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Bacterial Diversity in the Guts of Sea Cucumbers (Apostichopus japonicus)
and Shrimps (Litopenaeus vannamei) Investigated with Tag-Encoded
454 Pyrosequencing of 16S rRNA Genes
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Bacterial diversities in the guts of sea cucumbers (Apostichopus japonicus) and shrimps (Litopenaeus vannamei)
were investigated using barcoded or tag-encoded 454 pyrosequencing of 16S rRNA genes. In sea cucumbers, most
of sequences were related to two genera, the genus Propionigenium in the phylum Fusobacteria and an unclassified
genus in the family Flavobacteriaceae of phylum Bacteroidetes. Shrimps showed various kinds of genera including
Lactococcus, Leuconostoc, Prochlorococcus, and Vibrio as well as the unclassified genera in the families,
Flavobacteriaceae, Rhodobacteraceae, Desulfobulbaceae, and Helicobacteraceae and in the order Mycoplasmatales.
Unclassified genera containing environmental sequences only are more than half of genera from sea cucumbers and
shrimps. Sea cucumbers and shrimps could be unexplored sources of novel microbes and the bacterial diversity of
them was revealed by high throughput 454 pyrosequencing.
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o] ZA5l= vAES] 99% ool A Ao|A viYgE]7] of2¢2
2 vjokg BolA] 9l 4 gl nAE ] S o Aakelo] gt
(Amann ef al., 1995). 0|2 Z-E3}7] 9]514] 16S rRNA S-A%}
2 PCRS Flo] ZE34T 0|2 BABH ujujef A77t s
o] 9¥thHolben et al., 2002). S22 ©|-&3}FA K (Holben et al.,
2002), TRFLP (terminal restriction fragement length polymorphism)
U DGGE (denaturing gradient gel electrophoresis)2} 72 u]AJ
= 3 A& (microbial community fingerprinting) 5-°] g
AR EloFtHHovdaa et al., 2007; Li et al., 2012). 121} 0|8
2 e BB BA0] olgAL B AROIA Lobd 4 gl
oS £577} A7) 9ok o] AT Ercolini, 2004).

A A E B4 9] sl HE th87F Ho|2AE B4
(parallel high throughput pyrosequencing) 7]<2 DNA7Z} A
] A7]= gto] 2l K pyrophosphate)-& FA| 3 A~ (lucipherase)
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2 &= HA 02 RN o7t v Hadlsly
A2 v]go 2 ST uT] A FE o] & 5 U=
Ho|th(Margulies ef al., 2005). Tto]|ZAE B2 th2 A
A g 24 el vls) 21 Aol AEE ¢ 4= §17) Wil |
& et Eopol] A= 9lom, PCRE 58 F-4A 4]
So]| @o] o] go] ¥ YJrHEdwards et al., 2006). & EE 0]
231 go|Z2AE EA(Binladen er al., 2007)S E3to] EYF
(Acosta-Martinez et al., 2008), AU (Dowd et al., 2008), & 4]
E(Roh et al., 2010) 5 ThFE TG0l n|BEL] theFgdo] &
A= o{ gt sitk(Apostichopus japonicus)®] 73$-oll= 23 7]
7t &=, 5=, G, gAlot oA AFAIE LR AH|E QLo
™ (Seo ez al., 2009) F=r2] L 29| P} v FFoR
Sfi4re] FAlo] A sHA S7Fska Atk(Deng et al., 2009). 34t
9] Falo| F7tstel whet sf4te] A} B Ygtol gk A7F A
3|11 9)om 71 of|2 1] FEA|Kskin ulceration disease)d} WA}
E3(viscera ejection syndrome)?] 8 UQlHOZ H|EE e &
o] uljek, B =itk Deng et al., 2009). 3FATt At} A SH=
u| & gt A= A9 AR 2 QA gt

3lche] A-$-(White shrimp, Litopenaeus vannamei)= 2|
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gk ol Zstar AREC] 945t 20030 el =
AE ol = 2007 M- FAFY 62.5%F AAITHL Y&
B=2 @ol FAEIL Jltt(Jang ef al., 2008). A-9-2F w] g Zoll
ofet 47 g Al9-0] oF4] Hhglolut WAl sholel s Ek A
ol et A7 ol AP §li= A oltk(Castroverde et
al., 2006; Robert-Pillot ef al., 2010; Lightner, 2011). T|AE-2]
ZeH(floo) 2 o] §310] £UL HEST BATE) 2L B3t
I A -ollA Holg Fadte MY LU= FAlof gt A+
(Jang et al., 2008; Crab et al., 2010) 5o] X3P 3L J oL} FAY
| FEY TRy AAE AHE= dte AY fie AXolth
| TRFLPE ©]-§3t drte] A9 |0 7HR]= nAgE9
thoFAl o digt A7 F AP =] ] S L (Pangastuti et al., 2010) ¥
571 v Y EL TRt kg2 uf ¢ A= At

Ak S0l ZAISH: B4 ABES 450 AR AL
S ZA3%cka &2l A itk Verschuere et al., 2000). o] &3t 1]
HEE 23 BAS WS, oA B8E 7L, ¥
HAgato] BESHA KA +-AY, 571 Bo= sk G
FBUL AL 59 4B oh= Ao wwHT It
(Verschuere et al., 2000). 3FA|F o} 72| =41 F-E3 34 =
= Ao gele UAEES] o] o 477t 2AR 0w
AT A S Agolch. ket Ah9-e] el B4 e
£ olallaty] ste] FAHAE] it A7t Hashe oA
Qo] Ak b Bl M) st Aol AL ek
AAEE Y = YetE 522 E 4 %S Ao|tt o]of ujat
2 ATOINE A RAREE 5 A4, AAR A7} EL
34t E A5 A= ste] I AH(intestines) o] EAf k= Al o
AL RIS ol g3 Tho] ZA Y BHL Falel EAsAh

olefst AT ATHE Aot ST AT 8 AFEY 55
o} 1 B4 olsshe B £88 4 9 Aol

M=
siatal AR2] ZE DNA F£&

4 (Apostichopus japonicas) A &&= AN 97 TlZhs
Q1Z(Y = 35°09°13”N, AXE 129°07°55 E)of|A] dfjof 2lafiA]
FH2|(SC1, SC2, SC3; 20114 109, SC4, SC5, SC6; 20119 11
DT AL FUS g Aot iz A2 ATz
2talo] AT BE 719le 48 2L olgjol B
FERSE AN S FUT T FE Aole]
(intestines) AAE ANFsF Tt N-$(Litopenaeus vannamei)2)
Ae-ole Aepd Aekel Q= 6329 o2 FAF (SH2; ¢
T 34°44°13”N, AX 126°05°03”E, SH4; 35°02°55”N, 126°
08’23”E, SH6; 35°01°56”N, 126°11’°59”E, SH12; 34°44°’55”N,
126°08’46”E, SH17; 34°46°06”N, 126°08’08”E, SH18; 34°
45'23"N, 126°09°16"E)o]A] A2 A2 (20114 9€)3tg.oH
WA 2 AP Sutstech BRE 9o 48 7L
o] g-3to] AAT M99 55 7H=3 P FHE At A A
AE A3t AHE F2 DNAE F&317] A7kx] 20T
ol A Hsteirt.

sharel A9 5 ¥el NE TN 42 30k e s
& AEstol 3 6nhale) sk A9 Zhzhe) PO B vt
o] AHAE deste] F 6nte]E ARSI S ™ Power Soil
DNA Extraction Kit (MOBIO, USA)E ©]8-35}4 500 mg2] %
W-&-=°llA DNAE F=&3%H

16S rRNA |TX} SZ1 H7(ME A

525 DNAL ZE A E3e Zejo|mg ol gl
Z2Z35}19th 27F (5'-AGAGTTTGATCCTGGCTCAG-3")2} 338R
(5-TGCTGCCTCCCGTAGGAGT-3) Zgto|HE ALg-3}o]
165 rRNA S-#2}9] V1-V2 HES ZZaloir) 7k ma] 1 A]
& ZT U Y Zefo|iE T AIERE ARSI
th. 29 DNA (1 uh)@F <=H3F10 pmol, 1 ul)} G5k =t
o] (10 pmol, 1 uh)E Z}Z} PCR &£ (Accupower PCR
premix, Bioneer, Korea)o]| A7}5}o] & 20 pl@] PCR W92
Azt PCR TS 35ttt PCRZ 94 C oA 78 27]
A E st 2o 94 C oA 30%, 60T of|A] 30%, 72 C oA 45
Z4 323] vhEsiglon HFHoE 72T oA 1087 ¥
et 449 Nme Z47] tE R RE 7= 2ol
HEE o-&sto] FFstg e SEZ5 PCR 42 PCR A
7)E(Accuprep PCR purification kit, Bioneer, Korea)E AM8-5}
o] AA3FAt 453 Al(Nanodrop, ACTGene, USA)Z o]&
3}o] DNAS| =2 2451900 212ke] PCR 25 AHES 2
& FER go] B Foiol AARHE ST o8
Mg A2 AEEA7IE 9= 6t (NICEM, Korea) 454
pyrosequencing 1] 2] Genome Sequencer FLX titanium 7]7|
(Roche, USAYE o]&3dte 3t Fojdl MEES
GenBank 2] SRA f|o]gjH|o]A0] 7|ENH S SRR988098LC.Z 7]
IS =g

@I 24

= =

A E Zo]7} 300 bp ode]il ‘N’ .2 RAE = ofufgt d7]
£ st A &2 A7IAERE Ao ARgStE T H-8F
A B4 =7 2221 mothur (Schloss ez al., 2009)E ©]-&3}¢
Ag B4 5=33}9.2n chimera.uchime H&olS o] &3}
Fldgt A G- gelsta AASIATE oF 1.5% A= o] A
A 2] gl A Al A = At

A A" AgL shle] 52 $ts5}o] taxonomy based clustering
(TBC) &1 (Lee et al., 2012)& 0]-85}] 97% A d GALE
£ 7|%2Z OTU (operational taxonomic unit)S W= &
2% B4E 55} ofo] the} 212t Al Ro] e OTUe)
H=E ZAstar Zzke] OTU9 dEAde Z2AsH
QIIME 24 £ 12-8(Kuczynski ef al., 2012)2 o|&5}o] tjE&
AgE B4 97189 B Greengenes (McDonald
et al., 2012)9|4] 20129 10€o] WiZH gg_12_10 Hlo|Ef#o]
&5 0|83t BLAST ®A o2 EReHE $4& 3319
9 e-value 7]E2R 107 o]/} & REWS AHsIAT
Ace, Chao, Shannon index2} ZH& thoFA X4~= mothur 4=
TR-3-E 0|83t ALLsIITHSchloss er al., 2009).



Table 1. Sample information and diversity indexes according to the samples
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Species Sample Total reads Subsampled reads”  OTUs Ace Chao Shannon Coverage

SC1 4915 1927 141 315 260 2.16 0.96

SC2 5177 1927 107 346 215 1.90 0.97

Sea Cucumber SC3 6924 1927 206 563 403 3.22 0.94
(Apostichopus

Jjaponicas) SC4 4697 1927 298 1023 638 3.38 0.91

SCs 3933 1927 159 421 312 1.78 0.95

SC6 1927 1927 245 687 496 3.00 0.93

SHO2 2404 1927 340 926 676 3.88 0.90

SHO04 2121 1927 137 349 253 1.93 0.96

Shrimp SHO06 2262 1927 258 549 444 4.19 0.94
(Litopenaeus

vannamei) SH12 3276 1927 318 820 631 4.36 0.91

SH17 10657 1927 92 255 170 2.53 0.98

SH18 2511 1927 384 1287 820 4.68 0.88

* Subsampling was conducted based on the smallest number (1927 reads of sample SC6) of reads among samples.

N

CI&Y X|o= Hlm

A A& AR F 50,804709] G771 E(FHFZ0] 345 bp)=
Stesto] Bkt Z2k9) Ao wEbA 7Y 22 A Ee
1,927749] €71 8E 7HA a1, 71 2 A BE 10,65770¢] €7)
AEE & 5 Ut A AeE Blasty| flste 7P &
2 2719 A7 F7IAE e 1,9277]9] Bao] Tk A
+E ME At o 1 A3E Table 19 Yebiglch 23
Tro] BHEES o231 wEAo] thEths s (AR
Seagato] vl AR S o) St A9 7kel Thp A|ae] W)
Aol gl 2SR UEpTHP>001). ol a3 A2
o W ohFE 9] Aozt mig- 27] wERl AL R AlRdHE &
Shannon index 2] 7-¢-of jjAto] 7RAof ule} 1.78-3.387}1] &=
WIS Hol= AT np7FR| 2 A9 %ol = 1.93-4.6871A]
9] & ¥zl Yeho] 181 v vl wstr o= A7t
ATk Bek ofz} o2 F71He] JHA W) w|AE thFd S H
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OTUs2| 35|HIst ZM(rarefaction curve)l} =2JEx{H|=M
(rank abundance curve)

OTUs9| == 180-4907) A =2 Aito] =|§l o 3]uts} =
Aol 2 247 A2 Y] A EQ 427} 7ol wheta] OTU 9
M7t S7kske &7t AR EE Zol7h e A & = U
thFig. 1A). $7= 4271 71 =3 Z2 SH17 A|7o|H
10,00077} A= A GollA &= 2007 =] OTURE EAfj6t= A
© 2 yepydth 7 718k $=71 wE A2 2,5007) A=
A gofA 4507 H =] OTUZ} £Ash= SH18o|t}. 1t A
A A7 A Mol vls) OTUY == 18] 4] &2 AL
2 v S5 4G BAjo] olRolgirka & 4 et

SR ZTHL ZF A mAA BE OTUE T X7t =
& EAYE 545 v7)n ojefat Sl Wt 212ke) 27
HIE Yehdl el o|o}. Fig. 1BolA= ZH2te A=A &4

(B

Fig. 1. (A) Rarefaction curve with number of OTUs versus number of reads and (B) rank-abundance curve of top 11 OTUs of each sample.
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HI7k 7 2 11719 OTUS Uehdl 202 449 OTUZ}
TS S M S 7T gk A2 2 4 99l 55 o]t 3
2] A%o] FEeR SAoln] 9] F 9ol SHO4E A)2]
sharts shite] u]s) OTUse] vl&o] #Yshl a2t 9 2

GEH Mo EM

st Aol Z+2E 0.6-25.1% (B 8.3%), 0.1-14.9% (3
o 5.7%) 7vES] A Eo] EEA|L 16S rRNA A EE &t
16S IRNA §-AAE vl o 2 3t Al vy E4 04 B2 4
+ GEAY N EE T Aol =7 g2l At FdS =
A5t ) o] 5 T oF gttt 27 Stramenopiles?] FEA| 7}t
St M= 71 wol A= ZAE & 5= AT Stramenopiles
= TEFE TS ot 2FE 8L Gl AFOCE G
A o ol 4te Holr} thekelt 2/ AE st
Argo] 7Hssitt A Holl= & o thter TFY 84 1
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9+ 1 ¢ AR Y= 2F &k AEE0] EX AS
E 5 ATk ol A A9 okt 91219 Aol A JF
7+ H 7] diiol A1 1A 9 AlF w2 AFR Y] SRl o

o 4%AY FR7H o Ao e,

23t 2 2Z0IMe] 25 Zolo Hlz
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e

A=
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7o 2 B4t 51.3% 9] 8|82 Rt} SC4Tt Fusobacteria 730]
0.3% Hroll =] ghot o2 AAIe} & Aol & Holu, thE 7iA

o Aol A 47% ool L AAHe SHFoltL &

[e]
e e 2
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=

2= AScHFig. 2).

Bacteroidetes

9] Flavobacteria 7Y 2.2 60.6% S A5ttt Flavobacteria

[e)
7(1-‘1:'

£ AN = 7.0-26.8%71A] EAsEL o] B4 A Al

o #FolA TR S Folgta & 5= Utk a-Proteobacteria
Zro| AR SAZ(EE 6.5%) 0.2 JehI|qt a4 @A
HiE gE HA e gt B3 oA R W Ee
y-Proteobacteria 732 ko] A=A ¢ko} d=el= AF ohE
At #EZ o1F= AT ¢ 5 Utk

A-2] A B3 7o oA SR ot ERaol
EA5t= AL & 4 U e F EF Boluh Ao =2
H &R EAstHA T ol 72 v]&-2 F2 Holu Al
9 A$- oy Zi o] FuF Hxsta Y= AL & 5 U
ok a2 Ao mebd &R SRt &S HAE At
A& & ATk A AR AloloflA] A or AR &
2O 2 2.1-20.7% (B 11.6%)Z A 8H= y-Proteobacteria
7337} 2.6-20.9% (B 9.7%)2 X}ASR= Bacilli 7} 2.9-10.5%
(Bt 7.0%)E AA|5k= Flavobacteria 730 Jitt. o] vho=
o-Proteobacteria 7X(B 9.0%), -Proteobacteria 7B 6.8%),
Actinobacteria 7X(B4+ 4.2%) 50| v|n & AlFet v]&2 A5}
= ERaolgtal & 4= QlGlt). WiHol| A o2 71 =4 4
S=(H+ 16.0%) Cyanobacteria 2] Synechococcophycideae
74 A8 3 AAANAE 25.1-37.5%9] vl 97gskm Qo

2 Al AAoAE 1.9% viRte 2 2A3te] JHA|7ke] BA7t
e 2 A& E 5 USUTE EolstA 3 A A|(SHO4,
SH17, SH18)9| A= Tenericutes £2| Mollicutes 732] H]L&0]
27+ 55.0% 24 31.8% 2} 6.5% 2 S =2 AL & 4+ AT

=
=TT

A

&9 Zat Hlm

Figure 3 sfital Aj9-2] U Al thdE & ol
H w3 & Ao R Aol Lt AlRoA 1% oo HlgS 1
ol 457 vebdl agolth Figure 304 E£/F9] olFellA
f__, g ool Yehid 2 212} family (), genus (&) =
Zo]| A m|E{(unclassified group)& UEHATE o] F2 H
Hi Al #4123t EA oA doj A BT EAfsk= AT
olgt= AL oJulgtth(McDonald ef al., 2012). Figure 32] 24|

Phylumn; Class SC1(0%) | SC2(%) | SC3(%) | SC4(%) | SCE(%) | SC6(0%) | SHO2(%%) | SHO4(%) | SHOG6(90) | SH12(%0) | SH17(%) | SH18(%0)
P detinobacteria; o Arcidimicrobiiz 0.1 03 | o090 | 12 05 | o8 | 1o | o6 | 15 | zo0 04 || 31
p__Actinobacteria; ¢ __Actinobacteria 02 o1 | 07 || 46 0o | 23 | 38 [ 86 || s6 | 15 | 32
p_ Bacteroidstes; ¢ Bacteroidia | 0o | 1z | o6 | 27 | 43 | 17 | o6 | 36 |l 61 | 26
p__Bacteroidetes; c__Flavobacteria 151 [ iss 5.8 0l 70 @ o2 | s8 || 20 [H o5 [Hws [ o7 | 36
p__Bacteroidetes; c__Sphingobacteriia | oo | 06 | o7 04 | w3 | o7 | 13 02 | 10 | o6 01 | o7
p__Chioroflexi; c__Anaerolineae 0.1 0.1 0.1 H 29 ‘ 0.7 I 2.7 ‘ 14 01 I 17
p__ Cyanobacteria; c__Nostocophycideae |] 31 01 02 01 \ 0.6
p__Cyanobacteria; c__Oscillatoriophycideae | o7 0.1 |13 0 o2 03 04 |12
p__ Cyanobacteria; c__Synechococcophycideae .5 25.1 Ds.l 0.5 ﬂ 3.0 | 1.9
p_ Firmicutes; ¢ Bacilli 0.2 0z | o090 || 30 o1 | 20 W sz || 26 | so0 || ss |[Two [ 1o
p_ Firmicutes; ¢ Clostridia 0.4 o1 | w3 | 35 | os | 33 | 11 04 | 06 | 11 02 [l s
p_ Fusobacteria; ¢ Fusobacteria [ 666 | [ 669 | [ 470 03 |7 ] 500 0 so 0.3
p__lenfisphaerae; c__[Lentisphaeriaj 02 | 12 03 0.1 0.1

p_ Proteobacteria; ¢ Aiphaproteabacteria Hws | os [ 77 Hwr | 25 0 74 [ s3 [ 33 @ 71 [Hiisr | os [ 156
p__Protechacteria; c__Betaprofechacteria 0.1 0.1 0.1 01 01 01 ‘ 1.0 ‘ 0.8
p__Protecbacteria; ¢ Deltaproteobacteria | o6 | w3 | 24 | 31 | 23 | 25 [ o1 | 11 | s3 [0 120 01 ] 91
p__Protecbacterta; c__ Epsilonproteobacteria | 23 |I 35 |] 4.7 ﬂ 58 | 12 |I 2.8 02 H 4.6 D 18.7 I 2.5
p__Protecbacteria; ¢ Gammaproteobacteria | e ] 4o | 38 ] 42 || 35 | 2o [ ss | 21 | so [0 u7 [H1 [207
p_ Tenericutes; ¢ Mollicutes 0.3 0.1 | 16 55.0 0.1 04 |[ds I 72

Fig. 2. Classification of reads in the phylum-class level according to samples. The taxonomic group equal or more than 1% in at least one
sample was indicated. Bar shows the relative ratio of the taxonomic group in each sample.
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Fig. 3. Classification of reads in the level of genus from (A) sea cucumbers and (B) shrimps. The genera more than 1% in at least one sample

were shown.
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Fig. 4. Venn diagrams showing the distribution and detection frequency of taxa in the level of (A) genus and (B) class for sea cucumbers (SC)
and shrimps (SH). The first number following taxon name is the detection frequency in sea cucumbers and the second number is in shrimps.

Unclassified taxon is not included.



A2 9ol w2 ¥l Lactococcus 40] o] =1,
Leuconostoc &= B & &gfo]Aqh 21T WA= A2 ¢
9] el faktol EAE = = B7148 ol FAE
= AL HoF3 Ut} E3F Desulfosarcina®} 2 3HAHE3HA
9] Ago] A= RS BHH FUoA Ad 974 g0l
EA5tL ks AL B ok 53] 4] F¢ 79
Ho2A OE HYY 459 RS AASAY FH ks
o= St EA4E 7HA 2 7] Wil 4 A §-87Fs43
< HoE £ s ASolE & £ Utk & JRAlelA
Mycoplasmatales £2] nlE5F &o| 2 HEE WA=
Mycoplasma®| &3l= &2 A2 7|1 qst= Aoz & &
27 9lom] o]t Ah9e] WUAT ARRlo] B|usht
3t Hojol M= Mycoplasma?} 1%l 8} Qlth(Holben et al.,
2002). 439 Ao BE R 40| Tt ZAskE
A& & Jon Ao webA A2 o2 E2E UEhix 9
o}. o= Af7} A B o] 3RS wo] WL Qlok= AL U
Ell= AL 2 AfLof FE5H L2 EXst= M-S 3otEr] 9
A E o B2 F AlEr Ead Aot

Alet¢] 16S rRNA fFAAE 451t B W2 o] 4&
A2l 16S IRNAZ} o] 57| % gte}. o] 2|3t §EA Y A 82
EAA FE2 AAGAY FA "D 18y mdE 2319 oF
AL £ o g8A19 Aol vF @& ¢S AX|sHA =H
oeFd B4 T A g u|E 5= ok B3 HEA AE &
A 5ot Yk TEY AEY Ee 27 Hol U He
BoFE= 715 7Hssttt

BT Aol A FFFES HEES oFH7ER] £R77 EHA|
B2 5, THA Dok, S04 @olxl AETe g o]Fo%l
= 7R A2 YEth o] it AjSof EAsh=
w2 nYES0] oF 71X wljeko] E 2] oo 22 ERT
02 BRE 4 e AE0l Bol EAskL vh= A ou|E

o @A) Al A9 Wlere ESA) ohe ATE Bote] o 60
of 7] o]4Fe] E(phylum)o] LA o} o] Hloyo] H 25
£ 7 gl 2L 7= Av B ] H7) gtk
(Rinke et al., 2013). o|= 3Jata} Ao A m]EF o] WL o]
98 Me) 2 A uD 2o s RHE 5B B9
o 7o) ERIHOR FeiAA] FS WE 2] HAZ]
WAE T Qo Schmitt et al., 2012). d|& S| “Poribacteria”
o} 2L DFE Aol AT SolH o2 AHE BozA o
A &g ikl B #5797 o] B E(candidate
phylum) S 27} A 2] =] Qlth(Fieseler et al., 2004). AL} 3
A 59) AU AlgEol obA7H 1 BA0] BEAIA e Be
Aetgol EAgth= HollA MEZL nBEAYLR o] 8d ¢
U Aolth. £ A4t AA AdH o R Fa% Y FHSF
2 S A AW Al S HEF AQ EAW
02 AWE AFEA 7]&0] ¢A ZPE T 499 34
&0 FEdS AHE 5 Ao A vdE g A
BTt Azargo| tigt 718 AR2E AlFdte el & 4
At

o] 2AE A4S o 87 T A9 U Al ThFE 243

82

165 IRNA §A1E: th}0 2 454 o] 24 BUL ol
5oy daHApostichopus japonicus)™} N$-(Litopenaeus vannamei)
O] | Alte] Tl BT siike] -9, 2o g
T 709 &3 Qo] Y= A LR ekt b= Fusobacteria
£ Propionigenium 40|0, tt2 3h}= Bacteroidetes 72
Flavobacteriaceae T}o| &3l= n|E5 £o|gth A= il
H]8f] theksk £5-8 2381l 9192 Lactococcus, Leuconostoc,
Prochlorococcus, Vibrio £S3} Flavobacteriaceae, Rhodobacteraceae,
Desulfobulbaceae, Helicobacteraceae I}2} Mycoplasmatales
2ol £3he 0lR5 £52 THHT Usich kT e &
5] 4k ojafo] Aol HMFH 2 Qlofrl Aelnt ERjsh
v ERE &% Aoz IRIFGIT &5 454 wpo|2AE
BAS Ealol Ak Al-e] Z Ao kg v &
Aom, 1 Aut skt = ofH 7R gHE AR e AR
£ 0ES Bol Takela i 2S % 5 A

fir

2t o

o] =22 20105h A= FAdetae] A YS wol =P
9] (PKS-2010-0534).

rak

ik

02

Acosta-Martinez, V., Dowd, S., Sun, Y., and Allen, V. 2008. Tag-encoded
pyrosequencing analysis of bacterial diversity in a single soil type
as affected by management and land use. Soil Biol. Biochem. 40,
2762-2770.

Amann, R.L, Ludwig, W., and Schleifer, K.H. 1995. Phylogenetic
identification and in situ detection of individual microbial cells
without cultivation. Microbiol. Rev. 59, 143-169.

Bemardet, J.-F. and Nakagawa, Y. 2006. An Introduction to the Family
Flavobacteriaceae. Vol. 7, pp. 455-480. The Prokaryotes: A
Handbook on the Biology of Bacteria. /n Rosenberg, E.,
Stackebrandt, E., Thompson, F., Lory, S., and DeLong, E.F. (eds.),
Springer, New York, USA.

Binladen, J., Gilbert, M. T., Bollback, J.P., Panitz, F., Bendixen, C.,
Nielsen, R., and Willerslev, E. 2007. The use of coded PCR primers
enables high-throughput sequencing of multiple homolog
amplification products by 454 parallel sequencing. PLoS One 2,
el97.

Both, B., Kaim, G., Wolters, J., Schleifer, K.H., Stackebrandt, E., and
Ludwig, W. 1991. Propionigenium modestum: a separate line of
descent within the eubacteria. FEMS Microbiol. Lett. 62, 53-58.

Bury-Mone, S., Kaakoush, N.O., Asencio, C., Megraud, F., Thibonnier,
M., De Reuse, H., and Mendz, G.L. 2006. Is Helicobacter pylori a
true microaerophile? Helicobacter 11, 296-303.

Castroverde, C.D., San Luis, B.B., Monsalud, R.G., and Hedreyda, C.T.
2006. Differential detection of vibrios pathogenic to shrimp by
multiplex PCR. J. Gen. Appl. Microbiol. 52, 273-280.

Crab, R., Lambert, A., Defoirdt, T., Bossier, P., and Verstraete, W. 2010.
The application of bioflocs technology to protect brine shrimp
(Artemia franciscana) from pathogenic Vibrio harveyi. J. Appl.



244 Noh et al.

Microbiol. 109, 1643—-1649.

Deng, H., He, C., Zhou, Z., Liu, C., Tan, K., Wang, N., Jiang, B., Gao,
X., and Liu, W. 20009. Isolation and pathogenicity of pathogens from
skin ulceration disease and viscera ejection syndrome of the sea
cucumber Apostichopus japonicus. Aquaculture 287, 18-27.

Dowd, S.E., Sun, Y., Wolcott, R.D., Domingo, A., and Canroll, J.A. 2008.
Bacterial tag-encoded FLX amplicon pyrosequencing (bTEFAP)
for microbiome studies: bacterial diversity in the ileum of newly
weaned Salmonella-infected pigs. Foodborne Pathog. Dis. S,
459-472.

Edwards, R.A., Rodriguez-Brito, B., Wegley, L., Haynes, M., Breitbart,
M., Peterson, D.M., Saar, M.O., Alexander, S., Alexander Jr, E.C.,
and Rohwer; F. 2006. Using pyrosequencing to shed light on deep
mine microbial ecology. BMC Genomics 7, 57.

Ercolini, D. 2004. PCR-DGGE fingerprinting: novel strategies for
detection of microbes in food. J. Microbiol. Methods 56,297-314.

Fieseler, L., Hom, M., Wagner, M., and Hentschel, U. 2004. Discovery
of the novel candidate phylum "Poribacteria" in marine sponges.
Appl. Environ. Microbiol. 70, 3724-3732.

Holben, W.E., Williams, P., Gilbert, M., Saarinen, M., Sarkilahti, L.K.,
and Apajalahti, JH. 2002. Phylogenetic analysis of intestinal
microflora indicates a novel Mycoplasma phylotype in farmed and
wild salmon. Microb. Ecol. 44, 175-185.

Hovdaa, M..B., Lunestadc, B.T., Fontanillasd, R., and Rosnesa, J.T. 2007.
Molecular characterisation of the intestinal microbiota of farmed
Atlantic salmon (Salmo salar L.). Aquaculture 272, 581-588.

Jang, L., Kim, J., Cho, K., Seo, H., Cho, Y., Gopalakannan, A., and Kim,
B. 2008. Intensive culture of the Pacific white shrimp, Litopenaeus
vannamei, under limited water exchange. I. Indoor nursery culture
of postlarvae. J. Aquaculture 21, 339-345.

Janssen, P.H. and Liesack, W. 1995. Succinate decarboxylation by
Propionigenium maris sp. nov., a new anaerobic bacterium from an
estuarine sediment. Arch. Microbiol. 164, 29-35.

Kuczynski, J., Stombaugh, J., Walters, W.A., Gonzalez, A., Caporaso,
J.G., and Knight, R. 2012. Using QIIME to analyze 16S rRNA gene
sequences from microbial communities. Curr. Protoc. Microbiol.
Chapter 1, Unit 1E 5.

Lee, J.H,, Yi, H., Jeon, Y.S., Won, S., and Chun, J. 2012. TBC: a clustering
algorithm based on prokaryotic taxonomy. J. Microbiol. 50,
181-185.

Li, X., Yu, Y., Feng, W., Yan, Q., and Gong, Y. 2012. Host species as a
strong determinant of the intestinal microbiota of fish larvae. J.
Microbiol. 50, 29-37.

Lightner, D.V. 2011. Virus diseases of farmed shrimp in the Western
Hemisphere (the Americas): a review. J. Invertebr. Pathol. 106,
110-130.

Margulies, M., Egholm, M., Altman, W.E., Attiya, S., Bader, J.S.,
Bemben, L.A., Berka, J., Braverman, M.S., Chen, Y.J., Chen, Z., and
et al. 2005. Genome sequencing in microfabricated high-density
picolitre reactors. Nature 437, 376-380.

McDonald, D., Price, M.N., Goodrich, J., Nawrocki, E.P., DeSantis, T.Z.,
Probst, A., Andersen, G.L., Knight, R., and Hugenholtz, P. 2012. An
improved Greengenes taxonomy with explicit ranks for ecological
and evolutionary analyses of bacteria and archaea. ISME J. 6,
610-618.

Pangastuti, A., Suwanto, A., Lestari, Y., and Suhartono, M.T. 2010.
Bacterial communities associated with white shrimp (Litopenaeus
vannamei) larvae at early developmental stages. Biodiversitas 11,
65-68.

Rinke, C., Schwientek, P., Sczyrba, A., Ivanova, N.N., Anderson, LJ.,
Cheng, J.F.,, Dading, A., Malfatti, S., Swan, B.K., Gies, E.A., and
et al. 2013. Insights into the phylogeny and coding potential of
microbial dark matter. Nature 499, 431-437.

Robert-Pillot, A., Copin, S., Gay, M., Malle, P., and Quilici, M.L. 2010.
Total and pathogenic Vibrio parahaemolyticus in shrimp: fast and
reliable quantification by real-time PCR. Int. J. Food Microbiol. 143,
190-197.

Roh, S.W,, Kim, K.H., Nam, Y.D., Chang, H.-W., Park, E.J., and Bae, J.W.
2010. Investigation of archaeal and bacterial diversity in fermented
seafood using barcoded pyrosequencing. ISME J. 4, 1-16.

Schloss, P.D., Westcott, S.L., Ryabin, T., Hall, J.R., Hartmann, M.,
Hollister, E.B., Lesniewski, R.A., Oakley, B.B., Parks, D.H.,
Robinson, C.J., and ef al. 2009. Introducing mothur: open-source,
platform-independent, community-supported software for
describing and comparing microbial communities. Appl. Environ.
Microbiol. 75, 7537-7541.

Schmiitt, S., Tsai, P, Bell, J., Fromont, J., Ilan, M., Lindquist, N., Perez,
T., Rodrigo, A., Schupp, P.J., Vacelet, J., and ez al. 2012. Assessing
the complex sponge microbiota: core, variable and species-specific
bacterial communities in marine sponges. ISME J. 6, 564-576.

Seo, J.Y., Kim, D.G., Kim, G.U., Cho, S.S., Park, H.G., and Lee, S.M.
2009. Effect of different substrates in the rearing tank on growth and
body composition of juvenile sea cucumber Apostichopus
Jjaponicus. J. Aquaculture 22, 118—121.

Verschuere, L., Rombaut, G., Sorgeloos, P., and Verstraete, W. 2000.
Probiotic bacteria as biological control agents in aquaculture.
Microbiol. Mol. Biol. Rev. 64, 655—671.

Yang, S.J., Choo, Y.J., and Cho, J.C. 2007. Lutimonas vermicola gen.
nov., sp. nov., a member of the family Flavobacteriaceae isolated
from the marine polychaete Periserrula leucophryna. Int. J. Syst.
Evol. Microbiol. 57, 1679-1684.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


