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Abstract; Coral reef ecosystem is known as “tropical rainforest of the ocean” due to its high biodiversity and primary
productivity. Bacteria are known to be abundant and active in different coral niches, including coral surface mucus layer,

coral tissue, and surrounding reef waters. Coral-associated bacteria play important roles in resisting pathogen, cycling of
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nitrogen, carbon and sulfur in coral reef ecosystem. Previous studies on coral microbiology in China mainly focused on the
genetic diversity of zooxanthellae and their ecological and physiological roles in corals, and so far few investigations have
been made in regard to the diversity of coral-associated bacteria, especially coral-associated diazotrophic bacteria. This
research aimed to elucidate the nifH gene diversity of nitrogen-fixing bacteria associated with P. damicornis, and compare
the nitrogen-fixing bacteria diversity. Three samples ( mucus, tissue of coral P. damicornis from Sanya Bay and tissue of
coral P.damicornis from Xisha Islands) were investigated, which were named as SYN, SYZ and XSZ, respectively. The
nitrogenase gene nifH diversity of three coral samples were assessed using clone library construction in combination with
Polymerase Chain Reaction-restriction Fragment Length Polymorphism ( PCR-RFLP ). Different operational taxonomic unit
(OTU) groups ( RFLP patterns) were recovered from the different coral samples after digested by the restriction enzymes
Taql and Haelll , respectively. As a result, 23 OTUs were recovered from 155 clones of SYN, 25 OTUs were recovered from
120 clones of SYZ, while 13 OTUs were recovered from 102 clones of XSZ with clone coverage was 90.3% ,87.5% and
94.1% , Shannon-Wiener index ( H) was 2.28, 3.02 and 2.08, Evenness index (£) was 0.5, 0.65 and 0.56, respectively.
The findings of this study showed that 1) Clone libraries demonstrated that the majority of retrieved sequences from coral
mucus and tissue libraries were identified to be Chlorobia and Proteobacteria (including a-, y- and 8-Proteobacteria ). 2)
Most of OTUs were related to those nifH gene sequences of uncultured bacteria from a variety of habitats in marine
environments, such as coral reef, sea sponges, ocean water column and marine sediment, which indicated coral
P. damicornis might harbored a large number of new diazotroph resources that had not yet been cultured. 3) The study also
found two bacterial group- OTUs related to Chlorobia and Desulfovibrio, which may not be only as pathogenic bacteria as
described in the previous reviews, but also played important roles in nutrient cycles, defensing of coral symbionts, they
were suspected to resist coral bleaching by fixing nitrogen. 4) Shannon-Wiener index indicated that the diazotrophic
diversity of SYN was lower than that of SYZ, and diazotrophic diversity associated with XSZ was lower than that of SYZ,
showing that the community diversity of diazotroph assoiated with coral differed based on the geographic location and specific

environment characterices of the coral.

Key Words: Pocillopora damicornis; nitrogen-fixing bacteria; nifH; PCR-RFLP ; biodiversity
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SYZ1 WRF BN (29 A va b+ 5 A B v 43 2 2]
R ] 855 73 1 [ 8 [ R P R I 98 9% AR ME . A
Z N, XSZ 40 1 [ AN B ) 2 R B R T
AR B 4 DR R, RS s RE SO
RO 90.29% , 73 5l 02 1) XSZ3 (61 ke 1) 5+
Herp g AE T 85 3% B A4 B A clone g1-PA16 AL
Y5 94%—95% ;2) XSZ11,XSZ16( 11 T3 EF) 54
-y Acromyrmex echinatior PN AT B SR 4R T v B A EC T
Klebsiella sp. CRPVO611 H A 99% iy #H Ll % 3)
XSZ12( 11 A FekET) S b iy & LAY HE W] 55 5% 40
B clone SERD-42A 4 95% AT , 33 24 21 B 75 X
BB 0 A KA R EVE 5 4) XSZ47 (9 A4
R SRR 1 DX SRR ) v A ) R R TR e A
18 A= MR TRAT 98% AR RIT:

X3 AN A — 2 v R, AL
H 1o T B R R 3% 4k W 3] ( Hawaiian Montipora
corals ) HZL( £ 1) , EAIME—ILA B v F (SYNI,
SYZ34,XSZ65) Y5 5 5 5 W5 240 23 b 1 e 1
Mf21-C10-C09 ( EU693444 ) 2K #] T 4 & ]
( Chlorobia) , FAAYE IR 78%—99% , %3 T ] 40 1
—RREHEAT AN P S B RO A 2R T (A B  B
A EEAE, R Re R & Fh OB 005k R A R AE
N C R BRI AN RUIR Sk e W B 1] 41 1 g
- A7 T I 2 B A A v G E R A S
RSB AL A R A AR A8 AL, SR TE T 4 A AT
RETEIMI 1Ak B, do v s R AR AN, S S
BRI K45 T ERIVER . BRI R &0 E
YER A ZAE 9 Dae, PRIt KR FEAR T X G
E B MR P o 204 o B S HE o S AR A IS B
I3 B0 A AT 3 Ao o T 1D A T AR O HL LT RN
R 33K A i 25y R R ) 0 A AR S
PR ABRR 18 25 [RIR A 2 BLGX 3 A4S SRR 8-1IF
M ve b 135 BRI E & ( Desulfovibrio sp.) IR &
oA SR AR I, AR S 78%—86% ., B il i A N
ISR G I BT — S SO T, 2 I R s ) D A
— T AEAYIE ST e BT — 28 LA [ AU R Y
5 A I TR i 4 TR B A 1Y) 8- 1) s B 1, X AT )
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fRE 7S T O ST LRI B A (o A AR T2
TR A TR AT AT BESE e 4 ] SE00E T O B e 4 1
BIRRIRGAC =), 2 5 ML AR E SR Y i
PR, 5 e I ) A) R 7 F L A A 3 AR O
FUPAEAR ) R U Il f R K T N B3R
S RIE Z2 G 80T ORI LR 1 15 K A0S e HEIA
s X BN AE S R G AT T R E IR (R

*1

FEVA A S, BESCA MLBT ) B0 9 R T3R8 0 5
HIFRIRIE 14 s A A R 3 4 i A 9 Ak
PEEORG B, 8 38 4 O S A s S m e 10 o5 48 4230
A7 AT A 33 R PR Ah 5 2 o T ) A
A BRI TR 14 30 285 70 P R 00 3881 ) gt BRCIR 0, DA
111 A R 47 3 30 A A= 25 AR 0 R B BB 4R T A HEOR
Ao

3 A TR 4 B 4 B BB R nifH B 5E BE TR FF 51 B SR A0 bL

Table 1 Homologous comparison of bacterial nifH sequence and sequence comparison of the SYN, SYZ, XSZ clone

LI SCE Clone libraries

AU Similarity

SYN SYZ

XSZ

oTU JF55 ‘
(Operational H‘I%?%@Zl Mé?%& B SR T AL Gent%nk ﬂeﬁ
Taxonomic Number of OTU % Number of OTU %5 Number accession Origins
Unit) 45 clones clones of clones number
SYN123 1
SYN18 3
SYN13 5 N
SYNIS6 | SYZ29 1 — — HQ)455869 v ] g
SYN94 1 — — — — HM750822 RV HUAE YR PR
— — SYZ27 1 — — HM750623
— — SYZ110 1 — — HM750623
SYNS1 1 — — — — FJ807378 LI ARAR PR
SYN118 1 SYZ91 3 — — FJ807380
— — SYZ111 1 — — EF191077
SYN2 5 SS;{ZZII7 219 - - EF634050 A& -
— — SYZ86 6 — — EF634052
SYN191 2 — — — — EU693399 SRS M1
SYN7 1 — — — — EU693410
SYN25 1 — — — — EU693408
SYN185 1 — — — — EU693385
SYN40 1 — — — — EU693380
SYNI 94
SS;(]\ILZ 216 SYZ34 1 XSZ65 1 EU693444
SYZ156
— — SY793 5 — — EU693378
— — — — XSZ63 1 EU693442
SYN87 1 — — — — HMO063813 wh = R VDU
SYN52 1 — — — HM063790
— — SYZ41 1 — — HM063800
— — SYZ101 1 — — HQ223603
SYN22 2 — — — — FJ686527 TN IE BT
SYN61 1 — — — — FJ686502
SYN102 1 — — — — (289583 e £33
SYN11 1 SYZ132 1 — — HM999421 o 3‘33 i Eﬁ?ﬁi -
SYNS53 3 — — — — EF174829 KA
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20 #1 BN AF BT RELP BOR M E AR IR IR Bt AR 8 S0 2 R AT 5883
s
LI SCJFE Clone libraries FALF Similarity
SYN SYZ XSZ
oTU T
( Operational aRET AL T RET AL T RE T GenBank K
peratior Number of OTU %= Number of OTU %= Number accession Origins
Taxonomic Jon Jones of clones number
Unit) éﬁ% clones C >S
— — SYZ190 1 — — FN665896 e SRR PR
— — — — XSZ115 1 FN665903
— — SYZ99 1 — — EU048169 1 AR B
— — SYZ35 1 — — AY601064 TR e R
— — SYZ36 1 — — AJ716402 B X5 51,
XSZ72 2 N
— — I e e B :
SYZ18 1 X747 9 HM047125 T AEHE TS AL e AR PR
— — SYZ5 49 — — EU593995 194 2 HL 3K Vg 2
— — — — XSZ55 2 EU593996
— — — — XSZ86 1 £U594002
— — — — XSZ110 1 EU594008
— — SYZ84 1 — — 0426255 R
— — SYZ19 4 — — GU193141 TR P
— — SYZ6 3 — — DQ098215 Y% B O
SYZ89 4 .
— — — — : W h R 3
SYZ12 2 AF227935 LAy T K SR ke
XSZ12 11 . _
— — — — X )
XS7120 ) AJ716340 R X AE AR B
XSZ16 11
— — — — Gy i AR A
NS FJ593768 by A=
XSZ 1 L e
— — — — 523 6 AY196416 + 4 7 A AU

SYN: =i IWBPRE W M 'S, SYZ: = WEIE IR LA SR il i 5

P T JEE A0 PR TR M9 A 305 A i B A B OR [R] (SYZ
55 XSZ) , DA [ 8 0 3 B AR 0 AR A AN TR) (SR
K HELVEARRIEAL ) (SYN 5 SYZ) |, S5 353k pi A4
A EY 2R Z B 25 5 B ARBEIE Firish 3
AN SCIE R [ AN BR Y 2 R TR B T (R 2) .
SYZ SCIE ) H $8E0R E 85035 F SYN, Hivb syz
B H $5%0h 3.02,SYN i H $5 500 2.28 , F B = IV 3l
WL 2P 9 [ LA TR ) R T SR
) B A T 2R RRT . T RB R F T el R S A R L
B G REB LR B VR T, 3% 26 ph S8 HL 43 D R 22 4 R
B ST R R I A 5 — 1 e E B 4k, B
AU A9 VEF , PRI SR A e i S A e
YRR /DY A = 2 SRV T 4 AR [ R
B 2R, & PR PG 70 SR 2H 27 b i) [ SRR 2 R
WACT AT E, Kb SYZ #9 H 850 E 5505 R
3.02,0.65; 1 XSZ (1) H $8%% .E 8 5{H 2.08,0.56
XARE S EAVEEMIAEE A C R, EIEF M ARAN
ZAETIRRET , JE B A T I 41280 11 [

,XSZ. PV AL LIRE 5 4

R EAZ MR, (B2 T3 TR
BT, B VAt 1 20 e e ) 28 = 7 Y 4 K b
W R T ARBUR S 1) A R i 3 2 DA FEKAAR TR
B ARE AR, S EOMI 412 I A A S
Sl K OURR P 2 02 5 L R A 6 W 3 ) 1) i 4
LR A [ R R BLEEREAT T3S0, ik S AP R [ & P
AL LN ER 38 N T 2 LN PR 3 [
R 380, A ) T4 5 X 330 i A 1A R
FEFHALN  JUHIE y U i R A R 0 1 AR A
e OB A VERIRCR A FI T 58 o S 2L A= 4
X A1 A ST oy 1 KA RE

SYN [E R eI nifH v e SCPE R b+ 5
NCBI %548 e v e A5 T 15 50 B9 A RUBE R 819%—99% ,
SERIFHLE Ty 89.9% ; SYZ Sl 15 Hods AH 1T 17 41
AIAEALE 3K 83%—100% , V-3 1H A 92.2% ;XSZ ¢
Ve 5 H S AR I 7 90 B AR ABLEE 35 85%—99% , V-1
EAH BLBE 23X 3 A SCEE B 1, (HA A
95. 1%, ZFAIX 3 DSCHEM AT 3%, vl LUE i
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% 34 &

Z vl 5 GenBank iR AH T T 41 A9 AR AL M ER AR
A, 150 B B A= T SR PR AN AR 2 iR P R
FAVFZ M ARPIG IR AR, X SELLR AR i ] 200
A= A S R A 2O K A A R b, S
S ILREAE AR DR 4 v BE 0 BAE S PR RIVE T B T

— R IRA R EIR R IR E A DI L
BRI AR AESE 1 1% GE A ] 15 3R 0I5 Bk 5 57 2 MRk
A 1 SR R A A I Al A 25 R G AR )
Mo BRAL A AR A 3 5 T AR

%2 SYN.SYZ 5 XSZ BEIRAH SIS

Table 2 Summary of RFLP analysis of nifH gene fragments from N,-fixing bacteria communities in SYN, SYZ and XSZ comparation

of diversity

SCJE OTU

. § N Operational LRI EL(H "
S B4 ( Operationa ERSFELLHA () R HE)
Locati Stati Taxonomic Unit) Shannon's diversity E « index(E)

ocation Station BEC(S) index (H) venness index
Total OTUs (S)

=& Sanya bay SYN 23(155) 2.28 0.50
ZE7 Sanya bay SYZ 25(120) 3.02 0.65
PV Xisha island XSz 13(102) 2.08 0.56

SYN: =il MIRERAE bl >, SYZ: = Wi 2L U fh 25, XSZ: PHUb I 2L ZURE fh 2

3 NG

AT B o U R A — SV A [ ey LR (1 6
ERAESRGEN B AIE AT TR, 85 R BR T
TR A W RE TR U A S R G R e AL S R
[P 2R P X0 v TV R K B8 R 1 T AR P [
AW R RIS e 5 EE A
FHUST T IR A A R G, I R I A
Fe] 260 A 114 [ UV AT A I A S R G R
FEAE R AR T B RE MR, AR T
3z A 1 3R I e T VB R AR AR SR X L =
SRR S ARG T (SYN) FIZH 4L (SYZ) DL K v v 3
WIRE i A AL ZL(XSZ) 1 S B A= 11 22007 1% il 260 il P
nifH AT 28000, Z5R BN .

(1) 6378 55 R AR B A S e o A= 1 T 2 4
PRI R [ 260 TR T S5 A S L T, R IR 3 AN S
AR 23 TF 0 K H i R SISl R R A TR, R
P IR e A 25 2R 5 v mT BEAT 835 A e A B4 1 Uk
G 7/

(2)3X 3 A5 B SCPE i 2285004 [ U niftl 55
BRI T 3 1) SR VR S At YA 38 A 3 B0 e o A T R
PRI, 3% R AT — 2I 3 3 e I 2 K 2 ) i ) e
) R A A [ VR 38 e S R R T
I FH 00 022 %8 3R AT S 80 T IR o i 2 ANk 3
AR EEER R, BRI T H—KuETs
TR R K AR B LI PR TR ) A A ] R R 1 R

AR (96%—99%) WAL, R 58K & HiAL
AT o 3 A ) e B A 1 R A= -5 H )
PR & B VTR & |, B AT Z 18] BE A8 AR 22 Ui F1
R TSR 4 1) A 4 HAE i AR S R AR
A=Yk AL 2R B b ) B AR

(3)3EEXF 3 A SCPER LEX AT, A58 K B T
PR E 1 A - 3 501 5 8¢ 1 1] ( Chlorobia ) FE
I & ( Desulfovibrio ) 4 73 S AL RS HBE . 2%
TR0 0% T S0 s e Il v T S ) 0 380 1 2H 2R
R A & B, JUHAE SYN SCUE B LL 78% L
RGBT AL GG T R R Y 7
ZH A SRR AE R A P I A B, S v 1D A R T
RESE TG R i) — R EZ A B A . TEARR
WEE AL T — 28 EA [ AU BE 19 5 0 4 I oA s 4
PR AHIE Y 8- 1] v B+, X A 7 B9 UE ] 1 B AR o
PRTE S v %) 6 0F ASAUUR T BOW T, BN TIRA
A A 2o A [ RV P A S s A A S SR AR A
P, 2 5 S A AR 3R B R A BRI
[T 5 BB H I R,

(4) BUARIXBEHRE i 02 [F]— i i A S (E2
Wi 5 3 A S 0 A 3 1% b A7 AN T T R s
AL TR ALAS (], #5301 3k 2 3 B A i 80T 22 FE
(28 5 o JE T =S IR ot B RE VRN A 2L nifH
R DR SCE Y L 3T B, S B8 E 2 DR R Y A
i 24 o] S50 P71 R 7 2L IS A — BORY TR A TR 1
R PR TR RIS 1 & ] b, i 3] de2H

http ; //www.ecologica.cn



20 4

B/NIF AR T RFLP HOR I REMARE I L B A= o S0 2 A

5885

AU BT AR T BT AN B 5 T — S I 41 41
SYZ SCPES VeV B 40 21 XSZ SOt & e, Hodt
B A= 11 B A7 FE B R I 22 5, A 1 2 RE v B
a2 B I L B A R 2 R 1 S RE A AR
TE I AR 1 ) M B B E YT RY OC R M L B
KEGHI PGP RES T, =0 AR I A 76 4 A0
BT TR B 15 T o S A 2 R e e B A T T
FELE, 22 T AT, T B0 41208 f
A= YA 5 R R K TR A S B A 1 RO L AT
T ACU , K S Mg R A2 SN, B8 T
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