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PCR-DGGE 58l B R 5t & 5% 12 7 S bt &= B H B ZH A

EmE"e, B, AW, xgRE, s, M, A’

LodlskoRss Bape MR, TARE B EYHORE AR, 7R sk 515063;
2. SR B BE, Sk oR A - RV T R A TS oL, 7R sk 515063;
3. RREAKFEOITER, AR A Y SRS A T E S SR =, AR JETT 361013

W2 AL 07-2 5 R IEAE (Gracilaria lemaneiformis) >y SEE6e A4k, H2H A SR 5508 AR AN [ 95 28 T J3 ) it
BE i TE] L AL A B B AE B DNA, 45 PCR 371 16S tDNA S:(H 1Y V3 B 48 X I 64T 28 M B 88 I HiL 1K (DGGE), 43
B V3 R B, B H AT A . SEI0 S R A BR AL IS T R 2R S AR TR B E I LU B AR TR TR AR 2 R
38 R B i 2 2 R 43T (nMDS) M 22 7086 FE 43 T (RD A) K b 55 B A B8 TR A A AR U S A 34 TR e . S 485 SR 3 9,
Bifi 5 T VR AR AR B RO, B A= R o 95 B0 B B 2 AR MR TR TG I (P<0.05) . nMIDS 43Hr 25 SR, R IR 5
b BT B2 TR TR R A AR b AR 22 5, I S R A B A DR PR R A 0 b S (g R R T g 23 . RDA 4y B4 SR 3R 9,
o S35 e B S S BT 2 T2 T A A 000 B4 80 TR 2 98 3 1 M 7 8 (Mari nomonias), 3 T 5 1S B A T2 T A8 114 100 380 T T 2 PR 1
J& (Alteromonas) . ZL4T I F}F(Rhodobacteraceae) . 38 51} 14 J& (Pseudoal teromonas), 114 3 (A Bk Ak &1 AT i 1) 3
AR RESEE R, M0 P Ab % B e AR B AR 1 5 52 2 AL A Maribacter . £0FFIERL . BB (574 & (Roseovarius) . M
RSN LA, e A A 5 R 0 AT B A TR B R A R SR A AR TR R R 22 R, WA TR Z A

B VAT TR R 2B R B 1) T B A

KR AU, FALE; MR STER BRIk,

FESES: S917, Q935 NHEFRERS: A

B AR AR AT R AN I i ] R B 58 R b
PR, A R TR R — A R B O B, AR
PR A R BB OR B T, AR R
M TA ), 3k S B B v A 1 EL A R 11 285 4 AR )
REC, Bl Ak 5 i 2 IR ELAT B 2 AR A O
R, YIBEARMCA B, PE OE EE  RE O
Wy I 1) 7 =R B A W R AL, IR
HURHRA 5 5| K MR . i3 (Gracilaria
lemaneiformis)skJ& TVLE &, Ji)™ T b [E 2 i
s, HAHE KA AT R T R
J it R B, BESE N RO R AR AT T RS
L F ST, B SR T e AR A b R T

kS BEA: 2017-12-1; 1837 HHA: 2018-01-24.

XEHS: 1005-8737-(2018)05-1040-11

HERL ITAE, RSB LT KRG
S FRHI IS LB R g R A e R
TR TR A AL AN AT e g — 0, AR v 2E 1y e
A5 5 RN W E IR A B YIERS BT
e B Bl A T L D SR TR T i 5 9 3 B E AT O
Behi

B BT AR TR TR AR VR RO RIS T B A= TR
SR AR AR, L2 58 R I I e A2
DL BT FTEE o AT i SRR A= B B A 2H A ik i
AFAR SN Z B L G T Tk 2 AR T A
el IR AR5, LR 25 0 XE DL s e 512
PRIE B SCE AT O o BEH 0 T LEW 2R 1 K

HEWAH: AR EER AL 577 & BE 0 H (A201405B06); 8 HE 42 16 75 A= Wy 19 325 5 5 (A0 ) ) 2 2 58 38 JT i

L 415 H (2016fj5cq02).
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FEMG =46 PCR-DGGE 45 80 15 H AR 738t 9 B A0S B A= Tl B e 4 R 1041

JELI L R Gk E T B, 16S tRNA JF51
J3 Bk B2 b T IERE B 20 A S R UE D)
BETERZ R, T 16S rDNA LA (19 PCR 444 H
B3 o 78 M 56 JIE L UK (denature  gradient gel
electrophoresis, DGGE)RY) 18 ) 12 T Fr ik
PEIRE TR AU AR A A4 168 rDNA JE
A 9 R/ INAZERTRTAZ X, HoHr V3 X224 200 bp,
i ¥ DGGE 43 B VL SR 2ot s e,

AR5 30 3od i AN [+] 2 R B 1) 201 S i A
R A AL DNA, IR HER A e X s v —
AR VR A BE 458 BE HE UK (polymerase chain reaction-
denaturing gradient gel electrophoresis, PCR-DGGE)
FEARBIFE e 2505 & 1o 2 e B A D TR A 4L 1
1k, LA 3 50 FAH G R 5L, A B TR A
TR RN A S BRI, X T R AR A E
—ERRBE AR . A

1 #MHEFE

1.1 ##E
111 HREE @RS AR
AT S T Sk DA 27 e R TR YRS s Vg S 6l e AR
FEIH I X, VRIS SRR RN E X, It
HIENEFR, YRk H 47 0.611 pmol/L,
FRER M EEAN g 0.124 pmol/L W, FEFE I X (Y e 40
S R AR g <Ak B ) Rl ' ok
I, Jesiis ek 2 tg e (el e de ik &
Ro Friksh 20 07-2, RERESY 2014 4 11 H .
BE TR 1A R K I BHAS N, BT K&
iz Al AT I KB 3 IR, YRR
IR, U sh T,
1.1.2 FELFIF514 %% Biometra TGradient
B PCRAY, £ C.B.S.2 A4 1 DGGE-2001
FE R ARG, ZBHE VR (GM HEA RS,

SR

338 F-GC: 5'-CGCCCGCCGCGCGCGGCGG
GCGGGGCGGGGGCACGGGGGGCCTACGGGA
GGCAGCA G-3'

338 F: 5-ACGGGGGCCTACGGGAGGCAGC
AG-3'

534 R: 5-ATTACCGCGGCTGCTGG-3'

DL L5193 i A TR TR (L) B A5 PR

ZATIRE I

12 FHik

121 EMFEMEREER 000 K& A E
S 300 [ P g P R A, N Ak B A SRR A A
3 A, ARURACIR I A0 AR A AN R AR i
ARKIER . REFNEBROGMEAR, & O
FEHEAR (healthy, H); AR &0 k2
RER O TCH M HEA — 5 01 FE B Ak,
FE SN LR (bleached, B); {8 FES Fikid P&
LB EER, E M9 Rl BE 1R (adjacent, A). FTGES
BE BT 17 7K (calcium-and-magnesium-freeseawater,
CMFSW, % 0.45 mol/L NaCl, 10 mmol/L KCI,

7 mmol/L Na,SO,;. 0.5 mmol/L NaHCO; VI &
10 mmol/L EDTA)f 2 [ i 44 3 1fi B 25 B3 A A9
YIS . B EAR YL 3~4 om K/NEE,
fEE R 5 AR ML AR A7 A, VI 1~2 om, R
IKARFE S T 3R TRI7K 53, FRUL(0.25+0.01) g #EA
FH 250 mL HEFEHZEEC 100 mL KEH CMFSW,
A 1 mL ZEEER(EZIEER - KEN
CMFSW=1:100), #AJ5 & TR+ 100 r/min &
IR E 3h, MATEYE 10 min, 50 W, 5s/5s, FiE
& 12000 r/min E.0UWEEDTTE . RN, FEeliz 5
() i A A b 2 T O3 IS 1 DNA 45 BUWE B A op
12000 r/min 50 CFF It & A0 Fef s B 48 BB 4K 1),
WedEutsE!"", & O Fk B A (attached, a). 5% A
WARIL ) {5k BE PR (Ha) . 1 ALk B2 3 14 (Ba)
3 ] 5% B AR (Aa) .

122 EMEMEBEESS DNA IREL DNA #2
BCRH CTAB ¥ il 50 pL TE 2% il 5540 B 70
UE, 60 uL 10%[%) SDS ¥, 10 uL 20 mg/mL & H
fiff Ko iR AES), 37°C/Ki 1 ho il A 100 pL 5 mol/L
i) NaCl 59, 80 pL CTAB/NaCl %k, IR FITR A,
65C A 10 min, MA 700 pL F05/ 5 EE
(24 : 1), HAES), 12000 t/min B> 2 min, i
A SRR By /A B (25 24 0 1), A
IR47, 12000 r/min 8.0 2 min, EIFIIA 2 AR
UK I TCIK ZBETTTE DNA, IRARS), UTERHE]
% />3 h,12000 r/min 4°C &> 15~20 min, H] 300 uL
T0% TV 1) L BEPE S ULTE, 12000 r/min 4°C #5.0
15 min, KX OB, #E 5 KT 10 min, JTHE
T 50 uL TE Z b, 20 C LA™,
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1.2.3 Pf4E 16S rDNA V3 X K & PCR # 18 &%
ik PCR JXWARZR (25 pL): 2xTaq Mix10 pL,
51%)(10 pmol/pL)£% 1 uL, Bitik DNA 1 uL, ddH,O
R 25 pL. RAREE X PCR, 3441 94°C
3 min, 65~55C (B MEAFFEL 1°C)30s,72°C 1 min;
A LUFEH 94°C 30s,55C 30, 72°C 1min
(20 MEHR); 72°CIEAH 1 min, NS5 HFHL 2 uL 3%
F1%) B T 5 M P R ARG B 4B i P 3% 35 R
FERCHL K (100 V, 30 min), AT T U1 I 4ifk,
5 DNA !,

124 THHERKBXEMNEFE MH DGGE-
2001 &R 2 AR R M AY 43 B PCR =4, ffi H
8 % (WI/V) 1) T M Tk i 8 Jie (37.5 < 1), 7% 1k 6 )
40%~60%, ZSPEFI S 7 mol/L JRE I 40%2 551
HEERE(VV) . BIKZ MW 1XTAE, HE 75 V,
60°C HLPK 14 hP i ik 45 HJ5 EB 4¢3 30 min, #%
BB R RS NAE, Phik BA R RAIE
G, FEBERE DR A BT T GHE A 10 pL tip
SLALRA, MR ESAMEEKN PCR B, &
AT 4218 25 L AR IMAR & GC 11y
338F il 518R 514 . 2X Premix PCR, ¥ #F 5
1.2.3 #iF . PCR =W 3%35 B Ao s L T AG )
B BA A, HBOHE Al . 3 E
TaKaRa 7w f) pMD18-TVector #fTfE, FA
DHSa B2 84N, i vk # 4l 1 IF 1T 7% PCR,
PR e B 6 28 ) N AR R 3 B2 WA T e o P45
HIE GenBank LA Nz RDP 3 B AT R I o022

125 MEEBHEEEREMITE  H3221EF
A5 TR 7 TR X AN [] s 28 R R 1)l 20 i % T A A
FRERVE AT I, £ THEEs SR 10 K Xt
B, DAL B A AR B VR B BB (CF U,
13 HEREELSW

DGGE H1, 3k IR ] ] Quantity One #4505 s
FRALEE, SR F 68 RE 92, rolling disk size ¥ 10
EBRTF 5t Trace Qty fEH/NT 0.3 A5 2B,
Xk B S g 5?4 Bl UPGMA (Unweighted Pair
Group Method Analysis)%- vk EEAR L8 Uk I8 2 [A] AH
IV, eV Yy B (AR 46 bR, ] Matlab 1
BHARZHERE, W ERER . FEELR.
WA R, FH SPSS X EdE i TR 2 4E R
43 HT (non-metric Multidimensional Scaling, nMDS),
M Canoco #{F#47T Z Ju#h B 53 Hr (Redundancy
Analysis, RDA), /7255 7F RDP 4 P2 v EL X,
VB 5 55 1 9 M R 48 % T A 20

2 HREHMH

2.1 X DNA EH

FelR R 1.2.2 Jy kSR BUR S 45 AR SE
2 5 DNA, HIK/NMEMZE 20 kb 24 (B 1), 4
FHEYK/MBTE 20 kb Aoy, SEE4E RS Wil gk
ST B 1 o, DA AR 1 ) 5 R P 5
FALEER, JER K A0 E 5 2y g, R
Wil 5 o 2000 e Ao AR R B TR, $2ECE] DNA
) S T2 T 0, LA R R 5 ] AR 22 R 2

M H1 H2 H3 Al A2 A3 Bl B2 B3 Hal Ha2 Ha3 Aal Aa2 Aa3 Bal Ba2 Ba3

10kb —»

B 1 SRR R R AR L DR 26 DNA B s R Je e, vk 14
H: fREESEMAR; A: RIS, B: ALK, Ha: {85 B PR, Aa: Jg IR 5% B 34K Ba: LBk B diAk.

Fig. 1

Agarose gel electrophoresis of epiphyte genomic DNA of different algae fronds

H: healthy; A: adjacent; B: bleached; Ha: healthy attached; Aa: adjacent attached; Ba: bleached attached.
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FEM 2% 2% PCR-DGGE #5280 BITEHE AR 73 Mt 0 e A SR B A= 11 A 4 1043

JE 5B DNA B/, i F AL AR 2 e 0 4T

5L B B9 DNA
2.2 16SrDNAV3 X K E PCR ¥ it

IR 1.2.3 B LY IR V3 X H R B

DL500 H1 H2 H3

Al A2 A3 Bl B2

2554 200 bp(WLE] 2), 5 WUMIZEIRARST . MK 2 7]
DIE H, RS . msds . A mafk
B R BEAR Y REY G 2 H iy R B, e R AR B A
5595 ) 5% B AR Re Y 1S 2 H 1Y 7 B

B3 Bal Ba2 Ba3

K2 MiAER 16S rDNA V3 A B PCR §4 Beiflg it e i L vk ]
H: {ERESEIR, A: fIIEE R, B: FALBEIA; Ha: fRBESE B BEIR; Aa: ISR B BE0A; Ba: FIALHR B EAK.
Fig. 2 Agarose gel electrophoresis of PCR amplification from the V3 region of 16S rRNA gene of epiphyte
H: healthy; A: adjacent; B: bleached; Ha: healthy attached; Aa: adjacent attached; Ba: bleached attached.

2.3 DGGE #849 EiE#HEH R R LS

F IR 1.2.4 )7 347 DGGE HLjk, Yefashf
WK 3 FroR. fEREER . SRR . FibiEik &
F AL 7R B B R s Uk S I B B H 2 7 AR,
e ST ERCAIE WY 23 SR Uk ARl (5 g L
K 3), K3 B, &4 3 M rEENEE. L
505 SRHLIKAA A, s kB, Al —KF
& AR ARG SR A e, RUNZH W BFAE
TFAABER T AR L UK S5 (5 5 0 IR iR,
3 ) S5 AR R 11 A 8 AR F DK A%t 5 5 o BE AR 2, Tf
F A B% B8 B R B UK 550 (5 5 R e 55, SRR ]
BARHIK AR SmEA AR, B—hik &0
T R S AR AE X A T R R AR, KA
RS R, R 3 BB R . A K SR
W R 2RI A, SRR B, N R AR AR
RS EREAR

FI) L HE B 5 £ 48 R (nMDS) J7 122 P91 R ]
o 28 B T 20 S S5 R B A BT AR 2 1Y 22 S5 R
FAEFEAT 4387, Ho stress (A1 RSQ {H 43510

0.042, 0.9957., WK 4 Frx, H1, H2, H3, Al,
A2 @b FF—X 8, B1. B2, B3, A3 AT [F—KX
5, B2a.B3a [ Bla XAbF 55 4RI ASTA] B9 X 85
NS AR AR o A 0 X8R AT DL, fale R g R (L
H2. H3)5Afbi#EMA @B, B2, B3)7EMlA: it
R EAAAEZE R T ) S (A it 408 1 B e 1A
AL R Z (R], PR e B A TR B A 2 A e, g
FESEAR SRR (AL . A2)ECRARRL, AL
55955 [A)BEAAR (A3) B AR, L rb {44 5 5 ]
PEARTE A PR AR O . T bR
AR (B2a, B3a Jx Bla) Sl . flal s
FA Ak AT B A TR R R AR AP E R R 25 57
24 HWEITHESHMEREBS W

241 WHREWREEITE AR R LAk
PRH T AR A 5 TS SR A 181 S s, e e i
R AL EEAR | A SE AR B AR TR T2 85 20 30l R 7.67 %
10° CFU/mL . 1.03x10’ CFU/mL . 2.07x10® CFU/mL,
et B e A 55 99 [R] A | 1 Al e AR 7 B A TR B
AETEN 2 B (P<0.01), BEE b Sk
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DL500 H1 H2 H3 Al

A2 A3 Bl B2 B3

. B B R .Bu. .
Bla B2a B3a

K3 RIAFES 16S tDNA V3 F Bt DGGE HiJik i B A AL 28 240 #r
H: @RS A: R EEIR; B: FALEEIAR; Ha: (EERRGR B BEIR; Aa: JIRIGR B B8, Ba: 11035 BR BEIA.
Fig. 3 DGGE electrophoresis profile and UPGMA for V3 region of 16S rRNA gene from different samples
H: healthy; A: adjacent; B: bleached; Ha: healthy attached; Aa: adjacent attached; Ba: bleached attached.

S AR TR B B IR, A AR RIS I 1~2 4K
BH
242 ZHMEEEST £ 1 Bon, @R,
S lal AR . AL B AR A B Shannon-Wiener
FEBAMRR BT, H AL AR A R B Shannon-
Wiener 45 503 B 25 /&5 T fd 5 3% 14 F0 995 [R) 38 14
(P<0.05), Z5 501, Bifi 5 e 20 S0 S5 AR A0 A 132 1Y
IR, HARRMA W B 2 R i e . B+
B BEAR RO T, e A A B AR T R R AR AL
Wi o TEPLREERE BT T, FALER B s A B A T
PRREOL B 8 B0 = o
25 MEEBEBHAMSTH

I 45 TA SLREN Y 575 NCBI LA RDP

BE FEHEAT LA, RDP 02K T HIE B B (5
BY(E Y 80%, FHZE 2 WIAHI, FolEil iy 4 e 5] 20
MRE, H a-Z5 9 1 99 (a-Proteobacteria) (5 45 2 44,
T AU & M9 8 (Rhizobium) . 20T % B (Rhod-
obacteraceae) . I AL {414 & (Roseovarius), &7/
I )% (Ruegeria) . Seohaeicola %5, J& T y- 28 TE i
4 (y-Proteobacteria) 1Y A 1 ¥ .l 1 J& (Marinom-
onas). IR J& (Alteromonas) . 32 B T I
(Pseudoalteromonas) % . 75 4b, & A A E ]
(Bacteroidetes) "1 J& T 2 T 7 44 19 A BT 14 40 16
(Flavobacteria bacterium) , #5 #EFF IR A%} (Cryom-
orphaceae)fll Maribacter, J& T T 564X 1A SUFT
T J& (Bacteroi des) 1 A< 5 557 (1) Ji& 12 i€ B (uncultured



%54 FEMS 5255 PCR-DGGE 45 S FITE-H A I3 259 e A0 R A2 T 1 4k 2 il 1045

,B2a = 97 n=8; %SD 4
. 050f B3, §z g
8 o02s] S 5E7
g H2 13 EX-
N A3 oy
B 025! ° g3
% B3P ) £32
-0.50 } Bla #E 1
N 0
3 2 -1 0 1 2 H A B
#ERE1 dimension 1 K frond
K4 AFEEEARMERE 16S DNA V3 &5 feRE . JpIa] K Ak e s e ik
F BAR i S 4 R S i B 9453 5U(CFU)
H: BERESEIR; A: SRIAIMEAR; B: L3RR, Ha: EEESR R H AR A RFRH ARG B REFEOILIERE;
WS Aa: ISR BABEAR; Bar FIALER B MEIA. IR 2SR 3 (P<0.01).

Fig. 4 Non-metric multidimensional scaling of V3 region of Fig. 5 Dilution plate count for healthy, adjacent and
16S rRNA gene from epiphyte of different fronds bleached Gracilaria lemaneiformis fronds
H: healthy; A: adjacent; B: bleached; Ha: healthy attached; H: healthy; A: adjacent; B: bleached; ** indicates extremely
Aa: adjacent attached; Ba: bleached attached. significant difference (P<0.01).

x1 TEEAMEEEHZHEEDH

Tab.1 Diversity analysis of epiphytic bacteria community from different fronds

n=5;X +SD
Lail A -AEHEEL F &R Y15 EEHR AL Lo RE R 4L
group Shannon-Wiener index, H’ richness index, R evenness index, E dominance index, D
H 3.47+0.01 29.00+4.36 1.01£0.02 0.037+0.001
A 3.51+0.01 33.33+0.58 1.00+0.005 0.035+0
B 3.75+0.1%* 29.67+2.31 0.98+0.03 0.04+0.005
Ba 2.09+0.31* 8.30+1.52* 0.99+0.001* 0.139£0.04*

T * FoR2E 5 3 (P<0.05); H ARURERESAR; A USR0S, B AR FUALSRIER; Ba O LR BRI,
Notes: * indicates significant difference (P<0.05); H means healthy; A means adjacent; B means bleached; Ba means bleached attached.

#* 2 DGGE BW&HMFEEX 4R
Tab.2 Thesequencing results of the DGGE target bands from the V3 region of 16S rRNA gene

F it FHIK 7 /bp GenBank f AL & GenBank &35 AHALLE/%

band sequence size closest relative genus in the GenBank access number similarity
1 201 R FERY IS IZHER uncultured Saprospiraceae bacterium KF786864.1 97
2 166 REFFAMEE uncultured bacterium LN681284.1 99
4 190 HE Alteromonas sp. KF560344.1 99
8 179 B3 HEE Pseudoalteromonas sp. KP301110.1 98
10 192 AT AN Flavobacteria bacterium AB496666.1 100
11 192 Maribacter KJ814582.1 100
13 166 ZIFF#F} Rhodobacteraceae HE981566.1 98
14 192 AT # & Bacteroides KF986715.1 88
16 171 WEEFEE Marinomonas sp. AY730245.1 97
20 194 WU AT IR AL Cryomorphaceae FN678437.1 98
21 205 Seohaeicola sp. KF312716.1 99
24 175 MY B Rhizobium sp. KM020940.1 99
26 196 ZILFTH R Rhodobacteraceae JX984075.1 99
29 170 WA Roseovarius sp. FJ868590.1 98
31 170 ZIFF# AL Rhodobacteraceae KP001553.1 99
34 188 ZIFF# B Rhodobacteraceae KP662554.1 99
35 168 B A TE)E Roseovarius KP261821.1 100
36 168 SR Ruegeriasp. LC053425.1 100
37 168 Sulfitobacter KP272159.2 100

38 168 ERIKHJE Ruegeria KF911338.1 100
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Saprospiraceae bacterium)ss .

FH MEGAS. 1 Rttt R 48k & #EAb R, SR
Test Neighbor-Joining Tree .3%:1*), Bootstrap Rep-
lications 54 1000, H1 &l 6 AIAI, [FJE T y-BIE
Y1) 5245 FL L TR (Alteromonas sp.) . A8 AL T
(Pseudoalteromonas sp.) A & iff 7 5 iy B (Marino-
monas sp.) & A —K, BEATSUFETTF BT
(Bacteroidetes bacterium) . & 1% 7 19 J& 12 i€
(uncultured Saprospiraceae bacterium)lh & &+
4f & (Flavobacteria bacterium) . Maribacter # £k ¢
R

R Z AR A B AT TR B2, k4%
PRI RIS RS T DCA 40 HT, FRIE(E<3, UL
KL RDA 04 P7 0 18 7 BoR, Ko
TR 127 Ab Tt B SBE A RAG ] 38 A X RS PR IR - 2
], FLHT S g (AL SE A, A0 B30 T Ab T[] 3 4
AL BRI A R 22 0], 3X— 25 SRR,
AR 53 2 T 5 R A i (] R AR B A T TR A AR
RME# g, U 5 1R) 5 AR B A TR PR A DG M T
e, TR /DB TR 5 1 i R B 2 TR TR A A G
PE o AR 20 T -5 BRE35 AR FF1 1] 352 A B A4 A T
FEA R ARG E, (HXIF R B IRE B FAE
T, CXE R AEE D, il R A
A TR BRI TIT RE 2 VR PR B8 )& (Marinomonas,

57

Ui 16)55 o I ] 3 1R B A B 0 348 BT RE T BB PR
B @ (Alteromonas, %5 4). ZLAT # FFH(Rhodobac-
teraceae, %> 26). 1538 i & (Pseudoalte-
romonas, i 8)5% . Ak i AR A= B T BE By f 4
BT R 18, 22, 25 BIAA RBESEE R, WiH
PR 5% B 8 A B A T 25 2 BN 34 A Maribacter
(%' 11), ZLFFE#H(Rhodobacteraceae, %'y 13),
B3 7% (0,140 J& (Roseovarius, g5 29). o~ 1 14144
(9 4 9% 78 JR (Rhizobium, %% 5 24) . 0 #F & F}
(Rhodobacteraceae, %5 13, 31, 34), HBRAA{G
&) (Roseovarius, %5 35). &N [ & (Ruegeria,
%5 36. 38). Seohaeicola(%i 5 215 IR 12
A7 it B 3 A 9 ] 35 3 A PR B8 R - 22 J
EATATREAN R OE B E, (R X 4 1 0 20 35 A 2
A B PR R R A A

3 Wig

31 MFEERMEFTREHZSHN

ARG S % 1k i DI 5 i 0 3 U e B 2
R o3 BT, R AN IR B A LA b o 44 2 it
AR IEEN . SR Z BRI . 8 T U S0
()7 R B U 205 1A 3R A T DNA I 14 H: 16S
rRNA JEH V3 X, &I HA ARG 5RE,
HHAS 9 00 1 I T 12 B 3 SR A0 I b g oA A v e 20

34 gb|FI868590.1| ZLfTH#} Rhodobacteraceae
100 35 gb|FJ868590.1| BIBAS 4B Roseovarius
74 29 gb|FI868590.1] BB AS {4, Roseovarius sp.
13 geb/HE981566.1| ZLFT Bt Rhodobacteraceae

65 L 21 gb|KF312716.1| Seohaeicola sp.

21 gb|KM44819.1| £ZLFFFEF} Rhodobacteraceae
85 F 36 emb|AM709698.1| #75 F i Ruegeria sp.

100 [ 26 gb|IX984075.1| ZLFFEF} Rhodobacteraceae

100

83— 37 gb|KP099947.1| Sulfitobacter
37 gb|KF911338.1| &7R K EJE Ruegeria
24 gb|KM020940.1| R Rhizobium sp.

16 gb|HM474927.1| ¥ B Mi B Marinomonas sp.
4 gb|EU167372.1.1| BB Alteromonas sp.

98
{ 8 gb|KP301110.1| A HHITH Pseudoalteromonas sp.
_88‘: 1 gb|KF786864.1| AK1%FE 0 B EHER uncultured Saprospiraceae bacterium
14 gb|EU350900.1| #I# /8 Bacteroides
100 10 db|AB496666.1| AT E 4B Flavobacteria bacterium
—

11 gb|KJ814582.1| Maribacter

K6 NJEME DGGE 4 79 R4t & B HEALMH
Fig. 6 Phylogenetic tree of sequences (DGGE bands) constructed by NJ method



55 $E005%%: PCR-DGGE A3 Al H AR A7 4005 T S A 4 4 AL 1047
10 BHESEIK healthy Wiener $i5 £5 i 25 I T {dt B s 14 R 1] 35 4K (P<
35\ . 0.05), T 1 k5% B4 s (AR B A= o s E O S FR A
[ EE TR AR e AR LR (P<0.05),
e / Pl XU I AR BT R A B AE B AR AR /D, T AR
= = V 13 ja;ta(:hed ﬁigo
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Analysis of the bacterial community composition of the epiphytes on
diseased Gracilaria lemaneiformis using PCR-DGGE fingerprinting
technology
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Abstract: Gracilaria lemaneiformis, one of the important sources of agar, is the third most widely cultivated sea-
weed in China, after Laminaria and Laver. In recent years, there has been a large-scale decrease in the cultivation
of G. lemaneiformis, resulting in huge economic losses for the seaweed cultivation industry. Epiphytes grow as an
integral part on the surfaces of large algae, and the variations in the seaweed-associated microbial community
compositions are typically associated with disease occurrence. In this study, the G. lemaneiformis 07-2 strain was
used as experimental material. DNA of epiphytes from the healthy, adjacent, and bleached fronds was extracted,
and the V3 variables amplified from 16S rDNA genes were carried out by denaturing gradient gel electrophoresis
(DGGE). Finally, the 23 objective bands were cloned and identified. The number and diversity index of the bacte-
rial community of the epiphytes from the three fronds were calculated after digitization of the experimental results.
The similarity among the dominant species in the bacterial communities were compared by non-metric multidi-
mensional scaling (nMDS) and redundancy analysis (RDA). The results show that the colony forming units and
bacterial community diversity increased gradually with the aggravation in the degree of lesion in G. lemaneiformis
(P<0.05). The nMDS results indicate that the bacterial community composition of the epiphytes varies between the
healthy and bleached fronds, while the composition of adjacent fronds is closer compared with that between
healthy fronds. The RDA results reveal that the potential dominant bacteria of the epiphytes of the healthy and
adjacent fronds are Marinomonas and Alteromonas, Rhodobacteraceae, and Pseudoalteromonas, respectively.
However, the potential dominant bacteria of the epiphytes of the bleached fronds were not identified. The domi-
nant bacteria of the epiphytes of the bleached attached fronds were Maribacter, Rhodobacteraceae, and Rose-
ovarius. It can be seen from the above results that there is a significant difference between the healthy fronds and
the diseased fronds of G. lemaneiformis in terms of the bacterial community composition and dominant bacteria of
the epiphytes, while the epiphytic bacterial community composition of the adjacent fronds was more similar than
that of the healthy fronds.
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