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PR S T R TR R R B R T

B BH Hym FERE
FEREE B LML E 500 TR B 17 bk 541100

B OE: [§7] BRI s g 4hd M b A AP R eg it X, 80 85T Tk,
KR G SARABIFAE, B — A6 2 IR IR, BT ARYA R BIRSL A £, SRAF 6 IRFEFAE
EZ R AT RAT R ES AN ARG P, 28 T A= CBRA = TR RIS T A VR A%
MEZALSE, LENAIERTTRALEASHRATRL T AR, [B 8] BF e RE
FHIREMRAATARAE FTRAT TE BRI FHEREMY TNER T TG 22X
B, Wit 8RR FRN A XE ., [FiE] b g R nind AR e, 2Rl Lk
BRI RAAE—RBRMIRAITE £, BERPMIETRBEMGATRBAIE, sHEKN = Fiuid g,
SRIMET 3L A4 146 £+ H 16SrRNA AR &K A7 693 %, AR 364 138 & F A4hbs
M if R B B morA 2B 55 6 Sk, Bt AR K F AL ST KRR TR R IR A T A
BRBETABREGTIE. [LR] NTBRAFEE 7 FlEMHE A2 AF A4 2] 7 JU-F
EREHTIRTA, FRAEZREGZ moA kY 2 20FHE#, L+ 647 Methanosarcina &+
# . Zoige Cluster | (ZC-1)#= ANME-2d Cluster (AD)£ 2+ &, AR B /AMABRT I 5 R QAEAT A H &
51895 % KT-1 Ao KT-1l, TR = T a8 £ 8%, @3t = Fledithey g £3547 )5, ZC1. AD
Fo KT-Il KRB HE 655140 bbb A 80h B 35 64938 /e (45%-155%); &+ H (Bathyarchaeota) # Fi A & &
16S rRNA 2R LA g #£2E, /77 b h 88%-100%, £+ MCG-11 L& R AFE, LA ES
B4 84%, FEA LB FIREM THMT 17%, [44] SRRy T 28m L+ 5 A+
B9, AT EZ2H0AE T FRAFCRE ZFTRAARE FRANERA D, REPHESERE
Fo CERA = FIR AN T T AR E T 2H1ER .
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Characterization of archaeal communitiesin a karst wetland under
methanogenic conditions

WU Qi CHENYing' QIUKai-Rui LUO Qian-Qian

Department of Biochemistry and Molecular Biology, Guilin Medical University, Guilin, Guangxi 541100, China

Abstract: [Background] The Huixian wetland, located in the transition zone between the karst peak-cluster
plain and karst depression area of Guilin city, is a typical karst wetland with a calcium-rich, alkalescent
underground water supply. The sediment of the wetland is mostly free of oxygen, making it an ideal place to
study novel species of anaerobic microbes. Hydrogenotrophic and acetoclastic methanogens play significant
roles in the degradation of organic matter in the anaerobic environment; however, the physiology and
ecology of microbial methanogenesis within the Huixian karst wetland is poorly understood. [Objective] To
reveal the variation of archaeal communities, the functional groups of methanogens present, and the potential
interactions among archaea from the sediment of the Huixian wetland under hydrogenotrophic and
acetoclastic methanogenic conditions. [Methods] Sediment samples were incubated in anaerobic basal
medium supplemented with hydrogen or acetate as the sole energy source. During incubation, the methane
concentration in the headspace of the incubator was monitored. After 21 days of incubation, 3 libraries of
nearly complete archaeal 16S rRNA gene sequences including 146 sequences and 3 mer A (methyl-coenzyme
reductase gene) libraries including 136 sequences from different samples were constructed. The dynamics of
the archaeal communities in response to different conditions were studied through phylogenetic analysis.
[Results] Methane was detected in the headspace of both H,- and acetate-enriched samples. The mcrA
libraries were dominated by Methanosarcinales archaea consisting of four major phylogenetic branches:
Zoige cluster | (ZC-l), anaerobic methanotrophic archaea of ANME-2d (AD), and the KT-I and KT-II
subgroups. The branches of KT-1 and KT-11 were comparatively independent in the phylogenetic tree, with
no previoudy reported sequences included, and these branches might represent novel subgroups of
Methanosarcinales archaea. The composition of ZC-I, AD and KT-Il increased by 45%-155% after
incubation under methanogenetic conditions. Bathyarchaeota archaea accounted for 88%—100% of the 16S
rRNA gene libraries. Most of the Bathyarchaeota came from the MCG-11 subgroup, which increased by
17% after incubation under acetic methanogenic conditions. [Conclusion] The sediment of the Huixian
wetland contains novel archaeal sequences. The dominant hydrogenotrophic and acetoclastic methanogens
within the wetland sediment are archaea of the Methanosarcinales order. Bathyarchaeota may play important
rolesin both in situ karst environments and methanogenic conditions.

Keywords. Methanogen, Karst, Wetland
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H,O+CO, <> H,CO, (1)
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WEHFIGANY), ETHEEFRRE; F—F0a
WIS iy . ey, WE TirE
TeREE TR A

TR THRE R Eh S5 A 2R 732
BT, 7 BEAE A LA R i 1 B ) 31
o R AR REIE, R —FEE R R
W, Ft, P HEAE X EERAE . RIES . A&
B L) Bt 2 R AR LA EE A2 . 77 e
ERFZEHEEA RN, SERBEHREIRR
R BE, 2945 70%L 1ok B A 9 0 7 B B g
H0 HRTE A R E R T
M7 AH, A4 LU H (Methanomicrobiales) |
F 4T 14 H (Methanobacterial es) F1 FH 4 /\ 2 BR 1 H
(Methanosarcinales)% , REKA LD A A A 1)
AR AR, g . WEREYRE /N
AR, LRy A A K TR I RE
Ffcli . S BRI IR Y ™ H e R 2 0y
B2, A3 TR T R LA Y B b B R A Y
33%F1 67%, HAWIEYIAL™ F e 1 20 STk A i1/
T 5%, FAh, IRt AR RY, TRAEI
(Bathyarchaeota) 15 4% (Ver straetearchaeota) iy
I VAR 4 B0 Hh s A 7 B e B AR AR AH DG 1Y
JELR, I 3 o T T Rt HAT 7 R e g B

VSN A R b BAA 3 R SCRFAE, 2
TEVIZHR B . AR AN G Ak
BT VFZ AN UGS, QA Wellington
Caves HIPHALF IR < v R B ™ UG R 294
50%—70%J& T M AR AR, LR Movile
Cave 43 & T 5= B LE BT # Methanobacterium
movilense F1 Methanosarcina spelaeil’®*!

HHAWIFREE R G R, SRS
LE TR B 53 AT A2 BIAR R PR R 52 . 7 FRBE T
WEETE M AN EREE , 7RI 7 R 2R B4
HE2 DRI R K AR R U
J TR T F G R AR R R T R
TR ER FIAE R EL S5 H T2 ARG, BRRFhIA S5 TR
FIE R R0 S TR AT e s 57 I BE R 32 4 IR AN

AT, P R A B S A TR
PREHITG, IR 2 A T BRI B A TS0 2 P 2%
ORISR AR RS, TEX AR FREE
7 FR e B B B R 3 AR A A 21
A, A E A R R A B G B R
PEPO (TR v PR RIS IR

AR NG R KRR, A e
TE A BT TR A MR A ) T B BTk, TE KU
[ = FIFREETG T R IR TS 5 R, DI HTR IR
WA EENE L SlAm R E
FEAR MR b X o B e ) AR M — Y, Hdb
FERRATIREE X EE A, 37 T4 JK e A b 5 I bR
JEE X, Hh s is i . AR, &
Pt b A R K ARSI, X4 AL VT /K ST A
PPUBTT R AE Y R B AR, FoA 1= At
Sl e B B AL BT S, FEHTAR
R IR ER AR R ER BRI AT, A DL B & RE L
e, MBS A ERRZRE T w2, 2
TR VA P 7 P ot B AR

RSO 1l N R AR 4 ) A
T RS R ME— B R UE R L 2 R Sy M — g
KRB PR S 5%, W T 16S rRNA KL
SR SCRERH LREAE M B merA SORE,
mor A 1 D2 7 FRGE B AR A PR, TR 2
Ui B IO E LR, T 16S rRNA JE R SCAE N
FH T4 75 77 B Gt S PF T B o 2 0 7 T e G
WIBT T . R, AR SO R G AT T HifD
77 F e B B R AR 7 Y R At o A T
AL CRSCRE T RS VR, LU B R 2
AR AR T R b R 2R L 7 g
PR EERE, RIS
RSN RE , N T R AP A s i 4
VRS SE R A AR S

1 MBS

1.1 FELFIFNEE
+1% DNA $2BGRAH & . eIl 7] £, Omega
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Zvil; PCR P50 & . pMD18-T kA va pix 7
&, dvata HAEYH ARG RAF,

TEFEXARVTBYIRFERS, PSR
SHMEIE{L, Agilent Technologies /Al ; URFRAE
#r, Hamilton A w]; AACRHESS, LigHIIEA A
RER M. Wi RERE S, Schott 2wl His%
T M E , Glasgerétebau Ochs 23 1] ; PCR 4 #81%,
Bio-Rad 3 ] .
12 EHxE

EAERTFE B IR R H ATCC 1340 MSHK; 7%
LI e g R I REET | R MR IR ER B
B, BRERER ST F X A Eh BRER R AR o
1.3 MHmREMBLSEENE

FEALT 2016 4E 9 H 24 HRAE [ o E HUTRF
Bt AT A S S KA ST 3, AFoE s T
SV T P g A M IR K, M REAR
T X PERE 2 30 24 HL(N25°06'01.8”, E110°13'55.1").
M HAE 30 °C, R/ 26 °C. HERTTE Y E
PG FEXAARTIRY R AR AL, FEACR A SGIEH
Hrp 15 cm-—25 cm BREBLE Tl Se S i R A R 77 3
(% 500 mL i FR (R ESEFRR) S, I T A g
VT 235 AU 3750 26 28 o i oA AL 5 A L
RO I e Z 6 b A AR 7 b 5T BT B
SE
1.4 BEEFRESREERIN

B 2 ] 5250 5 Je DA AR 2B Tl 45 R 1 1 Ry
P E S 110 mL _BVEW, FEAAESR- AR S
(41, RFRLL) SRR RS ], e PR
T ZE AR T A

XFF VA R 3R A E—RE IR P L 1Y) & AR 9% (-
EWY A), B IR PR INAHRE R 20 mmol/L By 212
5 X LLR S ME—RE TR R & SR R (B Y
H), BRI T2 RS 0 i /-2 - A kTR
AR (44:10:25, (KFILL)); ARG (B EY O)FIE
EIGFRA R AR IR, (HHAR S 2R,
TSP RAEER; M E(EEY CORiFrik
HYRIN T ZHe i 1 mol/L 9 NaOH, DIAt#a

HIRCEYES . B A IEEY H 4% 31 &
52, BEY CHEEY O il HA — 1. B54%
YA EEY HRESEY CCEAE 28 °C fH il
B35, BAEY ONITE 4 °CHRbCIRAE, BRI
17 21d.

PRAR B 73 0 TR A v FE e 1) % = B HE v
A AR H BT SR B ad SR s, R
SR AR R 2 R R T R A FE AR
15, SRS T RMACRAELS
15 DNA {ZERFIEE X EEE

EENIE, DA DNA 25192 IUH
fE PCR iRt BV A FIESEY H 1Btk DNA
3Bk A4 A EE TR A  DNA #2HUH ] 14 DNA
PREGAR G, B IRE 22 ™ il

TR 16S rRNA JE[H P43 o PCR 47 43k 75,
AR AEED A, BEY HIEEY O K
DNA, 5114 A8F (5-CGGTTGATCCTGCCGGA-3)
il Al1492R (5-GGCTACCTTGTTACGACTT-3),
PCR [ WA Z ; 1Mz DNA (10-20 ng/uL) 1-4 L, |,
N5 14(50 pmol/uL )45 1 ul, dNTPs (2.5 mmol/L)
4L, 2R I B AR5 po/ul) 1L, ExTag DNA
BATHF(5 Ulul) 0.3 ul 1 10xExTaq buffer 5L, il
KA SN A R 2 50 pl ; PCR 2 45442 95 °C
2min; 95°C30s, 51°C45s, 72°C60s, 37 MM
¥ 72°C7min,

FH LA MR S A\ STV 4 5 5 D mer A 2 51)
i) PCR 4" # % 5 |49 MELf (5-GCMATGCARATH
GGWATGTC-3)Hl ME2r (5-TCATKGCRTAGTTDG
GRTAGT-3)® [ iifk 2 5HiSCAHR .. PCR K
ZF. 95°C2min; 95°C30s, 55°C45s, 72°C
30s, 37 MEH; 72°C 7 min,

PCR ¥4 BRREMEERe i vk il i, A
B3 3 i [ ) 6 e, e el s R B e e 2 31
PMD18-T #ifk I, iHEH Wi bk AKIGFF
DH5a /&7 25400, 745 16S rRNA J: KAl merA Ji
DKL B 1 PH P o B 0 3 R B2 10 DR A Hl 2 T 2R W)
TRE( TR Bt A B w132EA T Sanger )5 .
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1.6 FHICIBAISCE SRS

TR 16S rRNA 75124 1 490 bp, @it
IER 5 DR, )P4 Pz 1T Genelous
V10.2.6 (www.geneious.com) ¥ {452 i, ARG
177 50750 ; merA BEE 4K 250 1650 bp, 5l
JPErR RS B —AR 2, K2 750 bp, PIHAS
L PHE, HRTT 165 5751,

R TR R RPN, A SRR T ik
BREERIE I SRR TR H] UCHIME V4.2.4
PP 16STRNA SEH % 7 515K [ Silva
BdE % (https://www.arb-silva.de) & fii FAZ A RNA
INEEEFINEE, merA BERNSEFHIE A 94 1 HA
EEFAFF IR, ok B GenBank
(https:./mww.nchi.nlm.nih.gov/genbank) . #H 1Ll >95%
(1) 7 51 9 IH 2 Sy [] — 454 43 25 5. 56 (Operational
taxonomic unit, OTU), f#i H GeneiousV10.2.6 5¢ i

1@%%%ﬁ%®ﬁwoﬂ4%wmﬁﬁc

EEER, nfUREP UL —IRIN ARG K E R
MECH, N ACRIZOCE TR S8, 5 AR ek
(Simpson’s D) F1 7 4k #6854 (Shannon's H)2 314
{ifi FH %44 Taxon (Hunt Mountain software)>K 15 .
1.7 XEZHMSRRARGHL S
PEIEFSI8 % % BLASTp #%4 GenBank 5¢
¥ (https://blast.nchi.nim.nih.gov/Blast.cgi), T4
R FH X R MAFFT v7.3885%, i
LA R FastTree V2,153 | A 8 192347
b PR R S8 K B IR S 4R E Y R Genelous
V10.2.6 F AR5 58

2 HR545M
2.1 FEdmdER & = BRI R A9

T B LTSRS A 211 15 c-23 cm
BB, RZFMERKE, WEERRRA,
AHUIREL N 6.62% (TH, DW), FLBUK A&
4 6.98 mg/L, MMM 7 &/INVT 0.072 mg/L, Hilig
F35 1A 0.86-1.06 mg/L, 45 & 17 ik 42-55 mg/L,
pH 25 7.47, AHLBS SRR . HRRER FIGTIR

Oy i LR A ERBE A A R T F B
KA

BRI, AT TSR R RS SR
2SR (R 1) 29 14 d 1537, BAPEXT
HR(E Y CYRIRNIAE S (BEY Oz <y
RGN H H 5(<0.000 3 g/lL), N T &AM E R
FR(EHEY HMBIN RN EERFR(EEY A)
TE 14 d BRI 3 F v Bt 0, & AN H A A
R T2 4 514 0.06 g/m? 1 0.07 g/, i
HBEEFP>0.05), M EEREY, S48% H
FEEY A P EA T REY T B LeiE s,
22 HEFEEHIELR

Zat 21d EHESSE, SN EEY AL §5E
Y H LLREEY O HIREUT B DNA, £FXt B
16S rRNA P LA M I S A VR g fidh
merA JEF, MET 6 MERSCE, Bl &

MREh = IR T 16SIRNA JERSUFE AA, &
FRECE A IEFEWIN merA L SCUFE MA, &58
0.15 1
=2
0 g~
EEy
E28 T
23 005
SR
:'E(,_:'—'
&) ND ND
0.00 s - :
H A 0 C
WA

Tags of the samples

1 TRIESEFAYNNESHREE

Figure 1 Headspace methane concentrations in different
samples

e He SRR AR A CIRE- s 4%
PEIRESL; O RIFIMLARY HET 4 °C MIELIAFM; C:
WINT SEABAYEXT IR, ND: E44 O ME Y C s
AR s ARSI R R 0.000 3 g/m®, HdE K IE T
3NEEN .

Note: H: Hj-enriched sample; A: Acetate-enriched sample; O:
Original sample without substrate supplementation and stored at
4 °C; C: Negative control treated with 1 mol/L NaOH; ND:
Methane was not detected in the headspace of either sample O or

sample C; The detection limit was 0.000 3 g/m* The presented
data are averages from triplicate cultures.
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BT 16S rRNA JEESCE AH, S35 J&—37; AEF ANME-2d %I IR 4 H B8 L 15 (AD)
B mer A JER SCE MH, JEATRES T B 16S (942325 U847 ZC-1 (Zoige cluster 1) 14 194y
rRNA JEFESCE AO, DUKJEAAE A merAJERSC 325 2 AN IS B SRR S5 P50 7 2
JE MO, Zi5d PCR, FifE. MFER Gk Bk KT-1 fKT-11, 7EdFEEERS |, KT-1 A%
HEBRAFHAE, RN 177 D oakeFrhoifife 146 455 T HAL 35S mliE s e, KT-11 5 AD 88
FE B 16S rRNA JEEFS, M 165 e 42

53 138 45 TaE 1 merA BLHES, 2ERE4) MR R PRI 138 2 morA R 204 33% 53Kk
E % 6% GenBank, XJ B[ % S4B T2 RTHRHE 1477 P8 (R T S AR R T
MKO075996-MK 076122 ., MK123363-MK 123380 . 99.5%), A% N2 67%5E8 K FLRTH . # &KFLHY

MK 123452 il MK093263-MK093400, & 3CER  palHh A — 1R KT-1 F1 KT-11, XEEFEH1 A F
TR B BRI OTE L R AR RS ZRTGE RSN S, SO EE . ERIZ

ZW3E 1, FIRRERP | KTl HEBT LANES], KTl K
2.3 FEHREE merA EESCEYIThLE K S 38 &SN, 2 DS OTU; T7EARISE

LTI M IR TG A IV IEGADIE R mer ARk 233 KT-1 H1 114> OTU (46 25784, KT-1 2
WS WA ARERH, g2 &7 104 OTU (21 4J741), LK 2.
FHEFE " H e TR R e DR A A TR I P RE L 2K AT RAFES MO TS, &ad Rl E
ERZAEER ) K 2 ATLAE I, 4o kEBsy merA  SERSRIRFAIECE & O IR A 202 ZC-1. AD
FEAIRT AR B e/ /BRI H , A5 FFE5r  FKT-I =28 E(E 3). 75307 MO H, X =26
85.5%, HIBEHMERE AT ANME-1 BRI B b & a0 1%, 9%F1 11%; 7EERL™ bk
%1524 5%, 4% T 1) 439K IE T HBEMLE H It B, BT ZCL AD Fl KT-11 S8 w041 i el
X S5RATZHIET 15 cm-25 cm BT merAJL 27%., 16%71 16%, H4IE/3 51k 145%., 78%Fi1 45%:;
DIRIRLE R P2 A — 5, 7RI 2 BREERBMT ZIREEHLEAME T ZC-l. AD F KT-IL BYF81 4
Fe /B ERTE H AT 40430 51332 : Methanosarcina L4330k 21%., 23%#Fi1 19%, 381E 505108 90%.

x1 REXENENSHER
Tablel Satistical parametersof theclonelibraries

: G o o e . i _ . - B BRI
sopr  TEVEEIN pgensisn v T wig R
. : , L N
Library name in the library Number of OTUs  Simpson’sindex (D) Shannon'sindex (H) Coverage (%) enrichment
AO-16SrRNA 54 28 0.642 1371 80 ¥
None
AH-16S rRNA 41 19 0.629 1.314 78 a5
Hydrogen
AA-16S rRNA 51 22 0.380 0.818 84 Z. itk
Acetate
MO-mcrA 44 26 0.491 0.920 63 I
None
MH-mcrA 46 19 0.132 0.292 80 a5
Hydrogen
MA-mcrA 48 20 0.120 0.234 85 Z. etk
Acetate

FE: SUEATHRE TR AR E 16SRNA JERSOE; B3R M ARE merA JEH SO,
Note: Thefirst letter “A” in the library name indicates a 16S rRNA gene library; Thefirst letter “M” indicates an mcrA library.
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Bathyarchaeota

ANME-1

MA1-OTU(3), MH9-OTU(2), MO29, MO27

Candidatus Methanomassiliicoccus intestinalis (WP_048134049)

- Methanomassiliicoccus luminyensis (WP_019176774)

-~ Candidatus Methanoplasma termitum (WP_048111444)
- Methanomassiliicoccales sp. RumEn M2 (KQM10793)

Methanopyrus kandleri (AAB02003)

Methanococcales

“ Methanobacteriales

- Methanoregula boonei (WP_012106121)

- Methanolinea tarda (WP_007314361)

~ Uncultured Methanolinea sp. (AFD09593)

-« Methanofollis ethanolicus (WP_067052907)

. Methanoculleus bourgensis (WP_014867419)
- Methanosphaerula palustris (WP_012618913)

MH33, MO28, MO2-OTU1(4), MO32

- ANME-2b/c

Methanosaeta concilii (WP_013718622)

- Methanosaeta pelagica (BAL63106)

ANME-1

Methanomicrobiales

Methanosarciniales

“ ANME-3
""" Methanococcoides burtonii (WP_011500403)
. Methanohalobium evestigatum (WP_013194366)

% o Methanolobus profundi (BAL72740)

100

53

"""""""""""""""""""""""" Methanocella arvoryzae (WP_012035370)

Methanocellales - MO10

“ Methanocella conradii (WP_014405506)
"""""""""""""""""""" Methanocella paludicola (YP_003355571)

0.2 MO10, MO36, MO23-0TU1(2), MO47

E 2 McASEBRFINRGLE DT

Figure2 Phylogenetictreeof McrA amino acid sequences

TE: REKAWN FastTree L1, 2%/751H) GenBank #5k SHITESE YRI5 T, OTU ZFr4E 5 HryETUKi% OTU Frfy
EPFEL, RE WP I AR BUE Y AT {E B (Local support value, %), 2 T ki RARER 200060175124 5.

Note: The phylogenetic tree was generated with FastTree program, the GenBank accessions of reference sequences are listed behind the

names of species, the numbers within the parentheses of OTU tags indicate the number of sequences included in the OTU, the values on the
important nodes represent the local support value (%), and the scal e bars represent 20% sequence divergence.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3200 A 2 A

Microbiol. China

MO [] [ T TT |

MH - [] | [ T

va | ] ___In ] |
0% 25% 50% 75% 100%

[0 ANME-1 [] Methanocellales
[ KT-1 []zcC-1
[0 ANME-2d [] Methanomicrobiales

[ Methanosarcina
[ KT-II

E 3 FHREEESZYIFER

Figure3 Taxonomic compostion of methanogen communities
T MO: JEfiffdh; MH: AR MA: CREVESE
KA KT-1, KT-11, ZC-1 I Methanosarcina J& #5-2& H 4t /\ S5k
W H B .

Note: MO: Origina sample; MH: H, enrichment; MA: Acetate

enrichment; KT-I, KT-II, ZC-l and the Methanosarcina genus
belong to the order Methanosarcinales.

155%711 72%. A, KT-1 5330 HE B FS7E MO,
MH FI MA =4~ mer A LR SO 5 3514 35%.
34%F1 31%, A /NG AR (M iiE 3%—10%), i
Methanosarcina J& i TRAX HHIRAE AR i MO ST
24 FEHEZHTHE 16SrRNA EEFFISCE
NTLE AR 3 AR

T 3B SCFE T R 16S rRNA - [R5 78
GenBank Hiff 47 X, Z5REIR AO. AH I AA
SANSCER AT 146 45750, 145 K75 5 E )
B AR SIEUETE 81%-95% ], H
# — 25751 (AO51) 5 Methanoregula formicica HAHL
N 97%. —ME AN, [Fl— R [ 16S rRNA
FEDR A FRLEE 1V 1%>97%, MG IX— 5], ASHIFSE
fiRIA ) 16S rRNA FEHFHH A 145 40k B
i AR IE AT

FyiE— AR FE R 16S rRNA HE[H 4 7E
W2, FSCES 69 4~ OTU H bR T
SILL K 100 % CEMSZFIINET RAELT
BE(E 4). W 4 i, 16S rRNA JE R SCEH K
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3L 25 ANEHE), 2 T T IR 92.4%, KT
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T H P SNAE SR AO B, 2.5 4%, SU%
AA PRI R U BE R ) 16S rRNA EER 741
IXUEJF 41| (AO5L B4R 5 L HiE 1) 16S rRNA [ 7
SIFILEETE 87%-95% [i1], AIAESR A B 7= H be i
HOFETh
3 Wit
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FREaE S

H B SR8 75 1 AR rp FBE R HE DL R I PR S
H RS AL AL R, F B F B R SR
I B e\ B R H A

HAHERERIE, AA SUE(CRRBY G551
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B 51 ASF F1 A1492R 55 1 T T 1 45 & 3R
BAE, AP AT (2) AA SURERMBE RN
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H I B 34 merA SO PR 2L 2R,
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Figure4 Phylogenetic tree of archaeal 16S rRNA gene sequences

TE: RGUEBEWH FastTree LNl wiss BN IRALEL S TARIFUR BN OTU; RIAIYELE M i vl {5 Local support value (%)3&1iE,
Pl HAE B B N R S AMFRTE T Local support value (%) #1RACER 20%01)5 41225+ 5 Bk MCG-11 WRESh, HERTS TSI 4 K
o GenBank % 3 S7EEIH IS, MCG-20, MCG-21 fil MCG-22 [#1Z:% ¥4t A Z AT IE[42], HALZ% 7511 GenBank %515
. AB087499, AB305017, NR_074531, NR_ 116054, KT453557, KT453558, NR 118849, AB454050, KP091065, AY 592480,
DQ301990, EF125500, AY 396667, EF125508, EF680211, EU329775, DQ190101, DQ641821, EF125532, FJ901979, HM244168,
EF367453, GQB848385, DQ302019, FJ264719, GQB848429, FJ175640, GUA475241, AB362547, EU385859, AY 354121, FJ902705,
FJ264803, FJ404037, FJ649521, EU329812, EU329816, EU329843, AB177007, DQ301970, AB801039, DQ301992, DQ301965,
AB213086, AB213075, AB213083, AY555815, EU924228, FJ936660, KP784731, AB113631, AB113635, EF367492, FJ649517,
FJ649514, FJO02285, AB300143, FJ853472, FJ901443, AB161328, FJ716366, FJ821625, GU257243, HM244089, AB094546,
AB161338, AB426445, AM712527, AY 396665, AY 454600, AY 464796, AY591992, AY 861924, EU635904, HM 483669, AB015273,
EF367607, FJ901444, HM244179, NR_134838, NR_074192, AB301476, AJ458436, JN971012, KU290365, JN244020, AY 351467,

FJ982666, AB479411, AB669269, GU135467, JX266091, JX648297, HQ700677, DQ084452, HM041907.

Note: The phylogenetic tree was generated with FastTree program; Branches containing sequences identified in this study are highlighted in
different colors; The stability of the tree is evaluated by using the local support value (%), and local support values are shown only for
important nodes; The scale bars represent 20% sequence divergence; The names and GenBank accession of the reference sequences are not
shown except for MCG-11; Reference sequences of MCG-20, MCG-21 and MCG-22 are from the previous report [42], and for the rest of the
reference sequences, their GenBank accessions are listed below: AB087499, AB305017, NR_074531, NR_116054, KT453557, KT453558,
NR_118849, AB454050, KP091065, AY592480, DQ301990, EF125500, AY 396667, EF125508, EF680211, EU329775, DQ190101,
DQ641821, EF125532, FJ901979, HM244168, EF367453, GQ848385, DQ302019, FJ264719, GQB848429, FJ175640, GUA475241,
AB362547, EU385859, AY 354121, FJ902705, FJ264803, FJ404037, FJ649521, EU329812, EU329816, EU329843, AB177007, DQ301970,
ABB801039, DQ301992, DQ301965, AB213086, AB213075, AB213083, AY555815 EU924228, FJ936660, KP784731, AB113631,
AB113635, EF367492, FJ649517, FJ649514, FJ902285, AB300143, FJ853472, FJ901443, AB161328, FJ716366, FJ821625, GU257243,
HM244089, AB094546, AB161338, AB426445, AM712527, AY 396665, AY454600, AY 464796, AY591992, AY 861924, EU635904,
HM483669, AB015273, EF367607, FJ901444, HM244179, NR_134838, NR_074192, AB301476, AJ458436, JN971012, KU290365,
JIN244020, AY 351467, FJ982666, AB479411, AB669269, GU135467, JX266091, IX 648297, HQ700677, DQ084452, HM041907.
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Figure5 Taxonomic composition of archaeal communities
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Note: AO represents the original sample; AH is the Hp-enriched
enrichment; AA stands for the acetate-enriched enrichment; The

MCG-5b, -6, -9 and —11 are the subgroups belonging to the
Bathyarchaeota phylum.
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