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Comparison of Bacterial Communities in Beach Sands along the East Coast
of North Gyeongsang Province
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Marine beach sands with bacterial pathogens may cause increased outcomes of illness among beachgoers in summer.
In this study, pyrosequencing of 16S ribosomal DNAs extracted from 12 beach sands was performed to understand
how the environmental factors of wastewaters or human wastes affected the distribution of bacterial communities at
the beach of North Gyeongsang province (Yeongdeok and Pohang counties) in the middle of October. It was found
that Acidobacteria were dominantly distributed in the sands near the clean seawaters, Proteobacteria in the sands
near the river waters, Cyanobacteria in the sands near the wastewaters, and Bacteroidetes in the sands near the beach
park. Other phyla groups such as Actinobacteria, Chlorobi, Deferribacteres, Deinococcus-thermus, Firmicutes,

Gemmatimonadetes, Nitrospirae, and/or Verrucomicrobia were distributed at low relative abundance (1-5%).

Keywords: beach sand, cyanobacteria, microbial community, pyrosequencing, wastewater

Biote] e g2 FRISe] ol WAsh= AL, BFAE
o o3 A= A= 2871, Zoly 342 74, nitte]
zF o7 Faf, 27| E =33 279 9, HFel 9
g QJREA {9 So] Yelo] Ha th(Russell et al., 2013).
AlgrEol Wol 2= a8t 71 ai¢te B e -2 S
E9 ol FAE LT 4 Uk 53] oS -ol= g
HO| Hajjof] Eaxste HUA nE dzol ARz mid 1
o] 27THY ool A3pr|A ARl A AU 53T o]/l
5714 Aol A2)x YrhDwight ez al., 2005; Halliday and
Gast, 2011). 3|3l A HEEH = HYY rBEREATES &
WSl=  Al(Campylobacter jejuni, Aeromonas hydrophila,
Salmonella spp., Clostidium perfringens)°o|tt A2 W gi=
53te] Ao §YUE = & Al (Staphylococcus aureus,
Pseudomonas aeruginosa, Vibrio parahaemolyticus, Vibrio
harveyi)3} Z+% u}o|2 A(adenovirus, norovirus, astrovirus,
enterovirus) 5] ¢1.©™(Ghinsberg er al., 1999; Goodwin et
al., 2012; Mohammed et al., 2012; Sabino et al., 2014), 0]2]o|| =
.Y (Rhodotorula spp., Candida spp.), Q*85E(Cryptosporidium

spp., Giardia spp.), T+ 7|/Z(nematode larvae) 5°] At}

*For correspondence. E-mail: yhkhang@ynu.ac.kr; Tel.: +82-53-810-
3051; Fax: +82-53-810-4663

(Shah et al., 2011).

3y BUE S 9Iste] ERAGY nAE LEEE B4
3 o= YA vAE Bk A skl 7158t Enterococcus
W Escherichia coli®t Z+& B2 F 0] E(Fecal Bacteria)
2 Qlok(Boehm and Weisberg, 2005; Santoro and
Boehm, 2007). Z12FFA] A|4tQ] Enterococcus= 1324 Al
%1 E. colio]| H]a}e] Gioll Hido] st Az Bafjol| A= &
A Alets T B Aol obA] st RUEHEE 23 A
RU|YERE FLE T Qh(Mika ef al., 2009). S|4+L23 #H =
A&t A | YERE Enterococcus o % Q1A 2] oA E
oA kA A, EF7IAS AEE Fddk= Staphylococcus
aureus, = AEE9S A0 7)|= Clostridium perfringens S-©]
tjAtro] &7| %= 3tch(Curiel-Ayala et al., 2012; Goodwin et al.,
2012).

ARuYER g3k AW Aldolu ool Sl Aol
Hithe] ol HAEH AFY, 2%, pH, £53% §%H 52
A wjZof] BEEo] 43| Thsh, Roa= HEY
(biofilm)& TE7] wfZe) Ao o5t fajteldozRE B
3 & W, 2 RstE g TIetA| HolA sjjmof EXT o
B} N9 BEE0] ¢ ol th(Davies et al., 1995; Halliday
and Gast, 2011). T3t 2| o] FETA AAleh= Alds2 ¥
ot ko] ofste] HA AAHAE g7 wiZel, L7



9] Befjo] Aalsl= H|BE 5 7)Y YN ZHE
ME2 BZ3AU A8 F= AHo] &3tk (Hernandez et al.,
2014; Phillips et al., 2014). ZHX| F o] PEo] WL 423}
A $FE dte AFES ¥R g2 oA 9L st AR
SEOE A4 4 0| okt sz = Al
of Wsh S7kehe 1 Bk v Abre] mnel sl Al@el
= 3 F7151H o (Heaney et al., 2009; Whitman ef al.,
2009), @ stkeA o] Sl B2 dlegolA AEd
Enterococcus 23X+ XA £=Fst= AFREY AL A, &
59 A3 WA TA 71 1At Bonilla et al., 2007; Colford
etal., 2012).

BHE| Zafjof] AAlsls EHARHAYEL 71E0= wigFolut
Polymerase Chain Reaction (PCR) H'HO 2 ZA}E| o] gfoL}
(Smith and Osborn, 2009), 3% B o 2= A83 H&o] 4%
QFobA] 2]l = Next Generation Sequencing (NGS) 7|¥-& 28
3to] AL QJch(Halliday er al., 2014). NGS 7|H-2 &35l

mao] mYEE vl 377

U Ao B of Wo] B 3ESH= Actinobacteria (Bifidobacteria,
Coriobacteria), Bacteroidetes (Bacteroidia), Firmicutes (Clostridia)
oF 22 v E IFo] o W2 U= FXs SlHTE
DNA £40 2 7hehs}A] heldt 4= Sl A4 o] Sl McLellan
et al., 2010; Gobet et al., 2012).

BARE Folctdde siegdo= JdE o] 2574 o
glo1A ool WL A ASe] YLD gout, FERAL
flste o] 29| SR o] AASh= mAYE Ex et &}

= W2 vt gtk 2 A7 AT EET 2 Z3AS G
gzoll AA7E s8] sz oA EHARYES Z
33k S u| =L EZE 16S rRNA 5% A} pyrosequencing2
B BAPHOE 2ASE

Fwe] mals 20119 102 8UT} 15¢ o] & Eqhof A4
= Fuat ZFA o A7 st A 12329 SRS
HF SR TH(Fig. 1).
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36°33'59.7132" N 129°25'32.5524"E

Al  Daejin-ri, Yeonghae-myeon, Yeongdeok-gun

Daejin-ri, Yeonghae-myeon, Yeongdeok-gun
Hajeo-ri, Ganggu-myeon, Yeongdeok-gun
Jangsa-ri, Namjeong-myeon, Yeongdeok-gun
Wolpo-ri, Cheongha-myeon, Buk-gu, Pohang-si
Jukcheon-ri, Heunghae-eup, Buk-gu, Pohang-si
Yeonam-dong, Buk-gu, Pohang-si

B4  Duho-dong, Buk-gu, Pohang-si
B5  Songdo-dong, Nam-gu, Pohang-si
Cl1

Heunghwan-ri, Donghae-myeon, Nam-gu, Pohang-si
Homigot-myeon, Nam-gu, Pohang-si

Guryongpo-ri, Guryongpo-eup, Nam-gu, Pohang-si

36°33'54.1116" N 129° 25'30.4356" E
36°23'20.2740" N 129°24'27.2952" E
36°17'0.6720" N 129°22'31.1376"E
36°12'6.8832" N 129°22'17.2128"E
36°5'6.6012"N  129°25'2.5176" E
36°5'15.9828" N 129°25'6.7476" E
36°3'22.9392" N  129°22'43.2084" E
36°2'15.6372" N 129°22'44.7708" E
36°1'37.2972" N 129°30' 12.0060" E
36°4'41.5164"N  129°34'9.8652"E
35°59'52.2240" N 129°34'1.3764" E

Fig. 1. Map and address of sample sites.
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517 Yote] FE iR =87l A Zat vittrt dRshe 2
o] mej(AD)ek, FgtollA Ee] "ol 7 F9] 2f(A)E AH
st o 2R7E9 Sl 3t IS 2AkSH] st B
G stA B2 B2 oA Zufj 7] a7t A A)ekar gL
= A9 PARH(A)E AFSHAT E3E sfigtolA vtz
&3l AEstert AR o] A28k & Aol 1l
A= Y 2ABH| Y5t FYT FAblE49] s ey
(A4), ZFA| dxsl|=axto] s (Bl), A FLAZT
B2 S sHEH(B2)E AFstATE olof gtz
2 st it HY B Y L8] fls TFA o
3E Y SR (B E AFHSCH AFES g2 &
ol vAE AeiAl v X= FEFS A Hote] =AU
AR o 1ol HRTt SiHFY AT st A LA
Sj4=87go] mef(B4)&}, ZA| AL gRtol] QI fiehe] Haf
(B5)YE AFstct ZFA] FaH S8 22 ot FH|
< FaEoly vid 2R, EtAE £717F sl ®R| o]
AS=d, sfigke] g2 r|o] Y3t n|dE A Fd=
ZAFsL7| Yot o] Ao AR (CHE AHSHHTE A
W 0] FH A IRFAE o3t v E A Y G
2A517] $iste] ol el BA(CDE AL, Tl 2ol
%oz We] wol4 glon] FU50] AUs) ut Ya
9l TR SR C)E ATk

e o] 2a(o} 10 i B Fro] Yolx AuA
2 uleh ZA) YRR 0ol HBSHYTE 242ke] HAAR 5
2 S 29 50 ml (100 mM phosphate buffer, pH 7.0
Y3 587 735HA vortexdke], Genomic DNA kit (Qiagen,
USA)E ARS8t m|AEE9] DNAE F&319th 523 A
E2] genomic DNAE 16S rRNA F-4A} V1-V3 G H 9] 27F (5
-ATCGTACGACGAGTTTGATCMTGGCTCAG-3)2} 518R
(5'-ATCGTACGACWTTACCGCGGCTGCTGG-3") universal
primers= AME-3}] Polymerase Chain Reaction (PCR) 2.2 16S
rRNA 23S £Z3t tf3(Khang, 2013), 454 pyrosequencing
02 d7| 8L B8t} PCR AHE9] pyrosequencing T+ &
714 g E4(taxonomic assignments, operational taxonomic unit,
Shannon index, Simpson index)-< Macrogen(F) |4 A|&3FR
t}. %3t £2] 4~(Operational Taxonomic Unit, OTU), ThF =
Z]4>(Shannon index), $-7 = X]4>(Simpson index)= Z} F7] A
H2] 97% o]A2] A (sequence similarity)& 7|HFO. 2 A}
skt

Bl = o5 H Y w2 7|2 A AEZ st
o B¢ EA B EY ol FAlo] TAE 5= Sle E5EE T
sto] 109 Fwoll AFHSHAT e HfA RN FET
DNAZ EA35t Alit2] 16S rRNA §372+ 7| E2 A5
3,790 + 370 reads (95% A1=|FIHE ATt s 12329 e
AlZ2o| A YR n]AE 32 15 Phyla 5], Unknown
phyla®] £3Z= 1% o]3to] itk

Bgetprt vtk s} it Aol fFHEE Z3FA
Y870 HEHBNL FY AT H2o 4 3
Wz (B2)ollAl= thF=A|4>(Shannon index)7} A Urehkt

50 5t Shannon
= Simpson
70 === 0TU

oTu

Shannon/Simpson Index

Al A2 A3 A4 Bl B2 B3 B4 B C1 C2 C3
Sampling Site

Fig. 2. Operational Taxonomic Unit (OTU) analysis of bacterial
communities in beach sands (Error bars indicate 95% confidence
levels).

I, FYT A EA 0l e SN SHEH (A4 A2
4717} HAYE T3] T8 Y HEHCHNAE $H=
Z|4>(Simpon index) 7} =A UEFGtHFig. 2).

FYT 7oA 2ol vitkel A A= AR 9
= dfigeoll 22 Z(ADS sfetollA Ha] "olA jlem 7 7
Tl = AT WA ML TBEIEL vwIHY
o} gzof o5t 4o A2 Al E oA+ Acidobacteria
(38%), Bacteroidetes (23%), Cyanobacteria (20%) 2327} =11
Proteobacteria (9%) X = It 7359 = AXITA2 &
ol A= Bacteroidetes (21%) w-3E= H]5=513 21, Cyanobacteria
= AHE0] A Yo, Acidobacteria (5%) L= Ik,
Proteobacteria £-3E+= 72% 2 1|2 =QFth(Fig. 3). 3ol A2
el A% 2= v) 15} Proteobacteria EXEH]-E&-E o}
A1, Bacteroidetes H-3ZH|&-2 Wolx|= ZAgFo] Qlch(Halliday
etal.,2014).

AlR 2ol A A YR Acidobacteria £-3Z= vfcet 717t
o] Y= AAT sl AFTE B3 oA = 43% =2 EA
Ebsit}. Bitte] 2tu]of oty S]] L HH FA= FA4H
9l =X Ht} Acidobacterial] B3E7} 30% =olFtt= A=

100%
u Acidobacteria
i Actinobacteria
80% i Bacteroidetes
& Chlorobi

60% - M Cyanobacteria

U Deferribacteres

B Deinococcus-Thermus

0% M Firmicutes

Relative Abundance

M Gemmatimonadetes
20% M Nitrospirae
H Planctomycetes

i Proteobacteria

0% H Unknown

Al A2 A3 A4 Bl B2 B3 B4 BS C1 C2 C3

H Verrucomicrobia
Sample Site

Fig. 3. Relative abundance of phyla containing >1% of total sequence
tags in beach sand samples.



(Asano et al., 2013)3 Za3H, Al =ajet B3 R4
Acidobacteria £-3Z7} w7 UEld A% sl 3RS e A
o=Z Holth

A2 R} o] A Proteobacteria -7} 3A| HolR AL 7}FE 9
Q= | WE Bxo) JFS T2 A o2 B3t FEout S4¢)
& 5ol = Proteobacteria 18- =7 E.3E5}a1, Actinobacteria,
Bacteroidetes, Firmicutes 152 7| 23235} Qth(McLellan
et al., 2010). Proteobacteriat= 3}A|dl|4=-84+2] R E|(A3), YE
Bj=axtol ma(B1), FLAFT FH Hf(B2)oA &= 20%
o|AF x5ty Z} djinjc} AJ415} L Q)= Proteobacteria 2
Fole zpo)|7t =T, A2 Rafjo Al a-Proteobacteria (3%
Rhodospirillales)7} &3}, A3 Z o)A+ y-Proteobacteria
(20% Pseudomonadales, 9% Alteromonadales)”} ¢35} c}.
AYesl9} virto] s5=7F wxshi= | Hofl= §-Proteobacteria”}
B7319=1), B2 Z&jollA}=§-Proteobacteria (2% Desulfobacterales)
9} a-Proteobacteria (10% Rhodospirillales)7} 335141, Bl
T afjol| A= §-Proteobacteria (2% Desulfobacterales), o.-Protecbacteria
(5% Rhodospirillales) £]o]] y-Proteobacteria (18% Oceanospirillales)
7 BESAHAR vAIA).

Bacteroidetes 3= thoF = 2|4=(Shannon index)7} YA L+
Efc A4 me9}C1 mehE Alolal BE fue] meolA 20%
oA} BmSHIT). B3] JuZ SN A3 meet mAA
2 Y ef=2-49] B4 Z 2 of| 4] Bacteroidetes 15| %A Let
W=d], A3 Zafjo| 4= Flavobacteria (45%)<} Sphingobacteria
(7%) v] &= B33} 11, B4 2o A= Flavobacteria (70%)2}
Sphingobacteria (3%) H|-&= FEstgich AH&strLt At &
Holl = Bacteroidetes 1E9] 43t Bacteroidia, Flavobacteria,
Sphingobacteria”Z} fro] 2-3E3}31 QIthi(McLellan et al., 2010).

Cyanobacteria TT5-2 dlex]elglolx] 2 H3Es1H, Cyanobacteria
7} SHISHE o] R AARS Al S S AT Ao o
& Ith(Martins et al., 2011). Cyanobacteria®] O]} ARAIE:
W] #21X] CyanobacteriaZ} 93% ©]AF -Holl Y= JE+ &
VIS8 0] Ad mee} 34 BT ] Cl Be ThE A
9] mafjo} v g wf u] P& thFEX]4=(Shannon index)7}
284 tHFig. 2). AEsteu; 22 7|9 22 e Hdol #¢

£ Xol| 4= Cyanobacteria #3271 Z7F5FA=t, Al s4=&
2] Al Eefjoll= 20%, Y5849 Bl Hafjoll= 43%, %
AAgE B2o] B2 ®ajoll= 29%, J Adis83to] B4 ma)
oz 24%, ZFAEA Fe BS R o= 55%, TH|%o| C2
ol 45%, TFEHTEEY C3 o= 59% 2 A
etk vt sfigtoll A g Ho] gl oAl AT thRlss
2740] A2 waf|, stAal89] A3 2, ot Eali4E7d2 B3
R o]l A= Cyanobacteria 237} 4% o|5}2 wl]-$- ettt o]
Ail= ggslar 502 g s x| S] 275 2 A} Cyanobacteria
E3Z 1] Abolof = o) AA 7 2T Al

2 Aol X et sz of w2 HE= #a2s)
31 Q= lEo] mPRBET1E(Acidobacteria, Bacteroidetes, Proteobacteria)
2 8|3t YAl )= v Catalina Island (California) 2] st
R A = A EE5tGtHHalliday ef al., 2014). 121} Catalina
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Islando| A= Cyanobacteria7} 2% H=2 FA BEEZsI¥ o
Bl AR 20%-90% FER A EEsHh Sl
#|H o] 4] Cyanobacteria £Z7} & 0|9 W&slg=i; Y&
7] 522 o] LFH X H 9] sz E AHF] W2l
Ao=g H]lth

Firmicutes Z1550] 43t Bacillis= A&slrof| A To] A2}
11, Clostridiaz= AFEH2] B of| A o] 441513 it (McLellan
et al., 2010). E3}|¢t djH oA Bacilli= A3 2 (5.4%), A2 &
FH(1.7%), C2 2 (1.5%)°)|X HEEH 2, Clostridiaz= A&
=7 gFgtrt. Safety] s afjol A Firmicutesel o] 22
L2 Bxste u|E 152 FH 9 Agstert sieet £
= Aol A AT B2 Zafjoll A 71 theksiA FEE A B2
LA 3 0] e B7FllA Al 4]8k= Chlorobi (2.1%),
Deferribacteres (3.0%), Nitrospirae (2.4%)%} ¢l AEo] Q1= 57
of|A AAl81= Gemmatimonadetes (2.7%)ZS 235}, Acidobacteria
(2.7%), Actinobacteria (0.3%), Deinococcus-Thermus (0.9%),
Planctomycetes (1.8%)7} H-3Z35}tHZhang et al., 2003; Takaki et
al., 2010; Anda et al., 2014). Deferribacteres2} Gemmatimonadetes
L B2 2o ATt HAE0] E 1o, Actinobacteria= A4 (4.4%)
o] 4], Chlorobix= C2 (6.7%) E&o]|A], Planctomycetes+= Al
2.1%) RN = HAZE 3, Deinococcus-Thermus (4.8%)
9} Nitrospirae (3.0%)+= B5 oA = HEZE U}

2 dqts A"t g7 o= S0 L FE AT
I BEE kY] SHEHE FH R Tt Y T
A uAE EXE AR Saligte] s e nlE
AL 87 FH Ao whet v o2 FE Rt F3)
Sk o)A S m| A= AAEiA 2] MSkE FE oz vefsty]
e ALER E XS 2B 97t 9 28
Ao=g H]lth

1A

o
i

AAEE AEET ZYA IR S8 Fuol A AT
st Agd) 5o B zo] spmee] AAHs vE
Bxof of® L WNEAE 2] $15ted, 109 Fol
12319 S = eE A FH 3] 16S rRNA 73S pyrosequencing
w0 2 BAshgch

sl F-2o] B2%t ol Acidobacteria, B4 22 ef
o}|&= Proteobacteria, &35} F22] E o= Cyanobacteria,
FHETY E29] B oll= Bacteroidetes 150| 20-90% A%
2 A 28, AEst7t st oAl s olla=
Actinobacteria, Chlorobi, Deferribacteres, Deinococcus-thermus,
Firmicutes, Gemmatimonadetes, Nitrospirae, Verrucomicrobia
F0] 1-5% A== A Exs¢rh

ZAe &

B QL 2EFHofRAI AN THEAAT A7 e}
Qo] Au|R ol sl == ST
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