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Molecular detection of diversity of methanogens and methanotrophs in natural
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Abstract; Methane is one of the most important greenhouse gases and plays an essential role in atmospheric chemistry. The
largest single source of methane is natural wetlands, which have been suggested to contribute significantly to the interannual
variability of global methane emissions. Methanogens and methanotrophs are the main functional microbial groups mediating
methane cycles of natural wetlands. Biogenic methane is produced by methanogenic archaea or methanogens as the final step
in anaerobic degradation of organic matter. However, only about half of the produced methane is emitted to the atmosphere,
while the remainder is oxidized by a diverse group of bacteria referred to as methane oxidizing bacteria ( MOB) or
methanotrophs. It is evident that the studies on the diversity of methanogens and methanotrophs can assist with revealing
microbial-mediated methane cycles and the temporal-spatial heterogeneity of methane emission from natural wetlands.
Traditional methods based on laboratory culture techniques have been proven inadequate to describe the vast microbial
diversity, because those methods miss more than 99% of the organisms while enriching those thriving in cultures but not
numerically or functionally important in the environment. Introduction of molecular methods independent of culture

techniques has vastly improved the potential to describe microbial diversity. The 16S ribosomal RNA (rRNA) gene is by far

HETE  ER A RPHEIL AT H (41071148 ) 5 fH T8 A1 H 78 )
s B H#A:2010-05-13; &iT HH#A:2010-09-15
# MIRVEH Corresponding author. E-mail ; tongch@ fjnu. edu. cn

http ://www. ecologica. cn



14 14 AIRDE G HARIE ML 4587 B g TR AT bt SELE B 2R 1 43R T 4127

the most frequently used phylogenetic marker for studying microbial ecology and diversity in the environment. An additional
approach includes the sequencing of functional genes that are unique to the physiology of the group of microorganisms
studied. Methanogen and methanotroph communities have been characterized by employing the 16S rRNA gene or functional
genes as molecular markers in different types of natural wetlands. The functional gene of methanogens is mcrA, which
encodes subunits of Methyl-coenzyme M reductase; whilst the functional genes of methanotrophs include pmoA, mmoX and
mxaF , which encode subunits of particulate methane monooxygenase, soluble methane monooxygenase, and methanol
dehydrogenase, respectively. Sequence-based mcrA or pmoA phylogeny is consistent with the 16S rRNA—-based phylogeny.
Thus, the mcrA or pmoA gene is a favorable functional gene and widely used to detect methanogens and methanotrophs in
soils of natural wetlands. Studies to date have differentiated communities by analysis of clone libraries or by community
fingerprinting by denaturing gradient gel electrophoresis ( DGGE) , temperature gradient gel electrophoresis (TGGE) , or by
terminal restriction fragment length polymorphism ( T-RFLP) relying on differences in restriction fragment lengths between
taxa. Additionally, fluorencence in situ hybridization ( FISH) and real-time quantitative PCR (real-time qPCR) have also
been applied for quantification of natural wetland-inhabiting methanogens and methanotrophs. Members of orders
Methanosarcinales, Methanomicrobiales, Methanobacteriales, and of Rice cluster I have frequently been detected in natural
wetlands. Methanogen communities generally change with the depth of soils in natural wetlands. Shifts related to vegetation,
pH and temperature have also been reported. There are studies revealing the presence of both type 1 and type II
methanotrophs in natural wetlands. Type I methanotrophs generally dominate in nutrient-rich environments, whereas type
Il methanotrophs generally dominate in nutrient-poor environments. This paper reviews the molecular biological tools used
for detecting the diversity of methanogens and methanotrophs in soils of natural wetlands, such as T-RFLP, DGGE, FISH
and real-time qPCR. Furthermore, two types of important marker genes in molecular detection are examined and the latest
achievements in studies of the diversity of methanogens and methanotrophs in different types of natural wetlands are
summarized. Based on review of literature, further studies on diversity of methanogens and methanotrophs in natural

wetlands in China are suggested.

Key Words: natural wetland ; methanogens ; methanotrophs ; diversity ; molecular ecology technique

YE R A B AE DR B R AR S R G0, F AR B SR I o Mk i 9 v AR /N R0 4, A0 R AP R e
(CH,) W BB > — Al AR B 20 100—231 Tg, X2 RS ASLEI E K 76 [ 5805 b 13
rf 7 B e T R HA 20 BT B — PR AR IR 1 LB O R TR R A A W S 2 AR g E T A e s TR 24— 40
F e e A SRR PR R I3 A2 i, 0 P o S A T B W AR DRI, 7 B o T R s S AL TR
F SRR e PR A B DI RE R A . R AR AR Hb A 198 7™ B B 11 RN HH e S840 7T ) 2 RE M B IR AR B
SRR I H e AT 20 0 T A 2 AL, S N e A 0 45 1 b F B AR, 98/ B B HE G S 3R LR 2 Al

H SR IR i A VR I AR 2% AR AR T 15 5% 19 07 7 © R UE SE Tk 78 0 H iR T W i 2R AT g
S 99% LI EIRUE I RIED) D RS SE TR N A R e AR T AR G R I T R L R
S AT RN () 3 R % 2 TR B A R e R, KT R e R T RZE R 2, G 10 24K,
T HERFITIEC U SRR A 5 g T R e ARk R 22 AR PR IR 9 1) S B T B, I BOA T S A A
SRS R A L A T e A K T N TR T R e T R R ot SR B ) — A DERIF g AR SO AR
b 35857 FR B T R R o AR A TR A T AR 43 A D 3 R R A T R D RS RIS 3 [ R 1 b ™ FR e o
FTH e S8 A TR BT T 2R i o b 98 tE R AT T 253, T t0 A I TR Ny 0 45 37 DG iy — L8 [l R 5% T
], 5 AR R TR E 7R 2 ST B R4 IR A RIS, EAMER 25 1,

1 BAERMFERREEMRRESCESFEENNOIRICER
Fric 5t RO — B 2 A5 5k O A DD BRI 3L R | BB A AL 3 e S e AR iC O VE T, DR P R A e HL AT R 1
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R . BEE— B 38 BUbRTC 3 R Il W 2 AR P40 R0 Hh T I A0 1 ZE IR, 16S rRINA JE [R5
R T BT 1R S B S TR F ) 32 AARICJE A 5 1 2 A3 R 0 ml bk i EL AT R s A FEAIAR
IR RUE Y, te 2R TR I h — R B AR IC LA
1.1 168 rRNA FE[H

Woese 215 i % AR RNA (rRNA) JF 91 (9 H X 38T , 58 36 18 ST A A i =38, 3838 1 cRNA 1 &
SR BPMCIE M EZNE, 16S tRNA 43 FA7A7E THTA il e X b B & m A SF B X3, I 94 5
VFZ AT AR I, ] AR XA 3 81 B T T PR S DO A A 2 oy TR A0 R LA A ) R R AE T 81, RT T
BT PG | sk R, 7 30 (4 34 s 45 2 SR BRI K F . 78 3 BB tRNA(5S,16S/18S i1 23S/28S) s |
16S rRNA B R R k)12 BIFRICIER

YFLHFIELL 168 rRNA FEPIFEAFRICIHE | XF H SRR b P2 B e i 0 S RE e E AT 7 R AED 0 e 52
PEP 1 7= B 16S rRNA JE PR — 265 | ) %6F (40 146£/1324r 0357F/0691R) Bk 331 k7 (£ 1), I
THISE T E SRR = H e B 2 REPE AR, (B2, Banning 25/ W58 & B, X Le 5| Wty 38 T ]
( Euryarchaeota ) F1 5 1l 7 [ ] ( Crenarchaeota ) AN 7= HU B (1 B, o T I BRAREE S MED 388 1383 T 3 X451
Yy, TSV BT B 16S tDNA P8I A Z2AREME  IRAh, 7= FE o 11 3 422 A ARSI Oy 9 J2 >R P i 1 A FE 51
Y141 A109£/A912rt \ A109f/ A934r Z5) HEFT 16S rRNA JLK (448 | Hl i R 48 & & 40 W b A7 7= F e 1 19 43
AR D,

*1 ATHRFRREHEBEEN—LPCRSY

Table 1 Some PCR primers for study of methanogenic communities

FUBRIEIN 5149 FIFHI(5'—3") FERIR/IN (bp) EEPUR
Targeted gene Primer Primer sequence(5'—3") Product size(bp) Reference
Methanogen 16S tRNA  146£/1324r GGSATAACCYCGGGAAAC/GCGAGTTACAGCCCWCRA 1178 [16]
0357F/0691R CCCTACGGGGCGCAGCAG/ GGATTACARGATTTCAC 350 [17]
Archaeal 16S rRNA A109f/A912rt  ACKGCTCAGTAACACGT/GTGCTCCCCCGCCAATTCCTTTA 803 [19]
A109£/A934r ACKGCTCAGTAACACGT/GTGCTCCCCCGCCAATTCCT 825 [20]

SR P R e S AL B 1) SRR MR AG I [ AR o AT 16S rRNA JE VR M ARICHE R BEAT R AE ST fe Sk
R 1 42 24 B 16S tRNA FERIRET 2 9o N 107[2]'22] , o7 BB 22 Z R 38 4% ( Serine pathway ) F142% [ A B
BERRER 75 4% (RuMP pathway ) i HRR S SR A0 TR, {H 30 S PR AT I KBk 52 HOREHE A 75 55 20 T T S 2 o 26
PRI BESfKIA . Holmes 45 803 1 55— X B AR5 M5 14 (Mb1007 . Mc1005 . Mm1007 Al Ms1020) , 43331
SObR B LT JE (Methylobacter) | FEBR 1 & ( Methylococcus ) | H & 500 1 J& ( Methylomonas ) 1 38725 i 1 J&
( Methylosinus ) W W e s8 AL . T, Chen AN i T A IR AR T AN I 28 R s B A T B S ) ,IX 5|
Yyl H LT B A B e S B Y 165 tRNA JE K] A3 45 HY LA I8 (Methylocaldum) (W 3% 3K B J&
( Methylosphaera) | H LA TR J& ( Methylocella ) F1H JE W8 T/ J& ( Methylocapsa ) W W Be S8 AL TR , 11T S i A4 51 470 W)
AP HEX S g ) BT . B AT, AR E B SA AR TR 16S tRNA JEPR RS 805 [ R D E 1T A 4R
ML IR (HS SRR B2 5 [ W2 K R TT ARG S AR A IR (R 2) .
1.2 ZhaeER

DR R B HAE T 7T DL L — bR ic A R e DIRE I, se ik T REGEK B /iy )i, TG M
H G (MCR,EC 2.8.4. 1) B ek o —Fh B2 A, 2 5 W b A i 555 — 20 RN, i A0 YR58 S LU
B BE ) R AE T T B0 7 H 8 B R (AR TR 7= R e 1y RN R, MCR o B
iy AR A, tHAR T merBDCGA it Horp, merd ZEN 7 52 4% MCR # -7 2, 5 A 5 MCR i
AL AR IR SF IR A X, merd B R G0% 5 A6 16S TRNA RS KR T , RVFRIE merd FP 5 HEAT 7= H 8 1
4RI T Y= B merd S 519 EZ4 MCR 514 ME 51981 ML 519571 (£3)
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F2 HERRRSWEN—L 16S rRNA EERE
Table2 Some 16S rRNA gene probes targeting methanotrophs

YR%F Probe  JF31(5'—3") Sequence(5'—3") HUFRZE Targeted type 2% CHR Reference
107y GGTCCGAAGATCCCCCGCTT RuMP pathway methylotrophs [22]
9a CCCTGAGTTATTCCGAAC Serine pathway methylotrophs [22]
Mb1007 CACTCTACGATCTCTCACAG Type [ methanotrophs: Methylobacter( Methylomicrobium ) [23]
Mc1005 CCGCATCTCTGCAGGAT Type 1 methanotrophs ; Methylococcus [23]
Mm1007 CACTCCGCTATCTCTAACAG Type I methanotrophs : Methylomonas [23]
Ms1020 CCCTTGCGGAAGGAAGTC Type Il methanotrophs ; Methylosinus [23]
Type TF  ATGCTTAACACATGCAAGTCGAACG Type T methanotrophs [24]
Type IR CCACTGGTGTTCCTTCMGAT Type T methanotrophs [24]
Type TF  GGGAMGATAATGACGGTACCWGGA Type 11 methanotrophs [24]
Type TR GTCAARAGCTGGTAAGGTTC Type 11 methanotrophs [24]

®3 RATYVHESFFREEREERN—LPCR3Y

Table 3 Some PCR primers used for amplification of functional gene of methanogens

BEARIE R IR’} SIYFAI(5'—3") PRI (bp) EZ PG
Targeted gene Primer Primer sequence(5'—3") Product size(bp) Reference
GGTGGTGTMGGATTCACACARTAYGCWACAGC ( GGVGFTQYATA ) /
A MLf / ML 47 27
mer / MLr TTCATTGCRTAGTTWGGRTAGTT( NYPNYAMN) 0 [27]
MCR{/MCRr TAYGAYCARATHTGGYT / ACRTTCATNGCRTARTT 490 [28]
ME1/ME2 GCMATGCARATHGGWATGTC / TCATKGCRTAGTTDGGRTAGT 760 [29]

XEET| Yy MR FEARAL R SR IF K E 4 AR R A B dE i B 5 |7 7 Y o T S A 7
T FAEAEZE SR I PV S R IR B UOAR G, MCR 514 22 FH e FH -3 sk R AR e 7= HY
JE R ARG O i ME 5|91 ML 519 W FF 58 B3R B o, 1 SRV b IR AK DO I A4 sh i 1 o
B 2 TR LAl T e A T e

FHTAGI 15 24 10 b, o e S TR 22 RE A ) D B 25 ] 32 A48 pmoA Bl mmoX , Ho B — 2L Dy g br it 5 A X6
T B A SRR AR LA 1Y, (H A AT P SR A I 5k 2 e S A0 TR, AN movaF (i B P TR 56 G 1 O TP 35 )
nifH ( it [ EU A St ) Y FE X SR RESE A b ) 1 I 2 (1 T RE SE R pmoA | B £ 5% 4 i J0RE 1 HH o o1
T4 pMMO) 1) oW 3, SXFPEGAEZE T-I8 Methylocella silvestris Z AN BT AT H e AL 3% L A189£/A682r
eI T 1 pmoA MSERZATIRT 1Y I T 12 FI T Ha7m 4 Fh R 58 vh B B S b B (0 BV R AR, Itk
BT pmoA (51 BB BT H K F T H bt AL B 2 AR RGN 7 (R 4) o FETF pmod J75)
M ZRGE KB TR S 16S TRNA RGEKE 0BT —2, pmoA 1E A BINFRIC I C 4% 12 H T A AR L H bt
SEALTA Y ZREERTIN 55— 28T REIE DR mumoX W) 7 32 4 4 T V3 1k HEY e 2P 48l (sMMLO) ) , B ATy R e 4
ARG . TP 3 mmoX 19— L85 | ARG B B TT PG T PR 558 v 4 Y e S B 1 (e 4)
Rk 58RI mmoX FEH FTARic i ZREMA XS AT B AT RE R Ry mmoX J&—A> 8 BE AR 57 1 3 B 55 1 9 1)
BOHER T AR sMMO FPEIE R, B A A3 S H e A TR 25 A 3 S35 A PRI T g 25 (1A B 5 v R e
AL I ZREE
2 BRAEMTARENREEUESHFEERNN S FHE

F AR 3 5L A EOR RS va B R SR BURE VR (1048 SRS AT 0 A 2 T W 2 1 0 T R D Y o) —
ANEEAAT, HAT, F AN A 5 B B AT R e 8 T 2 R A I v >R FH B9 23 120 W O 1k 2 A4 - R o
FR il B B B 22 254 43 T (terminal restriction fragment length polymorphism, T-RFLP) A8 P 5 B % 18 HL 7K
( denaturing gradient gel electrophoresis, DGGE) 2 GV 2238 7 K (fluorescent in situ hybridazation , FISH ) F15Z
i} %€ & PCR ( real-time quantitative PCR) %%, B A&, §3f B4 51 ( Microarray ) | £t 5 [A] v 25 7~ B ( Stable isotope
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probing , SIP) SEH AL W B | A BNZBF SR AT A AR 7™ Y e B8 D T e 1 1 22 RE P 1 20 1A
SR IS
%4 AT EPEALEDEEEN—LL PCR 319

Table 4 Some PCR primers used for amplification of functional genes of methanotrophs

AL 54 7 9(5'—3") PN bp) B
Targeted gene Primer Sequence(5'—3") Product size(bp)  Reference
pmoA A189f / A682r GGNGACTGGGACTTCTGG / GAASGCNGAGAAGAASGC 525 [36]
1326 / 1643 TGGGGYTGGACCTAYTTCC / CCGGCRCRACGTCCTTACC 358 [37]
11223 F / 11646 R CGTCGTATGTGGCCGAC / CGTGCCGCGCTCGACCATGYG 444 [38]
A189f / Mb601 R GGNGACTGGGACTTCTGG / ACRTAGTGGTAACCTTGYAA 432 [38]
A189f / mb661r_nd GGNGACTGGGACTTCTGG / CCGGCGCAACGTCCTTACC 510 [39]
mmoX A166f / B1401r ACCAAGGARCARTTCAAG / TGGCACTCRTARCGCTC 1,230 [41]
534f / 1393r CCGCTGTGGAAGGGCATGAA / CACTCGTAGCGCTCCGGCTC 863 [42]
mmoX206f / mmoX886r ATCGCBAARGAATAYGCSCG / ACCCANGGCTCGACYTTGAA 719 [43]

2.1 PEHGETE AT B A A VR o BT 21O v

IR, X T AR M - 38 7 PP g T R B e 80T T R i 2L IS RN 28548 ) 70, SR T 22 19 70 7 B oK i
BRI H B B 228 ME 40 0T (T-RFLP) FIAE P4 BE BEAL FL K ( DGGE ) HiA
2.1.1 RumbR#&PE R BKEZ MR R (T-RFLP)

T-RLFP HEA R HETRUEY) o3 LR R E R h i ) W9 T Bz — , F 0 T2k Wy 0 20 RN 285
T R E Y R G R T AT . ZHORCAE A SR ™ H 908 T R R ot S A T IR v 22 REPEAG I v i 4336 A H
HEAIES 0 Merila % LU merd VERPRICHEER , FIH T-RFLP HAR M T 2522 5 A YR st o™ B 5 i
M REVE Ko 2] i 25 BE 4045 . Methanosarcinaceae, FC Fl RCI, Horz %541 D) pmoA NFRCFEEA |, i H T-RFLP
BORIRDT T e L BTV 4540 5 A R AR A A 2 T] 1y e 1 G 2R, & LIl B2 T 52 ey FRY e 1 T 1) T LA
TR P i v 23 PR AT 4 b I 28 PR e S A TR B R G 2 B8 b, B T-RFLP AR 73 A it i) B4 DL TR 168
rRNA REAE AFRICHEA . Cadillo-Quiroz 257 LT B 16S FRICHEE , FIH] T-RFLP £ A AE 35 [ % Hh 22 e e i
PERIM 2 i 7= BE R A . Methanosaetaceae , Methanosarcinaceae , Methanomicrobiales ( E1,FC, Methanospirillaceae) ,
Methanobacteriaceae , RCI Fll RCIL, #&7~ T H P78 3 H 7= W BE ol B 75 1) 2 £, Dettling A=l ERE DL T 168
Ftnie A, I T-RFLP AR 78 32 [ 2 0085 FR Pk 5 &8 Je o VR B A I 21 %) 7 FH 58 8 62 45 : Methanomicrobiales
(FC,E1) ,RCI,RCII F1 Methanosaetaceae , 5% A& BRI 1M & &5 e i TR -5 Hp M & B IR i vB 3 v = W Be B I FHETS
FAEZE S, T-RFLP SORWAFTE—E R BRI, B HAEZ T 500 bp LI Y DNA Bt # I RE A HHE R
RN, MR SUERE TR S AT A B, BRI 3] — Lo PR S TR I 045 5L, 10 55 AR AR A A DA B 3 LA
AT S E AR 7 F b TR R R e SR A TR ) 2R
2.1.2 ZEPEREEBERHLIKHOR (DGGE)

Fl 1993 4 Myuzer %) B K DGGE Ml A R FH T3 AE 90 00 7 Ak A 2f A 8 U, i R B EL )32
FHT 25 FhER ST AR WD RE T 2540 S R RE S SR AR W . DGGE FORTE B SR 1% 1 7™ Y e 11 1 Joe ALk T
(AR AGH I vt — R AR B 1 BB 5T T B, A B4 2T F B RS 1 1 Ganzert A1 LS B R
16S MARic FE K, FI ] DGGE AR AE VIR Laptev i 5 145 R I 31 (1Y 7 FH %52 18] £ 45 ; Methanosarcinaceae
Methanomicrobiales il RCIL, #8755 T 7= H b B AF 7% 1 B L 1945 21, Rooney-Varga %' LI B 16S AhRic 3
,FIH DGGE 7 A 7 32 [ Bl i i Jin Y s b Az I 21 79 7 B B2 A A : Methanobacteriaceae , Methanomicrobiales
(FC) il Methanosaetaceae , & B g A O FE V% A8 AL S A 95 25 A pH AR 9284k A 5C . Bodelier LT
DGGE FZARTE AT == IR K 18 10 b rh Az 0 21 (%) H e S AL TR AT« Methylobacter sp. 1 Methylocystis sp. , B 5% & B
Methylobacter J& 1) H} B85 565 THT VR BE AR G, 7T BE 2N [R)3) T B B P o S8 Ak s o & A AR A 2R, Yun 451
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LA pmoA VEAFRCIE  FIH DGGE HOARTE T I8 iy J5 /K w i P A 0 3] 4 Fb 2R i F e AL I, e 1T
T I B BesA b, Hoirb 2 288 T AT 8 2 09 8 AL T , 73 2 280 Methylobacter Fil Methylococcus J& 1 H fe 4
T, BIFSE % B0 - 3B PR ARUJZE i Y ot S T e I 4802 P i Y e S A T AT B = 19 Z2RE 1 . DGGERAR YA £
& AT LAR) ISP AG I 3 By 22 A FE ity (B AFAE — 28R 12 B HREXS U E W RE I b Bt R T 1% I3 Fh B 2R 47 23
Bt A Rl DGGE 5256 45 AR 7T e T BUAS [R] (97 3% P | 33 0 58 43 % 367 17 9145 2 AR AT BT H R &
GERF I —E R

2.2 W RN R o AR TR R B AT Y 2 O

NER I rH g E R e T R PR 6 40P TR ) 00 £ ., 0 T AR A 7 PP 6 T 0 PP e 48P v i A A8 S B LA
HERYE S DOCIALAATH AR AL 7€ 5 PCR BORGEME 1% G 1 T 55 3% (A 0 5 126 n e R EUAR T HE0:
(most probable number, MPN ) A B | S 482 3R HU™ FY e B R R g S0 B (0 B0 1 B AR IIE T30 - B, OFAE
I AR 7 P e T A0 P e 4T T 1) 2 B AG I v 4 % 8 B L B AP T
2.2.1 POLSARAZH A (FISH)

FISH $AR G LA EHRIC U [ R AR 1C 89— 0BT B9 5L 245805 v: , AR s il LUBEA T il 1 A 252
P TR TR E U E DRSS PR RERCE 0 B SRR S U E M R ER A . E AT, FISH BORE M T A
SRR = FR e TR R R g S8 T TR R 14 65 RV R 2 110 5 Bt 0 5 3 2 T AR B g K #0
Kotsyurbenko %5 I Fi} FISH 7 At 7 {71 71 S0 FR 4 6 ¢ 13058 7= F ot 11 ) 22 B PR EAT TR 5E, % BUR ¢ v 4T 7
RO RERFE RN ORALLAIR 5 em 255 om) 0T (AR 24% 1071~/ TREZE 4x10" 1>/ g) , Tty AR
W& 3TN (BN 1x 107 1/g $EE 2 x10' 1/ g) , FZHBE B Methanosarcina spp. B2 &5 7 B 40 M S 5k
fl—>F, Dedysh 257 ** Fi| I FISH - AR S 75 41 7] 107601 o e 25 08 e v P S A T A ARG 798 4 b o R
B RS I 2 1) P g A TR EIRE 2350105 (3. 120, 2) x10° /g FI(5. 7+ 0.4) x10° 4/ g, o Bt i 22 1 HY Be 4
TR SZ Methylocellas spp. , 295 4R HLEELT) 60% —96% , AN, Methylocella palustris F1 Methylocapsa acidiphila
PR AL M T R e A IR A (2005 0. 1% —1% ) , 60H 115U B g Sk B R R M 3 s e e vp 32
BB AL ZEAL, FISH HORWAFE— 2Ll & HRETESEAR A9 16S rRNA CRIRYIHOL T A BELEH],
AN BEAG I HE AR it r (%) 2R 0 S0 , DA T S I LA I () A B, Flle , 2 T IR 22 10K D RE 2 K] pmoA
55 FISH FARZE & AT F e A B 4 8 B A AT 07 550K A 4 R 80 10 TR 7 e A T B3 — o B 5011
ik,

2.2.2  SERFRE R PCR $K (real-time qPCR)

ZBRIELL PCR T B R Bt R R 1), 3 ] T PR AL ity P s = Wy W b P 0 2 0 A, e
RO B o G B 7/ AN A S G S S K S S T o I % 5% N d S S PN UT WRlE e St | R ST A DR Y- v RN
AR Z AR AT — TR TaqMan #8412 % 7= FE e R B S8 AL 19 16S tRNA JiE R 51 )y
RESED AT E AT o3 M7 . b 3 AT LR FH 256 4% (SYBR Green) %77 55 TaqMan #8525 AH L 2%
B AR TR BT R AR IE , BT LAMEBR PR MIR. Steinberg % A& T SYBR Green [145E it PCR i,
X Gty B BE T M8 U o= BE 1 merA S DR R AT € BRI 0 B, ABATT IR BT T RS 9 D HARAE MY
TaqMan ZOCAR £, F T4 DU 1R M U8 7 A b O i) R 48 k5 28 BE 9 07 10 e T, A 0 21 1) 26 B A 4
Methanosaetaceae, Methanobacteriaceae , Methanocorpusculaceae , Methanosarcina Fl Fen cluster , Fo 1 (5 4 #50
2577 B B 4390 J2: : Methanosarcina spp. Fl Fen cluster, [E P, Zhang %" Fi] SR 52 i PCR 3 AR X 75 98 =
JRAT IR M A 3 7 R B B AN T B 35 7 BB TR ZC-1 DL R 2 43 B 0 GE B R1S AT T s A, & 3
ZC-1 HBUEE 2 o5 A 30% | 3 AR ARZ R 1074/ g5 R1S A0 240 o5 TR BB (17.242. 1) %, +
e A2 A 1074 /g, Yun ZE I FHSEAS RE E PCR B AR N 25/ 55 180 1 4 38 v B e S8 PR B A0 =E B R A5 T
I3HT, R s 4R b B SR TR R B R IR SRR T B S A R Y 1.5 4
3 AEEBFREMTREENARESCENFE SN

H AR R SR 2 Fh 24 | 2B AVE VRV A T M, A0 45 B AS Y8 1 VR PR R DS U8 e TR I3 BRI 130
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31 %

ORI PEIR RS . ATAROR VR 22 28 M T3S N 7 12 AN TRI I Y 1 S kel o 7 P g T R R e 44 T O AR 7
ZREPEREAT TORTE A M i 32 EAR AR AT P AR TR PR 40°N F1] 70°N AL 7 il aly FIZE A Hu X, HF 5T Y
A AR A A G 2 AT R LR sl R T AR B AR i 5 70 2500 515 TSR AR PRI

M R BB (5,5 6)

R5 TREXEBARMTRREENEESEN

Table 5 Diversity of methanogens community in different types of natural wetlands

Al SR B a ez 3 1 7= e T 27 SCHk
Type Name and sites Detected methanogens Reference
A TR
I?_ZF B Oligotrophic Salmisuo fen, Finland Methanomicrobiales ( FC) , Methanosarcinaceae, RCI [51]
en
Methanomicrobiales ( E1,FC, Methanospirillaceae) , RCI,
Michigan Hollow minerotrophic fen, USA RCIT, Methanosaetaceae, Methanosarcinaceae, [5]
Methanobacteriaceae
BERYC IR RCIT, Methanobacteriaceae, Methanosarcinaceae,
BEIRURIRITBR Ombrotrophic Bakehar Bog, Siberia e 'dno 'd(, eriaceae, Methanosarcinaceae (48]
Bog Methanomicrobiales
Meth icrobiales (FC, E1), RCI, RCII
Chicago Bog and Michigan Hollow, USA ethanomicrobiales (FC, EL), ’ ’ [46]
Methanosaetaceae
Oligotrophic Chicago Bog, McLean Bog, Methanomicrobiales (FC, E1), RCII, RCI, [52]
NY, USA Methanosarcinaceae, Methanosaetaceae
. Methanomicrobiales( FC) ,
Sph. -Picea bog, G 53
phaghum-Ticea bog, Lermany Methanobacteriaceae, Methanosarcinaceae [53]
2% Fk TR :
TR B . Methanosarcinaceae, Methanosaetaceae, RCII,
Labrador Hollow conifer swe USA 54
Swamp abrador HoTow comtier swamp, Methanobacteriaceae, Methanomicrobiales ( FC) [54]
Okefenokee Swamp., USA Methanosarcinaceae, Methanomicrobiales( FC) , [55]
Methanosaetaceae
JEVeTRE The Blue Cypress Marsh, USA Methanomicrobiaceae, Methanosarcinaceae , [56]
Marsh Methanocorpusculaceae
F6 AEEBEREHARSUENIFHLSHFE
Table 6 Diversity of methanotrophs community in different types of natural wetlands
JsHl R B I 0 fry PR e LA TR 27 SCHk
Type Name and sites Detected methanotrophs References
A e T
fdlk PR Oligotrophic fens, Finnish type I methanotrophs [57]
en
5 R S T
?x{ﬁaﬁ(n + Ombrotrophic bogs, Finnish type I and type II methanotrophs [57]
08
Acidic ombrotrophic bogs, West Siberia Methylocystis, Methylosinus, Methylococcus capsulatus [7,49]
P s H Drained fenland peat soil from Suffolk Methylocystis / Methylosinus, Methylocella palustris, (58]
peatlands United Kingdom Methylobacters spp.
Sphagnum/ Erioph: sovered peatlands
P ,dé’nu . riophiorm covered peatiands, Methylocystis, Methylocella, Methylocapsa-related species [4]
United Kingdom
2% fk TR
78 {
gAJHWu * A forested swamp near Ithaca, New York type I and type II methanotrophs [59]
wamp
S 7
;T{)E'}in # A freshwater marsh, the Netherlands Methylobacter sp. , Methylocystis sp. (6]
ars

TE H ARIE b 4 38 rp 285 K 1) %) 7= HE e B R BE 46 . W Be /\ & BRI H ( Methanosarcinales ) , H 52 & H
( Methanomicrobiales) , Fl B¢ 4T H ( Methanobacteriales) , L7 Rice cluster [ 087 b B 22 F # A0 2] . AN
[F) 2620 AR AR SR 4 S, R rp ™ R GE TR 1) AR A AR (3R 5) o TERIARJE R IBIEE TP &0
K 3] (Y256 : Methanomicrobiales (FC) , Methanosarcinaceae , RCI ; 7E #£ 23S U6 % TR 73 WP 28 1 K6 I 3] 1) 2R BE .
Methanomicrobiales (FC) , RCII, Methanosarcinaceae ; £ #x M 3 H 285 K U 21 19 25 £ 6 : Methanosarcinaceae ,
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Methanomicrobiales ( FC ) , Methanosaetaceae; 7£ Ji§ U 7/ % H 4 # & U 21 19 28 ¥ A . Methanomicrobiaceae,
Methanosarcinaceae , Methanocorpusculaceae ,

FI AR M 8 F G SR A TR AR PR RO RN 25 SRR B A7 A T 2R R e S A A T R PR e S A vy, I S R e
SAALTRATE FARIRH P i AR A2 A AN AR ), T 20 P e S T 050 0 A 7 e AR T e i 32 R T 7 B R
g5 R000 57 I1 25 FE A S A B oy A K AR AR e O BE vk B AN ST B SR i AR 0 L SR A AR PR A 3
WA R R B R R Z R A AR (R 6) o 7RI EE R, U T R e 4a 4k
B 5 1T 7E M TR AR AR, T A0 B o8 S AL B RN IT A8 R g S0 B 2 A I 3817 ST, Tuomivirta 551 F]
FH5 1) A189£/ A621 r Iy N B A 5T rh ™ 5 3 5 11 84 H e S8 AR AR O 1 pmoA P31, IR SRR FE B A
Pe s ARG I 2 118 R o S8 AL T ] RS 5 1 IO B A K

WA VF 2058 B 1T 2D PR 5 8 A BT 2 R M V0 A b (A 45 TR 1 3 B R 5V 38 ) th YA #4436 HE . Dedysh
AT 0 o R T R M 2 B R A VR PR T B SR A 1 R EA T TR, R 3 60% —95 % 1 Y b LA T
J&TF R B AL T , Horb Methylocystis , Methylocella F1 Methylocapsa 53, Morris %8 7E 3 [ B I8 7%
PRSI 21 Y H BE S8 A6 T« Methylocystis/ Methylosinus , Methylocella palustris A1 Methylobacters spp. , \ C"-DNA
11 pmoA F7 5 KR 755 1 24 H g 80P T AR 1BL, 3 WA R P 8 A B 45 v I 284 FP b S AL T =2 L A i . B
T, Chen %5 FI B AR IR TR 43T ( PLFA ) 45 A B [l 387 5% | B0 91 S5 R ol e 22 i M U e i i Y
FACTE P Z R VEAT 43 B, A 381 o 4800 B 1) 2 EE S YA . Methylocystis Fil Methylocella , % 45 5 5] #£ 2% BH
11 29 P o S A TR S PR D8 e b Y DL ISR
4 BHEERE

ORI 7k A IR A 1E 1 19 SR b 1 398 Y B T R Y g S8 AL TR 22 REME RO RIE ST, S 4 7 e T
R Be A AL T ) 2R PE SO AR ST R SR A T R EE B . M TR 280707 ka5 HAR Bk 5, TE S B P ik 5
K PIAEL R AR DL E 05 A S B R ELAR IR, J5 AR B4 KO AH BN SRR T [8) b ik nDRE 546 I
LSS I BB IR A, LADIERAT S0 = 0 VR B AR 4l Al SRR AR S T R B 12
A 1k T 8GRI 7 5 R R ot S T 22 R ARSI AT 5 2 AR v AR b2 sk 8 A (04 B AS
BESSYRHARE ) | T T H B DA [7) 180 1l 28 B v 7 HY e T F P 6 S8 AR B 2 AR PR U A e 3 TR A )
ARG A T T — 204 K A, CA IR 3R B K 338 b 777 HY e 1 DR A48 AL i 2 ( Anaerobic
oxidation of methane, AOM)'®" i/ ix — R4 E AL 7 1 P o S8 AL DR 2 R S [ AR M 43 e B AL T 2
FEPEASII TS 19 B R R

FEIE R DL, A SRR SRR A, AR, TR 707 s JRUA /R S W T 1 R e v A e Ak
T —SEAH OGS, JFIRAS T — & B CR (BRSO 1 Tk — P4 . STk, @A m
TR NTTEAE LU JLA 5 HIT RERABITFE : (1) T 3228 B SR M S 780 7™ FR g 1 R R ot S8 AL TR A 241
FRAE 5 (2) ANRIZEEY [ SR b 338 b H Ge o AR o S TR 2 BV SR L RSB ) Z TR RO A B DG R 5 (3) A AR
Hiu ™ B BE TR AT e SR A TR 2 AR e S PR A 1A G 2R S MR 5 (4) 5] I AR 88 7 FRY g T /11 PR o S A T AR
G T PRI 2 00 I ORI SRR AR BT (5) 77 FR e B8 R R Joe 5L P TR A e 2 5 M 0] 1 18 R0l Y
HEBCE f 23 S B R TR 5 (6) F AR ™ F Be T A R e S A B AR A N 2 8 Al S B2 PR K
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