
Field Description & Samples

C

0 cm

5 cm

10 cm

15 cm

20 cm

25 cm

30 cm

35 cm

40 cm

 Council, Alaska
64° 50' 60'' N, 163° 42' 32'' W, 50 m asl

North wind or Northwest, 2-6 ms-1 (max. 12 ms-1)

Air temp, -30 – 20℃; soil temp, -15 - 10 ℃

Maximum snow depth; 70 cm in May and November

Soil 
depth
(cm)

Soil profiles

C1 C2 C3 Lichen Moss Tussock
Dwarf
birchPhoto

Character 
color

Surface
undecompose
d litter layer, 
yellow brown

C1-0 C2-0 C3-0

5 cm C1-5 C2-5 C3-5 L-3 M-5 T-7

C1-10 C2-10 C3-10 L-10 M-10 T-10 D-1010 cm

15 cm
decomposed l
ayer, 
reddish brown

C1-15 C2-15 C3-15 L-15 M-17 T-15

20 cm C1-20 C2-20 C3-20

25 cm C1-25 C2-25 C3-25 L-25 M-29 T-25

30 cm soil with ice, 
grey color

C1-30 C2-30 C3-30

40 cm L-40 M-40 T-40 D-40

Conclusion
1. Although relatively low microbial diversity in this habitat was observed, unexpected diverse 

microbes and some indigenous bacterial division such as Thermobaculum were observed.
2. Bacterial community shift was recognized along the soil depth profiles in all sites based on the 

analysis of Bacterial communities and community clustering and different bacterial community 
patterns below 30 cm were notable for further study.

3. The study presented here may extend new perspective for the research regarding the 
correlation between bacterial communities and environmental factors in the high Arctic 
permafrost soil of Alaska.

Bacterial communities

Total 47 divisions were recovered including 20 well-known phyla and 27 candidate phyla, which only have been 
reported from diverse environments. Well-known phyla were dominated through the soil depth profiles, while 
candidate phyla were more comprised in deeper layers. 

Community shifts were observed significantly along the soil depth profiles in all study sites. The relative abundance of 
certain divisions was changed. Alphaproteobacteria and Acidobacteria were decreased from surface to deeper layer, 
whereas Thermobaculum were increased or appeared in deeper layer. Except these significant change of number, 
decreased divisions along depth profiles were Planctomycetes, Verrucomicrobia, Cyanobacteria, Aramatimonadetes and 
TM6, whereas increased divisions were TM7, Nitrospirae, Gemmatimonadetes, Chlorobi, CS, OD1 and SM2F.

Diversity comparison

Community-Community clustering

Using Fast UniFrac analysis, community 
shifts were shown along the depth 
profiles in each site, which were 
coincided results with the bacterial 
community profiles. 

Upper layers and lower layers were 
divided by P1 except some samples, 
while C1, C2, and Dwarf birch were 
clustered together by PC2.

Despite the potential contribution of thawing permafrost soil to the global 
climate change, the research of the microbial diversity has been scarce. In this 
study, we investigate the bacterial community in active layer soil from the 
Alaskan high Arctic based on 16S rRNA genes. These bacterial habitats 
contained relatively low number of OTUs ranged from 397 to 1728 compared 
to the temperate habitats. Although the bacterial diversity was relatively low, 
20 known divisions and 27 unknown divisions were detected. The phyla of 
Proteobacteria (35.2%), Actinobacteria (20.9%) and Acidobacteria (16.5%) were 
predominant. Community shift was observed significantly along the soil depth 
profiles, which certain increase or decrease of relative abundance was 
detected in some phyla. The comparison between communities based on 
PCoA indicated that the bacterial composition was separated at 15 cm depth. 
This suggests that certain environmental parameters drive the formation of 
bacterial composition in this habitat. This study provides new insight 
regarding the bacterial communities in the Alaskan high Arctic permafrost.

Acknowledgement: This study was supported by K-Polar project (PP10090) and Polar Academic 

Program (PAP) from the Korea Polar Research Institute (KOPRI). 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

40

10

40

25

15

10

7

40

29

17

10

5

40

25

15

10

3

30

25

20

15

10

5

0

30

25

20

15

10

5

0

30

25

20

15

10

5

0

D
w

a
rf

 

b
ir
ch

T
u
ss

o
ck

M
o
ss

L
ic

h
e
n

C
3

C
2

C
1

Alphaproteobacteria

Betaproteobacteria

Gammaproteobacteria

Deltaproteobacteria

Other Proteobacteria

Actinobacteria

Acidobacteria

Thermobaculum_p

AD3

Chloroflexi

Planctomycetes

Bacteroidetes

Firmicutes

Verrucomicrobia

TM7

Cyanobacteria

Nitrospirae

Gemmatimonadetes

Chlorobi

Elusimicrobia

Armatimonadetes

CS

WS5

OP3

TM6

OD1

SM2F11

Spirochaetes

Others

a. Lichen: 
Cladonia
stellari

b. Moss; 
Sphagnum sp.

c. Tussock; 
Erophorum
scheuchzeri

d. Dwarf birch; 
Betula nana

 Samples

a. Lichen b. Moss

c. Tussock d. Dwarf birch
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Based on 3% cutoff values, relatively 
lower diversity has been detected 
with less than 2000 OTUs comparing 
with other habitats such as rice field 
soil, tidal flat and Antarctic 
rhizosphere soil. 

Number of OTUs ranged from 397 to 
1728. C1-5 has the highest diversity, 
whereas M-17 the lowest diversity.

No of Bacteria OTUs ACE Chao1 Shannon Simpson

10922 1569 2870.5 2392.9 6.06 0.010 

6839 1725 5483.4 3884.1 6.32 0.007 

7154 1216 2811.5 2207.7 5.87 0.010 

7220 1059 3057.6 2221.8 5.41 0.019 

7447 1346 3955.1 2868.1 5.51 0.024 

7600 952 2140.3 1646.8 5.22 0.019 

5795 1133 2682.3 1959.1 5.82 0.009 

7930 1012 1783.4 1533.5 5.57 0.012 

7097 1282 3039.8 2374.1 5.86 0.011 

5924 1217 3524.6 2532.3 5.83 0.009 

6434 1246 3217.1 2431.0 5.65 0.020 

7280 897 1572.5 1326.0 5.26 0.021 

6125 1083 3008.7 2210.4 5.65 0.011 

6636 906 1981.7 1518.5 5.39 0.013 

7290 1490 3696.7 2780.0 6.28 0.005 

8975 1014 2167.8 1815.5 5.54 0.011 

7534 561 1137.3 906.9 4.63 0.024 

5831 605 1273.8 1042.1 4.77 0.022 

2222 397 909.6 762.5 4.80 0.020 

6709 945 2416.9 1858.6 5.13 0.019 

6798 916 2628.2 1853.1 5.08 0.019 

7316 1254 2573.0 2089.7 6.14 0.005

6831 874 1844.0 1423.1 5.32 0.015

8426 957 1384.4 1400.4 5.60 0.009

2104 444 1014.7 860.8 5.00 0.022

8111 1150 2187.6 1790.1 5.68 0.011

7847 1412 2582.9 2152.6 6.31 0.004

5897 719 1455.3 1179.6 5.31 0.011

8416 512 696.8 685.2 4.51 0.029

7020 686 1025.2 1066.0 5.19 0.013

6038 678 1209.7 1014.9 5.11 0.016

6387 1080 1997.3 1592.5 6.02 0.006

6201 1037 2129.6 1792.2 5.80 0.007

8642 927 1360.3 1457.4 5.43 0.011

4983 737 1655.1 1354.0 5.26 0.014

5498 694 1002.2 949.1 5.19 0.015

5296 976 1923.3 1556.0 5.92 0.006

6884 815 1205.5 1163.3 5.46 0.011

4,698 3563 37093.0 18082.0 8.2 0.0005 

6,054 4348 46597.5 19961.1 8.1 0.0005 

7,800 2092 35512.5 16937.0 7.9 0.0004 
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Bacterial Community Shift in Depth Profiles 
of Permafrost Soil in Alaska

Ok-Sun Kim1, Sungjin Nam1, Hyemin Kim1, Dukki Han1, Bang Yong Lee2, Jongsik Chun3, Yoo Kyung Lee1

1Division of Polar Life Sciences, Korea Polar Research Institute, Incheon 406-840, Republic of Korea
2Division of Polar Climate Research, Korea Polar Research Institute, Incheon 406-840, Republic of Korea

3School of Biological Sciences, Seoul National University, Seoul 151-742, Republic of Korea


