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ERE #EE MK HY B R EmF ELE
CREEAK B FT AL A IR S B (I FUR TR 90 0T 361000)

BE N 5 (Saccharina japonica) £ & & A, BFARARE N BRI EHEREMN =
S, KA Hlumina M 7 8& A, 247 7 FEH (S, BFES2). 47 FH(S3)F A #F 4K (S4)ix 4
T B BBy SR BB AT 16S TRNA F 7, AR HMARHELEN, ERETR, 4 MHEERHH
23 [1 156 &3t 244 NEAEH K B TT(OTU). AT 2% K3, & H 1 (Proteobacteria) 7 # Hr & M
By HRIB RSN FEE, &£ SL. S2. S3 A1 S4 5 A A o A8 4t F 25l 3k 53.0%. 94.3%. 77.2%
#36.7%, 40 H |1(Cyanobacteria) A 7 S4 AR PRI B RGN FE, K 438%; NE» £ E
K, 1B # # ML T JE (Pseudoalteromonas) 72 & FF A ] # ik, S2. S3 it S4 FEA AR F E 4
A7 65.00% . 44.88%71 25.57%, {E7E SI HEARF N 0.18%, &FF &% I £ WA E S = R A,
SI1 5 S4MARMARL—X, 25 SIHEANT —H. 2HFANHEBEMLE - HpH L84, S1.
S35 S4MARAEMEEE, (ESAFATHBENEEZRRA, BHHHHEEH N B(S2 f S3)

GHEERREBHEEE MBS, BFENESHNEFGFENELAR EME,

ES7 40

thE SRS S946.1  SCHEkERIDAD A

S AN R e R E 2, BEAIE A (Berg et al,
2002; Hodson et al, 2007; Amin et al, 2015), X AH .1l
Zj(Manage et al, 2001; A%, 2000), A AHY—&B45r
BV B 2T A A K BT LT 4k AE 2 B, i, 2
1 5o 20 B S AL — Fh A B (Croft et al, 2005), (HAEWFVE
RES h BL g R i = ), TR S B R
FEr e, dEm I E B2 4 K (Rier et al, 2002), KA
T 3 5 B0 A TR 22 ) 1) S 3R P XoF T R 78 Vi 8 1) gkt S
ARKBXRET, T — BT, S2m 2R IE
WEKER, ARRS AR EREINE, 2013),

W, MAEH; 16STRNA; WEREME; EAHI]
XEHRS  2095-9869(2020)01-0058-08

N TSR B ) 17 2 T R A 114 48 35 i e it 1, e /K T T
o BT SR U R e v A R A i AR R A
RE(MRESSE, 1979, 1981, 1984), [HItt, A4 i f
AT R BETE A5 A0, B LR TR I A, AR
HBAEERNZ L,

W EE TR RS L TSR A i
BHEEGRA, 2016), HAETE s i A AR A7 4R (2n)
NGRS 22 R B R (n) 41 6 (2=, 2015) . N &
(Vibrioy, # il 7 J& (Halomonas) . {32 % 5Ll 17 )&
(Pseudoalteromonas) . Z 1T i J& (Bacillus) &5 4 & 1

* B ML AR MR B L TT(CARS-50) . A 24 Rl AT -5 7 kAL T AR 5T H (2017FISCZY 0 1) FIE 15 J5 g FEF
FHLOL T H (15GZY021NF04) L [F % B [This work was supported by China Agriculture Research System (CARS-50), Seed
Industry Innovation and Industrialization Project of Fujian Province (2017FJSCZYO01), and Southern Oceanographic Center
Project of Xiamen (15GZY021NF04)]. JERE /=, E-mail: 350060372@qq.com

O \ERMEE: A B, E-mail: xmqlin@sina.com
Wk H 193: 2018-10-11, Wl dichi H : 2018-10-26



1l

FERE SRS Wl f T TC T AT SRR AR BT A Y e A 59

FETE TR, HF2E 5N EA G, ANFE
S8 1) T A B AR I 45 A8 A7 7E 22 3¢ (Duan et al, 1995;
Wang et al, 2008; Sun et al, 2017; Wang et al, 2017),
VEAER , B AR PP B R T P A W R s 1Y)
AT, AT AR, PR M AT A R A B A A (R
4, 2014; ZRIE, 2015; XISCHESE, 2017), AHFT S
TR AN HA , WM Be B AE TR
MREVR S5 A8, B TE Nl B R B 5 AR pE 4 A 0 D A%
T, Ay Vi R Y L B LB AR B

1 #REFE
1.1 EIGHEARRZEIRTAIE

A REAC N IR G IR A AL R, 2016 4F 4 HK
FI AR L T RO A BT SRR, OF T
PN P s 0 R AT (B ) ML HERE A
MhEEAS RO A TR 3R AT, B RIF TR E N
(151 1b) . P77 Al 65 1A% by M TSC 3~ (4 B0 400 5 A G 1K
TRCHCARS 1 280 S R VE D™ A2 (o) FRAH X R
T AR A TR IR B AR 4 H RYJE AU
fE R R A (18] 1d)o 25 A1 S By BEAYREA S AL BET5 35

W1 FR, BRECT R R R R AEAL , HREEAR
Ak BT 32 2 KR K DR RIOH 25 PR AR I 2% 5

B AN TR A 47 s B B A e AR AR

Fig.1 Samples collected in deferent growth environment

A. B, CHI D 73BN FREAF(S1) . BCTH(S2).
496 TR (S3)FIRIL T 14(S4)
A, B, C, and D showing the samples of mature sporophytes
(S1), gametophytes (S2), sporelings (S3)
and big sporophytes (S4), respectively

&1 OBARE, KE. MREEERILESE

Tab.1 The types, source, environmental temperature and pre-processing methods of samples

IR

i FRARA R Environmental AL R
Sample ID Type Source temperature ('C) Pre-processing methods
31 o REEE " VIR 3 om BN, R
ature leafy onservation room for . Yy
sporophytes mature sporophytes YRR T80 CHRA7 ]
52 e riE oo JETIRRRE " I A S B AR A | WU T
ilamentous onservation room for o
gametophytes gametophyte germplasm —BOCHRAF
S3 FARIRRIN T H FrigHE R EMATARKE 23 cm
Sporelings Hatchery room for young 10 B, BB L HE e IS, ARG
sporophytes F80°C A7 5
54 SAFE TR o YIRS 3 om /N, R
ig leafy quaculture area for big N i
sporophytes sporophytes YRI5 T80 CHRAT 7T

1.2 DNA 2. FIy g

e LN 4] DNA $2HULH & (QIlAamp DNA
Mini Kit) B 525K, S BURAE Y BL K 20 DNA,
DAl 5 5 40 DNA Stiti, ffH 16S rRNA i H5
¥ 338F(5'-ACTCCTACGGGAGGCAGCAG-3")#l 806R
(5'-GGACTACHVGGGTWTCTAAT-3")§ 1% Hx DNA
R Bt(Xu et al, 2016), {HFMIRIEIAREY 14, HIRuESE

AEEARY B PE IS — 3. 20 pl PCR ¥ G R 1 J
NEAAE: 95 CHIAEYE 3 min; 95°CAEME 30 s, 55°CiB
k30 s, 72°CIEM 45 s, 27 DMEH; 72°C 5 I
10 min, REAMFEARB 3 AN EYEER, B —FEA Y
PCR /YR GG F 2%B e bl 58 e el vl D, i
AxyPrepDNA #E I [FIUA & (AXYGEN 2 ") Y
[ PCR P24, Tris-HCI PR, 2%B I e ok 46
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2 R ERAES

Ja, Wt alifl, TE LESE S AW R 2GR IR A
AT 73 Hr

1.3 #HIFEHWH

H Mothur B {F 1 Excel k{417 8098 581t
58, LU 97%H M A 1 X o AR o 2 T
(Operational Taxonomic Unit, OTU)., >k il RDP
classifier D13 97%HMI K FHY OTU R EF
GIHAT PR E 000, GRS HEA R RFIS L, JFHET
OTU 5T EN Y Alpha 2R, GG HFAIEE
(Shannon index). ¥ 74544 (Simpson index). ¥F
F 5 B8 8(Abundance based coverage, ACE)%F (/7
45 2018).

2 #R

2.1 PCR F=¥IREHRN

FH 7 £ 3L 20 DNA, LA 16S tRNA 3 5
Yy HaJ5, PCR FEYIA 2%B IS WHEE IS HoL Tk RGN , &%
WE 2 pros, ZriEwii s, ol T e 2L r il v
T o

—100

K12 PCR ¥ 2% Ml 5 15 P DK AGL I 445
Fig.2 The results of PCR products examined
by 2% agarose electrophoresis

1.2, 3F4: S1. S2, S3 Il S4 FEA;
CK: ZHXIRZL; M: Marker 2000
1,2, 3, and 4: S1, S2, S3, and S4 samples, respectively;
CK: Control check; M: 2000 DL Marker

22 MFEREMMNFESE

Al 4 D REAS 2 il 1 BF SRR IS L R
1156950 LA RUTH, KRy 442 bp, 4K
SIRIA T HK B 421~460 bp, i 99.96%. £5Ff
AG AR H 244 Fp OTU, X578 36 B EAT 43T,
SRR, HHEAR OTU WLEEE ik 24 Fl(Good's
coverage>0.999), %I > IR HE RS 45 4 1T b S e i 7

TEAN [a) A 5% o i Be Wi A= B 9 AR WD RE T 254 (3 2).
F2 BHANFLERG

Tab.2 Statistics of the sequencing results of samples

Sample

D Sequence Average length OTU Coverage
S1 33038 441.95 131 0.999410
S2 37513 444.50 61 0.999850
S3 43532 443.00 178 0.999516
S4 42867 438.97 161 0.999484

2.3 MEEREEHNARKRENEE

Reitgaly 4 Fh 71K . BT AREAHY 16S rRNA I
JPeE R, 5 Silva BURE LS H P TR, 4
TR OTU BRIy ], @ S H AR 2R, i)
H 23177156 J& . Hr, ZRIE ] (Proteobacteria) 7E 4%
A LB B R TR R R OL ., fE ST, S2. S3 A
S4 FEA T 51 53%. 94.3% . 77.2%F1 36.7%(3 3),
M UFT B [ ] (Bacteroidetes) . #5405 [ ](Cyanobacteria)
FPERE 1T (Verrucomicrobia) 78 48 A I 4544 T 4 Eb
B, e ATIA . AR ARKES. SI HA
HAUFF I T 40.0%, S4 FEAHIN A 1.9%; i
BT TRERUAE T THE S4 FEAS T 73500 7 43.8% 1 16.5%,
BFE S2 FEAH IR B K. B TiX 4 MAEXT
FER = AR 125 LA, BRFT 1T T (Acidobacteria) |
LR [ ] (Actinobacteria) . 2725 B[] (Chloroflexi) % £

FTIRER A0 AU B, (EAHRS AR
*x3 BHEAEREEEMEMERES
MBAELXRBNFEE
Tab.3 Dominant bacterial phyla and the relative abundance
of bacterial communities at different stages
of life cycle in Saccharina japonica

[72%¢  Phyla S1 S2 S3 S4
AT Proteobacteria 53.0 943 772 36.7
WFFET]T Bacteroidetes 40.0 53 157 1.9
W47 Cyanobacteria 34 0.0 0.7 438
PELH] Verrucomicrobia 2.5 0.0 62 16.5

Hifth  Others 12 04 03 1.0

TEJ&8 AT b X6 25 A A B A R v 45 SR X ==
FESATE T b (E 3), i, 4 DRI A
PARETR 4500 SO = BE AR IR K 22 5% 0 76 ST FEA
N ERFE S, IRAELI AN ME R, FE
195 (9 B R 43 K IR ® (Colwellia), f 21.28%, HIK
& &% FT B Bl (Flavobacteriaceae) ' I K K E &, N



1l

FERE SRS Wl f T TC T AT SRR AR BT A Y e A 61

19.37%, WA 16 NIEMAE FETE 1%~10%Z [,

i 32 %5 B it 14 J& (Pseudoalter omonas) 4 AH % = Ji 2k
0.18%; S2 FEAS PR A TR A S A X B — | (R ASHr PR 1A
J& LA 65.00% AR XS F BE i 4 1 4a kg, Rk
Roseovarius &, 5§ 10.32%, FF&ET HA 6 0
X FERE>1%; 76 S3 FEAT, R3S B i Jm AR SR
R EBER L 5 44.88%, HRANZ EIMER
(Polaribacter), & 8.71%, HA% @ A 12 NEHEH
TR 1%~10%2 00, S4 FEAS, W5 4075 P i A4
K@ NI ERE, 5 43.80%, HURWIRASH: B 4
J&, N 25.57%, ZJ5 N Persicirhabdus & , 15 16.49%,
HApsEdh RA 348 BT R 1%,

100

]
(=]
T

Relative abundance/%
) IS oy
S S S
T T T

(=]
I

S1 S2 S3 S4
B Pseudoalteromonas O Loktanella
B Cyanobacteria_norank B Maribacter
O Persicirhabdus O Psychromonas
B Colwellia O Sulfitobacter
B Flavobacteriaceae B Cobetia
unclassified B Maritalea
B Polaribacter Sphingorhabdus
B Algibacter B Hyphomonadaceae_
I Roseovarius uncultured
@ Neptunomonas H Kiloniella
B Rhodobacteraceae .~ 3 Litoreibacter
unclassified B Aquimarina
B Hoeflea B Octadecabacter
B Roseobacter O OCS116_clade_no rank
B Nonlabens E Pseudomonas
I Peredibacter O Cellvibrionaceae_uncultured
O Arcobacter O Others
O Phaeomarinomonas
&3 M) AR S B B AR R K

FRELE 1 SAH X = B2
Fig.3 Bacterial communities and relative abundance of
bacterial communities at the genus level during the different
stages of life cycle in Saccharina japonica

24 EEHEFE. BRFEMEMERBEENSFE.
HEERERS T
AR G AN [F) AR T S0 B B B A= TR Vi 4 A R
WHEMEEENES, ETIFHEE, St T ACE.
Chao. Shannon I Simpson ¥§%0(F 4), R BN,

7E S1 5 S3 #pAR, it W £ & B 2 2k
P, WEREBHERERAKE, SU FEARREY R EE
) ACE Fl Chao #5803 5|20 164 1 145, [ARYF £
FEPERY Shannon Al Simpson $5 %0435k 3.35 H
0.058; S3 FEAHX 4 MEES R 190, 189, 2.81
M 0.194, S2 FEAYFh=F 5 BE RN ZFEE WA A,
H. ACE. Chao. Shannon F1 Simpson 840435 4 64 .
63. 1.65 1 0.378; 7E S4 FeAh, REWM EFE
") ACE Fl Chao fREIIHAK, 45K 172 5 172,

SR, ARE YA Z AN Shannon AT Simpson 5 %]
2K Shannon FEE(H/IN(1.9). Simpson F5%% K
(0.271), S FEHEAN S B H R ) 4340 AR

R4 BHEAREFREMEMAEBERERH Alpha ZHM
Tab.4 Alpha diversity of bacterial communities during
different life stages in Saccharina japonica

Sample ID Ace Chao Shannon  Simpson
S1 164 145 3.35 0.058
S2 64 63 1.65 0.378
S3 190 189 2.81 0.194
S4 172 172 1.9 0.271

HE— 2 e AR TP AT E R T 1% 31 A4
BT S 62 4~ OTU, M # T RS HEARIS RN
AR TR 4 7, AS TR e AR AN [R) g AR X 3=
i, T AREAR R SE R W . ST 5 S4 FEARR I—2%,
S2 Fl S3 FEARR N—Z, [, M4 OTU 4in, Xt
5 FEAS () i 2 TR TR 5 22 5 ANBE B EA T R B e T, 45
R 5 s, PCL HIXTREAS ) TTHRR S 54.32%,
PC2 X REA B TR F N 26.36%, 4 PREA 9174
TEE R 4 ASRTE B GRR 1, 45 i ) 28 B 4 K 1Y
25

VERAAEA OTU I, AR BEA (B] B 2 TR 1
TR ZREME A C R, 2546 Venn B (B 6), 455%
WoR, TEX 4 DM, 20 nlA 131, 61, 178 il 161
A OTU gl gk, B FIRBY BEAE AR 20 F 46 7 &
BrBeREA  Hor 7 22 4> OTU 16 4 MRS TR I TEAE
FFEor G &R OTU BEK) 16.8%. 36.1%. 12.4%
H113.7% TEHL FARB BE(S1.S3 H1 S4), A 52 1 OTU
WAL, 9 EF] S1. S3 R S4 BEA T OTU %L
[ 39.7% . 29.2%F1 32.3%, HIERL FIR(S2)REA rhogk
PEASIUE]; 54> OTU ML FIRBYBERFA . 5 S2 FEA
h OTU BEAY 8.2%,
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OTU abundance heatmap (log?(abundance value))
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genus
1 — I 0TU39 14l Pseudoalteromonas
H — e — OTUISS Il Cyanobacteria_norank
] I I OTU181 [ Persicirhabdus
B S e OTU139 = Colwellia
I R ; -
i — I oTU70" Flavobacteriaceae_unclassified
I I OTU!3! Polaribacter
0 ) B OTU138 Algibacter
') OTU206 .
I S A OTU10 10 Roseovarius
[ ] ] OTU47 Neptunomonas
I I 8%?36 Rhodobacteraceae_unclassified
1 0 000 -
' S A — OTU! 55 I Hoeflea
' S (i OTU205 g [ Loktanella
I I OTU238 Maribacter
I
e B— — OTU1%; Psychromonas
I I OTU144 Sulfitobacter
I I— OTU43 Cobetia
' ) S 0l OTU194 6 .
I I OTU116 Maritalea
I . OTU| 45 Sphingorhabdus
]
| 1 8%%4 [ | Hyphomonadaceae_uncultured
' OTU112 4 MKiloniella
I I OTU122 [ Litoreibacter
' OTU141 Bl Aquimarina
I I R OTU186
I N 1 OTU195 Il Octadecabacter
I S oruaii 2 MRoseobacter
[ Il Nonlabens
I OTUS! ;
I I | OUS5 Il Peredibacter
1 OTU171 [ Arcobacter
e e e 'y W0 B Phacomarinomonas
I R R OTU147 Il OCS116_clade_norank
I OTU12 [ Pseudomonas
OTU44

[l Cellvibrionaceae_uncultured
[l Others

genus

B4 SRR AR RS T 1%00m 89 OTU Jp A A 4]

Fig.4 Heatmap analysis of the OTUs that belong to the genus with relative abundance over 1% in samples

3 iTie
10000 | S3

ABFFTEE RS | BT . ST R kT i
© 5000 | 4 DAE Y BOREAS, R4 T AR TRV 4540 2, IR SE
§ 51 TRV A I S AR R B, B AR BT S i A — i 2
§ 0 S I ETTEREA . BT . 40T T R R
= RS, FI AT 50% F B, (A7E R AL TR
—5000 52 R R R BEAN ] FERC T, AN
oK/ LR ) 43 A A 50, 35T RE A I T A E A
0000 L OGRS iR A A, R . AT

PRFNR AT A AL T TF I K 3R, KRB 5 /Y
ARG PN o [ IRFE A5 F T A RA TR BB A R R 24
PR B

PC1 54.32%
Bl s ANFEFEAS Y 3850 0

Fig.5 Sorting analysis of different samples
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Fig.6 The similarity analysis of bacteria diversity among different samples

oy TR % i TR 2 — R TE T R L R T2
I3 A0 T 5% FE K AR K 3 R % T LA I iR A TR i
TR, FEABRCEAREE . B AREE
(Alteromonas) . K & J& (Vibrio) . HF W& M
(Saccharophagus) . & ff I J& (Flavobacterium) # i
ZFZE(Li et al, 2011; Wang et al, 2008; f&+ 5%,
2014; (WA, 2007), IS4 5 R K A TR 2 25 1R 3
L R R A R N NG T WS I (EE P S E BT o A
PR AT R EETE, ] SO (BREESE, 1981), A&
e, (BRSSO oA AR 5w, LR AN [A) A2 1%
SR B2 SRR o BT AR B B 5 4 AT R B B LA X
FREIY B 65.00%H1 44.88%, X FRFE K AL T4k
o, HAEXT R 25.57%, TAEAEE B, W H
A 0.18%, X Al g SR AERT 2 VeI DIBR & &
i T ) A S R 0 kR i AR B vl A G . AT
TR BRI B AR B O], Wt . SRR
RET| RS TR R i K B, TR B
P (MREESE, 1984), L, Mgkt . AbBEFpE
W, B ERK, EREEERE, Ko %)
fFA, XTI B A E AR R K i B
B
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Comparative Study on the Community Structure of Epiphytic Bacteria in
Sporophyte and Gametophyte Stages of Kelp Saccharina japonica

TANG Longchen, ZHONG Chenhui, LIN Qim, LU Zhen, HUANG Ruifang, HUAN Zhongyan

(Fisheries Research Institute of Fujian, Key Laboratory of Cultivation and High-value Utilization of
Marine Organismsin Fujian Province, Xiamen 361000)

Abstract To explore the community structure of epiphytic bacteria on the sporophytes and
gametophytes of kelp Saccharina japonica, sequences of 16S rRNA of epiphytic bacteria found on the
mature leafy sporophytes (S1), filamentous gametophytes (S2), sporelings (S3), and big leafy sporophytes
(S4) were analyzed using Illumina sequencing technology. The results showed that 23 phyla, 156 genera,
and 244 kinds of OTUs (Operational Taxonomic Units) were identified in these samples. At the phylum
level, Proteobacteria showed higher abundance, with relative abundances of 53.0%, 94.3%, 77.2%, and
36.7% in S1, S2, S3, and S4 samples, respectively. Cyanobacteria showed higher abundance of 43.8% in
S4 samples only. At the genus level, the relative abundances of Pseudoalteromonas in S2, S3, and S4
were 65.00%, 44.88%, and 25.57%, respectively, but only 0.18% in S1. The community structure of
epiphytic bacteria varied greatly among samples. S1 and S4 samples were clustered together, but S2 and
S3 samples were clustered in another branch. The species of the bacteria in S2 samples were single and
unevenly distributed. S1, S3, and S4 samples were rich in bacteria, while the relative abundance between
different bacteria in S4 samples varied greatly compared to that in other samples. This study revealed that
there was an increasing trend in the abundance of alginic acid-degrading bacteria during the breeding
stage of S. japonica (S2, and S3), and there was a high abundance of symbiotic Cyanobacteria in the big
leafy sporophyte stage (S4).

Key words Saccharina japonica; Epiphytic bacteria; 16S rRNA; Alginic acid degrading bacteria;
Cyanobacteria
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