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III.

SUMMARY

Title

Modeling responses of terrestrial organisms to environmental changes on King George

Island

Purpose and Necessity of R&D

West Antarctic area is one of the most affected areas by climate changes in the
world. We intended to contribute to understand responses and changes of
ecosystems to climate change by developing platform technologies of prediction
model for environmental changes of Antarctic terrestrial ecosystem and to develop

international collaboration research program led by KOPRL

Contents and Extent of R&D

Long-term resrearch goal of this project until 2025 is to develop technologies to
predict what will happen on the Antarctic ecosystems by climate changes. As an
initial study, from 2011 to 2013, we attempted a systematic study of the Antarctic
terrestrial ecosystem and conducted researches on annual temperature changes,
vegetation distributions, mosses and lichens diversity, and microbial diversity
throughout the Barton Peninsula. And from 2014 to 2016, we secured basic data
on biodiversity and components of ecosystem of King George Island, established
long-term monitoring system for ecosystem change, identified evolutionary origins
of organisms living in King George Island, and developed ecosystem
research-based technology. For this period of studies during 2017 to 2019, we
focused on 1) building interaction map between micro-environments and biological
responses in terrestrial ecosystem of King George Island, 2) modeling biological

responses, 3) contribution to international cooperation.
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IV. R&D Results

1. Actual vegetation map of Barton Peninsula
Actual vegetation map of 2014 was completed. The none vegetated area was
covered 66.99% of the total area, and the vegetated area was 33.01%. The
vegetated area was thematically classified into seven subformations by growth form
of dominant species. In the vegetation covered area, the largest distribution of
fruticose lichen subformation was 23.52%, crustose lichen subformation was 6.51%,
moss carpet subformation was 1.78%, and short moss turf subformation was 0.53%.
There were 41 types of patches on the vegetation map of the Barton Peninsula of
which the largest area was covered by snow, accounting for 53.62% of the total
area. Among the vegetated area Us occupied the largest area with 18.90%, 5.78%
with Cr, 1.59 % with Us-H, 1.27% with Sa, 1.09% with H-Us, were distributed,
respectively.

2. Long-term observation of microclimate and soil environments

Critical Zone Observatory (CZO) is a approach to understand the terrestrial
ecosystem comprehensively. It includes observations for physical, chemical,
geological, and biological phenomena in sub-terrestrial, on the ground, and
atmospheric area. We observed underground water distribution, vegetation
distribution, microbial metabolic activity in the ground, photosynthetic activity of
bryophytes and lichens together with environmental conditions along the altitudinal
gradient. Temperature differences along the gradient was very small, but water
content and PAR were quite different according to the altitude, leading to different
vegetation distribution.

3. Characteristics of geophysical data according to vegetation and active layer
Several kinds of vegetation are distributed around King Sejong station. Vegetation in
Antarctica also varies in growth rate, distribution, and area by the amount of light
and moisture. Moisture, an important environmental factor that causes vegetation to
grow, is supplied by the condensation and precipitation from the atmosphere, in
particular, precipitation has a direct impact on the soil. The most direct way to
measure the moisture content of the soil is to obtain data from the soil samples,
which represents the value of the point but cannot represent the vale ov the
surrounding area. Geophysical methods such as electric resistivity, GPR, and EM
were used to obtain a wide range of values in a short time. Moisture distributions
were measured by the above three geophysical methods in the study area where
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Sanionia, Ochrolechia and Usnea were distributed. In the environment where
Sanionia grows, the moisture distribution was overwhelmingly high and the soil water
content was decreased from Ochrolechia to Usnea. In order to confirm the accuracy
of the geophysical method, we compared the laboratory results of data sampled
directly from four sites and geophysical methods. The results are in good agreement
with each other.

4. Characteristics and pathways of groundwater, surface water and snow in KGLO1
Groundwater is an important component of water cycle in the polar region;
however, there has been little studies for groundwater in the polar region. This
study investigated the hydrogeological characteristics and pathways of groundwater,
surface water and snow in two lakes (named lakes A and B) in Barton Peninsula,
King George Island, Antarctica. The groundwater flux of Lake A, measured by
seepage meters, changed dynamically from -9.2x 107 m/s to 5.3x10® m/s, but Lake
B showed a stable influx from 1.1x10® m/s to 9.5x10™ m/s. The results of water
quality analysis showed that compositions of Lake A groundwater were similar to
those of surface water, but compositions of groundwater and surface in Lake B
were distinguishable, which was consistent with the results of water quantity
analysis. The isotopic analysis showed that groundwater, surface water and snow
generally followed the Global Meteoric Water Line (GMWL). This study can be
useful to understand the roles of groundwater in Antarctic lake systems.

5. Monitoring of soil CO; efflux in KGL01
In the Antarctic, thawing permafrost due to global warming effects is expected to
have a significant effect on vegetation distribution and microbial community. It is
very important to understand the mechanisms of carbon cycles in terrestrial
ecosystems, as frozen soil thawing periods is likely to increase soil CO, flux with
changing microbial community. Various measuring methods were used to investigate
carbon dioxide emitted from the soil to the atmosphere spatially and temporally for
various ground conditions on the Baton Peninsula. The amount of soil CO, flux was
controlled by the degree of development of organic soil according to soil moisture,
vegetation distribution, and topography.

6. Monitoring of chlorophyll fluorescence in KGLO1
Physiological responses of various Antarctic organisms due to microclimate change
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are essential data for prediction of Antarctic ecosystem change. To investigate the
bioreactivity of bryophytes and lichens, the representative vegetation of the
Antarctic ecosystem, photosynthetic performance (the effective photosynthetic yield,
electron transfer rate, chlorophyll a fluorescence, light quantity and temperature)
and microclimate changes (surface temperature, light quantity and soil water
content) were measured in KGLO1 site, Barton Peninsula. The vegetation classified
by moisture gradient was divided into WET, INT (intermediate site), and DRY region,
and 18 fluorescence measurement equipment and data logger were installed in 6
populations. The summer field surveys of 2018 and 2019 collected 67,000
photosynthetic performance data for 51 days. Light quantity and temperature are
environmental factors affecting the region extensively, affecting the diurnal
photosynthetic performance, and classified into V type and U type. On the other
hand, soil moisture was a local change factor in WET, INT, and DRY regions,
leading to differences in photosynthetic performance within and between
populations. After two years of field research, the effects of microclimate changes
on photosynthetic performance of the representative vegetation showed differences
among populations, and long-term studies are needed to determine whether a
decrease or increase in photosynthetic performance leads to a change in community
structure.

7. Breeding records of kelp gulls near terminal moraine at Potter Cove, King George

Island

Recently, Fourcade glacier on King George Island have been rapidly retreating. The
glacier adjacent to Porter Cove on the Baton Peninsula has been retreating
northward until 2006 and then northwestward along the glacier slope. Within Potter
Cove, kelp gulls have chosen moraine area as nesting sites, and breeding colonies
extended toward the glacier retreat. Northwestern winds prevailed during the egg
laying and incubating periods (October-December) of kelp gulls in the survey area.
In the breeding sites, moraines also tended to be placed mainly in the northwest
direction of the nest. It seems that kelp gulls consider using moraine as their nest
wall to minimize loss of body and incubating temperatures when they select nesting
site.

8. Monitoring on vegetation changes near glacial retreat area
Maritime Antarctica, where the Barton Peninsula is located, is severely affected by
climate change and accelerating glacier retreat forming new ice-free area. We
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investigated the micro-topography related with vegetational succession and the
succession process at the newly exposed area by Fourcade Glacier retreat in almost
three decades in Potter Cove. Since the nest materials of kelp gull (Larus
dominicus) settled down and led vegetational succession in this exposed area,
psuedo-succession has been progressing rather than primary succession. As a result
of comparing coverage data of vegetation between 2014 and 2018 with a permanent
quadrat, lichens extend their occupation and coverages of moss and freshwater
algae are similar. The flowering plants settled down in 2014 decreased around the
nests, therefore, further research will be required to clarify the cause.

9. Changes in the community structure of Microorganisms in the Glacier Retreat, Barton
Peninsula
By documenting the formation of new ecosystems in exposed lagoons by the melting
of the glacier, Barton Peninsula due to climate change, we tried to secure data on
land reclamation processes and their ecological impact in the entire Antarctic glacier
region. In particular, the land exposed by the rapid retreat of the glacier on the
Barton Peninsula shows a different aspect from natural cloth as the Kelp gull Larus
dominicanus began to build nests, bringing in moss, earthworms, plants and
microbials from other regions. The effects of glacier retreats in Antarctica and the
spread of bird breeding sites on the settlement process of the Antarctic microbial
life were studied. Each year old bird nests were analyzed and the first-year nests
showed higher species diversity than second-, third- and fourth-year nests. This
suggests that Biodiversity of glacial retreat areas suggests that nesting by kelp gull
is the main factor.

10. Changes in vegetation-microbes-soil relationship along the deglaciation

chronosequence

Ice-free areas on the coastal regions in the Antarctic Peninsula expand due to
accelerated deglaciation driven by rapid climate warming. Studies on ecosystem and
soil development in glacier forelands have primarily made on the northern
hemisphere, whereas few studies have been conducted in the southern hemisphere,
in particular very rare in the Antarctic. We examined how microbial community
composition and soil properties change along the deglaciation chronosequence on the
foreland of Forcade glacier, and the extent of association between vegetation,
microbial communities, and soil geochemistry was also investigated. There were
significant and directional changes in soil properties (soil pH decrease, increase in
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total organic carbon content, etc.) and microbial community structure following the
chronosequence. Deglaciation-induced soil geochemistry changes were more strongly
related to shifts in bacterial community structure than those in fungal community
structure. Similar results are also observed in many former studies in the northern
hemisphere. Microbial community variability was explained more by spatial distance
and soil property changes, but the influence of vegetation was relatively small,
suggesting that linkage between aboveground and belowground ecosystem
development may not be tightened during the short-term chronosequence.

11. Modeling on the estimation of electron transfer rates of Deschampsia antarctica and
Colobanthus quitensis
We study how two flowering plants Deschampsia antarctica and Colobanthus
quitensis respond to environmental conditions at the individual level. The electron
transfer rate (ETR) that corresponds to the photosynthesis amount was well
correlated with environmental parameters including air temperature, light intensity,
humidity and etc, where the coefficient of determination ranged from 67 to 78%.
The air temperature measured by MONI was among the most decisive environmental
parameters that influence ETR. While soil moisture was not associated with ETR,
the other parameters exhibit moderate effects on ETR. In addition, the
determination coefficient was improved about 8 to 18% by applying bootstrap and
jackknife methods. As another story, we adopted image-based estimation of body
weight in eco-friendly, nondestructive ways. Taking photos of two flowering plants
followed by counting green pixels was strongly correlated with body weight (in all
cases, R > 0.9). Updating the correlation by adding more samples will enable us to
accomplish the real-time, long-term monitoring during field work that gives rise to
estimating body weight and tracing biomass change of Antarctic flowering plants.

12. Spectral characteristics of the Antarctic vegetation: A case study of the Barton

peninsula

Spectroscopy is the study of light as a function of wavelength that has been
emitted, reflected or scattered from a target. As photons enter a target, some are
reflected from the target, some pass through the target, and some are absorbed. All
natural surfaces including solid, liquid, or gas have their own physical characteristics
of reflection, refraction and absorption. Monitoring of vegetation changes in the
Antarctic Peninsula plays an important role in global climate change. Changes in
vegetation can be obtained from optical remote sensing sensors, also known as
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imaging spectroscopy. Therefore, obtaining spectral characteristics of various
vegetation species in the Antarctic Peninsula is important to understand remote
sensing images quantitatively. In this study, we obtain spectral reflectance of 17
vegetation species which can be easily found in the Barton Peninsula, and analyze
spectral discriminant between species using spectral statistics.

13. Impacts of snow cover on distribution of vegetation using remote sensing techniques
Climate change in Antarctic Peninsula has brought environmental change on land
cover, affecting to distribution of vegetation. In this study, we investigated
relationship between distribution of vegetation including lichen and moss and snow
cover, one of the environmental factors can be affected by climate change, in
Barton Peninsula, King George Island, Antarctica. High-resolution multispectral
images were acquired in the study area located in the vicinity of snow cover, and
then used to assess the correlation between distribution of vegetation and snow
cover using image processing techniques. The results showed positive correlation (R?
= (.76) between distribution of vegetation and snow cover, and this can be used to
predict transition of vegetation in further environmental changes.

14. Physiological analysis of the moss Sanionia uncinata under reduced relative water

content in Antarctic habitat

If the recent global warming trend observed on the Antarctic Peninsula persists over
the long term, increasing aridity is expected, due to the loss of glaciers that act as
the main source of available water. However, the physiological responses of
Antarctic mosses to this possible future decrease in water availability have not yet
been investigated. Thus, we evaluated the photochemical response to a decreasing
relative water content (RWC) in Sanionia uncinata, the dominant moss species in the
maritime Antarctic. As aridity increased, chlorophyll contents and the values of
several photochemical parameters decreased, indicating that S wuncinata is sensitive
to drought and that their productivity will be negatively affected by increased
aridity.

15. Assessment of Photosynthetic performance of the Antarctic fruticose lichen Cladonia
borealis in response to microclimate changes
Antarctic lichens have been used as indicators of climate changes for decades, but
only a few species have been studied. We assessed the photosynthetic performance
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of the fruticose lichen Cladonia borealis under natural and laboratory conditions.
Compared to that of sun-adapted Usnea sp., the photosynthetic performance of C.
borealis exhibited a shade-adapted feature, and photosynthesis did not occur in
dry-days when the rain was stopped. To understand its desiccation-rehydration
responses, we measured changes in PSII photochemistry in C. borealis under the
average light intensity of dawn and day times and desiccated conditions of their
natural microclimate. Interestingly, samples under daytime-light and rapid-desiccation
condition showed a delayed reduction of Fv’ /Fm’ and rETRmax, and an increase
of Y(I) and Y(NPQ) levels. Such results suggest that the photoprotective mechanism
of C. borealis depends on sunlight and becomes more efficient with improved
desiccation tolerance.

16. Relationship between Lichen distribution and microenvironmental factors on Barton

Peninsula

Lichens are known to be very sensitive to environmental conditions such as
temperature, humidity, light, air pollution, and so on. The effect of environments on
lichen viability have been conducted on a large geographical scale and different
climate zone. However, it is also known that specific microenvironments affect
lichen survival. Barton Peninsula of King George Island, Antarctica, is a small area
but diverse topographical features including a variety of slopes, aspect, and altitude
can lead to various microclimate and diverse vegetation such as lichens, mosses,
liverworts, and vascular plants. To investigate the distribution pattern of lichens
Cladonia squamosa and C. gracilis complex that are widely distributed on Barton
Peninsula, a total of 177 Cladonia samples were collected from 11 different sites.
There were several sites that were inhabited exclusively by C. squamosa or by C.
gracilis. The effect of microenvironments formed by geographical topography and
microclimate on the distribution of two Cladonia species was studied. Analysis of
variance of microenvironmental factors has revealed that eastness, topographic
exposure, the period of below zero temperature, distribution of moss Samionia
uncinata, and the genus Andreaea, were closely related to the distribution of C.
squamosa and C. gracilis. Both lichen-forming fungi had a symbiotic relationship
with  Asterochloris erici A. erici was majorly divided into three haplotypes.
Distribution of three haplotypes of A. erici was significantly different depending on
the topographic exposure and the vegetation frequency of S. wncinata and Psoroma
species. It was suggested that the low temperature and direction of the slopes
which can cause snow cover differences can affect the distribution of mycobiont
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and photobiont, and also vegetation structures.

17. Analysis of bacterial response and nitrogen metabolism related to nitrogen source
Nitrogen is essential for the existence and growth of organisms, and ecologically,
nitrogen cycle is very important for ecosystem maintenance. Nitrogen fixing,
ammonia oxidizing and denitrifying bacteria are difficult to cultivate to obtain a
single individual, and there are not many studies in Antarctic soils, so there is not
enough physiological or genetic information on bacteria involved in the nitrogen
cycle. Three soil samples were enriched for nitrogen fixation (NF), ammonium
oxidation (AO) and denitrification (DN) to study the characteristics of bacteria
involved in the nitrogen cycle. After confirming the culture of nitrogen fixation,
ammonium oxidation and denitrification by measuring nitrogen concentration, 16S
rRNA gene was amplified and analyzed for bacterial communities. Bacterial
community analysis showed that Micavibrio (Alphaproteobacteria), Oxalobacteraceae
(Betaproteobacteria), Pseudomonadaceae (Gammaproteobacteria) and
Parachiamydiaceae (Chlamydiae) were cultured in ammonium oxidizing bacterial
enrichment cultures, and Oxalobacteraceae (Betaproteobacteria), Pseudomonadaceae
(Gammaproteobacteria) and Propionibacteriaceae (Actinobacteria) in denitrification
bacterial enrichment cultures. AO_2C for ammonia oxidation culture and DN_1B and
DN_3A for denitrification culture were subjected to metagenome analysis.
Denitrification pathways and dissimilatory nitrite reductase pathways were found in
DN_1B and DN_3A enriched in denitrifying bacteria, and ammonia assimilation
pathway was found in AO_2C. Nifrosomonas and Nitrosospira, known as ammonium
oxidizing bacteria, were cultured and genome information of a new bacterium,
Janthinobacterium sp. AO2C, was obtained. Oxalobacteraceae and Pseudomonas were
cultured and genome information of Simplicispira sp. DNIB and Pseudomonas sp.
DN3A were obtained. Both bacteria were identified to have denitrification genes
such as nar, nir and nor.

18. Analysis of bacterial response and nitrogen metabolism related to nitrogen source
Lichen-associated Rhizobiales-1 (LAR1) lineage of the order Rhizobiales is known to
be one of the most predominant bacterial groups in lichens that grow through the
symbiotic relationship among lichenized fungi, green algae and/or cyanobacteria, and
bacteria. However, due to the lack of representatives of LAR1 lineage, the function
of strains of LARI1 has been inferred from the closely related cultured strains. In
this study, two strains, PAMC 29128 and PAMC 29148 belong to the LARI1 lineage
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were successfully cultivated from Antarctic lichen Lichenihabitans psoromatis. As the
first study to determine physiological characteristics of LAR1 strains with appropriate
nomenclature, these strains are considered to be noteworthy sources for revealing
the function of LARI1 strains in the lichens.

19. Temperature effects on humic substance-degradation by soil bacterial communities
Humic acid (HA) is a major extractable component of humic substance (HS), the
largest constituent of organic soil matter. To assess the effects of increased
temperature on HA degradation and the microbial community, HA-rich maritime
Antarctic soils were incubated at elevated temperatures (5C and 8C) and then
compared to the frozen soil. In a microcosm system, when compared with the
untreated control, the HA content steadily decreased in samples incubated at
elevated temperatures and HA was presumably degraded by microbes. Compositional
and structural HA changes were detected at each temperature, with the changes
being more significant at 8C than 5C. The relative abundances of bacterial phyla
Proteobacteria  (copiotrophic) —and  Actinobacteria (polymer-degrading) — slightly
increased and decreased, respectively, in samples incubated at 5C and 8C.
Archaeal and fungal community responses were not meaningful. Culture-dependent
analyses of indigenous bacteria confirmed that HA addition resulted in a rapid
increase  of  Proteobacteria  dominance at both 5C and 8T  with
Alphaproteobacteria-related  bacteria  being  highly increased during the
HA-degradation process. Collectively, our results indicate that bacteria in maritime
Antarctic soil degrade HA and that an increase in soil temperature due to global
climate change can change the bacterial community and HA-degradation rate.

20. Study on the humic substances-degradation pathways by soil bacterial isolates and

communities

The largest constituent of soil organic matter, humic substances (HS), are natural
aromatic heteropolymers, with a composition similar to lignin. The microbes in a
sample of subarctic tundra soil from Alaska, USA, were able to degrade humic acids
(HA, a major component of HS) during microcosm experiments at a low temperature
of 5C, which is similar to natural soil temperature during the thawing period
(average temperature of 5.6C at a depth of 20 cm). The relative abundance of HA
decreased to approximately 71% compared with the non-incubated soil control
(100%). The microbes, however, were unable to degrade HA at 25C, which is in
the ideal soil temperature range for growing most plants. When enriched at 15C in
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liquid mineral medium provided with HA as a sole carbon source, the HA-enriched
microbial consortium was metabolically activated to degrade abundant soil carbons
(e.g., 4-hydroxybenzoic acid and D-cellobiose) and completely degraded 2-methoxy
phenols (ferulic and vanillic acids), which are lignin-derived mono-aromatics. Our
data indicate that the microbial consortium of Alaska tundra soil is cold-adapted and
symbiotically degrades HS, possibly via a bacterial lignin-catabolic pathway in which
vanillic acid is a primary metabolite. To our knowledge, this is the first report
describing a HS-degradative pathway at the microbial consortium level. Pseudomonas
sp. PAMC 29040 was isolated from a maritime tundra soil in Antarctica for its ability
to degrade HS. The draft genome sequences of PAMC 29040 were analyzed to
discover the putative genes for depolymerization of polymeric HS (e.g.,
dye-decolorizing peroxidase) and catabolic degradation of HS-derived small aromatics
(e.g., vanillate O-demethylase). The information on degradative genes will be used
to finally propose the HS degradation pathway(s) of soil bacteria inhabiting cold
environments. Pseudomonas kribbensis CHA-19 was isolated from a temperate forest
soil (mid Ilatitude) in New Jersey, USA, for its ability to degrade HS, and
subsequently confirmed to be able to decolorize lignin (a surrogate for HS) and
catabolize lignin-derived ferulic and vanillic acids. The draft genome sequence of
CHA-19 was analyzed to discover the putative genes for depolymerization of
polymeric HS (e.g.,, dye-decolorizing peroxidases and laccase-like multicopper
oxidases) and catabolic degradation of HS-derived small aromatics (e.g., vanillate
(-demethylase and biphenyl 2,3-dioxygenase). The bacterial genes for HS
degradative activity would be used to propose a HS degradation pathway of soil
bacterial communities.

21. Analysis of distribution of soil protozoa with temperature and PH variation
Antarctica has maintained an isolated environment for about 20 million years by
Antarctic cyclists and has an extreme environment like a desert, making life possible
using each unique mechanisms. The land environment in Antarctica is home to
rotifers, nematodes, and tardigrades, among them ciliates have the highest diversity.
Ciliates are single-celled eukaryotes that appeared on Earth 1.5 billion years ago
and serve as a carrier of carbon circulation in the barren Antarctic environment. In
addition, it has a single cell membrane, which is used as an environmental indicator
in response to environmental changes. A new species Pseudontohymena anarctica,
which is uniquely grown at low temperature through actual polar environment
cultivation, was discovered and the species represented optimal growth at 4C of
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22.

23.

incubation temperature. Through this study, we are planning to predict the change
of colony of island caterpillars due to climate change in Antarctica.

Development of ANTOS database and website

ANTOS(Antarctic Near-Shore and Terrestrial Observation System) was developed to
monitor changes and responses of Antarctic ecosystems. We developed database
system and website to manage data and to make it easy to share data between
scientists. Tools and systems are established to handle continuous data from weather
sensors and chemical data from soil, water, and air samples.

Development of LAPES database and website

Antarctic Peninsula is a hotspot for ecosystem researches because this area is
suffering fast climate change and many scientists from many countries have
research activity in this area. To enhance research activity and efficiency,
cooperation among scientists are an important factor. We have developed a
database system and webpage to support LAPES (Linking of Antarctic Peninsula
Ecosystem Sciences) activities.
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1. Z2AH 7186 a7 3%

FeElvete] 5 SAAEAC dEd A= 19889 AF7IA e tEo] 71A F
WS zAbe] detor AHE AAENeH, F2 AT FEdo] A AT 19929
e vtEwE A Ao AA WP BAE AAlste] AolF 3% 42F JdEF 45 6
Fol BaHnt. olF SAAAHA A= V1A i A wst 2 1 o detow
FFHAT. 1998 dl= 7IAFH| A53k= Usnead Aol7E o= o558 &%
7ol olFolxen, 2002d%-H 39zt 7IHAFHe] AR S stk 2011EFH

20133744 Fd3E SAATE FAAE S SAAEAN Fd AAAJD A7)
Aol rEERIE Aol gk AxF 2=wsh AAARIEE A, JEFet Ao o
G, MAE el g A S E AT 2014358 20163704 = E 52944
& o8 AxAAe AEudd # AHA FAdasdd i VxdTAR SR, YA
A AMA A A 71, AEA AT el
A

=

2
5 MAE T SEAHAE 7L e AE X5 AASE o F8% &S 3
ok A AR Fo] HdElF, AYFE 2T AEZE vA = JFE Fgeotstr] ¢t
o] Digital elevation modelS ©]-&3lo] 1%, AAL AW 59 7|EAW BEAsta asfit
Lo AR H ABEEE A fcte =EEs o8 onA Ax gH HFT

&ttt

HREREE Ao A AR 723 TE Tl i dF 22w 455 5}

o AR 710 A9 Age) dFL wol wor, AR wA, Apdd ALEL o
) A 5= FAY 2% Zol7t &S B1adh ol2A Fe Aoz W
ol e w7152 Zol7] w9 A dAE & Aes BHolFAen, s o A=
e Ao Yol m s QAT T4R 4 Aee AN AL dolE 244w
el o7 JEFE A Toy A mE e olrt ME ettt Bl T
Ashs F7189 Aol 4% mAdEe 84 Ao VzAEE 389 sl
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7H AR Agries e ki

dr71ES W Folth

A, SFRAFAA voly A& 9

of. AR el HolEule]x

Ao g wa) @ 9B ARFHE Aot AelA TR dolE Mo~
Azgl e Qo AdAw, 14 A, ATty AR, S8EA A7, A7

A5 5 % dFAEY FEHEErE Zasith 20156 W3 ANTOS  (Antarctic
Near-shore and Terrestrial Observation System)e] do]glmlo]x 7 2 g o] g
AQs B ATdo] €A Hel weh B ATEHY AAE dHolHHol 2 Ax2ds TR
gto] AlAl RE FSAHATAEC] T FE F A tolEHo]a Aladlo® §iy ol

= Fo.

2. 71t &§38El A7 A%

AxAY B ol e B AGelNE g A dydEel daHa vk 9
G874 24 B4EUHE 2 A7) 8AE DBTE AYES T AEEo| 7|
AFWe Aol mAE GG 24 F vt kan AGAHA AR FAL B 9

FH7 W =

FEANETY BUHY @ 93714 $F8 B AT AdNE BAY AAE
Wakel Bwstet YBH WakE RUHYse 9k “CCAMLR AuA muEs &
e A% B2 AT FF AL B B Eeolas Age] YA A7/
5 Foluk.
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A2 A F8] Jl=AYd A%
1. SCAR Fx2] = AelA #F =273 &9
=389 A3 (SCAR)ONAM = B3 d= AEA 35 Z2a9s &9l Aok
AntEco(State of the Antarctic Ecosystem)+= W=, olg= % d=afo thkal 317 o
MAsks At AR BErdd S AR BEAZMA Gt FEAA ol =E
Folal, olE mygom HIAHA  BAd  &&stua st ZrIol
Ant-ERA(Antarctic Thresholds - Ecosystem Resilience and Adaptation)+= e} A1 =+
712 E AR R 2 A 37FA Al A oldfstal o] & wiE o R 7SR S| o
g F=SAEAIY A VeREE dFste S HiEE . ANTOS(Antarctic
Near-shore and Terrestrial Observing System)™ W= W& x| S43a A<kl

AE ddez Sy Aantse] $A $9 dFA2ge 7535t ol &8

r

~—

=)

st= AE7F I+t Remote Sensing< 2012 &

2 =
SUBgeR Agad, 2 dFe] 7o 44, g e Fgetelnge T o

The Organisation of the Scientific Committee on Antarctic Research (SCAR) (February 2019)

\ DELEGATES |
‘ [ EXECUTIVE COMMITTEE |
[ SECRETARIAT | |
| Science Groups |
I
Standing Committes
GeoSciences Life Sciences Physical Sciences e 9 |
Standing Committes on
. S0
SERCE ANT-ERA
Standing Committes on the
[ Aowar | AwmosT ) A W e
= R Ry
I | opus e e
Capacity Building, Education
and Training Advisory Group
H  GHec | H__ PlaslicAG |
HTTskAET ]
"4 jeilnlly sponserad Ly S0s
*2 incerperalas ITASE
a3 with COMNAP s
& SCOA, IMBaA and SCAR Scientia Aesearch Programme Expert Group Action Group Standing Advisary Group Joint nitlitve wilh
*TCLIVAR, CIC snd SCAR Programmne Groug  Plannin g Commities olher pryanisations
"8 PAGES and IACS Grouge

Figure 1. SCAR ufstd4 =28 A
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2. o= Fx2o] Ay AejdF =F 80 LTER
AejAl o] Wste= edll 7|7kl AXA PdE = S84 7FA L Aol AT SR
7F A Al m A= @S sotetEd Ao #E AE kg g AgA 2
712 A7 Aot ARl A7 Audy ZEaH2 ws NSEF7F 1980 4
# 3k The Long Term Ecological Research(LTER) Network® 4], LTER DATA portal
DEIMS (http://deims.org)S S AAANA 3 F< LTER #&H dHolHE I3
Atk LTER Z2Za# ] ANAZAYE & FAE= 5= LTER, ¥ 9WH X LTER, Z

ok op fo

m&;M

FE

3
M7]1#] LTER®] S%%ol slov, #m7]# LTERS |G A #5 aFelH, 35

S50l 9 o

= Ae] S B 9E ZRage

Regional Groups

‘ NATIONAL SCIENCE FOUNDATION

s A ~ Palmer :
Americas s | TER N ETWO RK Ml Palmer Station
‘_" LONG TERM ECOLOGICAL RESEARCH AntarcticaLTER ° “
| McMurdo
Europe LI ER Station
_ ‘;\ ‘urope
‘ European Long-Term Ecosystaem Research Network
East Asia ILTER East Asia and Pacific Regional Network
Pacific (ILTER-EAP) website

&

Figrue 2. =& LTER =213 14

3. A8E]|A & F=Z(Critical Zone Observatory, CZ0)

A7 ElZA £ $=(Critical Zone Observatory, CZO) "= NSFo| A 3 F<l AE
2aflow AA AR FHE olF A= 3, EgF, AATH, A=
tate] T 9 AA Zgy wgls FRH o ol st e thekAl o
T-o] T}, X]’é} zlo] EAste =FH HAAE U7 AxIAAA dojuyal de AN
of gk AT EAN, AE, vk, 37, &, Ed 5489 FF AF o)l &rtedd 74
Eﬂ‘fﬂoﬂ A AAAE 7ol o]s)etar} gt
A W B g olsfsty] fste] 53] AT st #dA AFAES
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A Ho] NSF A Yoz 9%

o7 ANAEYL P Earth’'s Critical Zoneo 2 A AAZ S (F 46719 A H)

e, vlgEe, s, =y,

critical zoneS A3 =E A

¥

F Aol e,
Critical Zone Science A
What processes 4 % How do processes.
control fluxes of Atmosphere that nourish
carbon, particulates, ecosystems change
Atmosphere and reactive gases over human and
over different time geologic time
. scales? | I scales?
Biosphere
Hydrosphere Landform
¢ Evolution
Lithosphere E
How do biogeo- How do variations in
chemical processes and perturbation to
govern long-term chemical and
Mi"‘;‘;es sustainability of physical weathering
water and soil processes impact
Decages resources? the Critical Zone?
Millenia
LA
Eons
Hillslope <> Catchment <> Watershed
Figure 3. Critical Zone Observatory(Cz0O)Q| 7 E1t m AEE

_37_

AT
J=ell A5k 10712 CZO <4
Fujep sepolulElzt CZO A

e 22 44 2

-

el




Chapter 3
R&D Implementation Results;
Building Interaction Map between Micro—Environments and
Biological Responses in Terrestrial Ecosystem of King

George Island
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T

Actual vegetation map of Barton Peninsula

1. A&
AT A7 A7F AX G AEAA vpER R AR P T EEE votet
AL A2 A+ ¥ ol AgEA o
t}(Shin et al. 2014, Vieira et al. 2014). A<
o] &3 HMFA ERVF B ARRH I vk gyl o3 A Ays =dste A
S AR gt Y FE9S 23 A IS o] &5t o] Folx
Longton(1967)¢] A% $d9 AdFAEe Yol 25 A& Adth(Lewis Smith 1972,
Lews Smith and Gimingham 1976, Kim et al. 2007). 1970 d o5& 1980t ZWk7}b=|
kA F=do] 923 Elephant A3 XA A9 Admiralty 9 SollA 2o F3&
TESt= A7 @93 AP FH AT Lindsay(1971)2 FHAEH= =9 Livingston A
oA A i ExEel #IF ATE A=, G2 H FHHE FUIA7
A ol FFS Wtk Bk v gluk 2000 o] F dFE AR olur Qa9
FAEES 83 AHA Ex A7 @A HaAEH Adok(Michel et al. 2006,
Francelinno et al. 2011). o]& gk A
Ko, wHrp ¥ Aol AA Fxet WHstE FrIH 0w AEs= dH fEetth 1Y
oA 7bA] A H AL Qlo] FAARRETEH 59 ARE AEstE dHe dHAVE Uk
20073 olFol= AT WAF YA AA Al 2~wl(differential global positioning system,
DGPS) &< ol&sto AE3st
system, GIS)7|H <& &&3sto] A TN 19 A5 AR Au fAHs =
HA &

Akt B @7 ArhKim et al.

-
T

He Adzad e AR us AT >

A SA4% A5E A8 F4 A 2=H"(geological information
1
olar dth. SHAIRE, o]efgt W Al H-&

2007, Preira et al. 2007).
HEERE A = 200739 Kim 5 (2007)¢] AlE 23872 Frol AAFEZe} 73] ¢
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4 7t
Ae FREFESRE AA)NA shebahgith

7F 2=AF A

o

AEAN] FAE] AT HENEE YdoR APRY A=E
HEE o5 AR Akl oF 4 x 3 kme] WA O] wEHH, wtme] FARE W 90
290 m A=olt. 7H =2 T5Tlv 295 m(Noel Hill)o] THO FYEY 1%
= 9F 200 moltt. vlERIES] 7]HE 4 FF{ 7] A (granodiorite, basaltic andesite,

lapilli tuff, and Sejong formation) 2.2 4 %o A tH(Figure 1)(Lee et al. 2004).
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2] A e Longton(1967)TJr, BxA A vhE B 9] A
Kim (2007)¢] &7 AAE <&t
Hell Fxat= S A et FFdsAE A
(Antarctic phanerogam formation)®} # =234 2 v 7| (Antarctic cryptogam formation
2 &S g8 d=9s SA oA HIAES IFEFEANE
(Deschampsia antarctica)®t &= /W0 A 2] (Colobanthus quitensis)2] 2&°] =3 3}“1, H}
= WEo A% o] FF Fo] FEsta JTHISHAF 2013). 1 F T AstAEol
7l 1 ete] AE s Fdsta Az, szt At L el AAsk=
TX A oA tEFY 59 FHAl(formation) FELZ FESH O = FE 7t
A dAEABE S AT ARG AL T AS5FHE RS
o] &2 ol Al(subformation) F=ollA F sttt w3 of Al o] 5o
(association)2 F+HFH A+ Fe] TFAHZ oJalA AT HH-ATHFE

grow st tH(Table 1).
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Figure 1. Map showing the location of Barton Peninsula, King George Island,
Antarctica. KSJS: Around King Sejong Station, MARC: Adjacent to Marian cove,
POTC: Adjacent to Potter cove, ASPA: Including ASPA (Antarctic Specially
Protected Area) No. 171.
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Table 1. Classification of thematic classes and vegetation types by physiognomy for the mapping
of actual vegetation map

Category Thematic C.lasses Commgn‘ﬂy Dominant species Remark
(subformation) (assooition)
Crustose lichen subformation Ca Caloplaca spp. Halophilous
Cah Caloplaca holocarpa Halophilous
Vegetation Cr Crustose lichens
Cr—An Crustose lichens— Andreaea spp.
Cr—H Crustose lichens — Himantormialugubris
Cr=S Crustose lichens — Sanionia spp.
Cr—Us Crustose lichens - Usnea spp.
Hae Haematoma erythroma Halophilous
Fruticose lichen subformation H Himantormia lugubris
H-Cr Himantormia lugubris- Crustose lichens
H-Us Himantormia lugubris- Usnea spp.
R Ramalina terebrata Halophilous
Us Usnea spp.
Us—An Usnea spp.— Andreaea spp.
Usan—Cr Usnea antarctica- crustose lichens
Us—Cr Usnea spp.— crustose lichens
Us—H Usnea spp.-Himantormia lugubris
Us—S Usnea spp.— Sanionia spp.
Squamulose lichen subformation Oc—Sa Ochrolechia frigida — Sanionia spp.
Ps Psoroma spp.
Short moss turf subformation An Andreaea spp.
An—Cr Andreaea spp.— crustose lichens
An—S Andreaea spp.- Sanionia spp.
An—Us Andreaea spp.— Usnea spp.
Bry Bryum spp.
Tall moss turf subformation Chr Chorisodontium aciphyllum
Chr—8 Chorisodontium aciphyllum — Sanionia spp.
Chr—=Us  Chorisodontium aciphyllum — Usnea spp.
Moss carpet subformation Sa Sanionia spp.
S—-A Sanionia spp. — Andreaea spp.
S—Cr Sanionia spp. — Crustose lichens
S—Us Sanionia spp. — Usnea spp.
War Warnstorfia spp.
Macroscopic alga subformation Pr Prasiola crispa
Pr—Chr Prasiola crispa — Chorisodontium aciphylium
Beach -
None . Naked field Non—vegetation area
vegetation
Nest Penguin's nest
Path Penguin's movement path
Water -
Snow Snow -
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O @EgaEe] 44 2 oAeie 4
A EE 2007d 3 201297 H 2018 Abololl o] Fojxl 73] AFXALE T
AT vpEdEE] gk 7] =2 20072 2013d =9 wv)

é.ul—_"
X
o
rf
s}

o o 7

AR et wsE St A Fete] AAE EASE AR BAE
AEwz vAHoz STk 2007 BIH FTANE BEeke] AA 449 B
g ngsgI, 014d TF AEES B wol € A9 AAS YA
Aol A A £He B8] 9AA Arc GIS 102 AZES)E o g3td tAe5
1412 SATHESRI 201D, AEAYE Fo4 2 JYFIUE W42 & F 2 44
#39 wUAY AFY ARG ol §3e] AARAAGY AE HEFS TP
7(’:)]

(ex]
° -
X 2007, Choi 2015). 8&AAEA %7s AMGY = A5 A27} g AL
Table 2] AR E o] &3lo] 713 SAFsE 2
TS ol &5k

wAss] Astel >

S
D}"o“éx]% A2 o] Hlem ALedv. el w3 MAE fste] zdE A, 341?1
& A, AT 5 Adtskdt
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Table 2. Proportion of each vegetation types (communities)

Category Thematic classes (subformation) No. community Area(m’) Ratio (%)

Crustose lichen subformation 1 Ca 1,150 0.01

) 2 Cah 441 0.00
Vegetation

(33.01%) 3 Cr 636,554 5.78

4 Cr—An 3,528 0.03

5 Cr—H 6,121 0.06

6 Cr=S 23,939 0.22

7 Cr—Us 41,605 0.38

8 Hae 3,136 0.03

Fruticose lichen subformation 9 H 34,465 0.31

10 H-Cr 37,255 0.34

11 H-Us 120,286 1.09

12 R 222 0.00

13 Us 2,079,445 18.90

14 Us—An 10,497 0.10

15 Usan—Cr 8,072 0.07

16 Us—Cr 71,252 0.65

17 Us—H 174,827 1.59

18 Us—S 51,725 0.47

Squamulose lichen subformation 19 Oc-Sa 1,241 0.01

20 Ps 1,034 0.01

Short moss turf subformation 21 An 36,771 0.33

22 An—Cr 9,390 0.09

23 An—8 3,714 0.03

24 An—Us 7,666 0.07

25 Bry 1,207 0.01

Tall moss turf subformation 26 Chr 1,075 0.01

27 Chr=S 3,177 0.03

28 Chr—Us 2,793 0.03

Moss carpet subformation 29 Sa 139,442 1.27

30 S—-A 3,884 0.04

31 S—Cr 813 0.01

32 S—Us 51,401 0.47

33 War 197 0.00

Macroscopic alga subformation 34 Pr 63,354 0.58

35 Pr—Chr 172 0.00

36 Beach 5,797 0.05

\ljgg;:tation Naked field 37 NA 1,411,321 12.83

(66.99%) 38 Nest 12,578 0.11

39 Path 3,879 0.04

Water 40 Pond 37,855 0.34

Snow 41 Snow 5,900,530 53.62

Total 11,003,811 100.00
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3. 23 4 &9

=AM = (Figure 2)+ 201499 HlEwrro] &2 Aot} Adre @wo o)
wo® Qo] glom, 53] WstFroly AbsAdole] WAtHe FES des & 7 2
o} Aol gl A9l FMAFLE Wl A A G FEsE Ul vEEREE 9
T AL Usnea spp. +48 2 Us-)o] WA Fx3taL Qe W, ZMo=w A
Himantormia lugubris 973 2 (H-) A5 Alo] Ao s o} A9 F3ka

Lo A A= S e o7 EAH Chorisodontium aciphyllum 22 (Chr-)o]
o Ade g@EMor FAG RES Prasiola crispa 932 A (Pr-)o]t}. Sanionia spp. %
A2 AL (Sa-) dAA oA -3

HhEREE dAl A9 T Aoz JoA @2 A9 6699% oo, Ao
el

XS = AE9Le A Aol 33.01% ©]%tH(Table 2). AAo] HELdF= AP
HF) ASHS V|Fo2 7MY ol A(subformation)®  FEEHAT. M HE
Ao BES= ol A= AL AR/ ol Al(fruticose  lichen subformation) 2

23.52%, aLZA o5 ol Al(crustose lichen subformation)i= 6.51%, ©]7] 7} o7
(moss carpet subformation)©= 1.78%, Z1#] il 7|22 o]7]5 o} Al(short moss turf
subformation)= 0.53%E A&ttt HREREES] AA ROl 41709 sfAFE It
A% 1 F P We AY9s AAGtE v A= AAWAY 5362% ol
Aol Fxst= A T 7HE WS AFE AAstE D= Usnea(Us) &= 1890% =
A FFA o &R o) F(Cr)=  5.78%, Usnea—Himantormia )X (Us-H)&= 159 %,
Saniona(Sa)© 1.27%, H-Us #| x|+ 1.09% 5 7Z}7} kA8 9 tH(Figure 2, Table 2).
HREREE O] Ay EafolaE A Akl o8] Awstr] e AAF A A
of oJafAl 471 Ao ® FAtHFigure 1). W29 W Ifsta gli= ASPA #9
POTC 2 AA7E $dtata f99 WAo] w2 AQM WA aEdk afetel= o]

F7b We WAe AAsa gom, Aol AdFA Sk Yrk AR vheer

ol

o8

X

Z}
Aol =d, T7Fsk= 92 Snow A oAtk ASPAA Al WA o] AA FFAadhe=
TS AAZAA ol A o w72 Cr %, Cr-Us 73, NA F3ol e, POTC
)

Ao = Himantormia lugubrisS-38 2 A (H)e] WA o] ZA AT
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Figure 2. Actual vegetation map of Barton Peninsula. (for abbreviations
explanation see Table 1)
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Figure 1. Survey site
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Figure 5. (A) at 5m, (B) at 17m, (C) at 28m and (D) at 35m digging.
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Characteristics and pathways of groundwater, surface

water and snow in KGLO1
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Figure 1. Locations of two lakes (Lake A and Lake B) near King Sejong Station in Antarctica, and
Location map for the detailed sampling locations in Lake A and Lake B.
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Figure 3. Groundwater flux measured in the two lakes (Lake A and Lake B) near King Sejong
Station.
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Figure 4. Flux of groundwater in Lakes A and B and head difference between groundwater and
surface water.
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Figure 5. Piper diagram for compositions of groundwater, surface water, and snow in Lake A and
Lake B.
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Figure 7. A conceptual model for the hydrological system in Lake A.

Figure 8. A conceptual model for the hydrological system in Lake B.
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Monitoring of soil CO, efflux in KGLO1
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Figure 1. Chamber and sensors for CO, monitoring [Left, FD chamber; Right up, CO»
concentration probe(GMP 343); Right down, CO», concentration probe(GP sensor)]

Figure 2. Installation of GP sensors into two soil layers and logging system.
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H ol EWA 370 S AR gto ' Aol7) Qluirl, 8YHE ThA] & AolE Hol=

3-4Md de® 9 8 e webd uggst sk Zfeo] WISy #SHAT
(Figure 3). 10 cm Zolol A= H 3 3000 + 2000 ppm, 30cm Zolo A= 6900 + 30002
= oF 1670 st F F9 "W v Aol thEF 4000 ppmo®E FHAT. =, EG
W 5 zlole] ojitEtEta TR A webd gdd s AolE BT &5 ol gl

gle] dete] Fw 714 AR % B4 Ao} WA w=elHolop & Aol

25000 = 25000
+  COU-30em)
L « COJ-0em) | 20000
15000 F 15000
£ §
2 vonos 10000 =
Q g
(5} ]
5000 L so0s
[} )
18011 L0851 180901 019010 0150801 2018-0801 2000101
Time {dale] Time: [dabe)

Figure 3. CO. concentration of two soil depth, 10cm and 30cm

F F71E F3 44 5 B AolE molt T AFEL AAse], U= BEHE o 45
B 5% S35k Figure 4. ol71F 0% BeAd §71% Fol T4 wuH B3

4 ?
A3, 4, 5, 6W)9] oitEtE A = Ao B A2 meR A" #S5AHA, 2¥)
W2y F4sHA WEsidt. 5, B F2Ed wrle S FA0l wel ojibstea

T Wk AelE Bt
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Figure 4. Locations of soil CO2 measurements from 1(right) to 7(left) in KGLO1 site.

B ojatstea A& A5S flste] AW A|2"S o] &ste AedFge] et o
F1E3} 29) S KGLO1S F AR (e]7]579F A &f)dl A oltstets A A4S
AA A (Figure 5). F A4 LA og ZAHE olatses ZYAE vl$ Z A

o2 Bt AYFAAE 1 uymol m%s! AF2 Z2AHJ, ol7]ZAE A 10 n

(a) | (b)

Figure 5. Two FD chambers for soil CO2 efflux in KGLO1 site. (a) moss, (b) lichen.
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7] tﬂ]foﬂ R
st S =43t PAM(Pulse Amplitude Modulation) Al 2~€l& =7k

A 23Fe FAS u B IolA WEHe= F3e AAste] 3A 1I9 w34

Aete 712 vkd A Au)zt s gltk(Porcar-Castell 2008). # 44t
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MONI-DA (WALZ) )

MONI-BUS MONI-BUS MONI-BUS INPUT  INPUT AUX
port #1 port #2 port #3 (18V pins) (12V pins) (18V pins)
O OO0 Q00 |
CONNEC-
TION BOX
{Wale
i o i oy 3 B3 SATELLITE MODEM
M L i = e (Wals)
{Walg) (Wals) (Wala) (Walz , part [ e o2
of MONI-DA 88 B 2
[ [ I £e g2 BATTERY
LR «
e ; 2 (12 V, 100 Ah, Wals)
23| | 23| | £3 3t g3
"-‘35 2 £z €3 SOLAR W5-type cable, charge regulatar to
= 5 % § 3 a PANEL - battery (Wals)
= =3 s g (Walz , part
E " s b of MONI-DA

CHARGE REGULATOR SOLAR PANEL
(12 V, 30 Amps, Wals) (B5 W, Wale)

Figure 1. 2| AFEOUAN 2Y =
Hol Moni—DA, ™ HYE 2

= [
%FQS (=] S o = >
© o1& BEYEH NAYO BAE

542 FF FA4E dely #3- Al=" (MONI-DA)# 3719 93 HE7
(MONI-head/485)2 4% HEX-PAM<S <23 MONI-PAM (MONITORING-PAM
Multi-Channel Chlorophyll Fluorometer, Germany Walz, Germany)< AF-&3e] =3 % 21
t}. MONI-PAM®] w0 7 A 89 Porcar-Castella et al. (2008)S #3138} t}.
st Ha gl A% S A LEDCEE Ho gk 1 455 nm + 9 nm)E A3

th o] dAtolM AL 9% FEE 09 pmol mis el ¥3 HxE o 2500 pmol

mislolm A&EAS HY 2 22 gt AMZo 3§ actinic lighte] A&¢S Zo]7)
Asll 54 EJAE Aol 2WE 11a HA FA4S ZFAT)7] dol B = Ft A

= =
B+ WET, INT, DRY 33l 6704
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Axste] el A7 IR 2&S yeEhdl= YD), ETR(electron transfer rate)
I WA ES A A FE(PAR), 2=5 SAHSAY TEE= FHE5] 1200422 A
Fol nAste] dAlskglar 208 AL stA2E Fo| BA IelA WEsHe 35
(F 2 Fm)& #Esta, ol3lelA A& YAD9 ETR#S 7153855 33 th(Genty

et al. 1989; Kramer et al. 2004; Krause 1982).

e
Fl

Al Ak2] YD) = (Fm'-F)/Fm’
ETR = Y(II) * PAR * ETR-factor * Ppsll / Pps(I+II)

oo A A& ETRE-S ETR-factor = 0.84, Ppsll / Pps(I+Il) = 052 A ¥ A
AR AL EEGETR)S 9v| &t}

2}. Imaging PAM Al2=®l9] =¢]

Imaging PAM(Walz, Germany)&dH] &= =2 334 a8 #ost=

fo
ro,
o
Au)
3

2

o2 SA4T £ JdE Hulolt. FF{A AESY AEAGEHA D= Lo A7V, FE 55,
a2 2 AR T a9ld o 2EHxE WA Ha, o|RE 55357 fe vt 3
T B 7)zbo] EAGTE FA 9 voluHE g W= & = olued dojun oA S
=A3t7] 98] vhdd PAM(Pulse Amplitude Modulation) systeme] 7H2r& o] <lt}
Imaging PAM “dH]= sAlel o JRAA WEEH= PF33S onA= st 7+ 4
Auprho] §3gkS Axtsto] JHAl AAY BT ANT = Aok o] FHE B W

3

7, o 3ol =59 oS A AL =& YUAD, HEstehA vhEEE YNPQ,

Non-photochemical quenching), A& A &8 ETRE ¥3t3F t}okst #stal ueln e &

e = Jd. A B=o 539 Moni-DAFH oA 3 F v gdId 434

5= AEstete] SA4s7] f& =t on, A FAnE AAstar of 7|
b

Ae & olgste] Are FE&AS HATst

>

3. Az % =9

7b 3R ASHS Ao 5 (KGLOL A1) 3 dloly 4]
2018 KGLO1 &%l MoniDA Al2®lS 7538tk MoniDA2] ©Elol¥ =5 v e}

g dS INT Aol AAstar 370¢] HEX-PAMS WET, INT, DRY# %744 30

mo| 944 Ael&S F8ste] AASSAT 24t HEX-PAMel 670 334 F3547]
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712Fo] glS-o] HEO] Ari(Bartak et al. 2012; Heber 2008; Kranner et al. 2008;

Sancho et al. 2017, 2019). Usnea®} #o] Al "o Hdelxog #3AS s w3t
AoF 5SS HYF HE EA (sun-adapted feature)S zZtE Ao F &2 EF3th wkbd

C. gracilis® 7% Ao 2gdA E&o] 04705 FFo 2 ¢ +e Hoxqk E A 7F
el B Z&o] HEEAOH, FA 1o vjEAdst= Ao BEHA Skt Usneast
e, C gracilise #A g H3E37] 98] A d3 Az 22 ~EfX~ 37

dd E2ES 9 FAEES BEd aFoE O 4% -‘—E*."é(shade*adapted feature) <

oM s=THIE FAste] ATPE A2tst
_"
o

1, BaE 14E7] 98] AeYE NADPHS S @Asth welsd 37 IoA 37 1o
2 ARAGESES SASHE, FFAAS sk 12 AR A U] Y §85
AdHoz vwd & A Hrh AAAEEE ETRS Folzl 2 ZdA 49 3%
4 &8 YIDE S8 A&EEH, ETRe] S545 SAZFEH 53 FrlduAd HdAA
7F f71evA] FEHE AdEE 280 =us S st olAL AFAH e A
G AN FEN AAAAYE =0 AFHRSS Tl 4 ETR 1 zs AddAEE
oz AT AANGEE S vusr)ol Aee seulert g 95 W 7]
&, Ax, e Ly ol 2 a5 FA% Wele FA o & &4 of7|shH, At
AEes U3e 29l g B dAFos 2% F7ld wE ZF A AAHdE R
&5 HugozA P 7|2 A Azt A A mA= JFs Frkstaat 5
t} (Figure 5).

670 7AAE Soll -270TC Abelo] oA ETR el #5494 %+ 152 INT A
Aol S uncinata (Su)9t 7ZA ] Usnea (Us)Z A=Z7e FHFd oz eyt
Usnea®l 7% AfATE T A227(F 4T ninhol #3hd a&o] volx &= Ao
A7t e ﬁlﬂr. WH INT A9 9] S uncinata®l 735 WET
Ao Mz Aom yetgow, INT A9 vhd B¢ R4 A2 59 34 2E
g~ ajle]l FA Il & E4S oplg Ao®E dudEt. v INT AY
Polytrichastrum (Pol)& 0C m9ke] A 2ZAKE oF 10T o2& 3 UIA7e 2%

!
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ZANA =& ETR &85 Holal 9t} 53] J-shape? exponential increase pattern2
Hown Zge] o g & A& AR 7ITE 2L ASE BAFUT. T
| AA43] ¥ DRY A9 259 Ao F Usnea®}t C. gracilis W= AdA0 =3
A gerAd o]l dojuRvk WETA 99 S uncinata ZLa 59 =& 334 80 =4F
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201837 20199 k=9] sdRt w5 |3kl edlgels 24 19472€ 109 A¥E Hla
&) B (Figure 6), 20199 713 = Hi dx o] 70 umol m %! A% Z7}s whd &
= 0.7C #asts ®HstE Bt 7 A9 EY FREES ddd A FAbsAH
HhE ) g2 A4S s Ay 48 BRIt WET A9 S uncinata SuG 1+
o B} 28 3, INT A 99 Polytrichastrum™ DRY A9 9 C
graciliske. T AsslsE A4S B9 (Figure 6). ¥+, WET A9 9 S uncinata SuY
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For Arabidopsis plants

A. Induction curve (dark-adapted samples)

08 4

Y(NPQ)
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Time {sec) Time (sec)

B. Light curve {light-adapted samples)
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A7 A YEE A 27 84 BUH
Breeding records of kelp gulls near terminal moraine at

Potter Cove, King George Island

NE
FAFAA eI Qe 2dste] e v AEEY AES AFsa uth
oA vty A5 Fae GARAY] AT fFAdE S vH Ao oF

(Trathan et al, 2020). $=5Ht== Wole] SEEE7F w24 A== X9 F 35
 (Siegert et al., 2019), FHAEREALY] HAXAHAANE A F st J3Fo
7F w2 A a3 g Aol oy v (Riicckamp et al., 2011).
b AAE Ae AxAA EHATAANE Wt FE7L
aoloem) I Rl =ejve B WA Frhed whel JkE A A ] o
HAAE 8453 Qlth(Lee et al, 2015). A4 7= A2 A HAsh= Ui
2% % sholH(Sand et al, 2006; Branco et al, 2009) 2 o]l Az 4 &

FAE A AR A A 7 Gl sibrbe A FE WM A S TH(Quintana and Travaini

E A A7 = &3 A7 R2s 93 HES FAARR 83517 uTo WA
A FH AT XA L AP F23 29lo] B (Quintana et al. 2001; Parnikoza et
, 2012), S AWl o oA &= IR AT =T =2 XS HAXZ AT

r/P(Galr(:la—Borboroglu & Yorio P, 2004; Suarez et al., 2010). 3} 9+ 2] o] Hl kgt F=
o A= vk 97t =& & HAAR At viele RaAs v & Al7)e A
ES Eo9E 4 oy ngogRE AEAS ST 988 @ Fow AyH
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st 12¢95H 299 7|3 st WelAd Aol Hol= AAARIES ol &3ttt FAEE
2 LS 9Bk g5 sHA 71t s HAAE WEstd o, Ags I AL ] &
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Figure 2. A nest of kelp gull (where a yellow GPS machine is located on) near the moraines which
are exposed by glacier retreat

Figure 3. Azimuth measurement of moraines adjacent to nest using compass
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 129¥E 01 S FAG0-3 SR 0I5 25AL Fe
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Figure 4. Changes in glacier boundaries from 1989 to 2016 determined by satellite image analyses
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Figure 5. Changing number of nests of kelp gulls at terminal moraine
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Table 1. Meteorological data observed in

Figure 6. Topographic map of terminal moraine and nest distribution of kelp gulls in 2018

at Potter Cove 2016 and 2017(Oct.~Dec.)

Year Month Average Wind direction Wind speed Relative humidity
temperature (C) () (m/sec) (%)

2016 Oct. -0.87 + 2.33 237.98 = 96.71 6.16 + 3.24 86.65 + 8.32
Nov. -0.38 + 1.59 223.16 = 97.29 514 + 261 78.83 + 10.56
Dec. 0.50 + 141 173.61 + 112.70 4.35 + 2.20 7949 + 9.76
Total -0.25 + 191 211.46 + 106.21 522 + 2.82 81.69 + 10.22

2018 Oct. -1.87 + 2.50 226.05 + 97.41 591 + 348 8252 + 7.27
Nov. 0.03 + 1.78 25791 = 81.60 6.57 + 2.81 85.75 + 7.82
Dec. 1.27 £ 1.16 256.94 = 74.53 588 + 2.48 84.14 + 8.73
Total -0.19 + 2.30 246.84 + 86.37 6.12 + 2.97 84.12 + 8.07
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Table 2. Directions of wind and nest wall(moraine) measured

at breeding site of kelp gulls

Year Wind direction (%) Nest wall direction(No. of nest)
H N
nnw 25 NME NNW 3 NNE
NW « NE N 4 NE
15 3
WHW 10 ENE wWHW ENE
1
2016 w E w E
wsw £sE wsw ESE
sw sE sw sE
SSW SSE ssW SSE
5 s
N H
nnw 30 NNE w10 NNE
25 8
N NE e NE
20
&
15
wHw ENE WHW 4 ENE
10
2018 w 1} E w 5 3
wsw ESE wsw £5E
sw sE sw SE
S5W SSE SSW SSE
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A 8 A WstFERA Y A HE RUE
Monitoring on vegetation changes near glacial retreat

area

BEAE AFFAA 7 S48 A 2dsr s s A9 Fo] skl
Sl 5%o] 93kl 9l (Royles et al. 2013), HHENFES} XE|FHE Alo]o]
Il Alo]= W 3H(Forcade Glacier)®= Ad 1939 2 5¥ <34
= Alus] 2y wmEA FEG ASS & F AthHLee et
al. 2017). ¢F 27 &<F 200 - 300 me] W3h7F FE L, 1989 ol 20161@7HA W
7 FHEY =EFE AWe WA oF 96000 mPol @3th(Lee et al. 2017). Lee T
2012/13 - 2015/16 ~ Al<&ell  ald A el Amel  FdE  FHEAZ 7 (Larus
dominicanus)®] WA¥ES BF8AH. FTRtEs} ofd= HE5S FAI HRbgol

o = % SA ol A A &4
o % Bu¥EI dtH(Aguirre 1995; Harrison 2003; Lumpe and Weidinger 2000; Sander
et al. 2006). I AL7I= HAS AT FAE TE W, ARE FHY A=
(Deschampsia antarctica)©|Y A 2]5, o]7], 218 &5 4o A&3t= Aoz 2 A

2 th(Parnikoza et al 2018). Parnikoza 52 WA 2w 77 A3 SXAFZ5EH
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wEA) BT 4ol WRHEE AYe B2ANY BulAwE At b= A
ZAbste] mag v odvh FUEALI)E B4 ARE FA WG ohe 49 9

A AGANE A Aow wudn gon, oed Ade nENEe] WaTH A
Jol 4% HAHI Tk B ATl AL WENE A= e FHANA WA xF
9 dwEAusle  BAe BHoz A 9% EF Ho  fEH:

O O
pseudo-succession A (Boy et al. 2016)3} o] A9 7] F W stol w2 Wl FE X o] 2
AAsLE 2AS A 33
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Figure 1. Location and pictures of the research site (blue box) on Barton Peninsula, King George

Island, Antarctica and the Korean Antarctic King Sejong Station (62° 13" 22” S 58° 47" 18" W).
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= gl

[}

TH(Figure 2). 78 428 W FoA =52

1199912.31

Figure 2. Permanent large quadrat with small quadrats to
survey vegetation changes installed on glacial retreat area in
Barton Peninsula.
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g 4% AR 24 R 29T

i WetsEE s I8 =E3A G - HAEFIF T4 ARE F4Y
= AEEd olE AEel MAsts vdd nds 2 A= o8 53 3l
AL Aol dZ g riel s Fd¥ AW A7 Usnea aurantiaco-atra, ©|

i=]
ol W= Nw 2} 2] (Colobanthus quitensis) 2t 2= A

1
=
¥ (Deschampsia antarctica) & °] WH-Eol o™, o] Folx Gzto] Fle F2 =7l

v Abe) sk G EANE Lol
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Figure 3. Kelp gulls’ nest materials.

HEEREE O] WeteE Z7]A oA A Was uotstr] flske] 2017/18 % oA
712 &k T 93 WE A FFE AKARE EAEAT BE T Wl sk
A ES AF 2%, AF 68, 27 15, @3 E 250 70 Eaco]l &l
AH(Table 1). o] FellA FARA ol it = W25t 7o FANER FHE F
2 M7l Sanionia uncinata®t @32 =21 G700 A (Colobanthus quitensis) 2 ‘2=
M = (Deshchampsia antarctica)®] & 3% |t}
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Table 1. List of plant taxa occurred in the glacial retreated area near Potter Cove

Taxa

Lichens
Caloplaca sp.
Crustose sp.
Mosses
Pohlia sp.
Bryum sp.
Bryum pseudotriquetrum (Hedw.) C.F. Gaertn. et al.
Ditrichum sp.
Polytrichastrum alpinum (Hedw.) G. L. Sm.
Sanionia uncinata (Hedw.) Loeske
Algae
Prasiola crispa (Ligtf.) Menegh.
Flowering plants
Colobanthus quitensis (Kunth) Bartl.
Deschampsia antarctica Desv.

U HEFE A9 H4e) 574

A Aol ARl 7], dA Ade 3 2dTFe] HEHRe 474 08 cm,
186% R 1.9F o2 ZAE o] Ao Bk vlg g Ao vepgdoh dA 44 ol
A Asge] M ®e BRLL oFU4TR)OIAT MY Ue RRTe FAE
(0.1%)0] At g AstAE 29&o HMo|AF(EEAAE FHoZ U ¢ Ued
2 Yehd Z2D)E 566.3%2 Feluo]l thE BRatel] wsiA FHA olhAel 2 Ao
sls A A A4 Tl FEEVF 7P =2 EFTS o7 (10 laL 7HE

g = TR WolAFE 6782%= el
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Table 2. Vegetation hight, coverage and species density of the survey site

average * Coefficient of variation

Component ..
standard deviation (%)
hight of vegetation (cm) 0.8+0.6 74.3
total coverage (%) 18.6+23.0 121.9
lichens coverage (%) 1.1+3.6 322.9
mosses coverage (%) 14.7+21.8 148.6
algal coverage (%) 3.3+85 258.4
flowring plant coverage (%) 0.1+0.5 566.3
total species density (No./0.25 m?) 1.9+1.1 55.9
lichen species density (No./0.25 m?) 0.5+0.6 1215
moss species density (No./0.25 m?) 1.0+05 55.9
algal species density (No./0.25 m?) 0.4+0.5 121.0
flowering plant species density (No./0.25 m?) 0.0+0.1 678.2

WoktH(Table 3). Aoz Fox WHES
3}

Caloplaca sp., =<1 Prasiola crispaz <<% )=t

fd

A Exam ol o A A4 o)
7, SAARE 498 TuoE F
B4 ols Fo| Fad JFL AAL B
Aol o Aedolx fAE 4 ALA AW olF 9% 20 FAAA wote A

1
7t Sk,
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Table 3. Importance ratio(%) of taxa in the survey area

Species Taxa frequency coggg ge frreecll?lzg(e:y crcflefg?a\lfgee Ratio(%)
Caloplaca sp. lichens 41.0 31.2 289 12.3 20.6
Crustose sp. lichens 5.0 3.5 35 1.4 2.5
Pohlia sp. mosses 1.0 2.0 0.7 0.8 0.7
Bryum sp. mosses 72.0 185.2 50.7 73.1 61.9
Bryum pseudotriquetrum mosses 2.0 17.0 14 6.7 41
Ditrichum sp. mosses 4.0 25 2.8 1.0 1.9
Polytrichastrum alpinum  mosses 1.0 1.0 0.7 0.4 0.5
Sanionia uncinata mosses 10.0 7.0 7.0 2.8 49
Prasiola crispa algae 38.0 61.1 26.8 24.1 25.4
Colobanthus ~ quitensis gl‘;‘g’t‘;rmg 2.0 1.0 1.4 0.4 0.9
Deschampsia antarctica Iljllgr\f{gnng 4.0 3.0 2.8 1.2 2.0
Lichens 46 34.7 32.4 13.7 23.1
Mosses 90.0 214.7 63.3 84.8 74.0
Algae 38.0 61.1 26.8 24.1 2564
Flowering plants 6.0 4.0 4.2 1.6 2.9
Total 142.0 253.4 100.0 100.0 100.0

moss flowering plant

Figure 4. A result of comparing coverage data of vegetation with a permanent quadrat at the
exposed area by Fourcade Glacier retreat. a. Kelp gull nests and a permanent quadrat (100
m x 90 m) b. micro—topography of the quadrat, c. vegetation coverages in 2014 d.
vegetation coverages in 2018.
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Table 2. Comparison group with Southern kelp gull yearly nest used for NGS

Analysis.
date Sample name H| date Sample name B2
2016.01.14 kel B7|_kel & X| 2016.01.15| kell2_YSIZ=E|X|Y 1HE x|
2016.01.14 kel | kel & | 2016.01.15| kell5_WSEE|IXSH 1487
2016.01.14 kel §7|_kelE | 2016.01.15| kd10_HEIFEE| XA 2UEX|
2016.01.14 S UIE 2|EEiE 2016.01.15| kell6_WELEE| XY US|
2016.01.15|  kel08_gstRE| x| 1487 2016.01.15|  kelOS_HSIEE|X|Y US|
2016.01.15| kell3_ YSIHFER|S 14 EX| 2016.01.15|  kel07 WSiSE|RY IHEX
20160115  kelO4_9B}EE| XY FICE-S Y 2016.01.15|  kelO5_HEIFEE| XN 1985
20160115  kel02 LS} ZE|X|Y 1HEX 2016.01.15 kel03_WEIFE|X|H 1955
2016.01.15 kell7_wBIEE| XS IAET 2016.01.15 kel0l_HEZ=E|XIY 4AE 7]
2016.01.15 kel18_ws FEIX|SE 1WEX| 2017.12.28 B SEet
2016.01.15 kell9_ =B EE| XY 1= 2017.12.29 oHE2§0|
2016.01.15|  kelld RISIZE|X|Y AUET| 2017.12.30 wom
2016.01.15 kelll HoIEE| RS 148 2018.01.04 CZO
2016.01.15  kel06_RiBIFE| XY AU ET] 2018.01.04 =X

Figure 1. Sampling location of Kelp gull nest and soil per yearly nest.

25 FA9 AEEF 2dol B4 Ad Aol JeAsh Aw A9e #yt e
=
=

G molEAE syl 918l 174d AxE BA 27, vla B Ag A4S 570 A
NGSEZ E& GAARZ nla 22590 (Figure 2).
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T

Figure 2. Comparison of cluster pattern of ciliate community per location

mobservedOTU  mspecificOTU

Figure 3. The number of species OTUs in the glacial retreat
area was significantly higher than in the control area and similar
to the well—developed Baton Peninsula.

2z (ystsE vtz del FX7F gle ddiA D Hvs TAE ARFFEC] O¥F
A Aes gkt (Figure 3, 4). 53] 132k A& 2, 3, 493 FA R ¥ F0HY
AE 1Y B ool ] o] mtEWE A9 Bz A YERT o= 1dA T X
o] FrhAdol WaFEA oA AALAE Aol oyt 1At FA FA o dof
wom 7] el o3 A dAUF AdFE Ad SHEHE A5 SHSEN P
= Aoeg F=4Hr (Figure 5H).
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Figure 4. Comparison of population diversity of yearly
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Figure 5. The number of ciliate OTUs living in yearly nests
had the highest number of first—year nests and decreased
as the years went up.
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th. 29 DNAF%, PCR, DNA 947144 #4

E 9 DNATE MoBio Soil DNA isolation kitE o] &3} F%3}al picogreen A 2Fo 2
F=¥ DNA FTEE SAHsAY. AT #3789 4% 16S rRNA V4-V5 region
(515F/926R primer set), i 3¢ ¢ ITS2 region(UTS86-F/ITS4-R)S EAlO &
3tel PCR 5% % sequencing library A%}, MiSeq 2x300bp amplicon sequencing
(Integrated Microbiome Resource, Canada)< gt & G880

g AE T B FAREA
NGS 71%F "] E B4 £9] mothur v.1.4055 &&3 vAE 3 E4& =33

th(Schloss et al, 2009). Raw dataEs Tt o= quality-trimming(Sickle)¥} error
correction(BayeHammer)S ©]-83F %7| quality trimming 33 4333, PANDAseq
< ©]&3}9 paired-end merging Td3FA T 16S A Ee] 49 SILVA SSU reference
DBE 7|22 alignmentE 33t ITS2 M E9 ¢ alignment §lo] Xa3FA I, de
novo UCHIME %1858 o]83}9] chimera #|7 $ average neighbor 2o =2
Operational taxonomic unit (OTU) clusteringS 33ttt HFH oz Adojx
high-quality 252 Aoz 1659 4-$ EzBioCloud DB(Yoon et al, 2017), ITS22]
4% UNITE DBZ taxonomic classification =335t EY A& 1k 3 74 HuE
93] OTU matrix2 ¥l Bray-Curtis dissimilarityS AAtsta o=k 7183745 719 9
stuel PERMANOVAZ feolAd S HASsta, NMDSE AE7F nAlE 43 F+49 Ao
2 Aoz e £ 2 agZE 2% R v351 (www.r-project.org)ol Al 433
= At

3. 23 4 &9

EZAol= &4 W 3Hmarine-terminating glacier)®] ¥ (< 50 o & FA)d o}
2 EYe 23ty 54 9 vAE oy Wst FFs g1k Ay W $EIF 8
o wg} E9 pH7F #HA4stal 7 8/F 2 A o] Zrlele S Hgow, Ay
At 25 25 WIESE Al7]e wE 3 Hol7t Mg &S A5 AtH(Figure
1. W3t $57F Ay me} B pHIF #A4ste A2 71E9 AFEdA de &

217 Abgol ™ (Matthews, 1992), Al ztel

TRbgel A F2 Fdd B2 WosEAY Ao wad vk At (Bradley et al

2014). shARE, ERbRol wlE] Wub 53 W= §AA oA WEFH
o=

2 AE Mol A7t v AIFH

r\l
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= gde %27 A3 A A 2 biological soil crustEo] AFEA o g HAQE EEI)
gt 53 5 o Wel FE wE B pH7Y linearstAl 7HAd A
H

o} W3 S E Fukr]el 19-26 stage TiFA FU1EY = AL O(;to] o|AA o 7 A
A

d )

AbolEZE W& gy x| @A E e 28 periglacial wgko] & @k

w
o | ©
& o . e? §
e
. %e e = ) L]
L;.L:'i:_: * ., 8 s § °
© 3 09 L] =
o L L) --tﬂ:!ﬁi'ﬁ-‘g:" ™ = | _ o
3R 8, s S . g3
: TR £ c °
z o 8 [ S e|8 8 g, °
= 9 ° ; < g
5 ° ° o g
3° o o BG4 «,° cz° ’
s el L] =
i %’ = ® ° 3 g b
L] ® ., A 8 S =] L .
w o T o $e °® ]
~ n <= o 'o '.
° = = ® o
ST =7 v e s
Soil pH = B.58 + 0.012(age) - 0.002{age)’ g 22208 g3t g' ° 8§, 00
. ° s a-' 1 o8 _© 8aogg %0 °
o | R=055 P<0oor = .;.u ofgee, 2 |oos0830808080230 o
T T T T T g T T T T
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
Successional stage Successional stage Successional stage

Figure 1. Shifts in soil geochemical properties along the deglaciation chronosequence.

(stochastic process) L3t T 23 @49 Ta55 2ol th(Figure 2). Alit 33 E
& 54 W3t ko] dHE A#AS 23 Hol AN E= Had vk o™ (Cline and
Zak, 2015), ¥t H<e] assembly Ao o] stochastic process®] T84 T3 U
WeteE A nAdE Hol Aol A ®Bare vk vk (Schmidt et al, 2014).

tpb g Wo] E3h(variation partitioning) 4] A} *—]‘33’% nAE 7 Adde A
Hog "3l Ao g YeEuk=d(Figure 3), ol& ald A Ygo]

Holg} =9 Fa A A9, ,jﬂ]%ﬂ Moz A7

= AR RoFEr B3 27 AR 4
crustE woll Holx g& wE A2 FHE AU 52 WEA Ato]ate] 9

e
FZHrock pocket)oll I ez E¥xste] A FAF A] A HAS 7heAde] At

_l
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80 1 s'tage 20 P [ stage |
Sren v Late
= = e ¥ nterainie £ o - v Intermediate |
E Early _‘_'; ¥ a |=Eery
3 404 = A s
g 5 y T
= e . 5 / B
z - g9 / v
s \ & s / \a
2 20+ [ N 2 f i
“a [ 1 @ 1
s ( 1™ & ( |
g [ | 3 | ‘
= - v & \ af
5 0 ] = \ J
L 5 \ /
g #-20
a m i
E bl . -
40 40, } ' "
' | -40 20 0 20 40
-60 -40 -20 0 20 0 &0
BRDAT (43.9% of fitec, 14% of tatal variation) dbRDAT (47.4% of fitted 8 8% of total variation)

|23 ol o8 2FElE 3 HoIg - 37.3% (M2 28) || 28 40 28 dF=E & HolT=186% (B 2T) |

[Ceogey | Vare | Peeuor | Pusiuo | Proporionte oot e
6.0 6.2

Edaphic Soil pH 10.3 0.001 104 Edaphic Soil pH 0.001
Total carbon (TC) 71 0.001 74 Soil organic carbon (SOC) a7 0.001 5.0
CIN ratio L3 0.001 6.0 Clay content 46 0.001 48
Conductivity (EC) 56 0.001 59 Conductivity (EC) 38 0.001 41
Silt content 45 0.001 48 CIN ratio 29 0.001 31
Water holding capacity (WHC) 24 0.003 26 Water holding capacity (WHC) 22 0.006 24
Temporal Time since glacier retreat 7.9 0.001 8.1 Temporal Time since glacier retreat 29 0.001 59

Figure 2. DistLM results and db—RDA plots showing the extent of relationship between microbial
community variation and environmental variables in the glacier foreland. Bacterial community
results are represented in the left panel and fungal community results are in the right panel.

— -

" Spatial
5.3%

b

Vegetation b()

Bacterial community Bacteria %2 Fungi =B

Soil properties

- . Alphaproteobacteria blo-diacemakie
P - pattern at higher
Spatial Gemmatimonadetes | taxonomic ranks
9.5% \
i

pH¢ SOC, TN 4

Fungal community

Figure 3. Variation partitioning results showing the microbial community variability explained by
biotic/abiotic variables (left panel) and the schematic diagram of vegetation—microbes—soil

property relationship (right panel).
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A 1A G3EAEL G BT F4 2AY
Modeling on the estimation of electron transfer rates of

Deschampsia antarctica and Colobanthus quitensis

He

AeAe= nAE, AE, =, 715, A9, A3t 5 v v s, A=
A (abiotic) T L AES A= HAa#8&stHA 54 H3(dynamic equilibrium)<S ©]F 1L
2l tH(Pennekamp et al. 2018). @A & F< 7|TWHs= AefA o] A &2 A=+ 7}
skal, W3lE o7 3t} (Giardina et al. 2014). 7| W 3lels= Ao ths] AejA= F4A
& TAS} Hresistance), B o]’ HE = gl AlHAA 4G4 AAA =L
O % ug e fl AZE Fb HIA o' IEstE A (resilience)el olEA Hnt
(Resistance-Resilience theory; De Vries et al. 2012). ©]¢} & Ao F7|= BT
A d g9z IPE7] wEel, 7] FAste] dg BEA vhES AR olsfstr] #&A
£ Long-Term Ecological Research (LTER)¢] €44 o]th(Walker et al. 2020).

AS7IA TS T3S F= Ak SAAHAE A2 509 ¢ w48 2dsE 4
33l A tH(Vaughan et al. 2003). §243% &% 5L AW BESS Ho|wA, A A
HFe] F71d4s THTOEA *4%01 a7l 2 £3o] =AHATMHI et al
2011). tlxdeo= dAsAE T stUQ IS5 E(Deschampsia antarctica)= ©| 7|3t
e MAAE THE FbHow SFAIA gt
%!

2 ATl 3

A, 21 sl v A Qe A BEEd = g
A &S /& (species of interest) &2 AAsAcE Lok FaFAE9] HHSS A7)
2 FARFET] 98] oluA & 7IWre] nlgaAola, A&T7sdE A
Atk A dAe s FEEANE oln A JAF WA F] AAAS ekt g o
= F

]_

S olulA] 7Nk I=EFAE A Wl AWM AAAdS AHEE d Y
=2 A

Aol

m,

2. A=x 9 ¥
oGS AAY FREFE FA

ojuj A 7Rk F=EAE A
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oft

of MAl= S FEVAE, FEFEAES e E dATEd. As Al A
¥ MONI13]/A]3h), HOBO(M/A] )& olgdte] 20156 1€%-E 3€7kA 1) 7]
(Temp), 2) AAFol w-&st= 3 Z(EF), 3) A4 Bl g vg FF FEFEm), 4
¥4 F(PAR), 5) ¥#%=(HR), 6) 9 ®d %E(LeafT) 7) EY i (Soil-Moist) & &
Aottt AN ES AAddH A =FH(0S) =R 4 JHA, 2EE AR

A5 A7l open top chamber (OTC) ¢t A 7] 4 /WA= st
2013d 12€ Z=%-E 20149 39 =7k FA49 tlolHE ol &ttt F= At ek np
ZH7EA = MONI(13]/41%F), HOBO(23]/A]7h)& o] &3t 874 W s
2WA, OTC 2704 - & 470Alel digh S-S ol &stdlrh. 2= tolE= i Leon
Bravo 2 FE Al okt gE 3 HolH o #5 = | #18l, dleoly +4
s Fdsdn. A & JhACA T ™ o] A glom sid tlolH
record= A oA AL EHAT. A U(positive)Q] S THAoF Fe WA S

A%
(negative value)©] Yo+ A% Aol A A=)

L St A" ke 37 E A

Aol S4E 3 S o] &3te] B34 Felectron transfer rate, hereafter ETR)
= A olE EH5WHFERE 33, PAR-MONI, Temp-MONI, Temp-HOBO, HR,
LeafT, Soil-MoistE HFHWFRE 3to] 3|ARAS Fastdt. 2t s€HRET7F S5 T
Artt FEFE FeA dotnr] e, T FEEFY BE £2JGCTH G F 120

A z3hell wa MEHez AR SE T AHAFR)E Aststa nlas.
Tk A MAE H8 599

219 A A 8kl (jackknife ®4)) REE A AbeRaL

et ol ARE ol&ste HFAoRE I VA, dSFAEY FH US4

A IAEDE At

ok oolm A F Ay A FR] HA A ALt

ojm A W AEAE TSt JAFTE AE AALFES HAE F A=AE ¢4 2F
A FAANA BHEESEATE A7 7F vhekgk 3070A1 o] F=m Ak shES FHlekdiTh 7t
sHES flolAd e Bo(top view) A% IARAIeke] A2l E v 7bAA 1574 Z 38t
ATk oluf ALK A3 HAS 98] st flol 10094 wds T A=A 3
et ZFFH A2 Python Jupyter® =59 Aistslvh 724 onA&
(Red Green Blue) #to % XY matrix= W3tslx J/l¥ JAHZ R BatEY Gatol

m&&'
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o 945 Adstdn AEAE A T 9ATE 1009748 54 Agor 9T
e BASAY ZF AAAER 1579 oju Ao s RAR o x| A o T
quartileztg AAFslal, lower bound (quartile 1 - 1.5%interquartile range)olA upper
bound (quartile 3 + 1.5*interquartile range) ¢toll =+ ojuj x| o] A F=ut A¥3}e] 1
Bks d HAY B JAFE AT s, S Ak 3074 A o g dF
Z(dry weight, DW)¥} A% Z(fresh weight, FW)S =438ttt 18]x, »4g JA F9f
A ZF7] AP AR S T FEFAES 20199 1 7 29 HAX2AA vpE
= A&l M= 307MAlE Aol FS v A oF mixbrbA o] Ao R oln
A FHDWeF FW)s 21.5}5] ‘:}. AP A4 FGE FAvAY AR 2, #
Foll A Zdd FEFANEY] A AR o w@bde] v Yoy FHe] & A4
¥k F79 Al (noise) 7} 9\/\}\/\]:]—. upebA, FSsim Akl A A8 RGB A2l *
(G > R, B) A&°] E7Fs38t3ith. 284, Python cv2 EE5& o]&ste] AR & =
AME AAAE 9 A= (2F, =& 9 5)9 #ASle] S (cyan) 2 WA o
£ T4 oo, AR mj Al A= v ol (s, A4,
5 e Hast & de 2U0S AU D R, B < G), 2) IG-BI<50, 3) (G>100,
GFENE ojux] JA 5= Ao 2 X3 (Python module cv2)3 A 2%

94
FSEFMEY B¢ Euro dimes ©]-&3te] o|w|#] A

o

N
o

ui
o
A o

o

)

3. 2 4 &9
7 2w ES v Ak o g el b & 4
¥ Dr. Leone] A& AA SAHS ol &ttt F=74mAe 8/HAIOS 470A,
OTC 470 Al A% MONI, HOBOZ+H-H 20159 1¥€5H 3€7174 543 dHolHE &
d ol o]&3th(Figure 1). 8712 7B dlolg Aol &, BFAHFHETR)S THHEFE
31, PAR-MONI, Temp-MONI, PAR-HOBO, Temp-HOBO, HR, LeafT, Soil-Moist&
HHT R st IAEAS T8t 1 A3 8/ HolHAl =5 AAAST Fhol 67
T 78%Atelel EESSTE o=, EEsivIAE o B F4ES flal MONI, HOBO=
SAHE SAHUTE] T8 HFt E 7 ASES v g
o= A div] e s9ETY FarE dotry] s BE 2/GC
B C7HAl & 12070 23Dl tieiA FEHHFE ETRE st AAATE AlAtstAd
TE]al, ARk dlolE Al QA F e ME vE RA(EHEESsTE AR & F5)3t
AAAG] Aels Axtsdd. A& 5o A WA o] ETR = a¥Temp - MONI +

ot



b*HR + C+PAR - MONI®]i, & ##] 2ol ETR = A*Temp - MONI + C+PAR -
MONI=} 7}?“*8}?3 T 2Eo AAA e Aol A HR(GHFE)7F B3 FETR)C
°old

A= 9 Aow mE WA Thed dd dis, AAA

= 9

o5 Ak

1 A 77H-°4 FA=dlT T Temp-MONIZF F=70m#te] o] ETR= AA st

W B SR (Soil-Moist)2 ETRoll 714 A2 g3

S FE Aoz yeiyt yw A sS4 S4 (e HR, LeafT, PAR, Temp-HOBO)+= 871
Z

dlolej Al A z}zt thE FAE Ho|ARE dwrA o & ETRe| F3F %9 43S F+=

S| 7] iAol A1 OS #27F F3A FHETR)
= 7=0.78). webAM, OS #25
£ o FEAZE AX7E A=A APk %41, in-house python
scriptE ol &sto] FEhe Fho] AU AR SA" (ol FY & Fhol yekoF sk
W=7l So] grom = S X2F3 recordsE AHAEATH 1 A4
7}, 1,150 records (20154 149 14948 39 347tA]) T 6277/07F FA A sk, o]}
22 dHoly FHA#YE FIdT Helx oA wdd He d9 gsol #HEHS
(Figure 3). °]E #<2 MONI2}F HOBO =

o 93 =AE ol (outlier)d F% AUTh F AS 37 Ede] FFLS go] mi=x

a]le] H7lel &Aool Aleld Hark v
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R | 1.0TC-Cq oTC oTC oTC oTc oTC

Date Time No 1:F 1Fm’ 1:PAR-Moni J'TempMoni 1Y (1) J'EFR PAR-HOBC Temp-HOBO HR LeafT-Cq Soil Moist
2015-01-14 14:18:49| 47 44 85 561117 048 1136 896.2 7.87 68.9 8,817 0.1978
2015-01-14 15:18:49| 43 40 77 673 14.5 048 176.4 6437 9,706 63.6 10687 01978
20150114 16:18:49 49 56 96 64513 8 0421130 6112 6,636 76.6 9,583 01978
2015-01-14 17:18:49| 50 83 9 878 14.6 0.42 1541 7312 8,841 734 11,297 0.1978
2015-01-14 19:18:49 52 233 636 500'9.6 063 1331 2087 3433 836 6,585 0.1964
2015-01-14 20:18:49| 53 240 655 509127 0.63 1622 1312 2.69 87.6 5.257 0.1964
2015-01-14 21:18:49 54 270 770 u2'93 065932 53.7 1913 89.4 3,827 0.1957

Figure 1. Data structure of environmental parameters measured by MONI and HOBO. The
spreadsheet shows records of a representative individual of Colobanthus quitensis. OTC is the
initial of Open Top Chamber. F indicates the fluorescent value of sunlight. Fm’ fluorescent
value of artificial light, PAR—MONI the sunlight amount measured by MONI, Temp—MONI air
temperature measured by MONI, PAR—HOBO sunlight amount by HOBO, Temp—-HOBO air
temperature by HOBO, HR humidity, LeafT—Cqg temperature on leaf surface, Soil Moist soil
moisture.

b OS #1 - o10S# = OS#3 : w [OS#
o
3 S T] s AR =
qu!), g 'E' g - g Q g _i_
N - o . - o ) - ~ )
S . T ! T =} .
SBme S | J8eBE | =B o | il :
sl FE=F | gTE=2 | 8058 | sgP.s
© [OTC #1 oTC#2 - w[OTC#3 T -
S . 5 i : ©[OTC #4 =
= e == < E < =
s - @ S T S
5 B ° 3 «
2 o
=° A N ~
N - < [=)
o . — T
=T - s1H el - T
o (RN - i - E T T P o -
o ' Q_'__%_ = Egig S = <= o T =
o o -+
A4 A
PR 40 7R
2
@O/‘S'/ O&

Figure 2. The extent of how much individual environmental parameters influence electron
transfer rate of C. quitensis. All of the eight datasets consistently shows that
Temp—MONI (the upper right box in each panel) is the largest contributor to ETR. On
the other hand, the effect of Soil.Moist was lowest across all the datasets. The other
five parameters shows the intermediate effect on ETR.
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Figure 3. Scatter—line plots of six environmental parameters measured from Jan 14th
2015 to Mar 3rd 2015. The circles in red are indicated by possible outliers.

dolg FA#E7E 45 E OS #2 (F 627 records)E ¢ Hlo]H=Z 3}a, o
714 bootstrap sampling W21 S o]&3te] & 1000712 pseudo-Ho|E = A A
3} tH(sampling size = 300 out of 627 records). ZF pseudo-Hlo]Ejol] tha] t}
g AE Fdste, »d ¥z AAHASFTE Ao (Figure 4). Bootstrap
& o]de] OS #2 mdleol AAASE 0789tk AR, OS #2914 bootstrap
o7 ¢ =% 1000712 pseudo-HolE oA Hu) 0.87¢] AAASF7 B2
ATt AR, 1ol FE4 pseudo-tlolEelE 9 HolEo| HlE FAH FAH 2
F7F As 7hedel Bk ol @ ol E, of 8% Ao Rdl AAAF o]
et Aoz welt, o] MONI, HOBOCl 9l&f 4% dolHE A-ow
"]i‘qé}ﬁﬂ‘r—tﬁ, SA A TAE G TS BA AN s F

ook, © Ae ARMEEALe] e omprl
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Onginal OS5 #2 data

Temp-Moni PAR-HOBO Temp-HOBO HE LealT S0l Miodst TR
7 10737 4 Bo5 T44 108 01543 1595
9 Tab.2 4947 ral 111277 01543 2178
a2 N 1854 4.4 1081 01543 1698
G4 01.2 4 00% 213 11153 0.1%43 2218 62? records
8.6 [ 4154 THA 11.516 01%43 1554
76 %17 245 By i 0.153% 150

e e EELEE . Baess

Random sampling
_________ + Sample size
300 300 300 « 300 out Gf 627 records
records "™ | records "™ | records * No repetition
* Record order kept
+ 1,000 replicates

Pseudo#l Pseudo# m Pseudo#1000

R square calculation

Figure 4. The schematic representation of how the original dataset of OS #2 s
randomly sampled using the bootstrap method. The random sampling results in one
thousand pseudo—datasets. The coefficient of determination maximally reaches 0.87,
which is much larger than that (0.78) of the original OS #2 model.

EI

JEE=QE A9 Y Leon Bravo wF7F AlF3d HolE F 2013d 12¥€ =5
20149 34 577}%1 MONI, HOBOZ #=3k dlo]E7} 4] o]&5 3t 37 &
F3st7] Ao, F=uhm At dHolH e Fdd WA ow Holy FAdAYE FisAL
I A3 OS #1, OS #2, OTC #1, OTC #2& 77} 1594, 1519, 1563, 159171 2] records&
ZHA H3dY BFAPAZFETR)S FHHTE stal, 6718 &4 #H(Temp-HOBO,
PAR-HOBO, HR, Temp-MONI, LeafT, Soil-Moist)S 5 H¥ 4= 3+ 5 Python library
stats models¥TE ol &3ste] v AE Ttk 1 A, OS #lAdA 7HE =2
adjusted coefficient of determination #t(0.654)& AUt UM v AIE e A
bootstrap™21-& o] &3t B AAATE oF 8% AL MdstAt ol ESFAE
olH 9 A =AHLFo £ v W3 jackknife2S &3] Hdt}h Jackknifer= n7l
recordsoll A 2912 170 recordE A A H, n-1702] recordsoll A Aoz wdl AAA
7} n7l records®] AARBATETY oW n-1 recordsE ettt o] S AL wrE
sto] dlolH H(quality)S 71dskA ¥tk (Figure 5a). Jackknifes 283t A3}, records”t
ol EWA Bl AXRAFIE AE SIS B AT OS #1949 dl o] H(original
data)©= 1 594 records® A%l 0.654¢ ZAATE Hth SHA T jackknifeE & &

B
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S o
= ©

7F 0.8337bA] A E A 2L o] EAl(1,067 records)

=
T

A} (Figure 5b). A=r, jackknife =02 ZAAAGF7F oF 18%
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2NAE AL A5, A Fok FEFT] wA
BE el 45 0967°] At (Figure 6). =2
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Figure 6. Image—based prediction of plant body weight. (A) extracting and counting pixels

consisting of plant body from photos. This task was done on Jupyter notebook. (B) For each

of 30 C. quitensis individuals, the normalized plant pixels were strongly correlated with dry,
fresh weight of the plant bodies.

Ar kgl A o] &8 RGBAHE =7(G > R, B)S& 14

= , = ol
A ATHRAN AFF U=, Python cv2E o83 A W) FFENE A

- 111 -



¥ SAH(cyan) ez A3 H, FH o5, AL S kol=g AAsHy] 9% Guld
RGB =< A&sdt(As 2 ¥y #a). & 3070 WA & dubs 243 23, oln
AofA FEE BAY A s A4 ATFHEAAS 0937 2 AITE @(EAAF

Z3100 A

09192 wf-$- gt AFAAE ‘Ri‘i}(Flgure 7. ARAAGE 7Foz, A2
H2ES d=rivaieg] e} v =5

AL AR ol gTte] A= AAFEE AN ¢ dee vt

(A) import cv2
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from matplotlib import pyplot as plt
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Figure 7. Image—based prediction of plant body weight for photos taken in the vicinity of
the King Sejong base. (A) Unlike C. quitensis photos, a python module of color
transformation called cv2 and the updated RGB conditions were applied to recover more
plant body pixels. (B) For each of 15 D. antarctica individuals, the normalized plant pixels
were correlated with dry, fresh weight of the plant bodies.
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Pas (k) = SAM(d;s; /ESAM (dys;)

i=1

S Aol A K wlwd BgwabAse] Ajgeln, di e BNt EHE NEULS
otk mebd] NEg A7 U RBNEES] P SERE Avht F TRE 5 YA
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(c)
Figure 1. The study area in Barton Peninsula, King George Island, Antarctica: (a) location of the
study area indicated as a yellow rectangle, (b) overview of land cover in the study area, and (c)
the result of multispectral image acquisition over the study area.

1A E vdedd Exola FAs A=FAA AAAA T (normalized  difference
vegetation index, NDVI) #Ad g 5= &&3ted ME G sh4 Fh(digital
Aol Fasic A
of 8%+ red®t NIR(near-infrared) W= G35 thoz 4uAo] o
5 HHAL 9 (spectral reference panel)S ©]-&3lo]

al, 2005) 5 Ztzte] WME /el 4 &8k th(Figure 2).
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Figure 2. Radiometric calibration of digital numbers (DNs) in multispectral mosaic image for
converting to spectral reflectance using spectral reference panel: (a) conversion of DNs to
spectral reflectance in red and (b) NIR bands

APAFE 5o A& ol &sto] Aol Ere Wikl weba Farste +13 -1
Abole] 212 W3 F(Hunt et al, 2010), ¥ I HFo2HE ] A Apole] a7
Mol 83ttt AAATE g S dAA A A EFHE 5Ho2 A8
ol gom, T W] AoFol AuF v 93 AT AE ATel= HE&¥ np ol

t}H(Andrade et al., 2018).

_]>~
Sha

ol

NDVI = (p NIk = D Red) / (P NIR + P Red)

p: spectral reflectance
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Figure 3. Mosaic image of the study area:

(b)

map using the radiometrically calibrated mosaic image.
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Figure 4. Calculation of distances between predefined baseline and every pixels in the study area:
(a) the result of distance analysis and (b) divided zones for further zonal analysis of NDVI.
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Figure 5. Correlation between distribution of normalized difference vegetation index (NDVI) and
distance from snow cover using predefined zones.
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Physiological analysis of the moss Sanionia uncinata
under reduced relative water content in Antarctic

habitat

HERtEs A A b FAsHA sz " 3 T shueltH(Royles et al.
9 =

w509 Boh HFNES FEG Lushs st Watel o

&S Fast o) & 9l tH(Mulvaney et al. 2012). WalE A4 & o]
o] 7tee B T8 Fadoly] wFel, @r|Hom oJ5H Wi HFo] FTUIE &

[e]
A A AN B9 FHo] S8 Ao o AE i (Robinson et al. 2003). 34w IPCC]
= 7t AR oiE =, dautEe|A |

(Lee et al. 2017).

on &

A B 4] & o] th(Nakatsubo 2002; Putzke et al. 2015). ©] &2 Ao 2 F&% o d3 &

B 808 FFE ATsty] fg AP e w dHo] ghth(Fernandes et al. 2017;
Lud et al. 2002; Samecka-Cymerman et al. 2011). AZ3H oA F& £48 WA=
d Z=gol He 7 JEHe] ZrUE st FES AV FAFoEA g o
3t WA S et (Zaniga-Gonzéalez et al. 2016). T3k oA WO AXF Lo A HE
N 5 A4 53 327HA vdFsd F=9 4o A2 (Ochyra et al. 2008).
T-sbar, 27 Wt gk vtzldo]z]e] WAl #Ek ApAgE 7
A} oAz el dig el 71Ae olsfsta 2dste Qg &
7 Wt gk 9hE-S d 53] flEl, B AT E oAy A 8 A dig vhg
o

e A ToAde &
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AAzAdA A G5 W Eol 7 (Sanonia uncinata)s 73 Z2A wHE HHE 9]
St G=AMF387]% KGLE-09 site (62°13'13"S; 58°46'18"W)oll A x
(Figure 1). ths5, =7 2 A% 371# AR trE FEFujo] A2lsts A Ex
A9 3 3 FHEIY 23S AA ALz FA FEAAI L GAAER Zolad 15 ml
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Figure 1. Location and pictures of the research site (KGLE—09) on King George Island (Barton
Peninsula, Antarctica, 62° 13'13"S; 58° 46'18"W) and the Korean Antarctic King Sejong Station
(62° 13" 22" S 58° 47" 18" W).

g At HAH F3s 2E&(Fy/Fw, RLC, AF A+ =
5o getv gt 235U 24 F A= FE Fx

71(Mini PAM, Walz, Germany)& A&3t9th. 53" Z2e2s gads 44 ¢
2 zZd gi& 53] wE FdE AT Fy/Fy = (Fu-Fo)/Fyel 2oz +

A2 A, Forvr 98 & HAa J33%, Fus g8 AEodA 238 & Ao 33
ojnstal, A& o2 RLC7E SA A, 22 8 GA(PAR 0, 127, 192, 288, 424,
634, 833, 1161 % 1514 pmol photons m s Dol A H o) 1514 pmol photons m s =
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ALEHom Frbst=s AA, 2z dAvt 10 2 st ALY = st FA 119
2 A2 FE5&(ETR)= S48t RLCx= Platt 5 (1981)9]

e ETR gke] ad=Z=2 "t 2 F o, ETRua, Ex #2 ARFssddh
ETR=Y(IDxPPFDx0.84x0.5¢] 4 o2 3ttt o Al YDz 34 9 F& 3
&, PPFD+= 3%, 084 FA o8] &9 #Fe] Hit & (Ehleringer 1981), 05
FAC FaE FAE AWsteE AToltHRoberts et al. 1996). & FE5A F
CCM-300 Chlorophyll Content Meter(Opti-Sciences Inc., Hudson, NH, USA)E o] &

sl %453

Y

EAA 942 GraphPad Prism 5 2ZE¢ojo] A9 EAF B4 2 Tukey AA
Ioh(x p<0.05, =* p<0.01, =xx p<0.001, ns FY3sFA LAY

p>0.05). Pearson’s correlation testE AF&3te] w7 W43 Ay #AE FA T

ftlo
>
ofo
o
&
O]N
o)

3. 431 4 B9
T2k 70 AAstE A" AAel @ w1 F 2A(HEA 2%, 712, RH

2 PPFD)< 4353 tH(Figure 2).
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Figure 2. Daily course of microclimatic variables in Sanionia uncinata habitats measured at
research site KGLE—-09 (62° 13" 13" S 58° 46" 18" W) near the King Sejong Antarctic Station
(Barton Peninsula, King George Island). Data averaged over 10—min intervals include (a)
temperatures (C) of the air and moss thallus, (b) relative humidity (RH, %), and (c)
photosynthetic photon flux density (PPFD, x«mol m 2 s ).
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o] 7]t st AEA] 2% dd Hiugh2 11TA 17.1C7H] s & Fo H
stE vEdlth v R, HAGES -09TA 28T=E WatFo] Fdor gt A&
| =9 Hige wolE 44T, WolE 16T, 9 &7 2% Hla stee= 11T,
o= 09C ¢ =gtk Adises dvtyor 2wyt Ao wel AR 40 %
olgt= HojA| A gofom AEA &7t 5TC=E oA wf A xsuUrt. Hit F=F

m? stoldth g9 we o= 1700 pmol m? s 'R
o= 1,000 pmol m 2 s'H T vk}
el we 37HA 2 Rtk A §We] &
o= AAstar, FFgk Goj A Wt gpslo 7 2}
= =5 AT T3 JRAL, Eo] B2 welA Ags A4 AT dx AR
A Qs th(Figure 3a). o= 2+ Aol RWCx w5 (3w 734%) > F7H53.9%)
> 1x(285%) oA = AP thH(Figure 3b). G54 TS thFoA dxE HFilA o=
st RWCe #fAE s BAAY, 1 ZFo]li= RW
(Figure 3c).
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Figure 3. Distinguishing characteristics of the selected Sanionia uncinata colony types used in this
study. (a) Photos of microhabitats of the three colonies designated Wet, Semi—dry, and Dry, (b)
relative water contents (RWC), and (c) total chlorophyll contents of the three colony types. All
data are presented as the mean £ SD (n = 4). Statistically significant differences are represented
by different letters above the boxplot (analysis of variance and Tukey test, *p < 0.05, *xxp <
0.001, ns: p > 0.05).
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RLCE #%F #old wE A &9 F3A WS s st= b AFEE 5 7] uol,
3 3 HA FEFS AsA 7= S¢F ETR WEE 2gi= 2 Yel tH(Figure 4a). ©]
HA A RWC7F 743 wel ETR #% 74 AEda] Ax ~EgAs g9
A3t P ae Atold BFPS FuUstel ABe Py FEFL 4 sHForyer
and Noctor 2000). W¥7lgo]7]9] Z-¢- o]lgdt F3A A= AP A F=F &4 w4
o7 wAlslgom RWC 7HAie] we BE Fa Ho A ETRe| Ayt =s
RLCol A % 7}A] FQ3 uj7] W4E FE3¥ H(Figure 4b-d). 3 2 & w7 W
£9 q, ETRmax 2 Ek¥ #Ax%7} Z713 ol wal 5% fAsHA Z4asts dEs 59
o} oy AT vlaste], F7ka Ax JfA ol ETRmax7F 242 15% 2 26% 7+
2olA. AN a= 47 26%9F 46%, Eke 17%9F 30% FAshe] wzldol 7o 3
slofl it Al2F dAIGe] HolS & & AT

i 40
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Figure 4. Changes in the photosynthetic parameters of

Sanionia uncinata among the Wet,

Semi—dry, and Dry colonies.

(a) Rapid light curve (RLC) plotted as the electron transport rate vs.

the photosynthetic photon flux density (PPFD),

(b) photosynthetic efficiency (a), (¢) maximum

electron transport rate (ETRmax, #mol electrons m 2 s~ '), and (d) saturation irradiance (Ex, #mol
photons m 2 s~ '). All data are presented as the mean = SD (n 5).
differences are represented by different letters above the bar (analysis of variance and Tukey test,

*p < 0.05, **xxp < 0.001).

Statistically significant
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AExoz yrldol719 49 RWCY #Aav o303 dx /AT 33 54
A5 HIA AT A, RWC #ael met G54 shdo] Zastdn. ol st dAF2 of
7173 g (Senthil-Kumar et al. 2010), ¥ (Wang, et al. 2010), S22 & Vittaria lineata

(Minardi et al. 2014), ©|17| Atrichum androgynum (Guschina et al. 2002)& >3Fst t}<F
st Al EoA Ax 2EH2Z QI J3A &Y Ax=E AFEE A LA st RWC
A4t T3 a, ETRmax, Ek 2 Axd o=z RLCO #4E %P3 Maxwell and
Johnson (2000)9] wWeam, s A RLCS 7t Axke] 443} o8 Apole]
Bt o @ﬂi AR FA 1ol FAA d¥= veEbdv(Foryer and Noctor 2000). ©]

1:12 ]7]],/] JJ—KL/\-] ﬁ]—k]oﬂ ‘:‘7(4
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A 5 4 v}EUte X|°]§F Cladonia borealis?] %2} & #
A B 54 24

Assessment of Photosynthetic performance of the
Antarctic fruticose 1lichen Cladonia borealis in

response to microclimate changes
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EAQ Ax-AFs A4S A7) "ol P59 A F=E poikilohydric %*é% Zk =
o7 ¢ o712 FAE T} (Bewley 1979). Poikilohydric 7|52 2@ 7|7k Fot A

T 10% wwke] Az sAoA AET = A &, AoFe} o7 e o] V|ToRE

2

=3
ATH(Kappen 1988). E3t A o]9} o]7]& XLt HlAHAE

A g 5 e Az

o,
A
2
o
e
fd
52
i
J{m
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>
i
S
=
o
ol d
4
al
BN
i)
o
i
o

rl

=9 P2 AbEste Aol wE7] wifed 4 (thermal dissipation)& & 32 el &
3 7oz 4HA duh(Heber 2008; Komura et al. 2010; Veerman et al. 2007).
NPQ(non-photochemical quenching)zt= & 2AF 2 o g2 JlRE wol=e) 7} A
AAEE Alo]ZE o] &sto]l Bkt Ao R Q1% ROS FAS o= A= o= A
o8 A4z 9l

O
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A d gAY RE 4 EUEY, 53] d7] 299 4% ATk
Aqe] 71% Wsts: dAsh] A% AE

1 THSancho et al. 2017; 2019). °F 400 &2 A oF7F = W= X3}
v 7 W A el AAeta ATt Cladonia &2 74 AFE A=

= OlFol 27F°] Hix o] tk(Stenroos. 1993). ©| 5 Cladonia borealis S. Stenroos+
SA I Qe AR ol A Aol A HAEE g A $H1F T o] tH(Kim
et al. 2006; Osyczka and Olech 2005; Park 2012). A 7}A C. borealisdl] t3ak A=

>
o
i
%0
oo
I
©
I
[
FU
JH

o,
=
o,
N
N
i)
3

T 54, AYgA W o7 2 FAFIAAE] T U, sy L Aeld B F
HE Folgkth(Park et al. 2012; 2015; Lee et al. 2008). 1&jv} W= C. borealis®] ™| 7]
& H3lo] wE FSHA] WS 2HS F A AT E A

A

2 A= 20199 E = sHAA 717 <t KGLO1 A 9(62°14'24"'S, 58°44'36"'W,
= m)9] "7]%F W3} J"ﬁ}l‘c Usnea sp.¢¢ C. borealis®] # A S B=3staL
WAk & C. borealis7t AZx-Ast A oA GA wge=A olsfistr] ¢,
A A FAIPSIDS ZFstet Mats A, ol & B3 A%
g 92 Ay AFE Tl ¥ C borealis®] #{AE 5o EF7F WErt

Aol v A= IS FUst] 93 A=A EAHbio-indicator) ® &8 713X &

l‘

!
v

E]

od
t
oX

(i

(<]
o
-

A HE2 20199 1€ 239 7Y 3097bA] HE=AA vbERE KGLO1L @78 (KGLOL:
62°14'247S, 58°44'36"W)el A = H At BT dF>

Decagon Devices, #EC-5)& Z o] 10 cmol] AXA|ste 10& 7H4 o

Micro Station Data Logger(#H21-002, ©|=+ MA, ®|=+ ujA}3A| N
$-71=(10% +4)e AlE 714 AWS(Automatic Weather System) X}E% &g},

oG8 A Aow A58 % AW

C. borealis®t Usnea sp.®l 954 @3 345 oL, T8 o719 &3 A4S A
Ast7] Sl AFsHA AAAE AEEdt. 454 FF 42 el 3 A"
(MONI-DA)# 371¢] 33 HAZ7](MONI-head/485)% T/4%¥ HEX-PAME <dZsh
MONI-PAM (MONITORING-PAM Multi-Channel Chlorophyll Fluorometer, Germany
Walz, Germany)< AF&3F91th. MONI-PAMO] #%Hby 9 7 .82 Porcar-Castella
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3
A
= ¢k 2500 umol mistolm A EAZFS Hu 2%2 MAASPTE. AZo] st actinic
light®] Fa& =ol7] Sl 548 = =
el g 2 S ooz AANES g5tk 208 Aoz x5 27 5H7] A5
FFF %2 Fm'ol #AEFHAY. A9 PPFD} 2=k 7|Z=HATh F 6719 4 %
715 FHEFY 12007 22 AoF AZd st At ot 27 Anlel A doly 7t
oA S F5 Aol A AL A

_—

T AE AP ENE AF71A AYANA FPH AL AFRE FHEE A
g3tk A2H C borealil A= ok 108 ol A58 el £@se] F FFol o

o1 FHEA e FASAT. o ANE MY g PP A5
Eo A% e FRFAT. FHEE AE QA 12 szdolsa 10%
1l
=

Kimwipes& AF&3te] 7)Ao

£ o
>
1o
i ;‘m
2

d

< A ES AAST 37 Ax A9 Ao, 99 W
Aoz 107 Ao Agsts Jdsdth 57 A2 AL 7] F5= 50%, dW &
% 16T, ¥ A%+ 50 umol m%s! A@A FANA ST AJFo] AFIA L
£ (Fv'/Fm’)& MINI-PAM-II &34 (Walz, Effeltrich, Germany)Z& A}-83te] =A3s}aL,
T Wgl7E 1S WA 108 HA o2 7|53k orn oF 3A7te] ARt e 1z
o] % FI7FARI 21AIZE ¥V Ax F, FFL u] o HEHA FIth 2ZFolR FH
TE T olF °F 1023 X F FHFS SAHSAY. dAxAA T TEF] W= &
2 A& #PG503-S, METTER TOLEDO, Greifensee, Switzerland)S AF&3Fo] 0.1 mg?]
AEER 7559

=

Aol C. borealis= KGLO1 Aol A A dsto] SAATL A= HH
MES 4 AHlA 3dntt} 85 FHs9a, ¥ ¢k = 18 1 6 A%k, 8T, 50 umol
mist W A7) A A BA AT, =8 A Z(slow desiccation, SD) =

desiccation, RD)+= 20 ml®] S#F55 X3 9~ (RH 85%, SD) =+ A7t A4S 2%
gk B2 (RH < 5 %, RD)olA A& At A o7 A& AXH2(20 cm x 15 cm < 20
cm)9] vtg o 25 E 10 cm 99 w4 ZdolEo Edth 50 umol mis oA 24
B2Ads T 1079 AZES 74749 SD 2 RD HzEld Agstdnh 1z A §F A58
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ZF 81220 ymol m%sh) A FHHJT. =4 PG

2 wEahgn,
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lo

FEAL FFe Azx-A53 A7 & IMAGING-PAM(Walz, Effeltrich, Germany)<
Abgete] S5 of T ol A 641§ AR Est Hxd o8 FEd HA JE
4 954 FFFmS S8 v, Ad 338 FAFS(FvFm<
st Wl AFEth Fv/Fm = (Fm-Fo) / Fm (Genty et al. 1989). &xzdA C.
borealis W&° Bt Fv/Fm #-2 062 (+ 0039t Ax 2 AFst A= 2417
FEAs ¥ FREJAY 72 PSIT ¢4 &) E== Fv'/Fm' = (Fm'-F)/Fm'2 3
g8t ME2Z R ALEAHGenty et al. 1989). Fm' gt ol 138 AZ9 o ¥
F TEs U F'ae 231 225 ALs] 449 €3 55 UEIHGenty
et al. 1989). RLC(Rapid Light Curve)= AAF 459 x3t 5 229 dA FIAAe
S HoF=t}(Ralph and Gademann 2005). AZ-A 53} Alo]&F <] RLC Ad-& 308wt}
50 ymol m %' @ 220 pmol m %t ZAdA FAHAL. B FF A3 AF gPE
(Fm'-F) / (Fm’'-Fo)olA F&% 2 tHKooten and Snel 1990; Schreiber et al. 1986). H]-
A v-gserA ¥ 13 YINO) Y 4 #8523 1/ [INPQ+1+gLx(Fm/Fo-1)]el A
A= Aok (Kramer et al.  2004). #F-fr=¥ NPQ 42 F&2 YNNPQ) =
1I-Y(ID-Y(NO)ZF¥ FZFHAHKramer et al. 2004). =4 & ®W¥ 2 Ralph and
Gademann (2005)¢] WS we} FP ATt

x
2
L

_1

oy

=

% =]

nt, 212l DNA F& g

v =gk Aviel FAE 7FE 40719 A9 AIES KGLO1
A APAR F4 T DNA F= dol, 2719 7HAE 70% ol 2 01% ES 2022 2
5] AHeta THTZE AFAY dAxd AES AA d4r=2 F2832 DNAE CTAB W
Hom FEHPUTH A7 82 #F 5ol4 ITSI H ITS4 ZetolmE AEsHAth
(White et al. 1990). d#¥ PCR =2l 9714 ES AlEA+4 (Bionics, Seoul, Korea)
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3. 2% #H =9
7 AbolE AW 9 Ao [F F 5A
A A G(KGLOL : 62°14'24"'S, 58°44'36"'W, 1% 39 m)S #HZ

H3H 2 gdolA nighe] Fi= dgolt}. o] X AFy 7| S -1.1°Ce
42.8 mmol™, 12994 297tA] A5H H 7|22 2.1°C, v 74 A5H2 27.3 mm
Bt AR vu o]k AAL oFd A 9wt o7 7t yEyar, 52

¢ e olEdlA Zo] ¥EEnh AFA SAH o3k FEHIE A o] FElo]
TFREH, FH ke A Gl o7 (Sanionia uncinata, Corisodontium acyphyllum)
9 29[ (Cladonia, Psoroma, Ochrolechia)7} $-Ad38tal W 3ol Usnea’t $-7 3%t
Cladonia borealist= F3tA oA AxA ol AA FEstal, T Axd EEFS 7

- 5com AF 1 -2 cmé =715 7HA gk AR 9d2 249 2s 2480

hl
e
N
N,

_—

(Figure 1).
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A 4 i
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A Y.

‘\‘t ‘A‘)umtcm "‘;
v S

62°120°S
T

Weaver
Peninsula

Marian Cove

King Sejong |,
Station
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62°140"'S
T

KGLO1 & =

Figure 1. Location and landscape of the study site (KGLO1: 62° 14 24" S,
58° 44’ 36" W), and an image of C. borealis at the field. (a) KGLO1 on the map, placed
near Potter Cove in Barton Peninsula. (b) This site had the well—distinguished vegetation
that consisted of mosses and lichens. The area spanning from brown to grey parts were
composed of lichens, and the observation was performed at the area indicated by the
white box. (c) Several thalli of C. borealis accompanied by the moss Chorisdontium
aciphyllum.
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Date (January 2019)
Figure 2. Field observation of the fluorescence (F and Fm’ ) and Y(ll) value of C.
borealis and Usnea sp. and miroclimates at the site. Grey background indicates night
time (10 PM to 4 AM) when PPFD was less than 10 mol/m®/s. (a, b) Fluorescence and
Y(Il) value of C. borealis (c, d) Fluorescence and Y(ll) value of Usnea sp. Data were
obtained from two individual thalli (Sample #1, #2). Patterns of fluorescence (F and
Fm’ ) of C. borealis and Usnea sp. were similar between the two samples. (e) Changes
in temperature (° C) and photosynthetic photon flux density (PPFD, mol/m?/s). (f)
Changes in volumetric soil moisture (%) and rainfall (mm) during observation. F, current

fluorescence; Fm’ , maximum fluorescence.
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C. borealis®t Usnea sp.2] #3384 s ZYHHY A4 S|
A =3 E A tH(Figure 2). 3 2(PPFD), 7]2(°C), Z4%-(mm) ¥ B4 S (%) 2
15 a1% 10 Bvitt 7| EH AT Ao/ AEFS A FH A
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Zoto]l AL, ol 5 ITS AlfAel 98 T2 HAF Il Ao+ F &

o] H5olA ITS 949 (7900 bp)& THAIA AALE £48%laL, BLAST 24
S &3 98%< HEl AL Wl Ed = 0 ¥ 993% sdAHS Zt= C borealis NCBI
accession: DQ534459) = 2 H 3} o}

oX
2
Y

o
o
o P

[o

v vkl A | A 7rol) &bet C porealis BEA FE
WS PPED#o]l 10 pmol m%s ™! mwkel A zti2 AAegla, #2717k Fob dE3
1=

A 7HE, 2% 1049 &4 4A) &2 #e] Aol oF A 7ko] A tH(Figure 3).

a d
( ) 16F »#1 . ( ) 0.8 = #1 Cladonia borealis
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Figure 3. Diurnal dynamics of (a) PPFD (mmol/m%/s), (b) temperature (° C), (c)

volumetric soil moisture (%), (d) the Y(II) of C. borealis and (e) the Y(II) of Usnea sp.

These data were prepared from the observation during 22™ to 30" of January in 2019.

The grey shading indicates the night time (from 10 PM to 4 AM) defined by less than 10

#mol/m?/s of PPFD.
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<29 PPFD+ ¢5¢Y #lEo wet ®go 2% ¥19s -1°C ~ 14°Clew v
= 3°C obgl & "otk Feote] Hi 7|2 09°C ~ 60°CHoH M F& ve |
9 25U (-1.1°C ~ 4.3°C)oldrt. Hyt 4 PPFD #2 dubd o=z 300 - 350 pmol
H i ZES 466 pmol m %s to] L

Fo] W9 195 ~ 247%3

o

Ao 1,595 pmol m- S’lO] (Table 1; Figure 2e). E<F

4

Hr g2 39 (1¢ 239 ~259)&<F 21 ~ 23% =dA|0H 19 269 ~ 2892 21% w|ut
oLt A ASE 10 Bult SR, £ AQ 49 A9 s )

A
J 2 9e 19 24960 mm)¥ 1Y€ 259(18 mm)olR i, v BE
2l A kA Y ¥ 7F 10mm " Rke] AtH(Table 1; Figure 2f). 3Al A 27 2] A
+%2([RH) HeolHE A4 45 F sldoy, tilel &4 EY FEZF9 74
o At AxFS 4T A tHInoue et al. 2014).

Table 1. The mean, min and max values of Y(l) of C. borealis and the
microclimates. These data were excluded night time. Character in parentheses indicates

Region in Figure 2.

Date Y(II) PPFD Temp. Soil Air RH Rainfall*
moisture

pmol/m?/s °C % % mm

23" Mean 0.335 323 3.37 0.213 90.34 2
SD (+0.044) (+260) (+2.47) (0.004) (+3.04)
Min 0.263 10 0.10 0.206 83.50
Max 0.433 730 8.20 0.219 94.20

24" Mean 0.287 319 441 0.233 87.11 60
(A)  sD (+0.061) (+300) (+1.97) (+0.011) (+1.36)
Min 0.190 5 0.10 0.202 84.60
Max 0.480 1295 8.80 0.247 90.40

25™ Mean 0.288 355 0.92 0.231 78.27 18
SD (+0.033) (£275) (+1.38) (+0.007) (£5.64)
Min 0.241 5 -1.10 0.217 69.94
Max 0.362 1040 4.30 0.239 90.70

26" Mean 0.189 342 432 0.208 82.96 0
B) SD (+0.042) (+256) (+3.06) (+0.004) (+3.16)
Min 0.115 4 -0.60 0.203 77.41
Max 0.294 1146 10.50 0.216 90.80

277 Mean 0.205 300 4.77 0.204 89.31 9
© SD (+0.069) (+210) (+1.51) (+0.003) (+4.00)
Min 0.114 4 2.10 0.199 81.20
Max 0.447 641 7.90 0.214 95.10

28™ Mean 0.202 466 5.99 0.204 90.06 1
SD (+0.043) (+447) (+3.37) (+0.006) (+5.66)
Min 0.100 3 2.20 0.195 80.10
Max 0.284 1545 14.10 0.212 96.60

* This is the sum of accumulated rainfall during one day.
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FEA Ee 23 A o () o] F(Fm)ol HE54 adlM Wad F3#
Bl aL, Fob Fm'e] zbol= &34l 4 & YD AfA o= o] k(YD

= (Fm'-F) / Fm'; Genty et al. 1989). W&tA F3d &2 A /{7F v7]$ Wl of
DA wrEste=A YEtl= A 3E7F ®Th Usnea sp.ol 3EAY &2 EY FEHET

PPFD ¥ 2%¢ #93 AAAA(R® > 05 Eaﬂﬂﬂ&, C. borealis= WM 7] %2 9} ot
o A9 AAE Bt Table 2; Figure 4). =3+ C borealis® Ao Y < °F 062

2 Usnea sp.9 @ 08®t}h vt} WA C borealis YA EEA 3} A
12%(57/49D) % Usnea sp.B.tt °F 61 Z4rh(69%, 340/490). #3H7de] &4
F(&A Ze)e Fm' (A o7 &) gk Abelol zbol7t gle B-¢= AoHH,
s FESHA E5a grdt vEdsts FolAl st e 43 1o
G- wAst, 13U Usnea sp.ob+= 98 C borealis BEH TS F= A
Zolal AR A o2 "R g th(Figure 2). A oF9 #dA A =
A7k ol wekA A H(4:00-6:00), T3 (6:00-22:00)0 E wH(22:00-4:00
ATt Usnea sp.®| 2374 @52 ®Ea AHol 712 Algkad 9 (90% Bl &4 3}), sl
b mkod &dsh AIRES 58%c°ll =@ stk 1y C. borealis= 1t Y(IDFko]
o 7 Eskow AMHREYH WA HAA A ga, HZEAgst AR A gbel oF

7%, Sroll oF 14% = 3 A 3] wrkth(Table 3).

>,
N

1

ofy

ML o
o o
oY, o

o 18 Mo
=
>
N
Ap>

o

b

B2

Table 2. Linear regression of Y(II) with three microclimate factors during all period of field

observation.
C. borealis Usnea sp.
Y(I) vs. Slop (SE) R’ Slop (SE) R’
PPFD #1 -2.163E-4 (1.53E-5) 0.344 -3.50E-4 (2.92E-5) 0.504*
#2 -2.068E-4 (1.76E-5) 0.217 -6.27E-4 (3.22E-5) 0.713*
Temperature #1 -0.013 (0.002) 0.104 -0.033 (0.004) 0.255
#2 -0.023 (0.001) 0.261 -0.060 (0.004) 0.555*
Soil moisture #1 -0.884 (0.400) 0.010 0.837 (0.999) -0.002
#2 1.664 (0.440) 0.026 -1.946 (1.221) 0.010
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Table 3. The mean value of photosynthetic efficiency Y(ll), PPFD and temperature changes by
time ranges of dawn, daytime and night.

Night Dawn Daytime

Time range 22:00-4:00 4:00-6:00 6:00-22:00
Total data points 133 42 316
PPFD (mol/m?s) 4 (x 2) 47 (£ 37) 357 (+ 289)
Temperature (°C) 1.5 (= 1.3) 1.5 (= 1.5) 4.7 (£ 2.9)
C. borealis

Y(II) 0.41 (+ 0.16) 0.31 (= 0.12) 0.26 (= 0.15)

Inactivation (%)* 71% 71 % 14.1%
Usnea sp.

Y(I) 0.09 (= 0.23) 0.06 (= 0.19) 0.19 (= 0.25)

Inactivation (%) 87.6% 91.7% 58.9%

* Percent of inactivation indicates a proportion of Y(II) = 0 in a total of data points, because
of no difference between F and Fm’ value.

t}. C borealis®] 334 A
C. borealis®] ¥ S8 Ay o=z g5& Hoy, S FALE
°of Ao YAD#el AbebAl= EqrA e siEHS Bt o] Y& Ede] Fitol
g FolQlar, o o5t H7F oA ke Aot 2y gL oF H|U}
G YAD7F 3 5E A C borealis®] YADSF v 7] F-9ke] gakS Hrialr] 96,
Tl wel YADO #F 73S FA(HGA, 18 24Y), Ax(HA9B, 1¥ 26¥9) 2 A
F3HAAC, 19 279)= WAt (Figure 2b and 5).
A AoAl Y(II) #k= PPFD ¥ 2%} 7r3sk &9 AAAdE HYA T
grokoh 18y BA9 9 CAYe YD+ PPFD & £%9

ERN d =
L FFY EY FEY 94%S W= How HYtH(Figure 5). ¥ EY FEI}

A=

n

==

& an - Az

H Auds SAE ZPAT, 1¢ 254

El F52& AgA7F AxH A S I (Inoue et al.

2014). =9, YAD EF & Abole] 7k FBAAR® > 05 C borealis| A €] 7

z= g AFdHd S AAgH. F7HA o2 Usnea

z 2 ¢kel &3H(F % Fm')gkol tha F3 7199

19 24 Bt} Fds] wgtow, A= HdASHAT. Av7E Y D+ 1€ 25 2k 3]

&g el en, ofnfx o]3E it %7} 4°Col7] witolth. 18y C. horealise]

YIDE EF 0] 21% ot =49 & w7 A5t fAEAeH oe C
Usnea sp.BtF Azxd ZAdo ¢ 2 Ad 4+ J&S e

-

borealis’?
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Cladonia borealis
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Figure 4. Plots of Y(ll) with three microclimate factors recorded during all period of field

observation.
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r Yy vs. Region Slop SE R2
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03[ (a) PPFD B -776E-5  214E-5 0195
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(c) Soil moisture B 8.031 0.996 0.561*
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Figure 5. Correlation between Y(ll) of C. borealis and PPFD (a), temperature (b), and
volumetric soil moisture (c) parameters. Data were extracted from Regions A, B, and C
in Figure 2b. A fitting analysis for linear regression was performed for each dataset. (d)
The linear regression parameters are presented in a tabular format. Asterisks indicate R?
> 0.5. SE, standard error.

X C. borealis®] % A W&
A% ZUHY 2= C borea]154 Aol Wi 2xo Wl Hs At Ax
ZAA ZA3HA &8 ZHHArHRegion B in Figure 2). 7] & AZx4dS C
borealis= poikilohydric 718 7HA AL o, Axd o3t &Aoo RHE ¢ el 3
28 Qe A5 FE AAUSS 2 dve 2SS Flstdo (Figure 6). AR
e Ao A #7238 C borealis®] AZ-A538t B4 Fete 23 &4 527
= F 49 AAe Adurr] 98, Ad AR nr|s 231e A Al A7
ZA9 4 RLC(Rapid Light Curve) #+#& 53| C borealis® 33 Al=®lo] Ax
(Region B) 3 As3HRegion C) ZANA oD9A ZAHA=AE A9staat selv
(Figure 2).

3AZE F3F SD =AM, A 8 AZe] Ao FFA FEEV/Fm') B rETRuaws
7] el tiEF 90% 2 °oF7F A w A tH(Figure 7a, b). =752 10 1+ A3t &
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Fv'/Fm' % rETRn& 27] JEHl=2 413 ﬂ%ﬂ‘}iﬂr. T 9 A= 49 Fv'/Fm
e A7 3A17F ok 27 AEIe T80% = HaF A% whA rETRpwe A8 308 &
Z7] el 15wz F7hgh 29 vs FAdgte] T90%= oF Ak 107 A
st &, 7 2 AZ] Fv'/Fm' % rETRmws 27] ZH2 2313 sl 5wt o] A
= C. borealis®] & Al=¥lo] SD WA Azt & weE 5+ fAYSS 7FA 3L A&
S vehdth = 3 Ao FUkE 3 AlagdA PSIL &8 3 dAA ol £2F5
AAZIE d ol E F Utk
(a)
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Figure 6. Air—drying of field C. borealis samples with changes of (a) RWC (%), (b) the

Y(Il) value, and (c) the relative recovery rate of Y(Il) after rehydration (n=10).
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Figure 7. Changes in maximal photosynthetic yield (F/ /Fm’ ) (a,c) and rETRmax (b.,d)
with dawn—light (50 wmol/m?/s) and daytime—light (220 wmol/m?/s) under a
desiccation—rehydration cycle in C. borealis. Before desiccation, samples were activated
with light (50 g mol/m?/s) for 2 h under fully hydrated conditions with distilled water. The
thalli were treated under slow desiccation (SD, 85% RH) (a,b) and rapid desiccation (RD,
5% RH) (c,d) for 24 h (until indicated by the dashed line), and then rehydrated with a
water spray of distilled water (black arrow). After the removal of excess water, both
samples were kept under SD conditions for an additional 2 h. The ten biological
replicates were used for each treatment (n = 10). Experiments were repeated at least
two or three times using the same thalli after re—stabilizing at 50 #mol/m?/s light with an
18:6 light:dark cycle at 8 ° C with hydration for a week. Results are the means with =

standard deviation shown by vertical bars.

Lo

RD Z=4& SDE A g3t AWM=y vudte] C borealis®] 3 A ~glo A 2kzke] Ak3}

A EAe do7l Ao w YEH(Figure 7c, d). RDE 3A17F B¢k Agjd Aju 9 gz
o] 9 Fv//Fm’' #kol %719 720%= 743t rETRpa’F AFRFATE 2441 3F &8 Al
o]

9/] XH‘/I:_ —?‘, FV,/Fm’*S: ,%_7] %}]\'94 ~80%E %%Q%{_ﬂ’ I’ETRde’t‘ XH_}I:ﬂ' 1}\12_]_
A3s] 3 HEATE. RD =M 530 8 A& 3% 3A3ke] A glel A Fv'/Fm'
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o] 7] AEH H50%E FAEATE hEF o
Su(T1aHl), 271 e T80% = FHASEATE 24A 7 gE Tk E AES] Al
Fv//Fm’ #& 7] @9 "80%° =2glom, o sjge A3t vkgo Ay W M
sdt o)y e g AHEE kA W A7) F7H7F SD A

83 PSI 29 A4 o5 F4A7IE O 34H9 4TS dv

nl, &4 wkg-ol A C porealis®] PSI 4 3}st A3}

C. borealis® % A2=¥1< SD % RD A ¥ AFstE &3 A& 5 Al=dS
Ho] FArt E3], 3 #A% Z7HG0 T 220 pmol m s H)E PSII & (Fv//Fm') 2 Azt
A9 Hwel BE FANAerz PSIE nE WAUFE AWRE WAl

[} =
= W3l o&] fEET 7FAEEAY. RLC A8S E3] 8+ W ZHNA 3 A~
g Aol ofEwA Hd=4 & F JUHRalph and Gademann 2005). SD, RD % A5
3} kg

AE, o WE2 NPQ, 2 @xe A
of 4w Agd F vk B A A& B& Fste vkE YD, d WERA

IbS YINPQ) 2 vl=dE HEstst b Y(NO)o ofsf ALtent
YID) + Y(NPQ) + Y(NO) = 1 (Kramer et al. 2004). welA], Fox Z7d A C
borealis®] PSII 33} Wl ob Ft -3} Alo] 2o g 3 Al2g g5 e
N oH(Figure Q).

T3 8 Ag ek YAD #%2 SD, RD % RD =3 %9 A3 stol A Aje dl A
FH 7t 9 =9kt a8y diEe] ¥weeE F oY 2344 5 A dk(Figure 8a). PSII
e AlE o] S YEE 1-gP #h(Kooten and Snel 1990; Schreiber et al. 1986)<
SD % RD xx19] JhA] AejolA sAdPAT, F 2 EFolA AHgstes sk 1 2

AEe] #2 HAaEAG(Figure 8b). o] dAF2 FIF F AZ¢] PSI vk AlE7F 7HA|

Fol, F49 % oluAE PSI gelel weh g wHom Agd 5 Ak
s }

BEoA Fd 3 dyA7

[

) 27 FEHE B3 AYSS 7}111 9}2131, o]
HAYSS PSII HHg AHO 48HS 93 7155 & & Ao Akt Ax4do=
o] & wWAYZEL SD % RD ZdA% F7F 49 M=o PSII &8 Ay ##Ho] 9l

t} (Figure 7 and 8).
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Light intensity = g:ywt?me

=
a
T

Aa Bb

Ab

0 30 120 0 30 120 10 40 130 (min)
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(RH 85%) (RH 5%) (RH 85%)

Figure 8. PSII photochemistry changes during RLC experiments under the given
conditions. (a) Effective photosynthetic yield Y(l), (b) 1-gP value, and (c)
Y(NPQ)/Y(NO) ratio. Each value indicates the average score =+ standard deviation,
calculated from the data in Figure S6. The average was calculated by two—way ANOVA,
and its significant differences among the data were analyzed based on the Tukey’ s HSD
test (at p < 0.05) which was displayed with different letters; upper case letters indicate
the effects of light intensity at the same time of desiccation (or rehydration) treatment,
and lower case letters indicate the effects of desiccation (or rehydration) treatment at the
same light condition. The ten biological replicates were used for each treatment (n =
10). Experiments were repeated at least two or three times using the same thalli after
re—stabilizing at 50 umol/m?/s light with an 18:6 light:dark cycle at 8 ° C with hydration
for a week. Black and red bars represent dawn light (50 zmol/m?/s) and daylight (220
w“mol/m?/s), respectively. Y(NPQ), the efficiency of the regulated non—photochemical
quenching reaction; Y(NO), the efficiency of the nonregulated non—photochemical
quenching reaction; SD, slow desiccation; RD, rapid desiccation; RD—Rehyd.,
rehydration after 24 h of RD treatment.
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Figure 9. Changes of Y(IlI), Y(NPQ) and 1—gP of C. borealis during rapid light curve
experiment under the slow desiccation (SD), rapid desiccation (RD) and rehydration after
24hr—RD treatment (RD—Rehyd.) with different light intensity, Dawn (50 mol/m?/s) and
Daytime (220 mol/m?/s). (n=10).
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4, =9
7}, C. borealis®] shade-adapted 57: 434 & Ay
Ao B3 Ao dubdom dF 1-2 AlgE
SE AsoR 3 HxdE xoA CO, ko] Fu
(Kranner et al. 2008). 2 A& Usnea antarctica®l 37 <
gom, F 1,000 ymol m?s'e] FEe FAAE FESVCN FEEA & ktH(Sancho et
al. 2017; 2019). Usnea €] ©l¥3r FEFAE 5AL ofute of dAFolA #Ed B2 &
243t et 7ol A& Aolvk. 2y C borealisell A Bt YAD #h& el 7+
ko AHEE B7bx] Ak g dha AW (9 7%) RHOSH(eF 14%)0 = B2
Fo nEA s AEEH S
A o] F+= sun-adapted B+ shade-adapted £olgtil B+ Weo] ZHwo s +4
Hw ol A A} 221 3HgtE ALk #E o] 9lvk(Gauslaa and Solhaug 2004; Solhaug
et al. 2003). Sun-adapted A 9]F F& 3 WS AAH] &= al oz IJFE=S A
2bste] olE AEEtH, Usnea €2 olgldt 5A4& zZte=tta R auFdthH(Lange and
Green 1996; Bartak et al. 2012). tJ% % © & shade-adapted #oF F& 73k o *
Abell gk 33 A S 73 glow, Ax AEHAE B oW Ho ol FHu
Bt 35S Hol FAtHInoue et al. 2014; Demmig-Adams 1990). C. borealis®] %
T2 A o AL 2 oFE 2 ZHAAE FustA 243 2 = U

shade-adapted #| o] 2] 54| A AlASHH

A

o

¢

5 1 =
T B T"Hol vE2u. C borealis MA= M= 7V
g2 T O SAA HAREY. a8y Usnea T2 A
AUtk ol 714 ol B JjAY Ex Y-S Egh

=
w3 57 2 a8 B sHoERYH =5 = d A dFs vE Aot noue et

F A e 715 ¥l fSste] T8 AL HEE
53] C borealise %= WFe & A= R ol7lFe A THAT(Kim et
2006; Osyczka and Olech 2005). webA] o] A &F{= HAEA ~EdH A WS AU
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ekl 9% Fom AR F Ak 59, A4% A2 2Ed2 gAT & U 5
o= Qd FF WH Ax A4A9 W 37 RUHY e AR

Agstnz o] & =AY 7IFEYEY To= At

. C. borealis®] FF41 Wk AlE o] A ZxukS

EU]EH]E C. borealis®] FA 2] WAl = ME AZXZHANME v & HIEH
v Ao® Yetuth RD-AZAEY] A5t gl Al rETRyn.e SD-A# AM&EFo 2%
O/\}L} el =71 AEe 202 F7F A th(Figure 7d). ©] A2 FE E 2 A9
RD =74 PSII9 oxygen—evolving complex(OEC)S &£4A1Z = X9t ZgA~EF =
(PQ) & PSIE &% A ols AAL &4A7IA ZS F vk FEA. AA=R
OEC F#2 2 AUAE AlEste] & HEAolA] dx 9 abx #A2 Al 8809 2
2L TS A sE d T8F A8S s7] wEel ROSO 1A =% ¥ v (Kranner et al.
2008). Atz A2 2EdAE B A9 n#dE 1d PSIe OEC F-&d Alzts 43
= = 7 deH, B AUl Bxaes AxE 4= g4 ROSE A4 gt (Nabe
et al. 2007). A2t 559 =24 ol &3] 4bst gL P680+l ol Azt = A W
A EAFQD PQeF PSI SH S
o ROS o2 dlak vzl 9 x2S ¥383 dg o] Fa) st} (Kranner et al
2008). 18y C. borealisol Al #|4=3}l] 9]??} ETR W82 €3] 3] 5% RE PSII
Fd BES 1EA Fskn mwebd, ARd dx =312 PQ Ex PSI Fo] ofyg)
PSIIE &4A171= Ao =2 74k

T E FE FRE AYETY 3 7HA 7Me A C borealis®] NPQ ZZ A 2o]th,
Y(NPQ) % Y(NO) #> NPQ &A4& WehfAn A= dibdor A4tEd Ale] 3
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Q
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S
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F
o]
ol
Y
L
ft
2
i,
N,

2 AR FRE o= 9% A 24HE UEle 2EE whgolw, 2k dlo] AE
S ¥3sle] 2AEA @ wkgolth. YINPQ)/Y(NO) Bl &2 PSII wHg AlEo|A 2=
3t W o UA 7} o B A ALgE =2 BeFEoh SD 9 RD A E AAE uw F3 3 AE
o] YINPQ) / YINO) @t A1™ 3 AMEFHo 28] =d5Yoh(Figure 8c). ol#sh e
NPQ &Ao] F3t-3 w=ZFo 9] F7t2 F=HJAR, A& WA F SD 3 RD =4
aloll A oA stE USS Uetith durz o g NPQ &AL PSIIO ¢te|utolA pH-%#
ool A A4k PSIF PSI Aboleo] el o] W 33 oAl quenching process (ZH7f
gE, qT % gD2l Al 7FA] 4 245 Zr=t(Krause et al. 1982). °]&]3t T34 34

OE g AR HES A BE 2% ME 98 UAE et B AT Anas
golA MAUZe] oW NPQ T4 227 72 9L A4 5 glvh S ¢E &
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A 6 A vlENE A oF Fxot nHA doly FABA 713
Relationship between Lichen distribution and

microenvironmental factors on Barton Peninsula

Ao Fe ALF B4 BFolsh AR P4 £F(EE dAD) 2D AT o
A 3 A EkE WA 2R, JFo], Alite] E3HAolth(De Bary 1879; Nash 2008). ©]
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3 3 g GFel s T Fo AR HHFRE ASE A7t

T2 Ao g Yok F5S Aoy 2tA G nuEdS u vuy deshy

SAAYL AT Qa, A1 FReE o doluy] wEe] Matshs B30 Ao

AAG S AFstrlel Ass Fiolth AFdErt sESEEA T2, AEE, T
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e Aot 2d AGelA dHe Fx £ AR, AYF 71E UF
, T ol 8k, W o] &k 5o V5 5RO FudA I A7) o] F
o] A grth(Werth et al. 2005; Giordani and Incerti 2008; Moning et al. 2009; Odor et al.
2013; Gauslaa 2014; Janssen et al. 2019). theFst A Fog A o] AF7} o] FAHFolE &
Tobal, A 9o Ao EExe M= dF dAgrto] o] Fojx  gkvk(Kappen and
Schroeter 1997; Pannewitz et al. 2003; Sancho and Pintado 2004). & }A|e] Ugto =
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WA EE3 G (Stenroos 1993; Osyczka and Olech 2005 Kim et al. 2006; Lee et al
2008). 71 & Cladonia squamosa (Scop.) Hoffm$®} Cladonia gracilis (L.) Willde E %,
Az ol7] Sl MAete Aor delA e, o7 flolA M= AF FE
Andreaea gainii, Barbilophozia hatcheri, Ceratodon purpureus, Chorisodontium
aciphyllum, Polytrichum strictum, Polytrichastrum alpinum, Sanionia uncinata S 7172
2 Ao} M 2s}al, Cetraria aculeata, Psoroma hyponorum, Stereocaulon alpinum,
Usnea antarctica 52} /et g7 oA 1 @tk @vstedal and Smith 2001; Olech 2004;
Osyczka and Olech 2005). ¥ Cladonia & B5% 71 @A|7F ol Z2UE FA s

Ag gEE 54e A 9] el Aol BRI olele & o B )

squamosa®t C. gracilis?] W3] A ol7F A& o= Aol AAAS olsfstA sf
Atk olE H, ntEvtze] 344 EAS oldstax A F, |7 A
& ZAbsFA T e vtER LS B X Cladonia & A 979 o559 FAZXF thal

A" RESAT B3] Aduy

ftlo
jia
&
T
R
X
QL
R
T

=Wl AYF FEE FQ87] fske] stpe] Aol 10 ecm x 10 cm® o] F
ozl 264 = FAE WETE o8&t AVIRUHY A9 X 14770 Aol A
A7 FEE ZASEAT st Aol A 93] wHE o R XALE FsA I ol F
of HAE Al *}%5}‘? U ovbERt o] FeskA EExe JEE FAHol The
o {1070 9 Fatol 28t A 9 F(Cetraria aculeata, Himantormia lugubris,
Placopsis contortuplicata, Pseudephebe pubescens, Sphaerophorus globosus, Stereocaulon
alpinum, Cladonia %, Psoroma %, Umbilicaria %, Usnea %), 10719 & F+to] &8+
X ¥} 7 (Bartramia patens, Bryum pseudotriquetrum, Chorisodontium aciphyllum, Sanionia
uncinata, Andreaea <, Ditrichum <5, Syntrichia <, Warnstortia <, Polytrichaceae 3},

Hepaticae ), 2% 2 &3} & (Colobanthus quitensis, Deschampsia antarctica) °l| 3|

28+
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HEEAEE ] X8 dolgHE dHsH7] §35Fe] GeoExplorer 6000(Trimble, California)
AR E olgsle A%, X, I1EE FAHSYL, 5 m AR Fx i1 RE=E

ArcGIS(ESRI, California) Z =213 AF&3lo] A}lW(aspect), = 2 %= (cultivation), =L
5% A = (hillshade), % A 4 (stream poser index), s+%= A 9=(topographic wetness
index), 15 m ¥4, 1 km ¥4 ¢ A& w3 % A 4= (topographic exposure, TOPEX)Z
A 2kak At (Hwang 2018).

5 Xdst= 11
He AfolEoA ti7] 2% (AT), w74 dis=(RH), 334
(ST), 7NEAEF=(WO)E AHAHom SAsAT drle=e sk
MFasyd AME ARZHE 15
AZEZHFE 5 cm ofol AA s}
At w7)1E dgolEE 10 2o 3 WA 7| Z319 3, 20139 2€ 3 E 20199 1¥€7HA
4 sko]l 2016 195-E 2016 3€7bA19] HolHE & E£4ol Ab&std. w7l
Jol el o] mladlolE &R AlF 7] A (S 62°13'23", W 58°47'21")° A= o] J&= A&7
BHSAEN(AWS)Y t72=, 7|4 dsE, 3%, F, S5 HolHE AHESHS
(Choi et al. 2006). V7] % dleo]HE H(9-11€¥), 9512-29), 7I=(3-5¢), A&(6-8
Az Aolste] EA3AtH(Olivia et al. 2017). m 7] Fdolg e /I, H/AHY

@, 9/9A &gk, Gt dolHE SARAE S8 g

(@)
=}
f
o,
=
i
o
2
3
N
wo,
rfo
b
i)
N
N
budp¥
k1
[‘i
>,
rr T

n)

e}, Cladonia% #9779 A5 AHFH E 7144 doly &4

HhERE e WA =3E3 Cladonia & Aol <, 249 11 JAlz #4459 A=
T 1TTRe AlEsE 11he A7IEYE Y APl E(KGLOL, KGL0Z, KGLO03, KGLO04,
KGL05, KGL06, KGL07, KGL09, KGL13, KGL14, KGL15)°ll A A3 3dth. A5 &
el Al vEE 100% EtOHOl 1783k, -20°CR o2 @Rkttt Alsol o3l
= A, B, & Y FES Avdetel A AAE 5, 0.85% NaClz Al # 8 dth(Lee
et al. 2014). o]|% TAAZE A AEE TissueLyser II(Qiagen, Germany)E ©| &3}
k2894 a1, Exgene Soil DNA mini kit(GeneAll, Korea)S ©]£3}9] DNAE FZ3}%
Cladonia M %2 LSU rRNA(nucLSU) +38#ke] 4714 <d £45 918 LSU26{-LSU657r

ZefolmE ol gete] FHAES STFHeUT(Park et al. 2015). FHE FIIMES
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454-GS-FLX Titanium platform(454 Life Sciences, Connecticut)®} PacBio RSII
platform(Pacific =~ Bioscience,  California)&  %3&}¢] AL S g 5otk
PyroTrimmer(Oh et al. 2012) Z 2138 S o] 8&3le] Zgloly HHA vlz= AES A|A
starl, 300 bp olste] #2 AVIMEES AASIT. Clustomes &3F% nucLSU A]E X~
o] FY2HYS a3 tHHwang et al. 2013). Genbank®] nucLSU 9714 ¥ AHARE
Fauste] BEFa ARE d9edvt. Cladonia AN 39 nuclSU Fd2e] d714<ES
ClustalWE #a1ste] A H€3k 5 maximum parsimony(MP), maximum likelihood(ML),
Bayesian #4W WS o] g3t MEGA-X¢ MrBayes ver32X =133 A}Lg3}9]
phylogenetic treeE ZA 8T}t Cladonia 4 A7+ ZF 39 IS gelstx
2}, richness(S), Shannon diversity index(H), equltablhty(] ol o AFE

t}. TCS ver. 1.2.1S A}£3}e] Haplotype network ¥41& 433} 1L, tesBUR Al ZF3}t
sttt

uh EA B

(A

Cladonia & A 9] #F9 EEe} n7]5 2
Al Primer6¢t REZZ 1S F3lo] F4& £41(PCA), Pearson®] @A 4, T4
EARDA), e A, Kruskal-Wallis 2 #4, Sceffe A7) xg, Games-Howell
AFARE FHsAT A ARAAE Heole a5 R>0.7)2
Aok

HYEE, AP dolE ] Auye FA5H] 9

’

|" O
ol
N
™

DY
_>.:
N
fo
ol
ol

10 o] Ao, 10 &7 A, 2 T2 datd =< 147709 A3l

sl
“
S Z2AVE LA Y. Usnea <5, H. lugubris, P. controtuplicata= T35 =%E0°]

Al

bote)
Mo Hd

Aol BESIR L, S alpinum, P. pubescens, Psoroma %< 15F9% Andereaca <,

a

. uncinata, Po]ymc]zaceae ol &l ol7lEo] T2 EXESE A Y

ot

4
ﬁ
=5
K
fd
e
filo

fi
ol
£
ju]
=
f
II.
_‘_,
ﬁ
ofl
Lo
o
o
o
a.:]
[-'O
_0|L
E
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o
o
o
©
ju]
_|_,
l-llI,

1
rr
glj

A A} (Figure 2). H5Z dfetrbol A3 KGL13, KGL14, KGL15 A9 & &%
9] m

B U A@wEEsb wgka, 2a Abde] 98 KGLO3S B&
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Table 1. Vegetation frequencies at sampling sites

=z P i
= @ = . ‘G o
el 5 = = =1 o g ]
7 % 3 £ 2. 3 O £ & 53 & s &g £
Sites Sub-sites 2 Sz 25 SE B =8 E:z = % = g £= £ & & 5 = =2
g §4 85 % 58 Es $: % E E £ £ 5% § $§ 4%
2 5% ff 3f 8% fT S ZE O: % FY = :f R oBf 38
4 £ F£F§8 £31 A% &8 2% £8 2 2 s £ &3 8 § S %
KGLO1  KGLO1-06 098 004 000 000 073 000 006 003 059 076 011 038 005 000 000 000
KGLo2  KGL02-02 030 000 000 000 042 000 001 002 060 026 098 007 000 000 000
KGLO2-03 061 000 004 000 001 000 050 002 077 095 022 001 011 000 000
KGLO2-04 0.78 0.00 0.08 0.00 0.02 0.00 0.24 0.02 0.95 1.00 0.17 0.03 0.19 0.00 0.00
KGL02-06 0.96 0.00 0.00 0.00 0.06 0.00 0.42 0.00 0.18 0.28 049 0.11 0.01 0.00 0.00
KGL02-07 0.35 0.03 0.00 0.00 0.05 0.00 0.05 0.02 0.72 0.92 0.55 0.10 0.00 0.00 0.00
KGLO2-08 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.93 0.24 0.90 0.00 0.81 0.00 0.00

KGLO3 KGLO3-01 090 0.06 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.48 0.57 0.07 0.00 0.00 0.00
KGL03-02 091 0.00 0.00 0.00 0.06 0.00 0.00 0.07 0.00 0.50 0.58 0.20 0.00 0.00 0.00
KGL03-03 0.65 0.02 0.00 0.00 0.04 0.00 0.00 0.01 0.00 0.04 0.94 0.04 0.00 0.00 0.00
KGLO3-04 0.87 0.02 0.00 0.00 .01 0.00 0.01 0.01 0.00 0.31 0.62 0.00 0.00 0.00 0.00
KGL03-05 0.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.39 0.02 0.00 000 0.00
KGLO3-06 0.87 0.06 0.00 0.00 0.03 0.00 0.00 0.05 0.00 0.65 0.38 0.09 0.02 0.00 0.00
KGLO4 KGLO4-02 097 0.00 0.00 0.04 0.36 0.02 0.01 0.02 0.08 0.77 0.00 0.50 0.12 0.00 0.00
KGL04-03 0.93 0.00 0.00 0.02 022 0.04 0.04 0.00 0.36 0.49 0.02 0.36 0.40 0.00 0.00
KGLO4-04 0.90 0.00 0.00 0.00 0.18 0.01 0.51 0.02 0.41 0.65 0.00 0.36 0.37 0.01 0.00
KGLOS KGL05-03 0.93 0.00 0.00 0.23 0.14 0.00 0.00 0.01 0.00 0.12 0.46 0.89 0.00 0.00 0.00
KGLO5-04 0.66 0.00 0.00 0.03 0.04 0.00 0.00 0.01 0.00 0.14 0.47 0.81 0.11 0.00 0.00
KGLO6 KGL06-03 0.87 0.02 0.01 0.00 0.33 0.00 0.00 0.00 0.10 0.00 0.86 0.15 0.10 0.00 0.00
KGLO7 KGLO7-01 0.75 0.09 0.28 0.00 0.00 0.00 0.00 0.01 0.33 0.00 0.08 0.53 0.77 0.00 0.00
KGLO9 KGL09-01 0.95 0.31 0.00 0.00 0.68 0.00 0.00 0.01 0.14 0.00 0.00 0.03 0.78 0.00 0.00
KGL13 KGL13-01 0.84 0.01 0.02 0.00 0.28 0.00 0.00 0.02 0.17 0.17 0.07 0.07 0.49 0.00 0.13
KGL14 KGL14-01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.24 0.01 0.34 0.34 1.00 0.00 0.00
KGL15 KGL15-01 0.73 0.00 0.00 0.00 0.00 0.00 0.07 0.01 0.10 0.05 0.42 0.48 0.85 0.00 0.00

cogoppoOPoODOROQORDO00D
22228238838883383838388888¢8

Table 2. Topographic index in sampling sites

Sies  Subsies  Latide  Leegide  Elvation Normess  Eastiess Topogmphis exposure (V) Topographic exposure (1 3m)
N NE E SE 5 SW W NW Tt N NE E SE 5 SW W NW Toml

KOLD  KOLOIDS 6229085000 S6.41698  M& 080 980 1281 1317 97 48 297 217 TR T 2 a8 AT s ?
KOLO!  ROLOM -S221507785 -8 T 090 043 477 RS 40 &13 1202 1208 48 B1F 1202 1008
RGLOME 622380302 0.9 s 035 477 188 40 &13 1L02 1206 S48 813 1200 1LIB

ROLOZ-H 622180 848 TR 007 0.4 48 416 001 523 QLE0 LLIE 08 RIE LI l0ds
RGLOZ-DE -62.23827717 A 091 042 458 38 LM 348 7S 0D ST 3B ETS BML

ROLOZOT 6123810064 857287283 082 008 oy 506 4 114 488 TET 9s1
RGLOZGE - 0223790117 -38.71865712 B1sd 049 012 £33 1@ 310 da4d 1006 Goal
KGLOS  ROLO3-01  -622I50401% -58TTT43ESD 102ES 0.91 4041 <A08 -2211 1219 1561 885 319
KOLQI-02 -62.21499104 -SE.TTTSRIES TEIS 0.2 A3 454 LTS 1423 HET MSIL L64E
KGLO3DF 622103117 =56 TTTR43M w033 0w 016 W4T 1163

£317 37 TA 4l
L8 643 1008 T
M O156] 595 589
£57 148 1531 1648

KOLO3-04 62 21495915 T2 0.9 020 T MAT 2163
KOLO3-0F  -62. 20483007 48 008 018 AT 1163
KOLOI06 6222459357 e 095 018 50 B LR T
KGLO  RGLO-0D -62.2099000) - 10923 0.9% o3
ROGLO4-0} 6221900604 -2 10831 0.8 a0
ROLM-04  -62 22996612 L] 084 054
KGLOS KGR0 -621H33618 10484 006 018
ROLOSM 6223451603 WA 100 0.6
KGLOG  KOLO&03 6121805555 20848 0.87 0.l 1w
KGLOT  RGLOT-01 6221655041 18652 oo 0o 1365
KGLDY  KGLOJOI  -652203645 996 005 437 037 03 2332 1342 1831
KGLI3  KGL1301 6223775128 1308 <007 100 1047 04t 00E DA
KOLI4  ROLM-01 8220800108 -S6.7M7816 1542 049 087 MEES 081 13T %6 - 5
KOLIS  KOLIS01 6224074778 56 7267972 1427 012 059 1057 033 089 078 ML -3 -4TE -ITIS -BTT 08 68
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PC2(17.4%)

Figure 1. Vegetation distribution (A) Vegetation distribution map in Barton
Peninsula (B) Principal component analysis plots of 147 research sites.
Vectors indicate that the correlation value is more than 0.4.
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Figure 2. Topography in Barton Peninsula (A) Altitude (B) Aspect of Barton Peninsula.
Topographic exposure within 1 km (C) and 15 m (D).

F7NREUEE AlES fi7]e%, di7|gk, P FETY, MEd2E, 71Hd5Ee] m
715 dolE ¢} AWSH|olE S H|nlasle] A48 tH(Table 3 and Figure 3). A3 w334
a2 KGLO3N A 7H8 s29kat, KGL1591A 714 stk th(Table 3). KGL05-03 7
A3 BAglel AWSe HE# fArgk FF s vERWa, KGL07-017 KGL13-012
2015 109 FEH ARAH o gool] =ZFHo] 1195 E AWSe FdFavd g3
ALgE S B tH(Figure 3A). KGL04-03& 2015d 129 %%
KGL14-017 KGL15-01 12€ ZHE 19 Zo 9o =ZFHAtE A&
& st 4 Atk KGLO7-012 A5 &Fetel e J{4dFasd as &
U2 Al EEL o] /& o]Fdi= AWSH o E 9 FAHE S-S Bt A
2%% KGL157F 7Fd =9k, KGLO7 o] 7} wokth(Table 3). t7]>%=<} 7]
KGL13-01& 11¥ 2 Ao, KGL04-03, KGL05-03, KGL07-01<& 129
KGL14-01, KGL15-012 129 & Ao & &£%&5 F43tth(Figure 3B).
o 7|2 t7ld =&Fd AWS?| doled ns ALt ujg- oHA
A H Ak Boll KGL03-03, KGL04-03, KGL05-03, KGLO7-01<& - 15=°A -5
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3). AWSe] t7] 4l
dAom FAHGE 12¢
KGL04-03< 49 THE thA
KGL15-01-&
o] & o] Fo et e

KGL14-01,
KGLO7-01&
o] AT ANFEE 80-90%2 %Z]é‘}&’i
2 &gl vk, KGL05-037 KGLO7-01¢ 95-100% +% %=

Ol

#4349

= S R ez )
A 7 HEEE KGLOle] 7

- =
a

ol %1 wEH o Fol AWS dolEe fAF L A

P

64

ZAArt 20159 7€ HEH 20163 6¥7FA

o] =il

, =

=] Eﬂ
5E&&°

oA 1
ol FolHA 100%
Ulﬁlﬂ]ﬂ

HHEWHE &

-
! -

| &1 (Figure 3D).

o %P7]E’_HE1%1 A}o] E 9]

=er KGL157F 7H

WA SEE

o ‘I—%E]‘%iE}(Figure 30).

Table 3. Climate data of sampling sites from July 2015 to June 2016

parentheses indicated the average of monthly minimum/ maximum.

=~ 9)\_ ‘:}(Table
ALANES &

, KGL13-01,
KGL05-03%

(The numbers in
*Environmental data from

February 2016 to March 2016. T Environmental data from July 2015 to March 2016.)

Site

Annual mean
photosynthetic
active radiation
(pumol/m2/sec)

Annual mean
air temerature (°C)

Annual mean
relative humadity (%)

Annual mean
substrate temperature
(°C)

Mean substrate
water content
in Feb 2016 (m¥/m*)

KGLO1
KGLO2
KGLO3
KGLO4
KGLOS
KGLO6
KGLO7
KGL09
KGL13
KGL14
KGL15

118.62(361.99/1.59)
144.92(1153.49/1.2)
187.72(422.51/9.08)
108.84(362.9972.15)
164.33(380.23/8.97)
161.11(407.22/6.69)
91.27(252.54/3.31)
143.78(382.1212.85)1
129.19(363.42/3.25)
73.46(352.04/1.48)
73.45(361,09/1.23)

-1.52(2.09/-5.82)
-1.84(4.44/-7.13)
-2.42(1.39/-7.63)
-2.19(1.25/-6.51)
=2.49(1.11/-7.95)
=2.01(0.32/-4.12)%
-2.94(0.85/-7.77)
-1.13(2.73/-4.95)
-1.45(2.62/-6.71)
-1.28(1.96/-4.66)
-1.06(1.89/-4.14)

95.7(100/78.98)
98.75(100/86,76)
97.16(99.79/90.52)
99,23(100/95.52)
98.5(100/96.04)
98.9(99.9/97.29)*
97.71(100/93)
96.66(100/86.2)1
97.18(99.99/85.97)
99(100/95.16)
93.05(100/32.02)

-1.23(2.64/-5.46)
-0.74(4.95/-6.18)*
-1.98(1.18/-6.38)
-1.77(2.21/-6.11)
-2.03(0.97/-7.37)
-2.34(1.99/7.66)
-2.68(1.48/-7.1)
-0.53(4.46/-4.53)
0.96(3.07/-5.7)
-L1(2.54/-4.24)
-0.69(2.37/-347)

-0.0669
0.0236
0.0545
0.1325
0.0615
0.0568
0.1889
0.1594
0.0679
0.0566
0.1082
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Figure 3. Environmental data at study sites from July 2015 to July 2016. (A) PAR values that were
measured at 15 c¢cm above ground (yellow) were presented with reference PAR values measured at
10 m height above ground (pink), (B) Air temperature at 10 cm above ground (solid line) and at
10 m height (dashed line), and substrate temperature at 5 cm underground (brown shading) (C)
Relative humidity at 10 cm above ground (solid line) and at 10 m height (dashed line), and
volumetric water contents in substrate (green bar). (D) Seasonal trends of wind direction and
wind speed at 10 m height from July 2015 to Jun 2016.

2 JAE FABR Cladonia & A& 177709 A71444& A 43, 101719 A=
v C.  squamosa(MG241452)¢F  99.65%<¢] FAIEE HYa, 767019 AlsEE=  C
gracilistKJ607896) 2} 99.8% ] FAFEE H A TH(Figure 4A). 1171 F7|EUEE AlolE
ZolA KGLO1, KGL03, KGL05%= C. squamosa W+o] 7% o] SQAICIER H a9,
KGL06, KGL07, KGL09, KGL13, KGL14+= C. gracilis?o] W7 %o GRAFCIER g3}

ol

- 157 -



At KGL02, KGL04, KGL15+= + <+ E5F A5t MX AlelEZ i slelth
(Figure 4B).
(A)
Clagenia comuta B Csquamasa
Cladonia graciis (KJG0TE96) (A W C.grocilis
| Cladonia graciis (EF4B9929) '\_‘@f‘/‘
| Cladonia gracilis, MICLZ
0 S8 TES Cladonia chicrophasa (EF435528)
gl | Cladania follacea {JNS305ET) m‘ua
OoRENE = Cladonia pyxidala (EF 488826)
PP | Cladonia apodocarpa (MG262467) KGLO3 2
| Cladonia peziziformis (AY T56320) KGLOT
Cladonia uncialis (KY 118382} KGLOG @
= . | Cladania boreaiis | JNBEIZED) KG ®
SRS Ciadania plaurcta (EF489G36) &
- Cladonia digitata (AY T56318)
L Cladonia rangiferima (KY118381) KGLOS
— Cladonia minizaxooia (MEOTOTES) . KGLDZ
ﬂu-_;t‘-'mma SQUATOSa KGLOL . .ICEI.H
ﬂ Cladonia squtamosa, MICL1 . £ ..ltlﬂ.ld-
Cladants squamass MG241452) E KGL1S
' Cladia retipara [AY 340540)
0.01

Figure 4. Phylogeny and distribution of mycobionts of C. squamosa (MfCL1 OTU) and C. gracilis
(MfCL2 OTU) on Barton Peninsula (A) LSU rDNA phylogeny using maximum likelihood method with
closely related reference sequences. Thick branches represent conserved nodes in Bayesian, ML,
and MP analyses. Posterior probabilities and bootstrap values (over 0.9 and 70%, respectively) are
shown on corresponding branches (Bayesian/ML/MP). (B) Distribution of C. squamosa and C.
gracilis on Barton Peninsula. Circle size indicated number of samples.

C. squamosa} C. gracilis®] nucLSUFHA A714S 53 % 133709 v Al 272
OTUE &<lstAtt. 1% Foinl= o]ds 7FA+= 8 OTU 1370 <, 12789 OTU+=
Trebouxiophyceae 7ol £33, 17§ OTUE Chlorophyceae 7ol <3} th(Figure 5A).
C. squamosa®} C. gracilis= 5 Asterochioris erici(AICL3)$} T BAES A3t
Trebouxia impressa®t 98.3%2] FAIEE 7FA+= AICL9E KGL139IA FQ238HA &Rl
AL, KGL09, KGL159IAM A erici &2 334 YElytti(Table 4). 15709]
Cladonia A =AM+ T8 3 27U A eric7b 50% #|IWHe = EASHY AL
Trebouxiophyceae 742l t& ZF(AICLY, AICL34, AICL41)¢} sAFAR 7S &9l
3t A tH(Figure 6). th¥A A

T BAMS B8 C squamosa®R.ty C. gracilis®] ZF g o
o gt e g0E8 4 A (Table 5).
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Figure 5. Phylogeny and distribution pattern of algal OTUs of C. squamosa and C. gracilis on
Barton Peninsula. (A) LSU rDNA phylogeny using maximum likelihood method with closely related
reference sequences. Thick branches represent conserved nodes in Bayesian, ML, and MP
analyses. Posterior probabilities and bootstrap values (over 0.9 and 70%, respectively) are shown
on corresponding branches (Bayesian/ML/MP). (B) Distribution pattern and relative abundance of
algal OTUs of C. sguamosa and C. gracilis on Barton Peninsula. OTUs with high abundance
5%) were indicated by small squares next to the letters representing C. squamosa (S) and C.
gracilis (G) samples. Circle size indicated number of samples.

Table 4. Relative abundance of major algal OTUs at each sampling site

MX
o oF Csgquamoss only C.gracilis only
oTu KGLO1 KGLO3 KGLOS  KGLO6 KGLOT kGLDEJ KGL13 KGL14 KGLOZ KGLO4 KGL1S  KGLO2Z KGLO4 KGLLS
AICL3 L)

AICLY 44 0.6 0.5 0 58 0 19 0 0 1.6

AICL1S 0.5 o 0 ] 0.8 0 0.6 a 0 0.3

AlCL21 0.6 1.1 0.6 0 5 1.1 23 0 0 0.8

AICL26 0.1 0 0.1 i ol 0 0 0 0 0.2

AICL34 0.3 0 0.2 0 0 0 0.2 0 0 1

AICL39 0.2 0.1 0.1 0 1.7 0 0 a 0 0.1

AlCL41 38 0 0 0 i} 0 o 0 0 [1]

AICLSS 0.1 0 0 1.8 0.8 1.1 0 a 0 0

AICL90 0.5 ] 0 0 0 11 0 0 0 02

gl o 0 0 0 ol 13 o 11 0 0 0 0

{_“C!'ls o 0.2 0 0 0 0 0 0 0 a 0 0 0 0 >0

i

;.wu a 2 5 0 0 ] 0 0 0.4 0 0 o 0.1 0 0
Minor 18 0.8 0.9 35 5 72 16 43 4.1 17 0 3 32 43
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Figure 6. Algal diversity in 15 lichen samples in which Asterochloris erici
(AICL3) was less than 50% abundance. Asterisks indicate samples that have
other OTUs than A. eric/i as major photobionts.

Table 5. Diversity indices of algae that belonged toadeater Chlorophyta
according to mycobiont type

Chlorophyta

Myecobiont no. of Richiness (S) Shannon (H") Equitability (I")

samples mean sd mean sd mean sd
C.squamosa 51 2.7 1.14 0.16 0.14 0.16 0.09
C.gracilis 15 5.22 iy 0.5 0.49 0.33 017

C. squamosa®} C. gracilis¢t 5B AE FAd3t= A erici(AICL3)%] haplotype 4]
S 3 Ay 3709 F23F haplotype(AICL3a, AICL3b, AICL3c)¥} 4719 X4
haplotype(AICL3d, AICL3e, AICL3f, AICL3g)<s &lstsdth(Figure 7A). AICL3at%™
KGL07, KGL13, KGL14E A 93 Alo]Eo] EA8t%aL, AICL3be KGLOSE #1913 A}
o|E Al ZlE A tH(Figure 7B). 45719 AICL3ags 7= Al FoAl, 2970+ C
squamosa| X, 1671= C. gracilis? %3} tH(Figure 7C). A. erici®] haplotype®] 39}
g a o] ARTAE Gl ] fste], 7MY E2 WER g0¥ AICL3bE VEoR

AICL3b7} 80% o]/ E3Esk= Ate]EE AICL3bMajor Aol E, 20-80%= 338t Alo]
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Figure 7. Haplotypes of Asterochioris erici. (A) Haplotype network of A. eric/i based on LSU
sequences. (B) The composition of A. erici haplotypes in each study site and (C) The composition
of A. eric/ haplotypes with mycobionts.

RDA #4243} Axis 12 20159 11€ dj7|=%=9] duz; 31 (0.64), northness(0.62),
2015 749 th7]==o] duxp j;]ﬁ'(().62) 20151 749 di71 A EF =S duxk 1 (0.59),
lkm We] &% Wae TOPEX(0.59), 71ZF st 156kl gat 1050l afFst=
Fo] (059), Usena %2 #3(0.55)9 °k-4 FHAAE 7HA AL, eastness(-0.69), 1km
el 5% wreke] TOPEX(-0.69), TOPEX_NW(-0.67), 20151 79 HA 7] ddF
(-059)¢ &9 AHBAAE JFHH(Figure 8). F@#AA A A SQ AlolEx
eastness(-0.59)¢}t S, uncinata®l +3(-06)9F &< FHAAE 7HHH(Table 6).
Eastness, 15 m W &% W&o TOPEX, H3d9 -15&dA -10%°l 3ldsts &<
T, Andreaca %9 &3, S. uncinata®l WX+ SQ AFO]E9F ThE F Al EVE fou] )
Al zZpol7F A TH(Table 7, Table 8). Hgt 1km W9 &A%, 5% wW3ke] TOPEXS}
15m Wel 5% Wkl TOPEX, S uncinata®l %3+ AICL3bMajoret thE F Alo|EV}
o et A x}o]E HGTtH(Table 9, Table 10). EAISHA o2 Fuj3dl z}o]S Holx &
AT AWSSF Bl &S w] SQAO]Ex GRAMolEC vls)] 2015 7€ 5-E 20163 6
A7kA] q7] s =& = 71o] ¥ AAtH(Figure 9). T3 SQAFOIEE 2015 7€
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Figure 8. Ordination biplot of the redundancy analysis (RDA) of microenvironment with mycobiont
type (A) and haplotype group of photobiont (B). X1, northness; X2, eastness; X3, slope, X4;
TOPEX1k_N, X5; TOPEX1k_NE; X6, TOPEX1k_SE; X7, TOPEX1k_NW; X8, Usnea species; X9, H.
lugubris, X10, P. contortuplicata;, X11, P. pubescens; X12, S. globosus; X13, C. aculeata;, X14, S.
alpinum; X15, C. borealis complex; X16, Psoroma species; X17, Andreaea species; X18, C.
aciphyllum; X19, Polytrichaceae; X20, S. wncinata, X21, diurnal range of air temperature in June
2015; X22, diurnal range of air temperature in November 2015; X23, diurnal range of air
temperature in December 2015; X24, diurnal range of relative humidity in July 2015; X25, minimum
relative humidity in July 2015; X26, number of days with air temperature in spring
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Table 6. Correlation with mycobiont type and microenvironmental factors

shope
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TOFEXTE_NW
TOPEX|K_SE
Topargmphic weineys e
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Cvobanshis quirenzis
Hmresioamr lugrais
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Puoroma species
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Table 7. Association between mycobiont differences and microenvironments by ANOVA and post
hoc t—test. (One—way ANOVA of the complete data set with microenvironmental levels. Means
followed by the different letter (a or b) are significantly different according to multiple
comparisons with Scheffe post—hoc test (P<0.05). Signif. codes: 0 ‘x> 0.001 ‘»+> 0.01
*'0.05 ‘. 0.1)

category factor Df Suwmofsqure Mean sq F-value Pr{=F) dataset (site) M Sd
Topography Eastness 2 2634 13267 1344 (QUODD*** E5Q 0.296"° 0.2
Rdsiduals 21 2073 00087 MX 039]1° 0245
GR 0,389 0.535
Topography TOPEX15m E 2 1531 765.5 1082 0.001*** 50 9.387%  7.405
Rdsaduals 21 1486 0.7 MX -5 358" 5122
GR 9.625%  10.644
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Table 8. Association between mycobiont differences and microenvironments by Kruskal—Wallis
rank sum test and post hoc t—test. (Kruskal—Wallis rank sum test of the complete data set with
microenvironmental levels. Means followed by the different letter (a or b) are significantly
different according to multiple comparisons with Games—Howell post—hoc test (P<0.05). Signif.

codes: 0 ‘xxx" 0.001 ‘x+> 0.01 ‘« 0.05 ‘. 0.1)
CAlEZOTY factor chi-square  df  p-value dataset M sd
Topography TOPEX1E E 10987 2 L0041 80 12.803" 4925
MY 2.252% 3.721
GR 4.713% 10612
Topography TOPEX1kK_ W 9032 2 0.0070% 50 0977 3479
X 16.965" 15.181
GR 15.148%  17.685
Topogmaphy TOPEX1Sm_NW 61804 2 00455 80 -15.593" 10125
AX -1.554" 5.B06
GR 0.218% 11646
Topography TOPEX15m_W 13.22% 2 0.0013% 50 -8.497% 5721
MX g.650" 14372
GR 10.869%  13.092
Microchimate(AT) Mumber of days with AT of 76391 2 0.0219* 50 3.500° 2.429
=1 5<AT<-10*C in spring MX 0,000 0.0y
G o.250" 0.500
Wegetation Andreaca 10612 2 0.0050% 50 9.361° 6.154
MX 13.996° 8602
GR 0,875 1.520
Vegetation Sanbonia nncing 1141 2 0.0038%F 50 0.486* 0.932
MX 7.007% 7065
GR 15.611" B.676
Vegetation Stereccaulon alpinmm 16.8T8 2 0.0002% 50 0,181® 0.497
MY 462" 5208
Gl 0,000" 0,000
Vegetation Psoronn species 1347 2 000]12%* 50 1.637% 4,871
X 12 604" 5260
GR 4.911" 2.260
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Table 9. Association between haplotype differences of Asterochloris erici and
microenvironments by Kruskal—Wallis rank sum test and nonparametric multiple
comparisons. (One—way ANOVA of the complete data set with microenvironmental levels.
Means followed by the different letter (a or b) are significantly different according to
multiple comparisons with Scheffe post—hoc test (P<0.05). Signif. codes: 0 ‘x#x’
0.001 ‘**> 0.01 ‘«* 0.05 ‘. 0.1 )

category factor Df fum ofiqur Mean sq F-value  Pr(>F) dataset M &d
Topography TOPEX1E NW 2 5957 29786 5084 0.016*  AICL3bMajor  10.010° 13.948
Residuals 21 12304  58.59 AICL3bMid §.336° 7097
AICL3bMinor  -1.083* 4.938
Topography TOPEX1E N 2 4712 23559 1146 0.000*** AICL3bMajor  9.220° 7.827
Residuals 21 43T 20.56 AICL3bMid 6.112° 31343
AICL3bMinor  -1.568" 3981
Topography TOPEX15m E 2 1369 6843 8721 0.002** AICL3bMajor -8.994°  12.182
Residuals 21 1648  TRS AICL3bMid -7.034"% 8.581

AICL3bMinor  7460° 7.834

Table 10. Association between haplotype differences of Asterochloris erici and
microenvironments by Kruskal—Wallis rank sum test and nonparametric multiple
comparisons. (Kruskal—Wallis rank sum test of the complete data set with
microenvironmental levels. Means followed by the different letter (a or b) are significantly
different according to multiple comparisons with Games—Howell post—hoc test (P<0.05).

Signif. codes: 0 ‘x*«> 0.001 ‘**> 0.01 ‘«° 0.05 ‘. 0.1)

category factor chi-square  df p-value daraset M Sd

Topography TOPEXI1k SE £3794 2 0.0152*  AICL3bMajor  5.240%  7.017
AICL3bMid 4.025* 3.212

AICL3bMinor  15.609" 10,504

Topography TOPEXIk E 13.134 2 0.0014*%  AICL3bMajor  6.169%  11.663
AICL3bMid 0.609* 2476
AICL3bMinor  11.923° 4,793
Topography TOPEXI1k_W 14836 2 0.0006%**  ANCL3bMAMajor 17.584 % 15 429
AICL3bMid 20.116° 13.113
AICL3bMinor  -1.344" 2330
Topography TOPEX15m_W 10.852 2 0.0044%*  AICL3bMajor  12.235% 14.700
AICL3bMid 9.501* 15165
AICL3bMinor  -6.444" 6,508
Vegetation — Psoronisspecies 12392 2 00020 % AICL3bMajor 5.514"° 2.094
AICL3bAd 13687 2476
AICL3bMinor  1.909° 3.807
Vegetation  Samioniguncinata B.5276 2 0.0141* AICL3bMajor  18.920° 5231

AICL3bMid 5.816" 8.538
AICL3bMinor 2307 3.783
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Figure 9. Environmental difference among study sites with exclusively C. squamosa
(SQ) or C. gracilis (GR), and with both species (MX). Exposure rate of PAR near
the ground compared with AWS data above 10 m of the ground in July 2015 to
June 2016 (A), and December 2015 (B). The number of days with relative humidity
of 100% in July 2015 to March 2016 (C) and in Spring (D).
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Analysis of bacterial response and nitrogen metabolism

related to nitrogen source

it A el A chFd ez EAskedl, ol TR o 78%7t 2
A

= AAE THRE B F

7l F9 AxE A WE ngstes dx 350l FUs

Az wAe O] Fo 4R Aue) Anv ABGH To v R4S B
Wgao] & AastgE(NH,, NOs, NOy 5)= Wane A4d4e sgolt 7]
Be) AR oJstel nAW drwUel Felel Axv} thE Ao Tt

Z a3k 7] Zo]th(Figure 1).

= EYA dAA £3S A A Fo s FEdkE South Orkney Islands
o] Signy Islandol A AAts} Alato] @A st MRt 4oz A7 witd EY U
AAE BEITE B aEJ o (Christie, 1987), Vishniac(1993)e] <«-tollA  Signy
Islandell &= SR Yo} Abst Alite] HEH A &% Yeargeau 5(2007)¢] Aol =
=9] 51°S(cool temperate - Falkland Islands) FE 72°S(cold rock desert - Coal
Nunatak)7}#] 5 A 99| B AAdA A4 ##H FHAZ real-time PCRUH S o] &3
of AEgHoR 4 A A A FHAY EAls Ak el Adgle]l A AL

&l 32K o, nonel A5 ol B 2ok o] dadAE yEhdllth a8y
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(Yergeau et al., 2007, Pulschen et al., 2017).

Rhizobium, Sinorhizobium
Pseudomonas, Acrobacter

Nitrogen in atmosphere (N,) — Nitrous Oxide (N,0)

Aspergillus niger,

Peniciflium glucum (Fungi)

Saccharomyces efjpsoideus, Pseudomonas denitrificans No
Saccharomyces apiculatus

(Yeasts) Denitrifying bacteria

Entamoeba histolytica A
(Protists) Animals Plants
Bacteria in
Piant Roots Nitrogen- contalnlng ocC

Rhizabium
Nitrate (NO;)

Soil bacteria '
Azotobacter Decomposers
bacteria and fungi Nitrobacter  Nitrifying bacteria
Wolinella,
Sulfurospiriflum
(Epsilonproteabacteria) Nitresomonas
Nitrosospira
Ammonium (NH,*) Nitrite (NO,)
NH0H
. Nitrogen Fixation . Assimilation Ammonification . Nitrification . Denitrification

Figure 1. Nitrogen Cycle in terrestrial ecosystems

A4 (King George Island) HFHERFE ESF 289704l AAa17g, ebmy o} At
g zHgo Bt Ao BEE 248 tHKim et al, 2019). &

Ao HoAste= Ate] thFeA EESAL o, HAE M Eo] =2 AR 105 AdE
stk Ade Alse 4

A (nitrogen fixation, nifl gene), &5 +w AFsH(ammonium

ATl
oxidation, amoA gene) Z12]3 & (denitrification, nirK-nirS-nosZ gene) 2}-&°l s}
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2 FFo] gld Alx 371(101222_03BU, 101224_01CL, 101224 02CL)E d74d3te] =3}

S A AR SH(Figure 2).
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Figure 2. Distribution of bacteria involved in nitrogen cycle at the soil samples in King George
Island. Samples were selected for enrichment of nitrogen fixing, ammonium oxidizing and
denitrifying bacteria.

L. 53k w
HarE 160 mle] serum vialdl HiAl 100 mls 22 &
MR vialE "o FH O 10°Coll A wieketich. Zhzbe] w4

& 319 tH(Figure 3).

A4 A (nitrogen fixation)> Burk’'s @4 Agk R & o] &3l oH, 7] HJHZE

Hj kS 218 3F S ch(Park et al., 2005). &A1 8218 Acetylene reduction assay(ARA)
WS o] &3t tH(Hardy et al., 1968). vl Ao &% HF F serum vial®] headspace(60

mDe &7] 6 mlE wWl I acetylene 7}~ 6 mlS #H7}3e] headspace©l acetylene©]
10%7F H =% 3}tk Acetylene ®% W3lE 7lxaZ2vlE 78 3] (Agilent 7890B GC
System, USA)E o] &3to] SAH33ATE 137 &<k i &3t
ol H AF3H Ammonium oxidation)¥ Selenite-tungstate®} trace element’} H7}%
AOA/AOB(Ammonium Oxidizing Bacteria/ Ammonium Oxidizing Archaea) BJA| S A}
g3t o, 7] JH=Z s P thLebedeva et al., 2005). SR F AFsh ATt
EFAE HE $ NHS 2 025 mM H7bste] NH," X7 7438k NO; ¢ NO; 5%

o F7HEe ZAste] WG olne st & 29 Wgstach

et
ftlo
B\
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Aceiviene gas Areivicme gas
1ty 1%

Aerobic [ Acrohic

Burk's medium

NH, 0. 25mM M0y 3opsl

NHy 0.25mM M0y Moy

Acrobic Aerobic

Amacrobic Amacrobic

AOB/AOA medium Salts medium

Trace Element
E— E—

Selenite-Tungstate (wolframate)

Formate 0.5mM

10°C incubation

% A S A A A Y,

Figure 3. Enrichment setups using Barton Peninsula soil. Ammonium, nitrite and formate added to

each bottle with combinations.

4 (Denitrification)& Selenite—tungstate®} trace element”’} A 7}E Salt viX| S A&
skaiom, wiA ¢ vials Ny 7k29F COp 7ha® A 8ksfo] HjA|9F serum vials 7] H
= ntsol et EG AE AT Al 7 AWE ARgela, EY AE
formate 0.5 mM¥} NO; 30 uM-ES H7FstATh vlEA 2] NO, 9F NO; X9 #HAawd
headspace®] N;O 7}2=9] G TS FAHsto] wjd AF5 A th NoO 7k A4

B Jl2aznEadgy(Agilent 7890B GC System, USA)E o] &3to] =A &t}
& 329 wiFstdt

42w (NH,) &%+ Colorimetric determination W& AME-351% 2™ (Kandeler &
Gerber, 1988), A AF-o}& Ak (combined NOs -, NOy )3} o}&AHNO, ) v% =4-& Griess
assay WS AFE3FtH(Miranda et al, 2001). 23 A 5E FA]E o] &ty wjY¥ F
 serum vialdlA wgAS AFAS AESEAT FFik 5492 Envision 2103

Multilabel Reader (Perkin Elmer, USA)S A}-8-3}31t}.

o

B

t}. Genomic DNA = % 16S rRNA gene Illumina ¥4
A4, d2F A3t a9z g2 28 F3F slYdHdS 50 ml conical tubedl

methanol® 1 : 1 H]E(25 ml : 25 mD)E 47014 30&7F 4°Cell A g A3k & 7,000 rpmo-
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2 165 7F AR sto] AFAS A ESI wEFAE FAsAT. FA% EY
7 wjgAlE= FastDNAR SPIN  Kit(MP  Biomedicals, Illkirch, France)E& A}-83}¢]
genomic DNAE FZst3ith Ad wigS &gk =y bstet g4 289 23 53}
Hj kel 50 mlS 0.2 um pore size 47 mm SuporR Membrane (Pall corp. USA)el o] ¥}3}o]
S M-S FASAY. vfgde]l o2 = FastDNAR SPIN Kit (MP Biomedicals,
lllkirch, France)E AF-&3}9] genomic DNAZS F%315t}.

%3 genomic DNAE 16S rRNA gene®| V3-V4 H&Ho &|d3= 341F( - CCT
ACG GGN GGC WGC AG - 3)9 805R(5° - GAC TAC HVG GGT ATC TAA TCC
- 3) zZgtolH & ALEste] dld A 9S SEHSAT %3 genomic DNA9F 16S rRNA
gene®] T+ 1% agarose geloll X A7|Fgso= ity w4 SF 2302 98°C
o] A 30% Z} initial denaturation %, denaturation(98°C, 10%), annealing(50°C, 30%) ~L
2] 31 extension(72°C, 30%)<S 253] 33t 72 °Coll A 5%%F final extensions -3
39tk PCRS & 20 wl® forward®} reverse Zglol® = Z+7F 10 pmolo] HEE Y
o1 Taq polymerase:= Phusion Hot Start 2X Master Mix(NEB, UK) & A}-&3lo] 4=
sl th. NGSIllumina Miseq) sequencing= 13} barcode sequence’} &-2 forward
9} reverse Zglo]lm ¢} ATHAIA 16S rRNA genes FZ 3tk ZF Alg59 ZZH 16S
rRNA gene 1% agarose geldlA] 7] A&S T3t TF AZE Qs or
NanoDrop 2000(Thermo Fisher Scientific, USA) < o] &3l w25 A3 A}t A7
& A9} NanoDropo.Z Z43% =& Faste] 7} Al59 %% 16S rRNA gene &
pooling3t®] AMPure XP magnetic beads(Agencourt, USA)Z A A5}

AAE 16S rRNA gened NEBNextR Ultra™ II DNA Library Prep Kit for
IluminaR (NEB, E7645, UK)E ©]-8-3}9] Illumina sequencing= |3} libraryES A 235}
t}. Library A2 Aol A= 4 DNASY & & 2o end-repair 34 S §319] blunt
endE FAsIEE WHSA]7] a1, Illumina adapter oligoE ligation® 4 A== dATPE H
7ttt o] % AMPure XP magnetic beads(Agencourt, USA)Z DNAZE A3 oS
NEBNextR Multiplex Oligos - Index Primer Set 1 (NEB, E7335S, UK)ol| 4] adapter
ligationgs 339t ©hA] AMPure XP magnetic beads(Agencourt, USA)= A ¥
DNA library= 7zt Al&vltt barcodeE ©E]gt P5, P7 primer ¥ Q5R Hot Start
High-Fidelity 2X Master Mix (NEB, M0494S, UK)E o] &3} 10 cycles FZ35 20
o FE AL 98°CellA] 30%3ZF initial denaturation § denaturation(98 °C, 10%),
annealing % extension(65°C, 1% 156%) & 123] WHE-slal vlx] 2O 2 final extension &

65°Col A 5E3F 33t HEF  DNA  librarye  AMPure XP  magnetic
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beads(Agencourt, USA) & AAste] A7195S E3l library sizes &35t} Al 2HE
DNA libraryi= Korea Polar Research Institute (Incheon, Korea)ol 4] Illumina MiSeq=
o] &3t 250 bp paired—end platform(MiSeq Reagent Kit v2 Nano)2. & NGS sequencing
Ty kAT

A7 E FA A= PyroTrimmerE AF-8-3Fo] barcode, linker, 2~ 2}o] ™ sequence®

o

3l 3 sequence® Zo]2} homopolymers, quality scoreE % -83}o] sequenceE A1
FATHOR et al, 2012). A sequence™ mothur(Schloss et al, 2009)Z A}-&3}o]
97% 52 =2 clusteringdtlt}h. ©] & EzTaxon—e Hlo]EH o] ~(Kim et al., 2012)E o]
4319 7} OTUE sA3A

e
4

ol

7zt Alme A FE3 genomic DNA 1 ugs ©]8€3t9 NEBNext dsDNA
FragmentaseR(NEB, M0348S, UK) = 37°Col A 20%7F ¥+&A]#A fragmentationdt 5
A71d%5 o2 DNA Zol¢ main peak’} 500 bp ©]dt9d S &2l3¢ltt. Fragmented
DNA+ AMPure XP magnetic beads® 7 A 3} 1

A A¥ DNA% NEBNextR Ultra'™ II DNA Library Prep Kit for IlluminaR(NEB,
E7645)5 o] &3lo] Illumina sequencings 3% libraryES #| 23kt Library Al 2
HAo = 4 DNAS % & wuto] end-repair A4S 53o] blunt endS & A 3f
=% W$-A]7] 3, Illumina adapter oligoE ligation® 4 A =S dATPE F-7}8 .
o]% AMPure XP magnetic beads® DNAZ AA|3d t}& NEBNextR Multiplex
Oligos - Index Primer Set 1 (NEB, E7335S)9] 4] adapter ligationS <33l t}. tf
Al AMPure XP magnetic beads® A A ¥ DNA library: 2z} Al Zuttt barcodeE &
2]k P5, P7 primer ¥ Q5R Hot Start High-Fidelity 2X Master Mix (NEB,
MO0494S)E o] &3t 12 cycles TXFstdom, % 7L 98°CoAlA 30%7t initial
denaturation ¥ denaturation(98°C, 10%), annealing ¥ extension(65°C, 1% 15%)%
123] ®kE3a wpx] 2o 2 final extension & 65°CollA 53 #3333 E DNA
library= AMPure XP magnetic beads® A3t A 7|95 §3l library sizes
o135t th. A 2tE DNA librarye= Macrogen Inc.(Seoul, Korea)dl <2]# 3le] Illumina
MiSeqS ©|83% 250 bp paired-end platform(MiSeq Reagent Kit v2)2 2 NGS
sequencing S -3 8} 93 t}.

Ilumina MiSeqgol A AA2t® raw datai= Trimmomatic v0.36(Bolger et al., 2014)&
o] 8-3}o] Phred score 20 ©]at 2 200 bp " vFe] sequenceZE trim3} S th(Figure 3).
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Cleaned raw data™= NCBI Reference Sequence Database°]*] Release 86 version<
nr protein database®] W3] diamond v0.8.36.98(Buchfink et al., 2015) 3= 713 9]
blastx 7]s& ol&3dte] HuEA stow dojxl AI} daa dHlolEl= MEGANG
community edition(Huson et al., 2016) Z=Z 13 W2 daa2rma 7] 52 %2 MEGANO©]
A AFdE EGGNOG, SEED, INTERPRO2GO databaseE ©] &3t taxonomic 2
functional annotations sttt HF 23 rma FY-S MEGAN6 Z 219 o
&3} A 2} &} SFS3 o} Metagenome assembly 2} binning < SPAdes
v3.11.1(Bankevich et al., 2012) ¢ metagenome assembly 7]sS ©]&3}o] assembly
st o AAE AI contigt BinSanity v0.2.6.4 (Graham et al., 2017) Z 2 13 9]
7] % parameter A S 2 binning I AHS FHAY. Binning® A clusters
checkm v1.0.9(Parks et al.,, 2015) Z =713 2 Y& % universal bacterial market set
S o] &3] completeness % contamination A EE &<lEtdtt. o] AygE Aoz
cluster & F7F #2490 "R3 genomed prokka v1.12(Seemann, 2014)S o] &3}

gene prediction % functional annotationg <=3 3} 1 t}(Figure 4).

Similanty search
against nr protem
database

Taxonomic assignment

MEGANS Functional assignment

FRmepsS—

Whole metagenome
sequencing data

Whole genome

Genome sequence retrieval
assembly

Binned contigs

Figure 4. Flowchart of the metagenome data analysis.
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drE T A A3 AR NF_13 A8 NF_ 3014 Z7]o oFzte] F7islo]l w9t
Zejv 2 FTF Fol Wi uhe FEoldh Al oJste] ¥ T AT GRFoE
TAZH AAA = Al & 4= glvh T3 acetylened] FE Zho] HiYF 32U7MA S FY
3 FrolA ' HolA gty] ol Aol 9% A mAolgta Faldt 4 gl
Aoz FadET wg F= ¥ 137Y¢ o]F genomic DNAZS FE33 16S rRNAQ
V3-V4 i SEFsto] Al 3T SA4S Adsido A oy 74 A3, 54
Erwe]l st wde A Holx FRkou, 7] fH= AolE HIAT AR

%!
NF_13} A& NF_39] Z4$-ol= Alphaproteobacteria?t 29 ©17 v %= a1, A8 NF_2
= TM7¢] 30% ©14 ©A3stAch A& NF_2¢F NF_3¢l 4= ODI phylume] kg <
g3t A tH(Figure 5).

10044 _——-i— rE—
- = -

B

60% £ R s
405
o . . . . . . - . . .
v =
O N R R T R
& R S 5 & 2&_ 0 B B &
™ - " " x . v v
,._:_."' : {:‘-?' g {L:r -
& @ @
o dlphaproteobacterin @ Betaproteobacteria Gannmaproteabacieria © Deltaproteabacteria
8 Actinobacieria #TM7 B Bacieroidetes oDl
& Chloyaflext & Chlanvdine 8 dcidobacteria & Planctonyvcetes
m MG Armertimronadetes Verrucomicrobia m Other Bacteria

Figure 5. Bacterial community composition by phylum level at the soil and enrichment culture for
nitrogen fixing bacteria.
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DNAE FZ3l3l 16S rRNAS] V3-V4 &8 =&
Ad M Fs Adgepdrt. Al L5 Fxo Wt Ay, F 32 i+
2 AO_19 A% Betaproteobacteria®t Bacteroidetes?} AA &7
Betaproteobacteria 732 WH% Burkholderiales o 3133t= OTU”} %
Bacteroidetes w2 Sphingobacteriaceae }°| d|d3st= OTUZ} 83ttt A0 29 =
3t W F A3} Gammaproteobacteria®t bacteroidetes’t YA B HTF o] B¥3l= Z o=
etk A0 29 AO_39 A= Gammaproteobacteria 739 Pseudomonas &2 3
H OTU7ZF 10%°1 4 25%7kA] $-Hste Aoz vepgtt, vbd gy 23 Adoes &
A Nitrosomonas®t Nitrosospiras~= AO_29 AQO_3°4 A& H&=2 AZEYA
Nitrosomonas= AO_3AA &AM T 0.15% A=%HAL, Nitrosospira= AO_2A, AO_2B,
AO_2C9F AO_3A AlEoA 77t 0.83%, 0.29%, 0.15%<}F 0.13%°] 7 =5 .
Alch vi @A wieF)e] wiF =& b 1A v skt Al W d
71308 & 87 dEet s on, 12 wjda vixriAl R JUbe dEEe = At

Astol hEF Absh Alvte] wig ol R & dAdsiiith Alw

-
ol
2

MH4+ (mbg)
NOZAND2 (mbd)

DAY DAY 4TDAY TODAY STDAY

A 2B-n 1 C-n _— Yo iB-n
3Cn = Confrol-n ——h 2B-a {3
—— Y3 3B-a - iCa mgpen Con1fr0l-2

Figure 6. Changes of ammonium (NH4*), nitrate (NO3™) and nitrite (NO»™) concentration during the
second enrichment culture for ammonium oxidizing bacteria. —n, nitrate (NO3~) and nitrite (NO>7);
—a, ammonium (NH4).

ANE AO_1ES A9sta A8 A0 29 AO 38 otrF A3t Aito] uvjoko] Ao w
AP Al FdE o] genomic DNAS F=3F3L 16S rRNAS V3-V4 HES =
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A Hd7%2 A4S AASAT. dEwE S Aol widE Ao= ddd A
AO_2¢9F AOQ_3°] H|x=3t AMvt o3 F2E Zs AoZE Aoy, &

ek Z2b7] gE Al A
AstRs W, AO_2AXN R X+ Oxalobacteraceae(22. 60/)9} Micavibrio(28.5%), AO_2B
A Zo A= Parachlamydiaceae(28.6%) a9 a AQ_2CH 8o A=
Oxalobacteraceae(635%)°  3l33t=  OTUZF  $HsUoH, A0 3AANSZNA=
Pseudomonadaceae(54.8%), AQ_3CHA B A= Parachlamydiaceae(25.6%)°l &3 3}+=
OTU7} ¢Hste 2o & Yyt Als AO3BelA = 513 $HstE OTU gfleo] A
Al Agto] nEA AEHJGT SREu AbsE Al Nitrosomonase AO_2BOl A 0.6%
AEHF oM, AO_3A, AO_3B9 AO_3CAI= oA Z+zt 3.6%, 1.7% < 1.3% H=E=HS
t}. Nitrosospira= 2A, 2B ¢} 2CA 594 4.3%, 1.0%%} 2.2% % yEelton AO_3B¢+
AQ_3CAl 5 A 76%% 15%= YEFSTH(Figure 7). 7 A E5F 12 v BT =

wx o] Zrbakelh
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- i oy
\ il
& 8 B
mNirosomonas W INirosospira ™ Nifrospira

Figure 7. Changes in the distribution of ammonium oxidizing bacteria in enrichment culture.

&3 vl 22 vlAle]l gnomic DNAS 4EF 43t 754 dA]] amoA ##
°f & (PCR)E &sto] mdA e 2w Abst 7owrdAte] E4 55 &dsdvt
TH e sHNES 7] dEs Fste] AQlSn dEE s sk Atk
Aao AZEol flAd A5 AO_1& A8t Als A0 29 AO 394 EF dRF 4ks)
Aol WFE NS Aolet ddstdl oy, 23k w3k wjekel wigAl AO_2C, AO_3B 1¥]

a1 AO_3CAl &7l amoA FAA7F S&HH AT amoA FAATE SHFH A F2 A5+
dEE A4St Mato]l glvta @St 4 gloy, wjeF 7izke]l A7) Wi HIbste] &
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AO2CH =& 34

th 2 Aol w3k ui ek

B Ak NoO 7h=e] A2 AR
DN_17} A& DN_2A¢|AwF eyttt 28y N,O 7F=7F A8 E 5 Ny 7h22 w7
AgE NS 7He A e #AaT7E vl FEEHA yEsk 7]
ol 2 Alte]l MFHAS Aow wHdsta A wjdFHA 1A w3k wjd wigA Y
genomic DNAE F%3}3 16S rRNAS] V3-V4 F2& SZate] Ald 24
APstHct - 7% B A9 AE DN_1S Betaproteobacteria’?t ZLA ¢34 o
DN_1B9] A&+ Gammaproteobacteria® <7 $-dst= Fo= YEyt A& DN_29
A= DN_2A+ Firmicutes®} Bacteroifetes?’y, DN_2CE Gammaproteobacteria®}
Firmicutes’} 7383t 1, DN_2+ ©] Al 7}#] phylum =% 578kt A5 DN_32 3
Mo WHE AR M BT Gammaproteobacteria 2 Pseudomonas 4:°] 55770%% =}
A 3 AT
Alc) vl @AF stk wi)el Aakd ofdAike sk wWEE SH3 A3 DN_3BS
DN_3CAI &5 AlQsta BE Alm7F H7bsl & ofdAate v%7F B% Axd RS gl
sk 4 QI tH(Figure 8).
HlF 32 A olF 2 Ao wjdo] AeHom AU
%

al
DNAE F=33 16S rRNAS V3-V4 HES Z=Z 3o Ald +-T+%

b
%0,
o
o &
i
r
i)
0]
e
i)
>
1o,

= o
Z BAS

. o'k DN_1A, DN_IC, DN_3B 18|31 DN_3Ce] A5 % 16S rRNAC] V3-V4 F-io]
FEo] ¥4 2o} AF TH AL QWA Ragth TARA A3 AT THATFE

A
w9 w<=3kA] UERwth DN_IB, DN_2A, DN_2C =1@lil DN_3AY¥ Proteonacteria
(Betaproteobacteria®t  Gammaproteobacteria)’?} 98799% & A8t o™, DN_2B=
Actionbacteria’t 74%, Gammaproteobacteria’?} 25% % WEFsTE W=k EoFo] ed At
o] FAA 7es ATyl $t9 Oxalobacteraceae’t 90%= YERE DN_1B Al 59}
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Pseudomonas’t 9% = $73 DN_3A A 52 AdE3st9tH(Figure 9).

NO2- ph

IDAY 15DAY 3IDAY
14 1B 1 24 2B
g [ — 3 0 g 3B 3C —y (7 onirol

Figure 8. Changes of nitrite (NO,™) concentration during the second enrichment culture for
denitrifying bacteria.
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® Preudomonas COmalobactzraceas

Figure 9. Changes in the distribution of denitrifying bacteria in enrichment culture.

A Aol wgd A
= AT NGS
3t 7= Table 13 2t} Illumina MiSeq
o 51 234FE read lengthi= 250bp ©]a1, 7} Al=¢] AJ4bel sequence read % AO_2C,
DN_1B 123 DN_3AA| =X Z+2F 714851270, 7,296,836712F 7,879,4507) SAt}. ©] d]9]
HE o] &3le nr protein database®t d-s/dS vl +A% A3 64770%7F mapping =
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A hH(functional mapping rate). E3$ HA| do]EE  assemblyste] wAEAS W,
AOQ_2CA &+ 66.7%, DN_1IBAl &+ 79.8% 181 DN_3AA &= 77.1% assembly =
t}. Functional mapping rate®} whole metagenome assembly rate< 68 80%<] Z3}=

Fe Ao®m Hop EHo= T HoHE 53 Aor Addn

Table 1. Information of metagenome data at the enriched samples.

AQ_2C DN_1B DN_3A
E?é;ﬁg?;?t Ammonium oxidation Denitrification
Read length (bp) 250 250 250
Reads 7,148,512 7,296,886 7,879,450
Throughput (Mbp) 1,787.10 1,824.20 1,969.90
Functional
mapping rate (%) 70 64.1 67.6
Whole metagenome 66.7 79.8 77.1

assembly rate (%)

A 7HA Azl SAFAA HeleE MEGANS SEED functional assignment ©]-&
o] A4 Vlee Atk =2 WA #¥ AO_2C AlZ+= DN_IB9} DN_3C A
o Hlaste] ofF 12 7FE AL S 7HA AL = Ao ® yEwt Al 7HA AR Y
AL FARe] F2 vE&S F8lg 2ok yEhuA] Skt thvk DN_IB7F e
7EA A gl Bt @ fEAE 7RA 7] wiEe]l  &@¥iE tiA(protein
metabolism) #&# A2} Miscellaneous, Membrane transport, DNA metabolism,
Cofactors, vitamins, prothetic groups, pigments % P|A&E9] Fo 22 thato] i3k &
AR g@okek Al 7HA] AlEe] A4 tiAber B E 2= DN_IBAEOA 7 Bk
o}, A4 #d EAYAF 4% S denitrification pathway @}  dissimilatory nitrite
reductase pathway©= 22 A& &3} 9l%3s DN_1B9F DN_3AA| 5 olA wWo] YElS
™ ammonia assimilation pathway-< AO_2C Al ZolA F2&A v} o83t Ays=
Toh Y 29 SdEE Abs A8 g A8 nE Hde 43R Al
FAFAA ] A4 #E FAAE EA4% A Al HY FA

A3 amo, hao, nx)9¢ © A (nar, nir, nor, noz) ¥A FHAAES 2F 7FA L ¢l
= As FAstArh(Figure 10). 9Ew Abst Al AO_2Ce] w3 Wl A= i3
A3} ATt o w2 A X Nitrosospira®t Nitropira’b 0.5% v gk A & t} 29% o] wj k=
Gt FAA A% amo gene} hao genedll AEH ZHOoFE Hol 9F
¥ Absl Alate] widE Aoz dokdEth mgk =P wfdA<l DN_1Be DN
%

99 4 wgel Baw FAAE BE AL e Aow e
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nosZ | 1

Nitrogen < Nijfrous Oxide aozc 1
DN1B
l norBC 11 pn3a
Minerals
: Nitric Oxide nif nitrogen fixation genes
¥ X amol: ammonia-oxidizing gene A
Ammonia —b Organic nitrogen Hirks I I haa: }%)'n?lroxylilimme oxidoreductase
s nitrite oxidoreductase
g!’ﬂl . nar- nitrate reductase
gogat Nitrite nap: periplasmic nitrate reductase
anoABC mirs mitrite reductase
narGHI I I nor; nitric oxide reductase
I I napAB I I nos: nitrous oxide reductase
hzo: hydrarine oxidoreductase
Hydroxylamine  —————p Nijfrife = Nitrate <= Ninerals &/ Gltamate dehydrogenase
K I I nxrAB I I gogar: Glutamate synthase

Figure 10. Schematic representation of genes related to nitrogen cycle for the genomes.

v} Metagenomic assembled genome (MAG)

SPAdes Z & 1S o]83}9 whole metagenomeS assembly <3}
23O F binningdt 27} high quahty clustered contig(82798%)& Z
W annotation A3 ZF Al HE 170¥ F 3709 genomeS #5353t AO_2C, DN_1B
9} DN_3A A BdA 53 genomeS Jantinobaterium sp. AO2C(5,772,280 bp),
DN1B(4,048,268 bp) L] il Pseudomonas sp. DN3A(4,626,404 bp) & ™ 3 tH(Table
2, Figure 11).

% BinSanity >
7}

77t sy Agle

Table 2. Information of genome from enriched samples.

Enrichment condition Amonium oxidation Denitrification

Organism J ém[hmogécgér 1um sp. Simp, %Césfér a sp. Pseudomonas sp. DN3A

contigs 716 265 839

bases 5,772,280 4,048,268 4,626,404

CDS 5,154 3,713 4,360

tmRNA 0 1 1

rRNA 0 6 1

tRNA 71 50 36
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Figure 11. Genome map of Janthinobacterium sp. AO2C (left), Simplicispira sp. DN1B (center)

and Pseudomonas sp. DN3A (right) obtained

using metagenome analysis.

SAAEANA Aie w9 e FHE At A Eel oste] thgsiAl P E
Agto] 7hsatr] wWiEe] 1 =3k #ojstE FAAE w§ oSt A St 53 3
7FA genomeol Al A £33 #HHE FHAAE @FA¢ 2y 7] 24 yEth
(Figure 12).

nos @ @
- Nitrogen Nitrous Oxide . Janthinobacterium sp. AOIC
>.
- %\’& Simplicispira sp. DN1B
%« 1 e . . Pseudomonas sp. DN3A
Minerals = nif nitrogen fixation genes
: = Nitric Oxide amol: ammonia-oxidizing gene A
& hao: hydroxylamine oxidoreductase
. L 1 3 nxcr nitrite  oxidoreductase
Ammonia Organic nitrogen nir @ @ .~
gdh . nap: periplasmic nitrate reductase
gogat Nitrite nir: nitrite reductase
3 nor: nitric oxide reductase
anioA nar . . nos: nitrous oxide reductase
nap hizo: hydrazine oxidoreductase
. gdl: Glutamate dehydrogenase
Hydroxylamine —_—  Nitrite Nitrate <= Minerals gogar. G i Syuise
hao

Figure 12. Schematic representation of genes related to nitrogen cycle in genomes

R FAE WA BE53 Janthinobacterium  sp.  AO2C9  genome
Janthinobacterium svalbardensis®} 7} A8t Average Nucleotide Identity (ANI)
A 4¢7F 9899m T oFe pe Fow  FAHtt Assembly 2 binning ¥

Janthinobacterium sp. AO2C2] genome= A A 716709 contig® T %o o N5
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lengtht™ 13,353 bp, genome coverage: 11.92x, annotation 23} % 5154702 FHA=
7HAAL e Ao R FAEHAY. tAMEE @ 2 BLAST 4 23 binning®
AAoll A AdEF A3} FAAQ amoA T HAFE FAAC haodt nxr FAAE S E
A skt wEkA wigAY] dHolEdA  HEE amo  gene?}t  hao  gene
Janthinobacterium svalbardensis €12 W &A|o| EA = Nitrosospira®l 2l&to] G EF
2hets 23 dakst A dEEE AdoR FRET. GEw As w3 el A
vl k¥l Janthinobacterium sp. AO2CE U EF A3} A& ofYAwH gdh FHA7F &
Aste AoRE Hol 7] A FFEAS dEFo R upio]l dRF Abst At A
sohe Ao® AREY oA P 23 Alow AA4dY. hEH
i 2 nAEe] dAas AMRSH7] F2 FEE A 8A]7]7]
of HAitoluyp o} HAbS ol &stEe Aol A AAsteE A7 Bk webA
Janthinobacterium sp. AO2C GA] 183 M & sty A Aoz AyZHr)
ez wfdA e FAAlA  Assembly binning¥ Simplicispira sp. DNI1B
genome= HA| 265709 contig® TAHo o™ N50 lengthi= 25,762 bp, genome
coverager 1750x, + 3713718 HFAAES 71X Y= Aoewr EHFHAC
Pseudomonas sp. DN3A genome®] 74-%- AA| 83971¢] contig2 T4 %] 2om N50O
length: 7532 bp, genome coverage:™ 10.86x, annotation A3 & 4360712 A=
ZFA 3L Q= Ao R BAEAY. Simplicispira sp. DN1B9} Pseudomonas sp. DN3A A
= HAAHNO3)A A oFHAHNOy ), AFs2A&(NO) ZE]al opihstd AN0) = A 3shA 7]+
SAA par, nir, nor ©) 2% AR ASZ Hol o] F AT &@A A Fols=
Ml Aoz ArmHEY. Simplicispira sp. DN1B®} Pseudomonas sp. DN3A= ZhZ+
Simplicispira psychrophila(ANI 82.32), Pseudomonas fuorescens(ANI 94.76)¢} A=
7F 7V mow, ANIAIS7F 970lat ofb ] HuEA] ¥ AR AdoRn AlmHth A
2(10°C)ol A 8L 7R E M2 ATl Simplicispira sp. DN1BeF Pseudomonas sp.

DN3AS §4A Au 5sgdon], gdst AN J5F F b Ade FAAA
A ARe ¢ Edeld @A A

Q
Pseudomonas sp. DN3A: nos gene°] ©4 ¥ Ao g Hol &7 7oA opatstd A

N 0)E dAaNg) 722 HEAA T = F83 485 o= A o= Addti(Table 3).
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Table 3. Search results of genes related to nitrogen cycle in Janthinobacterium sp. AO2C,

Simplicispira sp. DN1B and Pseudomonas sp. DN3A genome.

Janthinobacterium sp.

Simplicispira sp. DN1B

Pseudomonas ps. DN3A

AQ02C
gene product gene product gene product
il Nitrogen fixation regulatory
if protein
n
nifJ NifU-like protein
Respiratory nitrate reductase Respiratory nitrate reductase Respiratory nitrate reductase
narG 1 alpha chain narG 1 alpha chain narG 1 alpha chain
nar Respiratory nitrate reductase
1 gamma chain
Nitrate reductase Nitrate reductase
narjJ molybdenum cofactor nar]j molybdenum cofactor
assembly chaperone Nar] assembly chaperone Nar]
nark %;%e/mtnte transporter
narl Nitrate/nitrite response
nar regulator protein Narl.
putative nitrate transporter
narT NarT
| Respiratory nitrate reductase
narV 2 gamma chain
Nitrate/nitrite sensor protein Nitrate/nitrite sensor protein
narX_1 NarX narX NarX
Nitrate/nitrite sensor protein
narX_2 NarX
Respiratory nitrate reductase Respiratory nitrate reductase
narY 2 beta chain naryY 2 beta chain
. Nitrite reductase (NADH)
nirD small subunit
M Cytochrome c¢-551 precursor M Cytochrome c¢-551 precursor
. Denitrification regulatory . Denitrification regulatory
nir nirQ_1 protein NirQ nirQ protein NirQ
1irQ.2 Denitrification regulatory
—~ protein NirQ
nrS Nitrite reductase precursor  nirS_1 Nitrite reductase precursor
nirS_2 Nitrite reductase precursor
Nitric oxide reductase
norB_1 subunit B
Nitric oxide reductase
norB_2 subunit B
Nitric oxide reductase
norB_3 subunit B
Nitric oxide reductase
nor norC_1 subunit C
Nitric oxide reductase
norC_2 subunit C
Multidrug resistance protein
norM NoM
- . Anaerobic nitric oxide
Nitric oxide reductase P
norR2 transeription regulator NorR2 norR  reductase transcription

regulator NorR
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Nitric oxide reductase
subunit B

Nitric oxide reductase

nosB

nos  nosk transcription regulator NorR2
Nitrous-oxide reductase
nosZ precursor
gdhA  Glutamate dehydrogenase fdhA— Glutamate dehydrogenase
gdhA_ NADP-specific glutamate
gdh 2 dehydrogenase
NAD-specific glutamate
gdhB dehydrogenase
nasA_1 Nitrate transporter nasA  Nitrate transporter nasA  Nitrate reductase
nasA_2 Nitrate reductase
Assimilatory nitrate reductase
nasC catalytic subunit
nas
nasD_1 Nitrite reductase [NAD(P)H] nasD  Nitrite reductase [NAD(P)H]
nasD_2 Nitrite reductase [NAD(P)H]
£ Assimilatory nitrite reductase
nas [NAD(P)H] small subunit
Al Wi A3 g@d Aol w3 g @] 349 AL A HASs e o
°F 309 AEo] W /e AP Aoz BHHth ad Guw A5 AT )
ko] A S-ol+= 80do] W vl 71 ¢t dERES AN EHAFAE ES dREE
2 Asshe Aol SASAE AUTh oA AruA HA§ F 3 AURIL AYY
A dRFS A= AT complete genomes W S whE o M EL4E FHT S

5
AT FYL AT ANAE FAA) 1AM BAFL
il

4
WHS ol of ¢

AL ok Ao 2y w3} et

ofN

A A& ATeh M.

[o 2R = RE=1
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A8 A AAF Fo U MFe] 54 £

Physiological analysis of lichen-associated bacteria

NE
A fe AdF B4 A5 AR AARGY BBl ANFHY 2R(EE 9
AT FAAZ delA ek AR WFW PR F AgF el o)F I

A& AolF WA X4, w3l Alxto]l A AMAste Ao Bk Ha v 53] A
T A %, Alphaproteobacteria 73 (class)9l &3l Rhizobiales &(order) T+ A
ol Foltt MAA e} Avgle]l A F el FHst e Al IFoeE dHA v
(Grube et al., 2016, Hodkinson et al., 2012; Lee et al., 2014; Printzen et al., 2012;
Cardinale et al., 2012; Bates et al., 2011).

B2 7S A g8to] X oF WA Al o By o|F, Rhizobiales E(order)
o] AoF #H Rhizobiales -1 (lichen-associated Rhizobiales-1, LAR1) # Y *|(lineage)
W Alet Lol 53] Aoli WA 3eks Ao ® HaE gt (Hodkinson et al., 2012
Printzen et al., 2012, Bates et al., 2011; Hodkinson and Lutzoni, 2009; Park et al,
2016; Cardinale et al, 2006). LAR1Z} 7} 7MWl dF5<2  Beijerinkiaceae2}
Methylocystaceae (family)ell &&=t o5& AAuAS = AAS
aFelt wEbA, LARLO &ste d5w AA delA nA-E 24 53 2ol F
g GRS THSE Vlee T Aol AltHol fkvh(Hodkinson et al, 2012
Printzen et al., 2012; Hodkinson and Lutzoni, 2009). 3}A| %k o] = vjdA S g3l 2
A A5 4 7igte] ofyr R A oF A Al 7S olsfstaiat HHOH]E
stHel7] fgk "ol A& Eo ghti(Jiang et al, 2017, Lee et al, 2014; Cardinale et
al., 2006; Selbmann et al.,, 2010). ¢]& E3] LARIY &3l= ¥ wgo] B H AP,

I S = L
Egrekar 9l

fo

]IN

A A #Folsts nifH 428 E47F B At (Jiang et al, 2017). 22 tha
=i d AHee T d59 w40l FHHA Fob eAH HHE WEA F2
A g dHF=S ofds] LARISZ o} 9lal, g4Hoz QAF5d 7|g7]|do] 7|g o]
HA ot ol dFE HIe7|7h olele Zelth wEkA B Aol ME FS AR
Z5FH LARIOl &sh= w59 tu, 74 Hos §3 ¥WH, o5 Ay 54
=& T8 olsol AoF el k= Ve vetstaa skl
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2. Ax ¢ Py
7h Aol AlE AFH B Al ek

Psoroma antarcticumrs 73 27’1 AFENFE(62°14'23.99"S, 58°44'35.98"W) ol A A 1 3F
of Addol AFE A7EA -20%=e] H#EATh A oF WA Ao S #18 0.85%
NaCl € 1 ml& A9/ A& Yo Multi-EP tube vortexer(FinePCR)Z 1043+ 47
& 5, 12000 rpm o= 2&7F AAEEste] s S AASAT. oE 43] WHE 5 A
Bo] B|=E 4Yo] TissuLyzer [[& ABZ 287 43 & 100 uLe 1/10W 3A =
Reasoner’'s 2A (R2A) ILA #j Ao Zdsle] 10TCol A 199 7F v &3ttt

v 574

gDNA = Mini Tissue DNA kit(Cosmo Genetech Inc.)& ©o]-&3dfo] A ZxF2] X A]4
et FE3ATE 27FSF 1492R 2Z2ko]# (Lane 1991)E o] &3F¢] 16S rRNA 325 &
%3} 31, LaboPass PCR purification kit(Cosmo Genetech Inc.)® A A3t & 27F, 518R,
800R % 1492R= A7|M L& Atk SRd A7|MLA(F 1413 bp)3} 7S &
A EswT9 16S rRNA F3Akete] fFAMEE EzBioCloud dl o] E Wl o]~ (Yoon et al.,
2017)5 E&sto] EAEATh e 16S rRNA F3zke] fFAIRE 7|Fo= 29 5
= ¥3}3lo] neighbour—joining & i1l#] & (Saitou and Nei, 1987)S ©]-&3lo] MEGA X X
2aRow ATEE eI (Kumar et al, 2018).

o A A

PAMC 29128 A A= Illumina MiSeq apparatus(LAS Inc.)E ©]&3}e] 2H T
CLC Genomics Workbench(version 85.1)F ©]-&3sto] xH3st3Ath. PAMC 291489 #4
A= PacBio RS II apparatus(LabGenomics)E ©]&3te] &x 5 SMRT Analysis
(version 2.3.0)(Schultz et al., 2000)Z Z=Hsaldct R F4A49 =9 (Annotation)S
Rapid Annotation using Subsystems Technology (RAST) server (Aziz et al., 2008),
Clusters of Orthologous Groups of proteins (COGs) database (Tatusov et al., 2000),
KEGG Automatic Annotation Server (KAAS) (Moriya et al., 2005)Z o]-&3o] =33}
4t} Orthologous average nucleotide identity (ANI) €312 % (Edgar, 2010; Yoon et al.,
2017)3} genome-to-genome distance calculation (GGDC) (Auch et al.,, 2010)°] 2|3t in
silico DNA - DNA hybridization (DDH)E 7]Z2 2 ANIE AF&sle] §4A 74 §ALE

g Fastgr.
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E}, /lg a] E/\C-)] A

T R2A A wjAlo] #F5 =28t k7t 0, 4, 10, 15, 20, 25, 30 2 37Tl
14947 vigstd 43 o455 Aot 43S 9% pH #H9E &5 (pH 4.0 -

5.0, MES; pH 5.5 -6.0, MOPS; pH 6.5 -7.0, AMPD; pH 80 -95, CAPS; pH 10.0)= A}
&3to] pH 4.0914 pH 10.07b# 05 ©$1 2 pHE 243 R2A A A wjAo #F2 #
F3alo], 144 7F 35 HF 22 600 nm HHNA T3 =5 =4 (EnVision plate reader,
PerkinElmer)ato] Z A8tk NaClel Wi W42 R2A LAl wi#el 0, 05, 1, 2, 3,
4, 5, 75, 10 B 15% NaCllw/v)& H7tete] 15Tl 1493t wfj st &S Fete
2 #Fste S48t Faks e A 8 G (catalase) o] 9 3% HyOq0 gk wh
So=2 ks d A (oxidase) 9 g4 Kovacs  5(1956)° 7led o =
tetramethyl-p-phenylenediamine®] 272 W3z g2ls . #+F9 2xr 4%
R2A8 Aol 755 HE3FY AnaeroPak (Mitsubishi Gas Chemical)S *¥3H3st &
Fxol Ho] 15TelA 14d43F wifste] AFds S 13 FA2

kit (Sigma)E AF-&3te] elsld i, 54 04% agars ¥3H3F R2A wix|o] #F=
HEsto]l o9 A% FH wEt A4 AFE HASH. FAAAAE AFEES
carbon-coated copper L= 5 AEH NS Fo] 2.0% uranyl acetate= @& st
Astdista F571719e FIHHAAAR 4 (CM200, Philips)o.2 #zstdch Astets &
4=+ API 20NE (bioMerieux), API ZYM (bioMerieux) ¢} GN2 Microplates (Biolog)E

of 2R, vMge, EEAH o=, Lo, WEY, ¥YEYS wagdow

Gram-stain

[

A o] o] X = minimal salt A WXl 27} 0.1%<] 714& #H7Este] 600 nm

=% =% (EnVision plate reader, PerkinElmer)s}th. A2 % o =
A7t 9o A iR (Kersters et al, 2006)9] w55 FANEToZ ALE3H
Sinorhizobium% #F& 7 Higse] AF oAFE Sl #AEAT. A=
high-performance liquid chromatography (HPLC) 7|®H& o]&3}o] 3l=u Ay EH EAE
(Korean Culture Center of Microorganisms, KCCM)oll 2] & ste] ZAH st A HARS
AzAe] AAE wEt FEE], 7tx ARvEad ¥ E 58 Microbial Identification
(MIDD 2 #4159

3. 22 4 &9
7b 28 4 T 5E

Y= AYF{ Psoroma antarcticum=5-¥ F 61 T (Caballeronia < 11 7,
Frondihabitans < 2 ¢, Methylocapsa < 1 5, Methylosinus % 5 i,
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Mycobacterium < 1 5, Nakamurella 4 1 5, Pseudomonas < 1 7,

Rhizobium 4 2 i, Rhodanobacter % 8 15+, Roseiarcus % 9 15+, Sphingomonas
% 20 ¥#)E TR tHTable 1). o] %, LARl Z&Fd 3 $2 75 PAMC

201283 PAMC 29148l tha] vhdit7st4 45 571 A aeaith

Table 1. &=3t XolF L4 25 ==
Strain No. Scientific name Similarity Strain No. Scientific name Similarity
PAMC 29054 Caballeronia sordidicola 98.79% PAMC 29147 Rhodanobacter sp. 98.40%
PAMC 29056 Caballeronia sordidicola 98.81% PAMC 29108 Roseiarcus sp. 94.00%
PAMC 29057 Caballeronia sordidicola 98.80% PAMC 29109 Roseiarcus sp. 93.90%
PAMC 29058 Caballeronia sordidicola 98.81% PAMC 29110 Roseiarcus sp. 94.06%
PAMC 29061 Caballeronia sordidicola 98.81% PAMC 29111 Roseiarcus sp. 93.90%
PAMC 29062 Caballeronia sordidicola 98.79% PAMC 29116 Roseiarcus sp. 94.06%
PAMC 29084 Caballeronia sordidicola 98.69% PAMC 29126 Roseiarcus sp. 93.95%
PAMC 29085 Caballeronia sordidicola 98.71% PAMC 29132 Roseiarcus sp. 94.11%
PAMC 29098 Caballeronia sordidicola 98.75% PAMC 29141 Roseiarcus sp. 93.98%
PAMC 29099 Caballeronia sordidicola 98.79% PAMC 29144 Roseiarcus sp. 93.85%
PAMC 29059 Caballeronia sp. 99.03% PAMC 29083 Sphingomonas glacialis 99.84%
PAMC 29060  Frondihabitans peucedani 99.27% PAMC 29088 Sphingomonas glacialis 99.84%
PAMC 29063  Frondihabitans peucedani 99.29% PAMC 29086 Sphingomonas sp. 98.74%
PAMC 29128 Methylocapsa sp. 93.86% PAMC 29087 Sphingomonas sp. 98.76%
PAMC 29145 Methylocapsa sp. 93.65% PAMC 29089 Sphingomonas sp. 98.73%
PAMC 29096 Methylosinus sp. 93.59% PAMC 29092 Sphingomonas sp. 98.74%
PAMC 29097 Methylosinus sp. 93.56% PAMC 29093 Sphingomonas sp. 98.74%
PAMC 29120 Methylosinus sp. 93.87% PAMC 29094 Sphingomonas sp. 97.80%
PAMC 29148 Methylosinus sp. 93.84% PAMC 29095 Sphingomonas sp. 98.78%
PAMC 29140 Mycobacterium sp. 97.76% PAMC 29100 Sphingomonas sp. 98.76%
PAMC 29139  Nakamurella panacisegetis 99.43% PAMC 29101 Sphingomonas sp. 97.85%
PAMC 29055 Pseudomonas sp. 98.41% PAMC 29102 Sphingomonas sp. 97.82%
PAMC 29082 Rhizobium sp. 97.67% PAMC 29104 Sphingomonas sp. 98.74%
PAMC 29125 Rhizobium sp. 97.73% PAMC 29119 Sphingomonas sp. 98.83%
PAMC 29103 Rhodanobacter sp. 98.29% PAMC 29122 Sphingomonas sp. 97.64%
PAMC 29105 Rhodanobacter sp. 98.27% PAMC 29123 Sphingomonas sp. 97.80%
PAMC 29117 Rhodanobacter sp. 98.45% PAMC 29127 Sphingomonas sp. 98.83%
PAMC 29118 Rhodanobacter sp. 98.55% PAMC 29130 Sphingomonas sp. 98.74%
PAMC 29124 Rhodanobacter sp. 98.62% PAMC 29143 Sphingomonas sp. 98.02%
PAMC 29129 Rhodanobacter sp. 98.40% .

PAMC 29146 Sphingomonas sp. 98.83%
PAMC 29138 Rhodanobacter sp. 98.58%
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L} 16S rRNA #Fd7 718k &4
PAMC 29128% PAMC 291489] 16S rRNA Aol @7 E& 7]Ee &3 ®iE
T} vlwsk A3 F == Methylocapsa palsarum® 93.8% ~ 93.9%92] FAIEE=
Methylosinus trichosporium ¥ 93.8% FAIE=ES YElYth T3 AlETd A% PAMC
291283 PAMC 29148 Rhizobiales (family) Wl tt& 153 =, LARI 2lYXA

(lineage)oll &at= AS &AAD = AU (Figure 1).

Lichershabilmas proromats PAMC 201 28 (MK3L4721)
Lichenihabitans psaromatis PAMC 201487 (MK324722) Lichenihabitantacese
Unciofred bacterism, Lichen, Ophioparme vonmas, Ak ELOSCO308S (IFR)4340)

Urstuitutod bactaenm, Licher, Palsgors sp., Conts Reca CLO1COZ047 (IFat3843)

Uncuhtured Bactenum, Lichon, Encderma sp. Costa Fhca CLOSCO 216 (F8130028)

Uncubunod bacsanum, Lichon, Umbsiicaris sp. Alasha FLOBG03:T 2 (IFa1 4435)

Lroultured bactarum, Lokhon, Stevoocauion sp, Morth Canclina HLOGA0OACAS (IFB14716)
Uncuhtured bactanum, Lichon, Cocrana sp., Alsska KLIGCO3c41 (FB15013)

Uncubund bactonum, Lchen, Cladoma erppeschiorophsss, Vegina  (GLU109837)

Uncultuend Bacteriurm, Lichen, Finoparmelia caporea, Viegnia  (GLI01883)

Aﬂ:”ﬂhﬁw ratis parvin ATCCIS068" (F18948)

Lichan- asscanned
Bixrotvalor | aage

Methytocrsns echnordes IMET 104017 (AJa5a47a)
— Jdothwlosinus prehosponum ATCC5070" (Y 1 B047) Mottwlocy stacoad
Moshplomrus spoﬂmanOCB'.\vD&ﬂ" (At -yl
— Mechylocyess hoyes DEM 165847 (AM283343)
Rhodoblasns acdophivs DEM 137" (FR7T33606)
Iathytocansa scidiphiia DSM 13067 (A1278726)
Moihyioborla sl DSM 23108" (FREBEIAS)
Boyerackia indica subsg. sodica LMG 1817 (CROOT01E)
Meothrhorosuln polaris DSM 22001 (EUS88053)
Mosiocansa palsarum LMG 28718" (KPT15280)
[ Moty locolta sfvassis DSM 19810" (Ak01847)
Mothylocalla palusing ATGC 700700" (Y17144)

. Afipan faks ATOG 33600" IMGST48)
Rbodopseudomonas pafustns ATCS 170017 (D231 )
sl Mirbacter winogradskyi ATOC23001" (CP000113) Fratic
wana

r Bradyrhizobum ppenicem USDA &' (U8se38)

Py chyogiacscns arcaica Me-78" (HKCS11070)

I Mcrevrgn submeransa DEM1 4354 (FR733708) o

o Methrlobaciivm orgaoophivm ATCC 27606" (AB1 75638) otfylobactarniscasa
Entesowrga rhinocorabs YIM 1007707 (KCO02TaT)

e Acotobocior acet NBRC 14818 ((74068)
_*EEM:M maodicagine MIMS02" (04 26023)
tooricg Phodsasnys snersenss GI-117 (ABIS 1958

Figure 1. 16S rRNA XXt HI|IME 7|8t Neighbor—Joining A8 <

1 4 1]

Bajesnchacons

FAA A7 E BES S 547019 7E L(contigs)S X3 PAMC 29128 4 A
& 4673709 @ d 39 {42, 47709 tRNA 32 2 1R 9
rRNA 2 # &8 x3stste A& At tH(Table 2). PAMC 29148 542 729, 4,832
Ak, 5470 tRNA F3A 2 371¢] rRNA o#| &8 xgste= 37
o] ¥ L(contigs)E K3 tHTable 2).

rd FHAAES 7o FAA 7wt A% Z(phylogenomic tree)E ZAI3E A}

16S rRNA 2k 7|gko| A o} npirpx = 7|Eo L #5534 SH4 =2
HAsly A2 gy A (lineage) S A E AS Q‘ﬂé}ﬁi‘:}(Figure 2). FAAZ v
£ B3 ANI S Ak=3 A3 PAMC 29128¢9F PAMC 29148 + %} ANI 3zt

b
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98.1%(Table 3) &, £& TH3+= 7152 9H-9B%E 433 k2 2 (Richter et al.,
2009). PAMC 291289} PAMC 29148 -+ %t DDH % E3 826%= F+ 7+ ¥
=95 Fold 4 AdArHRossellb-Mora and Amann, 2001). ¥+H, PAMC 29128%}
PAMC 29148 ¥ 59 Rhizobiales Z}(family)W Z+=vFte] FA4 vlx A3 ANI
2 712- 714 %°lst 9 DDH #2 22.7% o35 WEFY A tH(Table 3).

il

Table 2. PAMC 291282t PAMC 29148'e] S™A HE

PAMC 29128 PAMC 29148
Sequencing platform MiSeq (300 bp x PE) PacBio RS 1II
Library (fragment size) TruSeqDNA Nano (550 bp) SMRThbell (20 kbp)
Mean (sub)read length (bp) 267 8,190
Sequencing coverage 219x T1x
Assembler (version) CLC Genomics (8.5.1) SMRT Analysis (2.3.0)
Genome size (bp) 4,677,349 4,836,481
Number of contigs (> 1

54 3

kbp)
N50 (bp) 249,924 4,836,481
DNA coding region (%) 90.3 88.8
DNA G + C content (%) 63.0 63.1
CDSs 4,673 4,832
CDSs assigned to COGs 3,733 3,892
CDSs assigned to KEGG 2,136 2,217
rRNA operon 1 3
tRNA 47 54

Table 3. Lichenihabitantaceae 5 3 PAMC 291281} PAMC 291481} O|&1} 7%t
It2 2Fe |FA JIE |AE

ANI (%) DDH (%)
Strain 1 2 3 4 5 6 7 8 9 1 2 3 1 5 & 7 8 9
981 826
65
3. Methylocapsa palsarum 07 w7 N1 209
LMG 287157
4. Methy 74 N2 s 2.1 215 215
i silvestris 712 712 741 748 WE 208 206 206
W7 714 722 735 a2 194 195 204 209 207
01 T2 724 727 FR1 7Y 212 227 216 223 M6 N9
W MW7 N3 JLE FLE 0T 706 199 198 192 196 99 197 210
713 N2 P21 726 729 712 Y16 7R 188 195 200 198 & 198 22 197
WY 712 TLE 72O T3 TL1 T08 FI3 757 206 210 199 208 03 198 220 03 214
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o A EA vl

<%, pH ® 9], dENaC) WE%= ol 3k w59 A &l A3, 442 4-20T
(% 15C), pH 55-7.0 (H4, pH 65) % NaCle] H7}=A] &S wjovt 4FS AT
T AU (Table 4). 1% 54, =A% A714 stst FEHGS A7) 2o HlgsAe
T2, A= Q105 7HA & AL= YEWtH(Table 4 ¥ Figure 4). 3 10%

Ao =& vgo AWARS summed feature S8(Cigia7c and/or Cigiabc 33.7 - 39.7%),
summed feature 3 (Cig1 @7c¢ and/or Cig1 abc 25.2 - 252%), 2 Cigocycloa8c (11.9 -
15.4%) ol AtH(Table 5). =3+ 4 4 A3, PAMC 291289+ PAMC 29148 &

= AAhuAFd FoeE= FHAS nitrogenase E4E X EEA] @3l methane

)

&l

S

monooxygenases® methanol dehydrogenases®t 2 1 &4 29 olgdd §4% o

Zhe #] ekt (Table 6).

r

Table 4. Lichenihabitantaceae &= T3F PAMC 291281} PAMC 291481} O|S1} JI& It 39 ME|
£4 *to|

Characteristic 1 2" 3¢ 4 5 o 7* gt 9"
(Onygen requirement Facultative anaerobic Aerobic Aerobic Aerobic Aerobic Aerobic Aerobic in the dark/ Aerobic Aerobic
anaerobicin the light
Quinones Q-10 ND ND ND Q-10 ND Q-10 Q-8 Q-8
MEK-10
RO-10
G+C content 63.1* 61.7 63.1 60 55.6-57.5 54.7-585 62.2-66.8 63 6467
(mol%)
Nitrogen fixation =4 + +1 + +t + +f + +
(nif) gene
Utilization of:
Methane —f + 4 + + +t —t 4 A
Methylamine - ND - + — ND ND — -
Methanol - + + + + +t + + +
Glucose + - — - - + — = —

Strains: 1,  Lichenihabitans  psoromatis ~PAMC  29148';2, Methylocapsa  palsarum  LMG
287152";3, Methylocapsa acidiphila DSM 139677;4, Methylocella silvestris DSM 155107;5, Methyloferula
stellata DSM 22108";6,Bejjerinckia indica subsp. indica LMG 2817";7, Rhodoblastus acidophilus
ATCC 250927;8, Methylosinus trichosporium ATCC 35070%;9, Methylocystis parvus ATCC 35066'.
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Table 5. PAMC 291282} PAMC 291482| X|&AH 3

Fatty acid PAMC 29148 PAMC 29128
Cizo 4.4 3.7
Cigo 0.8 1.3
Ciso 3.8 4.2
Cizocyclo nd 1.4
Ciso 4.7 45
C18;1w7c ll—CHg 3.3 35
Cigocycloale 119 15.4
Cig:03-OH 3.3 34
Cop2a6,9¢ nd 0.8
Summed Feature 2 2.9 2.8
Summed Feature 3 25.2 25.4
Summed Feature 8 39.7 33.7

Table 6. Lichenihabitantaceae = @#F PAMC 291282} PAMC 291481} O|E3} & J17t2 439 C1
EtA CHAF 7|82 2 7Y 2EE |REX H|W
A C

Function

PAMC 20128

PAMC 291487

Meshylocapsa palsarum

(DSM NZ_FOSNODDO0000,1)

Methyl

Cl boki

Methanol dehydrogenase (EC 112 1)
Methane monooxygenase component A alpha chain (EC 1.14 13.25)
Meth A beta chain (EC 1.14.13.25)
Methane monooxygenase component A gamma chain (EC 1.14.13.25)
Meth C(EC 1.14.1325)

y £ ¥ protein B
Particulate methane monooxyg A-subumt (EC 1.14.13.25)
Particulate methane monooxygenase B-subumit (EC 1.14.13.25)
Particulate methane monooxygenase C-subunat (EC 1.14.13.25)

MONooXYE mp

yEenase P

Weth o 1

[=]

=]

[sReN+NeNoNe]

Nitrogen fization

MNitrogenase vanadim_cofactor svnthess protein Vafil

4Fe-45 ferredoxin, nitrogenase-assoclated

Iron-sulfur cluster assembly scaffold protein NiflJ

Homacitrate synthase (EC 2.3 3 14)

LEV (FeSM cluster domain protein clustered with nitrogenase cofactor synthesis
NifT protein

Nif¥-associated protein

NifZ protein

Nitrogenase {molybdenum-iron]) alpha chain (EC 1.18.6.1)

Nitrogenase (molybdenum-iron) beta chain (EC 1.18.6.1)

Nitrogenase (molybdenum-iron) reductase and maturation proten NifH
Nitrogenase (molybdenum-iron)-specific transcriptional regulator NifA
Nitrogenase FeMo-cofactor camer protem Nif

Nitrogenase FelMo-cofactor scaffold and assembly protein NifE

Nitrogenase FeMo-cofactor scaffold and assembly protein Nifty

Nitrogenase FelMo-cofactor synthesis Fe5 core scaffold and assembly protein NifB
Nitrogenase FeMo-cofactor synthesis molybdenum delivery protein Nif)
Nitrogenase stabilizing/protective protein Nif W

Nitrogenase-associated protemn NifQ

probable iron binding protem from the HesB_IscA SufA family m Nif operon
AnfO protein, required for Mo- and V-independent nitrogenase

Nitrogenase {iron-iron) alpha chain (EC 1.186.1)

Nitrogenase {iron-iron) beta chain (EC 1.18.6.1)

Nitrogenase {iron-iron) delta chain (EC 1.18.6.1)

Nitrogenase {iron-iron) reductase and maturation protein AnfH

Nitrogenase {iron-iron) transcriptional regulator

Nitrogenase {vanadium-iron} alpha chain (EC 1.18.6.1)

Nitrogenase (vanadium-iron) beta cham (EC 1.18.6.1)

Nitrogenase (vanadium-iron) delta cham (EC 1.18.6.1}

Nitrog: divm-cofactor synthesis protemn VoflN

oclooo

COoO00OO000OQ0O0CCOCOO000

clcoco

Cco0C0COCOCOQCOOOOOOOO0O

CoQQOOCCOCQOOOOOOOOOCOO

o
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(a) (b)

5 pm

0% pm

Figure 3. SaHXHDIZ AR (a) PAMC 29128 (b) PAMC 29148

2. A%
FAA 2 A2 54 B4 5 gARReEed B4 A, AodFe] Zolu A A
BAglel s Ao

&R Rhizobiales -1 (lichen—associated Rhizobiales—1,

T PAMC 291283 PAMC 291482 Rhizobiales E(oeder)2]
ttE  FH(family)o] <Lt TFFeE FEo] HE

w5, Lichenihabitantaceae >}
(family) ] Lichenihabitans psoromatis®= "8 83} T},
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A9 d BEFXE Fsol & Al 79 FA4E & 1

LY
Temperature effects on humic substance-degradation by

soil bacterial communities

1. qE

A H= A9 229l 7T nE V2Ass et 4% SR
o -$- WS A wkSslan ok A 4] dell AA o] A 9e FA4% 2AFo] T AE)
A, JHZ o] A Al g A= ol7lek Ao R MY A &
¥ o] W3lE B ustar i (Casanova-Katny et al, 2016; Kim et al., 2016). ©] 3ol A 2]
> A MAETHY AFES g 22 s 8448 vhES oln] W
SIAZS T Uk HE EY mAEEC] G4 o8tol] o] #dHE BRI A g E,
o] I AdA Ao MY FAG 2EAFo] MAETH PR 9 & dHA I
A ¢t} (Royles et al, 2013). AZ oz =4 A5 2= W Aok B U E43

SHAl WS-8t Al A= o] 41-46% #AS o H 189 tH(Dennis et al., 2013). o]}
2ol 2% Agsol I A 4 A AAH EY f71E Edlo dFEFS mAHA
nAETe] Ariel FA & 9FE v H Ao

=]

214 (humic substances, HS)& =3 @5 T=d5 F3ste AAg4dol de
71E9] 60-80% A%
(Stevenson, 1982; Gramss et al, 1999)& *}A|sh= 7Fg A A1 4 <Q1x}e|t}. HS+=
AWE FrlEelehs ol Azae dy A or AR gdd EdE0] AR
S FHZ EASTE AFTAAE drk HSE A& oA el &% Apolo] e}
he] #3, EgAol H2 4k humic acids, HA)¥} &3i4 2] HH] X (fulvic acids, FA),
o2 vtk HS9 HS F#le AEA B2 EY oA odsta &4 524
= FdA A mAdwe Ads 2dsta tHGrinhut et al, 2011
Lipczynska-Kochany, 2018). HS+ & & A ZA9 W & uEA F7]&59 &

a A BAEHE AL FrlEEe ATH] 9% FENee S AdEHE

N

2
ol
rlr
=2
o
Az
L
r
o
=
o
5
)
=
)
=
)
—
)
=
o
ko)
o)
<
5
@
~
s
g
L
i_v‘l
m
o2
Ho

(¢}

—n

- 196 -



o v

H71 o

A}E

[e)
o
H7F g o= o o9 A @tH(Grinhut et al., 2007). &7]3H¢]

3]

=

)

H
o}

o)

1l
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A &

Aol A

meo
B
T

R

o
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o
N

—

NI
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I

Z]
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g el

Han et al, 2012; Park et

2009;
j o}

9l tH(Margesin et al.,

dH A

=

3 A

al,, 2015). 181 o

T

wo

%

o (Kim et al., 2007), 3+ =4

F7]

O =)
& °

gk B

off vlj-

SRCE

Az Qs 7

il

—

N
N
Njo
ofy

iz

o

—

A

2. A=

o]

32 lth(Figure 1).

S

X 97.3) TRl 914

=13
=

3

A7 7+ %8-(62°13'31"'S, 58°46" 42"'W;

A
vl

L
L

57.1°W

57.5°W

38.5°W 58.0°W

38.9°W

King George [sland

Antarctica

Location and photos of the HA-rich soil (KS2—1) sampling site and soil temperature

Figure 1.

measuring (the average soil temperature of —6.0C to 1.6C) on Barton Peninsula on King George

Island in the Antarctic Peninsula.
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HEEREES] 79 IS5
+ 89%(Kim et al, 2007)= H]a %] 23}a}th(1983-20151d A& 28t 7| x| el A SA g md
® 7IFAR). vrETE W o
o7 dojglil, EYE A4
2013-2016147F HAGH8 FH |8} =
A3 12-39 A5H A7l 424 -60C ~ 01Te 09T ~ 1.67
WS Chorisodontium aciphyllum ©17) &3 o2 Sej#o] A, Hds B 49
EYd {71850 &A1t 7] dAFEAF AEE EQ(KS2-1; total organic carbon -
16.3%, total nitrogen - 1.3%, pH 4.6, sand - 37.0%, silt - 33.2%, clay - 29.9%)<]
AEY AolEr AAHY EFe 20149 189 0 - 10 cm ZololA AATS T4
stA71aL -20Col Basidth. &2 e Eds WA MAs skl EY
200 g 500 mL H]o]Ae] ¥il 5C =2 8TolA 90 Azt vjYetAtt. vHlojAE ES
ANEH A1 27 EYEEE A A Hdfow A FHE wjgstHA 25 1

Ao dAststal ¥U7]E TaEetAth WY 30 ¥ AR EY AdFES 345t

o

FE2 MAETH 24

<
=
=
%
e
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=
=
)
rlo
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il =)
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=
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lo,
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:[o o

U EG S Ragd Hoh

KS2-1 EY¢ 10 g 20 mL v Ul & # &) X (MSB, Stanier et al., 1966)°] 2 i1 7
stA #ASIAIZ] F, 5T 2ZoA 12A13F ol AT, A&How A4 2(123
xg, 2 min, 5C)% F, MSB 4ZF4& Mz MSB dA A= o] &ste] “10° CFU
mL! 352 34389t Community level physiological profiling (CLPP) #41& 9
&, 919 349 0.1mL(10° CFU mL') %< microtiter EcoPlate (Biolog, USA) zt

ko] welle] W=, 7t welle B mAE @4 BAe Wad 31709 ux

o = -
g49S 338t Yt EcoPlater s %fA7F 71538 Sefagulrd Y1 5C &
& 8TolA 14d3F wigstdnh B2 o] & Ars IEZM WA ey fFe

st=ul, 24-48A1%F HA SR 595nm FHEE A3
metabolic response, AMR, n = 3)2 t=3 #Zo] A4sAT: AMR = Z(ODya -
ODeg)/95.

. HA &
HSE X35l KS2-1 ESS 55TCAA 2 - 397 9438 %3 $ 1.0 mm-pore
size AE o83t AE ) 2D = 272S AAYTY. 1 g9 ELGTH 25 mLe 05 N
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NaOHZ 12417 51 420l A h&ato] NaOH FE2& A%Urh 28 426,000 *
g, 10, F=2)E &3 439 NaOH ==& ¢ 5
pH7E 200 SI%% AWYSHsta T 12470 o4 e uje

AE2(6,000 x g, 102, &=)5 Tl HI7FEA ] HAS 7842 FASH 78 v& 7]
S 3 &

it
it
4
a
T
ot
ﬁod
111
an
>
Q
wn
T
il
offl
il
A
BN
QL
£
)
il
oflt
=
Lo
s
o>
il
fet
%
QL
2
k]
B
ofN
X
lo

= HA<] Tﬂl—e— %—7‘36}&’23}.

gt &3 HA T284

o] gm® KS2-1 EY  fFd HAS EAHEHLS  gel permeation
chromatography (GPC)E &3l &3ttt Az 89S 93], 01 N NaOH7} %71+
10 mg/mL2e HA £9< 0.2 um®e membrane filtero] =3AZt}h. Membrane 3¢ 10
pLE ShodexOHpak SB-804 HQ Z#H(8.0 mm ID x 300 mm, Showa Denko America,
Inc.)¥ A= o] 9li= Ultrahydrogel-500 Z 3 (7.8 mm ID x 300mm, Waters, Inc.)ol| =
datith. Hewlett Packard 1100 HPLC FH|& o] &sto] &4 me &5 +4& +
sttt olul 05 mL/min®] F&o2 7ta7t AAE SHFE S FJ 2, refractive
index detector® ©]&3to] HExjzF BX = FFolstgt. HA A% AH&S ¢, pullulan
EgN(788, 212, 47.3, 11.8kDa pullulan)S A% 7|FE5 22 A& HAY +x &
S 98, 5 mg HAS 245 mg KBr# £33 118 t~=3E #2303, Scinco
Nicolet 6700 FT-IR spectrophotometer (Thermo Fisher Scientific Inc.)E ©]-&3}¢]

Fourier transform infrared (FT-IR) spectra #41& <33} t}.

b, HA-23 5 B Ay o 53

KS2-1 E% 10 g& 20 mL MSB A Ao @i ZatA #dsA 2 & 5C &
Toll A 12417F o] AAAAT. ALow MR (123 x g, 2%, 5C)F F 18 mL
MSB 35S guete] el o] 8 B¢ nAE dgfor ofgfel Zo] o &
SEA T 3 mL MSB A5, 50 mL MSB 4 Aw =], 18] HA 48 4(13.0 mg in 0.IN
NaOH)E 4ztZelxaze g7 Y3 5C &8 8T 2xolA 90U zF mwbul kst
Falu S AAEE (13,400 x g, 105, 5C)3 & A= glass microfiber filter
¢} 5.0 um®| hydrophilic membrane filterol A tZ FZAIZ T Filter TN & A5
A el EAet= i mAdEC] EAGA HEE 5 FR7Y filters} cell pellets

233t MAAEFLHS Y3 e = (metagenome) S F %3St

A
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v}, W E}A| 5 pyrosequencing & AR EA

Metagenomic DNA+ DNA extraction kit(MO Bio)E %3] F=3tth. %3 DNA
2HE gIME 16S rRNA F2# VI-V3(AH), Vo-V6(LA) T HePEe
ITS2(27F) Pd9S FZ359HKim et al, 2018). Chunlab Inc.ol A X %o 9= 454 GS
FLX Titanium Sequencing System(Roche)S ©]&3le] DNA library AlBE
pyrosequencingst i th. Z7] AlH 2~ HolHE HAXS F A¥EHE 16S rRNA sequence?]
F= F+3890 3L, EzTaxon-e &2 EzFungi Hlo|EH|o]~ AME & 734 71y
a2 RS A, AT 2 el digk RE $A4 412 CLcommunity 4
ZE9 o (Chunlab Inc)E T3 33t} Operational taxonomic unit(OTU)=
CD-HIT =Z=Z13] oAl 97% o]de] sequence AHGol wet FEAC. T5F
(Chaol, ACE ¥ Jackknife A 3#)9} t}A (Shannon % Simpson A #)<2 Mothur Z#3%
& o] &3dto] Ab=EsESl

3. 27 42 &9
7h 2R ES nAE &4
CLPP+= KS2-1 EF g W nAELHY 5T
T2 = 3 =

L= Fola ouHAEZMN

s
a

R
phase® At F7hek7] AAsdeh 5C W Astshe o

L 8T W% A AMR gt
1% 22 Fo AUAOR B leg phased A FA3 TS EE, 8T v

Al AMR #2 5T wlF Al gtEo dAs] =sked, d=2 35 64 & AMR #2
0.43 : 0.020] Lt (Figure 2).

06
e 5C
054 —CO— 8C

K

Average metabolic response (AMR)

Culture time (days)

Figure 2. Average metabolic response calculated from EcoPlates wells inoculated with KS2—1 soil
suspension and incubated at 5C or 8C. Data represent means of 3 replicate measurements.
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SR NEEEE L

3 A4 HS Baloh mATEge A4S Hdss §4RA1ES K21 BES
Yo 907 s WY 717 Bk vl 309 HALR B ARE AdA HA
S Zzsw PPy B4 cHFigure 3). 5C T 8T LEAA BE HA % v
Azbel whe A4S gaste] 27] 287 mg/AEES glw/w)e 909 F 5T W FEL
N 639%(1625 mg/g), 8C MFEFAIA 55%(136 mg/g)7hA 7H23k9ich wlel S22

an)

Sh
o
o

)
e]
B2 fx3 gz A=
o

A o] ZaskA &kt 3T £ xExbo]7F HA
o Ags = o3k 1

oln e}t AAHo 7 8C w|Yo|A 5C u

- 01_(24
f
i)
g
it

E4 peake 8976 mRIU #2 8C< 5C WIGEYSANA Z+7 6,101 mRIU ¥} 748
mRIU=Z 4 ¥ ) o+ (Figure 3B).

5C T 8C %o 9097t mlolA2 35 meF Fo FE3 HAS T+%4 W A
=S #lstr] ffsiA FTIR ¥ EdS #4830 FTIR A9 E
peak: o] A ¢ < (Khalili & Al-Banna, 2015, Wu et al,, 2016)o4 &% £7]

& A&7](functional group)®] BHE Fxsto] ofgfel o] FAHIFATH peak 1,

Ne)

H-bonded OH groups at 3406 cm ' peak 2, asymmetric and symmetric aliphatic C-H
stretching of CH, groups at 2956 cm''; peak 3, C=0 stretching of COOH at 1777
cm ! peak 4, aromatic C=C skeletal vibrations and C=0O stretching of quinine at 1612
cm b peak 5, O-H deformation and C=0 stretching of phenolic OH and aliphatic C-H
at 1437 cm'l; peak 6, C-O stretching of polysaccharides and polysaccharide-like
substances, and/or Si-O of silicate impurities at 987 cm ! TZ2A 2 B3 Fold o
2o EYUA FE3 HAZ vlus] & of, 5T YEY HAY ~HEZd A peak 49
FHFE=7F AASA S7FA L (spectrum 5C), 8C WMYEYF HAAAM = HS o S7HsHA
CHspectrum 8T). T3k A 22 peak 67} 5T 8C WY ESY HASl ~HET R4
AZHJAL, 5CTHY 8ToA FF=7F S7lstdtt oleldt 2875 WA F4= <
7he, EY 2% $7he HA mAdE EallE S8 HA 74 EH EAsts g3

=
2H87]50] 9HE vS Wol =E2HEE 3t 292 ddst(Figure 30).
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Figure 3. Changes in HA content and structure were determined by direct weighing (A), gel
permeation chromatography (B), and Fourier—transform infrared spectroscopy (C) during the
microcosm experiments at 5C or 8C for 90 days. The microcosm was composed of KS2—1 soil
that was rich in HA. In (A), data for HA content represents mean = standard deviation of 3
replicate measurements. Statistical analysis was performed with Excel software using Student's
t—test. p values of 0.006, 0.006, and 0.070 were calculated between HA contents from 5C— and
8C—inbubated soils for 30, 60, and 90 days, respectively. p<0.05 indicated a statistically
significant difference.

tomlelm2aE w g A A= HE
Pyrosequencing techniques TF& & LoA] vjokdl KS2-1 E<F o A=+ A
3= A7) 8] AP E AT AldF, AT, 239 sequence read MEE FF3
3t al, FFH = (OTU richness; Chaol and ACE indices)?t vt} (diversity;
Shannon index)& ﬁ]A}é}giE}(Table D. Al #3825 Ao Ao w vhgst

H
HoAlEEe] FUFEs o g, 2k Aol AW A= AW A
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Table 1. Summary of pyrosequencing results and statistical analysis of microbial communities in

KS2—1 soil after 90 days of microcosm incubation.

Sample ) OTU richness OTU
. . Incubation NO;‘:;(;lszed diversity

Microorganism femperature Observed Chaol ACE (Shannon)
-20°C 1947 709 1418 2039 5.924
Bacteria 5°C 1947 729 1827 3082 5.894
8°C 1947 711 1621 2782 5.875
-20°C 2750 21 39 47 1.151
Archaea 5°C 2750 6 6 6 0.562
8°C 2750 9 9 9 0.425
-20°C 6137 234 387 425 3.149
Fungi 5°C 6137 402 586 566 4.568
8°C 6137 403 493 498 4.559

-20ColA F2ZHE By A dxe EGE Wl ATY SHExAd B4 A
671¢] 8 F(phyla)oz FAH 3lt: Chloroflexi (21.4%), Proteobacteria
(20.5%), Actinobacteria (14.3%), Acidobacteria (13.9%), candidate division AD3
(8.4%), Bacteroidetes (6.2%). Z w3} vt dS w, 5CS 8ColAl 90U 7+ w3tk
Ed W A4 (relative abundance)ol A A3 ouigl= WErE f =5 AT HA
27t 13 s = Ao A 129d %A copiotrophic Proteobacteria (20.5%)¢] A+t
TFE= 5T <}k 8C ol A] kA, 24.2% <} 284% = = 7tst A=, class
Alphaproteobacteria (13.8% at -20C)+ 8C WlYdEAdAM 176%= Z7Fatd )
Family Acetobacteraceae (0.6% at -20C)E 8C WlYEUSoNA 1.7%= F7F5FA T}
e, sl g EY W E 23l Actinobacteria (14.3%)9] A%+ 5T
¢k 8Tl A ZFzF 135%<F 11.1% % FHAskAth(Figure 4A). 23 EFA 7Hd &

o] EA3}= A2 phylum Thaumarchaeotad ], A FE= 5T 8CoA AY
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W 3lskA] & th(Figure 4B). iz EYolA 7Hd 2ol &A= X phylum
Ascomycota®ldl, 5C WIFEIAN= 7

Aok 2EWe wAd A e =

o] v] sk t}(Figure 4C).
KS2-1 B¢ W] HA #35°] A+
FoAlRre] i S

Atk sskwg
phylum Proteobacteria(66.3%)¢] 7

= 5CSF 8TellA 904zt oA uf et
Hets 2Abskl =,
d-7 5T (85.8%)¢k 8T (85.5%) wjFeHol A Wst7t 7}

}\]—EH/\I:

4 319 31, Bacteroidetes(1.5%)+= 5°C(4.6%)¢F 8°C(6.0%) v FHeA dAAg ©
37} 2ldt}h. Class Alphaproteobacteria(9.0%)7F &% A3 374 714 A AstA =

= . PN = =] :
7F8F % 3L, genus Brevundimonas®] o=+ 2758 o] S 7hsl A vh(Figure 4D).
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Figure 4. Culture—independent changes in the relative abundances of bacterial (A), archaeal (B),
and fungal (C) phyla during the microcosm experiments with KS2—1 soil at 5C or 8°C for 90 days.
(D) Culture—dependent changes in the relative abundances of bacterial phyla during enrichment of
KS2-1 for 90 days. Relative abundances are based on the
proportional frequencies of those DNA sequences that could be classified at the phylum level.

soil suspension at 5C or 8T
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A 10 A BAZE 2Rk MF 2 $A AR A7
Study on the humic substances-degradation pathways by

soil bacterial isolates and communities

24 (humic substances, HS)S H=3 9= E=g8 ¥3es A4d 4o 2
ZA8t= vl E-Z3 aromatic heteropoymero] ™ HA EY F7]1E9 70% AEE A
1)

S b AR T4 AAolTh HSS HS felel ARAEAL B

o,
=
2
v
o2

off
o

J
A E=e A UAE B8R &) widel, dubos e Ea &3
WAE =2 2= YNAEE EHFHow zZF=tHFierer et al, 2005 Davidson and
Janssens, 2006; Lehmann and Kleber, 2015). HS7} % #7115 T4 wl$% =& v &
2 EAEA ow mAE Fa AN we 2% vl 7] Wi, HS #al&
o] A2 Wz 55 Frd ES A A dA% Wels = 4 doh(Lehmann
and Kleber, 2015).

EG Alete dntg o A2 g4 HolMk A om HS s #dEo] )
thool# g Aial= HS E2m o S8 AlvkS-(depoylmerization) ¥ HS 2 # &4}
s}etE o] E38 2t & (catabolism)E EsHeth. HAdd A x7oA HSE wdllste 2H
E AdEo] 5% om(Esham et al, 2000; Badis et al., 2009; Rocker et al., 2012;
Park and Kim, 2015; Ueno et al., 2016; Lipczynska-Kochany, 2018), o] &¢] &af &4 3}
Tzl AFH] $hth(Park et al, 2015 Kim et al, 2018a). &4, o] &2 HS #3j
R W AR= ofds] Aol gEetA Ksirh HS thal glads 7[E R ARE
3k o]x Ao e ol Frgt Bk Gl A1 Pseudomonas sp. PAMC 267939 =
AR BEATS FE oY e Bad B3 #- fFHAAES ddsded, A0 HS

el AEE Adste H AFESEATHEKImM et al, 2018b).
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M

& guaiacyl®} syringyl @A 5-S guaiacyl Ao w FAH v T
Zolwolt} o5 WAIELS s C-0-Ce C-C AFgEo i Mz d4y
CHTY Yad vAdE E3 #dE AFES guaiacyl ©9IA] TR S wlAl
[guaiacol (2-methoxy phenol), ferulic acid, vanillic acid ]2 #3Ho 3] A
A7 A= o] shrh 1o gad f Gl e Edo g E A B
A=Y RlHZE Sphingobium sp. SYK-6 (Masai et al, 2007)¢} Rhodococcus
Jostii RHA1 (Bugg et al,, 2011) At 5o A ofefe] W& o] & =3t &1
U2 Aol EH|s= gYgst AHsE 9 @4 E(dye-decolorizing  peroxidases,
laccase-like multicopper oxidases, B-etherases &)°l ol&] T &A= Aoz A7y
1 AAEQ] ferulic acidet F Jle] WA nE] & o] Fo]X B-aryl ether¥} biphenyl<

T8 TUHAFE A Q] vanillic acidE 7 A protocatechuic acid® 3l ¥ t}. Protocatechuic

2]
3

i

0]
AN

ruzl o

al
Z
T

HU_YE_%MF

acide meta- =& ortho-cleavage pathwayE %3l4 ¢S 3@t (Kamimura et al,

2017). HS7F gl S ¥geles 52 AEA7F 45 FA-AA ArbEy gada)
ZHo g FAEITGE AS e u, B9 A 99 #ad Ee Rt A AR
= 84 HSES Halstelet 4 ah

2. A= E-l i
EA

7. vt

>
Ay

JE 7kl Wi B H =

S7F F5-3 ol i Erxel BEUS 20129 6€¥€ 29 Alaska Nome9] Council A9
x4 g X]@[AK1—75 (64°50°N, 163°42°W), 69 T<-99 % 20cm ZoloA Ht
EY2EE 56TIA 0 - 20 cm ZololA R A (Park et al, 2015). AK1-75 E

=

Fe FARG F, A A7 20T mBSAT B2 FHe RS WFLelA A
A3 sEahela, E% 200 g2 500 mLy|olFo] Wi 5C 3o 25Tol|A 33 Az wjok

3
ShATh Etd EoF2 HSO "=t el 7heAdS wiAsty] s 2aqk Eitst

= Ak HlolAl= EF AFA A 7] EYGFEE A flaEA
Hidgiow A AeHm wdstuA 25 Ao w dHgste] ¥U1E TEeAT W
33Y &, EgolA] o] W (Park et al, 2015)& o] &3l HAE F=3F3T

AK1-75 EYAA F%3 HAHAAk-75) 2 A|#E 1 Q= 82 (Cat. No. 471003,
Aldrich, USA)S pyrofoil2 i 590C 2%oA4 5% o dAE& s Japan
Analytical Industry). @3] AF&E<S 7890A-5975C GC-quadrupole-MSD instrument
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(Agilent Technologies Inc., USA)E T3 &2 % EAIFS A & NTIS 08 MS
gholH el gl & o] &3lo] T4 A

U EY mAETHY] s 2 EsitiA 24 B

AK1-75 E% 5 ¢& 10 mL 7@ FHA¥iA (MSB, Stanier et al., 1966)c] % iL
ZotAl FASAZ F 5T =& A 12A3F ol AAAAY. A&How A4 (123
xg, 2 min, 5C)% F, MSB ¥43NES HAaxkirs 7I14E o] &ste= wFuf ol ofzfs
o] o]&3FATt 3 mL MSB A% 50 mL MSB A #j#, Z&]3 6 mL HAaxi 75
£94(0.83% HAaki-7s in 0.IN NaOH)E AztZetx=ae] 74 ¥ 15T =4
i Fstint. 27 A3 FIpuide -, wig S A EE MSB AAHAE o] &35t
~10° CFU mL! =& 34 &t}

Community level physiological profiling #41& &, ¢ 349 0.1 mL(T10°
CFU mL Y A& microtiter EcoPlate (Biolog, USA) Z}7}te] wellol] 2¢l=d, 2+ well
< EY vAAE g4 #Ad "ok 3179 izl ©@HaAdEs ¥t 9l
EcoPlate™= X% A7F 7bsdt Zet=gutzo] Wil 5Col A 7 A1k wffFstdth. &4
Ao ol & AEE NEFAY BN Frr @t 24 A A
PBrE =AYt H hAFEES-(average metabolic response, AMR, n = 3)& t}
=3 2ol ALsA T AMR = Z(ODyei = ODpneg)/95. AK1-75 E%9] MSB 4359
A7 = HAaki s 718 E o]&ste 5l # flo] o= ARgstelth

s gdduiAdae] fr1EY Filles HZESHZ] s, #9 MY 20
mL("10° CFU mL )& 50 mL MSB A WA 71824 5 mM benzoic acid,
vanillic acid, ferulic acid, phenol, &< coniferyl alcohols ¥ 3}dl+= Az Z~F 0
HEsta 15Tl 9 dzxF wnkufekstdet. 24 Az 2bA 02 wjted o] EA s+

72 7149 BEE HPLC 71718 ol &3ke] Z3asirh

= o
o of

rob

it
0l
&
)
=
oo

[e}
43lo] DNAE F%3}% 3, [llumina Miseq sequencing method=

g8 2439 tHChunlab, Inc., Korea).

_

(Intronbio, Korea)& ©

oj-&3ste] FHA ArIA

=

3. 23 4 B9
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7 A2AEA4 mAES] HA #3

HS7F £33 AKL-75 E¢e] nlo]az a2 mIS 5C(HMEZY MolE o234 E
T 2x9t fAbolA 33 U7t eI 2 g HET
0.95g(100%)°]1 1 =¢tl, Ax E%e] 48% F-Alol
S 71%2 Aasded, A2 23 AR S FaA 7
g} 43 (Figure 1A). MY €522 25TCTE F7HA2 F U3 w2

A< W, HA %o A9 gasha @tk HAZ 42484 magd o

o o2
o2 &
rlo

o
O

32
o
Ak

ot

Mro oo

o o o td
i)
o o2
rr
N
N
e
o
o
ol\
o
N
do
%
>,
o>
~
—
4
Ol
i
oS
o
i)
By
ol
2
do
o
offl
o,
ot
1t
e
o

%k th(Figure 1B).
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(A) Non-autoclaved (B) Autoclaved

120 1 1045164

100 A

TL1£41
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-20 5 25

Incubation temperature (°C)

Figure 1. Temperature—dependent changes in HA content during microcosm experiments. The
microcosm beakers with HS—rich AK1—=75 tundra soil were incubated at different temperatures for
33 days. The weight of extracted HA was measured (n=3) for (A) non—autoclaved intact AK1-75
soil and (B) autoclaved inert AK1-75 soil both incubated under the same conditions.

. HAaki 759 8129 3 Bl a4
HAxki S TASIE F718E59 /e ddAd v&s #4387
pyrolysis—gas chromatography-mass spectrometry (Py-GC/MS, 590C)& o] &3}
AR EE S GC AR Ea Y Z M= off et o] v bFEI FU]EE
Z % %t} (Table 1): substituted phenols (phenol category, 5712l 7]%); 2-methoxy

)
:d'd

32

it

phenols (guaiacol category, 771 ¢] +7]1%&); substituted benzenes (benzene category,
11709 7]%); bicyclic compounds containing one benzene ring (bicyclic category,
7M2 {7]1%); heterocyclic compounds (heterocyclic category, 270l 7| &); 18 1L
both substituted alkanes and alkenes (aliphatic category, 27§1%] #F7]1%&). o5& 7]

5EE ToA 57 EZo] AU Hor =& vHgE AEYAF(Figure 2A): toluene (1),
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phenol (2), 4-methyl phenol (3), 2-methoxy phenol (guaiacol, 4), @il
2-methoxy-4-vinyl phenol (5). Phenol category (total area of 24.9%)¢} guaiacol
category (total area of 14.3%)o X &%= F7|Ed 50| &3 FAHAA AAEHE=
T8 TAEHEE FAHAY. HSY Fxof A A tafiAs s =Ao] Ha
AARE, HSE= 93] 22 £x%Fe 2450 A= S olFodx nEaA=E4<
Ao g 7rFeof & A o]ttt Phenolic-3 carboxylic- #+8&7]7F HS9 wreAy 4
Astel] A dFES v A FFSoH(Lipezynska-Kochany 2018). o] 9} o]
carboxylic and/or phenolic- Z}&7|& zt+= ddwlAl g 3¢ EE0] HAakis B
d AN ArE e #dekE AN carboxylic- #8718 ZE FA9 FUIE(AR
benzoic acid, vanillic acid, ferulic acid )< Py-GC I ZvlEI A ZEF A

2ttt

(A)HA k175
1600000 1 ;
© 1400000 A
2 1200000 A .
[+]
& 1000000 4
g 500000
=
B 600000 -
< 400000 A
200000 A
U i
(B) Lignin
1600000 1
o 1400000 - oH cH
g 1200000 i 4 i
o
L <)
i 5
g 600000 - /
< 400000 1 1 2 e 3 /L ¢HO
200000 - \ 1 L
0 \ . = 1 |\.I .ll |LIIJ.I-1.I l. 1[41
0 5 10 15 20 25
Time (min)

Figure 2. Pyrograms of (A) natural HA extracted from AK1-75 (HAski-75) and (B) commercial
lignin. The abundance of compounds 1, toluene; 2, phenol; 3, 4—methyl phenol; 4, 2—methoxy
phenol (guaiacol); 5, 2—methoxy—4—vinyl phenol; 6, vanillin (4—formylguaiacol) are noted in each

pyrogram.

NrEd2 AFE3 Al#E& g2 (commercial lignin)e GE AEE A
HAxx 79 vF7EA 2 F 709 F2 7hH 28 2 2552 phenol category (total
area of 6.5%, 4709 7]%)%¢ guaiacol category (total area of 74.6%, 12702 7]
). Guaiacol category?l X35 = 2-methoxy  phenol  (4)3  vanillin
(4-formylguaiacol, 6) 7]=0°] zZI7F 275%< 10.0%= =A3A=d, 1ol

guaiacyl unite® FA o AdE vl EA HE=A =79 (phenolic polymer)d S A3+
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A A FAH(Figure 1B, Table 1). Py-GC/MS WH & o] &3 HAxk 9 #2149
7% HuE, olFo] FERAHOE A= vT/\}GPUﬂ phenols (aromatic nuclei with
1-hydroxyl group)¥ 2-methoxy phenols (aromatic nuclei with 1-hydroxyl and
2-methoxyl groups)°] T3 FAAAYS HoJFAH

o HA ¥ WAEZA % ey e sgEe 24
HA 7142 Abgstel wge 4

S ¥ 3H(Biolog brochure)Oh— Ql—ctﬂ, HA vy lH A EFR el AMR 2 EHZ
ol HE] s w2 FXE YER AT,
0.1) (Figure 3A). 53], HA 8 v mAEL 2 A =gk = HlE B
-methyl-D-glucoside (4.5¥), 4-hydroxy benzoic acid (6.99]), D-glucosaminic acid
(31.79]), 2] 31 D-cellobiose (17.08]) 7] ol thaix+= o & &4 zolE HEIHS
(Figure 3B). o] 23 &, KI-75 EF HAETHY 7[dol& e} 7|5 A<
thgdol HA 714 &a HAolA dAASA S7kstdar, sAlel HA &8 #d 74
Zbatol My FEEHEASES o v gt

HAS o]&3te] A3 AKL-70 E¢ VA=Y dad Fdie vhadsh dddl
Ay 3tstE o] & == HPLC chromatography WH S o] &3le] ZAlsIAt. v A&

TS kst G2 9] carboxylic- #FE71E b= f-7]4F(benzoic acid, ferulic acid,

=]
18] 2 vanillic acid)® & Baleart. AAMA S Y9 74 VAEL WY 6Y T F
AstA 7Fasl7] A2 =, benzoic acid, ferulic acid ZL2] 3L vanillic acid= Wl %

8
d 2o 7%4 BE Bl whHel phenol®} coniferyl alcohold F L3 A7+ 7
I Fo= AL FTHAFA LEdH, o HEA FIFES HHEI AV Ao olHS

|

sk} (Figure 3C).
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Table 1. Comparative analysis of natural HAaki-75 and commercial lignin pyrolysis products

HAAxk1-75 Lignin
Pyrolysis product® Category Time Arca Time Arca
(min) (%)  (min) (%)
Benzene Benzene 22 0.5 2.4 0.4
Butanal, 2-methyl- Aliphatic 2.2 1.0
Toluene Benzene 3.9 6.8 42 1.0
Furfural Heterocyclic 6.0 1.8
Ethylbenzene Benzene 6.9 1.0
p-Xylene Benzene 72 0.9 7.5 0.4
Styrene Benzene 8.0 1.2
2-Furancarboxaldehyde, 5-methyl- Heterocyclic 10.1 1.8
Phenol Phenol 10.7 10.3 11.0 2.3
Benzene, 1,3,5-trimethyl- Benzene 11.0 1.1
Phenol, 2-methyl- Phenol 12.7 2.1 12.9 2.0
Phenol, 4-methyl- Phenol 13.2 8.9 13.4 2.0
Phenol, 2-methoxy- [guaiacol] Guaiacol 13.5 3.8 13.7 27.5
1-Undecene Aliphatic 13.6 1.0
Benzyl nitrile Benzene 14.7 1.5
Phenol, 2,4-dimethyl- Phenol 14.9 1.1
Benzene, 1,2-dimethoxy- Benzene 15.1 3.1
Phenol, 4-ethyl- Phenol 15.3 2.5 15.5 0.2
Phenol, 2-methoxy-3-methyl- [3-methylguaiacol] Guaiacol 15.8 3.8
Phenol, 2-methoxy-4-methyl- [4-methylguaiacol] Guaiacol 15.9 1.5 16.1 6.0
1,2-Benzenediol Benzene 16.0 2.7 16.2 1.3
Benzofuran, 2,3-dihydro- Bicyclic 16.5 2.4
3,4-Dimethoxytoluene Benzene 17.1 1.1
1,2-Benzenediol, 3-methoxy- Benzene 17.3 2.1
1,2-Benzenediol, 3-methyl- Benzene 17.5 1.7
Phenol, 2-methoxy-4-ethyl- [4-ethylguaiacol] Guaiacol 17.7 1.0 17.9 5.7
1,2-Benzenediol, 4-methyl- Benzene 18.0 0.4 18.1 1.4
Indole Bicyclic 18.1 23
Phenol, 2-methoxy-4-vinyl- [4-vinylguaiacol] Guaiacol 18.4 3.7 18.6 4.9
Phenol, 2,6-dimethoxy- [syringol] Guaiacol 19.1 1.6 19.4 1.9
Phenol, 2-methoxy-4-allyl- [eugenol] Guaiacol 19.5 0.8
Phenol, 2-methoxy-4-propyl- [dihydroeugenol] Guaiacol 19.7 1.2
1H-Indole, 3-methyl- Bicyclic 19.9 1.0
Vanillin [4formylguaiacol] Guaiacol 20.3 10.0
Phenol, 2-methoxy-4-(1-propenyl)- [isoeugenol] Guaiacol 20.5 1.3
Naphthalene, 1,3-dimethyl- Bicyclic 20.6 0.4
1,2,4-Trimethoxybenzene Benzene 20.9 0.8
Phenol, 2-methoxy-6-(2-propenyl)- [6-allylguaiacol] Guaiacol 21.0 0.7 213 4.6
Benzaldehyde, 3,4-dimethoxy- Benzene 21.8 2.1
1-(4-Hydroxy-3-methoxyphenyl)ethanone [acetovanillone] Guaiacol 21.7 2.0 22.0 6.9
Benzimidazole, 5-tert-butyl-2-methyl- Bicyclic 223 1.0
Naphthalene, 1,6,7-trimethyl- Bicyclic 23.0 0.9
Naphthalene, 2,3,6-trimethyl- Bicyclic 23.5 0.9
Ethanone, 1-(3,4-dimethoxyphenyl)- Benzene 23.4 1.7
Others 27.3 4.7
Total 100 100

a HAaki-75— and lignin—derived products with areas »3% and >10%, respectively, are highlighted in

bold italics.

- 211 -



C

(A)

.
i

T e— = Water
06 1 @ HA emriched .| ——p-Methyl D-glucoside
3
E Z —+—4 Hydroxy benzoic acdd
= o
= = —8—D-Glucosaminic acid
= £
= = —8—D_Cellobiose
= =
] 1 2 3 4 5 [ 7
Culture time (day) Culture time (day)

S o e T
g 100 — ==L D=L O —&— Eenzoic acid
L+
E 20 A =0 =Vanillic acid
£ 60 - - -- Ferulic acid
= 404 —: - Phenol
_‘g - <=0+ Coniferyl alcohel
2 2
(a4
D T

Culture time (day)

Figure 3. Assessment of function and catalytic activity of the AK1-75 microbial consortium
enriched by HA. The experiments were performed at 15C with a cell suspension from AK1-75
which had previously been enriched in HA—containing MSB media at 15C. Average metabolic
response (AMR, n=3) values were calculated from EcoPlates wells containing (A) all the thirty—one
substrates or (B) five selected substrates. The degradative capacity for lignin—derived
mono—aromatics was measured by HPLC, measuring the percentage of residual substrate over
time (C).

gk HA &3l Al F34 &4

Pseudomonas sp. PAMC 29040 (= KCTC 72094) 44 47144 %cote] Zoj+=
53 Mbeolil 586% G+C oIt 971X E &4 A, ofgiet 22 HS #a#d

FHAAE] HEHJx, Mo 9 HS RIAAZRE FAS=d AL HAH
dye-decolorizing peroxidase (GenBank no. RUT42245), biphenyl 2,3-dioxygenase
(RUT42405), wvanillin dehydrogenase (RUT32018), vanillate O-demethylase
(RUT30724), protocatechuate 3,4-dioxygenase for ortho-ring cleavage (RUT32233
and RUT32234), catechol 2,3-dioxygenase for meta-ring cleavage (RUT42324 and
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RUT42398), and catechol 1,2-dioxygenase for ortho-ring cleavage (RUT30796 and
RUT37598) (Figure 4).

C-Cand C-O-C deavage in HS |

%

[ |
=
=
= @I{Nr_
=1l
= B
§ ko RUT42324
-
O RUT42398
¥ B
= *‘?z,,.; Lo x o RUT30M6
ot
=} - . RUT373%8
5 EN
o orifio- of meia-
& Cleavage pathway)|
RI_TJZDIE OMe -
i - RUT3113

vamllic acid 'CH RUTE2H

OH

Figure 4. Proposed HS—degradative pathway by Pseudomonas sp. PAMC 29040. Solid and dotted
lines represent multi—step reactions by different enzymes and one—step reactions by one enzyme,

respectively. GenBank accession numbers for putative enzymes catalyzing the corresponding

reactions are shown next the lines.

Pseudomonas kribbensis CHA-19 A 97| <E %ol Aol 564 Mbelil
60.6% G+C F=oldtt. @714 d 4 A, ofdfiel & HS Eajad FdA=0l
AE=HAL, Ao st HS EIAZE FAHS=d AEEAJY: laccase-like
multicopper oxidases [GenBank accession no. TFH77958 (moxA) and TFH78995],
dye-decolorizing peroxidases [TFH80052 (efeB), TFH80975 (y#X), and TFH81056
(y#X)], biphenyl 2,3-dioxygenase [TFH78976 (cntA), TFH79968 (hsaC), and
TFH80324 (AhcakE)], 2,3-dihydroxybiphenyl-1,2-dioxygenase [TFH79858 (AsaC)l,
vanillate O-demethylase [TFH78866 (vanB) and TFH79337 (vanA)], protocatechuate
3,4-dioxygenase for ortho-ring cleavage [TFH82232 (pcaH) and TFH82233 (pca()],
and catechol 1,2-dioxygenase for ortho-ring cleavage [TFH78177 (catA)] (Figure

5).
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Figure 5. Proposed HS—degradative pathway by Pseudomonas kribbensis CHA—19. Dotted and
solid lines represent multi—step reactions by different enzymes and one—step reactions by one
enzyme, respectively. GenBank accession numbers for putative enzymes catalyzing the
corresponding reactions are shown next the lines.

dutxog Zade o734 oA gad Falsol A= el o Fr4
o7 w714 T3 A (depoylmerization)F ™, Al @A ol Ea Z7] Il A
FA9l q9Eds ste Adom deEA Ak aey, HZol EG Aol AibskeE
lignolytic dye-decolorizing peroxidase &4 7F WAL wSEAo] AFE 1 ¢
T gad FHY AEA FrEdEe el E 2ot #A fFAzrre] WHE Ao A
A 8] B A a2 Qdvh(Kamimura et al, 2017). o] A9 <A 3= g, o83 A5
geo] B¢k Alvto] gad 3] Z7Iek W] g AwRkel] AA Fo3 A4S F
st ke Aol e A k. Yo AKI-75 EY W FEujdd HA #als vA
B VAol g AL RS AddTe FAAES Ay, aga old A
TAIM}E F2 3 (Bugg and Rahmanpour, 2015; Salvachua et al., 2015, Kamimura

et al, 2017) £AFE Wt oz AdS Fet= A= HA £dl= At #ad
wald =k FAeA A H S dsta ofel 2 =S Alddo: HS=

Algto]l EH|stE thudl 79 dye-decolorizing peroxidase, laccase, beta—etherase,
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esteraseE X 335l= AF3F3E9 8 4 (extracellular oxidoreductase)E  ©]-&3te] %79
THAA TSl AlRHET. Faog Fa A=l ferulic acide vanillic acid= g
¥ 31, O-demethylation W39l 2]&] protocatechuic acid® HEEC. & H=Z=
vanillic acid% decarboxylation ®WF-g-°l 9|3 guaiacol®Z #2+¥ 31 O-demethylation
k2o ]3] catechol® 3% t}(Alvarez—Rodriguez et al., 2003). o}2 W 3}3st# ¢
> ARE EFIiM AMNE B2 F2 HS EaUAAEQA  benzoic acidE
hydroxylation ®F-go] ¢]3] catechol®

2
riel

sl ¥l t}. Protocatechuic acid®} catechol<

A o 5% (Figure 6).

=

meta- 32 ortho-cleavage pathway &

o

[ C-Cand C-O-C cleavage in HS|

: : : + Peroxidases
. i ¥ : + Dye-decolorizing peroxidases
S'Oll - ! + Laccase
| HS derived small compound s I + Laccaselike multicopper oxidases
+ [-Etherases

7 oG )

s XY
% s Benzoic acid
. . .‘rl Gumcol
Microbial y O
C(’Jll iE . ‘ Catechol orthe- or meta-cleavage
@,{Ne (;L i /'
CH=CHOOTE

&::rnlic acid Vanillin Vv :uu]].lc acid mecatechnm acid /

Figure 6. Proposed HS—degradation pathway (vanillic acid route) of AK1—75 soil microbes. Dotted
and solid lines represent multi—step reactions by different enzymes and one—step reactions by
one enzyme, respectively.
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3. 431 4 E2]

BEAE A A A (2014-2016) AFATE F3] vfETE

Ha A4 AH 10 AGaA = EY JANEY 5539 2HAARE o
[e]

qsh AFE W] FE & 5 ANk

—U
N
ko
i
N
il
d
5

Figure 1. HFERIEO0| MAISHE Y

=
M ARERY IS 457 A% AF HAEE AW e 444

=
BE W3 33F HAEZFES o] &3 4714 quantify species richness (SR), weighted
endemism (WE), phylogenetic diversity (PD), phylogenetic endemism (PE) &&5&
biodiverse softwareE o]-§3l] SAFo 2N HT} A SIS FAstetAnt. 1 A
HhE o A WekfE A o] thFd I} endemismo] 7HE =7 ‘%%E}(Figure 2).

2= Wl mE EY dAAEY ¥ A4S EAsAY mds B F 165
st o x5l AGFS 7oz 72 gt x (43, v UlAF)E &2l
1 A3 4 Eo] 4 (Anteholosticha sp.), A< Eo°]4(Halteria sp.), <% F#3 4%
(Leptopharynx sp.) & Al IF59Z F 7Fsst¥al ZF I8 st Axss Ad

=5
st = A (Figure 3). 1§ 12 A2 50|42 Fo=g oA AGJE F3 2% 59
<l Anteholosticha sp.& &<l sl o =& 259 Eojygor zele= S &

v ok 1 2€ A2 5o]4< Fo=E

Pseudonotohymena antarctica®l 4% HlEW=E OlFslA| ol 54 Ao Edsl=
2 gl J 3, Halteria sp.o 45 @& wiFe] B¢ AolA Ay ow BEEC] =&
Aoz SHEAY. 1F 32 250 2 3

L
23] Leptopharynx sp.7} Zb 29 ujoko]d Lo Awgle] UEltE AL Fola

at
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- Diversity metrics for the ciliates,
degrees. (a) Species
Weighted endemism;
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richness;

(d)

(b)

Phylogenetic diversity;
Phylogenetic endemism.

mapped using grid cells of 0.002
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pH W3le] & E¢ AAAESY FX A4S HA800 59 ARFES ddo=
pH ¥l WE &3 WEES A% A3 pH 4041+ Spathidium sp.2} Uroleptus sp.,
pH 7 °]/Fol A= Keronopsis helluo7} Eol4d o2 Yelhs= Aol ER1xo] o]&S pHO
Whg ARTORE AAste] FF o8 dAH otk (Figure 4, 5). 50l AA AF7]1A 7}t
A stE gAY 25e o 3% F7E o ol AAAQ T SRR oF 10
2ok ghoh 715 WstE Qg (KA 5 o] dojd A dF T Fe d

|
AR F7etAY 5 Aletd JheAd S Ador gl on Aoz A2 golH
= H

Ir

g Jwom AAl 4 87 AES Fu % w9 FRAsel 9 AHS A3
% 2UTE W A3 FARY Zeeg) AUe SR o1 Ao
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Leptopharynx sp. T C &
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Nassula aurea (8] C (@ o]
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- pHa: Spathidiumsp.t Uroleptus sp.
Haptorla sp. o C o :
- pH701&: Keronopsis helluo
= 9 10 11 1 11

Figure 4. &5 E A= (pH)E 235/ 4EE =0l

- 219 -



2AZ000f [HE dES =& Hlul 23990 3 20 o

rin

Dim2
00 01

-0.1

400
350
300
250
200
150
100
50
0

1641

1 35 7 91113151719 2123

Figure 5.

0.2 0.0 02 04 7|12
—20 —8k

stA@A0lo mE M2E ZF H|I LU Anteholosticha sp.2l %0 MHE

- 220 -

i Anteholosticha sp.

2527 29 31 33 35

43S Hiu



H 5 &
AT 2T

FNZEAT UEYD 75

Chapter 5
R&D Implementation Results

Contribution to International Cooperation

- 221 -



A 1 A ANTOS DB} YAjolE F-=
Development of ANTOS database and website

1. A
]

L
T

N
T
=

Z

st mE £ JPH L = Fe A A e At EAl e Wstel w3
gat7] 9ot F=Hd9E e RE g AFAEAE FHetA sdon, o
A3l 7] ¢18) ANTOS(Antarctic Near-Shore and Terrestrial Observation System)
7h whEol it ANTOSE =efoldllg] S4d 9ol F4leo]l ol 20129 = 2EW=
ol ] 7H& ¥ Terrestrial Observation System(TON) & ZAFo] A& o] Q T}, o] % 2013
29 vE A2y 20139 &5 SHE, 20149 wEAHE o Fdx= 2016 wH A= S
AE, 201610 HdolAlol FLeEFE, 2018 olFE] ol Aol 3gE AXHA P
g5 o R 43 AJMAHAE YR ASAEES TS5 oR AYHAe
H SCAR® Expert Groupl & 24 &} t}.

ofel 2 H2AE TalA 3dAlE ddE AAA o] wkEo 3l o™ (Figure 1, 2), 1
Al M = A 7Fe] FHlE o] &8st 7 2A Q] AAAZS FdetaL, 2, 3dA A= LT}
o] & ol gdte] TFAA A #HFo] o] FoAAL=E HAAHAT. A F43} At
< o2 AEAde]l M gtk (Figure 3, 4). 2020 Y24k A #H=S 98 %
=407 AAE Aoln FAE Yote EE AFEHS A FHE ol&ty #FS
FHSHA Aok A e kA F=o] tdd Aol ikl Fhol oALE Ho
T3 tH(Figure b5).

ANTOS®| tlolg #eE flste] ST HolEHuo] = Al
Aatgoen, o] dFE FAATFA KGI-LTER A78e] ©71& AAsdthFigure 6).
B dHolguHol 2= ©ed] HolHE AFsts 7les | e
olf ®EF3HE ol Fil AT HolHE THE F Ue Vs MHAES T da
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|
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exity, understanding and $$ 2 2 2
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Ice core analysis
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Gas cycling
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Eddy covariance
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Comprehensive vegetation mapping
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Geochemistry Conductivity EC EC
Figure 1. CHAE SHMENA EE AAH #5574 =

Criteria

Remote sensing (e.g.,
of ice conditions,
Chlorophyll a, etc)

Physical

Monitoring array:
temp, cond, 02, pH,
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Colonisat

Diversity r—
imagery

Distribution Permanent transects,
imagery

“ N/A

Genetic/genomic Rl
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Increased level of complexity, understanding and $$ 2 2 2
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profiler)

Coded, real time monitoring array
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Precipitation/snow fall

Wireless capability for local slave
Sensor arrays
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0,)

Gene expression, contaminants
Experiments

Population markers

Automatic DNA sampler

Figure 2. THA|E AYE A ZSAAE 715 A 2
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Housing containing
batteries and PAR
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temp/moisture 4 Deployed at Cape Evans (Ross Island),
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ANTOS Committee

Craig Cary — NZ (co-chair)

Vonda Cummings — NZ (co-chair)
Megumu Tsujimoto — Japan (secretary)
Charles Lee — NZ (tech advisor)

Soon Gyu Hong — Korea

Byron Adams — USA

Dana Bergstrom — Australia

Delores Deregibus — Argentina

Figure 6. ANTOS Q<3 24

Eli Verleyen — Belgium

Emmanuelle Sultan — France

Marcela Libertelli — Argentina

Mauro Guglielmin — Italy (ANTPAS rep)
Pete Convey — UK

Sharon Robinson — Australia

Stefano Schiaparelli — Italy

Steve Colwell — UK (SCAR PSG rep)
Camilla Signori— BR (APECS)

2. A 92 Yy
o A%pE ATl A

WAt 2AE olgatel HEHE JFUS dolHt A4S o 4% 7149 dolg
A%, A2 Sk dolE A% A%, AFAL BN A el H5 5
CheFd o dolEst A% Hth oleld BFR PHor H5HE dolHE Yr=
T 5 e BES ATegt Adqn, Ad4n, #3548 5 e 443 5 9
= oetelelE 43715 Ao el 4¥ + g Jvel $2E ssol
B B, 37N RS Setdoly Ag

EgARe] BNE B3 055E sstdolHE Y dolHeln, o]F AT F
g WES BES ATSAL. b FHL E NES 2 AR Ad4n 5 vetdo]
HE 9849 358 welstt s)seln
o wele] g7

et el s AAHE dolHE AN fdAE BSUlE HE
sz Aol Wle Festh olE A d¥sHE delHg EEudE wasn A4
g9z s o] Aastt B9 WHES dHstn FRAE N5 Auste] o
PSR gt
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3. 27 ¢ E9
7F. ANTOS dlo]Eln]o]2 @ gJAlo]E L&
H=o SAAEA A A AHASSES B FoX HelHE #elsty] 9st
o] 1) ztz+e] dlolgf Aol that RIS Aa, Fv), AN T wetdely #e, 2) Hol
A EE

HAS astd gHoz dolguols 55 mi A4S Fi) doleE Ao W

sstglolE e JRrdn %FA*&‘M 5?4'5?} 71%—% Akt o] 71
ole] AEd FTFH wEtdloly #e], 2) Zt Al wEtdolE #g, 3) #SHe @

#53} 7ee Sote] dE Holy dg B #e Ve 5ol EEH U

ANTOS Data People Equipments Protocols About ANTOS

The Antarctic Near-shore and Terrestrial Observing System (ANTOS) group aims to establish an integrated and coodinated transcontinental and trans-regional
environmental surveillance system to identify and track environmental variability and change at biologically relevant scales, and to use this information to inform
biological, physical, and earth science studies

More

Survey for the Antarctic Near-Sh..

The SCAR Expert Group ANTOS (Antarctic Near-Shore and
Terrestrial Observation System) is a continent-wide
biologically.

Goals of ANTOS

Goals of ANTOS: ANTOS is being designed to be of interest
to all national programmes. Its goals are to: Establish an o..

About Antos

The Antarctic Near-Shore and Terrestrial Observation System
(ANTOS) is a biologically-focussed initiative to coordinat.

Figure 7. ANTOS € AIO|E
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* title Velocity
Standard unit meter per second Symbol m/s
Edit
Unit Symbol Conversion to the standard unit Conversion from the standard unit
kilometer per hour km/h x*1000/3600 x*3600/1000 Edit Delete
mile per hour mile/h x*16093/36000 x*36000/16093 Edit Delete
knot kn x*1852/3600 x*3600/1852 Edit Delete
meter per second m/s x*1 x*1 Edit Delete

[ save | Add line

Figure 8. £ &=9| Ciygt &helet HHelzh #H

o
=2

Continuous Data Soil Water Air
title standard unit (symbol)

No Title Standard unit Allowed units

1 Velocity meter per second kmv/h, mile/h, kn, m/s [ Edit | ool |

2 Temperature degree Celcius °F,°C,K mm

3 Pressure pascal Pa, bar, natm, patm, matm, atm, Torr, mmH, psi [ Edi | ol |

4 Relative humidity percent % [ it | ol |

5 Light intensity lux Ix [ it | el |

6 Luminous flux lumen Im m m

7 Luminance candela per square meter cd/mA2 mm

Total posts of 7 / Page(1/1) n

olr

Figure 9. &l &tz 7|
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Continuous Data Water Air

item measurement ‘
Sorting Order :

Sorting Order Item Measurement Standard Unit Unit Conversion Table

(] 1 ™ total nitrogen concentration in soil % chemical concentraion in soil (wt/wt, Standard Unit: %)
[T]] ) TC total carbon concentration in soil % chemical concentraion in soil (wt/wt, Standard Unit: %)
[T]] 3 TIC total inorganic carbon concentration in soil % chemical concentraion in soil (wt/wt, Standard Unit: %)
o 4 TOC total organic carbon concentration in soil % chemical concentraion in soil (wt/wt, Standard Unit: %)
(=] 5 C/N ratio Carbon to Nitrogen ratio Ratio

(] 6 Salinity concentration ppt chemical concentraion in soil (wt/wt, Standard Unit: ppt)
(m] 99 Ba concentration ppt chemical concentraion in soil (wt/wt, Standard Unit: ppt)

100 Soil Temp temperature U Temperature

= 100 Cr concentration ppt chemical concentraion in soil (wt/wt, Standard Unit: ppt)
(] 100 CaCo3 concentration of calcium carbonate in soil % chemical concentraion in soil (wt/wt, Standard Unit: %)
(m)] 102 pH hydrogen ion concentration exponent pH Hydrogen ion concentration exponent

(7] 103 Sr concentration ppt chemical concentraion in soil (wt/wt, Standard Unit: ppt)

Figure 10. ELEN 2=

o

= UBE
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A 2 A LAPES DB} fJrjolE FX
Development of LAPES database and website

1.
Figure 1. &3 X929l 2=# 3} (1957 - 2006)

A Aede FHaE WlAE gudon JEussl w2 dojus Aeen
(Figure 1. FHE o3k F9 24 AL FHajde] Gag wola thara 4ol
g S EAGE Aot o] Ao nAnTS Tgetel e, oA},
G, S%aol, of2dEy, ekl Eos, A% v 9% Am 5 e el
ZNAE =Gty G A s AFE I Folvh 7z} vkt AE A WHEE =
UE 87 fs A== afe] s low Ao 33 Zloj&= 7} vefe] A3
Ao wegl 2 2ol S A3 Yok e AFAEY] AFUEYAE FA ] 98k

LAPES(Linking of Antarctic Peninsula Ecosystem Sciences)S #A|¢tsliar 20161
SCARE 9] + /MAE HAAE &3 ozt Aote] s w2 A4 7|7t e A

gelstaith. ATAE] HEAAZ st “Eaty] e ATEEd ATAR
g TRl fe 7inke]l da sttty LAPES dlolEHlo]2=9} EHo]x= o]e]g A&
27g8t7] fjsto] JNEslglth vlolEE welety] A 2} doly d4 F Ui
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o] glo]gHo]AE ANTOS dHolg o] ~9t 43+, Z=duel Wyl & 835 =
ANTOS®} ¥/l e A5 S5 #Ysta 4T F JEs HEe] FHo|xE A}

ATt

2. Ax 2 Py

7b. HlolElw o] 2= Al 2~g] st
A et 2A5 &

°f g T deolyo #YE T RE =

3k

L Z ol A i

e Al E i o s LAPESE FvoA & ez Adsiddn. daiteE

ez =89 oA dolg F ANTOS ol F§3 dolee 2% Hdxe b

= B4 glo] 2 E ANTOS F#H oA A =EHES 7]|5& T4

A4 AYe FolelAl $Ean AL Fohe] AFATE THI] AT 7]
5o s

3. 231 ¢4 9

ANTOS(Antarctic Near Shore and Terrestrial Observation System) H|o|E H|o] 2
Al 22"l S o] 83}e] LAPES(Linking of Antarctic Peninsula Ecosystem Sciences) H]©]E
#e 75 2 EFH X E et th(http:/lapesdb.org/). ANTOS} LAPESZe| <14

olElS] B4} welge] B2 2] Wi BUY TRIYL FESE U BA
9e Ao BUHh ANTOSE HEdolee F45 V% H8§ Astel u3d A}
&5 ik ANE EERRT ST AHESHES And etk oo wa) |
AAOE G ATAES AN ATRAN W T Fulsk P AHgHA o
F& Fdsta dnh ole @ HS e W o B g g3 949

s
A1 LAPES tlo]g o] 29 ANTOS Hlo|EHol~= g &
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LA P E S Data People Equipments Protocols About Lapes My Page

#  People - Expedition Story

Expedition Story

Map | &8 From | date To | date Researcher Locality
List Map
TOTAL7 (1/1)
No  Researcher Locality Research topic Co-researcher GPS Date E-mail
1 goheungkim antarctica field research 82° 48" 43.055 $/179° 9' 46.18800000004967" W 2017-12-26 ~ 20180224 ghkim@kori.re.kr
2 Hwanggh  map map 86" 42' 53.783999999994876" 5 / 52° 58' 59.664000000007604' W 2017-12-09 ~ 2017-12-05  0507@coreit.co.kr
Kimij road test ex 81° 31" 13.619999999988295" S/ 27° 12 4.067999999996914° W 2017-11-30 ~ 2017-12-01  7755@coreit.co.kr
4 Hwanggh  home test map1 62° 13 58.90799" S/ 58' 45’ 7.02000° W 2017-11-01 ~ 2017-11-30  0507@coreit.cokr
Hwanggh  home testmap with 62 12' 46.54800" S / 58° 42' 33.73199" W 2017-11-01 ~ 2017-11-09 050
6 Hwanggh — test test hah 67° 29 28.39199" S/ 61° 44’ 2.07600° W 2017-11-28 ~ 2017-12-04
Hwanggh  seoul  Lichen diversity, lichen ecology hong 62° 13' 12.93600" S/ 58° 43' 59.73600" W 2017-11-01 ~ 2017-11-23  0507@coreit.co.kr
Creat

Figure 3. LAPESS| H2& &AL
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