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Phylogenetic diversity of marine bacteria dependent
on the port environment around the Ulleng Island
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ABSTRACT: Pyrosequencing of 165 rDNA tags was used to obtain the bacterial diversity and commmunity structure in the uncultured
seawaters as well as in the cultured seawaters, which were collected from the 7 ports (Cheonbu, Hyunpo, Taeha, Namyang, Sadong,
Dodong, and Jeodong) and 1 seashore (Guam) around the Ulleng island, Korea.

Alphaproteobacteria were the most abundant group in the clean seawaters such as seawaters of Taeha and Sadong ports.
Gammaproteobacteria proportion increased depending upon the wastewater amounts mixed with the seawaters such as seawaters of
Namyang, Dodong, and Jeodong ports. The genuses of Alteromonas (from samples of Cheonbu, Taeha, Guam, Namyang, Sadong),
Shewanella [from sample of Jeodong), and Vibrio (from samples of Hyunpo and Dodong) were dominant group in each of the cultured
seawaters incubated in marine broth (Difoco). The results suggest that the incoming wastewaters to the port seawaters contribute to the
dynamic change of the marine bacterial community around the Ulleng island.

Key words: bacterial community, port seawaters, pyrosequencing, Ulleng island, wastewater
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Khang, 2014), %=419]0] HALE 2 QRAst= blo]| Quj A
(Lambert ef al., 2009), -8 A E-21 polycyclic aromatic hydro-
carbons (Montevecchi et al., 2012; Sinaei and Mashinchian,
2014), ZAEIRE L 351= A&F22d)|7](Van Cauwenberghe
etal.,2013; Cozar et al., 2014), o] A& M H 1E(Arthur
etal.,2014) So] Yelo] Ela itk 42 SUH AT &
452 ugzo] ofaA] HaE|qk Y4t uieiol A A4}
HFu S SA10 EdmgE vlshd o9 2454
3lel= 50| 3A) 13 Bengtsson-Palme ef al., 2014).
Ftoll= sligtell A x| RuhA| Al &= ¢l ske] A&slapLt
sPe 22 e o] vitkE HA FEEA Sk
7t 299 7sAl o] f oA tiMceQuaig ef al., 2012;
Chae et al., 2014; Zhang et al., 2014). S-*] 2] &3}~ 514
wrb el SR Sol A o) 1At ole] S st Zbeh
of m|AE2] o) FAE Eshe & Sl el A o UHE <
&FS- | Xt Von Glasow et al., 2013). 3|42 L. F o =2 Qs
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S A e A o] WSS U E ] ffsiAl= Al 714] #io)
L} 3 Qo A e s B 2] 3 u| g B0 W 2 BAEEAL
(Scott et al., 2002; Mika et al., 2007), 3410 A 3 2|5t 2715
(B3, =, 1%, g}, 271 5)2) 2317 Te) 239 As, Cd,
Cu, Pbo} 7o 224:9] 5 EASA L (Guéguen ef al.,
2011; Sakellari et al., 2013; Suarez-Ulloa et al., 2013), EA 3t
g go 4] sfFulEe] FEE ZAFSHE WR(Edlund and
Jansson, 2006; Klaus ez al., 2007) 5] 28517 Qi) E3] 3l|%F
e Sl 25, de, 84k, JYEE, LHdE49
Fe 5ol Mzl whiZel sl e o) R s 2AkehH €+
WS} w2 sfj o A A ©] ML olsfisl=tl] o] Ftk(Suh
et al., 2015). 7 vitho| x| AAsh= sl a2 i
Alphaproteobacteria, Gammaproteobacteria, Flavobacteria”7} &
3} Q) O (Han et al., 2014; Sjéstedt et al., 2014), 71 2] 3

2l73o]| u}2} Actinobacteria, Betaproteobacteria, Cyano-
bacteria, Deltaproteobacteria, Epsilonproteobacteria 5] %
2 B389 1o|il QItKDu et al., 2013; Jing et al., 2013;
Marietou and Bartlett, 2014; Signori et al., 2014; Tseng et al.,
2015). 5= sk 0] 2 Hlrtolo] 4 gieke] sl
B8 AR, Y] Pago] Gl BT elolis A3k
sieut shseo] feloz glste] sj47t ogiua glck 1
AP S FE A Sle] 2902 Q15 okl Al
A 9512 siokaly] 9lsto] FLo] Faseol 4 A A sk
U]N—] ol B2 xA}sl9Ith
250 A RE o BH0124 79 1029 314:9)
2 RAEA e O o E W R, Aol FA
33, efsla, S ol (A, dopeh AFE R A5 9 T
& kA afete] 4%6}1#.—‘2—: 247+6.0 LA S 3|<=1(2 L*3,
HHE)o gobs] A s grtste] Wil 2°C)ol A7
3 THFig. 1). A2 AF ot S FEZSS(4 L)~= Whatman
paper IR 2 11F] E-ES A AGH o2, Ultrafiltration
membrane (Cutoff=10,000 Da, Millipore) .2 3| | &2
o]3}s}al, ofTbA]of H 2l u]YE FH|= DNA Stool Minikit
(QIAamp, Qiagen)S AH8-3to] FA A DNAE =353t
(F1-F8). T3t sl<pAl 2ol Q= sl dm = 5 A Aol Al vl
ol 7hset HFE welstr] flske] sl 100 WE et
Marine broth (Difco) 7 mlof| 5 Z£3}a1 27°Col| A 24 A 71 vl &F
3}t Marine brotho]| 4] v oF3l n| Y EEL Zhzk &A1 B 7]
(4,000 rpm, 3052 3]4=3} The, 7S Wl © 2 DNA Stool
Minikit (QIAamp, Qiagen)2 ©|-&3}0] XA DNAS =

BFATHC1-C8). =35 n| Y E-2] genomic DNA= 16S rRNA

FAA} V1-V3 9] 27F (5'-ATCGTACGACGAGTTTGA

No Sample site Latitude Longitude

Cheonbu port (CB) ~ 37° 32' 25.8066" 130° 52" 21.1872"
Hyunpo port (HP) 37°31'35.5764" 130° 49' 31.8606"
Taeha port (TH) 37° 30" 45.9498" 130° 47" 49.5852"

130°48'31.917"
130° 50" 10.485"

Guam seawall (GA) 37°28' 37.1208"
Namyang port (NY) 37°27' 58.3734"

00 NN R WD —

Sadong port (SD) 37° 27 38.8764" 130° 52'37.257"
Dodong port (DD) ~ 37°28' 54.5298" 130° 54" 30.6534"
Jeodong port (JD) 37°29'37.8018" 130° 54' 37.764"

Fig. 1. Map and address of sample sites.

TCMTGGCTCAG-3")2} 518R (5'-ATCGTACGACWTTAC
CGCGGCTGCTGG-3") universal primers (Suh et al., 2015)2
A}QS}Oi Polymerase Chain Reaction (PCR)2.= 16S rRNA
FAAE 5E3F o2 454 pyrosequencing 0.2 714 E
AR s}ﬁitl{Khang, 2014). PCR AH=-9] pyrosequencing 7} %‘
714Y E-A(taxonomic assignments, operational taxonomic
unit, Shannon index, Simpson index)-2 Macrogen(3F) ol 4] A
3Tt =43k 52] 43(Operational Taxonomic Unit, OTU),
ChoF &= X]4>(Shannon index), - %= X]4>(Simpson index)+=
ZF A7 L2 97% o142 F-AHd(sequence similarity)2 7|
HEo 7 ZAVSFTh YA Vibriowt 2] 8212 PCR Detection
kit iNtRON) 2 ZA}5}IT.

Ultramembrane filter 2 o] 3}3t s|=A| Z(F1-F8) oAl &
3 DNAZ 2415 Alit9] 168 rRNA G- 4A} G714 (B
300 bp)-2-4,822+2,433 reads (95% A1 = 77H2 A1, 8|4
£ marine broth2 H}|OFgE A Z(C1-C8)oJ| 4] &3 DNAZ
BASE Alt2] 16S 1RNA 5212 G714 <E(H - 380 bp)>
8,966+8,166 reads (95% A1 7-7HE A9t

=5 AA ol =F 770 0] g7t 7l A = of QlekFig.
1). 20 ok B A Q) SAES Al R, BE %o 9]
A L
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Fig. 2. Operational Taxonomic Unit (OTU) analysis of bacterial communities
in surface seawaters (Error bars indicate 95% confidence levels).

2 531 AT, ARG A ojAle) &

27k SR PR Bejoleh 55 Aol g ot

FTH)2C Ao A2l T2 154 Yol by 72
5

o] oFAE glof A allutetol 45| =Bl ick. e
gstare] s W B alutehe] sh4et 2 PO] EEETLER
AR 0] 7)20] Bl 84 Hxp o Btk 7
SHGA) 3

2 Aol Wb e E2 9le L} = o
1, A o] A ?E']b}i_ 0}%_ 7} u}r,}gq 5 _/,K_g}

Eof glom, HolA Yei= sl
th A 5FID)E &5 EollAl 527} 7}7(]' T ofggoloA] g
TUjof WL o} So] Aukslar 91l on, 2 ukSof| A Lt
Q= Agetret s R Y E AL Sl B A
vk o 2 viulA] AlAdo] Qe whe] LR %8} Qo] A B}
O <7} -9~ eIt wheba] AF
2 2¥% d0e] 7|0 B U4 Z\——EQE 28513l
ST EOA sl L Hol AT Ths Aol =2 T3 &
T} s ol A A F S sl AR A, s g =L
Operational Taxonomy Unit (OTU)®] 60 o|AF©. 2 =4 L}et
2o AR =59 AE3to|itiFig. 2). A5 =%
3}, A %3}o]| A= thoF e %] 4x(Shannon index) = 2.0 o]AFO. &

¢

=32l Al As1d A3E

100% 4
80% -

- 1
Proteobacteria

10/ 4 ‘
40% ® Bacteroidetes

20% -

0% -
F1(CB) F2(HP) F3(TH) F4(GA) F5(NY) F6(SD) F7(DD) F8(JD)
(A) Uncultured samples

100% -
80% -
60% -

* Proteobacteria

o -
R ® Firmicutes

20% -

0% -

C1(CB) C2(HP) C3(TH) C4(GA) C5(NY) C6(SD) C7(DD) C8(ID)
(B) Cultured samples

Fig. 3. Relative abundance of phylum (>1%) of total sequence tags in (A)
uncultured samples and (B) cultured samples.

30bA] B0] @902 The Aol et chabgh ul o] A 4]
S1L Atk 2AS ANSIEL ik Al detate] ajol
A& thF = X|4x(Shannon index)+= 1.5 0|3} Wil X =
4] (Simpson index) = 0.5 0|40 2 S0l A] 3147} F A
4520 ] 94O SUFR A A e o
of| A o] n] & B3I E 2 ProteobacteriaZ} T F-5-0] ¢}
Bacteroidetes &= W2 H]-&- 2 E 323511 Q1 )Ith(Fig. 3). *ﬁ%‘ﬁ]—
20| A]= Bacteroidetes2} Firmicutes 7| @o| AZSEH b= A2
2 SHH(Wang et al., 2014), Bacteroidetes -3 H|-8-0]22.6%
2 Ae) 70 bt A5 R Agslee) felom g
S=2] Lol 2 ol £ohaL, HEHT.5%), T+
(7.7%), EE3H6.5%), TTETH4.0%) T} HFTH5.0%)-2- 1] 1L
A e ol H, B 5HH0.0%) 2 ARs3H0.7%)2 sl 4=2] <
o] o)t 248 AJA}SIC) Marine brothol] #3984
Al 2E vl|9FSFY Bacteroidetes+= AF2}A] L, oAl Firmicutes
7+ A5 3H19.6%) 7 '=53H0.8%) ol A e THFig. 3).
Proteobacteria 0] 4= Alphaproteobacteria®} Gamma-
a1 Qlglem, A|oof wbA] Beta-

proteobacteria®2} Epsilonproteobacteria”} %2 H|-&2 H3Z

proteobacteria”} -3

3} 121 THFig. 4). Alphaproteobacteriat=-3-7] &2 2+ 23
4= ¢l 0 U Joint et al., 2010), Gammaproteobacteriat= A 3
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100% -

80% -
60% - % Gammaproteobacteria
Flavobacteria

40% - ¥ Epsilonproteobacteria
M Betaproteobacteria

20% - ¥ Alphaproteobacteria

0% -

FL(CB) F2(HP) F3(TH) F4(GA) F5(NY) F6(SD) F7(DD) F8(JD)
(A) Uncultured samples

100% A
80% |

60% # Gammaproteobacteria
¥ Deltaproteobacteria

40% .
H Clostridia

20% - Bacilli

¥ Alphaproteobacteria

0% -

N D N Y D N N

S & &P NGRS
o A N S
(B) Cultured samples

Fig. 4. Relative abundance of class (>1%) of total sequence tags in (A)
uncultured samples and (B) cultured samples.

g0 & amylases, proteases, lipases®} -2 G A5 FH|5}o]
$7)1 55 2 Balg 4= 9l oKSignori et al., 2014). 1] Y E-2] o]

Table 1. Genus distribution (>1%) in cultured samples

2 EA] 0 F ¢3]|A4] Alphaproteobacteria= 3|5=7} A3+ A
0 & Lpeht B8l aH(82.0%) T AHE8H97.5%) 0l 4] %7 Ler
Wi, Gammaproteobactena— SR LU ST sllaet
TAA = A (56.4%), 'FUB45.7%), T=53H28.2%),
HEHS8.3%)1 4] ¥ LA 7 ekt Ti(Fig. 4). AR 24}
o] vz 31eHE-S B3k 4= 9)= Betaproteobacteria (Liu
and Liu, 2013)+= A H3H3.0%), 'FFEH(1.0%), =53(0.9%),

A=8H1.7%) o A WA et AAlsHES o],Q_b‘l—/\ 9l
F3H(1.6%)

|
Jlm

i

Epsilonproteobacteria (Vetriani ef al., 2014)+=
3} eJ5}3H2.1%) 014 Y L}E}wu}.
woyo] 7Fsat sjopul B o] B aletaly] Sfakol s
A]ZZ marine broth 2 vj o3t 7:‘331}, Alphaproteobacteria+= 7|
o] ARIAITL §712S 0|88 2jo] 9= Gammaproteo-
bacteria7]- ZF2 vjjok=| k. g5}atol| A= Geothermobacter
48 2 315|= Deltaproteobacteria (4.7%)7} A&= %13, =
Eb‘]—Oﬂ X]+= Clostridia (0.8%), #]%5-3}of| 4]+= Bacilli (19.5%)
7} HEE QI thFig. 4). vl oFst A] & (cultured samples) o] A L}
Elt Gammaproteobacteria= A 53}, e5}a), -l W, doF
&}, AFE3)o|| A= Alteromonas 450 402 BEsta 919
o}, A58 ol A= Shewanella 40 9 0. & H3E5}131 Q1%
CH(Table 1). & 3£3}7} &= 5-8}of| 4= uncultured samples ©f| 4]
= Vibrio 1-2] 37} 247} 0.04%2} 0.07%°]) &35 A2k

Genus C1(CB) C2 (HP) C3 (TH)
Aestuariibacter

Algicola

Alteromonas 86.6% 92.7%
Bacillus

Balneatrix

Enterobacter

Geothermobacter 4.7%
Halomonas 1.0%

Marinobacter 5.3%

Melitea 1.4%

Nautella

Nitrincola

Oceanobacter 1.7%

Photobacterium

Pseudomonas

Shewanella 1.6%
Thalassobius

Thalassolituus
Vibrio 97.9%

C4(GA)  C5(NY) C6 (SD) C7 (DD) C8 (ID)
2.9%
26.5%
96.8% 63.8% 95.8%
19.7%
1.5%
1.0%
3.1%
1.1%
3.4%
1.2% 1.7%
70.8%
1.3%
4.6%
95.5%
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(A& 1] A|A)), cultured samples ol A= Vibrio 0] 95% ©]AF
B 3z3519ith Marine broth® v&F3t Vibrio 2] S-ARE
PCR=E A% A3} 545 FoH| k=" U4 Vibrio (V. harveyi,
V. alginolyticus, V. parahaemolyticus, V. anguillarum) N|<-=
& 1AL 980 I ITHAR TlAA). o] ATHz 4%
52 WSk Vibriowt &) 24 58 AV dofl= sl &
Marine brothj| Bl &F5}¢] cultured bacteria®] 2L &5 ZA}st=
Z10] uncultured bacteria®] E-EE ZALSI= AR EN E A
AL A AR,

1 ole] ATHE A, SFE o] ol ATkl
U sk 52 o] B+ uncultured samples o] 4
X Bacteroidetes H-3E7} =0}%] 1, cultured samplesof Al
Firmicutes 327} szob Atk T35 AA9H2] 3j5=7} A ujr}o] 3f
Z=9} Z+o] A TH=E Alphaproteobacteria 5-3Z H|-8-0] =9
a1, <ol st Estrt Wol £3E 45 Gamma-
proteobacteria 53 H|-&-0] Z713} T &= gFLo A AY
Sholt shais2 Qlsto] 2| chopAlo] Al A om &
A vrehd 32& AR, =5 Alsdelslen, & :‘?ﬂﬂr =
O ol M= A= U 4= Sl Vibrio w0l 4
ek 52| Aol Q= ST =] E2 e Aol fﬂerL

A W 4= 91 7] W Eo|(Suh et al., 2015), &= 3FL9] sk
n & e A 1S F3A o= ufolsty] QA= Al
2 sfjofnyEo] B HIE A= Ao Fasith

X o
- -

S woA 73e) FR(ARY, RE, ok, dop
o e AL 150 AT EBH
skt v oFshA] 982 Al Z(uncultured samples) @} vl o4
Al & (cultured samples)oll A Z+ZF u]Al=E2] 16S tDNAE
pyrosequencings}to] d|An|YEO] B2 S ZALSIIT B 5H
Pt AFERE] siA " et slioll A= Alphaproteo-
bacteria E-3Z-80] =1, H¥Y, =53, #1530 sl 9
AgslpL) sk 9] frdo] @2 kol A= Gammaproteo-
bacteria £3X-8-0] Z7}5}9ith Marine broth= vjoFsH A| &
(cultured samples) )| A= Alteromonas (53}, E)5}3}, &
3H, Fokal, A3}, Shewanella (A=8}), Vibrio (8323,
=5 &ol Ao s Easigich 2 A A= FTE &
QIE sl A Sel} skl A e Rael 2 istE
Satehs 2L AlAfI,

[e)

E
S~
Rl

o2 mlm
)

¥}
1_
=

e
o

=32l Al As1d A3E

HEARQ 0] @] 1| o] o)) 428y ] gl .
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