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T b e K B TR BEHECE B AE DTk 2 42 Bk
30%H F et (1.67x10° t/4F) M BFFEE B i 4t R
(O A . 2 A R 40 S 4 B Al A U T P
R ERS SR, E HATC AR B e
P RES A A K A R e

15 R BRI A A, 502
(1) CO, R =B ke, &S 7 B0 H Be i LA
H, i J5 CO, 7 HIbE; (2) ZIRZMR ™ keikiz,
H R EFA e R SE G (3) W™ e
e, B REE FR AL e B R — Bk A
B sl HH e = B e 5 (4) s A BRI ER - B = H
PR DL H, 70 J5 F IR T H beas i Foe ki
% 36 12 o A K RS B 2 R b R ok
B Hy/CO, 7= H ot i A2 70 45 i IR IR B3 TR 1k U8
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HRJL ™ i e FEAAAE e, MHRK IR
e HECR BTHRAS I 5% iR, Deng 25X 75 i
o AN A R B P 5 R B, #E 10-30 °C B,
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TR = B o A I U ER B, Liv 8F X iR
PK>4000 m [ 5 AT 5w it ER I A 1)V 1l e
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R GEHE A S S DTk I ELAG I 31 F Be /\ S BR A
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L1 FERCRE

AIEFE BT ITCRRAE i el v R 2 Bt 3 s
JEATFE A iR, 2017 4F 6 A 2 9 ARETIHETF
P 5L 3 AR, A ER%E (Gongzhu Co) ., B A4
(Kunzhong Co). ZZH&3i%(Zigetang Co), T
R RAL AT B8N T3R8 10 DU AL oty 2R i
NGRK K (REE 0-15 cm) K Ve TR, FEACREE
Jr G ADRELE N, B TR AR E S 2
TR T80 °C # .

& 1. EWEUHIE MR R IIE (L FHHE

Table 1. Physico-chemical characteristics of the sediments in the saline-alkaline lake wetland
Sample Lake Location Salinity Psw/% TC/% pH Altitude/m Annual mean 7/°C Vegetation
GZC Gongzhu Co N 30.63°, E 82.10° 5.06 13.20 9.67 4710 0-2.5 Salix cupularis
KzZC Kunzhong Co N 33.37°, E 80.38° 2.35 9.09 9.71 4266 0-2.0 Broadleaf shrub
ZGTC Zigetang Co N 32.05° E 90.86° 14.95 6.29 10.04 4561 0-1.0 Rare

"Psu: Practical salinity unit, indicates the ionic content of seawater by use of electrical conductivity measurements. TC: Total carbon.
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1.2 FERiESRE

PR e LR R 7R S B Zhang S
AERIALR B 20 mmol/L I, =Wk, 2
Ml 1.01x10° Pa H,/CO, (80 : 20)H 7= H ke A Al JiE
Y1, LA NaCl A NaOH 8 22 5 J5L {37 FR 858 A1 [R] 1) 3
WREEA pH,  Hildse B4R KA A5 H -
1.3 EEEHFES
1.3.1  EZERAH| K FEH . Fast DNA SPIN Kit for
soil (MP Biomedicals, 3€[®). Tag PCR K &R
(TaKaRa, HA), pMD 19-T Vector (TaKaRa, H
%), SYBR® qPCR Mix (TOYOBO, H#), 2.0 mL
R ERE (Agilent, SEE), RG] 20 T b
[ 2 SR VRN g 2R ) TR AR AT IR FL
1.3.2 FERBE: RKAMGREEERER
1), REEAEFE (Thermo Fisher, JEE), FEAK
fH R RS F2 46 (GHP-9270, W [E). Z IhRERESh 1 R
#% (Precellys 24 dual , ¥ ). "M @ 3%
(ShimadzuGC-14B, HA), KA FID (Agilent
7890A, K, M RAEE (Viei, EH), JInf
»é € & PCR {X(Eppendorf, &), PCR ¥ #4{%
ARlEJe, HiE). HIK{U(BIO-RAD, ).
1.4 N4 DNA KRB

FREX 0.5 g LA 4%, SRITZ IIRERE i 24 5
#3F0 Fast DNA SPIN Kit for soil 7 &, #1415
PN TR R . FEN 4] DNA $25U5 , #it
1%35 g Wi B2 I HL 1k T NanoDrop ND-1000 #4631
DNA YW JEMAE, #7720 °C FiHH.
1.5 PCR ¥ K qPCR ER 5T

150 PCR ™8 : SR A 270 2/ 0
TP B HG 165 rRNA FE53191(4 29 17

ke #F
S T
B ke /N & Bk
(Methanosarcinaceae) F1 H I3

(Methanosaetaceae)J 16S rRNA
1.5.2 PCR ¥ KR K &M Taug PCRIZAH MK
Z 50 uL: 5 pL 10xEx Taq Buffer, 4 pL dNTPs
Mixture, 0.5 uL Ex Tag, 2 pL Primer F, 2 pL Primer
R, 2 pL &4k, ddH,O #h5F% 50 uL. PCR 3545
4. 94°C 5min; 94°C30s, 5|9 T,iBk 305,
72 °C 30's, 35 MEFR; 72 °C 10 min. § 454
Ji2 el H s 2%

1.5.3 T-EHEEER 16S rRNA # 0 EKFRER
Ll sifbEnieny B 09 Fr Bk 43 pMD19-T 4%
KIF AL DHSa 254000, BRECSHYE TR T
LB /NEREFR, MR ORI LA i, R
Bk 107" 2 107, qPCR FRfEfIZR2 .

1.5.4 qPCR ¥ KR K %M. SYBR” qPCR Mix
WA EMKZ 25 uL: 12.5 pL SYBR qPCR Mix,
0.5 uL 50xROX, 0.5 pL primer F, 0.5 pL primer R,
5 uL #ifi, 6 uL ddH,0. qPCR # 34 4%fF: 95 °C
30s; 95°C10s, 514 IWiBk 30s, 72°C30s,
40 ME

1.6 TIRYIREIL S se s

1.6.1 A H AR TIRY E &Y B SR
BB E : TEP SRR P AR 1 g DT+
F, WINESAFEKYHE. 2R, =Hik.
H,/CO,)Y 5 mL JRER:FHH, BHIEE 3 M
SEAT, 3BT 18 °C M 30 °C BMrEEESE, AR
7-10 d WEREFRE G e, A8 H Bevi B 1
UES e I b N NS R 7T

fe BR H (Methanococcales)

H
(Methanobacteriales) H

(Methanomicrobiales) .

it
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x2. AWMRAEABISY
Table 2. Primers used in this study
Target groups Primer name Sequence (5'—3")
Archaea ARC-F AGGAATTGGCGGGGGAGCAC
ARC-R GCCATGCACCWCCTCT
Methanococcales MCC-F TAGCGGTGRAATGYGTTGATCC
MCC-R CACCTAGTYCGCARAGTTTA
Methanobacteriale MBT-F AGCACCACAACGCGTGGA
MBT-R TACCGTCGTCCACTCCTT
Methanomicrobiales MMB-F TYCGACAGTGAGGRACGAAAGCTG
MMB-R CACCTAACGCRCATHGTTTAC
Methanosarcinaceae Msc-F TTAGCAAGGGCCGGGCAA
Msc-R TAGCGARCATCGTTTACG
Methanosaetaceae Mst-F ACGGCAAGGGACGAAAGCTAGG
Archaea 16S TRNA V4+V5 Mst-R CCTACGGCACCRACMAC
Arch519F CAGCCGCCGCGGTAA
Arch915R GTGCTCCCCCGCCAATTCCT

1.6.2 P F be TR AR 27 B be w1k 4 5T
3BT AEDGEBRAEAR TR S BRI 1 g IR LA, I
E 5 mL PRAERIE SRS, WINZERE N
2 mg/mL 7 FGE R R] 2-1R £ Bers PR M (BES),
TEAHIFIALE A X B, R 3 MRS T4 T,
30 °C fHRFE G SR, [0 7-10 d W@ ek B,
A EIERTIN 3 4LRE IR B SRR

1.7 LT

1.7.1 HEEMZBRWEERER LS Bl 5]
£ 0.625.1.250.2.500.5.00010.000,20.000 mmol/L
AR O TR TR T T AILAS

1.7.2 SAEBIE GC-14B MEHLE: KA C18
WM TN, EUARE TR FIDN, B K
W& AR 50 °C, JERETIREE 80 °C, A&
FHELE 130 °C,

1.7.3  SAEGIEL 7890A W€ FEMZER: ik
F: DB-WAX, 60 mx0.25 mmx0.25 pm; #E{E4
F: BRI RFFHEL, 40 °C FFiR, fREF

actamicro@im.ac.cn

0.5 min, LA 10 °C/min 3R M 40 °C T3] 60 °C,
LI 5 °C/min #FM 60 °C T+ 180 °C, #Jrll
20 °C/min HH M 180 °C F+#| 230 °C; HEA%E 1R
200 °C; #HS NE4L He (99.999%), #H /&
1 mL/min; #FFERE 2 pL, Joaimdbee; B hak
EI, HLERESR 70 Ev; 25FUREE 230 °C, PUAT
R 150 °C; HiiFEEH: 30-300 amu,
1.8 THEH 16S rRNA EEY H LUK TonS5™ XL
Wiy

M E S Arch519F H1 Arch915R 471
TURY) DNA A9 16S rRNA V4+VS5 A48 X ¢
5, L 2% PHEER LUK 5 B PCR 774, ff
F Thermo Scientific 23 H] GeneJET i [H W5 &
YIRE afi B A5 25737 o {81 Thermofisher 28 F] Y Ton
PLus Fragment Library Kit 48 rxns &7 {25 &5+
PR, ik Qubit JE i ASCEERIN G 5, 26dEaT
W R BOIR R Ay A B2 FIAE Thermofisher [
TonS5™ XL il
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2 HRFAH

2.1 HRB TR T RIS U
AT 5 108 o e 3 5 0 B R D R
WIABRET(GZC) . BAPHT(KZC)MZZA% JE 45 (ZGTC)
TIBI AT T 16S tRNA R, F4IF 4
fi (B D Ron, HOEEE I B e 0 s
(Methanolobus)1x 3 AL HH 414748, (HAER PP
M ABRES B R . BAPER ZRREY)
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M Hy i S F 2 Wy 5™ B e 1 B 3% Y Be 2K R i
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Figure 1.

AR L
TR o I 2 T AR e T - B B A I R
(Methanobacterium) 1 H J5E Bk 1 J& (Methanocalculus)
R F AR 5 T - R e T8 T (Methanolobus ), TR
T3 P 50 Tk S8 BN R 2% T A v
2| e )\ BB & (Methanosarcina) F1 W LT 7 &
(Methanobacterium), {H & AR, HALI RHARKS
IR T

2.2 qPCR ERVIRY A RGBSR 5™ H e
HHEER

HI Pl 1 RT3 I X ] — R b R
T ZREPE BT AEEROR B A — Sk . Wi
1 20 Y A 1) P A [ A 2 7R e B E@E
A ERATCRR i & i, FRATE A YOS i E
PCR (qPCR)E 4 HTH: 16S rRNA #5 D%k, IEI 2
BoR, AR FZZA IS IR b R 2w
ot 18 -H ot B2 TR BH(Methanosaetaceae) AL AR,
d R T I 15%F0 15.3%;  HRON SR B o 1 -

Natronococcus F Haloparvum, 1B

m Others
Unidentified_Diapherotrites

W Haladaptatus
Halorubrum

B Natronorubrum

B Halohasta

B Candidatus Methanoperedens

W Haloparvum

W Natronococc

B Mathanomassiliicoccus
Unidentified_Thermoplasmata

B Methanocalculus

W Methanobacterium

m Candidatus Nitrososphaera

M Unidentified Crenarchaeota
Methanolinea

B Methanolobus

W Methanorcgula

M Unidentified_Archaea

B Methanosarcina

B Methanosaeta

KzC2 ZGTC.1 ZGTC.2

AR R EK TR EERAEXY FE

Relative abundance of archaeal genera in the saline-alkaline lake sediments. GZC: Gongzhu Co; KZC:

Kunzhong Co; ZGTC: Zigetang Co. Three samples are performed in duplicate.
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20r E=mMSC zzzMST

Relative abundance/%
(=)

Mlimmmumemmny

Ay

MMM

n %%IM_
ZGTC

GZC T KZ

2. qPCR EEHBMF-RREFEIHETHFEE
Figure 2. gPCR quantified the relative abundance of

different methanogen groups in total archaea in the

saline-alkaline lakes. MSC: Methanosarcinaceae; MST:

Methanosaetaceae; MMB: Methanomicrobiales; MBT:
Methanobacteriales; MCC: Methanococcales. Data are
from triplicate experiments, averages and standard
deviations are provided.

B T H (Methanomicrobiales) #1 FF %5¢ #1 7 H
(Methanobacteriales) . {7 38 Tt I 5 F- A TEX P~
DL HAS D 2 FBE 2218 16S rRNA P, iX ]
REJE T B A S E IRl R 9 A B B AT
TR P OB R £ R/ W B ) R e /\ & BR AR
(Methanosarcinaceae) . L FRAY ™ H et -H B 521
Bl (Methanosaetaceae) F1 A U 7= H ot T - FH Bt T A
H (Methanomicrobiales), 43 %) &5 M E Y 11.0% .
7.9%H1 7.4%.

g5 Rk, 3 A ER IR i LS e R 2
RUEANARIA], A BRSNS TR L) S 1R ™
HBER LA ERE . BATHD™ e 2R R,
bR IR/ H BB R R Ah, i ECE IR B R H ot
W o (HTE X SEAR IR B Eh T R AT DL 2R S R B AU 1Y)
7 BE R L ZERE
2.3 ARIFERMTIRYEA AR B> R g

RE 3 ASERERIET TR B AL F ot T e
ISR e, FATH IR TR E Y7 H e
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Y B, = H LR AN 1.01x10° Pa Y Hy/COy),
SRIGINELE 18 °C 130 °C F 7= B Bk R 22 5
ZERTBIR, NEEETURY D O W b A e
1M H 30 °C F=HIBEHRIE: 18 °C 1Y 2.5 fiF, ML
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A 3-A), BB R S0 SR AR Ry 7 Y b
BRI AL, R st F 2R
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T B A DO ARy v B e 7 B e ) 3l 3 b vy, T
30 °C ¥5FE0EIA 1.05440.074 mmol/(L-d), 18 °C
1) 3 45, Rt i GE R TR R s A=
e AR e A R AR, T R S Ho/CO, R JIEH)
HHLF-JCH b= A= (& 3-B), UiH B AP EE A L
s B B s AR R R B o . 18] 3-C o, 2%
WIEFEDURIAE 4 R B3y Wk, i HER
Ho/CO, IS I BEs AR A, HoAth, 3 B i
FHBEHR A 2, T 280 S v SR B TR BESSARal
P BE R IEAE

i BTk, 3 AR th oA g R ek
AR G TR, ABREE TP LIVE 21857 H
Beti i, BP0 &,
258 R P TR DL IR R A F e B
2.4 7R BB A 0 0 TU AR R i AR R
2 = H be ¥ o

k2B R uE 3 A ERGIHI TR A TRt i
e, FRATIETTRRYIRE S R B ™ FR e sl 0] 2-
TR ZLEilFRER(BrES), 1E 30 °C 3535 5 K6 i H A FR
R PRI AYI R . 76 BrES 415, H, AR
i, PURTHERR Hy B8 R beikts . Qi 4-A
B. C iR, SICHIHIFIRXT AEARLL , %550 BrES
AR S TE R e A, BERH 58 4l 1 F e
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o DUE I ™ e AR R, A
DU E T 4.39+0.75 mmol/L HEE(K 4-E), Tfi
X BEZH o HA 0.64:£0.03 mmol/L FVEE . AR F s
Ak 2 1 A5 2 (1) K kot BB 4 Al 28K FR do 7 o
13.89+1.77 mmol/L (14 4-B), 14 i H ssxf B fhss
7 B BE TR N 20.2% KU B B il 4 A
B MR N 42.82+0.86 mmol/L, TiXf B4 P fy
36.58+1.57 mmol/L ZFR(E 4-H), FItitdE 2 Xt
ELAMEE " BRI TR N 43%. BrES il B9 A BREE
DRI, LIRS RN 44.06£2.50 mmol/L, Xf
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Figure 3.

IS5 (K 4-D), ULIIZ IR A7 AE H g
BEIR 1R o MG B AR e = B 14,99+
2.34 mmol/L (K 4-A)FIZ Ry~ kefkrit&
F(Q2), AR FEORE T CRigR,
X 5 H N SR H B f i (D 5 3 — 30 (B2 R
FREHE R O W B2 E TR L, HED AT RE 2
IR P AAE R e R A A, B AR A
FF B SR K HREIAFE , B AR HEER SRR D4R R
fifiRAe . W BrES M T H BE A 25k R T 2
FRFR 2 30.09+5.01 mmol/L (/& 4-T), HIEEFR EAV
47 1.26+0.16 mmol/L (&l 4-F), [a]it, Xt HeEZH e

B
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(=]
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M T™MA Ac

H,/CO,

UABSTUARAAITE 18 °C #0 30 °C T M 4 MR8 7= F fTiR
Methanogenic rates of the sediments of Gongzhu Co (A), Kunzhong Co (B) and Zigetang Co (C) from

20 mmol/L of each of methanol (M), trimethylamine (TMA), acetate (Ac) and 1.01x10° Pa H,/CO, (80 : 20) at
18 °C and 30 °C. Data are from triplicate experiments, and averages and standard deviations are provided.
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4. RIEHANE ERRYAERR. RN R R P EF 2R E
Figure 4. Determination of accumulated methanol and acetate in methane production-inhibited sediments at 30 °C.
CK: without addition of methanogenesis-inhibitor 2-bromoethanesulfonate(BrES); BrES: addition of
methanogenesis-inhibitor BrES; Methane (A, B, C), and accumulated methanol (D, E, F) and acetate (G, H, I) in
Gongzhu Co (left), Kunzhong Co (middle) and Zigetang Co (right) are shown. Data are from triplicate experiments,
and averages and standard deviations are provided.

PR, ARBEHESR 54 d B, WHRARCRIE 3 3
K% 11.01£0.14 mmol/L, M4y =HEefb2Ata

(), BRI LN LR . 2R AXRERHAPITRY, FPEHRRER
B2 e A A AR I T L e Jirt FH 08 HE IS BR DX ——5 R i g A 3

G LER, ZRT AR AR gy T PORRET, TR MBI A7 A
A B L R s Sy s 2GR 7 R SIRAUHN 0-2 °Co ABFFEXT B4 . T AR

TSI BT (AER AN RS 3 A4~ i B ER A A 4 = B bt i 42 S
ACH;OH—3CH, + HCO;, + H™ + H,0 (1) P87 H Bt TR R V& AL B e B, 6 B SR (IR A
CH;COO™ + H,0—CH, + HCO; ) BRSO i H e HER AT B8 B HH R b ads
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ok, AR YA TRET DL QR W iR AR BT
R T2 F e HE AR, T o R B ZE AR YA b
HEAL, FTREEZ M O b

ARl A 512 30 5 T 40 R B 7 o i R N
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e B B A IR TE B, RIS qPCR Al 1) 4%
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Methanogen communities and predominant methanogenic
pathways in three saline-alkaline lakes on the Tibetan Plateau
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Abstract: [Objective] To analyze the dominant methanogenic communities and methanogenic pathways in the
different saline-alkaline lakes at the Qinghai-Tibet Plateau. [Methods] Using the sediments from three saline-alkaline
lakes, Gongzhu Co, Kunzhong Co and Zigetang Co, that have different salinities and plantation types, as objects, we
analyzed archaeal 16S rRNA diversity via high-throughput sequencing, and quantified the dominant methanogenic
groups using quantitative PCR. The dominant methanogenic groups were then confirmed by comparing methane
producing rates of the sediments from all known methanogenic substrates (methanol, trimethylamine, acetate and
H,/CO,). Upon inhibition of methane production by a methanogenesis-specific inhibitor (2-bromoethanesulfonate),
accumulated methanogenic precursors were determined so as to infer methanogenic pathways in the lake sediments.
[Results] Methanosarcinaceae (11%), Methanosaetaceae (7.9%) and Methanomicrobiales (7.4%) were determined to
be dominant in Kunzhong Co; Methanosaetaceae was accounted for 15% and 15.3% in Gongzhu Co and Zigetang Co,
respectively, including the genera of Methanobacterium and Methanolobus. The highest methane production rates
were determined from acetate and methanol in Gongzhu Co and Kunzhong Co respectively, but there was no
difference in methane production rate from different methanogenic substrates in Zigetang Co. Methanol and acetate
were respectively accumulated in methanogensis inhibited Kunzhong Co and Gongzhu Co, but no substance was
obviously accumulated in Zigetang Co. [Conclusion] Methylotrophic methanogens and their implemented
methanogenic pathway could be dominant in Kunzhong Co; and acetoclastic methanogens were prevalent in Gongzhu
Co. However, not much methane production and substrate accumulation were determined in Zigetang Co. Based on
the analysis, the dominant methanogenic pathways and methanogenic communities were predicted to be associated
more with vegetation type but less with salinities of the saline-alkaline lakes on the Tibetan Plateau.

Keywords: Tibetan Plateau, saline-alkaline lake sediments, dominant methanogens, methanogenic pathways,
vegetation type association
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