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B E: IFF)EEEABEFADTH—RLRZAGRE LY, AEANAREF T LEAAY
EHGEWARAEN TR, [B 6] oAt mm &g 2 AW AREMG S HKE. [FE] XA
Illumina MiSeq % i & 0 5 AR A3t s000 B i 2 AT E W A 98 16S rRNA AR FH V3-V4 X Fo kit
£ A 18S rRNA B ITS1-1TS2 R 695, FHARIE R T 45 RUAT OTU RESHT. o ZHH SR
At Fatrd. [4R] B ZNAFRIF@EA A AE Filtered 492 B 5314 61 992 4= 71 196 4,
OTU #L B 45 % 2 384 Fu 529 A, @At k4947, WA @mE L& 4 TH & 1 (Proteobacteria),
H Pt EHE 77.37%; HAZBEF I (Firmicutes). #4FH 1 (Bacteroidetes). XX H 17
(Actinobacteria)F= AT & 11 (Fusobacteria); 2 ¥ 4408 B H =& A AT H & (Psychrobacter) A= 3LIK H /&
(Lactococcus). WA LB T E4HF EB 11 Uscomycota), HAAMAEHA 92.33%; HAZERA]
(Fungi). #-F & I'1(Basidiomycota). #I&& I'1(Mortierellomycota)F= ¥ % & 1} (Rozellomycota); % F
B B oA R B EE B (Pichia) A £, K% 4% %) (unclassified)R £ 8 & & (Candida)k Z; [4546] M &
HBERNBREFTOEWMAREY TR, ZARHESENEEEMEN T RIFL I L Azt
R B R AR — 8 B ARYE.
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Analysis of symbiotic microorganism diversity in starfish of
Naozhou island based on Illumina MiSeq high-throughput
sequencing technology
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College of Food Science and Technology, Guangdong Ocean University, Zhanjiang, Guangdong 524088, China

Abstract: [Background] Starfish is a kind of advanced echinoderm in Marine life, which contains
abundant and bioactive resources of Symbiotic microorganisms. [Objective] The diversity of starfish
symbiotic microorganisms in Naozhou island of Zhanjiang was analyzed. [Methods] Illumina MiSeq
high-throughput sequencing technology was used to sequenced the 16S rRNA gene V3—V4 region and 18S
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rRNA gene ITS1-ITS2 region of bacteria and fungi respectively, and OTUs clustering analysis, Alpha
diversity analysis and species classification analysis were conducted according to the sequencing results.
[Results] The number of Filtered bacteria and fungi obtained by high-throughput sequencing is 61 992 and
71 196, and the number of OTUs is 2 384 and 529, respectively. According to the classification of species,
the common bacteria are mainly Proteobacteria, whose average relative content is up to 77.37%, followed
by Firmicutes, Bacteroidetes, Actinobacteria, Fusobacteria. Among dominant genus are Psychrobacter
and Lactococcus; Symbiotic Fungi were mainly Ascomycota, with a relative content of 92.33%, followed
by Fungi, Basidiomycota, Mortierellomycota and Rozellomycota. The dominant fungi genus was Pichia,
followed by unclassified Candida. [Conclusion] There are abundant resources of symbiotic
microorganisms in the starfish of Naozhou island, This study provides some reference for the researchers
who are engaged in the sustainable development of starfish microbial resources and the excavation of

bioactive substances in the future.

Keywords: Starfish, High-throughput sequencing technology, Symbiotic microorganisms, Diversity
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YD, BON ST AL A E Y R < B
K2 g A (starfish) WA AL A . B, 24k
TG TR — RS P A, 2 B
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JIB | SRR SEURIEA TSN S TR ), R T
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FENEAE = Y rh iz B T H LR E Y, Hrp
AR AT SIS AR EERTY, Xk
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T, WifE R E S Al H e o g — R ik
SR PR B AT TR B TR, I AR I A RN 2 2 [
P AT BB IR 5 X A AL S 4%
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FUETEYI IR ELR o X SERFTR SRR, A P2
FA I A ELAT AR S I ) S B A T A

HAET, FIFLSER 5 B HOR BRI B PR

TS dE B AR, R R RRACR AR SR AR
REAT S BIMAEY), Joiksr B3 A T BT A A
A ARG W] B TR AN AT A T Y

1%, R KRR S ok Al & B,

AR, B TAYE IR R R, il
WP BB A S HoR T W e )
R ZFEERY 0T, SRR S 43 B AR R DG 1Y
AR AE T A 0N R, R BUSATER
FHFR, JUHE Hlumina &8 20 7B AR H A
TR RO A T, MERR SRR, RBAE TS
PN IR, AR IO Z2 Fh S i A P T
PR,

A5 A Mumina MiSeq /sl P HOR
XTI i Vi 2 P A= 4R T Y 16S rRNA B V3-V4
FETR Y ITS DXFPHIHEAT /04T, DT Sl s
P AN L R R 2 R S R AR R A AT, DA
I K5 FH X — LB A G A o TR R AR
1 PRSI
1.1 #&

645477 /2 (aster rollestoni bell), 455 AKX &
VI, AR K VKIE [ SE
1.2 FERXFIFNIE

E.Z.N.A™ Mag-Bind Soil DNA Kit, Omega /A
w3 DNA &304, Life 23 ) ; 2xTag Master Mix
DNA R4, Vazyme /AF]; DNA #lifkidi &,
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TransGen A #) . 53 Z.0HL, Thermo Fisher /A H] ;
BEW IR G A, T HAR DR Hil A PR A A
961, Invitrogen A Fl; PCR 1Y, Bio-Rad A Fl;
HLVKAS . VKRS, bR — AR BRAF] 4l
MUY, R SR ID AR AT PR A ] 5 EER LR
Z49t, UVP ~H]; Illumina MiSeq /8 & ¢ o A
TAY TR AT IR A R 58
1.3 A&
1.3.1 BEMHGRBEILE

FEA R G RV VK iz 50865, FTCH R
A AR CKERE S R VR 3 3, I T K435 P
TCrEBY I 5 AR BTRR A5, HLO0.5 g MR
A 2 mL B0, MGG EINER, FEARIERERE
IR TRERE, RS T 20 °C ¥ A .
1.3.2 BEHMERFEYEE DNA BIEEL

B 02 g MRS EZNA™ Mag-Bind
Soil DNA Kit BRI F#84FE, WAL 428 DNA, #
H1 DNA a7 G At w R 2] DNA A5
i, JRL 1%3 R KA DNA ek
1.3.3  4HE 16S rRNA EFEFEH ITS X1H A PCR
iRk SEENF

DL ELRE SRR B DNA AR , SRS [ 4nt
341F/805R [5'-CCCTACACGACGCTCTTCCGATC
TG(barcode) CCTACGGGNGGCWGCAG-3'/5"-GAC

TGGAGTTCCTTGGCACCCGAGAATTCCAGACT
ACHVGGGTATCTAATCC-3"1PCR ¥ ¥4 4l & 16S

RNA FE[H V3-V4 X3l SRS #%F ITSTF/ITS2R

[5'-CCCTACACGACGCTCTTCCGATCTN(barcode)
CTTGGTCATTTAGAGGAAGTAA-3'/5'-GTGACTG
GAGTTCCTTGGCACCCGAGAATTCCAGCTGCG
TTCTTCATCGATGC-3'|PCR #" 4 1LE ITS1-ITS2

Il WX [ b Y5 ek e A Ay 0 5 |9
G, JfH 341F 5 ITSIF 5190846 A FIE AR
%% (barcode)FE 4 FH LA K A AN [l B i 1920

% —IK PCR KW AR ZFR: 2xTag Master Mix
15 uL, 341F 5 ITSIF (10 pmol/L) 1 uL, 805R &,
ITS2R (10 umol/L) 1 uL, Genomic DNA 10—20 ng,
#RGEKZE 30 pL, PCR J W 4514: 94 °C 3 min;
94°C30s, 45°C20s, 65°C30s, 5 PMEH; 94 °C

20s , 55°C20s, 72 °C 30s, 20 MEH; 72 °C
5 min; 10 °C 10 min, 45 %X PCR AR : 2xTug
Master Mix 15 uL, 341F 8 ITSIF (10 umol/L) 1 uL,
805R 1 ITS2R (10 umol/L) 1 uL, 25—¥K PCR ;=4
20 ng, #MFE/KZ 30 uL, PCR Jhjis&fF: 95 °C
3 min; 94°C20s, 55°C20s, 72°C30s, 5 M
¥y 72 °C Smin; 10 °C 10 min,

PR PCR =443 BT 1.0%H0 1.2% KB fEHE
BER LKA FN TR [RIs, T ] DNA ARl 6
XTI DNA RSB &, 4208 1:1 SR A5y,
DNA FE R EER 10 ng, _EHLIN TR 20 pmol.
134 SEENFEEL

K Mothur (V1.30.1)#1 QIIME (V1.8.0)%k {44k
AT A S P . g Barcode X 43FE P
G, FEXTRES TP RRE<20 P PIMEUT g . AR
J5f#i i USEARCH (V5.2.236)F1 UCHIME (V4.2.40)%
Bk PCR THAL B B R R R S 34 7 50 Fise 14
W HARFEIPL 751347 BLASTn HuXT . 4t
A7 5 BT 9 [ R B A TR, DL 97%L) By
AT FIE AR o BIE, SEF T8 0BT I A6 A ] 5
YE4325 i 0 (operational taxonomic unit, OTU), Ff
FIH Mothur (V1.30. D)7 o RS,
HA YR F Y Chaol 1 ACE #5851, DL KAl
B Z £ Shannon FI Simpson $85, DA K 3
IR SRR SR AR Coverage $8%k, 3T
IR BIES K E T R BRI  5
T
2 HR540
2.1 FIHHERIES OTU BE S

2% 16S rRNA JE[R i sy s, 159200 2 3tk
FAH A= R SRR R 5 K 64 175 45, TR PHE R 153
LR AR B LS5 R 61 922 455 LB 1TS rRNA
WP A5 5] 72 884 4%, & Jiids. HiAik. PHE
JERBIIL R ES R 71 196 455 16 97%HIAR{BIK
R, XHEREYET OTU R0, S840
W OTU 2y 2384 4>, HERAEEE T OTU 2y 529 4>
(F 1.
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F1 BEANLMEME 16S rRNA BREAMEH ITS XS BEN FEAER
Table 1 Basic information on high-throughput sequencing of 16S rRNA gene and ITS region of symbiotic and epiphytic

bacteria in starfish

&S| vl (o]l

RRHH

ENCE N oI e v 4|

Gene Number of raw tags Number of filtered tags Number of OTUs Number of meta taxon of different classification order
[TPhylum 2 Class H Order 7%} Family J& Genus

16S rRNA 64 175 61922 2384 5 11 16 26 30

ITS rRNA 72 884 71 196 529 5 10 15 25 30

22 WEYEBRALR o BHESR 2s00| ~ — BacteriaOTUs

FIF Mothur S-SRI, T H = - Fumgus OIS

TEIN PP B 5O 2 75 00T LS R S R i 2R, OF 2000

42 S W Rl 6 B . KRR 97%/KF R OTU Hy= Usoo |

FE(E B, R BEHIZE A Shannon $5 55 Hh 28 g 2 =

S AR A RV Z5a T LA oo |

2 LIAEH, 16S rRNA JEHMF R OTU #ikeih<k

B P R TR IR, 117 Shannon Jt i I RN

2k o /E R TR | T, {BLEFESI%LE >30 000 47 o .
0 20 000 40 000 60 000

4B}, Shannon $5EFRREHIZEE L VEA TFEHH,
Wt B LA I 25 I 1 4k S 088 o e 0 B 9 B b
HEL, ARAESI T ACE SR, RS
R R SR, [RIEL, MOITS rRNA P
IR LA, ik LB nE T = e e T
(R34, T Shannon 545 2 W LA th A A 7t
{BLEFES 30 000 Bk E HE AMFLRZS, B
TPy M DA 6 T R ) R 2 B L R 25 T
I, ASSZEG P A BE, AT S A R TR A A
SR B S P R L

o ZZREMEFE RO A R S LR S Rl R
R MZRENE, 3 2 AIAl, 415 Chaol 48
#1(44 097.02)F1 ACE $541(99 316.63)3 K T HF 1Y
Chaol $5%k(2 340.54)F1 ACE $5%k(6 336.96), 1]
FE S RS () B SR T LR BRI
K, 16S rRNA %A Shannon #5505 T ITS rRNA
Ay Shannon F8%¢, Al 150 BH 3 BRF A 20 B 09 B 7%
ZREVEE S T A i #E Coverage IR BN 5
PIHEBUEI KT 0.95, UiWIRE S I F 21 3EA
HABC B L T 2 AR T S v R A I
S

Number of sequences sampled

1 BERRILEMERENEEW N FEFRRE L
Figure 1  Observation of species dilution curve of
symbiotic bacteria and fungi in starfish
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Number of sequences sampled

B2 BEARLMEAENERS RENHERNZL
Figure 2 Shannon index dilution curve of symbiotic
bacteria and fungi in starfish
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®2 BEFAXMEAENERS FIHEHT

Table 2 Diversity index of symbiotic bacteria and fungi in starfish

Region Chaol index ACE index Shannon index Coverage Simpson index

16S rRNA 44 097.02 99 316.63 2.35 0.97 0.31

ITS rRNA 2 340.54 6336.96 1.68 1.00 0.40

23 HEMHGARE. EEFEESNKELHNS 232 SELAMEMEDERNKFELRENSE
KB FEA IS E (& 4), T A AN TASR R T y-
23.1 BEHEMEMEDETKE LB S AR T YW (Gammaproteobacteria) . % 1 FT 7 4W

RS TED 193 20K I A PR v 4H
LK 3. TP 16S rRNA JE R HAGI
SAMMEE], aullE AR R |(Proteobacteria) |
JEREDE 1 (Firmicutes). YT #E | ](Bacteroidetes) . Ji
28 | ] (Actinobacteria) FI T # | ] (Fusobacteria) ,
FEA AR B I RIJSERERR T A A o s TR, =
FE 53 5 R 77.37%F0 18.67%. AR ILTE
BB E A ITS RNA JFHIM 54T, 43R5
Il (Ascomycota) . B WA I'] (Fungi) . 1+ & [']
(Basidiomycota) . #fH | |(Mortierellomycota) 1%
250 1(Rozellomycota), b BT[] FT & Ho 9 B
R(92.33%), WZWERITAEN 141%K, Bk
1L 0.07%.

2T

100

(Bacilli). o-FIEFF 2N (Alphaproteobacteria) ., P-7%
Y T8 9 (Betaproteobacteria) FI4UAT I8 49 (Bacteroidia)
1A Hrp, yBIE A A EN, SR
Bl 65.99%; HUZFMENM o-LILEN, 77
B 7 BB 17.9%F1 6.09%. 2 midE i)y, i
AR IEE R R EE 10 DN, IR N
. ZEFEH M (Sordariomycetes) FlJHE
BETH Y (Dothideomycetes) L E N, 435 5 FL A
P IEY 86.99% . 2.2%F1 1.8%.
233 BEAMERENEB KT LHBENSH
12 H 32K (8 5), R RS TEAN ) K
SR ARG BR BB H (Pseudomonadales) . FUAT
H (Lactobacillales) . 31t H(Alteromonadales) .

(Saccharomycetes)

[ Others [ Others
I Fusobacteria B Rozellomycota
[ Actinobacteria [ Mortierellomycota
80 F [ IBacteroidetes ] Basidiomycota
= Firmicutes Fungi
& Proteobacteria Ascomcota
8
S 60
H# =
= 2
E =
=g
3 40 -
<
o)
[
20 -
0

Bacteria phylum

B3 EBEHdmPAENERENS XN T EEES HE

Fungus phylum

Figure 3 Microbial community distribution of bacteria and fungi in starfish samples at phylum level
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Figure 4 Flora distribution of bacteria and fungi in starfish samples at class classification level
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e, HUUEMEIE H (Pleosporales) . = T Al
[E] %) A JAE TR H (Hypocreales) A E H ) Fungi, H
LRSI IN 1.46% . 1.14%F1 1.14%, % 4 A~ H
HR L R BRI 91.00%, 4 6 NEEFEL
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Figure 5 Flora distribution of bacteria and fungi in starfish samples at order
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g E KM Y ERIKE ERYAEX 2
TEFT 2R B (3R 3), AR A 40 T
BT 26 R, H RS 10%8910F 2 4~
B, 2SR R (Moraxellaceae) (53.90%) Fll
HEPR T B (Streptococcaceae) (16.71%) ., W AL
2R P ARSI B FL 25 R, HP R AR LR
WAL (Pichiaceae) F S S, N 83.99%,
W EE B BF(Saccharomycetales) i 2.04%IK 2, Hi4x
BHAFE S EHIF 2%, P aEfEEsERN
1.41%M Fungi FIFREE RN 1.36%M/NUE H
Bl(Didymellaceae), VhIKALT 1%0H Al 21 45
B

234

BERMAEMEYERKE LB
TEJBIY IR (R 3), Mg RRERh 0 HITE R 2
30 MR RIAH A 30 ANE MR . JErP A E Y E R
5 A AL B 08 ¥ K 18 R (Psychrobacter)
(53.54%) . FLEKH & (Lactococcus) (16.67%)F1FEJEH
O3S TR 1%—10%) 7 FLIC & (Shewanella) | A,
J& (Hydrogenophaga) . &Il (Pseudomonas) .
Parvibaculum (ZLEFF TN ARBEWE), 18RI
W & (Mesorhizobium) . RFEFT [ (Phenylobacterium)
Prolixibacter, VI JSAKT 1% A E g . 80 5l
0 ARG I B A OGRS
83.99% M K IR BEJE (Pichia), LAJ%Z 2.04%F11 1.41%
(VI 22 1% B2 (Candida) FIA & FL R & (Fungi) 3 .

2.3.5

*3 BEARMESLKT LM FEHRE 12 WEMEAEFER

Table 3 Relative abundance of the top 12 symbiotic bacteria and fungi in the phylum of the family and genus of starfish

21 Bacteria H1# Fungi

Al Family J& Genus Al Family J& Genus

BhE R W&V T I SRR T R BRI R 1

Moraxellaceae (53.9%) Psychrobacter (53.54%) Pichiaceae (83.99%) Pichia (83.99%)

HERREER FLIREE T B AR R 22T I

Streptococcaceae (16.71%) Lactococcus (16.67%) Saccharomycetales (2.04%) Candida (2.04%)

A FLIR A FLIR R UNSUEGEER A AE B EL T R

Shewanellaceae (5.8%) Shewanella (5.8%) Didymellaceae (1.36%) Unidentified fungus genus (1.41%)
A R R Wi U A2 I L R TR

Comamonadaceae (4.55%)

R B

Pseudomonadaceae (3.41%)

EANEY 8

Rhodobiaceae (1.69%)
AR
Phyllobacteriaceae (1.5%)
I

Vibrionaceae (1.46%)
PUFFIE H R0 R
Prolixibacteracea (1.14%)
[k
Enterococcaceae (1.06%)
B IR
Flavobacteriaceae (0.77%)
FUFT B
Lactobacillaceae (0.06%)

Hydrogenophaga (4.49%)
ARELE
Pseudomonas (3.34%)
TV R /R TR
Parvibaculum (1.69%)
rhig A AR R
Mesorhizobium (1.49%)
HIENT FR

Phenylobacteriu (1.17%)
Prolixibacter (1.14%)

782 e
Enterococcus (1.02%)
T R
Moheibacter (0.55%)
FUT R
Lactobacillus (0.06%)

Unidentified fungi family (1.41%)

Ascomycota (0.67%)

TR (EELEL)

Ascomycota family (0.67%) Wallemia (0.62%)

T HH R b 3o
Wallemiaceae (0.62%) Fusarium (0.59%)
MaRaeRt RIA R 0
Nectriaceae (0.59%) Didymella (0.56%)
SEUTLE R Lt (1
Chaetomiaceae (0.45%) Neoascochyta (0.41%)
Rt ey BERER
Aspergillaceae (0.45%) Metschnikowia (0.37%)
HETas S K o R
Halosphaeriaceae (0.36%) Epicoccum (0.36%)
BTy 8350

Saccharomycetales family (0.32%)
MR
Cordycipitaceae (0.28%)

Saccharomycetales genus (0.32%)
W5 55
Simplicillium (0.28%)
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WAE ZAAE T RIS, BN IHEETE
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AR IR TS, AR A AT AN KR
BT — A UERIRAGLEAFEREE, H LU A S
FHEBUITH AR AR IR AP AR 2

S ——iE AR N AP R RUEY, TR
AAETEREL . m . AOEIR BR SRR, &

AT A FREE R AR 5 Rl AR A AR
JEEASTF R AT IE s A DR v e i
MR Wy B PR 85 B 4 (8.65+0.63)x10° CFU/mL™Y,
(B 3o % 8 1 43 29 75 125 AR M L ST 5 I L ol A 4y
BELSA 5 ZhE0E . SR o ZREPETE SO M 1 Fn s e
FESRZE VIR Z R RN = 5 B 2R B R AR
Hr Chaol F84UFI ACE #REURFEWFIGFLE, W
TR EH /NS P A A IEA GRS &R
Shannon. Simpson. Coverage f& 5010 F b4 YRt
VEINZRENE, BB R IR 10 Z R b Y
AHFFE T lumina MiSeq 1= 18 0 7 A B AR 85
T 07 WA SR AT AR 55 78 B A i o e B A A T R I
WY o 2R, DT AT DS vai 48 7s v 12 2L
AR AR SR

XA 16S IRNA SEH V3-V4 (il , 3k
TERER) 5 AT 1149 15 4 H 26 D30 A&,
ATt A b 20 A s R E ) B . Tvanova
2N 1o A BRI o B AR N - 5 10 (Stellaster
equestris) H1 43 B F| — tk G R AT R B AP
Sulfitobacter delicatus , 233 e 2 i HAT Rk BH fie
(RETT, (AARER AR F 7o % S 1 5 Zhang %51
AN B B (73 (4 1 v B 3 — PR 22 TR
YEFFIA Lutimaribacter marinistellae SF-12", %@ 5
Lutimaribacter litoralis KU5D5" Fll Rhodobacteraceae
) 16S rRNA & [H 7 HI A28 95.92% 1
95.9%, M EMAG K FW A Hre Hix
WET Lutimaribacter & —ASHHIFN, X RifEA
LR A A TR R BT IS TR O F

ARV A 1 3 e 2 TR K A BT R B
WEV T 1 & (Psychrobacter) LA (5 He 53.54%B900 3 &
THAMG R, WA e T AL R E i TR
TREAEAE R A D T IR B 2, (A5 AR N & 48
T LB R AR s BR TR K BT
BAN, A S T L A B LR T R
(Lactococeus)? A K ELAT FEAR- el ShBEAY 75 FLEG
J& (Shewanella)®®), 13zt Tllumina MiSeq 2538 ¥
FEARAAAT DA B - b 485 7 T 2 3 B A= A A A 1) e
Ry ITNIER I S RN RPN AT B ) S -
Yo B TAE B R — 2 i e 1

HF OTU RENTEER, RIAEESEN T
MIELE R T 5 AT 10 49 15 4~ H 25 830 4
J& o H b ¥ %W ] (Ascomcota) F B BE 4
(Saccharomycetes)53 L 92.33%F1 86.99% M) % &t
AL X RS FEIRACE b, SeaREERE TR R (Pichia)
R 2215 B & (Candida) 735 LA 83.99%A11 2.04%[
o7 PO B B AR A, SRR A A A BATE
oo a5 0 2o A v o ) O B T LA R AR AT G TR e
1) EE TR B TR (Pichia) #1077 N R R BE ) 1A 22
W EE & (Candida)™>" , (BRI T2 PR R
AR BT N 5 2254 S0 PR A 5 14 P 4141
R - | I i/ S £ o 2 ER = N (Trichoderma
erinaceum), ZEREREIIRFNTIE B 0E TIZ w40
Trichodermaerin A #1 Trichodermaerin B 4 {~#11k
Ao I i T A SRR T AN R Y 40
AT AT DAARAG i B PO [RI AP R A A, 4k
AN A2 i AR P 1
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