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1.2 EFEZAZ DNA ZE.PCR ¥ &0l 5

FLRZH DNA 2% ] Fast DNA Spin Kit ( MP Bio-
medicals) $EIC, 752/ DNA FE & fiffE T -20°C.
PR T T B R e e A a5 1) (27F 57
AGAGTTTGATCCTGGCTCAG-3" F1 1492R: 5'-GT-
TACCTTGTACGACTT-3") %f JE K 4H DNA AT~ 3,
PCR [z WA Z A 50 mm’ (& FH 4235 5 mm® 10 x Buff-
er,5 mm’ " HFH,4 mm’ dNTP mix (2.5 mM),2
mm’ 27F 54,2 mm’ 1492R 5|#7,0.3 mm’ rTaq [,
2 mm® FARFEF 4] DNA FIGH 7K 30 mm® ; PCR F2¥
94 CHVENE S min, SRJ5 94°C A1 30 ,55CIR &
1 min;72°C ZEff 1.5 min 384T 30 MEFRR )G 5T
T2°CAEA 10 min. SR S5, LAY 38 770 A AR ik
F4F S5 9 (235F . 5'-CGCGGCCTATCAGCTTGT-
TG-3'#1 878R :5'-CCGTACTCCCCAGGCGGGG-3") it
FYTE T 16S rRNA JEIAFR3 PP 41 (Y PCR 971, 9
1A AN PCR A2 7 [F) ik K 2 DNA 935 974 7
16 b A BE 2GR FRZ W
1.3 BREBEFMERZHEESHT

Miseq =538 & 7 58 %5, 5638 i Trimmomatic
1 FLASH B 6 %0 JUih Bt AT g Ak 21, 75 2
AT A 5 SR G FEROLAL P S S IR A 7 4, 0 2
BRI B T 5, $i 8] 97 % ARIPEXT HE A2 7
B (A& B 4)) #E47 OTU ( Operational Taxonomic
Units) VSR, 7 R A b B b B ik A 1A 15 5
OTU myAERIT 41 5 4% i A AL )7 1 map % OTU fY,
KIPH), 5 OTU R FFFIFLETE 97% L) 1Y)
Je 4, A AR OTU. ] 97 % AH{BLEE Y OTU , FI| 1]
Mothur fif Rarefaction 43 #7, i1 & W B 3£ & 38 %
(Chao I ACE) BRI 2 AF M4 B (A AR 45 BURn =
TRAe%) F7E 25 % ( Coverage ) *) . SR RDP classifi-
er DU 512 XF 97 % ALK - 1) OTU R4 7 41
130325700 R RIEH PCA GEit o Hr ARl 4k
{6 T A 4
1.4 FEFHEENSE

UFBHIAE ity FH IS B /K o , I T TR WF A P S R
Y— 7 B3 B R LA G T K % S A BE T RS
107" 10 721 10 7 REVFHBVE W, 40 L 0.5 em’ |
RMBBOIRATAE 6 Mk FErE oy B R b (1) 5
[K—5 35 5. KNO, 1.0 g, MegSO, - 7H,0 0.5 ¢,
FeSO, - 7H,0 0. 01 ¢,K,HPO, 0.5 g, A] & M4 7€ #
20.0 g, 35 15.0 g, ¥ /K 1.0 dm’ ,pH (7.2 ~7.6;
(2) ISP2 $5FJk . B BLERIRY) 4.0 g 22 ZF 2 IRW)
10.0 g, HjZ5%E 4.0 ¢, Bifl§ 15.0 g, #/K 1.0 dm’,
pH . 7. 05 (3) Fi 7 4l- 41 2 IR 35 77 4k A5 74 10.0

o, L-4HE R 1.0 g,FeSO, - 7H,0 0.1 g,K,HPO, 1.0
g,MgS0, - 7H,0 0.5 g, Bifl§ 15.0 g,#§/Kk 1 dm’ ,pH
7.2 ~7.4;(4) HEshe-Bg 4 A By g 4k D-H g2 17
0.2 g,fi%%EH 1.0 g,K,HPO, 0.7 g,KH,P0, 0.5 g,
BfIE 15.0 g, 77K 1.0 dm® ,pH { 7.0 ~7.5;(5) TSA
JER 3L (Tryptic Soy Agar, Difco™ ) ; & [ i 15. 0
g, RKEHEFMS. 0 g, 581L5h 5.0 ¢, 35018 15.0 g,
Bk 1.0 dm’ ,pH {H 7. 3; (6) MA #%5: %L ( Marine
Agar 2216, Difco™ ) : EE RS N E H K S. 0 ¢, BERE
$RH) 1.0 g, 515 15.0 g, pH 7. 6. IR A K A
JE V8 T B RN 2R N R B 5 B 50 pg/em’
YRR E T 28 CRE IR B R 3 ~5 A,
1.5 EWEE

AR AL ZH DNA F2BCR AT DNA Pk 2 i
740, % BOX-PCR ( BOX-AIR ;5 -CTACGGCAAG-
GCGACGCTGACG-3" ) L A MEL LS & 1 07 i 2
BRELAZ A BPR , LL2H B8 T 514 (27F i 1492R) 9
HEHC 168 rRNA LA P51, 738 77 W) 1% Ak AR T
FE( L) B A BR 2 w0
1.6 RHREHW

A CExpress Application F1 DNAMAN 7. 0 2§ #k
X 3R 45 1 168 vRNA K& PR 3 91 i 47 F 4. il
F EzTaxon (4% (old. ezbiocloud. net) "' 347 £ 1]
FE X, 5% ] Mothur 5 4F, L) 16S tRNA JE[K 97% {2
PEARUER] 73 BB 232 BT, 41> OTU JRI— 54X
FEH, Al MEGA 7. 0 2044 #J 7 Neighbor-Joining
RGER T IS

2 G
2.1 Miseq S@EENF

ABIFFER T Miseq 18 5 U 71 5 4 6 >
FEA PR AT T 16S rRNA JE R ZREPEN
AR, 45 S AE Trimmomatic #1 FLASH #5044
EPHEOALE ARG EAS T 43 286 A5k
FP9 25 7 51 K B2 O 431bp s K BR T8,
18 97 % AR XS A 52 P 41 4T OTU 223 (Use-
arch vsesion 7.1) , 3453 66 4~ OTU. i ] 97 % #H1L)
FER OTU, | F§ Mothur f# Rarefaction 4347, #) F§ R
B E LRGIEMZIE, #4E Kemp (2004) RBFE, B
FEEAIG R, OTUs 1% H S T7ER i, X — w58
SR UL LT A TR — SO RIS 55 A it R sl A=
Y Z R, S 2 T S s s B 6
IR AT LA RS B 22 R 05 I 1 T LU
LS EmA LT &8 T V%, 56 ,
WA 6 A3 SCE W Rb R B & 20T DU S
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Fig.1 Rarefaction curves of 16S rRNA gene libraries from coral-associated actinobacteria

2.2 REFSHUEEHSH

6 M IFIIAE A Hh 16S rRNA &R P45 2R 70 Hr
R, A OTU SFX %0 27 A, Kb Z8IE i)
OTU Bt i i, o 48 A5 S SEIII 19 OTU i i,
%, 7919 A~ 1 ACE $58CF30 29, Homp, 2523
) ACE 45 8in =, o 49 5 M I ACE 45 B fIR,
22, FJE Chao $8HF-1 00 28, A 28I HIH] Chao
SRR, O 49 ;5 4 SEINI AN BT Chao $i5 %

1%, O 21 B ARAR RT3 2. 09, He 25 TR I8 7 Ak
ek, O 2. 745 BRI Shannon 45 BR A%,
N 102, 3= E AR HCT-2908 0.396 6, Herp s i) =
T ARAE B, 9 0. 581 25 45 B HEHH] o 3 2R 45 K
%, 79 0.094 6. 254F b Sl A= 1 1) TR A0 24 1R 45 2L
2 1l ZAEVESE B B il LK T 2508 ]
SRS AR Bl A ) 2 B N 2 R K AT fi i Y.

®1 MWAMERLHERXENSHIEEN

Tab.1 Diversity index of the gene libraries from coral-associated actinobacteria

FE b OTU/4~  ACE 5% Chao 5% R FAAE R AR
ZIL I 48 49(48,57) 49(48,56) 0.999 903 2.74(2.72,2.75) 0.096 4(0.094 6,0.098 2)
i i S 28 28(28,28) 28(28,28) 1.000 000 1.59(1.58,1.61) 0.353 6(0.347 5,0.359 6)
JRE £ T 26 27(26,37) 26(26,32) 0.999 919 1.04(1.03,1.06) 0.506 0(0.499 9,0.512 0)
£ 1 SN 19 24(20,49) 22(19,42) 0.999 845 1.16(1.15,1.18) 0.398 6(0.395 4,0.401 8)
BT 21 23(21,37) 21(21,26) 0.999 886 1.02(1.00,1.04) 0.5812(0.5723,0.590 0)
W LI 21 22(21,30) 21(21,0) 0.999 947 1.39(1.37,1.41) 0.443 5(0.435 4,0.451 5)

T 55 BT O AR DX ) _E BRI R

MRIEFEGL OTU #4732 1373 B (PCA, principal
component analysis) , 25 R U1K 2 7 I L e ki
B850 7 e S5 S 1 TR AR AR W) TR VR 2 A A 8
e O RRRLA: , o e S B 3990 00 R 0 300 B2 sl A= )
TEVR AL ELAT A vmn AR AL | 2 T8 B389 %) s B 242 Bl
A=WV A 5 HAB I AR A A ).

2.3 AEWMIERPHEENRIEFSEESN

TEFRFHI) 66 4> OTU 1,2 A~ AFEA RDP 432
THIEFTIMERN 73, 27 A8k 0 BRI R T,
AN LAY JREEER ]S A R 2 A4
AACIRBER 1] 4 4> PRI S A VEIE T 8 K&
PERATT 2 4> R4 37 4> OTU J& T mi ] (1
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Fig.2 Principal component analysis for the community structure

from coral-associated actinobacteria

3),HH 4 4~ OTU JGiksrEe34E € H ,5 4> OTU
Toik s Be 6 & R, 6 4> OTU Joik il 246 & 1Y
J& 3% 28 OTU [RI¥icdfs i rh & & SR ML RR Z [R] (1) 16S
rRNA B F SR PEAR T 97% , n] REAC R Z B
EIMZEBI0;22 4> OTU Bl 40 Be 238 & f )& , B4
TRERTE R (Amycolatopsis 1 4~ OTU) S 4R 0
( Brachybacterium ,1 ) 55 ¥1 % J& ( Brevibacterium ,2
) BRI B & ( Corynebacterium 5 4~) | 2 A BR#
J& ( Dermacoccus ,1 ~) . FriG H & ( Georgenia , 1 /) |
DU T @i J& ( Ilumatobacter, 1 4>) | 7% 35 [X & J&
( Kocuria ,1 ) 4% ER 1 J& ( Micrococcus ,1 ) JEHT
FEE R H & ( Nesterenkonia ,1 1) TN R # & ( Pro-
pionibacterium 3 ) AR5 F K& )& ( Pseudonocar-
dia ,3 ) F1% KH & (Rothia ,1 4>) .
TEA R (I 4) | 20 I8 SO b4 T
26 ST OTU, I 34T 2 18 28 1 ok i B
(21.70% ) IR FL (15. 61% ) , ik B rp 32 2L
AWK 1 e A e R e s I SO R 17
R TH OTU, 4l il £ i 28 1 o N R A 1 B
(79. 18% ) FIRFF I RF(10. 27% ) 5 4 SISO
8 1S NI OTU, R N R AT I A (66. 77% )
FHIAF (9. 52% ) 2 UL TR 2R A 5 70 It 15 3
BISCIE A28 20 DR E OTU, Hor 57.919% Fi
20. 20% WY A=W @ T N R R ARG R IRTE R,
Hofbti R IR R b 20 J& AU TCBR s AR i
R RTE s 7E A M S SO v, A 1S AR
OTU, H ip L Al £ A W AT s R (46. 08 % ) Fil R AT
RIRER(43.09% ) , Hfvn R IR £ JE

AU TSR 1 R 5 B AR I SO rp 40 5 26 IR T
OTU , fLFAZEHE A AT HRH(67. 28% ) AR PRI
B(23.70% ).

MEAKT , NIRFFE A (32. 68% ) U 12 R
(26.45% ) FE# R IR FH(17. 40% ) O T T2k
PRSHE s B SO PR R L T N AT AR EOA R IG
TERE BCFFERE A TR | 15 B 78 T R AR
FERRE, W] 113X B8 LR T 76 A YR S 56 A SRS A i
T HATTIZ B A 5 TR R A A T 38 S A
JEE F OB S v B, DR OGRS E TR A o o
AIREAT R A 20
2.4 TWEFAHLZERSHEGE

K 6 FhIEFENE T B AR 6 ASIIIRE i
LIP R 137 BRILER T, 70 B IR R T 1T 49 5
AH TTARER ) 20 AN, G450 R (Microbac-
terium) 57 ¥ ¥ B )& ( Mycobacterium ) | ¥ £ 1 &
( Saccharopolyspora) . 15 ¥1 T J& ( Arthrobacter ) | £1. Bk
J& ( Rhodococcus ) ¥y R & ( Citricoccus ) . =5 2,
BR 1% 7 & ( Ornithinimicrobium) 22 B B2 BR # ( Serinic-
occus ) 2 HRBRTE J& ( Kytococcus ) i £k i 5 J& (Actino-
mycetospora ) {5 5 B T J& ( Nocardiopsis ) \ X8 (K
1#1J& ( Gordonia) 75 e R & WORR 147 AT 147
it FQ R s AR 1 s TR 1 B R R | R
A R e A R R L DR D o B iR R
35 #k(25.5% ) SO E 23 Bk (16.8% ) Ffdak
W@ 20 #£(14.6% ). Bk E2A .G10c F1 W7.2 435
5 Saccharopolyspora cavernae YIM C01235"  Mycobac-
terium tokaiense ATCC 27282" #I Brevibacterium casei
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Fig.3 Phylogenetic analysis of the culture-independent 16S rRNA gene sequences

with neighbor joining analysis from coral-associated actinobacteria
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Fig.4 Distribution in family of the coral-associated actinobacteria in the libraries

NCDO 2048" B4 fe i 165 rRNA JERAHMIME, v AR bsofis, 43 9B 1Y 137 MR A T &1 43 27
96.57% 97.86% H198.27% ,i% 3 FRIFASEMIE R 4> OTU fER4> OTU Hrie— A~ wibk M AR PR R Ak,
B, {4l Mothur {1 16S rRNA B[ 51 97% FARFRME R R (R S0 2 P,

®2 SEINMHFLMERREHRREER

Tab.2 Representatives of the coral-associated actinobacteria

W MRS 5 AR EAR OF SIS AR/ % GenBank J¥:31) 5
13.2 Actinomycetospora lutea TT00-04" ( AB514515) 99.05 KY297000
18.3 Arthrobacter mysorens LMG 16219 ( AJ639831) 99.32 KY297001
28.2 Brachybacterium paraconglomeratum LMG 198617 ( AJ415377) 99.85 KY296990
w7.2 Brevibacterium casei NCDO 2048 T (X76564 ) 98.27 KY072802
Iy5h Dermacoccus barathri MT2.1 T ( AY894328) 99.85 KY296997
M7m7 Gordonia terrae NBRC 100016 " ( BAFD01000032) 100. 00 KY297007
Ly8m Kocuria kristinae DSM 20032 " (X80749) 99.92 KY297004
L18.6 Kocuria marina KMM 3905 (AY211385) 99.85 KY296998
Gl8¢ Kocuria palustris DSM 119257 ( Y16263 ) 100. 00 KY296995
11.5 Kocuria rosea DSM 204477 (X87756) 99.85 KY296988
E7.1 Microbacterium resistens DMMZ 1710 " AJ491806 ) 99.02 KY297003

Lyl3.0 Microbacterium paraoxydans CF36" ( AJ491806) 99. 80 KY296992
Mi13.5 Micrococcus endophyticus YIM 562387 (EU005372) 99.92 KY297006
Y17.2 Micrococeus terreus V3M1" (FJ423763) 99.92 KY297011
Wi3.4 Mycobacterium conceptionense CIP 108544 (AY859684 ) 99.46 KY297010
Gl10C Mycobacterium tokaiense ATCC 27282" ( AF480590) 97.86 KY072801
£5.1 Nesterenkonia halobia DSM 20541 ™ (X80747) 99.85 KY296991
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&)
Wk TR Bk O ST ) ARALTE/ % GenBank J741 5
G20.5 Nesterenkonia lacusekhoensis TFAM EL-30" ( AJ290397 ) 99.70 KY296996
17A Nocardiopsis dassonvillei subsp. dassonvillei DSM 43111" ( ABUI01000017 ) 99. 85 KY296989
G10.2 Nocardiopsis fildesensis GW9-2" (FJ853144) 99.31 KY296994
Lyll.2 Ornithinimicrobium pekingense DSM 21552 ( ATWJ01000007 ) 98. 64 KY297002
17.3 Pseudonocardia kongjuensis LM 1577 ( A]252833) 100. 00 KY297009
120¢ Rhodococcus nanhaiensis SCSIO 101877 (JN582175) 99.77 KY296999
F2A Saccharopolyspora cavernae YIM C01235" (KF177334) 96.57 KY072800
E8d Saccharapolyspora cebuensis SPE 10-1" (EF030715) 99.47 KY296993
013.3 Serinicoccus chungangensis CAU 9536 ( HM068886 ) 99.33 KY297008
MI13. 1 Streptomyces albidoflavus DSM 40455" ( 276676 ) 100. 00 KY297005

WUTESIE IR ARG (3R 3), TSA Bidfrdkirigs]  (14.6% ,8 V@), ISP2 B Jrdk 16 £k (11.7% ,8 4>
A T B e 2 AEME IR 2, O 40 #R(29.2% , R MR AR AR B IR AL 1S #R(10.9% ,8 &) ,
KB I AE); ROy R — 5 B3R 2k 33 #k MA Bi5R% 13 #R(9.5% 8 1M&).

(24.1% ,10 A~ )& ) , H o -5 8 135 97 2k 20 Pk

®3 AEBEFESBINMBLMENMLEREENLSHE

Tab.3 Coral-associated actinobacterium communities and amounts isolated from different media
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Tab.4 Coral-associated actinobacterium communities and amounts isolated from different coral hosts
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Diversity of coral-associated actinobacteria
in the east coast of Hainan Island

ZHOU Yuan'? ,XIE Fu-quan® ,NIU Wen-tao’ ,ZHENG Xin-qing’, LI Deng-feng' ,ZHANG Gai-yun’
(1. School of Marine Science ,Ningbo University , Ningbo 315000, China; 2. Third Institute of Oceanography,
SOA , Xiamen 361005 , China)

Abstract:In this study, six coral samples belonging to the genera Porite, Platrygyra, Favites, Galaxea, Acropora
and Favia were sampled from the east coast of Hainan Island. Diversity of coral-associated actinobacteria was inves-
tigated using culture-dependent and culture-independent approaches. Specific primers for the phylum Actinobacte-
ria were used to amplify the actinobacterial 16S rRNA gene, and 16S rRNA gene libraries were constructed and se-
quenced with the Illumina MiSeq platform. The analysis of 16S rRNA gene sequences showed that the actinobacteri-
al sequences were grouped in 37 OTUs on the basis of 97% sequence similarity within one OTU. These OTUs
mainly belonged to classes Acidimicrobiales, Corynebacteriales, Micrococcales, Propionibacteriales and Pseudonocar-
diales. 37.8 % of these OTUs showed less than 97% 16S rRNA gene sequence similarity with validly published
species and represented novel taxa. A total of 137 strains were isolated used six different media. As results, they
belong to 20 known genera, among them the genera Mycobacterium , Kocuria and Micrococcus were the dominants.
The genera Actinomycetospora, Citricoccus and Nesterenkonia were first isolated from coral hosts. Cumulatively, the
east coast of Hainan Island harbors abundant actinobacteria, including large number of unknown actinobacterial
groups.

Key words : marine biology ; coral ; associated-actinobacteria; diversity
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