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POLAR REGIONS

By
NG YI CHING
July 2020
Chairman : Professor Cheah Yoke Kqueen, PhD
Faculty : Medicine and Health Science

Soil contains the highest microbial diversity compared to other natural habitats
onthe earth. The advance in the next generation sequencing (NGS) techniques
have allowed scientists to explore the diversity and composition of sail
microorganisms at different locations including extreme cold places such as
polar regions. Global warming has become an alarming issue to public as it
could bring harms to all living organisms on earth. There are many studies
reporting the effect of warming on the macroorganisms. However, not many
studies reported on the response of microorganisms towards warming due to
complexity of microbial genome. The importance of the study is to provide the
reference knowledge for researchers on the relationship between the response
of soil microbes and the effect of warming. The aim of this study was to compare
soil metagenome between different months affected by open top chambers
(OTC). A total of 18 soil samples were collected from 3 different open top
chambers (OTC) located near the Molecular Biology Laboratory at Universiti
Putra Malaysia between February and August2017. The primer pairs 341F and
805R was employed to perform PCR amplifications of 16S rRNA gene and the
samples were then sequenced on llluminaMiseq2500 platform. The results
showed that the most dominant bacterial phyla found within tropical soil samples
were phyla Proteobacteria followed by Actinobacteria, Chloroflexi,
Planctomycetes, Acidobacteria, Bacteroidetes, Firmicutes, Cyanobacteria,
Verrucomicrobia, and Nitrospirae. After 6 months of OTC warming, the results
showed that there was an increase in abundance of Proteobacteria,
Actinobacteria, Firmicutes and Verrucomicrobia while Chloroflexi, Acidobacteria,
Cyanobacteria, and Nitrospirae showed decrease in their abundance. No
significant change in soil bacterial diversity and richness but there was a shift in
bacterial structure and composition. On the other hand, to study the species
diversity among samples compared to available database and compare the



analysis of soil metagenome between tropical and polar regions, two soil
samples from Greenwich Island, Antarctic and Hornsund, Spitsbergen, Arctic
regions were utilized. These two samples were not simulated by OTC at these
two polar regions. In addition, they were pre-collected and pre-sequenced
separately from the current batch of tropical soil samples. The soil metagenome
data between tropical and polar regions were then compared together to observe
their differences in bacterial diversity and composition. The results showed that
three most dominant phyla found within the tropical soil samples were phyla
Proteobacteria, Actinobacteria, and Chloroflexi while for both polar regions, the
most dominant groups were represented by phyla Proteobacteria, Actinobacteria,
and TM7. Additionally, the results also showed that there was presence of some
commonly shared bacterial groups which were dominated in both polar and
tropical soils. To conclude, short-term OTC warming did not cause any changes
in soil bacterial diversity and richness but did cause changes in bacterial
abundance of certain bacterial groups and in turn shift the bacterial structure and
composition. Additionally, two most abundant and dominant bacterial groups,
Proteobacteria and Actinobacteria were revealed from tropical and polar regions
when comparing their metagenome data.
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Tanah mengandungi kepelbagaian jenis mikrob yang tertinggi berbanding
dengan habitat alam semula jadi lain yang berada di bumi. Kemajuan dalam
teknik “next generation sequencing” (NGS) membolehkan para saintis untuk
meneroka kepelbagaian dan komposisi mikroorganisma tanah di lokasi yang
berbeza termasuk tempat sejuk yang melampau iaitu kawasan kutub.
Pemanasan global telah menjadi masalah yang membimbangkan masyarakat
kerana iaboleh membawa kemudaratan kepada semua organisma yang hidup
di bumi. Terdapat banyak kajian yang melaporkan kesan pemanasan pada
makroorganisma. Namun begitu, tidak banyak kajian yang melaporkan tindak
balas mikroorganisma terhadap pemanasan kerana kerumitan genom mikrob.
Kepentingan kajian ini adalah untuk memberikan pengetahuan kepada
penyelidik sebagai rujukan terhadap hubungan antara tindak balas mikrob tanah
dan kesan pemanasan. Kajian ini bertujuan untuk membandingkan metagenom
tanah yang dipengaruhi oleh ruang atas terbuka (OTC) di antara bulan yang
berlainan. Sejumlah 18 sampel tanah daripada kajian dikumpulkan dari 3 ruang
terbuka yang berbeza (OTC) yang terletak berhampiran Makmal Biologi Molekul
di Universiti Putra Malaysia antara Februari dan Ogos 2017. Pasangan primer
341F dan 805R telah digunakan untuk PCR gen 16S rRNA dan seterusnya
dianalisis dengan llluminaMiseq2500. Hasil kajian ini menunjukkan bahawa Filum
bakteria yang paling dominan telah ditemui dalam sampel tanah tropika adalah
Filum Proteobacteria diikuti oleh Actinobacteria, Chloroflexi, Planctomycetes,
Acidobacteria, Bacteroidetes, Firmicutes, Cyanobacteria, Verrucomicrobia dan
Nitrospirae. Setelah pemanasan OTC selepas 6 bulan, dapatan kajian
menunjukkan terdapat peningkatan jumlah Proteobacteria, Actinobacteria,
Firmicutes dan Verrucomicrobia tetapi Chloroflexi, Acidobacteria, Cyanobacteria
dan Nitrospirae menunjukkan penurunan jumlahnya. Tiada perubahan ketara
dalam kepelbagaian dan kekayaan bakteria tanah boleh ditemui tetapi terdapat
perubahan struktur dan komposisi bakteria. Sebaliknya, untuk mengkaiji



kepelbagaian spesies di antara sampel berbandingdengan pangkalan data
yang sedia ada dan membandingkan analisis metagenome tanah antara rantau
tropika dan kutub. Dua sampel tanah dari Greenwich Island, Antartika dan
Hornsund, Spitsbergen, Arctic telah digunakan. Kedua-dua sampel ini tidak
disimulasikan oleh OTC di dua rantau kutub ini. Selain itu, kedua-dua sampel
tersebut telah dikumpulkan dan dijujukkan secara berasingan dari kumpulan
sampel tanah tropika semasa. Seterusnya, data metagenom tanah antara rantau
tropika dan kutub, dibandingkan untuk melihat perbezaan di antara mereka dari
segi kepelbagaian dan komposisi bakteria. Hasil kajian ini menunjukkan bahawa
tiga Filum yang paling dominan dalam sampel tanah tropika adalah phyla
Proteobacteria, Actinobacteria dan Chloroflexi sementara untuk kedua-dua
rantau kutub, kumpulan yang paling dominan diwakili oleh phyla Proteobacteria,
Actinobacteria dan TM7. Tambahan pula, hasil kajian ini juga menunjukkan
bahawa terdapat beberapa persamaan kumpulan bakteria di rantau tropika dan
kutub. Sebagai kesimpulannya, pemanasan OTC pada masa jangka pendek
tidak menyebabkan sebarang perubahan dalam kepelbagaian dan kekayaan
bakteria tanah tetapi ia menyebabkan perubahan dari segi jumlah bakteria untuk
kumpulan bakteria tertentu dan seterusnya mengubah struktur dan komposisi
bakteria. Tambahan pula, Proteobacteria dan Actinobacteria merupakan dua
kumpulan bakteria yang paling banyak dan dominan dalam sampel dari rantau
tropika dan kutub ketika perbandingan data metagenom dilakukan.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Soil nurtures a vast diversity of life and it contains the highest microbe diversity
compared to other natural environment (Roesch et al., 2007). One teaspoon of
soil consists of billions of bacterial cells and around 100,000 different bacterial
species (Torsvik, Ovreas, and Thingstad, 2002). This soil microbial communities
determine the key functions of the soil and directly affecting the qualities and
properties of the land. They play a crucial role in plant fertility, cycling of carbon
(C) and nutrients, decomposing of organic matters, controlling the production
and absorption of greenhouse gases such as methane and nitrous oxides (Hu,
Firestone, and Chapin, 1999). However, despite the presence of enormous
bacterial diversity in soil environment, 99% of bacterial species cannot be
cultured and identified through traditional way (Pham and Kim, 2012). To reveal
the information about the biodiversity and functions of the soil microbes, it is
believed that the employment of metagenomic approach involving direct isolation
of DNAfrom soil environment could improve better access to these soil microbial
communities.

Current advent molecular techniques that bypass prior need for extraction and
lab cultivation of individual bacterial species enable the study of bacterial genome
directly from natural environment (Riesenfeld, Schloss, and Handelsman, 2004;
Streit and Schmitz, 2004; Handelsman, 2005). The advances in next generation
sequencing (NGS) have redefined and allowed significant breakthroughs in
metagenomic studies. It is a high throughput, massive parallel sequencing that
allow much faster and reproductive results at an acceptable cost (Schuster, 2007;
Shendure and Ji, 2008). There are two commonly used NGS technologies that
have been widely applied in metagenomic studies which are the Roche 454
pyrosequencing and lllumina (solexa) sequencing. In the present study, the
lllumina sequencing has been applied to sequence and analyze bacterial genome
as it has been reported in most of metagenomic studies that could produce
greater yield, allows significant decrease of systematic errors and low cost
(Mandal et al., 2015).

Two polar regions including Arctic and the Antarctic regions that are located at
the North and South poles of the earth are the coldest places in the world. From
the past, it was believed that there was presence of low microbial biodiversity in
these environments. However, recent studies have utilized advanced next
generation sequencing (NGS) techniques to claim that the soil ecosystems at
these two regions are dominated by cold tolerant microorganisms with high
biodiversity level (Yergeau et al., 2007; Niederberger et al., 2008; Schutte et al.,
2009). Bacterial populations are the most dominant and diverse group compared
to other microorganisms in the soil ecosystem. To have a better understanding on
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the unusual physiological and biochemical properties of these specific soil
bacteria species adapting in these cold ecosystem, the next generation
sequencing (NGS) techniques have played an important role in accessing the
diversity and composition of the soil bacteria communities and revealing their
specific metabolic functions in these extremely cold environments.

The term ‘global warming’ or climate change refers to the gradual increase in the
average temperature of the Earth’s atmosphere and oceans. For the last century,
the global mean temperature has elevated for 1 °C globally and it is postulated
that the temperature will rise again by another 2-3 °C in the next two decades
(Karmakar et al., 2016). This is primarily due to pollution, industrialization,
deforestation, and intensified conventional agriculture. Global warming could lead
to many negative consequences to upper ground organisms like human beings,
animals, and plants on terrestrial ecosystem. However, not many studies have
been done on the response of the lower ground microorganisms towards the
effect of global warming in the soil ecosystem due to the complexity of soil
microbiome (Sheik et al., 2011). In this study, an in-situ warming experiments
was conducted by using open top chambers (OTC) to explore how climatic
changes affect the response of soil microbial communities.

A total of 18 tropical soil samples were collected from three different area of plots
near the Molecular Biology and Bioinformatics Lab, Universiti Putra Malaysia
(UPM) (2°58°39.88837”N, 101°43'6.22083"E). After that, the primer sets 341F
and 805R that targeted to amplify V3 and V4 hypervariable region of 16s rRNA
gene was employed to perform PCR amplifications. lllumina sequencing of 16s
rRNA gene amplicons was used to reveal the bacterial community diversity and
composition from the tropical soil samples at UPM. For both soil samples
collected from Greenwich Island (62°27'02.1”S, 59°44'12.1"W), Antarctic and
Hornsund, Spitsbergen (77°1.66 5’N, 15°10.206”E), Arctic region, they were pre-
sequenced separately from these batch of tropical soil samples by other team
members. During the analysis of metagenomic data, the phylogenetic
relationship of different OTUs was studied and the difference of the dominant
species in different samples (groups) was compared with the available
Greengene database. The subsequent analysis of alpha diversity and beta
diversity were performed based on the output data. By analyzing the
metagenomic data obtained, the changes in abundances, structure, and diversity
of bacterial communities under short-term warming effect were examined by
comparing the samples on different warming OTC plots with the control plots.

To study and compare the differences in bacterial diversity and composition of
the polar and tropical regions, two soil samples from Greenwich Island
(62°27'02.1"S, 59°44'12.1"W), Antarctic and Hornsund, Spitsbergen
(77°1.665”N, 15°10.206"E), Arctic regions were utilized in this study. Both Arctic
and Antarctic soil were pre- collected by other team members from upper 15-20
cm layer from top surface of soils. Additionally, these two soil samples were not
subjected to open top chamber (OTC) conditions at these two polar regions. The
primer pairs 341F and 805R that targeted to amplify V3 and V4 hypervariable
region of 16s rRNA gene were also used to perform the PCR amplification on
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these two samples and they were then pre-sequenced separately from the
current batch of tropical soil samples on an IlluminaMiSeq2500 platform by other
team members. The Greengene Database was also used to annotate the
taxonomic information of microbial communities from each representative
sequence from both polar soil samples. Lastly, the soil metagenomic data
between polar and tropical regions were compared by examining the similarities
and differences in their taxonomic composition. The flow chart of summarized
version of research methodology is shown at Figure 1.1 as below.

The Effect of Open Top Chamber on Soil Microbiome
and Comparison between Tropical and Polar Regions

P

The Effects of Open Top Chamber on Soil
Microbiome at Tropical Region

o

Universiti
Putra

~N

Soil Microbiome Comparison between
Tropical and Polar Regions

- = N
Greenwn:h \
Island, ]

Malaysia

Antarctic 2

\pl Soil Sampling | _
‘_—_—_

~
N
\ Hornsund, \
Spitsbergen, 1

_______ Arctic 7

DNA Extraction ——
|

/ i

PCR Amplification and Gel I PCR Amplification and Gel |
Electrophoresis | Electrophoresis |

\ /

Gel Purification and lllumina
Sequencing Sequencing I

—————— k|
— Data Analysis I pata Analysis |
L e - =

Metagenome Data Comaprison —)

l

Conclusion

(UPM)

Figure 1.1: Conceptual Framework of Experimental Design. The flowchart
as presented in Figure 1.1 shows the two-way direction of experimental design
with the objectives achieved. Note: the solid boxes/circle represent the current
research work; the dotted boxes/circles represent the pre-processed research
work done by other team members. O1 represents Objective 1; O2 and O3
represent Objectives 2 and 3.



1.2 Problem Statements

Many previous studies have been done on the response of the upper-ground
macro- organisms toward the effect the global warming. However, there was little
information about the impact of warming on the response of the lower ground
microorganisms in the soil ecosystem could be revealed from previous reported
studies due to their inconsistent response under warming effect and the
complexity of soil microbiome (Sheik et al., 2011). For examples, Yergeau et al.
(2012) reported that there was a consistent change in Antarctic soil microbial
composition under short duration warming treatment by using open top
chambers. However, Xue et al. (2016) reported that there were no significant
changes in bacterial composition in tundra soil under short duration warming.
For better understanding on how microbial communities respond towards
warming effect, the lllumina sequencing technique was employed to conduct a
short-term OTC warming experiment on soil microbial communities. On the other
hand, the current study was also conducted to access and compare the soil
bacterial diversity of both tropical and polar regions as there was fewer
comparative studies done on soil metagenome from across different
geographical locations especially Southeast Asia regions with polar regions.
Therefore, in this study, the results of soil metagenomic data from tropical
regions (inclusive OTC) was utilized to compare with the soil metagenomic data
from polar regions (exclusive OTC) which are done by other team members.

1.3 Significance of Study

The present study is focused on the effect of warming on microbial communities
in soil. Several studies have examined the response of soil microbial
communities under the effect of warming in different locations such as in
temperate mountain forest and alpine grassland and Arctic region (Kuffner et al.,
2012, Zhang et al., 2016 and Lim et al., 2018). The outcome of the present study
is to provide the knowledge on the relationship between the response of
microbial communities in soil and the effect of warming. Besides, the current
study also has a strong urge to create awareness among public on the
consequences of global warming to the environment due to the soil microbes’
composition. For examples, global warming might increase certain soil microbial
abundances and respiration which in turn promote the efflux of carbon from soil
to atmosphere and result in positive feedback on climate changes (Bardgett,
Freeman, and Ostle, 2008).

In addition, the current study also contributes a specific experimental model in
methodology whereby the soil samples were subjected to open top chamber
conditions in tropical region while the samples in both polar regions, Arctic and
Antarctic were not subjected to it. By applying this method, the study able to
provide valuable information and better understanding to researchers on the
differences in microbial diversity and composition from multiple soil type at
different locations when comparing both tropical and polar soil metagenome. It
also provides a reference for future researchers to examine further the

4



importance of the study of microbial communities from various type of soil
metagenome at different locations such as the phylogenetic relationship in
between the soil microbial communities at different locations.

1.4 Objectives:

1. To compare soil metagenome between different months affected by open
top chamber (OTC).

2. To compare the analysis of soil metagenomic between polar and tropical
region.

3. To study the species diversity among samples compared to the available
database.

15 Research Hypothesis

Certain dominant soil bacterial communities would be expected to have distinct
responses in a short-term warming effect by open top chamber (OTC). Besides,
there would also be a shift in soil bacterial composition under warming situation.
Furthermore, the taxonomic information of soil bacteria communities in tropical
region would be expected almost same with polar region.



REFERENCES

Andrew, D., Fitak, R., Munguia-Vega, A., Racolta, A., Martinson, V., and
Dontsova, K. (2012). Abiotic factors shape microbial diversity in Sonoran
Desert soils. Applied and Environmental Microbiology, 78(21), 7527-7537.

Aronson, E. L., and McNulty, S. G. (2009). Appropriate experimental ecosystem
warming methods by ecosystem, objective, and practicality. Agricultural
and Forest Meteorology, 149(11), 1791-1799.

Babalola, O. O., Kirby, B. M., Le Roes-Hill, M., Cook, A. E., Cary, S. C., Burton,
S. G., and Cowan, D. A. (2009). Phylogenetic analysis of actinobacterial
populations associated with Antarctic Dry Valley mineral soils.
Environmental Microbiology, 11(3), 566-576.

Bai, E., Li, S., Xu, W., Li, W., Dai, W., and Jiang, P. (2013). A meta-analysis of
experimental warming effects on terrestrial nitrogen pools and dynamics.
New Phytologist, 199(2), 441-451.

Bajerski, F., and Wagner, D. (2013). Bacterial succession in Antarctic soils of
two glacier forefields on Larsemann Hills, East Antarctica. FEMS
Microbiology Ecology, 85(1), 128-142.

Bardgett, R., Freeman, C., and Ostle, N. (2008). Microbial contributions to
climate change through carbon cycle feedbacks. The ISME Journal, 2(8),
805-814.

Bardgett, R., Manning, P., Morrien, E., and De Vries, F. (2013). Hierarchical
responses of plant-soil interactions to climate change: consequences for
the global carbon cycle. Journal of Ecology, 101(2), 334-343.

Bardgett, R., and van der Putten, W. (2014). Belowground biodiversity and
ecosystem functioning. Nature, 515(7528), 505-511.

Barnard, R., Osborne, C., and Firestone, M. (2013). Responses of soil bacterial
and fungal communities to extreme desiccation and rewetting. The ISME
Journal, 7(11), 2229- 2241.

Barret, M., Morrissey, J. P., and O’'Gara, F. (2011). Functional genomics analysis
of plant growth-promoting  rhizobacterial  traits involved in
rhizosphere competence. Biology and Fertility of Soils, 47(7), 729-743.

Bartram, A., Jiang, X., Lynch, M., Masella, A., Nicol, G., Dushoff, J., and Neufeld,
J. (2013). Exploring links between pH and bacterial community
composition in soils from the Craibstone Experimental Farm. FEMS
Microbiology Ecology, 87(2), 403- 415.

65



Bell, T. H., Yergeau, E., Maynard, C., Juck, D., Whyte, L. G., and Greer, C. W.
(2013). Predictable bacterial composition and hydrocarbon degradation in
Arctic soils following diesel and nutrient disturbance. The ISME journal,
7(6), 1200-1210.

Bentley, D. R., Balasubramanian, S., Swerdlow, H. P., Smith, G. P., Milton, J.,
Brown, C. G., Hall, K. P., Evers, D. J., Barnes, C. L., Bignell, H. R., and
Boutell, J. M. (2008). Accurate whole human genome sequencing using
reversible terminator chemistry. Nature, 456(7218), 53-59.

Bergmann, G. T., Bates, S. T., Eilers, K. G., Lauber, C. L., Caporaso, J. G.,
Walters, W. A., Knight, R., and Fierer, N. (2011). The under-recognized
dominance of Verrucomicrobia in soil bacterial communities. Soil Biology
and Biochemistry, 43(7), 1450-1455.

Besser, J., Carleton, H., Gerner-Smidt, P., Lindsey, R., and Trees, E. (2018).
Next- generation sequencing technologies and their application to the
study and control of bacterial infections. Clinical Microbiology and
Infection, 24(4), 335-341.

Bhattacharyya, P., Roy, K., Neogi, S., Manna, M., Adhya, T., Rao, K., and Nayak,
A. (2013). Influence of elevated carbon dioxide and temperature on
belowground carbon allocation and enzyme activities in tropical flooded
soil planted with rice. Environmental Monitoring and Assessment, 185(10),
8659-8671.

Birkeland, P. W., Miller, D. C., Patterson, P. E., Price, A. B., and Shroba, R. R.
(1999). Soil-geomorphic relationships near rocky flats, Boulder and
golden, Colorado area, with a stop at the pre-fountain formation paleosol
of Wahlstrom (1948). Geological Society of America Field Trip, 18, 1-13.

Blum, W. E. (2005). Functions of soil for society and the environment. Reviews
in Environmental Science and Biotechnology, 4(3), 75-79.

Bodelier, P. (2011). Toward understanding, managing, and protecting microbial
ecosystems. Frontiers in Microbiology, 2(80), 1-8.

Borowik, A., and Wyszkowska, J. (2016). Soil moisture as a factor affecting the
microbiological and biochemical activity of soil. Plant, Soiland
Environment, 62(6), 250-255.

Bottos, E. M., Scarrow, J. W., Archer, S. D., McDonald, I. R., and Cary, S. C.
(2014). Bacterial community structures of Antarctic soils. In Antarctic
Terrestrial Microbiology (pp.9-33). Berlin, Heidelberg: Springer.

Bradford, M., Davies, C., Frey, S., Maddox, T., Melillo, J., Mohan, J., Reynolds,
J., Treseder, K., and Wallenstein, M. (2008). Thermal adaptation of soil
microbial respiration to elevated temperature. Ecology Letters, 11(12),
1316-1327.

66



Brady, N. C., and Weil, R. R. (2008). The nature and properties of soils (Vol. 13,
pp.28- 82). Upper Saddle River, NJ: Pearson Prentice Hall.

Brewer, T. E., Handley, K. M., Carini, P., Gilbert, J. A., and Fierer, N. (2017).
Genome reduction in an abundant and ubiquitous soil bacterium
‘Candidatus Udaeobacter Copiosus’. Nature Microbiology, 2(2), 1-7.

Buelow, H. N., Winter, A. S., Van Horn, D. J., Barrett, J. E., Gooseff, M. N.,
Schwartz, E., and Takacs-Vesbach, C. D. (2016). Microbial community
responses to increased water and organic matter in the arid soils of the
McMurdo Dry Valleys, Antarctica. Frontiers in Microbiology, 7, 1-15.

Burns, R., DeForest, J., Marxsen, J., Sinsabaugh, R., Stromberger, M., and
Wallenstein, M. et al. (2013). Soil enzymes in a changing environment:
Current knowledge and future directions. Soil Biology and Biochemistry,
58, 216-234.

Campbell, B., Polson, S., Hanson, T., Mack, M., and Schuur, E. (2010). The
effect of nutrient deposition on bacterial communities in Arctic tundra soil.
Environmental Microbiology, 12(7), 1842-1854.

Caporaso, J., Bittinger, K., Bushman, F., DeSantis, T., Andersen, G., and Knight,
R. (2009). PyNAST: A flexible tool for aligning sequences to a template
alignment. Bioinformatics, 26(2), 266-267.

Carey, J. C,, Tang, J., Templer, P. H., Kroeger, K. D., Crowther, T. W., Burton,
A. J., Dukes, J. S., Emmett, B., Frey, S. D., Heskel, M. A, and Jiang, L.
(2016). Temperature response of soil respiration largely unaltered with
experimental warming. Proceedings of the National Academy of Sciences,
113(48), 13797-13802.

Carney, K., Hungate, B., Drake, B., and Megonigal, J. (2007). Altered soail
microbial community at elevated CO: leads to loss of soil carbon.
Proceedings of the National Academy of Sciences, 104(12), 4990-4995.

Carson, J. K., Gonzalez-Quinones, V., Murphy, D. V., Hinz, C., Shaw, J. A., and
Gleeson, D. B. (2010). Low pore connectivity increases bacterial diversity
in soil. Applied and Environmental Microbiology, 76, 3936-3942.

Cary, S., McDonald, I., Barrett, J., and Cowan, D. (2010). On the rocks: The
microbiology of Antarctic Dry Valley soils. Nature Reviews Microbiology,
8(2), 129-138.

Castro, H. F., Classen, A. T., Austin, E. E., Norby, R. J., and Schadt, C. W.
(2010). Soil microbial community responses to multiple experimental
climate change drivers. Applied and Environmental Microbiology, 76(4),
999-1007.

67



Castro, H. F., Classen, A. T., Austin, E. E., Crawford, K. M., and Schadt, C. W.
(2012). Development and validation of a citrate synthase directed
quantitative PCR marker for soil bacterial communities. Applied Soil
Ecology, 61, 69-75.

Chen, J., Luo, Y., Xia, J., Jiang, L., Zhou, X., Lu, M., Liang, J., Shi, Z., Shelton,
S., and Cao, J. (2015). Stronger warming effects on microbial abundances
in colder regions. Scientific Reports, 5(1), 1-10.

Chen, K., and Pachter, L. (2005). Bioinformatics for whole-genome shotgun
sequencing of microbial communities. PLOS Computational Biology, 1(2),
106-112.

Cheng, L., Booker, F., Burkey, K., Tu, C., Shew, H., Rufty, T., Fiscus, E.,
Deforest, J., and Hu, S. (2011). Soil microbial responses to elevated CO2
and Oz in a nitrogen- aggrading agroecosystem. PLOS One, 6(6), 1-11.

Chu, H., Fierer, N., Lauber, C. L., Caporaso, J. G., Knight, R., and Grogan, P.
(2010). Soil bacterial diversity in the Arctic is not fundamentally different
from that found in other biomes. Environmental Microbiology, 12(11),
2998-3006.

Chua, C. Y., Yong, S. T., Gonzalez, M. A,, Lavin, P., Cheah, Y. K., Tan, G. Y.
A., and Wong, C. M. V. L. (2018). Analysis of bacterial communities of
King George and Deception Islands, Antarctica using high-throughput
sequencing. Current Science, 115(9), 1701-1705.

Cole, J., Wang, Q., Cardenas, E., Fish, J., Chai, B., Farris, R., Kulam-Syed-
Mohideen, A., McGarrell, D., Marsh, T., Garrity, G., and Tiedje, J. (2009).
The ribosomal database project: Improved alignments and new tools for
rRNA analysis. Nucleic Acids Research, 37, D141-D145.

Cox, P. M., Betts, R. A,, Jones, C. D., Spall, S. A,, and Totterdell, I. J. (2000).
Acceleration of global warming due to carbon-cycle feedbacks in a
coupled climate model. Nature, 408(6813), 184-187.

Cregger, M. A., Sanders, N. J., Dunn, R. R., and Classen, A. T. (2014). Microbial
communities respond to experimental warming, but site matters. PeerJ, 2,
1-13.

D’Andrea, L., and Rinaldi, M. (2010). Systems to evaluate the effects of
atmospheric CO2 concentration on field crops: A review of open top
chambers. Italian Journal of Agrometeorology, 1, 23-34.

Dalias, P., Anderson, J. M., Bottner, P.,, and Couteaux, M. M. (2002).
Temperature responses of net nitrogen mineralization and nitrification in
conifer forest soils incubated under standard laboratory conditions. Soil
Biology and Biochemistry, 34(5), 691-701.

Daniel, R. (2005). The metagenomics of soil. Nature Reviews Microbiology, 3(6),
470- 478.

68



Degnan, P. H., and Ochman, H. (2012). lllumina-based analysis of microbial
community diversity. The ISME Journal, 6(1), 183-194.

Delgado-Baquerizo, M., Oliverio, A. M., Brewer, T. E., Benavent-Gonzalez, A.,
Eldridge, D. J., Bardgett, R. D., Maestre, F. T., Singh, B. K., and Fierer, N.
(2018). A dlobal atlas of the dominant bacteria found in soil. Science,
359(6373), 320-325.

Delmont, T. O., Robe, P., Cecillon, S., Clark, I. M., Constancias, F., Simonet, P.,
Hirsch, P. R., and Vogel, T. M. (2011). Accessing the soil metagenome for
studies of microbial diversity. Applied and Environmental Microbiology,
77(4), 1315-1324.

DeSantis, T., Hugenholtz, P., Larsen, N., Rojas, M., Brodie, E., Keller, K., Huber,
T., Dalevi, D., Hu, P., and Andersen, G. (2006). Greengenes, a chimera-
checked 16S rRNA gene database and workbench compatible with ARB.
Applied and Environmental Microbiology, 72(7), 5069-5072.

Deslippe, J. R., Hartmann, M., Simard, S. W., and Mohn, W. W. (2012). Long-
term warming alters the composition of Arctic soil microbial communities.
FEMS Microbiology Ecology, 82(2), 303-315.

Dilhari, A., Sampath, A., Gunasekara, C., Fernando, N., Weerasekara, D.,
Sissons, C., McBain, A., and Weerasekera, M. (2017). Evaluation of the
impact of six different DNA extraction methods for the representation of
the microbial community associated with human chronic wound infections
using a gel-based DNA profiling method. AMB Express, 7(1), 1-11.

Dimitriu, P., and Grayston, S. (2009). Relationship between soil properties and
patterns of bacterial B-diversity across reclaimed and natural boreal forest
soils. Microbial Ecology, 59(3), 563-573.

Donnarumma, F., Bazzicalupo, M., Blazinkov, M., Mengoni, A., Sikora, S., and
Babic, K. (2014). Biogeography of Sinorhizobium Meliloti nodulating alfalfa
in different Croatian regions. Research in Microbiology, 165(7),508-516.

Doscher, R., Vihma, T., and Maksimovich, E. (2014). Recent advances in
understanding the Arctic climate system state and change from a sea ice
perspective: A review. Atmospheric Chemistry and Physics, 14(24),
13571-13600.

Drake, B. G., Leadley, P. W., Arp, W. J., Nassiry, D., and Curtis, P. S. (1989).
An open top chamber for field studies of elevated atmospheric CO2
concentration on saltmarsh vegetation. Functional Ecology, 3(3), 363-371.

Drigo, B., Kowalchuk, G. A., Yergeau, E., Bezemer, T. M., Boschker, H. T., and
Van Veen, J. A. (2007). Impact of elevated carbon dioxide on the
rhizosphere communities of Carex Arenaria and Festuca Rubra. Global
Change Biology, 13(11), 2396-2410.

69



Edgar, R. (2013). UPARSE: Highly accurate OTU sequences from microbial
amplicon reads. Nature Methods, 10(10), 996-998.

Edgar, R., Haas, B., Clemente, J., Quince, C., and Knight, R. (2011). UCHIME
improves sensitivity and speed of chimera detection. Bioinformatics,
27(16), 2194-2200.

Elster, J., Margesin, R., Wagner, D., and Haggblom, M. (2016). Editorial: Polar
and alpine microbiology - earth's cryobiosphere. FEMS Microbiology
Ecology, 93(1), 1-4.

Escobar-Zepeda, A., Vera-Ponce de Leon, A., and Sanchez-Flores, A. (2015).
The road to metagenomics: From microbiology to DNA sequencing
technologies and bicinformatics. Frontiers in Genetics, 6, 1-15.

Espana, M., Rasche, F., Kandeler, E., Brune, T., Rodriguez, B., Bending, G.,
and Cadisch, G. (2011). Identification of active bacteria involved in
decomposition of complex maize and soybean residues in a tropical
vertisol using 15N-DNA stable isotope probing. Pedobiologia, 54(3), 187-
193.

Feng, R., Yang, W., Zhang, J., Deng, R., Jain, Y., and Lin, J. (2007), Effects of
simulated elevated concentration of atmospheric CO2 and temperature on
soil enzyme activity in the subalpine fir forest. Acta Ecologica Sinica,
27(10), 4019-4026.

Feng, X., Simpson, A., Sshlesinger, W., and Simpson, M. (2010). Altered
microbial community structure and organic matter composition under
elevated CO 2 and N fertilization in the duke forest. Global Change
Biology, 16(7), 2104-2116.

Fernandez-Calvino, D., and Baath, E. (2010). Growth responseof the bacterial
community to pH in soils differing in pH. FEMS Microbiology Ecology,
73(1), 149-156.

Ferrari, B., Winsley, T., Ji, M., and Neilan, B. (2014). Insights into the distribution
and abundance of the ubiquitous Candidatus Saccharibacteria phylum
following tag pyrosequencing. Scientific Reports, 4, 1-9.

Fierer, N., and Jackson, R. B. (2006). The diversity and biogeography of soil
bacterial communities. Proceedings of the National Academy of Sciences,
103(3), 626-631.

Fierer, N., Bradford, M. A., and Jackson, R. B. (2007). Toward an ecological
classification of soil bacteria. Ecology, 88(6), 1354-1364.

Fierer, N., Leff, J., Adams, B., Nielsen, U., Bates, S., Lauber, C., Owens, S.,
Gilbert, J., Wall, D., and Caporaso, J. (2012). Cross-biome metagenomic
analyses of soil microbial communities and their functional attributes.
Proceedings of the National Academy of Sciences, 109(52), 21390-
21395.

70



Fierer, N., Schimel, J., and Holden, P. (2003). Influence of drying-rewetting
frequency on soil bacterial community structure. Microbial Ecology,45(1),
63-71.

Forde, B., and O'Toole, P. (2013). Next-generation sequencing technologies and
their impact on microbial genomics. Briefings in Functional Genomics,
12(5), 440-453.

Fortin, N., Beaumier, D., Lee, K., and Greer, C.W. (2004). Soil washing improves
the recovery of total community DNA from polluted and high organic
content sediments. Journal of Microbiological Methods, 56(2), 181-191.

Frank-Fahle, B. A., Yergeau, E., Greer, C. W., Lantuit, H., and Wagner, D.
(2014). Microbial functional potential and community composition in
permafrost-affected soils of the NW Canadian Arctic. PLOS One, 9(1), 1-
12.

Frey, S., Drijber, R., Smith, H., and Melillo, J. (2008). Microbial biomass,
functional capacity, and community structure after 12 years of sail
warming. Soil Biology and Biochemistry, 40(11), 2904-2907.

Gans, J., Wolinsky, M., and Dunbar, J. (2005). Computational improvements
reveal great bacterial diversity and high metal toxicity in soil. Science,
309(5739),1387-1390.

Geisseler, D., Joergensen, R., and Ludwig, B. (2012). Potential soil enzyme
activities are decoupled from microbial activity in dry residue-amended
soil. Pedobiologia, 55(5), 253-261.

Geyer, K., Altrichter, A., Takacs-Vesbach, C., Van Horn, D., Gooseff, M., and
Barrett, J. (2014). Bacterial community composition of divergent soil
habitats in a polar desert. FEMS Microbiology Ecology, 89(2), 490-494.

Gharizadeh, B., Ghaderi, M., and Nyren, P. (2007). Pyrosequencing technology
for short DNA sequencing and whole genome sequencing. Seibutsu
Butsuri, 47(2), 129-132.

Goodrich, J., Di Rienzi, S., Poole, A., Koren, O., Walters, W., Caporaso, J.,
Knight, R., and Ley, R. (2014). Conducting a microbiome study. Cell,
158(2), 250-262.

Griffin, T., and Honeycutt, C. (2000). Using growing degree days to predict
nitrogen availability from livestock manures. Soil Science Society of
America Journal, 64(5), 1876-1882.

Guenet, B., Lenhart, K., Leloup, J., Giusti-Miller, S., Pouteau, V., Mora, P.,
Nunan, N., and Abbadie, L. (2012). The impact of long-term CO:
enrichment and moisture levels on soil microbial community structure and
enzyme activities. Geoderma, 170, 331-336.

71



Haas, B., Gevers, D., Earl, A., Feldgarden, M., Ward, D., Giannoukos, G., Ciulla,
D., Tabbaa, D., Highlander, S., Sodergren, E., Methe, B., DeSantis, T.,
Petrosino, J., Knight, R., and Birren, B. (2011). Chimeric 16S rRNA
sequence formation and detection in Sanger and 454-pyrosequenced
PCR amplicons. Genome Research, 21(3), 494-504.

Handelsman, J. (2005). Metagenomics: Application of genomics to uncultured
microorganisms. Microbiology and Molecular Biology Reviews, 69(1),
195-195.

Harrington, C. T., Lin, E. I, Olson, M. T., and Eshleman, J. R. (2013).
Fundamentals of pyrosequencing. Archives of Pathology and Laboratory
Medicine, 137(9), 1296- 1303.

Harris, J., and Roach, B. (2016). Environmental and natural resource economics:
A contemporary approach (4th ed., pp.306-366). London, UK: Taylor &
Francis Ltd.

Haygarth, P. M., and Ritz, K. (2009). The future of soils and land use in the UK:
Soil systems for the provision of land-based ecosystem services. Land
Use Policy, 26, S187-S197.

Herlemann, D. P., Labrenz, M., Jurgens, K., Bertilsson, S., Waniek, J. J., and
Andersson, A. F. (2011). Transitions in bacterial communities along the
2000 km salinity gradient of the Baltic Sea. The ISME Journal, 5(10),
1571-1579.

Hillel, D. (2003). Introduction to environmental soil physics (pp.3-201). San
Diego, California, US: Elsevier Academic Press.

Hjort, K., Bergstrom, M., Adesina, M. F., Jansson, J. K., Smalla, K., and Sjoling,
S. (2009).Chitinase genes revealed and compared in bacterial isolates,
DNA extracts and a metagenomic library from a phytopathogen-
suppressive soil. FEMS Microbiology Ecology, 71(2), 197-207.

Hobbs, W. R., Massom, R., Stammerjohn, S., Reid, P., Williams, G., and Meier,
W. (2016). A review of recent changes in Southern Ocean sea ice, their
drivers and forcings. Global and Planetary Change, 143, 228-250.

Hu, S., Firestone, M., and Chapin, F. (1999). Soil microbial feedbacks to
atmospheric CO2 enrichment. Trends in Ecology and Evolution, 14(11),
433-437.

Hu, S., Tu, C., Chen, X., and Gruver, J. (2006). Progressive N limitation of plant
response to elevated CO2: A microbiological perspective. Plant and Soll,
289(1-2), 47-58.

Hueso, S., Garcia, C., and Hernandez, T. (2012). Severe drought conditions

modify the microbial community structure, size, and activity in amended
and unamended soils. Soil Biology and Biochemistry, 50, 167-173.

72



Hueso, S., Hernandez, T., and Garcia, C. (2011). Resistance and resilience of
the soil microbial biomass to severe drought in semiarid soils: The
importance of organic amendments. Applied Soil Ecology, 50, 27-36.

Intergovernmental Panel on Climate Change (IPCC) (2007). Climate change
2007: The physical science basis (pp.343-372). Cambridge, UK, and NY:
Cambridge University Press.

Intergovernmental Panel on Climate Change (IPCC) (2013). Climate change
2013: The physical science basis. Contribution of working group | to the
fifth assessment report of the Intergovernmental Panel on Climate Change
(pp.867-1217). Cambridge, UK and NY: Cambridge University Press.

Ito, N., Iwanaga, H., Charles, S., Diway, B., Sabang, J., Chong, L., Nanami, S.,
Kamiya, K., Lum, S., Siregar, U., Harada, K., and Miyashita, N. (2017).
Geographical variation in soil bacterial community structure in tropical
forests in Southeast Asia and temperate forests in Japan based on
pyrosequencing analysis of 16S rRNA. Genes and Genetic Systems,
92(1), 1-20.

Janda, J., and Abbott, S. (2007). 16S rRNA gene sequencing for bacterial
identification in the diagnostic laboratory: Pluses, perils, and pitfalls.
Journal of Clinical Microbiology, 45(9), 2761-2764.

Jansson, J., and Hofmockel, K. (2018). The soil microbiome - from
metagenomics to metaphenomics. Current Opinion in Microbiology, 43,
162-168.

Jenny, H. (1994). Factors of soil formation: A system of quantitative pedology
(pp.31- 260). London, UK: Constable and Company.

Jones, J. M., Gille, S. T., Goosse, H., Abram, N. J., Canziani, P. O., Charman,
D. J., Clem, K. R., Crosta, X., De Lavergne, C., Eisenman, |., and England,
M. H. (2016). Assessing recent trends in high-latitude Southern
Hemisphere surface climate. Nature Climate Change, 6(10), 917-926.

Jones, R., Robeson, M., Lauber, C., Hamady, M., Knight, R., and Fierer, N.
(2009). A comprehensive survey of soil acidobacterial diversity using
pyrosequencing and clone library analyses. The ISME Journal, 3(4), 442-
453.

Kaiser, K., Wemheuer, B., Korolkow, V., Wemheuer, F., Nacke, H., Schoning, I.,
Schrumpf, M., and Daniel, R. (2016). Driving forces of soil bacterial
community structure, diversity, and function in temperate grasslands and
forests. Scientific Reports, 6, 1-12.

Kandeler, E., Mosier, A., Morgan, J., Milchunas, D., King, J., Rudolph, S., and
Tscherko, D. (2006). Response of soil microbial biomass and enzyme
activities to the transient elevation of carbon dioxide in a semi-arid
grassland. Soil Biology and Biochemistry, 38(8), 2448-2460.

73



Kanokratana, P., Uengwetwanit, T., Rattanachomsri, U., Bunterngsook, B.,
Nimchua, T., Tangphatsornruang, S., Plengvidhya, V., Champreda, V.,
and Eurwilaichitr, L. (2011). Insights into the phylogeny and metabolic
potential of a primary tropical peat swamp forest microbial community by
metagenomic analysis. Microbial Ecology, 61(3), 518-528.

Karmakar, R., Das, |., Dutta, D., and Rakshit, A. (2016). Potential effects of
climate change on soil properties: A review. Science International, 4(2),
51-73.

Kchouk, M., Gibrat, J. F., and Elloumi, M. (2017). Generations of sequencing
technologies: From first to next generation. Biology and Medicine, 9(3), 1-
8.

Kieleczawa, J. (2006). DNA sequencing II: Optimizing preparation and cleanup
(Vol. 2, pp.291-308). Sudbury: Jones and Bartlett.

Kim, D., Park, H. J., Kim, J. H., Youn, U. J., Yang, Y. H., Casanova-Katny, A.,
Vargas, C. M., Venegas, E. Z., Park, H., and Hong, S. G. (2018). Passive
warming effect on soil microbial community and humic substance
degradation in maritime Antarctic region. Journal of Basic Microbiology,
58(6), 513-522.

Kim, M., Cho, A, Lim, H., Hong, S., Kim, J., Lee, J., Choi, T., Ahn, T., and Kim,
0. (2015). Highly heterogeneous soil bacterial communities around Terra
Nova Bay of Northern Victoria Land, Antarctica. PLOS One, 10(3), 1-14.

Kim, M., Lee, K., Yoon, S., Kim, B., Chun, J., and Yi, H. (2013). Analytical tools
and databases for metagenomics in the next-generation sequencing era.
Genomics and Informatics, 11(3), 102-113.

Kim, O., Chae, N., Lim, H., Cho, A., Kim, J., Hong, S., and Oh, J. (2012).
Bacterial diversity in ornithogenic soils compared to mineral soils on King
George Island, Antarctica. Journal of Microbiology, 50(6), 1081-1085.

Kimball, B. A., Pinter, P. J., Wall, G. W., Garcia, R. L., LaMorte, R. L., Jak, P.,
Frumau, K. F., and Vugts, H. F. (1997). Comparisons of responses of
vegetation to elevated carbon dioxide in free-air and open-top chamber
facilities. Advances in Carbon Dioxide Effects Research, 61, 113-130.

Klindworth, A., Pruesse, E., Schweer, T., Peplies, J., Quast, C., Horn, M., and
Glockner, F. O. (2013). Evaluation of general 16S ribosomal RNA gene
PCR primers for classical and next-generation sequencing-based diversity
studies. Nucleic Acids Research, 41(1), e1-e11.

Koljalg, U., Nilsson, R. H., Abarenkov, K., Tedersoo, L., Taylor, A. F., Bahram,
M., Bates, S. T., Bruns, T. D., Bengtsson-Palme, J., Callaghan, T. M., and
Douglas, B. (2013). Towards a unified paradigm for sequence-based
identification of fungi. Molecular Ecology, 22(21), 5271-5277.

74



Krzmarzick, M. J., Crary, B. B., Harding, J. J., Oyerinde, O. O., Leri, A. C,,
Myneni, S. C., and Novak, P. J. (2012). Natural niche for organohalide-
respiring Chloroflexi. Applied and Environmental Microbiology, 78(2), 393-
401.

Kuffner, M., Hai, B., Rattei, T., Melodelima, C., Schloter, M., Zechmeister-
Boltenstern, S., Jandl, R., Schindlbacher, A., and Sessitsch, A. (2012).
Effects of season and experimental warming on the bacterial community
in a temperate mountain forest soil assessed by 16S rRNA gene
pyrosequencing. FEMS Microbiology Ecology, 82(3), 551-562.

Land, M., Hauser, L., Jun, S. R., Nookaew, |., Leuze, M. R., Ahn, T. H., Karpinets,
T., Lund, O., Kora, G., Wassenaar, T., and Poudel, S. (2015). Insights
from 20 years of bacterial genome sequencing. Functional and Integrative
Genomics, 15(2),141-161.

Landesman, W., and Dighton, J. (2010). Response of soil microbial communities
and the production of plant-available nitrogen to a two-year rainfall
manipulation in the New Jersey pinelands. Soil Biology and Biochemistry,
42(10), 1751-1758.

Lauber, C., Hamady, M., Knight, R., and Fierer, N. (2009). Pyrosequencing-
based assessment of soil pH as a predictor of soil bacterial community
structure at the continental scale. Applied and Environmental
Microbiology, 75(15), 5111-5120.

Lee, M., and Lee, S. (2013). Bioprospecting potential of the soil metagenome:
Novel enzymes and bioactivities. Genomics and Informatics, 11(3), 114-
120.

Lee, S. H., Jang, I., Chae, N., Choi, T., and Kang, H. (2013). Organic layer serves
as a hotspot of microbial activity and abundance in Arctic tundra soils.
Microbial Ecology, 65(2), 405-414.

Lee-Cruz, L., Edwards, D., Tripathi, B., and Adams, J. (2013). Impact of logging
and forest conversion to oil palm plantations on soil bacterial communities
in Borneo. Applied and Environmental Microbiology, 79(23), 7290-7297.

Lesaulnier, C., Papamichail, D., McCorkle, S., Ollivier, B., Skiena, S., Taghavi,
S., Zak, D., and van der Lelie, D. (2008). Elevated atmospheric CO:2
affects soil microbial diversity associated with trembling aspen.
Environmental Microbiology, 10(4), 926- 941.

Lewis, K., Epstein, S., D'Onofrio, A., and Ling, L. (2010). Uncultured
microorganisms as a source of secondary metabolites. The Journal of
Antibiotics, 63(8), 468-476.

Lim, P. P. J., Newsham, K. K., Convey, P., Gan, H. M., Yew, W. C., and Tan, G.
Y. A. (2018). Effects of field warming on a high Arctic soil bacterial
community: A metagenomic analysis. Current Science, 115(9), 1697-
1700.

75



Liu, X., Zhang, S., Jiang, Q., Bai, Y., Shen, G., Li, S., and Ding, W. (2016). Using
community analysis to explore bacterial indicators for disease suppression
of tobacco bacterial wilt. Scientific Reports, 6, 1-11.

Lu, M., Zhou, X., Yang, Q., Li, H., Luo, Y., Fang, C., Chen, J., Yang, X., and Li,
B. (2013). Responses of ecosystem carbon cycle to experimental
warming: A meta- analysis. Ecology, 94(3), 726-738.

Luo, Y., Wan, S., Hui, D., and Wallace, L. L. (2001). Acclimatization of soil
respiration to warming in a tall grass prairie. Nature, 413(6856), 622-625.

Machacova, K. (2009). Open top chamber and free air CO2 enrichment -
approaches to investigate tree responses to elevated COz.. Italian Society
of Silviculture and Forest Ecology, 3, 102-105.

Machado, R., and Serralheiro, R. (2017). Soil salinity: Effect on vegetable crop
growth. Management practices to prevent and mitigate soil salinization.
Horticulturae, 3(2), 1-13.

Mackelprang, R., Waldrop, M., DeAngelis, K., David, M., Chavarria, K,
Blazewicz, S., Rubin, E., and Jansson, J. (2011). Metagenomic analysis
of a permafrost microbial community reveals a rapid response to thaw.
Nature, 480(7377), 368-371.

Malik, A. A., Puissant, J., Buckeridge, K. M., Goodall, T., Jehmlich, N.,
Chowdhury, S., Gweon, H. S., Peyton, J. M., Mason, K. E., van Agtmaal,
M., and Blaud, A. (2018). Land use driven change in soil pH affects
microbial carbon cycling processes. Nature Communications, 9(1),1-10.

Mandal, S. D., Panda, A. K., Bisht, S. S., and Kumar, N. S. (2015). Microbial
ecology in the era of next generation sequencing. Journal of Next
Generation Sequencing and Applications, 01(S1), 2-6.

Mannisto, M. K., Kurhela, E., Tiirola, M., and Haggblom, M. M. (2013).
Acidobacteria dominate the active bacterial communities of Arctic tundra
with widely divergent winter-time snow accumulation and soil
temperatures. FEMS Microbiology Ecology, 84(1), 47-59.

Mannisto, M., Ganzert, L., Tiirola, M., Haggblom, M. M., and Stark, S. (2016). Do
shifts in life strategies explain microbial community responses to
increasing nitrogen in tundra soil? Soil Biology and Biochemistry, 96, 216-
228.

Mardis, E. R. (2011). A decade’s perspective on DNA sequencing technology.
Nature, 470(7333), 198-203.

Margulies, M., Egholm, M., Altman, W. E., Attiya, S., Bader, J. S., Bemben, L.
A., Berka, J., Braverman, M. S., Chen, Y. J., Chen, Z., and Dewell, S. B.
(2005). Genome sequencing in microfabricated high-density picolitre
reactors. Nature, 437(7057), 376-381.

76



Marion, G. M., Henry, G. H. R., Freckman, D. W., Johnstone, J., Jones, G.,
Jones, M. H., Levesque, E., Molau, U., Molgaard, P., Parsons, A. N, and
Svoboda, J. (1997). Open-top designs for manipulating field temperature
in high-latitude ecosystems. Global Change Biology, 3(S1), 20-32.

McCann, C. M., Wade, M. J., Gray, N. D., Roberts, J. A., Hubert, C. R., and
Graham, D. W. (2016). Microbial communities in a high Arctic polar desert
landscape. Frontiers in Microbiology, 7, 1-10.

Melillo, J. M., Frey, S. D., DeAngelis, K. M., Werner, W. J., Bernard, M. J.,
Bowles, F. P., Pold, G., Knorr, M. A, and Grandy, A. S. (2017). Long-term
pattern and magnitude of soil carbon feedback to the climate system in a
warming world. Science, 358(6359), 101-105.

Miao, V., and Davies, J. (2008). Metagenomics and antibiotic discovery from
uncultivated bacteria. In Uncultivated Microorganisms (pp.217-236).
Berlin, Heidelberg: Springer.

Miyashita, N.T., lwanaga, H., Charles, S., Diway, B., Sabang, J., and Chong, L.
(2013). Soil bacterial community structure in five tropical forests in
Malaysia and one temperate forest in Japan revealed by pyrosequencing
analyses of 16S rRNA gene sequence variation. Genes and Genetic
Systems, 88(2), 93-103.

Montealegre, C. M., van Kessel, C., Russelle, M. P., and Sadowsky. M. J. (2002).
Changes in microbial activity and composition in a pasture ecosystem
exposed to elevated atmospheric carbon dioxide. Plant Soil, 243, 197-
207.

Morimoto, S., and Fujii, T. (2009). A new approach to retrieve full lengths of
functional genes from soil by PCR-DGGE and metagenome walking.
Applied Microbiology and Biotechnology, 83, 389-396.

Moyer, C. L., Dobbs, F. C., and Karl, D. M. (1995). Phylogenetic diversity of the
bacterial community from a microbial mat at an active, hydrothermal vent
system, Loihi Seamount, Hawaii. Applied of Environmental Microbiology,
61, 1555-1562.

Muller, E. E., Glaab, E., May, P., Vlassis, N., and Wilmes, P. (2013). Condensing
the omics fog of microbial communities. Trends in Microbiology, 21(7),
325-333.

Munoz, M., and Zornoza, R. (2017). Soil management and climate change:
Effects on Organic Carbon, Nitrogen Dynamics, and Greenhouse Gas
Emissions (pp.337-369). London, UK: Elsevier Academic Press.

Nayfach, S., and Pollard, K. (2016). Toward accurate and quantitative
comparative metagenomics. Cell, 166(5), 1103-1116.

77



Nemergut, D. R., Cleveland, C. C., Wieder, W. R., Washenberger, C. L., and
Townsend, A. R. (2010). Plot-scale manipulations of organic matter inputs
to soils correlate with shifts in microbial community composition in a
lowland tropical rain forest. Soil Biology and Biochemistry, 42(12), 2153-
2160.

Nemergut, D., Costello, E., Meyer, A., Pescador, M., Weintraub, M., and
Schmidt, S. (2005). Structure and function of alpine and Arctic soil
microbial communities. Research in Microbiology, 156(7), 775-784.

Neufeld, J. D., and Mohn, W. W. (2005). Unexpectedly high bacterial diversity in
Arctic tundra relative to boreal forest soils, revealed by serial analysis of
ribosomal sequence tags. Applied and Environmental Microbiology,
71(10), 5710-5718.

Niederberger, T. D., McDonald, I. R., Hacker, A. L., Soo, R. M., Barrett, J. E.,
Wall, D. H., and Cary, S. C. (2008). Microbial community composition in
soils of Northern Victoria Land, Antarctica. Environmental Microbiology,
10(7), 1713-1724.

Ning, J., Liebich, J., Kastner, M., Zhou, J., Schaffer, A., and Burauel, P. (2009).
Different influences of DNA purity indices and quantity on PCR-based
DGGE and functional gene microarray in soil microbial community study.
Applied Microbiology and Biotechnology, 82(5), 983-993.

Niu, S., Han, X., Ma, K., and Wan, S. (2007). Field facilities in global warming
and terrestial ecosystem research. Journal of Plant Ecology, 31, 262—-271.

Qulas, A., Pavloudi, C., Polymenakou, P., Pavlopoulos, G., Papanikolaou, N.,
Kotoulas, G., Arvanitidis, C., and lliopoulos, |. (2015). Metagenomics:
Tools and insights for analyzing next-generation sequencing data derived
from biodiversity studies. Bioinformatics and Biology Insights, 9, 75-88.

Pareek, C. S., Smoczynski, R., and Tretyn, A. (2011). Sequencing technologies
and genome sequencing. Journal of Applied Genetics, 52(4), 413-435.

Petrosino, J., Highlander, S., Luna, R., Gibbs, R., and Versalovic, J. (2009).
Metagenomic pyrosequencingand microbial identification. Clinical
Chemistry, 55(5), 856-866.

Pham, V., and Kim, J. (2012). Cultivation of unculturable soil bacteria. Trends in
Biotechnology, 30(9), 475-484.

Phillips, R., Finzi, A., and Bernhardt, E. (2010). Enhanced root exudation induces
microbial feedbacks to N cycling in a pine forest under long-term CO:
fumigation. Ecology Letters, 14(2), 187-194.

Qi, D., Wieneke, X., Tao, J., Zhou, X., and Desilva, U. (2018). Soil pH is the
primary factor correlating with soil microbiome in Karst rocky
desertification regions in the Wushan County, Chongging, China.
Frontiers in Microbiology, 9, 1-12.

78



Quail, M., Smith, M., Coupland, P., Otto, T., Harris, S., Connor, T., Bertoni, A,
Swerdlow, H., and Gu, Y. (2012). A tale of three next generation
sequencing platforms: Comparison of ion torrent, pacific biosciences and
illumina MiSeq sequencers. BMC Genomics, 13(1), 1-13.

Quast, C., Pruesse, E., Yilmaz, P., Gerken, J., Schweer, T., Yarza, P., Peplies,
J., and Glockner, F. (2012). The SILVA ribosomal RNA gene database
project: Improved data processing and web-based tools. Nucleic Acids
Research, 41(D1), D590-D596.

Quince, C., Lanzen, A., Curtis, T. P., Davenport, R. J., Hall, N., Head, I. M.,
Read, L. F., and Sloan, W. T. (2009). Accurate determination of microbial
diversity from 454 pyrosequencing data. Nature methods, 6(9), pp.639-
641.

Quince, C., Walker, A., Simpson, J., Loman, N., and Segata, N. (2017). Shotgun
metagenomics, from sampling to analysis. Nature Biotechnology, 35(9),
833-844.

Ramirez, K. S., Leff, J. W., Barberan, A., Bates, S. T., Betley, J., Crowther, T.
W., Kelly, E. F., Oldfield, E. E., Shaw, E. A., Steenbock, C., and Bradford,
M. A. (2014). Biogeographic patterns in below-ground diversity in New
York City's central park are similar to those observed globally.
Proceedings of the Royal Society B: Biological Sciences, 281(1795), 1-9.

Rampelotto, P. (2014). Polar microbiology: Recent advances and future
perspectives. Biology, 3, 81-84.

Rawat, S., Mannisto, M., Bromberg, Y., and Haggblom, M. (2012). Comparative
genomic and physiological analysis provides insights into the role of
Acidobacteria in organic carbon utilization in Arctic tundra soils. FEMS
Microbiology Ecology, 82(2), 341- 355.

Riesenfeld, C., Schloss, P., and Handelsman, J. (2004). Metagenomics:
Genomic analysis of microbial communities. Annual Review of Genetics,
38(1), 525-552.

Rimoldi, S., Terova, G., Ascione, C., Giannico, R., and Brambilla, F. (2018). Next
generation sequencing for gut microbiome characterization in rainbow
trout (Oncorhynchus Mykiss) fed animal by-product meals as an
alternative to fishmeal protein sources. PLOS One, 13(3), 1-29.

Rinnan, R., Michelsen, A., Baath, E., and Jonasson, S. (2007). Fifteen years of
climate change manipulations alter soil microbial communities in a sub-
Arctic heath ecosystem. Global Change Biology, 13(1), 28-39.

Rinnan, R., Michelsen, A., Baath, E., and Jonasson, S. (2007b). Mineralization

and carbon turnover in sub-Arctic heath soil as affected by warming and
additional litter. Soil Biology and Biochemistry, 39(12), 3014-3023.

79



Roesch, L., Fulthorpe, R., Pereira, A., Pereira, C., Lemos, L., Barbosa, A.,
Suleiman, A., Gerber, A., Pereira, M., Loss, A., and da Costa, E. (2012).
Soil bacterial community abundance and diversity in ice-free areas of
Keller Peninsula, Antarctica. Applied Soil Ecology, 61, 7-15.

Roesch, L., Fulthorpe, R., Riva, A., Casella, G., Hadwin, A., Kent, A., Daroub ,
S., Camargo, F., Farmerie, W., and Triplett, E. (2007). Pyrosequencing
enumerates and contrasts soil microbial diversity. The ISME Journal, 1(4),
283-290.

Roller, B. R., and Schmidt, T. M. (2015). The physiology and ecological
implications of efficient growth. The ISME Journal, 9(7), 1481-1487.

Rousk, J., Baath, E., Brookes, P., Lauber, C., Lozupone, C., Caporaso, J.,
Knight, R., and Fierer, N. (2010). Soil bacterial and fungal communities
across a pH gradient in an arable soil. The ISME Journal, 4(10), 1340-
1351.

Rui, J., Li, J., Wang, S., An, J., Liu, W. T., Lin, Q,, Yang, Y., He, Z., and Li, X.
(2015). Responses of bacterial communities to simulated climate changes
in alpine meadow soil of the Qinghai-Tibet Plateau. Applied and
Environmental Microbiology, 81(17), 6070-6077.

Sambrook, J., and Russell, D. W. (2006). The condensed protocols from
molecular cloning: A laboratory manual (pp.187-573). Cold Spring Harbor,
NY: Cold Spring Harbor Laboratory Press.

Sanger, F., Nicklen, S., and Coulson, A. R. (1977). DNA sequencing with chain-
terminating inhibitors. Proceedings of the National Academy of Sciences,
74(12), 5463-5467.

Santana, R. S., Fernandes, G. W., Avila, M. P., Reis, M. P., de Araujo, F. M.,
Salim, A., Oliveira, G., Chartone-Souza, E., and Nascimento, A. (2016).
Endophytic microbiota associated with the root tips and leaves of
Baccharis Dracunculifolia. Brazilian Archives of Biology and Technology,
59, 1-11.

Saurav, S., Chakraborty, D., Lata, Pal, M., and Nagarajan, S. (2011). Impact of
elevated CO2 on utilization of soil moisture and associated soil biophysical
parameters in pigeon pea (Cajanus Cajan L.). Agriculture, Ecosystems
and Environment, 142(3- 4), 213-221.

Schindlbacher, A., Rodler, A., Kuffner, M., Kitzler, B., Sessitsch, A., and
Zechmeister- Boltenstern, S. (2011). Experimental warming effects on the
microbial community of a temperate mountain forest soil. Soil Biology and
Biochemistry, 43(7), 1417- 1425.

Scholer, A., Jacquiod, S., Vestergaard, G., Schulz, S., and Schloter, M. (2017).

Analysis of soil microbial communities based on amplicon sequencing of
marker genes. Biology and Fertility of Soils, 53(5), 485-489.

80



Schoonover, J. E., and Crim, J. F. (2015). An introduction to soil concepts and
the role of soils in watershed management. Journal of Contemporary
Water Research and Education, 154, 21-47.

Schuster, S. (2007). Next-generation sequencing transforms today's biology.
Nature Methods, 5(1), 16-18.

Schutte, U. M., Abdo, Z., Bent, S. J., Williams, C. J., Schneider, G. M., Solheim,
B., and Forney, L. J. (2009). Bacterial succession in a glacier foreland of
the high Arctic. The ISME Journal, 3(11), 1258-1268.

Selmants, P. C., Adair, K. L., Litton, C. M., Giardina, C. P., and Schwartz, E.
(2016). Increases in mean annual temperature do not alter soil bacterial
community structure in tropical montane wet forests. Ecosphere, 7(4), 1-
10.

Sheik, C. S., Beasley, W. H., Elshahed, M. S., Zhou, X, Luo, Y., and Krumholz,
L. R. (2011). Effect of warming and drought on grassland microbial
communities. The ISME Journal, 5(10), 1692-1700.

Shendure, J., and Ji, H. (2008). Next-generation DNA sequencing. Nature
Biotechnology, 26(1), 1135-1145.

Shokralla, S., Spall, J., Gibson, J., and Hajibabaei, M. (2012). Next-generation
sequencing technologies for environmental DNA research. Molecular
Ecology, 21(8), 1794- 1805.

Siles, J. A., and Margesin, R. (2016). Abundance and diversity of bacterial,
archaeal, and fungal communities along an altitudinal gradient in alpine
forest soils: What are the driving factors? Microbial Ecology, 72(1), 207-
220.

Silva, C., Guido, M., Ceballos, J., Marsch, R., and Dendooven, L. (2008).
Production of carbon dioxide and nitrous oxide in alkaline saline soil of
Texcoco at different water contents amended with urea: A laboratory
study. Soil Biology and Biochemistry, 40(7), 1813-1822.

Singh, B., Bardgett, R., Smith, P., and Reay, D. (2010). Microorganisms and
climate change: Terrestrial feedbacks and mitigation options. Nature
Reviews Microbiology, 8(11), 779-790.

Soil Survey Staff USA (1999). Soil taxonomy: A basic system of soil classification
for making and interpreting soil surveys (2nd ed., pp.9-162). Washington
D.C., US: Dept. of Agriculture, USA Government Printing Office.

Soliman, T., Yang, S., Yamazaki, T., and Jenke-Kodama, H. (2017). Profiling soil

microbial communities with next-generation sequencing: The influence of
DNA kit selection and technician technical expertise. PeerJ, 5, 1-16.

81



Sorensen, P., Germino, M., and Feris, K. (2013). Microbial community responses
to 17 years of altered precipitation are seasonally dependent and coupled
to co-varying effects of water content on vegetation and soil C. Soil Biology
and Biochemistry, 64, 155-163.

Srinivas, A., Sasikala, C., and Ramana, C. V. (2014). Rhodoplanes Oryzae sp.
nov., a phototrophic Alphaproteobacterium isolated from the rhizosphere
soil of paddy. International Journal of Systematic and Evolutionary
Microbiology, 64(7), 2198- 2203.

Stammerjohn, S., Massom, R., Rind, D., and Martinson, D. (2012). Regions of
rapid sea ice change: An inter-hemispheric seasonal comparison.
Geophysical Research Letters, 39(6), 1-8.

Stark, S., Mannisto, M. K., Ganzert, L., Tiirola, M., and Haggblom, M. M. (2015).
Grazing intensity in subarctic tundra affects the temperature adaptation of
soil microbial communities. Soil Biology and Biochemistry, 84, 147-157.

Staubach, S. (2013). Clay: The history and evolution of humankind's relationship
with earth's most primal element (1st ed., pp.112-139). New York, NY:
University Press of New England.

Streit, W., and Schmitz, R. (2004). Metagenomics - the key to the uncultured
microbes. Current Opinion in Microbiology, 7(5), 492-498.

Sun, S. Q,, Peng, L., Wang, G. X., Wu, Y. H., Zhou, J., Bing, H. J., Yu, D. and
Luo, J. (2013). An improved open-top chamber warming system for global
change research. Silva Fenn, 47, 960.

Sun, D. D, Li, Y. J., Zhao, W. Q., Zhang, Z. L., Li, D. D., Zhao, C. Z., and Liu, Q.
(2016). Effects of experimental warming on soil microbial communities in
two contrasting subalpine forest ecosystems, Eastern Tibetan Plateau,
China. Journal of Mountain Science, 13(8), 1442-1452.

Teeling, H., and Glockner, F. (2012). Current opportunities and challenges in
microbial metagenome analysis - a bioinformatic perspective. Briefings in
Bioinformatics, 13(6), 728-742.

Teixeira, L., Peixoto, R., Cury, J., Sul, W., Pellizari, V., Tiedje, J., and Rosado,
A. (2010). Bacterial diversity in rhizosphere soil from Antarctic vascular
plants of Admiralty Bay, maritime Antarctica. The ISME Journal, 4(8), 989-
1001.

Torsvik, V., Ovreas, L., and Thingstad, T. F. (2002). Prokaryotic diversity -
magnitude, dynamics and controlling factors. Science, 296(5570), 1064-
1066.

Tringe, S., and Hugenholtz, P. (2008). A renaissance for the pioneering 16S
rRNA gene. Current Opinion in Microbiology, 11(5), 442-446.

82



Tripathi, B., Kim, M., Singh, D., Lee-Cruz, L., Lai-Hoe, A., Ainuddin, A., Go, R.,
Rahim, R., Husni, M., Chun, J., and Adams, J. (2012). Tropical soil
bacterial communities in Malaysia: pH dominates in the equatorial tropics
too. Microbial Ecology, 64(2), 474-484.

Tripathi, B. M., Song, W., Slik, J. W. F., Sukri, R. S., Jaafar, S., Dong, K., and
Adams, J. M. (2016). Distinctive tropical forest variants have unique soil
microbial communities, but not always low microbial diversity. Frontiers in
microbiology, 7, 376.

Tveit, A., Schwacke, R., Svenning, M.M., and Urich, T. (2013). Organic carbon
transformations in  high-Arctic peat soils: Key functions and
microorganisms. The ISME Journal, 7(2), 299-311.

Unger, I., Kennedy, A., and Muzika, R. (2009). Flooding effects on soil microbial
communities. Applied Soil Ecology, 42(1), 1-8.

Urich, T., Lanzen, A., Qi, J., Huson, D., Schleper, C., and Schuster, S. (2008).
Simultaneous assessment of soil microbial community structure and
function through analysis of the meta-transcriptome. PLOS One, 3(6), 1-
13.

Uroz, S., loannidis, P., Lengelle, J., Cebron, A., Morin, E., Buee, M., and Martin,
F. (2013). Functional assays and metagenomic analyses reveal
differences between the microbial communities inhabiting the soil horizons
of a Norway spruce plantation. PLOS One, 8(2), 1-13.

Van Goethem, M. W., Makhalanyane, T. P., Valverde, A., Cary, S. C., and
Cowan, D. A. (2016). Characterization of bacterial communities in
lithobionts and soil niches from Victoria Valley, Antarctica. FEMS
Microbiology Ecology, 92(4), 1-10.

Vetrovsky, T., and Baldrian, P. (2013). The variability of the 16S rRNA gene in
bacterial genomes and its consequences for bacterial community
analyses. PLOS One, 8(2), 1-10.

Vincent, W. F. (2000). Evolutionary origins of Antarctic microbiota: Invasion,
selection and endemism. Antarctic Science, 12(3), 374-385.

Voelkerding, K. V., Dames, S. A., and Durtschi, J. D. (2009). Next-generation
sequencing: From basic research to diagnostics. Clinical Chemistry,
55(4), 641-658.

Waghmode, T. R., Chen, S., Li, J., Sun, R,, Liu, B., and Hu, C. (2018). Response
of nitrifier and denitrifier abundance and microbial community structure to
experimental warming in an agricultural ecosystem. Frontiers in
Microbiology, 9, 1-12.

Waldrop, M., and Firestone, M. (2004). Altered utilization patterns of young and
old soil C by microorganisms caused by temperature shifts and N
additions. Biogeochemistry, 67(2), 235-248.

83



Wan, S., Luo, Y., and Wallace, L. L. (2002). Changes in microclimate induced
by experimental warming and clipping in tallgrass prairie. Global Change
Biology,8(8), 754-768.

Wang, N. F., Zhang, T., Yang, X., Wang, S., Yu, Y., Dong, L. L., Guo, Y. D., Ma,
Y. X, and Zang, J. Y. (2016). Diversity and composition of bacterial
community in soils and lake sediments from an Arctic lake area. Frontiers
in Microbiology, 7, 1-9.

Wang, N. F., Zhang, T., Zhang, F., Wang, E. T., He, J. F., Ding, H., Zhang, B.
T., Liu, J., Ran, X. B., and Zang, J. Y. (2015). Diversity and structure of
soil bacterial communities in the Fildes region (maritime Antarctica) as
revealed by 454 pyrosequencing. Frontiers in Microbiology, 6, 1-11.

Wang, Q., Garrity, G., Tiedje, J., and Cole, J. (2007). Naive Bayesian classifier
for rapid assignment of rRNA sequences into the new bacterial taxonomy.
Applied and Environmental Microbiology, 73(16), 5261-5267.

Weedon, J. T., Kowalchuk, G. A., Aerts, R., van Hal, J., van Logtestijn, R., Tas,
N., Roling, W., and van Bodegom, P. M. (2012). Summer warming
accelerates sub-Arctic peatland nitrogen cycling without changing enzyme
pools or microbial community structure. Global Change Biology,
18(1),138-150.

Williams, M. A., Rice, C. W., and Owensby, C. E. (2000). Carbon dynamics and
microbial activity in tallgrass prairie exposed to elevated CO:for 8 years.
Plant Soil, 227, 127- 137.

Winsley, T. J., Snape, |., McKinlay, J., Stark, J., van Dorst, J. M., Ji, M., Ferrari,
B. C., and Siciliano, S. D. (2014). The ecological controls on the
prevalence of candidate division TM7 in polar regions. Frontiers in
Microbiology, 5, 1-10.

Wommack, K. E., Bhavsar, J., and Ravel, J. (2008). Metagenomics: Read length
matters. Applied and Environmental Microbiology, 74(5), 1453-1463.

Wu, L., Thompson, D. K., Li, G., Hurt, R. A, Tiedje, J. M., and Zhou, J. (2001).
Development and evaluation of functional gene arrays for detection of
selected genes in the environment. Applied and Environmental
Microbiology, 67(12), 5780- 5790.

Xiong, J., Sun, H., Peng, F., Zhang, H., Xue, X., Gibbons, S. M., Gilbert, J. A,,
and Chu, H. (2014). Characterizing changes in soil bacterial community
structure in response to short-term warming. FEMS Microbiology Ecology,
89(2), 281-292.

Xue, K., Yuan, M.M., Shi, Z. J., Qin, Y., Deng, Y., Cheng, L., Wu, L., He, Z., Van
Nostrand, J. D., Bracho, R., and Natali, S. (2016). Tundra soil carbon is
vulnerable to rapid microbial decomposition under climate warming.
Nature Climate Change, 6(6), 595-600.

84



Yan, N., Marschner, P., Cao, W., Zuo, C., and Qin, W. (2015). Influence of
salinity and water content on soil microorganisms. International Soil and
Water Conservation Research, 3(4), 316-323.

Yergeau, E., Bokhorst, S., Kang, S., Zhou, J., Greer, C., Aerts, R., and
Kowalchuk, G. (2012). Shifts in soil microorganisms in response to
warming are consistent across a range of Antarctic environments. The
ISME Journal, 6(3), 692-702.

Yergeau, E., Hogues, H., Whyte, L. G., and Greer, C. W. (2010). The functional
potential of high Arctic permafrost revealed by metagenomic sequencing,
gPCR and microarray analyses. The ISME Journal, 4(9), 1206-1214.

Yergeau, E., Newsham, K. K., Pearce, D. A., and Kowalchuk, G. A. (2007).
Patterns of bacterial diversity across a range of Antarctic terrestrial
habitats. Environmental Microbiology, 9(11), 2670-2682.

Yun, J., Kang, S., Park, S., Yoon, H., Kim, M., Heu, S., and Ryu, S. (2004).
Characterization of a novel amylolytic enzyme encoded by a gene from a
soil- derived metagenomic library. Applied and Environmental
Microbiology, 70(12), 7229-7235.

Zak, D. R., Blackwood, C. B., and Waldrop, M. P. (2006). A molecular dawn for
biogeochemistry. Trends in Ecology and Evolution, 21(6), 288-295.

Zeng, S., Huang, Z., Hou, D., Liu, J., Weng, S., and He, J. (2017). Composition,
diversity, and function of intestinal microbiota in pacific white shrimp
(Litopenaeus vannamei) at different culture stages. PeerJ, 5,1-20.

Zhalnina, K., Dias, R., de Quadros, P., Davis-Richardson, A., Camargo, F.,
Clark, 1., McGrath, S., Hirsch, P., and Triplett, E. (2014). Soil pH
determines microbial diversity and composition in the park grass
experiment. Microbial Ecology, 69(2), 395-406.

Zhang, K., Shi, Y., Jing, X,, He, J. S., Sun, R,, Yang, Y., Shade, A., and Chu, H.
(2016). Effects of short-term warming and altered precipitation on soil
microbial communities in alpine grassland of the Tibetan Plateau.
Frontiers in Microbiology, 7, 1-11.

Zhang, W., Parker, K., Luo, Y., Wan, S., Wallace, L., and Hu, S. (2005). Soil
microbial responses to experimental warming and clipping in a tallgrass
prairie. Global Change Biology, 11(2), 266-277.

Zhang, X., Shen, Z., and Fu, G. (2015). A meta-analysis of the effects of
experimental warming on soil carbon and nitrogen dynamics on the
Tibetan Plateau. Applied Soil Ecology, 87, 32-38.

Zhou, J., Xue, K., Xie, J., Deng, Y., Wu, L., Cheng, X, Fei, S., Deng, S., He, Z.,
Van Nostrand, J. D., and Luo, Y. (2012). Microbial mediation of carbon-
cycle feedbacks to climate warming. Nature Climate Change, 2(2), 106-
110.

85



Zielinska, S., Kidawa, D., Stempniewicz, L., Los, M., and Los, J. M. (2016). The
Arctic soil bacterial communities in the vicinity of a little auk colony.
Frontiers in Microbiology, 7, 1-9.

Zumsteg, A., Baath, E., Stierli, B., Zeyer, J., and Frey, B. (2013). Bacterial and
fungal community responses to reciprocal soil transfer along a
temperature and soil moisture gradient in a glacier forefield. Soil Biology
and Biochemistry, 61, 121-132.

86



	EFFECT OF OPEN TOP CHAMBERS (OTC) ON SOIL MICROBIOME AND COMPARISON BETWEEN TROPICAL AND POLAR REGIONS
	NG YI CHING
	NG YI CHING (1)
	Declaration by Members of Supervisory Committee
	CHAPTER 1
	INTRODUCTION
	CHAPTER 2
	LITERATURE REVIEW
	2.3 Soil Metagenomic Analyses
	2.3.1 Sequencing-based Metagenomic Analysis
	Table 3.2: Qubit Reading Scores of Metagenomic Libraries Obtained by Apical Scientific Sdn Bhd for Samples in February and August 2017.
	3.4.4 Taxonomic Composition of Bacterial Communities in Various Soil Samples under Warming Effect of Open Top Chambers (OTC)
	3.5 .3 Analysis of Beta Diversity of Various Soil Samples
	3.5 .4 Taxonomic Composition of Bacterial Communities in Various Soil Samples under Warming Effect of Open Top Chambers (OTC)
	REFERENCES



