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1.1 #hR L4
JKAE % A SN A 1 B T /N ] X B K R i

R JE IRE SR FE I ) 24 2010 4 10 o K40 -
20 em Bl = g, TS BEAT, 11 mm b R I AE
o THEG RS A 34,41 g/kg, 4> 5 %0 B AIAT
S5k 1.85.0.42 F119.98 g/kg, i 55 4 5 & B
AR o4y 8. 11 Fi2. 48 g/kg, pH {H 7. 56
1.2 RBRAEERE

IR B E 6 AN AN RV 7K N TR) A 3, 43 ) A g K
5% 1.5.10.20.30 F140 d. FREL3. 000 g+ Ff # F
Uy BT KR 910 mL i i i, 2 950 0 N T B 2%
B FK3 mL, fREEAK LG 1 1. AR I a5 R A B
S, ARG % B, BT 30°C 1H il 8 5 40 vh WOl B 55 .
Iy AE A S 3 E A ESE, BT -20%C
TRAT LY IR FE W By A 1E 7% kb B 58 S 48— $
I+ 3 5 DNA.
1.3 TIERFEYE DNA {2

VK FE VR J5, R i OMEGA soil DNA kit
(D5625-01) $E UL + et A= 4) & DNA, 0. 8% [f) B fif
B e Jig FL UK A U DN A 58 35 42
1.4 HEH DNA i) PCR # 1

KA Chang 25 2 42 38 () ¥ 0 8 Fe4 iy & [4]
(hydA) 514 E F1 E, (£ 1) 4T PCR §7 4. H T+
DGGE 73 #7 1) FF it &8 1 W5 #& PCR 7 3 3R 159 28 —
¥ PCR:H EA1E 5149, LA L35 DNA 4 #E AR k47
PCR ¢ #f. 7625 pL (¥ Jx W 4 & ' 44 ¥ TaKaRa
SYBR Primix Ex Tag™ 11 10 wL B #22 L. bR
5149 (10 pmol /L) £0.5 pL, ¥ bl ddH, 0 %25 pl.
PCR [ I 3K 4% : 94°C T 28 #£ 4 min; 94°C 30 s,
55°C 30 s,72°C 45 5,32 /M A ;72°C 4 /1 10 min.
5% PCROKG 5 —%8 PCR =W B 10 15 /5 A4,
PLE A GCE 5947 PCR ¥ 1. 7650 pwL & W
& % P % TaKaRa Primix Taq 20 pL i1 pL. &
FUE G (10 pmol /L) % 1 pL, ¥ 1 ddH, O &
50 wL. PCR A 5 4% £ :94°C $ii 48 k4 min;94°C
30 ,55°C 30 s, 72°C 1 min, 32 A1 ¥ ; 72°C 4E fif
10 min. PCR ¥ 34 Fi] 0. 8% (1) Bt i H¥ 5k 1 FHL 9k
oRll®

F1. FeSEEREY 54
Table 1. Primers used for cloning of the Fe-hydrogenase gene (hydA)

Primers Sequences (5°— 37)
E, GCTGATATGACAATAATGGAAGAA
E, GCAGCTTCCATAACTCCACCGGTTGCACC

GC-E, CGCCCGGGGLGLGLLLLGGGLGEGGCEEGGGCACGCGGGGGGCAGCTTCCATAACTCCACCGGTTGCACC
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30 d, 4% 12 F 13 39 HH B 75 WE /K40 d.
Fe-Z M il RACER TR R P AE A0 11 5 FeSl Ml 7L
YIRS . 1 Fe-&UM ) DGGE &% 42 4k (K&l 1)
AJ DAHEDN H 5 e 0 Y. 1 3 A ) 1 i &5 40 1 A2
TARNHE . Fe4 M DGGE 4y # LU & W - 78
WKL diny Fe-Z Mg 1 28 H Fb 28 80—, WEOKS d IR 1Y
Fe—Z20 i 1 2 40 b 28 165 05 10 8 7K 10 d I 1) Fe <51 il
AP A SO BT 1] v 3 WY v KT ) Fe—4 il
ARV 45 K A B R - HE7K20 d LS Fe—5 i
THAE P M S T AR 5 Sl L v K RS IR I IR VR 45
R A & RS E -
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Figure 1. DGGE profile of Fe-hydrogenase in paddy soil during
flooding incubation and cluster analysis of similarities. The 1 d, 5

d, 10 d, 20 d, 30 d and 40 d stand for different treatments and

the data in figure stand for typical DGGE band for sequencing.
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Figure 2. The DGGE profile cluster analysis of similarities of Fe-—

£ B5 & E 89 DGGE

hydrogenase in paddy soil during the different flooding incubation.

2.1.2 Zilﬂtﬁ*lﬁﬁﬁﬂ‘] PCA 53 #ft : % Fe-4 il 4k Al
HIfE# DGGE 4% 77 {)”J}? i UniFrac 347 PCA 4
B & WK 3 fros. f?ﬂ%ﬂ]kk*f?‘ﬂﬁﬁitﬁ
HEFP o0 A B R T 25 AN HE K B 0TI Fe S0l 5304 4)

Mﬁizifﬁur“ﬁﬁ'r%ﬁ,z AN Bl 36 5 @ R T AN () ()
IIATAZALT) 84.89% o 1P 3 W LLG H, MEUKS d
%nlo A3 A — 1, WK dFI20 dnf R4l , W
/K30 dF140 d'BE % RES —ilL . 5 PCA 40 A &
BRI, 3R 7R AN [F) I R) 1) & A Fe-SU 1 7 71 O 1k
PR = 5 AHALRR B b B, i Fe40 I 25 X7 471 1)
RGN 1 5 B T LAAR B — B S ik .
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Figure 3. ScatterPlot of PCA analyses by UniFrac basis on Fe-hydrogenase

FIH ER S R

sequences of preponderant DGGE types.

2.1.3 ET FeSMHMRBEYHESHEENRT
U W KR B KRS b 3 T Fel Wiy 10 B 2B 0 A VR
32 & BEF5 % (R) «Shannon-Weaver $5 4 (H) 14 74)
BEFRE(E) < Simpson 454 (D) W3k 2 i T
WKL dAb B B, P L2 AEPE SR 2N 00 00
/KS dF40 dif ] 5L RH A D45 B Aol i
HEIKS IR IR 2% AN Fig BT 16K TS /K 10 d ) 2% F
FRACN, HBL T AMEAY #EK20 di & B i SO
KBRS AN K15 JF £ Bl S K30 d A
40 dAb B 2 I A ARE FE P R A . BRIEKT d
KeBE AN, Ry HO R Dy g /0 {23 30 4 #E 7K 10 d [
0.1172.0. 6895 F10.4963,R.H " D, iz KAH 53 75 A
#EK40 dif) 0.4459.1.4142 1 0.7348. E FEA{REE
FE.0.9 JeAv, i KAE 9 #ME K10 dffy 0. 9947, i f /M
/K40 dify 0. 8787
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Ml T A ) A R G N s B g K 30 40 d
20 dffy Fe-( g 2 FE VSR EURE - R W] Fe( i X Fe-
ST 2B ) S R RE VR AT AR e S 5 I TR
HER B AT A &

S I F) o420 M B2 A 1) 4 0 % REPESR SO N, Fem
U % FeLl B ) F 51 P 4 K 10 d o %
4 REVEFS R 7+ 36 FeSU I J M 1 (1) Fe—4o0 i 14 2k
I B B R HE K20 Ay Fe a0 42 B 1k 16 41l 71
FEREFI K S d I KT 2013 FeSl i % Fe(

R2. FRIAEKEKELR Fe- R BHMEYMBFESHMERY
Table 2. The diversity index of Fe-hydrogenase microbial community during paddy soils flooding incubation
Richness index (R)

Flooding time/d Shannon-Weaver index (H") Evenness index (E) Simpson index (D)

1

0

0

0

0

5 0.3357 0. 0038 1.2905 = 0. 0483 0.9309 £0. 0349 0.7051 £0. 0234
10 0. 1172 0. 0001 0. 6895 +0. 0025 0.9947 £0. 0035 0. 4963 +0. 0025
20 0. 3440 = 0. 0008 1.2904 = 0. 0065 0.9308 £0.0047 0.7046 +0.0033
30 0.3364 +0.0013 1.3548 +0. 0032 0.9773 £0. 0023 0.7344 £0.0016
40 0.4459 +0. 0021 1.4142 +0. 0012 0. 8787 +0. 0008 0.7348 +0. 0001

The data are represented by “mean * standard deviation”.
2.2 KELTBKEFRTSREPET FeEBERKF
FI) R G LB

X HE K B R L B o Fe40 1 15 ML % DGGE
Sty BEAT W3 F M T R AR (B 4) I &5
FEERT 23 BT R IR 2 B0 AR R K Fe4 g, (H
LT AR W JE ) FeSl il 56 N 2 41 R GE 0E AL B
I3 M B BUAN TR I 0] R0 3 Fe—Sal Wiy 35 BA] 17 31 23 g Y
K% GOGT A G14 Oy — 7%, JLAR e 9 5 — K
. G3. G4 M G5 5 # 2F K W ( Clostridium
thermocellum) [¥] Fe-& [ 3& K /7 %) 3 — 1%, | (1)7
HUI— BOME AT AR LY 53 93 35 86% 15 94% ; G11 Al
Gl2 5 mg 0 R 4 2 B ( Thermoanaerobacter
ethanolicus) [f] Fe-& i 5t R 58 o — 25, B A1 7 41 1K)
ot 76%; G2 5 i B R ( Clostridium
saccharolyticum) [f] Fe-& B FE R 2 AF — &2, I A /F4
AR AL PE A 81% ; G10 FI G155 W 5 42 B
(Clostridium botulinum) [¥) Fe-5 W 5L K 3B b — 1%, &
H 7 5 )AL 76% ;G1 Fll G6 5 C. perfringens |
Fe—Z i 5L K 28 O — 1%, & H 5 5 AR ) 91% ;
G8 F1 G13 5 Ignavibacterium album ] Fe-5 i HL [N
FP A0S h — 1%, B E A0 0 — SO 5 AR ALE 43 on) ik
91% F 95% ; G9. G7. F Gl4 5 Marinilabilia
salmonicolor f¥] Fe—4 Wiy 3t K Jy 51 2 O — #%, & A1 )7
FI ARy 82% o
2.3 BAKEFIEPET FeEMERNRED
FEETK

AN AR K B R R b KRR+ Fel g 3 2R 1)
F AL 3 Fron, H Fe4 i 3k KR AR 14 )& - 40

B 16S rRNA KL A E B w0 AT 1 19 4% DLEOR 73l
TR ZHXN N A L IED S E. BER3
CLE Y & o0 T /K 78 b Fe4 i 56 DR 1) 4% DL 204
10° (7K -5 B A T HR 14 8 16S tRNA 3 [ ) 45 7
FOKFE 4 107 7K 7 1 #5 DU %, AR T 41 B 16S
rRNA JE K ) & 8 KT 7K B8 4= i 107 K F #% D1 %%
P FeS g 3L K0 B2 UL B AE 1,197 x 10%/g -
2.888 x 10° /g 2 ], i 42 1 IR AH X B4 £E 1. 25% —
15.29% 2 [6), & 41 W B9 A XS EE ) AE 1. 14%0 ~
2.16%02 1] o 5 d I ] Fe-4 542 D1 1. 197 x 10° /g
BAG, TR BB 16S rRNA L K # D% (1 41 L 4]
H1.25% , 5 41T 16S vRNA I D $5 UL AH X LG
Bk 1. 14%0. 40 d I [) Fe-4{ g 4% U1 % 2. 888 x
10° /g Bz e, (5 R BB 16S rRNA L IR #% U119 AR
b4 8. 80% , 7 41 B4 16S rRNA S K U1 % (1) 4
X ECA K 1. 33%0

3 itk

PREKRE - e iy S 7540 1E & 45 0 1R 22 A
55 H RS IR A F S PRAAUIA BT AR S K B
KA R E FeLl i 72 O JZ Mg ™ S fE
B e W H AT R AT SR T AR H
W i R 2R R IR PR 2R X TR A B
FUCHEVE ST 50 — A ™ . R R
X IR AT BER AR, K 2 B AR IR S sl IR 4 11 34
Big AR A K FeUMG 10035 PE b 0 [4Fe - 48] %
IR AN FeLal il 4 B A PR, 2435 P b0 3k i
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Figure 4. Phylogenetic analysis of preponderant DGGE types based on Fe-hydrogenase amino acid sequences. Boldface type G1 — G15 of

Phylogenetic tree indicates Fe-hydrogenase gene amino acid sequences obtained from preponderant DGGE types in this study. Bootstrap values

(>50%) represent amino acid substation rate, and the scale bar represents 5% estimated sequence divergence.

F3. kIELH FeSMERE - RERMME 16S rRNA £ F# N
Table 3. The Fe-hydrogenase, 16S rRNA gene copies of Closiridium and bacteria in paddy soil during flooding incubation

Fe-hydrogenase

Bacteria Copies proportion Copies proportion

fli(i:L/lting copies Clostmdm’ 1~6/S(1r(§{71\jA) 16S rRNA gene of Fe-hydrogenase of Fe-hydrogenase
/(10° /g) gene copies & copies/ (10° /g) to clostridia /% to bacteria /%o
1 1.622 £0. 112 12.955 £0. 345 1.419 £0.019 1.25 1. 14
5 1.197 £0. 020 2.542 £0.091 1. 055 £0. 047 4.71 1.13
10 1.730 £0. 372 1.290 +0. 033 0.802 +0.015 13.41 2.16
20 2.325 £0. 101 1.521 +0. 103 1. 140 £0. 045 15.29 2.04
30 1. 608 £0. 068 1.827 £0. 117 1.214 £0.051 8. 80 1.33
40 2.888 £0. 066 3.065 £0. 127 1.399 £0. 042 9.42 2.07

The data are represented by “mean * standard deviation”.

HE 7 P AR I Fe—4l Wi 3 1 P IR BT 2k 2%, D B Fe
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Diversity of Fe-hydrogenase microbe in Guizhou red
paddy soil during flooding incubation

. 1 . -1 . 1 2%
Miaozhang Yan , Lina Li', Baoli Wang , Dong Qu
"College of Life Sciences, *College of Natural Resources and Environment, Northwest A&F University, Yangling 712100,
China

Abstract: [Objective] The diversity of Fe-hydrogenase based on Fe-hydrogenase gene of Clostridium was studied for
exploring the biochemical mechanism of soil microbial hydrogen production and revealing the Fe-hydrogenase microbial
community structure changes during the paddy soil flooding incubation [Methods] We used denatured gradient gel
electrophoresis and realime quantitative PCR to achieve the goal. [Results] The band number of Fe-hydrogenase
denatured gradient gel electrophoresis fingerprints indicated Fe-hydrogenase microbes structure varied significantly during
the completely flooding incubation. The Principal Component Analysis (PCA) showed the highly similar communities of
Fe-hydrogenase microbial was divided into three groups: 1 d and 20 d, the 5 d, 30 d and 40 d. With the growth of the
flooding incubation time Fe-hydrogenase microbial community structure became relatively stable and convergence. «
diversity index analysis found that the richness index (R) , Shannon-Weaver index (H’) , Simpson index (D) numerical
values of 1 d and 10 d were lower compared with other points, indicated the two time points of low Fe-hydrogenase
diversity, simple Fe-hydrogenase microbial community structure and successive variation of community structure during the
whole flooding incubation. After sequencing 15 Fe-hydrogenase preponderant bands ( labeled by Gl - G15), the
phylogenetic tree of Fe-hydrogenase showed that the preponderant bands all had high similarity with the Clostridium Fe—
hydrogenase in earlier flooding incubation stage and non-Clostridium Fe-hydrogenase in the later stage. Real-time
quantitative PCR results demonstrated that the Fe-hydrogenase gene copy number was 10° level. [Conclusion] In the
research we found 4 kinds of Clostridium Fe-hydrogenases and three kinds of non-Clostridium Fe-hydrogenases, the
corresponding Fe-hydrogenase microbial community structure had successively significant variation in the early incubation
stage and tend to be relatively stable and convergence in the late stage.

Keywords: Fe-hydrogenase, paddy soil, community structure, denatured gradient gel electrophoresis (DGGE)
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