FThe Sea; Journal of the Korean Society of Oceanography
Vol. 19, No. 2, pp. 147 — 154, May 2014
http://dx.doi.org/10.7850/jks0.2014.19.2.147

Free Access

offl
;o‘é
%
:<I>l£
12
i

%
i
2
of
:c|)l_l‘,
o>
=
i
;
Lo,
X
e
4%
rE
ot
rO
44

AR PR B - oA wAE e BT

e ) ool o Y-
ey gt st et
Gl 2= BAPALT2
At A7l
okl |4l shepyE AT
et} Shelegh /1 T
o) 4] YA AR E 4 SlRFCCS AT

Seasonal Variation of Bacterial Community Composition in Sediments and
Overlying Waters of the South East Sea

DONG HAN CHOI'?, BYEONG-MO GIM**, TAE SEOB CHOT’, JUNG-SUK LEE**, JAE HOON NOH>’,
YOUNG-GYU PARK® AND SEONG-GIL KANG’

Marine Biotechnology Research Division, Korea Institute of Ocean Science and Technology (KIOST),
787 Haean-ro, Sangnok-gu, Ansan-si, Gyeonggi-do 426-744, Korea

’Korea University of Science and Technology, 217 Gajeong-ro, Yuseong-gu, Daejeon 305-333, Korea

’NeoEnBiz Co. Daewoo Technopark A-1306, Dodang-dong, Bucheon-si, Kyeonggi-do 420-806, Korea

*Department of Earth & Environmental Sciences, Sejong University, 209 Neungdong-ro, Gwangjin-gu, Seoul, 143-747, Korea
’Marine Ecosystem Research Division, Korea Institute of Ocean Science and Technology (KIOST),
787 Haean-ro, Sangnok-gu, Ansan-si, Gyeonggi-do 426-744, Korea
°Ocean Circulation and Climate Research Division, Korea Institute of Ocean Science and Technology (KIOST),
787 Haean-ro, Sangnok-gu, Ansan-si, Gyeonggi-do 426-744, Korea
"Offshore CCS Research Unit, Korea Research Institute of Ships and Ocean Engineering,
32 1312beon-gil, Yuseong-daero, Yuseong-gu, Daejeon 305-343, Korea

B F BN At vhekst AR gEA w8l Qlojr] Fast Qs Fsta glon, 152 vl uist
AE= AYeAlelA Ale] BR8] 715 olsfish=t] FR3it) i A CO, AT Ae] FRAR] S
Helele] B3 HA = EHHE $1o A% slgrela] HAl A5 7151 pyrosequencingS F5H0] M) AlA A
dds 2ATOoEMN, T3l HAE ATt SAS olslistaat siglth B A EelA= diF-2e] A7l
Gammaproteobacteria’} 9783 WPH | A% dla=ollX= dlphaproteobacteria?t $-7831] T+ A=A Alxte] tlek
A2 & abolE BT Egt & 50 v FA AT AT dlgelAds i) Al7]ell SARIL ZIEel &3t
1= Pelagibacter?} 71§73t Wb | B|Q&E ARoM= Gammaproteobacteria®l &3h= Vg7 &o) 71 7435}

X ©
o
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F o % HAE) A TRl oiek 549 olsish tel Co, AFATAY ALe] Aol wE A7 o
14 9 715 Wetel UE AP AR 2 sielol§9 R L i AR 889 5 9L Rl
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Bacteria play an important role in biogeochemical cycles in marine environments and their functional attri-
butes in ecosystems depend primarily on species composition. In this study, seasonal variation of bacterial
diversity was investigated by pyrosequencing of 16S rDNA in surface sediment and overlying seawater col-
lected in the south East Sea, planned for the site of CO, sequestration by the carbon capture and storage (CCS)
project. Gammaproteobacteria was dominant in the sediment in most seasons, whereas Alphaproteobacteria
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was a most dominant group in the overlying water. Thus, the bacterial diversity greatly differ between sediment
and seawater samples. On the genus level, bacterial diversity between two habitats was also different. However,
the number of genera found over 5% were less than 10 in both habitats and the bacterial community was com-
posed of a number of diverse minor or rare genera. Elevation of CO, concentration during a CO, storage pro-
cess, could result in change of bacterial diversity. Thus, this study will be very useful to access the effect of CO,
on bacterial diversity and to predict functional change of the ecosystem during the process of CCS project.
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aF E Aol At S tdE Kol A wAdEe]
55-85%7}F EAGR= Z1 02 oKt Whitman ef al., 1998; Torsvik
et al., 2002). o5 "= FAehs f7lES Zelsto] Alegt
AlA AT BA wgkel A v FQsh oS o ik o)
Az 9 G 59 Fo Ar59 AAHLA SRIE F27 )
oo S AoF dEA] th(Henriksen 1980; Tiedje 1988; Ward
1986; Arrigo 2005). ©|21gt Alxte] BAIsFeA 752 Z42te] 3t
ol Foeh= Alete] S B A B3t FR8H, o= Ve
50 T F AEAlS] ARl A sterA wHde Aske A
o7 oA webA, Aol thedel tigk olsl= Alite] A
A58 7sA S-S olaliahr] 913 R 0% 1AHn o]
2k Tl ek, felvet 7 sele] E7 7oA
Alete] vefdell thgh A= wilg- AlgHAol (©] &, 2001; & 5,
2010; Lee et al., 2013), t PCR-cloning-sequencing 5 <
Fall A ek HE A7 IAG A dew 1
28, Anjgo® ] A7IAEe Aol Zhssizlom, o5
3 uAE teldel st Ax 212 Auso] dojxa Stk
(Huse ef al., 2007; Roesch ef al., 2007; Acosta-Martinez et al., 2008).
olefgh thFd7 1M 42 allF mid= ol e o]
Aog ke WA-ES 2 F(rare species)©] ZAISH, Mt o}
oFdo] mhe- 22 WEyick(Pedros-Alid 2006; Galand et al., 2009).
olefdt A¥l= mAES] TS olalieh] flaide B e
A7IME JEIE desh, AEZR EE glolHE] A= vl
T AR g JERE G& 5 O 2 E pyrosequencingh
22 U 71 A4 S A8 oS AR

FUlelM= i) TS o ® 3t ojilsheka AFA%
714 (Carbon dioxide Capture and Storage, CCS)°| 20201 ©]%
Agsls HuE A ok A Cox kst djA A5
Tzl AsEEtE CCS AR Y B 71491 A1 d sk
T2 WYPoR Qs A Ccoyt sk R = 7
o] EAstH(Monastersky, 2013). F&% CO,= th7]el vls| &
sto] =gjan sre] ghekA] BEAE WA ¢ glomw 414
o= aiF e 9 AAsiAlel sl JeiE 2 E 7sAdel Atk
olE =9, T 7o) A9 WskA o= Alalell AAleh= =
o2 FEE COell 23t pH WSlE Q& 79 82 pHY}
0.1 F&ErE el fofst gelAlQl s s F dvhs a7
A7} 901 (Seibel and Walsh, 2003), ATH2 02 pH WHale] 2 2
ok A_k A=) Aol pHZE 1.0 oV w4 WstsiA

&S S 4 tk(Knutzen, 1981). WebA, CCS A &
2 go A 37 9 AejA Q] BE fx]of ZPEd wES 7
=ojof &b, ofo] thgh $bg FhA] ZE o] Qs wbA,
AT HE oPiksheAs UATA s Ao whaie
B3l S (MLTM, 2012)9] 3%F w]dE 54 gfeks fJal
gaisict. i a2 35 HAER 2= 219 AT el
A1 A7 71HQ] pyrosequencing= &3] Alte] AEA ook
& sl Bl EAE Al 54 olsliska, gk ot
shekAh S FAGAI Sl Rael i Alete] vl W 7)s
WskE Frkslbr] 918 AR AAs s gg-staat sieich

LT

ATt ol R A7

ol g} Q12 20129 4€el] 500 & 9] olitslgt
2 AT A% 7Fs8 A9 o7 R EJITHMLTM, 2012). ¥ <
TollAs M X2 Tl X3t 271 FHE AAdsie] =
AYeFaATHFig. 1). ZAF 43R0 47 K012 K02 5+1¢] ©F 160 m
9} 140 m= B3 kst BAANE Zh= dfledell YXIsIglth. AL
o] B AE2 24 2ol U7 242t 83~99%9) 0.1~9.9%%
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Fig. 1. A map showing the sampling stations.
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sl W el EAET AT el Akt 1Al 2 APdE ws A

skl AP e SAE HERSIY. AlEs 2012d 59, 9¥3t
11 3 20134 280 AA F 43] AHslo] AEH MsS vet
3tz sksiet.

AZ 7F  DNA =&

MRS ohey 42 EAEY R ERRE < S m flel Qe
A% 3l Alsel s 3= HHES An)X WTlE o]
o] 773(Smith Mclntyre Grab, ¥ 2] 0.1 m»)& ©]£3} |
el oM, %5 0.5 om EAE-S UerE 50ml Z2RAE FH
Yol W Basigint. siee U AF71E ol 8ste] Agst
%01, DNA 45 93l 84 215 0.2 um 2o 2] (cellulose
acetate, A5 47 mm, Macherey-Nagel)?l] oJ3}$t & oJ3x|&5 1Y
(=70 °C) B3I}

EXE 4 45 A58 DNAS FastDNA SPIN kit(Cat. No. 6560-
200, MP Biomedicals)& ©]-&3to] F=3I31t). 2013 2€ A
K019] 575 A8 5% DNA 9] Bx] oo} FA49%]z] ol

16S rRNA FXXI2| pyrosequencing 3! 7MY &A1

A2 Tl #2498 918 16S rRNA 8412 vi~v3 F915
PCR ZZ3t & pyrosequencing W 02 A|AA ARE AT},

F¥-g 918 Zejoln) 9 PCR £73:L Chun er al(2010)7

dob U &

A939] £ GS-Junior ¥ GS-FLX Titaniums ©]-8-50] #-4]
S35k 2-87112] Al=E 4]°] pyrosequencing A&

, & 73] pyrosequenincgS FHEITE AR reads= WA Al
AAER] A DA @570 7F5A0] Y= readS AAFIAL. o)F,
H|5o|4 0% T2 H readsE A 3T} homopolymer Jeon

Alte] 5355 2212

Jeon et al.(2013)9] W ol Wit} Pyrosequencings E3F 471
A2
sts1om, 217} T barcode 57148 21 Zefo|HE o] &3}
HAE s
=

| 50122 barcode®] A71MES ol gsto] A5 R et
, Aol7F ZAVH300 bp ©13h), 270 o1de] N& E3t read=
7} readsoll Al ZElolw A BES A A} 21, Blastnd}
EzTaxon-e HoJE{Ho] A o]&-3lo] Ble2|o} 16S rDNA ©]2]2]
et al.(2013)2] el wet wAskgion, F718 o % PCR ¥4
oA AdE 4= QJi= chimeraE Bellerophon®] *H (Huber ef al.,
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)
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o) iy .
Z 2000 — vz -
(_,;2_:‘-.:’ -
0 —= T T T T T 1
0 4000 8000 12000

No. of sequences

149

2004)2 o]-&3ste] A|A At Z

EzTaxon-e HIoJEIH|O] 28] AlF4 &7 YR} ‘pairwise global
sequence alignment’S- ©]-8-5}01 54 =/ Th(Jeon et al., 2013). A=
97% o142 FANEE Zh= Al EAES 9] OTU(operational
taxonomic unit)= J 2313101, A7 Alo]2] thekdS vl
S8l A =2T 2,181718] AAAE FAE FE3t] AR T Al
B0 45 EF3)sISIT). Rarefaction -4, Good’s coverage, TF
A IR)4=(diversity indices)?} F-5-5-(species richnessy= Mothur
packages ©]-831o] AAISIATH(Schloss ef al., 2009). Al It TF
o] ZJol= CLcommunity™ (http:/swwwchunlab.com/community)
2 73of|A] Fast UniFrac €3l2]5(Hamady et al., 2010) ©]
&3to] EAEIITE 2 AFelA Polxl AJdA AR = NCBIE
SRA dJo]EJH|o] X (accession number, SRX528300)°] 555153t}

7 AR BREA B

iy nE

Pyrosequencing X}22| 54

Z 15702 AEZRE 103,671702) AlAA FR7} dojFtt. A
7 F Ao AL G 2,671-13,06470 HAGE T 6,91170)%
sufe] zpol = LERATE 7F AR EelA @7 de] H dole
442482 bp S Ko AP A= A o= ot Slol
AAE FelE 378 Bt 5-18%2] 71 Go] A AL HEH
o7 dojx A7 16S IRNA F-H1AF A A2 F= A8 o
2,181-12,58471 WSS B}

R A we =0] A|AAT7} DR = E7-6}aL, rarefaction
Aol OTU 4= thFEe] Aol fojzl A2 4o u}
g A HH 07 Frlshe e UERZ e o#3t HEe F
g o IA VERKFig. 2), AAIZQ At v st
7] YEiAE 8 9 B2 £E AEAE Fert ole Zle® u)
o= giTt,

L EF ST (richness) % CI2MM (diversity) X[
AR 2 ol 714 E F79] zlolel] gt vl ] HARE A
A7) A3l 2,189 7IAEE TR 5T F M &

6000 — Rl T
e Pb-Bed
Stn K02 — = e
d < e May-Sed
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Fig. 2. Rarefaction analysis for the sediment (gray) and seawater (black) samples. The curves were generated for 97% similarity levels of OTUs.
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Table 1. The number of OTUs, Good’s coverage and diversity indices obtained in each sample

. . Good's Diversity index
Habitat Date Station OTUs Coverage e Chaol Shannon Simpson
May, 2012 KOl 1491 0.42 22238 7777 6.93 0.002
K02 1468 0.45 11954 6667 6.97 0.001
Sep, 2012 KOl 1102 0.63 4929 3146 6.41 0.004
‘ K02 1225 0.61 5255 3020 6.76 0.002
Sediment
Nov, 2012 KOl 1405 0.48 12475 5783 6.88 0.002
K02 1353 0.52 9473 4518 6.82 0.002
Feb, 2013 Kol 1197 0.59 7070 3589 6.60 0.003
K02 1246 0.56 9045 4337 6.67 0.002
May, 2012 KOl 694 0.78 3716 2004 5.42 0.014
K02 752 0.76 4489 2531 5.61 0.010
Sep, 2012 KOl 378 0.90 1202 764 432 0.046
Bottom water K02 363 0.91 926 685 4.46 0.038
Nov, 2012 KOl 343 0.93 724 572 4.49 0.032
K02 485 0.89 990 787 5.04 0.023
Feb, 2013 K02 296 0.93 747 512 421 0.043
A2 s 2ol OoTUY 4= H&EelA 1,102-149170 100
2 A #Felx e 296-75270 Btk 2-4a744] Bk TH(Table 1). § s
Ao Folxl G Dol alld Awe] teide At g go Py
SH=A5 UERIE Good’s coverage= A1 EolA] 042-0.630.% & | '§
A% ol M el 07609308 0F Shgkom(Table 1), Wlwd e § 3
T AAAE A& 5 9lis pyrosequencing HE A83%E G | 5
o Brshn DA e sl Adse 5h % 8 5
B 9 A0R vebdeh F FHEE el ACECh  § Y s
and Lee, 1992)9} Chaol(Chao, 1984) 421 RE A7]e] §74] 3 | 2
2ol st 109 oA ol MABON Wi ke T E g 20 s 8
Fog 2t 102 F4%% o9, Shannon THFA A9t B S x
Simpson T A5 BE HAZM & TS 2= 2o & 0 =
= UERdth(Table 1). A7 oA FaE AFelA % ek SESISTEE SFSESEEE
©19] S3olx] 97%2] A7 FARE V1N Pl oTU) May Sep Nov Feb  May Sep Nov Feb

FE W AERE 2 AT At HAEA Bzl 691 A
To vls)] WktH(Zinger et al., 2011).

FAEofA 2 =2 ThdS AA 5 2AolA 1% 1wk v
HAAE&S 22 rare speciess 2] 2 HE w2 TetE gl
A &4 o]F rare speciest WA T2 96-99%35 AFAIEF3
o, A& T 60-80%= sk, AF EllelA fojxl
95-97%2] F5 & 31-57%2] A&l vl3] =3chFig. 3).
o] w] shfo] A|FATE 2= F(singleton)0] E &Y A5 sl
A& AA FEollA AR TR B2 ZH 39%3) 37%5 Ko,
ol TRt AlRe el HER 50% 7FEe] #k(Zinser et al,
2011) Ko} tha ko) o] sk =2 rare species®] 7191 %7}
afF FgolA] Atz o2 vehdS AXsISIT

HiE|2|o} ZEo| AISEFEA CIMM

EzTaxon-e H|OJEJH|O] A5 o] &3k AJFAS] AlE 412 F4
E7 AT sllpollA Qo AlEAEC] 24 14108 70719] 7
(class)el] &3l ¥l 2] & oS 2he Zlo= el (ks
HAAD. SEAIRE, A & Al5elA 5% oY e A HAE

Sediment Seawater

Fig. 3. Relative abundance (gray bar) and relative number (open bar)
of rare species in each sample. Rare species was defined as species
found at a frequency of <1% in each sample.

N Gammaproteobacteria, Alphaproteobacteria, Deltaproteobacteria,
Flavobacteriia, Planctomycetacia U ActinobacteriaZ 6713104,
A% dFANXE Gammaproteobacteria, Alphaproteobacteria,
Deltaproteobacteria, Flavobacteriia 9 Actinobacteria S7NE VIEF
v BA&E Vel Planctomycetacias A|JsHA 7F ollA 9
T 259 RIS T AAACA A9 FAEIT A, o]
5 o] AR HlE EH B4 72-80%, A% el 81-
91%E AFAsto] o5 ALeh thte] b2 wihg s HjER
3 THFig. 4). AlRt TFFA FEE A7] 9 A A Ao ek
4 2olE YERNSIYY. Gammaproteobacteria= 58l A% 3l
T(53-64%)%} T A1712] E 215 (18-48%)A 71 $4leh= Allat
TJE0 = VRt ¥ A% il 29l diphaproteobacteria
7} 68%% 2A8F] 18%2] HIE-S Kl Gammaproteobacteria®ll
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Fig. 4. Heatmap showing the percent relative abundance of major
classes found over 5% in at least one sample. Dendrogram was
obtained using Fast Unifrac distance matrix. Largest circle = 68%.

H|gl €53] ol 5¥vh= tj2dQl BES Hlrk 1 vk A7)
A% Alphaproteobacteria= 27-43%%] U&= LJERL, 25-30%2]
HE-& B2l Gammaproteobacteria®l VI3l FARBEAL Tha =&
AeFS Btk a2y, HAEAE S AR-S0] A5l v
3 Skl B8, Gammaproteobacteria?t B2 A71°l 7}
A A5k 1502 YERTE. dlphaproteobacteria= 514
18-68% W &S Hoj BAE(4-13% W3]l vl 53] =4 o
EltH(Fig. 4). Y522 Deltaproteobacteria’t B 823 A%
el 242t 8-18%9} 1-18%2] HIER S-H3I3AT}. B2 EolA]
o529 AEA Woli= A4 ko, A% el E 293 59
o 1-2%2] W2 ks W2l Wb 993} 1190l 8-18%% H A&
oM e}t fAkeh HlE-S YEhlo], ellA A2 Wol7) aA v
EFSATE UREA O 2 g]ofe] HlE| At oA 1§ 2 HIER
Yeh= Ao R AHF Flavobacteriia=(Zinser et al., 2011) &
AZoA 3-8%2] BlES H3om, AT dllrelr= 4-15%2] B
2 Yehd, dlgelA] tha 2 H9E 2o, 59 A% 3l
T 7-15%F Ashd H4ET AR HeE veRloh fAF
SH Actinobacteria®| &8R= Acidimicrobiiax ¥X=3 A% 3
FollA 27} 2-6%9} 0.3-5%2) HlE&E F33le] A5 dielA o
4w HE Helov, 593 29 AT 3l AlRA Y W
e ALlskA A% sl BAEeA fAke vlEE Edssict

SFAI Y Planctomycetacia, ¥ FA 7} $li= ‘EU374107 ¢’ <}
‘SAR406_¢ IF=S HAEH el FHlo] 7EEE FE
FE YEFAYY. Planctomycetacias B 82014 3-17% B $12
HEE BE A g £33 vhd, sigeld e ndE-2% MY
2 EA BN AR LEE eI fAFSHA EU374107_¢
IEE HAENA 4-10% HHAE vlwA =A vERd vhd, A5
grellr= s HAEEA Yot HAEol SolFQ FE S
e oleh= tixA o7 dYF T U AT el 2 vlgR
=33l ‘SAR406 ¢’ 1 (Gallagher ef al., 2004; Pham ef al.,
2008y A% dlellAl 0.2-8%% YERE O EFEeA = A2
UERFA] okttt old et EA & AT dligrellA] EEE Al
ZAJZ Fast-Unifracs ©]-8-st HEITIFY EA o= vEbst=T

(Fig. 4), A% 3llrsl H4E Asse] 242 59549 I15°0= &
of Allxte] 3] /o] - AMAIA A FElsH HES HolF
AUTh(Fig. 4). T8, wlEFRd A 0lA s92] B =3 A% 8
T TS A oE A9 ArEEE B o] vl
tl(Fig. 4), 52 #A tiiido] 49el dof-e 112fahd (Kim
2006), FF o 2N thFe f71=2 37T AvE AT AR
ek, AAR g5l f71es 37V W, Gammaproteobacteria
o] u]go] Z718t Hal(Teira ef al., 2010)2} A1 EZH=1E2] thi
A7l Flavobacteriia?t %2 0.2 Z7Fstt= 7-(Riemann et
al., 2000; Fandino et al., 2001; Pinhassi ef al., 2004)5 1L2]3HH,
A dlgrelA 5ol AFo2HE Y f7]lE FHOE & 7]
= 55 AS3H= Gammaproteobacteria®t Flavobacteriia®] W]
o] o Al7lel| visl S7Fsk Zlo s sfebdnt. Ty, FHAE
o5 5€ef o5 179 T7R= FHsk Ak, ole =
FTEH BT A2A 540 Al w4l ¥ & 4% glo=w
2h2381907] whito 2 ALY T1gel: Bekal, sE9 EHHE
A7d-E T A71gE 8 EE ool vehd, 759 ik o]
AZE] Alat 2730l S viHeS APt ol et 42
T APl ost 1A f71ES olgAdo] sk EellA
AA AE2 thelddl 7 Tast A Q1o R AAZITR= 7]
= (Levin et al., 2001; Rex et al., 2006; Ruhl et al., 2008)=%
Sz =it

A EellA ] v s VISl thekdt &
Aof|r] 3 Aol e} tAZ FARISITE. Gammaproteobacteria
© AT TR TReFst al 9] EAE Al 7P sk
TSN Alphaproteobacteria T 2.2 $83K= 2102 Bl
E]?i.ﬂ(Zinger et al., 2011), 3k Gammaproteobacteria= e
alel tap Zole] HAE, BAF} WEepgere] s 54
=M% 7P Aleke 25 2% e TH(Polymenakou ef al.,
2005; Kouridaki et al., 2010; Zhu et al., 2013). Alphaproteobacteria’=
Hallo} 2|58l e] Akt Aol AEEF A= thid Al7] B
HIJeF e =2 &2 Eddhs Al O =2 Roseobacter 1357}
SARI1 ZI550] A} 9)oke] 7oA -438te] Yeh= 3o w
&2 5 © U(Alonso-Saez et al., 2007; Sapp et al., 2007; Feingersch
et al., 2010). ‘FZ =32 EHHEo A= 520% W] vlEZ
Gammaproteobacteria Btk 8% W& W] &S Bo(Zhu et al,
2013) & AT- 3] H3E BT FARISIT 7 ATtelA] B
2ol Gammaproteobacteria, Deltaproteobacteria, Planctomycetacia
Ul Actinobacteria?t 72 2.2 981, o= WElElol 152
Ak W AR B ASshe WS TEIVE U SHIA
3} g E E3ska glo] Zlole wE Ak BE T
Hi7} 24 Mslehs o] iAoz F A33iql] Wiro s
o AZI K Zinger et al., 2011).

£ (genus) TF0AM2| CIAFY M=}

AT 7IRE B HAEY AT #le g AR ol delA 5% o]
Ao vl gz F3 58 177012 el th(Fig. 5). ZF Al Bl
olF ol Alit TN AABH= HlE2 EAEolA 13-32%E
wolom A oM 45-69%F AHA|EI=T], B2 EollA
S B2 QoA At vhel o] Alre] 2 vkl 7
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Fig. 5. Heatmap showing the percent relative abundance of major
genera found over 5% in at least one sample. Dendrogram was
obtained using Fast Unifrac distance matrix. Largest circle = 53%.
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