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Table 1 Physiochemical properties and geographic location of the six paddy soils

L b FRAV A B 25 A WA
FEfARS Locati pH DU B
ocation Olgam(, matter Total N NHZ—N NOX—N
Sample code (H,0) (oke) N o »
N E g kg (gke™) (mgke™") (mgkeg™")
YT 28° 23’ 116° 82’ 5.41£0.01 23.5£0.1 1.28 £0.01 38.1+£4.0 1.42 £0.20
7Y 30° 05’ 104° 34’ 8.23+0.04 30.4+0.5 1.78 £ 0.01 39.1+£0.5 15.2+0.1
JX 30° 38’ 120° 46’ 6.16 £0.10 32.5+0.2 1.86 £ 0.02 65.9£0.8 22.0+0.4
CS 31° 56’ 120° 71’ 5.29£0.02 28.4+0.1 1.51 £0.01 2.88+0.14 14.0+£0.1
JD 32° 35’ 119° 42' 7.34 +0.21 35.4+0.2 1.91 +£0.03 9.18 +0.42 14.4+0.2
wC 45° 10" 127° 00’ 5.97 £0.06 21.9£0.1 1.06 £ 0.02 4.17 £0.30 11.4+£0.2

e YT, VLPYEE,; ZY, PIBEH; JX, #sa2%; €S, VLI JD, JLIRTHE; WC, BEITTH . T Note: YT,
Yingtan, Jiangxi; ZY, Ziyang, Sichuan; JX, JiaXing, Zhejiang; CS, ChangShu, Jiangsu; JD, Jiangdu, Jiangsu; WC,

Wuchang, Heilongjiang. The same below
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1.2 KELFERRELIE

JEA AR S BT . FRIUGH 4 F 40 o T £ 9K
FE BT IRMEE O48h, RIS a0 £ BTk
P S K R B RKFR KR BI30%, 25CTHiE 7
5.d, DACEF B9 R SR IR AL AR AL . IS
5.0 gL EERE T-20 C, HTR%SF4E
Wb . JEBOSFOKRE B DNA, I3 1 4 2
pmoAKE KB [ SCE 43 17 I Ao - 38 P Joe S840 TR I %
SERI LAY

SIPTUCFH{ 85 5% B T6.0 g T 1M JE A7 K
Ff A8 7120 mlIL G A, 0 A & o &8
K, PR S K B B ERORFKE60%, T HAR
g B A S O, BE PCH RIS PCH X
TR AN Kb B, REASARPE3ANE R, e A B R
NARRL2 ml a3, RJEEASERB CH,
o PCH,, DMARFR RN KRR R4 ffase, JbE
T25 CHHEIEFR . MR NI G CH MK BE 295400
mol™ L ( ~ 10 000 ppmv ) , B2 W5 550 A H
e FEAR AL . S8R ZE AT, MIEFIM AN H b L4
TR AR AL T, 45 A S0 I AT TF B 55 A R AR
TIERE . WEE RS gHifif 138, i ARNAlater
(Ambion, (H) , RJ5E T-80 CHRAE, HT
RNAFZIC, HAR BRI T-20 °C, HITDNA
PEECL B I A S5 225 H o
1.3 KL MEMIZER IR B

T WAL P2 SR JHFastDNA Spin Kit
for Soil ( MP Bio, EH) W{F &R EHMAEY
FHADNA . FREL0.5 g BE, HEHE U8 I 15 0 352 1
A TR R SR ) BODNAFFIE T 100 pl CTH
K, BT -80 CIRAFA . iR 5ot
Y6 ( NanoDrop ND-1000, [ ) JEDNAH
JEEANAl R TR SR R 129 % B B 58 1 FL Yk 43 AT
DNAMSERE M . X T HHESRNA, 2% DI SOk
Al 77 AT T L BRI0.S g B AEE T2.0 ml
HPUZWE 1 4 R, SLEIINAS00 pl RNAlater T
4 CiEHERRAFE, BOoEFRRNAlater; i Bead-
beatingBi B8 TR 24 A E AN T i 5 345 3B
iR, IR H%# T 50 pul DNase/RNase—free H,0,
BT -80 CHEA%SH. FlHRecombinant DNase 1
(TaKaRa, HA) BrE+HBZRDNAKE, #id
RNeasy Mini Kit ( QTAGEN, fE[E ) k5] & 4lifk
RNA,

T IERNALEEE K FTEADNATS Gkl . 38 8 il

MY EEET (NanoDrop ND-1000, 5[ )
D RN A VR BE N2l B, R B F1 FH 1.29% 19 358 B 1 i
JEHLTK /- BTRNA R 2 8 v o L atifb fa 0y T 3 i 2k
VIR RNA RN, 2B H A= #1168 rRNAJE
R 54 (515F : CCAGCMGCCGCGG/907R
: CCGTCAATTCMTTTRAGTTT ) #47PCRY 14,
Wk £ RNAPASAETEDNATG Y. 16S rRNASE
HPCRY 1A R 2 AHE: 0.25 pl TaKaRa Ex
Taq HS (5 U pl™) , 5.0 ul 10 x Ex Taq Buffer,
4.0 pl ANTP Mixture (2.5 mmol L™") , 1.0 pl5|4
(10 pmmol L™") , 1.0 ul DNAREH, S A K IE K
R FESO pl AR R . S SEPCRY 1 SN 4%
IR . 50 €, 30 min; 94 °C, 2.0 min; 30 x
(94 °C, 45s; 55°C, 45s; 72°C, 1min) ; 72 °C,
10 min,
1.4 BERZFEHESLR"C-DNA/RNARYE S

DNA-STP & 3 % B 6 B B O AR 40 =
M OC SOk 1 R R BT L P CH BRI
Ab BT PCH T B AR A - HE M DNAJS, DA
T 1B EEDNA BN, AT bt B AL TE R = 5 1)
(A189F/mb661r) "' PCRY HipmoAThGESLIA
T 58 4 — B0 L0 5% 14 T I Bt B W 46 M FiL Yk
E T, Gl A CHL bR IC AL BRI CH N R
A BEASTAIE 1% FEEDNA Y i pmo AL PCR Y 14 7=
Y ESIRE, K9PC-DNA, pmoAdRHIPCR
PR R FEALFE: 0.25 pl TaKaRa Ex Taq HS
(50U ul™") , 5.0 ul 10 x Ex Taq Buffer, 4.0 pl
dANTP Mixture (2.5 mmol L™") , 1.0 ul 54 (10
pmmol L™") , 1.0 ul RNABIHR, JA KB KK E =
50 pl iR R . PCRY G RN 2544 : 94 C, 5.0
min; 30x (94 °C, 45 s; 55 °C, 45 s; 72 C,
I min) ; 72 °C, 10 mins

RNA-SIP & ol %5 B B R s 0 # 1F 4l
LA e SCk U 20 A U CH R AT b B
PCH, X B AN PR A RNA L, 4T R
R B R B0 IR AR AR N W VR ) B A RNA
E— 2B LR F % B RNA B, SR 4F
AW AL E 16S rRNA EKWFIY (type IF:
ATGCTTAACACATGCAAGTCGAACG/type IR:
CCACTGGTGTTCCTTCMGAT ) "' J 5 I 47 14
U B SE AL 16S TRNA, 7584 — 3 R0 4%
PN T Jr BB WH R e v Uk o B A0 HT L R TR AR
TC AL TR FE A B[R] 97 7 %5 BE DN A H % FE Be 4 Ak
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H16S rRNAJEKPCRY 4 7= Wy (5 5 om B, 45531
PC-RNA. A BEALFE16S rRNAMY S P
WK F One Step RNA PCR Kit ( TaKaRa, HA)
SER, RNARFRASE: 1.0 pl AMV-Optimized Taq
(50U ul™"), 1.0 ul AMV RTase XL (5U pl™") ,
1.0 pl RNase Inhibitor (40 U ul™) , 5.0 pl 10 x
One step RNA PCR Buffer, 10.0 pul MgCl, (20 mmol
L™") , 5.0 ul ANTP Mixture (2.5 mmol L") ,
1.0 ul 1% (10 pmmol L™') , 1.0 ul RNAKEHT,
JMADNase/RNase—free /KM & 250 plJz WA ZFR .
REESEPCRY B AT : 50 C, 30 min; 94
°C, 2.0 min; 30x (94 C, 45s; 60 C, 45 s;
72 °C, 1min) ; 72 °C, 10 min,
1.5 KETHEREUES FREERM T EE

MAGZREME

A H B AL R 7514 (A189F : GGNGA-
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AACGTCYTTACC) "', PCRY"H4 5 {7 1 e i
EY B DNAR BB b RipmoA DI REFILIH , pmod
FE B PCRY™ HG AR R F0 S S A 1.4k . SR H]
pEASY—Tﬁﬁi ( TransGen Biotech, WE) , ¥k
pmoARE I LSO, P 254 A A PEPE S b
MR 1. 445 7 1 % FE DN A 1) pmo A [N B g A e Jise H
TRE R AT AR, Wi CC-DNAFTAE 17 %
X [a], #RJ5LAPC-DNAmBER, BRI CH,bRic Ak #
(IE TSI R E (5~7/2) DNA, #Epmod St
(A189F/mb661r) MY wFE R, MIF25MAL
BH 1 FE b .

#E— 2 LLPC-RNAH B, BICH bR
b RN PCH K AL PR VR RS (5~ 7
JZ) RNA, FIFHGEY16S rRNAKE #5149
(515F/907R ) HEAT 2% sk 47 38 I # 1 Sl SO
T J2 L9 PR ELOA P 5 e I Y o sd 2 3 H P CH,
Fric b FE A CH R AL B RN A B [ SC % A i 4
Bt S A T 5 EL L AR e A TR 1) P C-RN AR
WCREEE, IF A BREE 4 S e KT 16S rRNA
FENHEAT RGBT .
1.6 HIESHT

Fr i3 1 R P A ZENCBI GenBank |1 9 47
Blast H X 4307, 3R 45 /55 BE AHABL A W] 36 58 I8 )5 471
b — 2 R FHHMEG A 6 84 3F 17 43 H . 42 41 oL
97 % X} BT A3 5 R s e - 119 )5 8 2F A7 B A 43 2 B ot
(Operating Taxonomic Unit, OTU) 732, FHN]

( Neighbor—Joining ) ¥ RGE K TR . Fir A 4L
PR FExcel 2007 HISPSS 16.030E47 kb FE 43 Hr, 4b 3
22 18] 4 - 2 {8 22 52K ] One-Way ANOVAFAN ZK )7
225000, p<0.05F R 2% . P EIFRYE T
Origin 4R (OriginLab, FEE ) AT

2 4 R

2.1 AMEEKIETREELIHERE

XiF TP C- F B pr e Ak B2 C - o i BB AR B
BE 3R KR L4 A B e Ak B 2 R AR —
/., Wik, KAWL 6 EE AR
fiE - e B AL R . WE LR, 6FhKFE 1 1)
PCH,EL PCH, M0 iR FR e vk B2 35 29400 pmol 171,
JIT A 85 5 0 09 A0 U5 A ) R e LT e FE
T 6FK AT - HA R b A P e S fbRg 1. 2k
M, AR R T AR mER, H
HYL IR VAR KRS 0 e S A R R, TESE 4R B
FET99%LA By W e 5 Hk Ay MR e VI AL 76 &
A, EESKINAE T99%LL EAYH ke midiT
Ferh . VLI BN 5% BH 35 RS 6 K | 2T
KANEESRIHAE T99% LA I H b

450,
g
S
g5, 3601
PE
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Fig. I Dynamic changes of methane concentration in the

headspace of soil microcosms incubated with CH,

22 REKELHFEPRESUENREESN
PhpmoARE R N 53 1 hR 88 1Y v B SCE MR 52
RESHRW, BEIR6RN A KR + iy 4 S H b
AL TR R VR S A I A 25 e, HR B DATTAY T A 4R
b F . JLHEMethylocystis)g , TEA A KF
t iy S A o A T Y L B B B 25
MBS 9 R 91.7% (VLIREE ) | 77.8%
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Fig. 2 The community of methanotrophs based on the phylogenetic analysis of pmoA gene sequences from the paddy soils in situ

(WH2%) . 69.2% (DUJIBEFH) | 58.3% ({T.
TR ) L 56.0% (BIEILHE ) . 44.0% (ILI)
VAR ) o SRSEEER LI . BRILHVLHEAKRE 141,
Methylocystis (118 ) J& ARG 4 rh g O35 H be
AT (AR, A SR AR ) 55
— R BB SE A & Methylosinus (E2)

2.3 KiELHHESLE"C-DNA/RNALS]

R R B B B0 AR AR R [A]IE 1% BE DN A
Jei, A i B A B 5N PCR 1S H ot 010 1A 10
SUIReEE B pmod, I H B e WEEE e B Uk O i 2
AT (E3a) o FEEIEIHEEDNAR (5~7
2, PC-H BEbRic A BRE S P E BT Kitpmod
HEMGEYS, mMAEMRNME (5~72) F, *C-
FH o XoF 8 A B & A 4G 21 W 2 R pmo AR 5 (]
3a) o AHI, A U R 0 U Y R
(9~11J2) , “C-H Lk R [FTEF1 % EDNA
R T R pmod Y 3 =) X LEL5 IR R
B PO BbR oAb P A 398 v 1 FE de S Ak TR P A
KIFFEME T REM P CAMAZIRDNA, 76 & d %
FERE BB R, X B R P C-DNA S
RFRCH T3S DNASF B IF B RAE LIS TRy
HIFNEEEORT (5~72) .

KB TFDNAGHT, £ C—H kg bric Ak BN
20— e XoF BE Ak B R AT % BE I RNA, A
U8 F B SE AL B 168 rRNA G W) HE AT — A5 9 I 5 o
P14 (One step RNA PCR kit ) 3728 S BEE
HLPk b, R EH (E3b) , “C-Aric AbH K
B (5~72) RNAH AT e 8 AL #1168
rRNATE S B 58 T 2C—xF AL FH , 3 W 4 48 W
AALT AU CH A R B RHA P C-RNA . 7E
R SR P B R D, X SRR IE A R S T
Bl 17 IR B TR AR, A AR
it 2 CH X 8 A 330 72 4 e TR A 559 ) 2 4R e AL
W 16S rRNAfGS (E3b) , @y H L &L
INITHBFESL , XFPC-RNAR S E & W T, b Tk
— 2 TEr RN AZK - IF 5% 580 H ot AR TR 1 P C R e
B, AEXTETE B ERNA (5~72) , M
Yr16S rRNAKLE 519 (515F/907R ) i it — 2
2 RO ST RN AT A se R SO, 4 2R AR (3
2) , 6FPKAE L POt HE Ak B R )2 G G AR B AL
B BT A G HE A9 0% ~ 20% i P ChRig Ab
R iA40-100%, BH S & FPC-XF BRALBE, R P
I S e B AL B R P CA R T K R AR RN AT
NN
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Fig. 3 Agarose gel electrophoresis of pmod gene amplicons (a ) and methanotrophic 16S rRNA reverse transcription amplicons (b )

from the ultracentrifuged DNA and RNA over the entire density range of SIP, respectively

%2 “CHAREFCH M BAEEZ HZEERNATIFE ARSI E16S rRNAFFI L FIT L")

Table 2 The percentage changes of methanotrophic 16S rRNA sequences in the ‘heavy’ RNA fractions from the microcosms incubated
with *CH, and ">CH,

168 rRNA 7 5 5 TS Y Be AT o B AN ) B
Fhih IR The numbers of 16S rRNA clones The relative abundance of MOB ( % )
Sample Heavy fractions

"“CH, ">CH, "“CH, "CH,

YT 5 10 80.0%
6 12 10 75.0% 10.0%

7 10 40.0%

7Y 5 8 87.5%
6 12 10 100.0% 20.0%

7 6 83.3%

JX 5 10 60.0%
6 10 10 80.0% 20.0%

7 11 81.8%
cs 6 20 19 50.0% 0.0%

JD 5 11 80.0%
6 9 9 80.0% 11.1%

7 5 80.0%

wC 5 9 77.8%
6 9 7 66.7% 14.3%

7 10 60.0%

1) BERIE T 16S tRNA J74 24 & & /0 HT The data was based on the phylogenetic relationship of 16S rRNA sequences
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24 KFEITHEUHRRENENRFERFHAL
PC-pmoAZE T ARG K E 00T (El4a)
KW, 6Fh KR 4 S0 e S A o e v s P TR e 4
R TEBEIE S5 T B KA TH, H A FE e i
TEPER B AL LA T B £ ElSaffis, VL7
JEWE g, 1A S G R AR R TR 1985.0%,
HAa# N1aldMethylobacter; M) BH 43,
P A AL Y RTal, Hod Methylosarcina il
Methylobacter’y 5| 1i30.0%170.0% ; Wil >%t
e, T RS SR b AL R VR S5 B9 1009,
Flafl Methylosarcina55.6%, la%iiMethylobacter
H11.1%, HAY MHunclassified YTA 4z & 4k
W Lo A, T B e AR T S e
FAHE R A 85.0%, HH55.0%)8 F1a%!
Methylosarcina, 25.0%J& TlafiiMethylobacter,

a. pmoA gene

Methylosarcina lacus (AY007286)

87 CS-HF-OTU-1-(11)-55.0%
JX-HF-OTU-3-(1)-5.6%
JD-HF-OTU-3-(3)-15.0%
WC-HF-OTU-2-(9)-45.0%

99 L Uncultured Methylosarcina (AB500833)
ZY-HF-OTU-2-(6)-30.0%
JD-HF-OTU-2-(8)-40.0%

_85] 92 Uncultured Methylosarcina (ABS00795)
79 Uncultured Methylobacter (JQ038155)
WC-HF-OTU-1-(11)-55.0%
YT-HF-OTU-1-(17)-85.0%
CS-HF-OTU-2-(5)-25.0%

100 r Methylobacter sp.BB5.1 (AF016982)
JX-HF-OTU-2-(2)-11.1%
JD-HF-OTU-1-(8)-40.0%
99L7Y-HF-OTU-2-(14)-70.0%
Methylobacter spT.W12 (AF007285)

] {JX-HF—OTU-I-(]S)-83_3%
99 Uncultured type | Methanorroph (EU275119)
61 CS-HF-OTU-4-(1)-5.0%
846L_—Methylococcaceae bacterium OS501(AB636304)
ID-HF-OTU-4-(1)-5.0%

99 100  Methylocaldum tepidum (U89304)
EMethonL‘aldum sp.SFB (AJ868403)
100 Methylocaldum sp.05J- 1 -7 (EWR275141)
100 L Methylocaldum sp.ML100 (AF510078)

75 Uncultured Methylocystis (AB500801
CS-HF-OTU-5(1)-5.0%

100

100 [— Uncultured Methylocystis (AB500800)
YT-HF-OTU-2-(3)-15.0%
M‘éS»I{F-OTUJ»(Z)-IO 0%
0.05 Uncultured Methylocystis (AB500820)

W YT, ZY. JX. CS. JDFIWC/ ST KRS+ RAFE &,

Type | JD-HF-OTU-1-(9)-52.9%

Type Il

5.0%J& TIb%IMethylocaldum; YL.75VLHEB+ 3,
P b E L 2 1 H, Ta%iMethylosarcina
HMMethylobactersy i 1555.0%M40.0%, HA435.0%
J& FIbTMethylocaldum ; BIETTHEFEM T, 1
P S AL TN T8, Taf Methylosarcinafll
Methylobacter5y ) 5 45.0%155.0%
XFPC-RNAETT16S rRNAJEH I R 58K & 4%
Mrai] (E4b) , #F7C-16S rRNAZER 1) H ke
FAC R LR S C-pmod L —5, 6FP/KF
B I R B A AL B R A O TR AR Y . i
Shifizs, VPG g, [ A04r 4 P e Ak T
i S A e SR TR Y L = 3K 7 1.4%, T HL 34 m]
H RlafiMethylobacter; PU)I%EFH L4, &4k
A e E AL o T B A e i bR, Hofla
W MethylosarcinafiMethylobacter$s 545.5%; Wi

b. 16S rRNA transcript

WC-HF-OTU-3-(3)-15.8%
ZY-HF-OTU-1-(10)-45.5%
JX-HF-OTU-4-(1)-4.4%
CS-HF-OTU-2-(5)-50.0% 86|
Methylosarcina lacus (AY007296)
JD-HF-OTU-2-(4)-23.5%
WC-HF-OTU-2-(5)-26.3%
Methylosarcina fibrata (NR_025039)
Methylobacter sp.BB5.1 (AF016981)
JX-HF-OTU-2-(6)-26.1%
ZY-HF-OTU-2-(10)-45.5%

100

Uncultured Methylobacter (JQ793373)
JD-HF-OTU-4-(1)-5.9%
YT-HF-OTU-1-(15)-71.4%
JX-HF-OTU-1-(9)-39.1%

Methyloacter psychrophilus (AF152597)
WC-HF-OTU-1-(11)-57.9%
CS-HF-OTU-2-(3)-30.0%

Uncultured Methylocaldum (GU127204)
JD-HF-OTU-3-(3)-17.6%
CS-HF-OTU-3-(1)-10.0%
Methylocaldum gracile (U89298);99
ZY-HF-OTU-3-(3)-9.1%
JX-HF-OTU-3-(7)-30.4%
yMethylocaldum sp.r6f (AF215633

- Meihylocysiis parviis (AFT150805)) 0" ™~
Methylocystis sp.SFB1(AJ868421) ‘
YT-HF-OTU-2-(6)-28.6%

Methylosinus trichosporium (AB648997) 100
CS-HF-OTU-4-(1)-10.0% 53
fethylosinus sp.24-21(HM124375)1 93 0.02

LRFHME; HEFFRC-ARIC B TR RS . CS-HF-

OTU-1- (11) -55.0%A0EILHH A C—ARic B EZ P OTU- 15 11 pmodFE N TR IF 5, o5 5 B ¥ 8 B EL1955.0% - BT,

OTU=-1H 114 pmoAJF 5 AR 97 % . JEHLOTU A IARRIEF I RG L B, A K AR 2% M B2 (L L) Note: The
abbreviation of YT, ZY, JX, CS and JD refer to soil sampling site as shown in Table 1. HF denotes heavy fractions of the “C-labeled
DNA/RNA. The designation of CS=HF-OTU-1- (11) =55.0% in (a) indicates that OTU-1 contains 11 pmod gene clones with sequence

identify >97% and accounts for 55.0% of total clone in *C-labeled DNA from Chang-Shu ( CS) paddy soil. The representative sequence

from each OTU was extracted for tree construction, and the scale bar represents 2 changes per 100 nucleotide positions

El4  Fag kR R C-DNAK B B AL B pmod LN FF] (a) FUC-RNARYH i 8 LE 16S (RNAJENFES] (b)) R4
REW
Fig. 4 Phylogenetic relationship of pmod gene sequences from the "C-DNA (a) and methanotrophic 16S rRNA gene sequences from
the "C=RNA (b ) to those in the GenBank
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a. DNA b. RNA
100 n=20 n=20 »=18 »n=20 n=20 n=20 100 n=21 n=22 n=23 »=10 n=17 p=19
V27 Methylobacter Type I a
o WL R
> XX Methylococcus b
< 7 [ Methylocaldum i
2 80 FZ 80
F2 $¥
B T
3 ;2o
N Em
e 60 H %% 601
L)
b i
B3 EZ
18 =2
B 404 &g) 40 |
23 oy
<5 <3
Z a é =
N o S
& 204 g 20+
&
0
YT zy JX CS D WC YT  ZY JX CS JD  WC
4 Sample

T nfCR TR Note: n represents the number of clones
KI5 DNAJK-F (a) Fl RNAKF (b)) i be S A0 i v 46 1

Fig. 5 Active methanotrophic community based on the phylogenetic analysis of “C—pmoA gene (a) and C-MOB 16S rRNA (b)

LEa %t gd, TR MEE AR R AW E A
I B A, Hha.4%)8 TlaflMethylosarcia,
65.2%J& TlatMethylobacter, H4330.4%J& T1b
BMethylocaldum; V1755 A4, 1 BG4 H
Pt S A TR R A o A TR LE 919 90.0% , H:
H150.0% )&% Tlafd Methylosarcina, 30.0%)& T 1a%l
Methylobacter, 10.0%J& T1b%iMethylocaldum
VLIRS 3, TGRS e S A R 2o 1 A,
Hor 23.5%J8 TlafiiMethylosarcina, 58.8%J& T1a
HiMethylobacter, 17.6%)& T1b%IMethylocaldum
R VT HoE AR E R TR e S Ak TR A RR T 4 R
PRI S R e E AL R, TaiiMethylosarcinaFil
Methylobacter/y %) 542.1%#157.9%

DNA/RNA-SIPRYR O J . FI AV C%Fa e v
[ 7 B B UE W BRDNA/RNA, /R EE LR
A W) Ml R Ak 2 R O TR R AR D R s L R
YA H) 72 B 2 A B AR A R 1 PC-DNA/RNA— H 2
FEARMER S R R K R P AR
H e A B2, B9 % R e B AL A R S 2R R 168
rRNA B pmo AL H AT 4 FFR I 2 5] °C-DNA/

RNA, #E—05Fopr W, ANFkfEtH -
RNAFIPC-DNAR oM 45 3 AR — 50, TR g 4
A 2 T HUEY R be i #, (Ao K AE
T PR H ot ST TR B I S R I A 22 5

it 5 PC-CH X R AL BRAH H, 76 BT A S0 58 4%
PE—SUE LT, H R PC R 19 1R BT H Uk 20 B
ot S AL TR R S AR A S R, B AV B 1R P C-CH,
FRic b3 3 B PC-DNA/RNA . 117 K 35 52
6 8 5 AT 1 HE B DNA/RN A YR 4 5 o 25
FEB L, PC—pRic A L T % R BT
pmoAREHE S, F W] 18 b 76 Mk B e Sk v R
BC-CH, &R T A R i pmoARE N, X EEhRiC
)P C—DNAZEHE ol 3 Ot AR R R R T
EFXFRNA-STPHLH] T2 RUAY S5, v vy i i > C-
CH M+ 3e, B Be AL 16S vRNARE S FE K 7F
LIRS R A PCRIE S L4 bde . (H
(HARTER AR, HIF )% BEERNARY R Sk PCRY 1Y
SEELFCEH AR A O )1 5 BH ANV IR VTS
PO XF A P )RS T U R A B — A A o AR
LT 16S rRNASEH(E S o =4 X — I 9 JR A ]
fEsE: (1) RNABGIEWR ZHE5H, 1 Ui &
BID AT A A, B dERRIC ) PC-RNAT] RE7E
B R T i GRS RS, EETE IR E IR
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WRNATF S50 105 (2) HIbE4 L 16S rRNA
BRI rEs Rk, EReSY I KA20% 44
{DE (/= = R R O o LY/ \S: [ =5 4
B AR G A R B B T s (3) BRRmtE g
K, REP A AE AR, BRI, 1
HARBUED RS S R R, HRNARE SR
I, W 5 AR B O R A NI BT Seis L

TEARWFEH, DNA-SIPTE )2 IEFRic 1935 5
75 YL B S TrRNA-SIP, DNA-SIPH & T X &
A e AL TR M e - R IR AT R, T A M
WL T G B H o S Ak 3 R v T B A A ke CHL I
FHAE . . DNA-SIPFIRNA-SIPAY L840 Hr 6 W
HH R, WE AR R R Y A8 R
WEE . FRIE B, rRNARS A MM T 401 7>
24, rRNAR A S 3 AE W 6 M 22 8] A A 26 1
TFDNA, B DNATE R b iz wef A 9 A8 B A 50t
Fe 00 RAAEXT16S rRNA L = #) f116S rRNA
S DA e 3 U T IS S R, 400 pmol LTTHA
Tt 355 3% I - EH e AL TR 9 16S rRN A1 3 K it )2
168 rRNAZEH (41 ~ 545 7). [ERNABREE 2%,
FF S m RN A g 5F () S5 8 AN R JUARD R O e
L5 W S 5 P C-RNASE— AN M A5 R — )
A, FRATHR TP A AT R S 16S TRNAJE R
R oy R Y S SR, O o S e Sk PCR AN IR
RIS FL UK A3 BT R L LA BRI il A7 1 o G s
KB, BT rRNAG BN T4 i 2458, itk
rRNA-SIPHUIS T 7 HA 5 & A R0, B
Bf s P BB R A S T oI5 Y. [RIRT, DNA-SIP
WEA RIS, Y5 I 40 & A o)
2 BRI A TR, — o B R a4
WPE. 52, PC—DNABITELE D SR K B 25 20 i Y
Gy SRR B AL R, SR Y E P B
TEGE . B, WARWESE TR, fEEIFE I EDNA
g BE A T B BRI pmo A L I I PCRIZ S, Bt
Ak Se A ) — s R AR TAE R, FEDNAGHE i i
BT EIRE T L RO I RSS2 H
), 454 DNA-SIPFHIRNA-SIP AY4F &, TiAkiki:
BETT IR BUA BB SR s T R AR 5%

ST pmoADI e N/ HT £, 6Fp /KRG 78
JEA 25 F T B LA B e AR v oy 2, R R A
Methylocystis (F2) , X—45R 5841 H KR
0 Hb 3043 A R — B Lukes "2 R FIDNA
R ARE . AR . DL R KR

S5 B L F2 KRR AR 7 b i 20 N K RS 4 EOH
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TMethylosinus . A W58 E AN TR b 4840 T
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The Application of Biomarker Genes for DNA/RNA-Stable Isotope
Probing of Active Methanotrophs Responsible for Aerobic Methane Oxidation
in Six Paddy Soils

ZHENG Yan" * JIA Zhongjun *'
(1 College of Food and Biological Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China )

(2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

Abstract

210008, China)

Rice fields are major source of atmospheric methane (CH,) . However, 30% ~90% of

CH, produced in paddy soils is oxidized by methanotrophs before it escapes to the atmosphere. China holds

the largest rice production in the world, but it remains largely unknown about the active methane oxidizers

in paddy soils. In this study, soil microcosms of six paddy soil incubated with "CH, were constructed to

assess active methanotrophs by tracing the isotopically labeled "C—~DNA/RNA. Six paddy soils collected from

Yingtan City of Jiangxi Province (YT ) , Ziyang City of Sichuan Province (ZY ) , Jiaxing City of Zhejiang

Province (JX) , Changshu City of Jiangsu Province (cs) , Yangzhou City of Jiangsu Province (YZ) ,

and Wuchang City of Heilongjiang Province ( WC ) , were incubated with 400 pmol™" L labeled “CH, or

unlabeled "CH, to determine aerobic methane oxidation kinetics. The destructive sampling was conducted
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when 400 pmol™' L CH, was consumed. "C-DNA and "C-RNA were obtained through ultracentrifugation of
total DNA and RNA, respectively. Clone library of pmoA genes from "C—=DNA and 16S rRNA genes from “C-
RNA were constructed to analyze composition of active methanotrophic community. After ultracentrifugation
of total DNA and RNA, the agarose gel electrophoresis of pmoA4 gene amplicons and methanotrophic 16S
rRNA reverse transcription amplicons from the fractionated DNA and rRNA, respectively, were performed,
indicating the incorporation of “C—substrate into methanotrophs during the aerobic methane oxidation. DNA-
SIP and rRNA-SIP each have their advantages. In contrast to DNA, the incorporation of labeled substrate into
rRNA is much faster, and a greater unspecific background of ‘heavy’ nucleic acid was observed in 'heavy’
fractions in rRNA-SIP than DNA-SIP, indicating the more efficient separation for DNA.. The separation of
differentially labeled rRNA was effective, however, it was not as quantitative as for DNA. This resulted in
a greater unspecific background of ‘heavy’ rRNA in ‘light’ fractions, which may be caused by their strong
tendency to form secondary structure. Phylogenetic analysis of pmoA gene from total DNA of background paddy
soils indicated that dominant methanotrophs in situ were type Il in six paddy soils. It may be explained by the
fact that type Il methanotrohs can be better adapted to oligotrophic environments. Interestingly, consistent
results were obtained from both clone libraries of pmoA genes from “C—DNA and methanotrophic 16S rRNA
transcripts from "C—-RNA, indicating that type I methanotrophs dominated active aerobic methane oxidation
in the six paddy soils. All type | was composed of type la in YT and WC sample, whereas type I was composed
of la and Ib in ZY, JX, CS and JD sample. The fast growth found for type I methanotrophs are in agree with
a r—strategy lifestyle. Sufficient available nutrient e.g. CH, may be prerequisite for the proliferation of type I
methanotrophs. Phylogenetic analysis of pmoA4 gene from "C-DNA and 16S rRNA transcript from "C-rRNA
revealed that the active methanotrophs responsible for aerobic methane oxidation in six paddy soils were
type I. The results indicated that methanotroph—specific 16S rRNA and pmoA genes can be of great help for
identification of "C=DNA/RNA from methanotrophs grown on the labeled substrates.
Key words Paddy soils; Aerobic methane oxidation; DNA/RNA-Stable Isotope Probing
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