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Abstract: Treeline shifts are likely to have a profound impact on the distribution of biodiversity and the maintenance of
ecosystem functioning. Understanding the community structure and functioning of soil microorganisms around the treeline is
crucial for predicting the response of ecosystems to global climate change. In this study, we investigated the soil bacterial
communities and their function in a Quercus liaotungensis forest and the meadow above the treeline at Mount Dongling,
using 16S rRNA gene sequencing and PICRUSt analysis. The results showed that soil bacterial species richness did not
significantly change at the treeline, and there was no obvious trend along the elevation gradient. However, the bacterial
community structure and the predicted functional profiles changed at the treeline. Within the 39 predicted functional
categories at KEGG pathway hierarchy level 2, 11 categories showed apparent differences between forest and meadow.
Relative abundance of gene families related to biosynthesis of other secondary metabolites, transcription, glycan biosynthesis
and metabolism, enzyme families, signaling molecules and interaction, environmental adaptation, growth, and death tended
to be higher in the forest, whereas the abundance of gene families related to metabolism of cofactors and vitamins,
membrane transport, and the endocrine system were significantly higher in the meadow. In future studies of microbial

ecology, more attention should be paid to community composition and functioning instead of species diversity.
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Fig.3 Elevational pattern of predicted functional profiles ( hierarchy level 1)
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Fig.5 The variation of predicted functional profiles between forest and meadow ( hierarchy level 2)

£ 3L HR ( References)

[ 1] Kérner C. Alpine Plant Life: Functional Plant Ecology of High Mountain Ecosystems. Berlin Heidelberg: Springer, 2003.
P, SR, ki, Pofd. WA A AN A BT R AEA52EA0E, 2014, 33(3) : 799-805.
3] Harsch M A, Hulme P E, McGlone M S, Duncan R P. Are treelines advancing? A global meta-analysis of treeline response to climate warming.
Ecology Letters, 2009, 12(10) ; 1040-1049.
[ 4] Greenwood S, Jump A S. Consequences of treeline shifts for the diversity and function of high altitude ecosystems. Arctic, Antarctic, and Alpine
Research, 2014, 46(4) . 829-840.
[ 5] Wardle D A, Bardgett R D, Klironomos J N, Setild H, Van Der Putten W H, Wall D H. Ecological linkages between aboveground and

http ; //www.ecologica.cn



6

R 2 dURR R IR AL+ A 19 PICRUSE HE K 150 43 #r 7

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

belowground biota. Science, 2004, 304(5677) : 1629-1633.
De Deyn G B, Van der Putten W H. Linking aboveground and belowground diversity. Trends in Ecology & Evolution, 2005, 20(11) : 625-633.
Ding J J, Zhang Y G, Deng Y, Cong J, Lu H, Sun X, Yang C Y, Yuan T, Van Nostrand J] D, Li D Q, Zhou J Z, Yang Y F. Integrated
metagenomics and network analysis of soil microbial community of the forest timberline. Scientific Reports, 2015, 5: 7994.
Shen C C, Shi Y, Ni YY, Deng Y, Van Nostrand J D, He Z L., Zhou J Z, Chu H Y. Dramatic increases of soil microbial functional gene diversity
at the treeline ecotone of Changbai Mountain. Frontiers in Microbiology, 2016, 7. 1184
Thébault A, Clément J C, Ibanez S, Roy J, Geremia R A, Pérez C A, Buttler A, Estienne Y, Lavorel S. Nitrogen limitation and microbial
diversity at the treeline. Oikos, 2014, 123(6) ; 729-740.
ABhauer K P, Wemheuer B, Daniel R, Meinicke P. Tax4Fun: predicting functional profiles from metagenomic 16S rRNA data. Bioinformatics,
2015, 31(17) : 2882-2884.
Langille M G I, Zaneveld J, Caporaso J] G, McDonald D, Knights D, Reyes J A, Clemente J C, Burkepile D E, Thurber R L V, Knight R, Beiko
R G, Huttenhower C. Predictive functional profiling of microbial communities using 16S rRNA marker gene sequences. Nature Biotechnology,
2013, 31(9) : 814-821.
BAAE. B = A MR R A MR R A REMIESE [ D] WG ERL B G i TS, 2006.
Zarraonaindia I, Owens S M, Weisenhorn P, West K, Hampton-Marcell ] H, Lax S, Bokulich N A, Mills D A, Martin G, Taghavi S, van der
Lelie D, Gilbert J A. The soil microbiome influences grapevine-associated microbiota. mBio, 2015, 6(2) ; €02527-14.
R, bRZEA, A, BiAEE, WAR, AR R T I E XS I i A W) 2 B K PICRUS JE R T 43 #r. s #2353k, 2016,
28(8): 2581-2588.
Wu J, Peters B A, Dominianni C, Zhang Y L, Pei Z H, Yang L F, Ma Y F, Purdue M P, Jacobs E J, Gapstur S M, Li H L., Alekseyenko A V,
Hayes R B, Ahn J. Cigarette smoking and the oral microbiome in a large study of American adults. The ISME Journal, 2016, 10( 10) ; 2435-2446.
WuZ X, HaoZ P, Sun Y Q, Guo L P, Huang L Q, Zeng Y, Wang Y, Yang L, Chen B D. Comparison on the structure and function of the
rthizosphere microbial community between healthy and root-rot Panax notoginseng. Applied Soil Ecology, 2016, 107 99-107.
Tz, Dyl SREH, AR, SR AR R L RAR (Quercus liaotungensis ) M IE 346 BE 1 W B 22 BE o0 A AEZS 24, 2007, 27
(11) . 4743-4750.
Caporaso J G, Kuczynski J, Stombaugh J, Bittinger K, Bushman F D, Costello E K, Fierer N, Pefia A G, Goodrich J K, Gordon J I, Huttley G
A, Kelley ST, Knights D, KoenigJ E, Ley R H, Lozupone G A, McDonald D, Muegge B D, Pirrung M, Reeder J, Sevinsky J R, Turnbaugh P
J, Walters W A, Widmann J, Yatsunenko T, Zaneveld J, Knight R. QIIME allows analysis of high-throughput community sequencing data. Nature
Methods, 2010, 7(5) : 335-336.

Li G X, Xu G R, Shen C C, Tang Y, Zhang Y X, Ma K M. Contrasting elevational diversity patterns for soil bacteria between two ecosystems
divided by the treeline. Science China Life Sciences, 2016, 59(11) . 1177-1186.
Edgar R C, Haas B J, Clemente J C, Quince C, Knight R. UCHIME improves sensitivity and speed of chimera detection. Bioinformatics, 2011, 27
(16) : 2194-2200.
R Development Core Team. R: a language and environment for statistical computing. Vienna, Austria; The R Foundation for Statistical
Computing, 2012.
Fierer N, McCain C M, Meir P, Zimmermann M, Rapp J M, Silman M R, Knight R. Microbes do not follow the elevational diversity patterns of
plants and animals. Ecology, 2011, 92(4) . 797-804.
Prober S M, Leff ] W, Bates ST, Borer E T, Firn J, Harpole W S, Lind E M, Seabloom E W, Adler P B, Bakker ] D, Cleland E E, DeCrappeo
N M, Delorenze E, Hagenah N, Hautier Y, Hofmockel K S, Kirkman K P, Knops ] M H, La Pierre K J, MacDougall A S, McCulley R L,
Mitchell C E, Risch A C, Schuetz M, Stevens C J, Williams R J, Fierer N. Plant diversity predicts beta but not alpha diversity of soil microbes
across grasslands worldwide. Ecology Letters, 2015, 18(1) . 85-95.
Yang Y F, Gao Y, Wang SP, Xu DP, Yu H, Wu LW, LinQY, Hu Y G, Li X Z, He Z L, Deng Y, Zhou J Z. The microbial gene diversity
along an elevation gradient of the Tibetan grassland. The ISME Journal, 2014, 8(2) . 430-440.
Millard P, Singh B K. Does grassland vegetation drive soil microbial diversity? Nutrient Cycling in Agroecosystems, 2010, 88(2) . 147-158.
Shen C C, Liang W, Shi Y, Lin X G, Zhang H Y, Wu X, Xie G, Chain P, Grogan P, Chu H Y. Contrasting elevational diversity patterns
between eukaryotic soil microbes and plants. Ecology, 2014, 95(11) : 3190-3202.
van der Heijden M G A, Bardgett R D, van Straalen N M. The unseen majority: soil microbes as drivers of plant diversity and productivity in
terrestrial ecosystems. Ecology Letters, 2008, 11(3) : 296-310.
Thomson B C, Ostle N, McNamara N, Bailey M J, Whiteley A S, Griffiths R I. Vegetation affects the relative abundances of dominant soil bacterial
taxa and soil respiration rates in an upland grassland soil. Microbial Ecology, 2010, 59(2) : 335-343.
Urbanova M, Snajdr J, Baldrian P. Composition of fungal and bacterial communities in forest litter and soil is largely determined by dominant trees.
Soil Biology and Biochemistry, 2015, 84 53-64.
Landesman W J, Nelson D M, Fitzpatrick M C. Soil properties and tree species drive B-diversity of soil bacterial communities. Soil Biology and
Biochemistry, 2014, 76. 201-209.
YR, 35, BT, SRARAR, 2RI, RIHHE. S X T e I SR A PR VR W A R s . AR AR ARAR, 2015, 34(11) : 2990-2994.

http ; //www.ecologica.cn



