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("’AgrQLEnwmnmental Protection Instllute Mlnlstry of Agrlcuhuxe and Rural Affairs, Tianjin 300191, China)

Abstract Sml CO, fixer, which plays an nnponant role it soil carbon cycling, can convert CO, into organic matter. However, the
effectlof land-usé*change on the abundance and community structure of soil CO, fixer is poorly understood. Examining the community of
fungtional microbes that encode the large subunit of ribulose- 1, 5-bisphosphate carboxylase/oxygenase under the conversion of land-use
patterns may provide valuable information for promoting soil carbon sequestration ability and sustainable use. In this study, we
investigated how the abundance and community diversity of the CO,-fixing bacteria responded to conversion of forest to arable land in
the hilly region of Northeast China. We found that the abundance of soil ¢bbL-harboring bacteria was substantially lower in arable land
(2.57 x 10®copies+g ™", soil) compared to forest (7.30 x 10®copies-g™", soil), while the cbbL/16S rRNA gene ratio did not differ
significantly between the two treatments. The values of the Shannon and Chaol index decreased significantly with the conversion of
forest to arable land, but the Simpson index was in contrast to these results. Neighbor-joining phylogenetic tree and principal
coordinates analysis ( PCoA ) both demonstrated that the composition of the cbbl-harboring bacterial community was significantly
affected by land-use change. Soil ¢bbL gene abundance and Shannon diversity significantly positively correlated with pH, and
significantly negatively correlated with AP and NO;, , indicating that the changes in soil pH and available nutrients caused by land-use
change greatly affected soil cbbL abundance and diversity. Meanwhile, pH, NO, , available phosphorus (AP) and NH," significantly
correlated with soil c¢bbL-harboring bacterial community structure. In conclusion, a 25-year long-term conversion of forest to arable land
changed the community structure of soil chbbL-harboring bacteria, and soil pH, AP and available N played crucial roles in controlling the
ecological properties of soil cbbL-harboring bacteria.

Key words: hilly region; albic soil; forest; arable land; cbbl-harboring bacterial community
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(ribulose- 1, 5-bisphosphate carboxylase/oxygenase,
RubisCO) it fk 5¢ ). H ATt & 81 4 FpAE R
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S ASE N LR e 2 o 78RR
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%, AR E bR AR LTI T R T g 37
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PERERAES % T 5573 AL AR e, A e
7R A A g 1 1 940 D B S5
Ty AR T e A8 4. S 7 E B R R A%
FFF AT GPCR AN 1y H RS 07 T AR T b
IR M % TR B M 5 110 - cbbL A0 TR RETE B R SH
FRILELIE 1 75 Ak, IR A 2 T I 43 7 9 T 3 1
cbbL A TR 75 L) JCSH R R R T 338 cbbL 4
TR 75 8 A P 7 A8 B B, LB Sk AR L e

42 M IX. - S T R R ] B A S PR AR AR R AR
3.

1 #R5FEE

1.1 R i ME OO0 R 3B SR 4

TR A 75 M DUSF-T AE I A Bt
IR A4 AR A BRZA T 56 7 31 56 b A 75 = Ak
¥(125°20" N,43°15' E) , A8 ez X, s
JEH L EARI X EE A IR %X
Sy rPR R I 2 KU A 2 AR R R 4 SR
627.8 mm 4. 6°C. iXF 4% 2 DAL AR (F)
FIREHL (A ) ] 20 e AR AR P 3 15 m x 15
m BIEETT AT 10 m x 15 m E/‘J/J\[X,% 3RHEE. M
B8 LT R 49 SR 218 ( Pinuskoraiensis ) , MR 50 4F LA
s B AR TSR, S AR M b, 25 ARERTH] TR
A 7 B AR AR TR, B4 o RS
(UL gl 5 AEARIE (N: P K =15¢15: 15 54
EL) BT 449 4 750 s han 2, DA SRR 2K Y
A HT AR BRI, 24 H K A 7% RO Fl
AERIGRR 2, O D] L s 2 U~ o 0 358
¥, T 9 . L%

2017 4 6 FISHE A% 3.5 em i) F ORFE
BRI M0 B HABIERE i, SRR VRN 0 - 15
em. TEBMRETT (VDX HRSE W IE 2 SURFER
£ 15 D0 IR H R R AT — 0 £ HERE &
B KT H B FARR AR SRR his ik &
TR, A RS (<2 mm) DL BRAR
W R DR RS SR IG5 A PO FRE S, — 0 FRES
T —70CHRAFH T DNA 21, 55— TR T IS
FHT ISP BT, S A P R 2 110

®1 e T EEAERD

Table 1 ~ Soil properties of forest and arable land

TN TP oM AP NO; -N NH; -N
i H -1 -1 -1 -1 1 _1 pH
/gkg /gkg /gkg /mg-kg /mg-kg /mg-kg
F 0.77 0. 0la 0.28 +0.02b 33.13 +1.49a 2.49 %0.32b 5.88 0. 60b 1.16 0. 17b 5.58 £0.02a
A 0.74 +0. 02a 0.52 £0.07a 26.39 £5.47a  79.32+2.6la  126.46 £11.63a  2.72 £0.91a 4.72 +0. 06b

1) Bl g - 3E £ SD (n =3) s R RVNE TR 22 57 B B R T-(P <0.05) s F gt A Jy Bkl TN Dy B0 TP 2 B0 ; OM g A1 #ILJST ; AP

A NO; -N RS AS S NH, -N A% pH o 138 pH {H, T[]

1.2 +3 DNA #£HUf1 gPCR

1 F PowerSoil™ Total DNA Isolation 77 &5 ( Mo
Bio Laboratories, Solana Beach, CA, USA) #% R #:/F
YL F5 N 0.25 ¢ + S HEHL DNA. i ] NanoDrop
ND- 2000 43 ¢ % B i1 ( NanoDrop Technologies,
USA) 72 $EHL DNA A9 B I T 1EA HL i

1E Stratagene Mx3005P Real-time PCR I E#FT

qPCR JE4NFE 16S vRNA FEF cbbl FEH FJE
5153 9k 515F/927R2 Hi1 k2/v2r . 25 pl
1) PCR S BT AR A2 145 12. 5wl 19 SYBR Premix
Ex Tag™ Buffer (2 x ) ( TaKaRa, Bio Inc., Shiga,
Japan) ,0.5 pL MEFIGH (10 pmol-L™"),0.5 pL
i ROX Reference Dye II,0.05 pL ) T4 gene 32
protein ( Roche, Laval, Quebec, Canada) 2} 1.0 uL
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(¥ 498 DNA A4 (cbbL 1 16S rRNA 3 K51 1ij 43
HXE DNA BEdh #EAT 10 A7 A1 20 475 B ) alibm v o
KL AT 16S rRNA JEH A B FP AN T 95 °C A8k
2 min, 95°CAE 15 s, 55°CiR K 30 s,729C LA 30
s,35 DRI, AT cbbL FEFH 4 MR T A F .95C
AR 2 min, 95°CAEYE 15 5,62°CiE K 30 s,72°C FEfif
30 5,35 DMEH. A BCE 2 M R 23 IR
L4 DNA KFEGL A 3 IR E. Tl i%ﬁ’iﬂﬁéﬁ%ﬂéﬁ
JREHL UK A3 BT DAIE SE T 1S B 8 S . R pGEM® -T
Easy vector( Promega, USA) ¥ #E: H i) JE A A A5 1fE
SR, I I T DL IE, SR 10 1% 2R 900 H B 1Y
Bk bR 2. ANE 16S TRNA LA chbL 3
P SRR 5 51K 103. 3% F1 88.2% ,R* 435k
0. 997 #1 1. 000.
1.3  Tlumina & i@ & 0% MEHE 557

& H] Nlumina MiSeq *F- 5 F1_E iR 51 913515 40 16
cbbL JEN [ PCR 728 T X o3 AN [ e i 7
FERG YRS T, 6 PCR 7 ) AR 3 % #2196 bp 19
barcode JF51]. PCR 7= 4 248 B s W EE Jic Pk A ) 5
H Agencouﬁ AMPure XP ( Beckman Coulter, hlc .
nKraemer Boulqvard Brea, CA, USA) i -(5'[7 7i< H
.QubltTM ssDNA Assay Kit ( Inyitrogen|, ﬂ(erm,o Flsher
Sdichtific] USA),_{l' 4k PCR F%EI’J:(ZEF ﬁj‘}:fh
t/\ﬁénn (19 BER 7 1) %5 1k R A AT 51 40 1. i
%miziwzﬁuﬂ@ﬁmﬂimm g

- APHTRTE LR T 200 bp AT AT Tl
DLCT- 3 R ST 20 (1781, )i 2 b sk |
Yrrb AL IRZIRESTC. SR AT PEAR R4 PE J#51 2
[B] Y overlap & & B¢ WX 19 7 51 Bf 42 ol — 557 971,
2 51 I barcode 525 17 514 \ﬂUﬁEﬁﬁﬂlﬁﬁiu
FRIFE S ECHE . 6 USEARCH ZBRAESRE R4 3%
A AR5, HAE 97 % B9 AL 7K S 15 3 i
1Y% R 51 2R 25 B 45 A 43 28 B2 T (operational
taxonomic units, OTUs). 4387+t ZHEBR B A5
MUFFIEY OTU LA 2B i T 77 8104 08 T 22 A2 14 RE A1
OTU. 7ETHEE cbbL 20 T 1 & 19 2 # £ 458 £ ( Chao
1. Shannon F1 Simpson 8§ %%) A} , K B B 4l #f 72
J, 4% BE - ST S 0% S5 AR 47 50 RO 51 LA BR
NI FIR 2. R ] BLAST X B GenBank 3f
T OTU BAURYERE A1, SR )5 SR AT Muscle & T
PRI E L R 7 91 1 Lo o 25 SR AT 2 77 81 e X,
] MEGA 7 ¥ it it )5 51 ( = /DA — SRR T i
FEAFRE > 1. 0% ) K BRARIE L RS LB W,
WE 1000 Y51 E AL e 5 I RS 1 5
B P32 & NCBI ) GenBank %04 5, 2 U5 H
SRR9302158.

L4 Bl

KH SPSS G it 4K 4 (version 20.0, IBM SPSS
Inc. ) #17 Pearson AHXCAHT AT 225347, M4 OTU
I8 Chao 1 & J&# | Shannon ZFEVEFI Simpson
LA FEFREL, >Rk H3E T weighted unifrac 5 25 45 4 1)
F Ak AR 53 AT (principal co-ordinates analysis, PCoA )
T2 cbbL MR AEE A M2, K CANOCO for
Windows 4. 5.1 ¥ ( Microcomputer Power, Inc.,
Ithaca. NY ) #f 47 L 5 X} W 43 #7 ( canonical
correspondence analysis, CCA) DA H 35 5% K -+ Xf
chbL A FEIE S5 F R 52 M. ] Monte Carlo 45 5%
TE CCA HiAT T Pl A% s F 1 LA o R 78 £
By EPE (P <0.05). A2 E R M Origin 9.0
21l
2 BERENE [ f"”yaj

2.1 3EAHTE 16S rRNA Fil cbbL ;%QIEH“

Mi&%ﬂ%#i&ii%ém B 16S rRNA %n%m b4
(Uj:ﬁgfr TR SR K 6. 16 'x 10“%11 222 x
10" copleq g [@'1(5)] cbblL. %.T%mﬁﬁ‘ﬂ']jﬂ
7. 30><10 %nz 57 10° copies-g~ "LELL(b) ﬂwﬁ
j:iiéfﬂilfil}'ﬁS rRNA FE[EIFT cbbL DR i g i
THEHL (P <0.05). bR ALY cbbL/16S rRNA
BRI R 0. 12% , 2 % AR B E (P >0.05).
2.2 cbbL HAREE LS

BT 33 ke S AR 1S 364,498 45 T Y cbbL
I A, B A RE SR P BTE B R 54952 ~
63 714, AT K 877 4~ OTU. APRIEAS [F] £ i (1]

10

(a) 4% 165 rRNAKEH g

-

o
T

165 rRNA X 10" copies-g™!
e

i Bt
2 (b) # i chbbLEE R+ i

chhL X 10%/copies-g”!

Hi Hr
AFR/NE TR 225 B3 (P <0.05)
1 it F0#tith + 4R 16S rRNA Fl cbbL BEE F
Fig. 1 Abundance of bacterial 16S rRNA and cbbL

genes in soils of forest and arable land
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cbbL AN TETE ZFEPETE B 25/ (1 0] Lk | 2B 3 1
A SR B B B AR 2 880 (30 28245 7 1)) kAT
FAE. BT AL 7 35 BE KT 0. 99, % B Tllumina

MiSeq I 7 A4 45 vl {5, #EHL A% Shannon A1 Chaol
FER B F R TR (P <0. 05) , i Simpson F5 ¥R &
B TMHL(P <0.05), WFE2.

F2  HANHHN T cbbL WEEHE N SRS

Table 2 Diversity indices of the cbbL-harboring bacterial community in soils of forest and arable land

WH R Chaol F8%% Shannon 5 %% Simpson F84(
F 0.9993 +0.001a 357.42 £16. 29a 4.37 £0.33a 0.03 0. 02b
A 0.999 5 +0.003a 183.01 +16.31b 2.87 +0. 14b 0.13 0. 03a

RFA cbbL HTF ) OTU( > 1% )H: 52 4~ ([ 2)
W RELFMN LRE T ZEEI]
( Proteobacteria ) H) o-"% & 1 29 ( a-Proteobacteria ) |
B-"5IE B 24 ( B-Proteobacteria ) 1 y-2% ¥ B 40 ( y-
Proteobacteria) . & ] ( Actinobacteria ) F¥) il £k T
2 ( Actinobacteria) DA 2 N TCIRIHE IR, Kk T
A %43~ Form IA F1 Form IC P2, H./ Form IA
HAL4E 13 4~ OTU, Form 1C 254245 39 4OTU (K
3). ML AR R Form 1C 26003 OTUSF 51 5 4
FHE M 57.34% F1 63.21% , Wi Form AA 2 I
OTU 4333 i 4,/89% F1 25. 73 %) | B R HO A Bt
S Form A/ U5 % OTU 9 1L 1 4 % 55 ﬁﬂ (P <
..O 05) J“ -@l 2. Form IC A ﬂ-ﬁrﬂ//%éu( Q-
Pfoteobac‘terla) T FR b A0 BE HBY *H Sof EN:S 63:5}'] y
1. 59% #1.0.54% ,B-75 I T 40 (,B Proteoga.cterla)
. ”f ﬁr"ﬂz “% QV] ( y-Proteobacterla ) )ﬁl Qf R ,@
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