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The Emergence of Novel Methane Oxidizers in Greenland Permafrost Soil Under Periodically

Water Saturated Conditions

LIU Bei'2, BO Elberling?, JIA Zhongjun?*

(1 Sino-Danish Center for Education and Research, University of Chinese Academy of Sciences, Beijing 100190, China; 2 State
Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China; 3 Center for Permafrost (CENPERM), Department of Geosciences and Natural Resource Management, University of
Copenhagen, Copenhagen K 1350, Denmark)

Abstract: This study investigated the impact of soil moisture on methane oxidation potential and the species of active
methanotrophs in two contrasting soil types: permanent aerobic upland and periodically water saturated land in Zackenberg,
Greenland. Each soil sample was incubated in a 120 ml bottles with 5% '*C-methane or with air in case of the control treatment.
Stable isotope probing was used to label the active methanotrophs, while high throughput sequencing of the 16S rRNA and pmoA
genes was performed to analyze how the active methanotrophs change in abundance and composition in response to the different
soil moisture conditions. Both soil samples showed high activity of aerobic methane oxidation, but the periodically water
saturated land developed the higher potential of carbon assimilation. The difference between the species with subprime status in
the two types of soil samples could explain the variance of soil methane oxidation and carbon assimilation. The results indicated
that the periodical water saturation promote methane oxidation by altering the composition of the subprime active methanotrophs
(Methylocaldum and Crenothrix) rather than the dominant ones (Methylocystis/Methylosinus) in permafrost soil.
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Fig. 1

The '3C-methane oxidation rates under different water contents (A),

13C- atom abundances in two types of soil and the concentrations of

carbon dioxide in soil after the incubation(B) and the shifts of methanotrophic communities structures and their compositions (C) based on high
throughput sequencing of 16S rRNA genes
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Fig. 3 Phylogenetic relationship of methanotrophic 16S rRNA gene sequences (A) and pmod gene sequences (B) from the '*C-DNA

TEPEA HLR BR A 0 520 . R SCH. R P %
PRIREF /R ER R, LA O K AE 5% mikEEH
Ledige 35 dJa, HHEEAPLR BC-atom Y LAEN
(i) A 88 ) 2 2 3 o, SR I a4 e A E AR T
SMNERRG LT A B BT A S R R R I
TE] %) B ot S A o 3R v, (LR A BB (R 37 25 5 200
R T T) s 7K - 338, SRR A 0 4 FE o S A TR ke )
WAL TR . MAE PR 1338, i i Uy
T35 DNA 1) 16S rRNA BRI, W FH AL
EH BE A AL E I Methylosinus . K IMF5R R,

KA BE B Methylosinus/Methylocystis J& EA W
FHGE BTN A 2R 4, RE A% 1 1 A o vk B2 i 20 AR AR 1Y +
BEMR , DT AR T A E S b - BN (R i /K 1 458 vp
i R IS S AR P A g e S A
FE, type T FGE A B TEARDS 328 B A 5 YA
B2, KX 3 e A A AL R Y type T
e S Ak TR s B 03 - SR i fn e 5
i3 Y type 1T e AL Methylocaldum(2.09%)

B K L3RRS Crenothrix(2.39%) T B .
FaEERINLZE BC-DNA [ il w4 75 2] 28
PIZER . 35 DNA JF4 788 sl % R B0 e
521 - FR] IO 7K 1= 8 1Y BC AR DA B E IF ) % B v
BB T W pmod FEPIF S0, FW] +HErhig v
e AL A BC-CHs A T ALY T . AR
BC/C 1) pmoA HEIHAF5 WM A% 78 B2 AT L & PR a] i
HEK B3I R AL R B 2 s T R 58 2
TIEEE SRR AR 3C-atom FEESRMAYE, 7T
000 [0 B ¥ 7K 3k A ] S T ik W) Ak B ) R ) R
e EAL BRI 2 HE AT X 3C-DNA 1) 168 rRNA 3 [ 7538
S DU g 3 M TR et S S A TR T R R A TR R, &
I Crenothrix TERIHCHE /K T EH A EEAEH . o &f
R, Crenothrix TE/K A R HZ AT ey £
FE 22 S type T H ot S8 A0 TR A A7 SR I it )
T -8, type I LS ALTR BAT K-1E8E5KE0E ; (H
Crenothrix ANIA] T2 3LH) type 1 i W e sd b, H
KRN A S R LT KBRS,

http://soils.issas.ac.cn



96 +

i

o552 4%

B[R AbR AR TN e R, AT 25 38 1y 2 7K 4 B
e, F I ETHEN, Crenothrix WIAFAEARA T RERL/E:
SERICE R K IR IR RE ) = T R A R
(AT, BT 5 Y Rer T, SiE sl PC-DNA
FHY pmoA R ARBEL L Crenothrix #HFF . JLE N
I, FETRT A 7K -3 b B RS i 7 T 1 B e A B R
Methylobacter il pmoA-2, STE5-H 38 Rk ZE 7
1 RPCs/Methylocaldum W HATH 255

6 Bz =2 B W A 4 BR A AR b e o BBURR Y IX
Wz —, —E LKA R TRE G A E EUR Y =
AL FRATT R A 5% A AR S A T R DX 3
5 e - B RUR RN B R AR B e S L TR L
R P o B A TR A 9 2 4 AT T B 3, AR 5
T 3 AR A R - AT T T B R IR AT
ANTE] 7K 3 R0 8 B 3 A S A e vk B R e iy e v
i 3= S AL P e A TR AY , $8 7 1K OHE R %
AR 8K 5l PR32 70 Bt S Ak R T R b AR
SR A THT PRARAR B 22 By AR AT IR A S
14w 7 L T PR AR AR S

4 e

R RS E P R R AR B e S b 72
DL B S AL R A B DI RE LR pmod F1 16S rRNA 3
UMW RT S, 454wl PR, S5 T Ak
T IAS [ 7K 43 P45 1) 18 A e S A 3 P 1
YR TERAEY S E AT L, (R LA 1)
type 1 F e S A0 B EVE 7E L 3K /3 B AR~ & 2E
T M Methylocaldum %) Crenothrix BEZR S FE, MM
SR A 7K IR AR H et () BE g (HR R T
FARFBBR I, 7E pmod FEH =i & P45 3 v -
AR Crenothrix #HICJFH], K AKANT KA
Crenothrix B9 38514, Il AR ARG HAE B 4t
Al RN EZEN.

SEZ

[1] Spahni R, Chappellaz J, Stocker T F, et al. Atmospheric
methane and nitrous oxide of the late pleistocene from
Antarctic Ice Cores[J]. Science, 2005, 310(5752): 1317-1321.

[2] IPCC Climate Change. The physical science basis[M].
Cambridge: Cambridge University Press, 2007.

[3] IPCC Climate Change. The physical science basis[M].
Cambridge: Cambridge University Press, 2013.

[4] i, thde, ZEALERE. it AU X e PR o8+l 5 2 0 [T].
+ 3 2010, 42(2): 153-163.

[5] Roslev P, King G M. Aecrobic and anaerobic starvation
metabolism in methanotrophic bacteria[J]. Applied
Environmental Microbiology, 1995, 61: 1563-1570.

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Le Mer J, Roger P. Production, oxidation, emission and
consumption of methane by soils: A review[J]. European
Journal of Soil Biology, 2001, 37: 25-50.

Kirschke S, Bousquet P, Ciais P, et al. Three decades of
global methane sources and sinks[J]. Nature Geoscience,
2013, 6: 813-823.

Hanson R S, Hanson T E. Methanotrophic bacteria[J].
Microbiology Reviews, 1996, 60: 439-471.

Amaral J] A, Knowles R. Growth of methanotrophs in
methane and oxygen counter gradients[J]. FEMS Microbiology
Letters, 1995, 126: 215-220.

Graham D W, Chaudary J A, Hanson R S, et al. Factors
affecting competition between type 1 and type II
methanotrophs in continuous-flow reactors[J]. Microbial
Ecology, 1993, 25: 1-17.

Liebner S, Wagner D. Abundance,
potential

distribution and
activity of methane oxidizing bacteria in
permafrost soils from the Lena Delta, Siberia[J].
Environmental Microbiology, 2007, 9: 107—117.

Wagner D, Liebner S. Global warming and carbon
dynamics in permafrost soils: Methane production and
oxidation[J]. Permafrost Soils, Soil Biology, 2009, 16:
219-236.

Elbering B, Tamstorf M P, Michelsen A, et al. Soil and
plant community-characteristics and dynamics at Zeckenberg[J].
Advances in Ecological Research, 2008, 40: 223-248.
Radajewski S, Ineson P, Parekh N R, et al. Stable-isotope
probing as a tool in microbial ecology[J]. Nature, 2000,
403(6770): 646—649.

Manefield M, Whiteley A S, Griffiths R I, et al. RNA
stable isotope probing, a novel means of linking microbial
community function to phylogeny[J]. Applied and
Environmental Microbiology, 2002, 68(11): 5367-5373.
UM FRUE PERM RAL RIS 5 R DNA-SIP J5UH 5 )i
JI. SA243R, 2011, 51(12): 1585-1594.

e, BE. ST DNARNA [N R EHEA
7K 1 B A A i 5E 0], 88241, 2016, 53(2):
490-501.

e, BT B — 1 e e S AR T IR 3R R
DNA/RNA F ARG S H 215 H bt S A i A 4 R ).
A Y2EAR, 2013, 53(2): 173-184.

Stubner S. Enumeration of 16S rDNA of desulfotomaculum
lincage 1 in rice field soil by real-time PCR with
SybrGreen TM detection[J]. Journal of Microbiological
Methods, 2002, 50(2): 155-164.

Caporaso J G, Kuczynski J, Stombaugh J, et al. QIIME
allows analysis of high-throughput community sequencing
data[J]. Nature Methods, 2010, 7(5): 335-336.

Kumar S, Stecher G, Tamura K. MEGA7: Molecular
evolutionary genetics analysis version 7.0 for bigger
datasets[J]. Molecular Biology and Evolution, 2016, 33(7):
1870-1874.

Oswald K, Jon G S, Sten L, et al. Crenothrix are major
methane consumers in stratified lakes[J]. The ISME
Journal, 2017, 11: 2124-2140.

Wang P, D'Imperio L, Liu B, et al. Sea animal activity
controls CO2, CH4 and N2O emission hotspots on south
Georgia, sub-Antarctica[J]. Soil Biology and Biochemistry,
2019, 132: 174-186.

http://soils.issas.ac.cn



