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Microbial ecology in the sea-ice zone
of the Amundsen Sea
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SUMMARY

I. Title

Microbial ecology in the sea-ice zone of the Amundsen Sea

II. Purpose and Necessity of R&D

Long-term shifts in bacterial parameters have a potential to provide
the best warning system for global environmental changes. Therefore,
it 1s particularly  important to measure bacterial abundance and
metabolic rates  and its physico-chemical and biological controls in
polar ocean to better understand any shifts in biogeochemical carbon
cycles. This study is to elucidate the role of bacteria in controlling the

function of Southern Ocean as a CO: sink related to climatic changes.

III. Contents and Extent of R&D

During the Amundsen Sea polynya expedition from January 31 to
March 20, 2012, we investigated the vertical and spatial distribution
and shift of microbial communities in the sediments of the polynya,
ice—shelf zone and sea-ice zone, and then elucidated ecologically
importance of the microbial communities controlling for the
biogeochemical cycles. And, we investigated the correlation between
Chl-a and bacterial abundance in the water column of the Amundsen
Sea at 2016 to elucidate the role of microorganisms in microbial food

web and biogeochemical carbon cycles.



IV. R&D Results

The sediment of Amundsen Sea has distinctive microbial
communities distinguishable from other polynya in Antarctic and other
marine sedimentary environments. The geochemical distribution and
biogeochemical characteristics in the sediments of polynyas and
non-polynyas were in contrast to each other. Correspondingly, the
distribution microbial communities were clearly different to each other.

Generally, the Proteobacteria have been well known as a
predominant microbial group in various marine environments. However,
the predominant microbial group was Planctomycetes in the sediments
of the Amundsen polynyas, accounting for 68% of the total microbial
communities. The proportion of Planctomycetes decreased in the
ice—shelf and sea-ice zones, ranging from 6 to 24% of the total
microbial communities, and their composition were clearly different. In
the polynyas of the Amundsen Sea, dominant Planctomycetes might
adapt to low temperature of habitats and are considered to prefer the
relatively fresh organic matter driven from water column in the
polynya. Meanwhile, sulfate reduction rates were higher in the
sediment of polynyas than in the sediment of non-polynyas.
Correspondingly, iron-, sulfate—, and elemental sulfur reducers in the
Desulfuromonadales appeared higher 1in the polynyas than in
non-polynyas. In the sediments of the ice—shelf and sea-ice zones, the
predominant microbial community was Thaumarchaeota. These archaeal
group might be play a significant role on the carbon cycle in the
extreme oligotrophic condition.

On the other hand, there was a direct correlation between bacterial
abundance and chl-a in the water column of Amundsen Sea Polynya.



V. Abpplication Plans of R&D Results

Spatial distribution on the bacterial abundance and production
obtained along the sea-ice zone, polynya and ice shelf area will
provide an information on the role of the Southern Ocean in
controlling the carbon cycle and climatic change associated with the
global warming in the Antarctic Ocean. The analysis of the
abundance and composition of the prokaryotes in the sediment of
the Amundsen provides new insights into the roles of prokaryotes in

biogeochemical cycles in the Antarctic Ocean.
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Z5E 9 20 cm Zol7HA]l 1 em (FA SR o] ity Ao wol - 801

oM FA A7kA Bkl

el

44 A

ftlo
f

g HAE AR

e
r

o) BU‘/\]- /\] box

o
o
e

A 3

ﬂl

A (Stn 19), 18] sea-ice A

TFo U AE AAH 2 3585 A4S fg Al AlEE 2016Wd%d 9]

!

(A)

Study areas
* Two sites in the polynya:Stn 10
* |ce-shelf site: Stn 19

* Sea-icezone site: Stn 83
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(B)

69°S j
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Ice Shelf [

120°W 115°W 110°W

75°S
130°W 125°W

Fig. 1 Study areas in the Amundsen Sea Polynya (APS). Sediment
samples were collected at 2012-2013 (A) and seawater sampling was

carried out at 2016 (B).
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saon, 29

DNA <+ Nanodrop

nAE BAF ZF

At (Archaea) ] 16S

ol-&3stn o, Al

HHAEZ5Y F29 4 il IA Mt (Bacteria) 2
rRNA genes A @F3st7] $18te] TagMan assay WHS

AF-8-3F primere} probes 9 A7IAMES # 19 YERH AT

TABLE 1. Primer sequences for real time PCR assays of bacterial and

archaeal 16S RNA gene used in this study

Targeted  Primer/

aroup probe Sequence (5°-37) Reference
Archaea  349F GYG CAS CAG KCG MGA AW Takai and Horikoshi 2000
806R GGA CTA CVS GGG TAT CTA AT Takai and Horikoshi 2000
516F TGY CAG CCG CCG CGG TAA HAC CVG C Takai and Horikoshi 2000
Bacteria  331F TCC TAC GGG AGG CAG CAG T Nadkarni et al. 2002
797R GGA CTA CCA GGG TAT CTA ATC CTG TT Nadkarni et al. 2002
518F CGT ATT ACC GCG GCT GGC AC Nadkarni et al. 2002

16S rRNA gene A% PCRZ
gene?t W= HAEANA 7+
A 7] 16S rRNA genel &

16S rRNA gene copy number+

41 9

(Figs. 2 and 3).

archaea™ 15% o] 18 o

rlo

s T8 =24 2 9494

918t standard= Escherichia coli®] 16S rRNA
=2 NE2 AEY Thaumarchaeotadl < 3=
AAsto] o] &akith. A= PCR 2% = Aozl
nAE AlxsE 24kt 7] 9138 bacterias™

e 2 TH(Schippers et al. 2005)

FZ% DNAE 3O = bacteria @ archaea®] 16S rRNA gene?] V5-V8 4
BS SA AWM F e Uni787TF(5-ATTAGATACCNGGTAG-3) <}
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Unil391R(5-ACGGGCGGTGWGTRC-3") (Jorgensen et al. 2013)& ©]&3}]
16S rRNA genes SE%3tth @A7IAE #2412 454 pyrosequencing W&
3 A=A

Ao F7|M<ES MOTHUR 23S F3) denoising HA=S T3l % 48
N HAE AEoA 132914709 d7IMd = AeH Ak 27 29 32 o]lHdd
= A+ ZIE denoising Y &5 Fo AFAst YUERNAT. QIME =
23S o]g3sle]  chimera® AASNCH, HE OTUE F=
rarefaction curve®} diversity indexE A4FeFth 16S rRNA gene®l AlE &

FE QIME Z2 13 9| silva databaseE E3 o] Fo] )

ol

taL,

2-2) &% WAE 29

To 954 av S AEE GEF 2 ZHH @ 7 0% cHES ¥ F
%3k % spectrophotometer (Shimadzu,

_ir_
UV-2401 PC)E o] &3to] EA 38k eh(Parsons et al., 1934).

selgel AX fol AR Sd AFH A8E FTHZ dhsiel=

WAL AEE e T 330 (Zeiss Axiophot)S o] &3] A 1o
™ (Porter and Feig, 1980), A2 ¢ ©4w AxE o 20 fg C& AF&3to] ALk
3t 9 thH(lee and Fuhrman 1997).
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A2d A+ 23 4 B9

1. oA 3] FHHE &4 22

i

Zkol  9XE F  AH(Stns 10 and 179 HAE FIF Y
NOx(NO;z +NOy)¢| k=& #5oA 28 uM= 7H¢ A4 vewer ¢ 5 cm
B2 G243 748t oF 8 pME AEH A (Fig. 2). Ice-shelf # <<l
Stn. 19914+ ZZFANAFH 16 cm Zolol o] 27744 37 pMelA]l 13 uM=

s 7HAE . HhH ) sea-ice A Y9l Stn. 83 AE ETEFHE AZF (16

H(Fig. 3). 4=EwS s F U A
of el 4%+ FFeE Yelth Stn 1094 23504 13 pME HE
Fom 18 cm ZeoldlA = 36 pM=E Y eI, Stn. 17914+ %35 12 pMol A
AZF 12 cm ZoloAE 34 M=z HA=FH A E3 Stn. 19914 = 7 pMelA
20 cm Zolo|A 24 yM= YETE SHA Y Stn. 8394 = RFHE 16 cm
Zlol 7kl 5.3£1.1 uMe| F% HE dASHA dEgol HEHAH. 55 W
PO/ sxt Ul AHoA BT W3l 22 Xk Z3oARE AFHA F4
Hie 2 BEXE BYu Stn. 10004 E ®F 27 uMolA 20 cm ol E 6.6
uM, Stn. 17914 = XF 2.8 uMolA 12 cm Zolol A 4.7 uM, 18] Stn. 19
Mo Al 16 cm Zo]ol A 4.3 uM= 5715 AL, sea-ice A 4ol
% pMell A 16 cm Zolol A 32 yM=Z <zt F7hst . T4
H o] &(Fe”) vt 7 Y A ice-shelfA el A HiFH oz 4404

54 pM=Z YeERdd ¥ESll) sea-iceX| Al M= H 2 pMe] w2 FHHOZ

< F EYY Aol EFAAMFEH ATl o277k

2ok (Stn. 100 053-1.3 nmol ecm® d', Stn. 17:
0.23-0.9 nmol ecm™® d!), ¥FA ice-shelf$ sea-ice A oA T ZoA A=
of o]Z774HA #d3 BEE B FAA ARES FEF A9 (2.8 mmol

m?* dhol 7t obd A9 (1.6 mmol m* dHETF 1.8¥] EA ELSL
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i\

AAE £ ZE X Gt AEH Ao,
ShA| mRko 2 e TH(Table 2).

3z
=

27k ohd A ool A

Table 2. Oceanographic parameters and sediment properties of the Amundsen
Sea, February 10 - March 09, 2012.

Polynya Ice shelf Sea-ice zone
Station
Stn 10 Stn 17 Stn 19 Stn 83
Latitude 73.250°S 73.496°S 74.202°S 71.699°S
Longitude 114.997°W 114.008°W 112.51°W 114.037°W
Water Depth 825 730 1064 530
(m)
Temp. (°C) -1.1 -1.2 -1.5 -1.8
Salinity (psu) 33.50 33.40 33.60 33.60
Sedimentation rate (cm y) 0.180 0.201 0.122 0.134
POC (%, dry wt.) (0-2 cm) 1.17 0.88 0.70 0.55
8"°C(%o0)(0-2cm) -25.62 -25.30 -25.15 -24.86
PON (%, dry  wt.) (0-2cm) 0.19 0.14 0.11 0.11
8" N(%o)(0-2cm) 0.62 1.44 1.39 2.48
OPD (cm) 18 £ 0.1 2.0 £ 0.2 3.6 + 0.1 3.5+ 03
TOU (mmol m?d™) 2.44 3.11 1.58 1.57
Denitrification  (0-6 cm)
(nmolNemsed.d") 1.44 - 432 0.96 - 7.2 nd nd
Anammox (0-6 cm)
(nmolNcmsed.d") 3.12 - 3.84 3.84 - 6.24 nd nd
SRR (020 cm) 0.167 0.151 0.090 0.082
(mmolm™d™)

OPD: oxygen penetration depth
TOU: total oxygen uptake
nd: no data
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2. 83 E&E U AE FEE

v A E-2] 16S rRNA gene @ % PCREZYE AALE bacteria ¥ archaead]
AEFE 01-99 x 107 cells em™® ¥ 2 veEbgth 2E A =&
7t AZzsE 1o, A Zlo] Frbd we} 2 71 Zdasidt
(Table 3). ZgvfF A A Stn. 10914 A prokaryotic cell % bacteria”}
AFA|EF= S-S 89%olA 1 Uw A= archaea’t A8 A W Stn. 179 A
archaead] H]&o] Z7l8to] AA MAE AFEFO 22-41%= 2}A &S tHFig.
2). 3A  ZEur) ofd A Stn. 19914+ archaea?l W] &o] ¢S 715k
31-59% = YEFSEAL, Stn. 8304 &= bacteria®] H]&S X Zyste] HA n
A NAFe Hol 65%7HA archaea”t x4 a A tH(Fig. 3). =, Z2lvk Bl
A<= bacteria®l AEH ToAdo] A ow Fxs =t wbel, vk o] 99
Ao M= archaead AEA FoAdo] FZ= ATt o]+ 16S rRNA gene ¢
71Mg A4 Adel dAlsk= vholtk(Figs. 2 and 3).

o
i
rlo

Table 3. The prokaryotic abundances calculated by the Q-PCR of 16S rRNA

gene in the sediments of the Amundsen Sea

Depth Total prokaryotic cells cm™ Bacterial cells cm™ Archaeal cells cm™
(cm) Stnl0 Stnl7 Stn19 Stn83 Stnl0 Stnl7 Stn19 Stn83 Stnl0 Stnl7 Stn19 Stn83
0-1 1.89x107 4.67x107 990x10’ 3.09x10’  1.67x107 320x107 6.78x10" 2.04x10’ 2.16x10° 147x107 3.11x10" 1.05x10’
1-2 130x107 4.89x107 6.03x10’ 3.06x10’  1.20x107 3.09x107 4.01x10’ 140x10’ 9.68x10° 1.80x107 2.02x10" 1.66x10"
2-3 5.93x107 592x107 3.52x107 3.72x107 241x107 220x107
3-4 225x107 4.76x107 457x107 224x107  2.06x107 3.20x107 2.89x10’ 1.56x10’ 1.84x10° 1.56x107 1.69x10’ 6.79x10°
4-5 9.90x10° 3.45x107 3.82x107 4.00x107  9.13x10° 2.80x107 245x10’ 233x10’ 7.74x10° 643x10° 1.37x107 1.67x107
5-6 1.69x107 3.29x107 3.68x10° 127x107  1.60x107 213x107 208x10’ 6.00x10° 9.10x10° 115x10” 1.60x107 6.69x10°
6-7 116 x10° 3.53x107 497x10° 812x10°  1.06x10° 219x107 3.02x10° 4.08x10° 9.40x10* 135x10” 1.96x10° 4.05x10°
7-8 117x107 247x107 129x107 1.33x10°  1.08x10’ 161x10’ 8.16x10° 576x10° 9.70x10° 858x10° 4.78x10° 7.57x10°
8-9 170x107 231x107 631x10° 1.21x10°  1.60x107 1.49x107 343x10° 3.55x10° 1.00x10° 825x10° 2.89x10° 856x10°
9-10 1.79x107 2.03x10° 851x10* 1.22x107 9.52x10° 4.05x10* 572x10° 1.07x10° 446x10*
10-12  1.64x107 1.66x107 125x10° 325x10°  1.51x107 1.30x107 5.09x10° 1.20x10° 1.37x10° 362x10° 7.43x10° 2.05x10°
12-14  533x10° 119x10° 206x10°  4.77x10° 554x10° 873x10° 5.61x10° 6.39x10° 1.19x10°
14-16  2.05x10° 132x10° 355x10°  1.84x10° 559x10° 1.24x10° 2.07x10° 7.65x10°  2.30x10°
16-18  6.58x10° 5.96x10° 6.18x10°
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SRR DNA Conc. prok ti I
St. 10 DN (M) PO,* (uM) Fe* (uM)  (nmolem®d™)  (ugcm?) rzog;y(?étr:nge) ® 9% of total prokaryotic 16S rDNA sequences
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Fig. 2. Distribution of geochemical constituents(NH,", NO,, PO,*, Fe?) in porewater and sulfate reduction rate and
microbial parameters (DNA concentration, prokaryotic abundance from 16S rRNA gene quantification, microbial community

composition) in the sediment of the polynya area (Stn 10 and Stn 17) of the Amundsen Sea in 2012.
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SRR DNA Conc. prok ti I
St. 19 DIN (uM) PO,> (M) Fe** (uM)  (nmolcm™d™) (ng cm™) rﬁog?gc'ﬁg; S o of total prokaryotic 16S rDNA sequences
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Fig. 3. Distribution of geochemical constituents(NH,", NO,, PO,*, Fe?) in porewater and sulfate reduction rate and
microbial parameters (DNA concentration, prokaryotic abundance from 16S rRNA gene quantification, microbial community

composition) in the sediment of the ice shelf (Stn 19) the sea-ice zone (Stn 83) of the Amundsen Sea in 2012.
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3. X E U MAE T3 ¥ 8 H =4

NS s A4S e FE Chaol Stn. 102] 6-7 cm 2ol A 181524
7H¢ A e, Stn. 839] 14-16 em ZolollAl T04: 7HE WAl drebgth o
¥ OTU 712} Good’s coverage %3t Chaol index®} vZH7FA| 2 Stn. 10914 7}
Z thget mAEe]l AMAstal 9lom) Stn. 83¢] 7HE W gdAAESE AUeE AS
A/ Alek A tH(Table 4).

A AN, F 4871 AlEAA Do reade= HEH S Z 601 bpel A7|E 7}
A, read MFE 13291470, @Y OTUS] 7lE & 9852702 A4t AtH(Table
4). o]5& & 51709 bacterial phyla®t 370¢] archaeal phyla® 2w it 7F4
$-#38}l= bacterial phyla= Planctomycetes, Proteobacteria, Chloroflexi, “1#] il
Acidobacteria®|™, Crenarchaeota’} 7V4 $-% 3} archaeal phyla® YEFSTH

ZEu AAHQ Stn 10914= EFHEH 18 ecm Zo] (F 127 Al=)ollA AEH
457078 2] unique OTU(Table 4)+= 4678 2] bacterial phyla®}t 370 2] archaeal phyla
2 TEHAS P $Ase vAE &

476%5 A o, 1 U2 2=  Proteobacteria(13.9%), Crenarchaeota(9.3%),

S Planctomycetes= A n|BE =

Chlordflexi(5.4%), Candidate Division GN02(25%), Candidate Division SBR1093(2.4%),
Acidobacteria(2.3%), ~12] 31 Bacteriodetes(2.3%)7} $-7 3+

Stn. 17914 4788712 A2 ©& OTU7ZF &A=, o] &2 37 bacterial
phyla®}t 2 archaeal phylaZ U3t 718 s #AE IF2
Crenarchaeota@® 31.8%% YEg o™ I U022+ Planctomycetes(28.6%),
Proteobacteria(17%), Chloroflexi(4.3%). Candidate Division SBR1093(4.3%), 1]
11 Acidobacteria(3%) 2o 2 -5 At

Z ool A Ho]Z ice-shelf Stn. 19914 4,43370¢] OTUZ}F 3670 bacterial
phyla®} 371¢] archaeal phyla® YAt 714 $Hsk= 25 Crenarchaeota®
AA F 501%=  YUEwal,  Planctomyctes(16.7%), Proteobacteria(14.9%),
Chloroflexi(4.3%), Acidobacteria(3.9%) “12]3 Candidate Division SBR1093(3.2%)
£ AAHA

Sea-ice A9 ¢l Stn. 8394 & 3230719 unique OTUE©] 3571¢] bacterial
phyla®} 270€] archaeal phyla® &% 1S, Crenarchaeota’t A % 53.9%=
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drdozr =2 HER  $HEIUT I ol9el  Proteobacteria(13%),
Planctomycetes(11.4%), Chloroflexi(45%), Acidobacteria(3.6%) ~1#]3 Candidate
Division SBR1093(3.2%)7} }E}bytth.

Table 4. Estimates of phylotype richness and coverage for the prokaryotic

assemblages.
Polynya
Depth Station 10 Station 17
(cm) No. of ) No. of )
D Mg Sl awr p N S0 o
0-1 10D1 2397 805 66.4 1238.7 17D1 3156 861 2.7 1322.2
1-2 10D2 3205 958 70.1 1317.2 17D2 2589 767 70.4 13139
2-3 17D3 2743 716 739 1340.9
3-4 10D4 2580 876 66.0 1359.1 17D4 2644 987 62.7 1665.7
4-5 10D5 2894 1014 65.0 1640.3 17D5 1628 705 56.7 14154
5-6 10D6 2316 735 68.3 1200.3 17D6 3526 1186 66.4 1792.9
6-7 10D7 3041 1189 60.9 1815.6 17D7 2844 1076 622 1784.0
7-8 10D8 3049 1159 62.0 1801.1 17D8 2706 1080 60.1 1908.5
8-9 10D9 2973 1076 63.8 1560.5 17D9 2378 792 66.7 14179
9-10 17D10 2398 872 63.6 1418.2
10-12  10D11 1857 809 56.4 1557.0 17D11 3103 1067 65.6 1601.3
12-14 10D12 1713 709 58.6 1392.2
14-16 10D13 2414 939 60.3 1621.5
16-18 10D14 3154 959 69.6 1347.8
Ice-shelf Sea-ice zone
Depth Station 19 Station 83
(cm) No. of ) No. of )
p N M S e D N S Gu
0-1 19D1 2530 849 66.4 1360.9 83D1 3402 803 76.4 11815
1-2 19D2 3002 831 72.3 1423.9 83D2 3480 633 80.4 1124.8
2-3 19D3 5309 1153 78.3 1456.6
3-4 19D4 3269 773 76.4 13259 83D4 2553 750 70.6 1243.0
4-5  196D5 3154 977 69.0 1617.4 83D5 2397 731 69.5 12289
5-6 19D6 4887 1142 76.6 1559.8 83D6 2181 602 72.4 11939
6-7 19D7 3050 974 63.1 1608.9 83D7 2333 734 68.5 1179.2
7-8 19D8 2387 608 74.5 990.5 83D8 1859 620 66.6 1276.9
8-9 19D9 2306 818 64.5 1462.0 83D9 2195 503 771 718.7
9-10 19D10 2516 717 71.5 1239.2 83D10 2121 505 76.2 735.0
10-12  19D11 2961 743 74.9 1126.2 83D11 2587 643 75.1 962.7
12-14 19D12 2089 560 73.2 931.3 83D12 2618 508 80.6 780.7
14-16 19D13 3346 577 82.8 793.3 83D13 3074 467 84.8 703.6
16-18
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Microbial communities in the sediment of APS
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Fig. 4. Microbial community composition in the sediments of the Amundsen

Sea, Antarctica. Sample ID was shown in Table 4.
4, G ol&A 3] HHE W Planctomycetes =3 X4

= ookl & EEuk B FW sl HA= WelAM Planctomycetes=
7V A3k bacterial community 2 FZAFE AT ZAME Planctomyctes+=
class ==l Al Planctomycetia, Phycisphaerae “1%] 31 Candidate Brocadiae=
TEHA}. Planctomycetia= 25 AANA ZZFolA 7 =4 vEryka,
HAzlol7 S7bgkel whel 2L vlso] ZHAEiTh

Ukt 2 Phycisphaerae+= ¥ A Zlo]7} ZF7Fste] wigl 1 H]&o] F7}sh=
oz yelwth. Planctomycetia= &Y Stn.l109A] 53] 35193 (H
) 40%), Pirellulales®l <3} bacteriaso] ZZolA Hd AA vAE +F
o] 336%E AASAT o] T W=7 =4 HAE" A9 5709 OTUs
(539493, OTU15478,625052, OTU2005, 183 OTU21745)= F 719 Z2u
Ao MR AEH AL, Stn197 Stn. 83l A= A9 HEHA eFdrh wk,
Pirellulales W<l OTU 566761 =E& AHolA -3t e

N
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Phycisphaerae® deep branching group$! MSBL9¢| <3}l+= readE< Stn. 10
AM F=A HER HEHo HA MABE 6-36%7HA AA S o
sea-ice A FolA = A HhFE HAEHAHN E2 A9 Stn.l0F Stn.
1714 MSBL9 & WA 7Fd =& Hix=Es= Ad&%¥  OTUs(OTU ID
335567 and 275926)x= H-o o] L& vl %A (Phycisphaera mikurensis) &=
e FATAAR%)E XY™, South China Sea?l AF-EHAE, HelHE Y A3
HAE, gl F=d fxg 3 di5S Age HAZMAM A=H
uncultured planctomycetes sequencess ¥ 99%9] H2 FAHAAE A}

#7144 4=y o} 2ksl(anaerobic ammonia oxidation; anammox)E 43}
= vAE o] x3¥ Candidate Brocadiae:™= Yl 719 FH F Stn.17¢ 4
M =2 &R AEFASH, 9-10 cm ZololA 9.8%<] HI&E AA|ES
t}. Candidate Brocadiaeol <3+ OTUE2 L% autotrophic anammox
bacteria?l Scalindua®| <33T Choi et al (2016)< Stn. 102 1714
anammox rateE 43 A¥} Stn. 17914 © =4 YEES BHAa, ol B
A A3t dA k= wiolt

The proportion of Planctomycetes of the total prokaryotes (%)
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Fig. 5. The proportion of Planctomycetes of the total prokaryotic 16S rRNA
gene sequences in the sediments of the Amundsen Sea, Antarctica. Sample

ID was shown in Table 4.
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5. Proteobacteria, Chloroflexi, ZL#] 1 Acidobacteria

Planctomycetes®] 2]o| + HAZ -3t bacterial group< Proteobacteria
oW, I ¥ Gammaproteobacteria’7} oF&Al 3] ZEvk U FWH Y HAE
W 7bd $H 3= proteobacterial group o2 FAFEATH I T A
Gammaproteobacteriay= Thiotrichales®] <3ttt aH, dwrx oz & 3t

AolA A &g 2 Fad e FAn©) F9E FHsGE WAE 15

o

Deltaporteobacteria®| F+% X3StH Tt Stn.l09 4 HEY Deltaproteobacteria
Z A 3k nAEEo] F&2 £3lE Desulfobacterales?t 7FE Eol HE
Ak = S mE A E S st fU1ES Balsts vAEEe] X
¥ Desulfuromonadales®] 43tE mAEE0] Stnl0dA 7MY =& WESF=
UEla, 5 2% EF Stn. 8394 = AL AEFHA drh dHE BE AH
ol A NB1-j Z&o £&% & bacteria’l =2 W2 HAEFHANL, 53] ol
2 sea-iceX| 9ol A AA Deltaproteobacteria = FL TAYCEZAN HEFHA
.NBl1-j &2 4 6292 mell ¢]=Z+= Japan Trencht] HA =4 A=Y
o™ NBl-j 9714 d& e Al H4=0A HdEd nAEEY =& 7
ALAE A

Chloroflexi= Yl AoNA AA vAE oA HEHORE 4% 702

2 O

ML

AZH AT A F v & 2ol HolA| o class TFLE T
sto] & o FHIEe] o]zt A& HT Stn. 1004 = Anaerolineaecl < s}
+ sequencesE°| T8 Chioroflexi 7342 YEFSEA|RE Stn. 1794 &=
Anaerolineae 719 YERUA ka1 TK17 ZH°] £3t= sequences? H &
o] A3 F7kstaL, bzt obd F A H(Stns 19 & 834 = TK7 1H
3} F Aol SAR202¢] TFAYRES]l =71ste] Chloroflexi®l 8 TFAYUSOZEH
AzH vk A9 Zurt obd A HddA i+ 24 AolE Fslo] B

At
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The proportion of Proteobacteira of the total prokaryotes (%)
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Fig. 6. The proportion of Proteobacteria of the total prokaryotic 16S rRNA
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gene sequences in the sediments of the Amundsen Sea, Antarctica. Sample

ID was shown in Table 4.

Composition of Chloroflexi of the total Chloroflexi seqs (%)
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Fig. 7. The composition of Chloroflexi of the total Chloroflexi 16S rRNA
gene sequences in the sediments of the Amundsen Sea, Antarctica. Sample

ID was shown in Table 4.
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Fig. 8. The composition of Acidobacteria of the total Acidobacteria 16S
rRNA gene sequences in the sediments of the Amundsen Sea, Antarctica.

Sample ID was shown in Table 4.

6.9 oA A9 HHE O TAT 2F

Ae PCR % 454 prosequencing 23 Y= ofEAls] HAHE WolAe=
Crenarchaeota’} 25 AdoA Ao Hsdth E2vk A< Stn. 10914

g A Hle] Aol Al WAE FHNA A s v Eo] HhF
o A A IT120%0)E mAew, e A v tha dEd nAd @
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Hol BFE YT hFrE e A TFEL Marine Group I (MGI) ZEu ol A
alpha subgroupel X &HH o]52 7|FEo| wjYdE dEYol Abst 1AMl
Nitrosopumilus®t =2 < #FAE 2= FFolvh A Stn 1794+ &8
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Fig. 9. The Marine Group I (MGI) archaeal proportion of the total MGI 16S

rRNA gene sequences in the sediments of the Amundsen Sea, Antarctica.
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Fig. 10. Vertical profiles of temperature, salinity and density in the Amundsen,
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Antarctica.
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Fig. 11. Vertical profiles of Chlorophyll-a, bacteria abundance(BA), and bacteria

production (BP) in the Amundsen, Antarctica.
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