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Abstract: To get a better understanding of the microbial autotrophic carbon sequestration potential of paddy fields and its mechanisms,
soil incubation experiment was conducted for four representative paddy soils. The molecular biological methods [ quantitative PCR
(qPCR), clone library and terminal-restriction fragment length polymorphism ( T-RFLP) technique | based on cbbl and chbbM genes
encoding the key enzymes [ ribulose-1,5-bisphosphate carboxylase/oxygenase (RubisCO) ] of Calvin cycle were used to determine the
abundance and diversity of autotrophic microbes. The results showed that, after 45 days of incubation, carbon dioxide fixation
autotrophic microbial abundances were generally increased compared with those before incubation, and cbbl gene abundances were
approximately three magnitudes higher than those of ¢cbbM. Dominant microbial populations varied among the four paddy soils, and most
of these OTUs were distantly related to known sequences, only part of them could be grouped into Proteobacteria and Actinobacteria.
RDA analysis results showed that soil organic carbon (SOC) , cation exchange capacity (CEC), pH, clay, silk and sand content had
significant effects on the CO, fixation microbial community. Consequently, the results of this study provide significant reference to
understand the role of microorganisms in carbon cycle process. The results are helpful for providing a scientific basis for scientific
management of paddy soil fertility and low carbon agriculture construction.

Key words : paddy soil; carbon dioxide fixation autotrophic microbes; ¢bbL; ¢bbM; community structure

A IR DI RES R I SR JCHLIE s 3R AR R GEAE N AR T AR 25 R GEXHIE Il R €O,
B AT IE R A RACHIG 3, )2 0 A TS R G T RIS A n] ZALR AR . A5 Al 4
. REERTR CO, By E T 2OR 5 A SR A

S 5WEALTRD . FF 2Tk FE L P Wi EE: 2016-07-21 ; 81T HEH: 2016-09-05

ZHMFEAE . RS AR RS R BEAWHE. FHEKAKREEATH (41522107 ,41301275)

4 FREAFEHE 340 21 hm®, 295 & E#H TEEBA: XUL(1992 ~ ), 2, B EBF5E 4R, FEBFSE 7 10 T 1
’ ’ - HYIHESS  E-mail : gtd@ isa. ac. cn

féxﬁ*ﬂﬂ"] 27% 2 . IPCC EHE(J%:WYK%E‘ H"| (3, 4] s @jﬁ%ﬁ # JIF/EA , E-mail : yuanhongzhao@ isa. ac. cn



2 1 XUBAE ;A T S8 5 B D) RE TR A W e v 48 A RSO AR 761

FE A W AR B TR AL 3 R 100 ~ 450 kg+hm 2, H
X EERBRAGER A TTHRR N 0. 9% ~4. 1% > °).

V&5 R IR R S Ak i, R IR SCHE 38
B AFHEDRL co, Mk EEMma . %l
P b G B 1R A B 1, S5- W R A% R B AR 1L
fif§./ Jin 4B ( RubisCO) . R4 RubisCO KWV 3 4 3%
R A0 IR M | 25 () 25 40 Z2 RE P | A fb M AR DA
X0, MBURFRE AR Form 1| Form 11|
Form I #l Form IV3iX 4 ﬂ‘j@ﬂﬂm. H Form [ #
FETHEE ) WA DA | 40 Bl b AR A RN 4 K 2 BT
FOLRE AL BE A A T, Form 1T 276 TH(Fh
B JOA A0 B A SR IR AL RE H 3R
A, Form MAXAEAE T @, Form IV 7 24 5
R 7 0 i = 90 454 | 5 H A RubisCO AH AL, {H X
1,5- i R A% M i) 3R Ak 5l S A0 o #8 O Je AL A
JHY'. cbbL 1 cbbM 43 5] 5 RubisCO Form [ Fi
Form I f%) 4t JE A s T H B & s . WAE
SRS AN R FREE AR IR SCHR A 55 6 R A A 0 R
T ZFEMERR ST AR IC 0 HoAn, 5 B AR 4
TP AR 5 B SRR b T RE
ZREMESEMAFSY A 5 6005 0 185 ) 43 1 HIL ) B 5
X AN () A= 355 118 i) Jo7 0 2 At 2 8 Ay X — 003 1 F 5
L

RubisCO 7£ 3% C [# % o 72 v % # 5 2 A91E
. FEARSZES % A AT I 58 v B A DI RE L cbbL
O TARMCHEAR , KBRS 43 cobl HA R 2 HE

PE AT cbbL =B Sk Rl 4k R 5 I 2 IE AR OGO R
(r=0.903)"" " pbah, KR gE B, 85 IR 1k i
A0t - SRR RN IR 85 PR A A B A R A R
R NS R, IR AR Dy =0, R PR
BN, ARG 45 R R X 58 cbbL FN cbbM 1 22
RPN B 34T B 0 AR, DL B
FGEAR D [FIIE X ebbL F1 cbbM 9 ot 35 DR () B8 15 oo
SER R TR GY, JCTE N P B B S 2R
AT R 53 B Fn L.

AWFFE LI 4 FpHLARKAS + it 2= N R, 45
A DNA /K WA S F B (qPCR, 3
BED T . T-RFLP &) , Xt R IR SCIE A DI g L A cbbL
1 cobM [)=F B A S50 Z A HEEA T 9T 33T B
RUKFE PR E S B E M AR LT LR, U
1R KR 1 A P g B R T ] RS FAR A
RIS

1 #RE5FE

1.1 S EHeRE

VRBP4 DARIK ARG X 4 Fb iR Rg 1
T4 VOPUETE (PL) | WLE24(P2) | W R BRI
T (P3) Fi g Ak U S0 0 (P4 Sy ikl 1= 8. A%
2012 4F 7 H R Al s R M BEZ 3 (0 ~ 20
em) K, HHFE N R, KA+ 505 5 3
i 0. 25 mm F10. 149 mm §ii , FHF 90 52 £ 3 A B
et . A b AR A M T LR 1.

1 4 FMERKBIENEREBEAER

Table 1  Basic physico-chemical properties of four paddy soils used in this study

A pH /;g;: ' Clay/% Silk/% Sand/% /mri(; . /mfiz . /Cm(;fig O
Pl 5.24+0.04b 13.74£0.67¢ 7.60£0.39b 78.28 £0.41b 14.13£2.70a  267.43+2.93d  41.26 +6.15d  10.26 £0.0lc
P2 5.95+0.06a 17.24+1.33b 7.72£0.17b 83.00£0.52a 9.28£0.78b  320.76 4.44c  70.99 +15.46¢ 20.66 =0.17a
P3  5.17+0.01b 19.78 £1.02a 11.71£0.83a 75.06 +0.95¢ 13.23 £1.77a 1095.55 +21.35a 128.25+3.19a  5.36+0.01d
P4 5.94+0.03a 18.00=1.40ab 8.56+0.97b 77.75+2.82bc 13.69 £1.85a  754.45 +38.57b 109.85=7.05b 14.76 £0.11b

1) A R/NG F R A R 2 18] 25 5 (25 (P <0.05) , R[]

1.2 ENREFRELE

T HERR B SRR R 52 ), AR =
MRS AT, SR S T AR, B R AR
200 g W0 E K E Y 2 45% , B ET 25°C
TEIRIG R 2 AMRUEME I, R RS )
26F 50 mL E.LE T, A ddH,0 85I AT, ik
ULVE 30 min, B IAE T A LHEHIK 2 om, T Fh
THRE3IAEE. A EOEE THIRE R
o ERESE B AR RE D o IE [y, 25°C 4k

Higk 45 d. BT REROGI 12 h OGBERBE
4000 Ix) ,SEHE 12 h. KFFR4 o5 0 38 i 35
TRA TR O J5 IR AELE - 80°C VKAH.
1.3 LB bR E

pH M52 K AR, K 2.5: 1 FHE
T2 R TR B A i M 3 5 F /K 7E 105°C
MEAE TR TR R I ; B3 SOC RHTH
AYBEAL I 5E ; 4% MBC, MBN R4 E7£-0. 5
mol L™ K, SO, 124 %E.
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KZE10 wl. KW ZMEH: 95C 5 min; 95C 30 s,
52°C 45 s,72°C 1 min, 35 PMEH; 72°C K HEfH 10
min. BGES M | P51 X 5 e 37 1 6 4 FR
PESEREF AT R IG5, JEWUTORL DNA |, 58 40k il
UK Ve B I DA 10 546 BEAR BEAVE AR RS i, il 7E
PRUEMTIZE. i 3G 0 v i ith Ze 48y s Uil 514
FESEE R P IEROCR N 90% ~ 110% ,hRgk R* ¥
KT 0.990.

1.6 RumBRI VA E Z A5 Hr (T-RFLP)

K HH T-RFLP AR 5E A ] -+ HERE & R R SC
TEERTNAEIEIN cbbL 1 cbbM W ZREVE 22 5, 514 4%
A k2£/v2r 1 cbbM-F/cbbM-R, H: 71 1E [a] 514 5
Ui 6-R B LIRPIOLER (FAM) brid. VAR R 4
T : TagDNA R4 8 Mix (42304, )25 pl, 1EH
M54 1 wL, A 50 ~ 100 ng, ddH,0 %h7K
%50 pL. cbbL PCR %444 95°C 5 min; 95°C 30
$,66°C 45 s,72°C 1 min, i KR FE A 1 A6 R 5
1°C,5 MEH; 95°C 30 5,62°C 45 5,72°C 1 min,30
AMEIR; 72°CHEMH 10 min. ¢bbM PCR 25184 95°C
5 min; 95°C 30 s,57°C 30 s,72°C 1 min,35 PMEH;
72°C HEAH 10 min. 7344 PCR P29y FHERIE BRI 4l
ik G (R, i) glifh, glifb J5 09 7= 9 o S
HOHL AL BR ) N U0 B Hhal . Mspl ( TaKaRa
Biotechnology , Japan ) #4714 1k, #1E 25 58 Fic BE U B

FabAT. MUYk E DR AEYHEARGRA R
AT B 3 MW ¥ 43 BT ( Model 373A, Applied
Biosystems, Weiterstadt, Germany). AH2Z +1 bp )
B Rl — R B, 2 B ScHk [ 21 ] /905 et A7 AR
FEEE, A FE > 1% MR BORA X BOFA
ST, > 10% 09 R BERE SN ZRE A (0 D 34 R .
VR T A TG X (H) A1 Pielou 34 5) 245 4L
(E) VM, H F850 TR AR .
H=- > (A4) (In4)

XA, A —Fh R BER EERAIXT B, DL H $8 50
HEE R NI E =H/H, ,HHh H_=InS,S K
U NGIDANE 0 G
1.7 b, MFEMARZLKE 7T

PEEE% 45 d S5 0918 DNA 19 3 AN EEIR G %
SIVE AR , 4T PCR 918, 519 SR N 55 PFR) 1.5
5, PCR R ZRIA] 1.6 5. 47187 4 R e i 1T i it 54
BRI, P E) 4ifb )5 % A pGEM-T Easy #44,
A AZ S Y Escherichia coli DHSa (K AR,
E) , 2R 2518 T7/SP6 ¥ W6 )5 | 55 Fh/k
it cbbL KL BEDLPREL 100 > PHYESTRE T, cbbM FE
PIBKER 50 A4~ BH 1 5 BESEA T . 0 )3 ) 1oz ph b e
ANAERIEREBHEA R AR M A R 2. FIH
mothur AR AR LYE K T 97% 19 ¥ 51 JH Sy [R] — &
YE4F2K B0 (OTU) |, 1] BLAST F1 NCBI 342 2 347
FEHI LR, I MEGA 6.0 fAE# KRG K B WM. [FAT 43
TR A R T B S Y 7 55 R (coverage, C) , 1T
RN

C=1-n/N

K, n AEREGF L PA 1 A2 F B OTU
B, N ACRARFD - RE TR SR SRR A L B
FEH ) E 2 OTU, R H 4B 4272 ( neighbor-joining ) 1
ARG AKE W (1 000K H & 115 bootstrap {E ). Fr
ARAZI) cbbL F cbbM £ H ¥ 5448 & GenBank 71,
[fl— OTU #& %8 — & R F 5, )5 4 & % 5
KX265792-KX265981 ( cbbL ) , KX265735-KX265791
(cbbM) .
1.8 HdlEatr

BAR AL FE R FH Excel 2007 F1 SPSS 19. 0, AN[A] +
ez [a) 0 22 5 2 Mo FH B R R X 3k s 57
BHE (550 d, 2545 d) 2257 R A k56, B
AP R IR 5 45 R 19 06 & 2k CANOCO
4.5 BAESHT BT DCA BIS5 % F RDA #R17 6
ERATHT , SR TSl il 2 15 A0 52 R R 1 404G 40 a0t
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1T (P <0.05).
2 RS54

2.1 RI[AIKFE e 7] £k Dy fi 35 DR Ay s %o = 3 RN AH
PO i3

DA PR P8 DL ECVE Sy e [m] Ak D e 3 R g 68 %oF =
JEARANE 1 (a) ~1(d) Bizn. JiFEHI(DO) , £
ATE16S TRNAEEEJE Y 1.01 x 10 ~ 1. 40 x 10"
copies-g*1 JHH P1OBAK, P4 B RS DLER PL
Bl B HBLTE P3. 4 FPOKAE 110 cbbl F 257
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cbbM F£ P3 B B R E A 3 A P e
WEZER I A5 d(D45) 5, MM b |
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=
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Bb
0
Pl P2

P3 P4
A 3

chbl./Bacteria/%
%]

x10° ~3.44 x 10° copies-g ™', [t cbbM & 3 I HiE
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BE AT RIS IR 5 ok [R) A D i 35 DR A AR ) = B DA
TOREFE R ¥ D1 80,5 41 7 16S rRNA 9 H 43 Lt 2R
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