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Marine invertebrates have been well-known a symbiotic relation-
ship with marine microorganisms obtained during sea water
filtering. Among the marine invertebrate species, the sea urchin
grazes on seaweed. Although sea-urchin barren may occur, there
is limited ecological knowledge. The gut bacterial population
of six urchins collected from the Dokdo and Ulleungdo was
studied in this work using the 16S rRNA gene amplicon technique
and analyzed using operational taxonomic unit (OTU) method.
Because of the high frequency of unclassified groups, these
studies at the phylum and genus level were able to predict the
presence of uncultivated bacterial species on the urchin gut.
The genus Sulfurospirillum, which can use sulfur compounds
and nitrogen oxides, was also abundant among Ulleungdo’s
urchins. The urchin gut microbial communities were clustered
with their habitat as a result of the beta-diversity (PCoA and
UPGMA). Furthermore, the diversity indices for the urchin gut
microbial community obtained using the OTU were comparable
those of amplicon sequence variant method. Despite the fact
that each study approach was subordinated to the clustering
method and the reference database employed, the microbial
community structures were similar. In conclusion, we detected
microbial diversity and community structure in the gut of urchins
in this study and found no significant differences between the
OTU and ASV analysis methods.
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9 coFeh Bl 2)/215 7o) AT ol efat ok 2
o4 MAISHE B Py e e Ao kel glom,
S ol b W7l ST u B2 H sl SlepR

=l o
d -84 A47F 2= QIti(Hu et al,
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al., 1981; Lee et al., 2001).
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BIEkR FelA Qom, ofF HRFE DALY AR
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AARSE 9 sl &2 arge] 7153 At et a7 5
7}8}aL Qe Trigueros et al., 2021; Wassie et al., 2021). £3],
U 2ol aaE A 9 E8lske ngEe Ee ko] o
of ARAsE 52 Sel el Aol dhat A7)
ITHKim et al., 2011).
S PR AN Sl A T
A s = s FAHFF=o Itk =
16}1 1.0, oF 3001%0] A4Js}a ek
=0 wgE Al g ol A= 2 27HA
S A(Stronglyocentrotus nudus)7} 2
ks o] Hasa Qlek A4 ﬂi 2l
O] s Zo|l A Yrehd F A7 2 WSt o
31 9)3(Sin et al., 2019), E-AbZ<5 oFo
Bhe| = kol A28 A S0 hE A 235
7 R A cKKelly et al., 2013). o] 2§t
A7} B2 o] BBl A A ek 3
H9e A0 R Halck Akl A Bl
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(Kim et al., 2012).

ZA T A 714 D(NGS, next-generation sequencing)—“?‘_—ﬁ =
of whtlol we, chere 4 9 slofol A4 415H: B2
n = At =550 A, O, AR A3k A 2]t ko
Yep AR RE HE 9l 28 27 of| 4] Ko} ohefgt v
A& AgtEo] YA 1L Qlok & At A= Tl =gt
Syl AAlsh= A= E QoA At AAI A71A
& FAR S E-gsto] A AU rdE Y] F2E A R

ul ko] ) v g thopi g Belsk Al Shick

H

Xz 2
M= M =
H A 1=2017d4%Y, &5 (n=4,SD1-4)2} &5 (n=2, SD5
9}SD6) Q12 Hirtol| A A3k G A Al(Strongylocentrotus
nudus)E AH&SHATE i 5 Al T2k A Ake] ¢
4 15 m o] bR ol A R 519l L, &5 T A=
AE EAEE] =4 20 mO] RE A A Z STt
(37° 14’ 24”N 131° 51’ 36”E; 37° 30’ 07°N 130° 55’ 11”E).
SErol B0 A9 2 AT (20124 1292700 &
A= o] Qlo, 5] 71 Frasol| A AlghE =0 FEAE A

SR AR A= W2 2 EE°0)E FAI5HH Aokl

DNA &

u] =32l A A|s8d Al2%

A A7HA] AT 24 A 2 FE S A
7] £15}eq, sl FEhd-2 A A3 7] (https://www.law.go.kr/
admRulLsInfoP.do?admRulSeq=2000000109042) ]| =3} H
FE g 28 ol alo] T2 4] W olnele] HES 2
Slsh = 50 ml conical tubeo]] #5199tk Genomic DNA
(gDNA)+= Power Soil kit (Mo Bio Laboratories) S ©]-83}]
Rl 2] ups of uhe} 2 25H91ch NGS 242 94, 341F
2} 785R ZE}o|HE AlE35}o] | RE-2] 16S ribosomal RNA
(16S rRNA) - A7}0] V4 o oS =2 W 4|51 tKim
etal.,2015). A= FZ AHE 9] NGS 32 Macrogen©]|
9] & 5}4] 21, MiSeq (Illumina, Inc.) H] S ARg-3}o] 2134 =]
Itk HE A Y52 NCBIQ] Sequence Read Archive (SRA,
https://www.ncbi.nlm.nih.gov/sra) o] 5-Z3}ATHSRX15155618-
SRX15155623).

OME 28 2 Cle 24
0| Y& L ERE BA5)7) 9)3}e] operational taxonomic
unit (OTU)2} amplicon sequence variant (ASV)E 7|HHO. &2
27y B8t OTU 7)4E 2418 mothur (version 1.45.3)
(Schloss et al., 2009)E ©]-83}9 Tl Mothuro| A A|&3}=
make.contig Y 0] & 0]-83}0] raw read S XYL o] E =
of| ] quality checking2 3} A& 0 & =3 A|HA = Agk
Ao ARGkl e, ZHek A At v o] £ o] A7IA D
(IR REjolel JRANSS A A o] Ao A wS
A1, TS 23 T A E SIstol, 9714 A Silva
g o] ] H| o] 2~ (version 138.1)E 2115} 97% GALEE 7]
o2 nAE ER7 4 54 74 =5 H(Koh er al,

2015). =714 0.2 =T ASVE 7|Hko & sl= 7| A g &

*—1 & 913ll, raw read 2 F 7} A H o %—%"—EOH g <
&5 Allsto] 25f-go] W readE5S AHSHL, ol 25

0] 5 read 52 A7 118 A 5o el R
DADA2 30| 322}QlZ 0] 8-3t0] &7 S W50l &F/E
B U}J- chimera& A A% F A go] 100% AR|st= A4
SLba ol ASVE TAISTh AQ 4R S o
D] E 9] =X NCBI 16S ribosomal RNA databaseS
sholon), s 24 7 BAL dlojs B4 2
Quantitative insights into microbial ecology (QIIME,
version 1.9) (Caporaso ef al., 2010)& ©]-83}% thProdan et
al., 2020).
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213} beta-diversity £-41-2 weighted unifrac 7] 2] 24 WS
o]8-3}od Z}Z} unweighted-pair group method using average
linkages (UPGMA) A 5=} Z=2}3 E4(Principle coordinates
analysis, PCoA) H'H 0 2 X ZF3ls}i T

Zut 3 E9|
A EH DIME CIbM

Raw read A 2| ] &, F3 46071 2] 7|4 DL 3HE 51
OTU Ao 2 L2 ol = U] A7 o] A n| & 222
B3}t Table 1). Good’s coverage=90% o]4}o] gl o

|

ZUOFA] R4l B J20] 2% 20| 8|3t =2 A
S Y S Aglek ohelh S5 159 SDs ML hE A
Zol| uj3ko] thepA 4|47} A T ik ol S S
o Aut =2 1|82 YhA | 9l Bl Fusobacteria 3} ¢131o] Q1
S AR HOJEP

= 3L l:l

Z7(Chaol)] 7%, SDI41Z0] SD5AZo] 1]
o] e ho] ZhztkE| gl o iy, 32k species (i.e., OTU) Eth
chaol ] ZFo] oF 34} 7] Shel|oic.

ZF N EZ 71o] AY n| B 2 SAME 58 v wEhy] €
3}oq, beta-diversity ©4] A1}= PCoAX} UPGMA A4
2 UEeR) 9l th(Figs. 1~2). PCoA 2! UPGMA A1} njg}o.
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Fig. 1. The relationships between the gut microbiota profiles represented
by a principal coordinates analysis (PCoA) plot from a weighted UniFrac
analysis for operational taxonomic units (OTUs). Blue and red coloring
denote the sea urchin collected from Dokdo and Ulleundgo, respectively.
Dokdo group is highlighted with blue dot-oval.
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Fig. 2. Unweighted pair group method with arithmetic mean (UPGMA)

trees showing clustering of gut bacterial communities estimated by OTU

analysis method. The scale bar indicates the distance between clusters in

UniFrac units.

Table 1. Sample statistics estimated by OTU and ASV analysis corresponding to the six samples analyzed in this study, determined V4 hypervariable
region of the bacterial 16S rRNA gene sequenced by Illumina MiSeq platform. For inverse Simpson diversity, the value closer to 1 might be considered

more diverse

Analysis method Sample OTU/ASV Chaol Shannon Inverse Simpson Good’s coverage
SD1 4,710 13,064.92 6.15 0.99 0.92
SD2 5,597 16,775.62 6.24 0.99 0.91
SD3 6,780 19,147.24 6.30 0.99 0.92
otu SD4 5,807 17,414.20 6.20 0.99 0.92
SD5 5,658 17,223.50 5.59 0.95 0.92
SD6 5,299 16,428.76 6.08 0.98 0.91
SD1 663 663.10 7.40 0.98 0.99
SD2 735 735.71 7.48 0.99 0.99
ASV SD3 795 799.13 7.50 0.99 0.99
SD4 746 747.44 7.42 0.98 0.99
SD5 536 537.15 4.89 0.84 0.99
SD6 709 709.48 6.70 0.95 0.99
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1oL (Hakim et al., 2016), ©]S Z3) A4A|2] A v
KA Aol ket k2 Rele] 242 YAk 9l Aoz B
5}t

O/E 27 7% Hlw
7k 35 W AIES) oA E A 8-S R(phylum) ol A

Ao A FHw S A Fig 3). HlERT I (Bacteria_
unclassified)& 3E§F5to] 277l &o] &1}t

Ve lEE AAsHe B BAY HE 2T Pro-
teobacteria (27.6~38.5%) %2 Q1 &t 1 F&2 5= 1%
of] &351= AA ME(SDI1-4) 7+ & #}o] §lo], Bacteroidota,
Planctomycetota, Firmicutes, Patescibacteria, Actinobacteriota,
Ao Rt
). ofof Hlste], &5 T1FS

-2 Fusobacteriota, Campylobacterota, Bacteroidota

Verrucomicrobiota 5-2] <=0 2 2-H35}31 Q=
oHZHAYE 3% o)t o)
SD5 *éi

(AE Ul 10% ©]4}), SD6 A4E-2 Bacteroidota, Campy-
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Relative abundance
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= Sumerlaeota Verrucomicrobiota WPS-2

= Cyanobacteria

¥ Planctomycetota

lobacterota, Firmicutes <=2 Z(A& U] 7% o|AHU eIt &
S 159 T AAAZ2 Fusobacteria (SD5 -3, 21.1%)
@} Campylobacterota (SD52} SD6--3E, Z+2}12.42}10.3%)
2 ASJShE B 18I} )4 v 4R 24 2o} Bl
ok

E2 1 DAY & oA, vt 1F (Bacterial

unclassified) o] WA= et o]= AuHZ|Ql ApA2H of) vls}

of, Bl Aa]E|o] 9l A 4 o) oA 7tA] L X)X
oJ-O L]—HHO]:/H LH] B —E‘-LH_,] U] %éxﬂ oq]/‘qﬂ-

% gie.

PR LTI XS T R ERUPUEE
HE ARHE RS AFokaL 3lo, SDS MES HEME
=¥} =¥ Fusobacteria -] Bl-&o] v]-¢- 2 A& RIS
R} ol 2 SFE 150l S8 = SD6 A B &
AFS1A] ¢k F o]t} Fusobacteria £-2 BH3Ha = o} o]
AR R A A R RIS S B4 S5 5
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Fig. 3. Relative abundances evaluated at the phylum level in gut bacterial communities of the sea urchin. Bacterial taxa are clustered and identified by OTU

analysis.
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=280 2 A A It Bennett and Eley, 1993; Potrykus
etal., 2007). ERF AtS AR T2 43517 W Aot
E| A Eol| A A2t Ao = d#A Qlof(Suau et al., 2001;
Kapatral et al., 2002; Nagaraja et al., 2005), SD5 A Z-of| Aut
E2 &R EASHL Q= Aol o5 B A7 o) A= of
d 2O R o JE ) ohul, W <320 A7 (A ) o) A
A ol 2101, Fusobacteria ] 2 Hl-&2 EA 5kl Q15|
BRI = AL Qlof, FAToll ARG A9 7 A4S f1% A
Al ofn] of| ZE|7] ¢k Aol leZE|o] QAL 7He S &
AAHA ol &8 4= It Roberts, 2000).
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Candidatus_Protochlamydia
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st ALE A A, B 52 0| E7H TIE(Bacteria_
unclassified)©] 7} 9743} 912131(8.2~8.9%), 71 F= ©] o]
LWQS8_ge, Sphingomonadaceae unclassified <02 943}
3 QIR &5 % OFof A= SD5 AME-2 Psychrilyobacter
(20.26%), Campylobacterales_unclassified} Bacteria_unclassified
£0 2 SD6 A& Campylobacterales_unclassified (10.27%),
Bacteria_unclassified, LWQS8 ge £=° & 943} 1 3ich
E & ME(SD1-4)]| 4] Sphingomonadaceae unclassified7}
3% 5 sht= 2¢1 =3It} Sphingomonadaceae Yh= theF
=0 Aol 2 e T EY, HY Vs 9
3= AS 2 oA ¢Jti(Chalifour and Li, 2021; Lau et al.,
2021). E3| Aol 2™ E317] 4% Sphingomonadaceae T}
7F A o E Aol A EA T Bl B3] WolAl=
Zlo] ghelE| )l e (Lauer al., 2021), 1 Hiof &= Aol A 57

SD4 SD5 SD6

= Nocardioides
=WD2101_soil_group_ge
m Oxalobacteraceae_unclassified
m Bacillales_unclassified
Devosiaceae_unclassified
= Sphingobacteriaceae_unclassified
= Paenibacillaceae_unclassified
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Psychrilyobacter
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Fig. 4. Stacked abundances of the selected bacterial taxa (more than 1% of the total reads) present at the genus level of the sea urchin. Bacterial taxa are

clustered and identified by OTU analysis.
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Q) ke v A B4 v AER o %% 9 eh(Chen ef al,
2017).
SD5 AllZ0]| A= Fusobacteria -0]| £&:5}= Psychrilyobacter

£0] 2-7(20.3%) 3= A0 2 BRIE| At Psychrilyobacter

4.2 FjoF E|Z Eof| A F a8t Tl A E= ofn| e AF Bl

7153 ©] DNA-B]ARA 5-9] 4 (DNA-SIP) A & 1} 321 4]

B E3) of| =5 2 thPelikan ef al., 2021). 0] 2|3t AFALS

AA o] AUl A Psychrilyobacter £0) Trald Baj Wl 2@
2 HH](i.e., formate, acetate, propionate S-2 butyrate)<

H5tH, 523t thA] SAA = 2T 7Hs S =4S
Al

HA o&=8F 4= uth T3t Psychrilyobacter <50] B F =
(Pacific oysters, Crassostreae giga)2] 1| & 354 A1},

o ul g Ay WY ARHa Belo) itk ATE
HI1%o] §lo(King etal.,2019) kA A1t u}, KAl o] &

= AA7} Aol 2l 7
o2t Psychrilyobacter 4:0] /37| 01] APH o2 ﬁo
= A9 AT AT B A olnl, e jof 520 1)
] oJ ko] 5] Al vlE A 01 Psychrilyobacter 40| 3]
2] 910} of gt &lekg shzAlo] e 2T AT
[ 707 Pt

Psychrilyobacter < TF3 2.2 5% T1F0| 4]+ Campy-
lobacterales_unclassifed 7} =& H]-&-2 2}A|3}aL Qlth &4
AA(Lytechinus variegate) @] 2| Y& w3 kol wh=
M, Campylobacterales &-of 253} Q)= Arcobacter 230 -3
o v&E EA5I = AL FelE gt Hakim ef al.,
2015, 2016; Green et al., 2021). Arcobacter <= SA] A3} =
oA Fatet 9 da v S EdUA s E S A AL
2 I A QJtiWirsen ef al., 2002; Pati et al., 2010). Tj&-0]
H AFE Foto ERlE Sulfurospirillum <4 GA] A4 1174,
OFAEAE A4 (acetogenesis)2 350l AT thafaby
o] G| BA-S 5} 21915 9tk Freedman er al., 2017). ]
= Hakim et al. (2016)-2, 543 A A v & 3] 225
Bk}, obu]iAb 8l X1 Sof oiat thafz} ol et 5
2490l Thele] Aigon, o] BAS FUTEE wigke
2 FHAR5E] 620 2 Campylobacterales 3} P 7]
01 27 ol T, ol efet ATFE-S vheko 2, seka el
WA %)= Campylobacterales E(Epsilonproteobacteria 7 $-2

Campylobacterota &-)of| &3}= | Y E0] thal sl A=
3}l SR EH 0] A BL =2 Sof o]wdt Ao] Q)

ot

3
A obA7HA) el it glol, o5 iAol tht v,
ARG A D 752 A7t F Qs Hakim ef al., 2021).
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gh2 LRI Lo, S5 150 SDS A e thopy

A& Kol §J It Table 1). E35} beta-diversity S 245}
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04 PCoA 2} UPGMA Al g2 YehH 27}, 5590t &5
HEZ 78315 o]F 11 Q)20 B2 ¢l thdata not shown).
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A FHEE AT A 187) £ 3187Y £ro] ERIE QT &
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E{(SD1-4)°]| A+= Bacteroidetes (Bacteroidota), Firmicutes <=2
2225} It 22 % T150]4=SD5 A1=-2 Fusobacteria,
Bacteroidetes, Firmicutes 2= 2, SD6 AEZ2 = 153t =
O 2 e T
& 2o HAoA B 122 n|BEE & 18(12.85~
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