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TR AT AN ) FE B 00 JR B0 35 R A o BRAS 5 [0 B i
IR AR AR BEPEASIE R0 5 IR 25 A1, 93 D 1 Jak e A A2 5
D58 S04 T %) JRU KT o A9 A R R LR A Al R
2T P55 R VUK 1 (Cobetia marina) 3132 0" ;%3
R A &% BE 9 (0 B0 W 2 B0 BN e
(Pseudomonas) ° ™, H i 4% BE 452 32 1) 32 250 J5 1% b
PR AS B ) 6 (Pseudoalteromonas citrea) [7] JERSK
DR A S5 J85 o - B P 58 5 8 85 1A (Pythium porphyrae)
Bl g SR A A 0 A7 )8 (Olpidiopsis
spp. ) SR 5 4 RIS LR R B BN 1 B0 B AT
RN 3 = L Ny 1) ( Pseudoalteromonas
tetraodonis) M ; 4 B4 3 40 IR 1 B T B F 432
W (Phoma porphyrae) 5",

1972 4 Bell £ Mitchell "™ $2 H 7“3 br 1% 55
BE7IX M 8 7R A R AR KB TR A A
BRI AT ) ) R B85 T R R S A AU A Sk
LA A BRCAF AR B B B A ) B AR 5 IR HEAT 0
B M TR I S a2 A A AR A K Y A
TEEFRE o AR WM B K AR
PR BFEPL 4T3 A2 b, & U S U R R
Ji# ;s — FLIR AR Ak ok )k N AR S E0IE 7 10 35 B8 A LA
B2 BN Tl A= ) B R AT S DU T A R S
o R R S 2 AR KT 4% B SR IR A B A T
A SR TR T AIE 50 B €0 R A A1 €0 B ko A A
il 57 L 58 S R R K P 4 R R R R AR S T
PR B E MR R BIRM . BB BT
4 i 4% BER S M IR A R 22 R A 1 4N B A 2 BRI, R
TR A BREAE it v A7 7 1 A S8 3 B 90 A1 R AN % B
it R A3 B B SRR B A B PR 1T R SR AR R K
HEYI KR W W52 5% 58 5 5 I 7% v s B il A=
FRTRE T4 1 B AR Ak S8 BT A 1A B0 T T RE N R

KA R B SO B R SR A AT T I A A A AR
KRLAEIR BRI 2 DB B 4 A B ) RURFES
WF IR 5 S TR L 2 v I BE B I A= ) 2 RE T AT BD T
TR IR B SREFEAE I FE h BAE W A R A AR A
ST T IS RSO 5 76 58 2 o S A B K T N
J S8 B H AR BRI OB B ke
1 MR
1.1 EEZRFFMEE
Zobell 2216E g 7K K 9% 5 (B B fy 1 g, 82 A i
5 & FFRRTREL 0.1 g, BillF 15 - 20 g, BRilg K B 2
1000 mL,pH7.6 - 7.8) , % 2 if§ /K (PDA) £ 7% 3t
(Th 8% % 200 g, HEHE 20 g, BUJR 15 - 20 ¢, PRifg K e
7% 1000 mL,pH H4K) , PCR % ik %) (TaKaRa) ,
7 M Ao R T P Uk AR R AR (B e A ) TR
AR 2A ) Ezap #1203 K 41 DNA $h 238 7 & (4
T4 TR E#A KA ), Biospin B # & N4
DNA #2387 & (N H R A IR A R - B 5sE
(Olympus) , PCR ¥ 31X (Eppendoff) , Bl ik 1 ;% 48 #h
W 5% 2 45 (BIO-RAD) , 48 11 B 52 6 i L 9K R 48
(BIO-RAD) %,
1.2 EHSMEMHSBEL
1.2.1  SRAF ARSI % M VL 58 30 9% 5 XK
T 1 B Ix K 3 (P. haitanensis) 22 IR 1K By B
(2010-04 F1 201009 ) FI IR 44 B BE (201041 Al
2011-03) 3L 4 AN B i) D152 22 4R 44 28 38 iR A4 2
JLIRBE WG K FE S D i X UL R PR pH i (3R
1), Bl 4k BEAT 21 i 7K £ i (SW) UL 5% BF % 916
(C) VEE R ¥ & i (S) FI% E W B B (G) » 7
22 0wk 18 .

F1. REREHLS FAREEFASBERENH

Table 1. Sampling time, location, environmental factors and isolates number

Sampling Environmental factors Bacterial isolates Fungal isolates
Time Location

No. Temperature / C pH Salinity /%0  number number

1 2010. 04 Cangnan, Wenzhou (i M % /) 15.6 7.54 17 178 33

2 2010. 09 Cangnan, Wenzhou (iff, M 45 #5) 28.2 7.34 31 119 14

3 2010. 11 Pingyang, Wenzhou (3 JH 5 Ff) 16.7 7.98 27 102 6

4 2011. 03 Pingyang, Wenzhou (i M - Fl) 11.0 7.96 26 68 2

Total 467 55

1.2.2 HEMEYE X4 MWD NEAT
Zobell 2216E if§ 7K 55 3 3L A0 T 44 2 g 7K (PDA) % ¢

JEI0CHER IR MBI 2 -3 &, HBE RS -
7, AL R T A AL P A [ R ) DX R 2
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2 3T B AL, A R I BB B AR S
FEToP T A AR 1T 1% 7 4°C LR A7 RS 43 4l v H vl A
(10% -20%) —20°C LR o 43 25 3 1) B 0k 48— 9
5B ARG, F AR E R, W 14 AARE MK
FER I [A] R > Ph AR K B T 322828, 41 BWI1SW1
TR B E A 1 UG N SRR 1) 7K 40 B, FW2PhS1
TRy B H R 2 YO NSRRI IR 5 S IR U b B
o

1.3 #HE 16S rDNA #1E & 18S rDNA £ E 5 7
S

1.3.1 Z[E%H DNA 42 L 30°C K557 18 =24 h
I 1 -3 mL, Al Ezup #2035 K141 DNA $l $2 ik
FIErHE UL 40 DNA. L 30°CH; 952 -3 d M EH
(BB 223%) 1 =3 mL, 784> W % )5 1] Biospin B 14
JLPKIZH DNA il 32 38 7 & R UL K14 DNA. IS L
DNA F i B 4T 1% 3 IR A0 & B B R R e ke v Uk

(100 V,40 min) , 7548 S 5E I A8 R 48 T #0 RS
FEHLHIFE R 4] DNA fR£ 17 F -20°C % -

1.3.2 PCR-Z: 4 E £ 8k (PCR-DGGE) 4
- PCR [ B 46 £ :95°C 8 min;95°C 30 s,58°C 45 s,
72°C 2 min,35 ANMEH;72°C 10 min. L 5pL PCR 7=
WIREAT 1% &5 Sk £ %5 B3I 0 B e i vk (100 V, 40
min) , 75 8 Ah B RS R 48T 40 RS I O £R A T
-20C & M. KA 20w 1 51 %) GC + 338F Fi
S18R (£ 2) " F1 2L FH 514 GC + FR1 1 FF390
(% 2) B 25 5% 16S tDNA ff1 V3 [X fil 18S tDNA
AR X AT P8 , T A R R IR WL vk (DGGE)
Iy BT o AR BS R E R R VKR 8% TN I T Mtk ik
JBe AR ) BR 2R R RIS IR AR R R RE O 40% -
55% @Y, SRR N 8 WL PCR P24 A1 8 pl 2 x I
FEGZ I, B IR 180 V, i B 55°C, Hi bk 6 h J H 4
1B L XS 4% 5

=2. 519F7%

Table 2. Primer sequences of Polymerase Chain Reaction (PCR)

Target sequence

Sequence length/bp  Primer sequences (5— 37)

GC-Clamp +338F: CGCCCGCCGCGCGCGGCGGGCGGGCGGGGCACGGGGGGCCTA

Variable region of 16S rDNA About 180

CGGGAGGCAGCAG

518R: ATTACCGCGGCTGCTGG

16S rDNA About 1500

27F: AGAGTTTGATCCTGGCTCAG

1492R: AAGGAGGTGATCCAGCCGCA
GC~Clamp + FR1:CCCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGCCGAICCATT

Variable region of 18S rDNA About 400
CAATCGGTAIT

FF390: CGATAACGAACGAGACCT

18S rDNA About1800

GeoA2: CCAGTAGTCATATGCTTGTCTC

Geoll: ACCTTGTTACGACTTTTACTTCC

1.3.3 EEFINERRERMSESH: KA @
JHBI9 27F R 1492R (% 2) 7 F1 20 3 38 1 51 9
GeoA2 il Geol 1 (2) ™ 433 Xf 168 rDNA Fi1 188
DNA AT 35, PCR ") A # & Bilg R B
B ARG BE A HEAT IR . PCR [ N AE & A4 1 )
1.3.2, 2 W 4 B 2 50 wlo. 3 3] (% 7 %) i i
National Center for Biotechnology Information (NCBI)
i) GenBank %4 7 BE AT 75 2k BLAST AHALE LL X
75 2 A0 L RE B KR A, B E B 8 K. i
Cluster W fl MEGA 4 S RGE K EW . 44
FF o) % 5% 5 & KC012807KC012879, KC012881 -
KC012886, KC01288-KC012898, KC012900-
KC012906,KC012908-KC012909, E.1# JF ¥ & 3% 5
A JX273049JX273068 .

2 gh R

21 BEAKEREREDS

B RS FR A O R v 3k 4 B Al Ak 13 B 40 1 467
PR BB 55 Bk, BCR /D T 40 B o AR B VR R AE R B
PR 258 40 W U 26 0 100 AR B, vk L3 AT IR A
AT R AR Hobh BIBS (526, %3) 4 &k
P s s = MO A (O C I o (e s N
24.20% ;B6-B18 (13 2, % 4) 75 3 K1 K HE 4y B 4
B TP ATAEAE 30, 41% ; B19-B36 (18 25) 7F 2 kI
KAy 85 4l AT A AES Ay 18.06% ; F 4x 1) B37-
B100 #f 2 75 1 I K A 20 B8 40 W b A A7 7E
27.33% « HWEEAHEN N 23 NEAL, B F1F5 (5
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o R A) AL 2 UCRAE I B FLT P A AF AL AT
FR ) 36.36% ; HoAx FOF23 R AL 1 IR AE
Or B EE AR AR, 7 63.64% o B T A7 A5 K B

A IEMEA 2 AN I A AT ks 1R T A 2R, B
W T 37 2R S B Bl A 0 A AN [R] 7 BEL I 90 B T 9 8 2

A o

RI AERBRESER

Table 3. Dominant populations based on bacterial morphology

Bacterial
Cell Colony Colony Colony Colony Isolates
morphological Colony color Colony edge Colony surface
No. shape shape size moisture transparency number
Bl Short rod  Pale yellow fraction Round Small Moist Complete Salient, smooth Opaque 34
B2 Rod Pale yellow fraction Round Small Moist Complete Salient, smooth Opaque 29
B3 Rod milky-white Round Small Moist Complete Salient, smooth Opaque 15
B4 Short rod  Pale yellow fraction Round Small Moist Complete Salient, smooth Transparent 18
B5 Rod Pale yellow fraction Round Small Moist Complete Salient, smooth Transparent 17
B6 Short rod  Pale yellow Round Small dry Complete Salient, smooth Opaque 6
B7 Rod Pale yellow Round Small Moist Complete Salient, smooth Opaque 7
B8 Short rod  Pale yellow fraction Round Large Moist Complete Flat, smooth Opaque 7
B9 coccus Pale yellow fraction Round Small Moist Complete Salient, smooth Opaque 13
B10 Short rod  Pink Round Small Moist Complete Salient, smooth Opaque 5
B11 Rod Orange Round Small Moist Complete Salient, smooth Opaque 6
B12 Short rod  milky-white Irregular Large Few wet Incomplete  Eminence, smooth  Opaque 4
B13 Short yellow fraction Round Small Moist Complete Salient, smooth Opaque 14
B14 Short rod  Pale yellow Round Small Moist Complete Salient, smooth Transparent 13
B15 Short rod  Pink Round Small Moist Complete Salient, smooth Transparent 8
B16 Short rod ~ Orange Round Small Moist Complete Salient, smooth Transparent 14
B17 Rod Orange Round Small Moist Complete Salient, smooth Transparent 36
B18 Rod yellow fraction Round Small Moist Complete Salient, smooth Transparent 9
B19-36 89
B37-B100 123
Total 467
x4 EEMBHMESER
Table 4. Dominant populations based on fungal morphology
Fungal morphological Hypha Growth Isolates
Front color Back color Surface Pigment
No. height density number
F1 green, white edge Yellow Short Thick Powder No 3
F2 Dark green, white edge Dark green, white edge Short Thick Down, verrucous No 6
F3 White Yellow, white edge Short Thick Down No 4
F4 Orange Orange Short Thick Down, radial No 5
F5 Orange Orange Short Thick Down, radial No 2
F6-F23 35
Total 55

2.2 THEHERKEIXSN

4174 16S rDNA Em V3 X RIELF# 18S rDNA #] 4%
DX PCR 74 22 1 B 32 6 i HhL ok » AR Gt 15 20T
T 4 LEAT X 20 CIL 1 O 40 1 DGGE AR e gt 7Y
%afr, 812 N F W DGGE YL s Al & 71) o #Eip It

DGGE " 73 #F 1 A0l 55 22 57 1) 4% e » A SE 00 K 41 A

AH [F] 4%

A0 TR B A ) — Y

RFESEJE KUK 18,1057 1 18,
&5 £ 0y 5 R g 2 E T I

2 1 >

LR

HOw > HCh 20,
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1. 487% 16S rDNA DGGE & 3! [§]
Figure 1. Tipical denaturing gradient gel electrophoresis (DGGE) fingerprint of bacterial 16S tDNA. Lane 1, BWIPhCI0; lane
2, BW2PhC21; lane 3, BW2PhC9; lane 4, BW2SW44; lane 5, BWI1PhC24 ; lane 6, BW1PhC24-3; lane 7, BW2SW30; lane
8,BW2SW45; lane 9, BWISW6; lane 10, BWISW394, no band; lane 11, BW2SW10; lane 12, BW1PhC46 ; lane 13,
BWI1SW28 ; lane 14, BWISW28-2; lane 15, BW2PhC43; lane 16, BWISW21; lane 17, BW1SW20; lane 18, BW1SW38.

1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18

& 2. E & 18S rDNA DGGE 818 [F]
Figure 2. Tipical denaturing gradient gel electrophoresis (DGGE) fingerprint of fungal 18S rDNA. Lane 1, FW3PhSl1; lane 2,
FW4SW1; lane 3, FW1PhC4- ; lane 4, FW2SW3; lane 5, FW2SW2; lane 6, FW4PhSl; lane 7, BFW3PhG2; lane 8,
FW3PhG3; lane 9, FW3SWI1; lane 10, FW3PhG1; lane 11, FW2SW1; lane 12, FWIPhC5- ; lane 13, FW1PhC52; lane 14,
FW28W9; lane 15, FW2PhG1; lane 16, FW1SW4; lane 17, FW1SW1; lane 18, FW1SW2.

2.3 WEMMS FLEERBEEEE

254 DGGE 43 B AU v Leox 4 3 3L 49 ) 99
Bk 3 R R 40 1 40 )@ 41 ANJE (£5) 5,20 kRt
DR AS 6 9 SUR 4 J 15 A (32 6) o 220K 4 43
BB [ 41 Cobetia spp. 5 7 3CH 1 1) 35 % 3 R
PR LT 42495 0% B VT 8 A1 [/, BB Phoma spp. 5 48
SR 2 AR 1 B S0 B A R A R o 6 41 B TR 4 AT

ZE AT LR B (1) 28 WA B 8 (Bacillus) F1
R g (Paracoccus) ¥ 3 A7 15 T 32 5 S F7 Ji 1 % A
B Bt v 52010-04 F1 2011-03 (1) 2 AN I 39 4 43 25 30 v
15 )& (Psychrobacter) <75 ¥ 1 J& (Arthrobacter) Fll &
2 MAT B (Halobacillus) , 3X v §8 5 24 5 ¥ & g
KB BARAT DG o (2) 3 58 S JL B A= 40 181 R ) e i
KA B AT A W Sk 22 s 5 SR S B AR A v A T 28
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AR % T 5 K 40 B 4 A1 20 A8 Sulfitobacter
Phaeobacter~ Roseivivax~ Loktanella~ g FR &
(Paracoccus) ~ 75 ¥ H J& (Erythrobacter) « Ahrensia
Robiginitomaculum Sphingopyxis~ % ¥ Ml H J&
(Blastomonas) « % 5% %. i 1% J& (Stenotrophomonas) -
AT JE (Lysobacter)  Rheinheimera Cobetia~ % T, [X
&
Vitellibacter F1 Gelidibacter 3L 19 AN & [ 40 1 2 15 2%
SICHRE AT B0 L B AR B RE S OR MO IR K A B B
2008 W & ( Rhodovulum )« R 4 # W &
(Pseudorhodobacter) - if§ 41 B J& ( Marinobacterium)
Reinekea «Alishewanella £l /R 5 /R K& & (Colwellia) ~
Idiomarina~ X, % K W J& (Gordonia) « 1 /N ¥ i &
( Exiguobacterium ) ~ 3 IR B J& ( Planococcus ) -
Pontibacter Zobellia 1 Salinimicrobium F 13 4~ J& [
A T AR B K TR AR B B 7R R SRR B AN ]
WK R AT 20 Al B AT 10 AR A0 T . TR SR
PRI S FE Gy, Mt NilEKE T 5
I IR i S B OK AN ) B AR A IR SR AR T e S B0
TV 2 5o (3) 358 S AN [) 37 5 N 399 1 4
VR AFAE 22 5 - FUFE 22 4R 8 N 350 20 2 30 1 4 T A7
Sphingopyxis R 2L ¥ ¥ )& ( Pseudorhodobacter) - 5 %
i 5 J& (Stenotrophomonas) « Rheinheimera~ £} /R 35
JRICH JE (Colwellia) « Idiomarina~ Cobetia~ 1= %2 4 J&

( Kocuria ) « Oceanobacillus. Maribacter-

( Myceligenerans ) « Salinibacterium~ %, & [K &
(Gordonia) « 2% 7 K W & (Kocuria) ~ $ /M ¥ B )&
(Exiguobacterium) « Zobellia F Gelidibacter 3£ 14 />
Ja& » T HLUA R 802 T8 1) 1 4l 17 A 4 b 7 22 4R 4k
30T o SUAE bR A4 g L 57 B I 300 0 2 20 4 T A

Phaeobacter~ /N 41 B9 B J& ( Rhodovulum )  Ahrensia
Loktanella 41 ¥ & J& (Rhodobacteraceae) ~ 75 ¥ & &
(Erythrobacter ) < Robiginitomaculum *f . Jfl =
(Blastomonas) « Y& +F & )& (Lysobacter) N M wE B
( Marinobacterium ) -

Reinekea Alishewanella

Gilvimarinus Oceanobacillus~ Pontibacter Maribacter-
Vitellibacter f1 Salinimicrobium 3% 18 )@ . A [ 57
BRI 30T, G R E B IR O 5 BE 3 XK T TSR A
e N0 T SRAEAR KR BE b 5% Wiy 25 40 v BV .
A5 [) — I S AN [R] 10 Ak B 7 2t A A5 2 58 S JL I A
9 TE AFAE ST

PO A58 S8 LR I 20 A 22 e R (1) 43 B IR L1
KABoF AL 22 R AR F w30, 3847 14 A s, R
P 3 Iy 5 20 kL T A (Acremonium ) < B £ &
(Cladosporium) «~ 7 % J& ( Penicillium) 1 il & /8
(Aspergillus ) 3t 4 A J& M 7 W. B i % )8
(Aspergillus) 2 AR A IR S RAT (0, JEAt 3 AN & 2 43
B EHERZ I, A RB R ZRE I W F
WA 35 P 2 2 DO AR A B A WL, Hog KR L 2
JEE AR VAR R » O B $R A T R M IR R R
AR 5 AH EE T AR AR I 300 9 DX R i R T K
WA AR K BL R 7K R 5588 T PR AR T B0 1 2R
KRR . (2) 32585 L M A S0 1 M 0T I A /K B0 B
700 W W 2 5 % M &% B ( Fusarium ) .
Ophiosphaerella 25 5i % J& ( Phoma) « ¢ % W J&
(Schizophyllum) Ak B 4% % J& (Lachnum) 3t 5 4N &
FUMBS B RS R BB (Lycogala) 4 35 T
(Arthrinium ) « Toxicocladosporium~ Neophaeosphaeria

1 Paraphaeosphaeria 3 5 /™ J& 4> 35 B X K -

% 5. YAH 16S rDNA FFI LT 5 R
Table 5. Results of bacterial 16S rDNA sequence alignment

Pseudorhodobacter, Alteromonas, Psychrobacter, Arthrobacter, Salinibacterium, Exiguobacterium, Halobacillus, Planococcus,

Sulfitobacter, Paracoccus, Stenotrophomonas, Rheinheimera, Cobetia, Gelidibacter and Salinibacterium

Sulfitobacter, Phaeobacter, Roseivivax, Ahrensia, Loktanella, Rhodobacteraceae, Erythrobacter and Bacillus

Phaeobacter, Ahrensia, Loktanella, Rhodobacteraceae, Paracoccus, Erythrobacter, Robiginitomaculum, Blastomonas, Lysobacter,

Sample groups Genera
BWI1SW
Bacillus, Zobellia and Cellulophaga
BW1PhC
BW2SW Idiomarina, Psychrobacter, Myceligenerans, Gordonia and Bacillus
BW2PhC Rosewivax, Sphingopyxis, Myceligenerans, Kocuria and Bacillus
BW3SW Rhodovulum, Rhodobacteraceae, Marinobacterium, Reinekea and Gilvimarinus
BW3PhS
BW3PhG
Gilvimarinus, Bacillus and Vitellibacter
BW4SW Rhodovulum , Alishewanella, Psychrobacter and Bacillus
BW4PhS Paracoccus, Psychrobacter, Arthrobacter, Oceanobacillus, Halobacillus and Cellulophaga
BW4PhG Bacillus, Maribacter and Cellulophaga
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% 6. HE 18S rDNA Fotb x4 R
Table 6. Results of fungal 18S rDNA sequence alignment

Sample groups Genera

BW1SW Acremonium, Neophaeosphaeria, Phaeosphaeria, Paraphaeosphaeria and Cladosporium
BW1PhC Ophiosphaerella, Phoma, Phaeosphaeria, Cladosporium, Penicillium, Lachnum and Schizophyllum
BW2SW Lycogala, Arthrinium, Acremonium, Toxicocladosporium, Cladosporium and Penicillium
BW2PhC Fusarium

BW3SW Cladosporium

BW3PhS Penicillium

BW3PhG Acremonium and Cladosporium

BW4SW Aspergillus

BW4PhS Cladosporium

BW4PhG None

AR UCR A B (B3 - J 6) Fl 4 i 4 Ik
RAF R IO (B 7) AR BRI RS R T -

3 itie

15 45 1K1 4y 85 J5 ¥ M PCR-DGGE $ A /& 23 H7 1%
PR SRR I T 2 — T R A
i) 467 ¥4 1 A )8 T 48 /2 % '] (Alphaproteobacteria
i QS I
(Actinobacteria) « &5 % |7 (Firmicutes) F13UAT # []
(Bacteroidetes) , flt % & B Ky o8 & 3 N Al y=2
TN 51 % 6 A I A VS T A L
A7 IE 5 3 WY A0 AT RE 9 P R 2K 2 TR) 3 3 A7 AT A R S
PEBT o ARBE S AT 37 AN I 40 T R $ 5 S B
g K HRE AT I AT 2 AT B s (Bacillus) <15 FF 1
J& (Arthrobacter) 7% 7 [ W J& (Kocuria) F1 30 Bk 8
(Planococcus) 1 4 BT 4 53 b i /K o 4 s 51 1
7B BB S 2 T R S Y A
FOH R BB %R A S R S B Y 1 i
DX WF T2 A — 3 AN RATIE 4> 25 3] 1 Al g5
4 BT 5 30 40 TRk 20 050 0 B DL R DY e
(GenBank ¥ 71| 5 AY628694. 1) , Al Bl J¥ i ik 99%
T TR K o

eI SS BRI K HE T 1 I
(Ascomycota) , {1 F5 2% 75 1 49 (Sordariomycetes) « JF&
1 M MAE M
L7 = I A R (= s A
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88 Colwellia sp.BSw21902 (JQ069962.1)
'T' 100 F BW1SW39-3 (Colwellia sp.)
. 68 Colwellia aestuarii strain SMK-10 (NR_043509.1)

Rheinheimera aquimaris strain SW-369 (EF076758.1)
35 100 | - Rheinheimera sp. JL1145 (DQ985066.1)
82L BW1PhC6 (Rheinheimera sp.) Gammaproteobacteria
99 | Cobetia marina strain KMM 734 (AY628694.1)
100 LBW1PKC11 (Cobetia sp.)
100 | Psychrobacter nivimaris CMS161 (FR750957.1)
100 |BW1SW20 (Psychrobacter sp.)
| Stenotrophomonas maltophilia strain 3-DR (JN712147.1)
100 | BWI1PhCI19 (Stenotrophomonas sp.)
58 r Uncultured bacterium clone W1 (AY770941.1)
100 ( BW1SW39-4 (Pseudorhadobacter sp.)

Pseudorhodobacter incheonens is strain KOPRI 13537 (DQ001322.1)

100

Paracoccus sp. HIJAc-3¢ (JX515659.1)

BWI1PhC46-1 (Paracoccus sp.)
Sulfitobacter delicatus strain KMM 3584 (NR_025692.1)

100 I: BW1PhC26-2 (Sulfitobacter sp.)

100 Arthrobacter bergerei strain Cal06 (NR_025612.1)
73 100 BW1SW38-1 (drthrobacter sp.)

Salinibacterium amurskyense strain KMM 3673 (NR_041932.1)
100 BW1PhC10 (Salinibacterium sp.)

Exciguobacterium sp. 7-3(DQ019168.1)
100
80 4{ BWI1SW6 (Exiguobacterium sp.)
Exiguobacterium undae strain DSM 14481 (NR _043477.1)

99 | Uncultured bacterium clone 1C-24 (AB255057.1)
100 100 || BW1SW 14 (Planococcus sp.)
Planococcus donghaensis strain JH1 (NR_044073.1) Firmicutes
2 100 [Halobawllus salinus strain HSL-3 (NR_025244.1)
BWI1SW33-1 (Halobacillus sp.)
89

Bacillus firmus strain 1AM 12464 (NR_025842.1)
WuBacﬂlus sp. W-SL-2 (F1529042.1)
971 BWI1SW21 (Bacillus sp.)
100 ’j BWI1PhC42 (Gelidibacter sp.)
Gelidibacter mesophilus strain 2SM29 (NR_028956.1)

100 | BW1SW28-1 (Cellulophaga sp.)

100

Paracoccus zeaxanthinifaciens strain ATCC 21588 (NR_025218.1) Alphaproteobacteria
99
64

Actinobacteria

100 .
Cellulophaga fucicola strain NNO15860 (NR_025287.1) Bacteroidetes

78 Zobellia amurskyensis strain KMM 3526 (NR_024826.1)
100| | BW1SW24-3 (Zobellia sp.)
99 zobellia russellii strain KMM 3677 (NR_024828.1)

3. 201004 REDHHAEMNRKERE R

Figure 3. Phylogenetic tree of bacterial isolates sampled in Aprial 2010. The numbers at the nodes indicate the bootstrap values based on neighbor—

joining analyses of 1000 sample date sets. The scale bar represents the estimated number of base changes per nucleotide sequence position. Bacterial
isolates are indicated with “BW1 7, and the highest homology species are reflected in parentheses. The others represent stardand strains and the

numbers in parentheses are the accession numbers of sequences.



PRME N A% SR ER SR IR I P B R AR ) 2 R R AR 2 ) (2013) 53 (10) 1095

BW2SW44 (Gordonia sp.)
0 Gordonia sp. CNJ786 PL04 (DQ448772.1)
BW2SW30 (Gordonia sp.)
Gordonia sp. XEXBAOS (JQ658424.1)
Gordinia bronchialis DSM43247 (NR_027594.1)

100| BW2PhCS (Kocuria sp.)
Kocuria palustris strain TAGA27 (NR_026451.1)
BW2SW26 (Myceligenerans sp.)

100 100 |: Myceligenerans xdig ouense strain XLG9A10.2 (NR_029100.1)

86| BW2PhC43 (Bacillus sp.)
100 | Bacillus sp. W-SL-2 168 (F1529042.1)
Bacillus firmus strain TAM 12464 (NR_025841.1)

0.02 99
100

100

99

100

100 BW2PhC21 (Sphingopyxis sp.)
99 - Uncultured bacterium clone UV-RV-084 (HQ326459.1)

100 Uncultured bacterium clone SBS-FW-030 (HQ326256.1)
WiBWZSW% (Bacillus sp.)
Bacillus baekryungensis strain YD13 (JN210568.1)
g BW2SW31 (Idiomarina sp.)
100 HUncultured bacterium clone b1.9 (EU627894.1)
100 Idiomarina sp. CC2 (DQ356508.1)
r BW2SWI0 (Psychrobacter sp.)
100 LPsychmbacter celer strain SW-238 (NR_043225.1)
— 86| BW2PhC9 (Roseivivooc sp.)
d Roseivivooc sp. NT N52 (AB166990.1)
Roseivivooc halodurans strain OCh239 (NR_043435.1)
100 Sphingopyxis marina strain FR1087 (NR_043954.1)

Actinobacteria

Firmicutes

Gammaproteobacteria

Alphaproteobacteria

4. 201009 RENDEMEMRRE LB K

Figure 4. Phylogenetic tree of bacterial isolates sampled in September 2010. The numbers at the nodes indicate the bootstrap values based on

neighbor—joining analyses of 1000 sample date sets. The scale bar represents the estimated number of base changes per nucleotide sequence

position. Bacterial isolates are indicated with “BW2”, and the highest homology species are reflected in parentheses. The others represent stardand

strains and the numbers in parentheses are the accession numbers of sequences.
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100 Rhodobacteraceae bacterium F5 (EU697077.1)

BW3PhG9 (Rhodobacteraceae sp.)

100 Rhodobacteraceae bacterium CSQ-8 (EF512131.1)

BW3PhS10 (Rhodobacteraceae sp.)

Sulfitobacter delicatus strain KMM 3584 (NR_025692.1)

Sulfitobacter sp. SPB-1 (DQ412071.1)

100'BW3PhSS (Sulfitobacter sp.)

BW3PhS20 (Phaeobacter sp.)

100 — Phacobacter daeponensis strain TF-218 (NR_044026.1)

100 BW3PhS2 (Loktanella sp.)

Loktanella pyoseonensis strain JIM85T (AM98342.1)

BW3PhS3 (Loktanella sp.)

1004BW3PhG13 (Lokianella sp.)

100 Lokianella hongkongensis AMV18 (FN431787.1)

BW3PhS22 (Roseivivooc sp.)

Roseivivooc halodurans strain OCh239 (NR 043435.1)

BW3PhG35 (Paracoccus sp.)

T00|[Paracoccus homiensis strain DD-R11 (NR_043733.1)
81[BW3PhG10 (Paracoccus sp.)

96'Paracoccus sp. 88/2-4 (AJ313424.1)

BW3SW25 (Rhodovulum sp.)

100 Rhodovulum sp. 1R7 (AB435652.1)

97 Abhrensia kielensis strain B9 (NR_025886.1)
4100|_EBW3PhG15 (Ahrensia sp.)
82-Uncultured bacterium clone Ipe59 (HQ393414.1)
BW3PhG32 (Robiginitomaculum sp.)
100 Robiginitomaculum antarcticum strain IMCC3195 (NR_044256.1)
100 100rBW3PhG20 (Blastomonas sp.)
99 Blactomonas sp. AMVS5 (FN397673.1)
Blastomonas natatoria strain DSM (NR_040824.1)
99,BW3PhG14 (Erythrobacter sp.)

74| Erythrobacter aquimaris strain SW-110 (NR_025789.1)
92| BW3PhS1 (Bryihrobacier sp.)
oF' Erythrobacter sp. D3043 (DQ480144.1)
BW3PhS18 (Erythrobacter sp.)
jBWSPhGll (Erythrobacter sp.)

0

100

Uncultured marine bacterium clone A6-3-18 (FJ826326.1)
. Lrythrobacter flavus strain SW-46 (NR_025245.1)
100,BW3PhG23 (Erythrobacter sp.)
Uncultured organism clone ctg CGOF223 (DQ395681.1)
52— BW3PhS16 (Erythrobacter sp.)
Erythrobacter sp. R14 (EF177676.1)
100BW3SW15 (Bacillus sp.)
Bacillus backryungensis strain XJSL3-2(GQ903401.1)

395 Bacillus aquimaris strain TCCC11049 (EU231632.1)

26LBW3PhG6 (Bacillus sp.)

291 BW3PhS27 (Bacillus sp.)
5 100 Bw3PhS7 (Bacillus sp.)

47, Bacillus aquimaris strain TF-12 (NR_025241.1)

Bacillus altitudinis strain X-11 (JQ283976.1)
100 BW3SW13 (Bacillus sp.)
Bacillus cereus strain PPB6 (HM771661.1)
100'BW3PhS13 (Bacillus sp.)
Planococcus maritimus strain TF-9 (NR_025247.1)
100 *BW3SW43 (Planococcus sp.)
100 BW3PhG33 (Lysobacter sp.)
Lysobacter spongiicola strain KMM 329 (NR_041587.1)

100 BW3PhG1 (Gilvimarinus sp.)
Gilvimarinus agarilyticus strain M5c (gq872424.1)

98 100 —BW3SW?2 (Marinobacterium sp.)
L Uncultured Marinobacterium sp. clone MD2.31 (FJ403080.1)

45 Reinekea sp. KLE1125 (GU644354.1)
100 _’_—BWS SW14 (Reinekea sp.)
95— Uncultured bacterium clone Hgl Apr949 (JX016341.1)

99-BW3SW7 (Pontibacter sp.)
1001L pontibacter sp. HMC5104 (FJ903180.1)
Pontibacter korlensis strain X14-1 (NR_044004.1)

100-BW3SWS5 (Salinimicrobium sp.)

—

s
)

100

BW3PhG26 (Vitellibacter sp.)
Vitellibacter vladivostokensis strain KMM3516 (NR_028631.1)

5. 201041 RESBEAFEMREL B R

100

Salinimicrobium xinjiangense strain BH206 (NR_0442601.1)

Alphaproteobacteria

Firmicutes

Gammaproteobacteria

Bacteroidetes

Figure 5. Phylogenetic tree of bacterial isolates sampled in November 2010. The numbers at the nodes indicate the bootstrap values based on neighbor—

joining analyses of 1000 sample date sets. The scale bar represents the estimated number of base changes per nucleotide sequence position. Bacterial

isolates are indicated with “BW3”, and the highest homology species are reflected in parentheses. The others represent stardand strains and the

numbers in parentheses are the accession numbers of sequences.
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100| BW4SW28 (Bacillus sp.)
Bacillus flexus strain TFO15715 (NR_024691.1)

BW4SW26 (Bacillus sp.)
1001 Bacillus nanhaiensis strain K-W39 (JQ799091.1)

Bacillus firmus strain TAM 12464 (NR_025842.1)

51

37

241 7100 | (BW4PhG1 (Bacillus sp.)
981 Bacillus sp. W-SL-2 (FJ529042.1)
BWASW2 (Bacillus sp.)

1001 Baciltus subrilis strain jinfenl (JX960641.1)

Firmicutes

100

100 [ BWA4PhSI15 (Oceanobacillus sp.)
Oceanobacillus picturae strain R-5321 (NR_028952.1)

BWA4PhSS5 (Halobacillus sp.)
100! Haloacillus locisalis strain MSS-155 (NR_025715.1)

‘ Arthrobacter sp. FO-NAM2 (FR716536.1)
| BW4PhS21 (Arthrobacter sp.) Actinobacteria
Arthrobacter subterraneus strain CH7 (NR_043546.1)

91

88

100] BW4SWI9 (Psychrobacter sp.)
100 ’—{ Psychrobacter nivimaris strain 88/2-7 (NR_028948.1)
\_{ BW4PhS3 (Psychrobacter sp.)
100 100! psychrobacter pulmonis strain LMG1012 (FQ698582.1)

Gammaproteobacteria
Alishewanella fetalis strain CCUG 30811 (NR_025010.1)
100 { BW4SWI17 (Alishewanella sp.)
4oL Uncultured bacterium clone EV81EBS CPSAJI40 (DQ337043.1)
66 o9 Erythrobacter citreus strain RE35F/1 (NR_028741.1)
100 ’—[ Erythrobacter sp. M71 N109 (FM992798.1)

BWA4PhS17 (Erythrobacter sp.)

Alphaproteobacteria

100 100 Ij BWA4SW7 (Rhodovulum sp.)
Rhodovulum sp. 1R7 (AB435652.1)
100 BW4PhS4 (Paracoccus sp.)
100" paracoccus marcusii (NR_044922.1)
100| BW4PhS19 (Cellulophaga sp.)
100 Cellulophaga Iytica strain NBRC 15985 (AB681016.1)
Cellulophaga fucicola strain NNO15860 (NR_025287.1)
100 BWA4PhS9 (Cellulophaga sp.)
100 Bacteroidetes
Cellulophaga sp. E6 (AF539757.1)
100 BW4PhG13 (Maribacter sp.)

100 Maribacter sp. w-11-2 (GU936123.1)
0.05 951 Maribacter dokdonensis strain DSW-8 (NR_043294.1)

6. 201103 RENBHAEMNRRE L BN
Figure 6. Phylogenetic tree of bacterial isolates sampled in March 2011. The numbers at the nodes indicate the bootstrap values based on
neighbor—joining analyses of 1000 sample date sets. The scale bar represents the estimated number of base changes per nucleotide sequence
position. Bacterial isolates are indicated with “BW4”, and the highest homology species are reflected in parentheses. The others represent

stardand strains and the numbers in parentheses are the accession numbers of sequences.
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og Acremonium sp. ZH11 (JX303662.1)
100 |;Acremonium radiatum strain CBS 142.62 (HQ232205.1)
FW2SW3 (Acremonium sp.)
Acremonium brunnescens strain CBS 559.73(HQ232184.1)
W[F‘W3PhGI (Acremonium sp.)

Lycogala flavofuscum (AY 145525.1)
FW2SW1 (Lycogala sp.) Sordariomycetes

60

90LFW2Phe (Fusarium sp.)

Arthrinium marii MUCL 31300 (AB220231.1)
W{ FW2SW6 (Arthrinium sp.)

FWI1PhCS-1 (Phoma sp.)

— Phoma sp. HY-2004 (AY646226.1)

) 1 (FWISW7-1 (Paraphaeosphaeria sp.)
Paraphaeosphaeria pilleata (AF250821.1)

b9 FW1SW5 (Phaeosphaeriaceae sp.)

95! Phaeosphaeriaceae sp.GP9 (EU594364.1)

38~1 Phaeosphaeria sp. sn23-1 (EU189215.1)
40 BFWIPhC3 (Phaeosphaeria sp.)
9| Phaeosphaeria avenaria f sp. triticae strain ATCC 26370 (EU1892101)
64| Ophiosphaerella herpotricha ATCC 12279 (U43453.1)
39 FWIPhC1 (Ophiosphaerella sp.)
54 Neosetophoma samarorum strain CBS 139.96 (GQ387518.1) )
Neophaeosphaeria filamentosa BPT 802755 (AF250825.1) Dothideomycetes
'T‘ 47 FWI1SW2 (Neophaeosphaeria sp.)
ol | FW2SW2 (Toxicocladosporium sp.)
Toxicocladosporium irritans strain CBS 185.58 (GU214619.1)
50_7 FWI1PhC3-1 (Cladosporium sp.)
It Cladosporium uredinicola strain CPC 5390 (AY251097.2)
g Cladosporium cladosporioides strain DAOM 196948 (JQ939021.1)
BFW3PhG2 (Cladosporium sp.)
72| Cladosporium sp. YK16 (JN546120.1)
60| Cladosporium sphaerospermum strain DAOM 144726 (IN939024.1)
FW2SWI10 (Cladosporium sp.)
100| FWASWI (Aspergillus sp.)
Aspergillus versicolor (AB008411.1)
99 - FW2SW8 (Penicillium sp.)
48 Penicillium corylophilum strain DAOM 221130 (JN938959.1) Eurotiomycetes
16 Penicillium roqueforti strain ATCC 10110 (GQ458035.1)
68 FWI1PhCI10 (Penicillium sp.)
70! Penicillium camemberti strain ATCC 10387 (QG458039.1)

FWI1PhC6 (Schizophyllum sp.)
—][ Agaricomycetes

001 Schizophyllum sp. MI 01 (AB245444.1)
| FWIPhCT (Lachnum sp.)

‘ Leotiomycetes

100l 7 ochmum virgineum (AY120862.1)
T.4ARRBENBEEMNRARELEN

Figure 7. Phylogenetic tree of fungal isolates in all sampling times. The numbers at the nodes indicate the bootstrap values based on

neighbor—joining analyses of 1000 sample date sets. The scale bar represents the estimated number of base changes per nucleotide sequence

position. Fungal isolates are indicated with “FW”, and the highest homology species are reflected in parentheses. The others represent

stardand strains and the numbers in parentheses are the accession numbers of sequences.
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Microbial diversity of Pyropia haitanensis phycosphere
during cultivation

Meili Shen, Rui Yang , Qijun Luo, Shugang Wang, Jirui Ren
Ministry of Education, Key Laboratory of Applied Marine Biotechnology; Marine Biotechnology Laboratory, Ningbo
University, Ningbo 315211, China

Abstract: [Objective] Pyropia haitanensis is of great commercial importance and wildly cultivated in Zhejiang and Fujian
provinces. To observe the characteristics and changes of phycosphere microbial communities during cultivation can help us
monitor the potential pathogens and microbial factors affecting the health of cultivated seaweeds. [Methods] The
morphological characteristics and the diversity of phycosphere and surrounding seawater microbes were studied by pure
culture method and polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) . Similarity analysis
was carried out online with the 16S rDNA (bacteria) and 18S rDNA (fungi) sequences in GenBank. The phycosphere
microbial diversity during different growth stages, cultivated areas and periods was studied. [Results] Totally 467
bacteria and 55 fungi were isolated during P. haitanensis cultivation. The diversity of fungi was smaller than that of
bacteria. The bacteria were classified into 41 genera, belonging to Alphaproteobacteria, Gammaproteobacteria,
Actinobacteria, Firmicutes and Bacteroidetes. The dominant bacterial communities were Alphaproteobacteria and
Gammaproteobacteria. Most of the fungi were classified into Ascomycota, only one strain belonging to the Basidiomycota,
Agaricomycetes. Bacteria of 19 specific genera were isolated from P. haitanensis while 13 specific genera were isolated
from the surrounding seawater. Most actinomycetes and fungi were isolated from the conchocelis cultured indoors, which
was different from the microbial communities of the thalli in intertidal zone. Within the isolated microbes, we found that
some strains had very high similarity with those pathogens such as Cobetia marina (C. marina, P. haitanensis red—rotting
disease) , Phoma porphyrae ( P. yezoensis disease) and saprotrophic fungi Fusarium sp. and Aspergillus sp. .
[Conclusion] The diversity of Pyropia phycoshpere microbes during cultivation was affected by the seaweed morphology,
culture time and environmental factors. The strains that shared high similarity with Pyropia pathogens were found in this
study, which would cause our great attention to these potential pathogens for Pyropia diseases.

Keywords: Pyropia haitanensis, bacteria, fungi, diversity, cultivation
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