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T A HERS 5, BB 08 70 I V& KPS A S 1
WEMAED ST RS FIREIE . R,
BT A e 3 T A 4 A K b I I 5 R e, Bt
— LT JE i 2 (0 5 5 A A A 2B A A R 4 AT o
W&o MR LS Sk AR W AR HE A A sk R R A X
SE I SRR SR AT B 5T IR IR A A B 2B W B U K
ok BT R BE A W % R S B PCR 9 19 45 4 R
AR IR AR 22 6 T A A AR W A R K R
(R 85 5 2B W 7 R O AR G B AR Ak A AT
B S B T R R B A A A AR P A AE B R KB )
R B, BATBOE TR, SR R IR
Zel -3 8 JA s R A EKE B 92,9 pg/g
T 149.5 wg/g +, K H 16S rRNA JE X (¥ 38
FI 51904 1 - 53 ik A 4 B0 8 O AT = W, R
PSR B R ) I A X R 0. 28% M &
9.76% » 55 A A6 A A AR 1 7= 4 1) 3 4 i s —
RV HEW AR ES TR R RE Ak [
I 3 — 4 55 R T B 1 amoA Ty B 3L K 4 T
5 QU A S Ok B PCR 45 R Em A .
BeAh A AE B IR SR s R AEK,
A, RNA 7K F 38 3 8 DNA 7K i 0F 97 R 8
1> AE RNA 7KV 1o 38 0 e 3 A ok A 0 BV 445 440
W 2 A4 3 P o B iAW) AR AR S IR I 4 TR
PR AT 2 .

R Al A7 35 A% IR 4R &1 B AR 6 #x DNA/RNA-SIP
(Stable Isotope Probing) , i i £ & 47 2% 7 I8 Tk 2k
Y% % DNA/RNA, 75 53§ /K 7 38 8 5 2% R Bg vh
B0 F A FE I AR W R B LD . 2000 4 b
R R IF R T DNA-SIP H AR Jf 1l 2y 35 45 ARk 11
CDNA™ ;2002 4EHF 5% % FI J RNA-SIP K IL T 244
I 8% v Iy B A T SR % 5 DNA-SIP
HH E » RNA-SIP (¥ AFF 50 A 361 41 i 23 245 R 4% 5K 1
FEAR IR E 10 C b i S ) 1 77 3R B E i, W 90 45 R
BT SR AR, RO S . H R AR A R A
FOREE R AR B i A W A% R DNA/RNA £ R 45 2]
T E Br 2R 0 B 9%, 2009 45 DNA/RNA-SIP
B 5 N W) 2% 2 44 BRHTS (Brock Biology of
Microorganisms 12") 2011 4F 26 [H 1% A 4 2k &
JiE PR T DNA/RNA-SIP $5 A 75 3 A= 9 4 358 )
Rif 7o 3E4E Sk, DNA/RNA-SIP 3 AR 7 3k [H 5 75 5
T I e TR AR R R

I e ASHIF 5% PRl 28 R T 40 38 PR e 11 4 S ARtk i

e 5 AT — A ey 3 I BRI T L S A ) A
AR AL, £ DNA I RNA JK -0 5 1Y ¢ 4
S A TR o L R A A AT R R AR A HE B A
PR SE E [) A7 38 7o B % P2 338 P e B 4 1 1) A%
12 DNA/RNA, 45 7% 7 21 88 Y e 4 40 4 A i 7R 1
Pl AR AL S A Y ARUE T R
7 F ik DNA/RNA BORMEIT R 8RBT h 3l 24 74
BASHREN 2 TR RS % .

1 MRRIT A

1.1 TiEH SRR

T HH 2T 3 i 23 S0l R B 90 R Bk O (TY) (28055
N, 111°27°E) , i g o5 i (GS) (28°95°N,111°51°E) ,
I AN (LZ) (20°33°N, 110°04°E) o K £ X g
T R TR A R X, b RE Y S S DY Al At
Hito KA 0 20 em 3 )70 6F 1 3, OF B Jf i
2 mmfii, SR 5 R 3 — TR A R B R T B L T
BB WA N AT B R A R
(15 d) J&» 2 N B R4S 3 R A7 A5 FH o T e oy
T T80 7 B 5 R 2R E N R AT M 1 ik A B A
WF:pH 4> %k 6.57,5.99,6.80; fil & & 4> 5 A
3.10 pg/g d. w. s,9.61luglg d. w. s 1 1.35pg/g
dow.s; AR DM N 45.8 nglg d. w. s,42.9 pglg
d.ow.s F18.01 wg/g d.w.s; 2555 A 2.62 mg/g,
2.27 mg/g F1 1.22 mg/g; H ML i M 48.0 mg/g,
43.1 mg/g Al 23.1 mgl/g; # K F K & o 5 H
72.4% ,65.5% F1 59. 4% .
1.2 HHOERRNFRELTE

FREUAH 1 40 g F - (9 5 1T 21 48 & F G 1 &
1A b, 8 026 e 1 G B 2% B K Y L K R
e d KHE KB 1K 30% )5, 25°C T 9% 120 h, it — 3
W TR 9% 4 2y 3 & 120 mL i (Y T
6.0 g 1) Jf I IE & [ JC B 258 K T 1
KOy F I K FE KR 60% » T SE 4 e 38 % B FH 4R 5%
B XU CHF B AR IT AN C—H e ) I Ak B, A
WEER 3 AT, A MNE I AN 1.2 mL 535
JETE NSRRI C-H be 8" C-H e 1 15 15 J7 A
KAELE R Fa i, BT 25°C 1H 3 45 4 34T 4 40 5%
J2W o M N WIS CHL WK FE 21 400 pmol /L, 3
A5 I B TR P B IR AR A 1T 4 R 48 h il E
1RG4 RZJGHE24 h € 1 k. 435 FRIMA CH,
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WPEAR T 0.45 pmol /L, 45 HKE 9% 52 96 9 37 JF M &5
MR T R A - . IR R 3 g B A,
A RNAlater (Ambion) J5, —20°C {4 7% /] T- RNA £
B Ay HRE SR AT T - 20°C, J T DNA I
DA I e I 820 A

1.3 FEHELIEAIZER DNA/RNA $2EL

1.3.1 *1i#E 5 DNA $2HL: X ff] FastDNA® Spin Kit
for Soil (MP Bio) {5 £, #RUX 0.5 g B fif 1 FF, 4
Ui BB I H OE B AT, K S AT B IR
&L DNA VR T 100 WL JG 18 /K 5 > 38 1 i R A
396 FE vt (NanoDrop® ND-000) ] 52 DNA ¥ £
4 5 (ODgyy /0D, F 0D, /0D, ) » M 4b, F) H
1. 2% (%) 35 5 Bl 4% J1 LUk 43 25 5 L %) DNA (0. 5 x
TAE ZZ 010D » 43 1 DNA 1) 58 5 2 F0AH KR JEE
1.3.2 +IES RNA BB AR O A SCER#GE 19 77
Wre M, Btk R (1) BREL 0.5 g B LT
2.0 mL4y W80 1) 248 JIF 2 B m A 500 pL
RNAlater T 4°C i % 1% 42 )5, 20000 x g 0> 2 min
2% RNAlater; (2) 76 T IEYTED T IMAN 0.5 g B3
2 (0. 5mm: 0. 1mm =3:2, Sigma) I 700 pL i 1
TPM buffer (50 mmol/L TrisHHCl pH5.0, 1.7%
polyvinylpyrrolidone,20 mmol/L MgCl,) , Jf1# Ff] Fast
Prep™ FP120 #% [ 52 HUAX LA 6 m /s 36 i 24 fi |- 458
A=A i 35 s, B K 2R TR & W) 76 4°CF 20000
Xg B2 min, BV S 2.0 mL 1) U0 B L
B (3) R T i N 700 L F1¥ 1) PBL buffer
(5 mmol/LTris-HCI pH5.0, 5 mmol/L EDTA Na,
pHS. 0,0. 1% SDS,6% /KB ) , EE LT (2) , %
S S 3 B b HE R R DA R DNA/RNA ] i 2%
U (4) MR 3 A B 0 B b
500 pL/K ¥ A1y (pH4. 5) 500 wL K8y : 507 : %4
g (25:24:1) (pH4.5) ,500 wl & f: F 4 wx (24:
1), R4 5 4°C AR 20000 x g B5.0 2 min Jf44 F3G
W2 2.0 mL B0 g (5) I 2 £ 44 PEG-
NaCl(30% PEG-6000, 1.6 mol/L NaCl) T I i i &
AL AR E 2 h 5 4°C K K 20000 x g &0
10 min, Bk WG WOUG N 200 WL 70% £, i ¥ it
P JEFRKES 0 5 min; (6) BB R WG, L&)
F B UTvE H I 50 wL DNase/RNaseHfree H,0 %
i, B MR A T —-80°C . (7) A Al Recombinant
DNase [ (TaKaRa) |2+ 3 S 4% % 7 ) DNA J5, il
it RNeasy Mini Kit (QTAGEN) iX %1 & 4l 4, + 4% i

RNA, 3 — 2 F I B4 16S rRNA J B 3 1 51 4
(515F/907R) 414 -3 &2 RNA, #fi f& 13 & RNA
AAFAE DNA v5 %y (8) R H it 58 4k 4 0l O B2
(NanoDrop® ND-000 UV-Vis) ll 2 RNA ¥ /&, 3f
RAF T -80C H ] -
1.4 FH—KSBENF

W 1 FR, 1" C—H e 15 357 10 B 141 48, i ¢
BRI ) (2 AT BRI A H e bl o8 A Ak S
(3 ANEA) 19145 DNA 1 RNA EAT el &00)5 25 #r
FI A 514 (8F/533R) 474 + 58 DNA/RNA 1) fi Ak
) 16S rRNA FE A, B4 e #9381 5140 & 5 AN [ ) Tag
BRAE LUK 50 AN )R 1o A 51 R I
adaptor Fl key J¥31 LUK e Rl 5 2% " . DNA K
S PCR ¥ B8R R FEZAAFE: 0. 25 wLiF) TaKaRa Ex
Taq HS (5 U/pL) ,5.0 uL f#] 10 x Ex Taq Buffer (Mg”*
Plus) ,4.0 L ) ANTP Mixture (£ 2.5 mmol /L) ,1.0
L 1514 20 wmol /L, iU 1.0 wL 1) DNA B4R A1 TG
BIK % 50 wl [ N AR F o PCR 9 3§ (1) i B 4%
94°C,5.0 min; 30 x (94°C, 45 s;55C, 45 s; 72°C,
1 min) ;72°C, 10 min. RNA JK (] PCR J" 1 %
One Step RNA PCR Kit (Takara) 5% ., 2 WV 44 5 40,45 -
1.0 pL (¥ AMV RTase XL (5 U/pL), 1.0 pL [#
AMV-Optimized Taq (5 U/pL), 1.0 wL [f] RNase
Inhibitor (40 U/pL) ,5.0 wL [ 10 x One step RNA
PCR Buffer, 10 pL # MgCl, (25 mmol /L) ,5.0 wL f
dNTP Mixture (£ 10 mmol /L) ,1. 0 wL [ 5[4),1.0 L
() RNA BB, 7K b 2 50 pLo PCR 755 /) e b 4%
f4:50°C , 30 min; 94°C, 2.0 min; 30 x (94%C, 45 s;
55°C,45 s;72°C,1 min) ; 72°C, 10 min. FFEEIRH K
& )R E N L RNA SR EERRAG (£99 ng/pl) » A T
I A AT P ) 27 C R RNA (05 85256, B 3k
17 RNA JKP- IR FE BRI )5 o

3573 13 DNA FI RNA 7K1 /) 16S rRNA 3% [
Y1 =¥ b5, Al A Agarose Gel DNA Fragment
Recovery Kit Ver. 2. 0 i 7] £ (Takara) ¥ PCR /=4
DI alift, 2iAb r= )85 fik -+ 25 pL DNase/RNasefree
H,0,% 3.0 pL (1) PCR /4383 1. 2% 35t i bl ok Jie
HL Uk A I A A Rk A R B ER A 4 Ol Ol B O
(NanoDrop® ND-000 UV-Vis) Il 5& 3 B8 2= 5 1) ik
BE o KA IRIRE S (1) PCR 4 1 7= W) 45 BE 7R BOR 5 )5 »
FH % K2 A ) 454 FLX Titanium sequencer 5¢ Ji 7
U5 Mo LT EIRIF LY 16 J7 741, 15 80% (1) B AF JE
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KK F] RDP Classfier #4745 2614, 15 3 & i &7
BNZ5 10 J5 4%, BN RE b IR U P B S 1y 4020 4%

AP 34 K By 499bp s i = P RE ) 3
AR 1 PR,

®1 EHBRSEENFERHELR

Table 1  Summary of 454 pyrosequencing results
Sampling site Soil DNA/RNA 13 Cdabeled treatment High quality read number Methanotrophic bacterial read number
Day-0 4124 £ 182 5.00 +1.41
. DNA
Gu-Shi Day-8 5056 +657 67.3 £8.39
(&0 i ip) RNA Day-0 4057 +832 12.50.71
Day-8 3819 +974 170 £57.1
Day-0 2383 +54.5 2.00 +1.41
DNA
Tao-Yuan Day-8 3553 +267 86.0 +11.1
b1 M ) RNA Day-0 4372 23.0
Day-8 4864 + 632 185 £8. 14
Lei-~Zhou DNA Day-0 4189 =271 7.50 £5.00
(" %EM) Day-8 3589 +468 134 £39.0

1.5 RREMEAMRTELIE DNA/RNA

wn b pr ok, 3 iR 40 R SR N 400 pumol /L
H bt JL P A v R e 3R S C-H e ks dc A2 CH
Lo ont BEAL B SR FE 5 DNA NI RNA, JF2E47 8 &
TH R B D .

DNA-SIP [ 5 45 40 5 WLAH C ek ™ o a5 2
2.0 wg DNA 5 G105 Wi TR & T BRI UG % 20 0
1.725 g/mL B0 W JE 8 2 6.0 mL ) & i
B ik B R 38 B Vi65.2 T AE 20C F
190000 x g i & 8 %5 Ji 86 i B 0 44 b % A 2 i
AV B35 2 0 B REE R 15 DARE I E
B DNA ¥ i, i ik PEG-6000 [ 2 A [W] V% J) % &
DNA ¥ b i &AL e 3 A i s, 32— R 70%
LWEE U DNA UU e, JF # o T 30 pl G 1w K
~20%C {447 -

RNA-SIP [ 8 /5 40 15 WAH 5% 3cik ™ o i 52
¥ 500 ng RNA 175l 2 8 F H i 5 4.5 mL =
BOTRH A G TE WU % 29 09 1.790 g/mL [f]
B IR A 6.0 mL 1 Bk R
I L35 8 V65, 2 B F4E 20°C K 130000 x g #8 55 it
B FERG L ES 0 65 h R ARSI %= A1 A 3 o )=
Oy B RE ARG 1S ANASIA VR I % BE RNA ¥ i
e EERR 2 RNA B 1 =9 SRR e 25 0 A i s
20 R 70% & B35 3 RNA JiiE, 356 o T
30 wL JCA% BR W 1¥) K B 7K, — 80°C {47 . #67r RNA
i it PrimeScript RT-PCR Kit ( Takara) [ % 3% H
cDNA, fRAF T -20C H F /5 8247 Mo BbAb, &l &l
Jy 4 FEFR I, 5 4 B AT R AR S RO, A (B

2, 3) Rk 3 AR IR L R R IE A
J BEAT 5 £ (1) DNA/RNA-SIP 8 il 250 S5 50
1.6 FEMRAME"CDNA/RNA L3 B TiH
tr

PC-DNA 9 % 52 5 W BT T A Y o
JEE o6 P55 5 0 2 CH o Xt Ak BN C R e i A R
(¥] 1588 DNA, LUAR[RIVE J7 % 5 DNA i 84, R
R A5 AL T S (1 51 4 (A189F /mb661R) PCR 4 1t
pmoA KR ML REIE N, 76 58 4 — SO 41 N Il B i
W 5 J2 L VK R P 43 BT pmoA Ty fig 5 IR 7R AN [R) VR ) %
J& DNA H i) o3 Aii B A, T8 1 B A C-FR e Al G
e b B () 45 % 507 CDNA. 3E— 25 LLY C-DNA )y
Wit K ] pEASY-T # 4k (TransGen Biotech) #4 %
pmoA J IR [1) 5 [ SC I W e K 249 20 AN B e B o

BCRNA %5 (3 A U 5 CDNA ™,
AN S A B R @R 16S TRNA JE P v i S
PESE . B TR T R SRR S 0" G e k) 4 R
AU CH e b ic b B (6 3 B RNA, K AN [RVE %
J& RNA Jz ¥ 5t cDNA J5 1E b B4, R Al 168
rRNA JE K38 F 5149 515F/907R #E47 PCR ™ 1 77
J1% % cDNA, FI | PCR 7= ¥ by 8 v B S B UK
2510 A BA M 5 B SF I R, 3l o A G- R
Ak PR TRV ) B DNA i G I 480 480 A0 T 11 Bl ) 2
EC-RNA,

¥ BT 3180 98 [ e 41) 75 NCBI ] GenBank %5 4 72
TEAT Blast LS 4347 > 2k 45 i S5 AR I 10 1) 950 B )
G 3t — R MEGA # A (R A 4. 0) 47 53 T » #
WEAHABLRE 97 % Xt BT 43 55 A v B 1 1 17 9 gk AT 458 4
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425 850 (Operating Taxonomic Unit, OTU) 4324, F|
FH NJ (Neight-Joining) : . RS K B W o
1.7 KiESH

Bt #E K FH Excel 2007 F1 SPSS 16. 0 #47 4b
By M, Kb B2 TA o B fH ZE S+ R one-way
ANOVA B 2 )7 2 3 1, P <0. 05 RoR B35 2% 57+ .

2 iR

2.1 TEHAOERRIFSSELMSIAENE
WK s, 3 TP CH g A1 CH e kb 2E, 3 Fil

FEf FH 208 R e 4 A A A 3 ) S R AR — B AR 5
8 R7e A 77 N 1 e JL T 42 B B #E ( < 0.45
pmol /1) o 3 Fir 13 57 3% i P9 CH, 5" CH, 4 2 11y
HUBEHI SR W L 24 2 400 mol /L 72 47, i1 F ol 17 (1
1-A) B EAE 2 — 4 R e 0 4 S 10 0 2 e K O
WRPE N B B R 90% 5 5 T R LT o A T HE
Wr Bk (Pl 1-B) L 3EAE 4 -6 K Lt 4 S U4 0E
PE g FHBE R B PR AR 75% 5 88 9 RAK T KA H
FEA R L ;) A5 M (B 1-C) R 7E 5 -6 RH b
Iy S A i W] 2 T e ok B R 2 60% 5 57 8 R L
TP ke g A -

—m— “CH, —C—"CH,

(A) = 35001 (B) 500+ (C) 500 1
g
2 400~ 4004/ 400 4= %"""'--
g2
=R
£ 5 3001 3001 300 1
S E
£%
S 2 2001 2001 200
5E
2
3 1007 1001 100 4
(]
£
g : r O ) : e : : TR )
0 2 4 6 8 10 0 2 6 8§ 10 0 2 4 6 8 10
id 1d id

B 1 #Eda(A) GHEsiE B REMN(C) BEHARRRIFEEUNNNERE

Fig. 1 Dynamic changes of methane concentration in the headspace of soil microcosms incubated with '* C-CH, or '>C-CH, using paddy soils

collected from Gu-Shi (A) and Tao-Yuan (B) cities of Hunan province, and from Lei-Zhou (C) city of Guangzhou province.

2.2 FI—HKeBENFERHIERRFEEKE
BEETLHE

Wi 2 o, o vk 8 b b G b A A B
16S rRNA 541 7 & 16S tRNA £ 41 (1 & 43 L R
5 R ZIAH B » Y e 4 26 260 A0 AT AR G = B2 AE B 5
SEORJE 3 BN, AE RNA ZKCF 38 e T
DNA 7KV, 32 W] H Bt - S S8 A e ik T 1 438 HH e 47 41
AL A K ST

7E DNA Fl RNA /K-F, 515 ok 117 (GS) - 3 2 1
2| (Day-0) FE I 480 8040 B 7 A B A 40 10 A G 2
39 1. 34%c F 4. 57%0, i b3 6 18 3% % 5 ;400
pwmol /T HI 52 ¥k J& 1% 7% 8 K J5 (Day-8) , 7 DNA FlI
RNA 7KF T e If 480 484 B 3 B 68 385 388 s 49 0l s
F| 13. 6%o Ml 44. 4%0, RNA 7K - (¥ 38 b & 0] & w5 T
DNA 7K~V o i 5 Pk I 358 1 3 0 b 28 BL i A, =&
i % (Day-0) F¢ i %0 %04k B /F DNA FI RNA /K7
FRY AR = 2 20 5l 4 0. 85%0 I 6. 86%0, K5 5% 8 K )&

307 IpNA-Day-0 &

[/DNA-Day-8
[ZZRNA-Day-0
B RNA-Day-8

) w £
S S S
L 1 1

168 rRNA gene in total reads(%o)

=
1

Relative abundance of methanotrops-like

Samplin site

2 HMEEm O ARERIERTRENERLERR
FRENSEFRRACEANEENTHURE

Fig.2 Changes in relative abundance of aerobic methanotrophic
16S rRNA reads during soil methane oxidation. * Different

letters represent there was a signsificant difference at P <0. 05.
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(Day-8) H A Xt = & 43 il ik 2] 24. 6%0 (DNA) Fi
39. 6% (RNA) o #£ DNA /KF, 7 4 % M (LZ) + 5
oh R B A S TR IR 3 T S OA 18 A, R R I %)
2. 23%o i fin 2 15 97 5 1 36. 9%
2.3 H—REEBENFREHLERRIFSSLE
B 4H B R 1

W 3 FToR, 78 8 1 5 287K 1 B8 I 4 48 vp LS
WF] 10 ASAS ) BB AR, o 7 AN g T 2K
BT H B B, 3 A8 T8 A I e A0 1R, AR
M >~ 38 5 2 4 4 A T R o AN TR) 2K T 2 A0 1
(AR A0 R0 A EL A W 2 S o Rl T A T 2R
IR o 4 4 A T 184 0 9 S8 80 g R 905 2 80 T R o
L S TR R S G 0 AR N e 2R T
I A A A B B I B B

e T 21 38 F e o SR SR A R R v, T g oy Tl A
ST T e S AL B Methylobacter F1ZSRY TT A% 4,

B Methylosinus )34 K& #AE 5 W 2, H RNA K
S (R B8 0 s DNA KSR S A A A e s xf T 2K
AT e 4f A T, fE DNACRT RNA K P I
Methylobacter [1] ¥4 & 43 1) 3. 93%0 K1 14. 9%0 ; ¥F T+
R W e i 40 %040 18T /5 DNA FII RNA JK P I
Methylosinus 1] ¥4 W& 4> H) & 3.92%0 F1 20. 8%o;
Methylocystis H)HGWE 4359 4 1. 03%0 Fll 2. 20%0 . T FE
B 35 b 2R T T Y o i 4 4R A T AR A B W B
FA T He b A S8 AL M Methylocaldum W AT 3 i, {5
WWRAR T 02— B, 75 DNA /K- E2RA T
Yot U S8 AR AL TR Methylocystis K1 Methylosinus 43 5\ 34 0
T 6.86%0 Fil 14.4%0; RNA /K 7 [ty 34 i 5 5 Ky
16. 9% F1 14. 8%o. |7 75 T M L HE v KM T W e bf
AL 8 0 5 W B Methylobacter [ 3 g 5 ik
34. 41 %o, Methylosarcina W& 3 H0 (1. 22%0) , i 25 54
T e 4 S A AL R AT T B a3

GS paddy soil TY paddy soil LZ paddy soil
et ] DNA DI RNA BRELT DNA DRSSl RNA Daeml] DNa

Methylococeus 0.25%o 0.57%a 1 0.00%o1 r 0.23%o1 0.46%o0 1
Methylocaldum 0.25%0 4 0.11%o 1 0.00%o 0.00%01 } 0.11%o 1
Methylobacter 0.00%o 4 0.00%o 4 0.00%o0 0.00%049 = 0.11%o 4
é Methylosarcina 0.00%a 4 0.00%o 4 0.00%0 0.00%0 I- 0.00% 4
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Fig.5 Phylogenetic relationship of pmoA gene sequence in the '>C-DNA to those in the GenBank. The abbreviations of GS, TY
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nodes. The scale bar represents 5 changes per 100 nucleotide positions.
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Next generation sequencing and stable isotope probing of
active microorganisms responsible for aerobic methane
oxidation in red paddy soils

Yan Zheng''?, Zhongjun Jia'

'State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China

? University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: [Objective] This study is aimed to establish an unbiased profiling strategy for investigating the microorganisms
responsible for aerobic methane oxidation by pyrosequencing the total soil microbial communities at DNA and RNA levels,
and to link aerobic methane oxidation activity with taxonomic identity of active microorganisms by DNA/RNA SIP in red
paddy soils. [Methods] Three red paddy soils derived from quaternary red clay were collected from Gushi and Taoyuan
cities of Hunan province and Leizhou city of Guangdong province, were incubated with the labeled " CH, or “CH, for
determination of aerobic methane oxidation kinetics. Pyrosequencing of the 16S rRNA and16S rRNA gene at the whole
microbial community levels were performed over the course of acrobic methane oxidation in soil microcosms. “CDNA and
“C-RNA were obtained through ultracentrifugation of the total soil DNA and RNA extracts, respectively. Clone library of
pmoA genes in "CDNA and 16S rRNA genes in "C-RNA were constructed. [Results] Pyrosequencing of the total
microbial communities revealed significant increase in the relative abundance of aerobic methanotrophs in soil microcosms
upon the completion of aerobic methane consumption. The proportional increase of aerobic methanotrophs was significantly
higher at RNA than DNA levels. Type I and II aerobic methanotrophs significantly increased in Gushi soil, while the
significant increase of type Il aerobic methanotrophs was observed in Taoyuan soil. In the meantime, type I aerobic
methanotrophs appeared to be stimulated exclusively in Leizhou soil. Sequencing analysis of the " C-abeled pmoA genes
and 16S rRNA further demonstrate that phylogenetically distinct methanotrophs dominated aerobic methane oxidation
activity in paddy soils of Gushi (Type I and II), Taoyuan (Type II) and Leizhou (Type I). [Conclusion] High-
throughput pyrosequencing at the whole community level of 16S rRNA genes provides an almost unbiased profiling stragety
for measuring characteristic changes in relative proportions of aerobic methanotrophs responsible for aerobic methane
oxidation activity in red paddy soils, and higher sensitivity was observed at RNA than DNA levels. DNA/RNA-SIP can
accurately reveal the active microorganisms responsible for aerobic methane oxidation in read soil, being largely consistent
to pyrosequencing-based fingerprinting analysis of the total microbial communities.

Keywords: next-generation sequencing, stable-isotope probing, red paddy soil, aerobic methane oxidation
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