FEL K A
I DNA $2ERA 2 R Bk, I+ AR oS &
#4T DNA [Hi,
1.3 EFE4H DNA fj PCR 31

kP 5 PCR WS il 4E & DGGE 434719 PCR
FEY) . SR OV DL 3 . DNA SRR , SR R AT B
PHEAYI R 16S rRNA Z:H 938 5149 Geol63F1 Al
Geol63F2/825RI- kAT PCR 418, [ A ZR O  #AR
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oA, R A 40 56 8 A 51 9 GC-341F/518RM 47
P, ROVARRR: Tk 40 fERE—3eY 8- 1
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% F Bio—Rad 2 7] ) Deode™ 2 [ 28 45 43 H14X
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IR 557 BR A R o
1.6 HERZERER

DGGE Z57H B P45 RAE Genbank H1 ELXT 4347 5
FIH ClusterW S AHATZ EIFFI XS ; ARG N-J
F K2 124, F| ] MEGA4.0 B RFEKEM .
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5, T 10 d 71 30 d AbBEIIA Frisisss ; 2574 8 1Ak
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(A)
1h#11,5,10,20,30 d 235137 6 MEEKALEE, B A FpECF AT RS E AR IS
The 1h,1d,5d,10d,20 d and 30 d stand for different treatments and the data in figure A stand for typical DGGE band for sequencing
B 1 AE#EKEESE RSB ERREY R DGGE Bk E i (A)FHEMEREE(B)
Figure 1 DGGE profile of Geobacteraceae in paddy soil during flooding incubation(A ) and cluster analysis of similarities(B)
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Figure 2 ScatterPlot of PCA analysis by UniFrac basis on

16S rDNA sequences of preponderant DGGE types
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T, R G5 H SRR, HUAT PR R TR
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M6 A~ K 4b B K RS 1 AT B R AR Y
PCR-DGGE {175 4 Bt e B e FP U1 B mT e T 19 A8
PAHT , WF T 45 SRR, 19 NI e 5 R Tt
FERHEA Y, H 57K o R R G SR AT R
YIRS R AL ARG L BERATLUE H(E 3), L%
ot FER AWK, TE 5 R A RFLP ARG R E
IKIEFRKFE 1 AT B AR S S R K B 4
R BN 7KRE L A HAF B RSB R AT R R =
ERIEFKFE T R F AT P RAE—iR , 5 b
TOK PR AT R P A R AR LR,
2.3 WNEEFEAEFEEP T EMAFRRBE
MERm

% i CCA ¥ % 6 A ¥ 7K 4b P2 Y ¥ /K B 8]
(time ) .pH {H Fe* ¥k & . F & E+5% R Fl Shannon-
winner ZFEHEFREL H'S MRS F 347 R IR 74T, 45
R 4 Frs o HEF B RTINS HE P 3l A R E B 53 5]

R 2 AEHEKE ELERKTE L PAF R R SHIEER

Table 2 Diversity indices of Geobacteraceae community structure in paddy soil in different treatments

#7KAL B Flooding time treatment l1h 1d 5d 10d 20d 30d
& FEFE5 Richness indices(R) 1.420£0.241  2.049+0.087  2.542+0.055 1.635+0.168 1.896+0.255  2.060+0.070
Shannon—Weiner $5%% Shannon—Weiner indices(H')  1.944+0.140 2.527+0.311 2.759+0.241 2.274+0.345 2.470+0.176  2.510+0.220

T BRI R 2 R o
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_{—_Uncultured Geobacter sp.clone HZ-20d-30[HQ875535.1]

H3
go—H7
‘|E‘1Jncultured Geobacter sp.clone HZ-5d-108[HQ875522.1]

H2
H18
69" Uncultured Geobacter sp.clone GDS[EF613904.1]
Uncllfll‘t‘ured Geobacter sp.clone FH-18[AB293264.1]

66 [ Uncultured Geobacter bacterium clone 2-19[FR668337]

Uncultured Geobacter sp.clone FH-41[AB293287.1]
55 L Uncultured Geobacter sp.HZ-5d-44[H(875519.1]
H9

Urﬁ:ilgured Geobacter sp.clone HZ-1d-42[HQ875501.1]

Uncultured Geobacter sp.clone Z]J-5d—19[JN091600.1]
—HS5

H16

H12

| . Hé6

55 Uncultured Geobacter sp.Clone BEM114[EF658569.1]

58— HI13
Hi11
L Uncultured Geobacter sp.Clone FH-28[AB293274.1]

87

1
L — Desulfuromusa acetexigens|[NR 044770]
0.003 Desulfuromusa ferrireducens|NR 043214]
—

IR FREFASE BN FREE T, BKAE(550% ) BRBHBRERSE, ZERFR 5% MR

Boldface type indicates gene sequences obtained in this study. Bootstrap values(>50% ) represent nucleotide substitution rate,

and the scale bar represents 5%o estimated sequence divergence.

B3 % DGGE ZHENARRER
Figure 3 Phylogenetic tree of preponderant DGGE types based on 16S rDNA sequences
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Figure 4 Bioplot of CCA ordination for treatments of different

flooding periods and environmental factors
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AR AR BV B 324k . — AR,
TKAE 1 v B IR AR AR G B AT TR B AE M R
L 32 AR SR, i I , AR K SR SRR B AR
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AT TR AT DA FH A AR 2 iR h 5 B A FEARK
TSR SRR R R E K

i Unifrac FF #4735 F L ¥ DGGE 47 19
PCA 53, 85 R Ah R MK IR S R BARE I S5 M AR
%, R R sESE 5 d BpAHRIE AR, Bk 2R, 5
I 2 BRER 7 & =F B AT B A A B ml A R Y
Fe(IDWEHEA R, X—4R 5 HEMF R HE
TKAG WK IR AR Fe( I )3 JF Y B K S I ok 2
XN B[R] Ay 4.84 d AHWI . CCA 4tz B /K 35
Fri AR Fe( )Wk EAL 5 K513 12 o AP
BHUAE BRI EIEME XK R, #HE—H %R
BHIK RS 1 W 7K 2 78 A TR R AE W B % G5 A Y AR
b 588 T R VI

3% F 16S rDNA-PCR-DGGE i R fEf% B H Wb
B K B S5 A0 B P AT B R MR S A AT
B2, MEFE DGGE 2 s AT LB H A
[ v 7K B ] b B Hp (R 5t B BT o L 3 R A T
AR, [RIRE , T DL r—F kA A SR A s
IR BE SR AR P AT TR R B AR A SRR, R -
TR A LA R BB ST, T k— SR B 1) Py
BARBATEHREES . KRR, B
BRIE AN]SR S Fe (1) 78 B, SR A r— SR W A4 AT BT
BHEAE Yy Py Fb BBk 1 K BE ; bR AT IR R Fe (1A
WA THAE , X B2 AR SRR, SR A kSR 114 1,
FERHUA: D Az BB T R r- SRS
BCAREFE G IR R R . A, 454 1.7.8.9
119 PR AE YBE A SR A EhE R I R R
TG RE ST TEMK I R P RS A e, LR A 1
18, FTILH X IRBEAR b HLA 58 A 35 M A5 S B
J1o 57 3 A1 4 RRMBE Y HEIA r—SR B AETE Y
Wikl SR T HE 5 R, W45 2.16.18 FRER M
AYRT k-SRI, B —E MR SRe ), 7
HKEEF PRI, FRgERE KR K
Feid R LR AT R MR E e B R
B 5HAFABE LR H ST AR 38 DA O

R FM: DGGE 457 i i3 5 GenBank H 514 Y
Blast 43#7T B/~ , £ DGGE K18 Bt £ Hb AT R

Yy (2% H2,H3 71 H10 25 ) BB 70 3] 5R FH RFLP 73
PR A L H AT R A Y HZ-1d-42 \HZ-5d-
44 HZ-5d-108 Fl HZ-20d-30 SR Ah—1ik, B /<K F
RFLP 1 DGGE Bk A Al 950 A= 25 52 7 i SR Al
USRS —BUES R o A SRS B0 — 3R M 45 Rk
15 2R E TR R 7K RS P B LS HAT B R
AW RAE—iE , VLA RISk FS - A A s R A
YES A E AL EAFTEARILZ AL

4 Zig

KRR AT A e R R S A T
HEEMARRE: 5557 1h 2 5 d BIRIEEE S5 2 hE
AL R, H LA X SR B AT s A A M o S
PR, TAESS 20~30 d HEREE LB TR, M k-
SR B RSP RE, XA AR T2 -5 pH
1 Fe( D) BIHIZy o AN [R]#E7K B 18] 38 Hh 3 B 22 A
MWK Fe( 1T )& E2BUHERME, I, A
Wit — RS, AT R R Y15 8k A0 A Py b Bk
WEETER R R, EAPIRAA R ZATETRE
B 25 DS HAT R A M FE R R R AL S 2
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