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Fig. 1 Sampling sites for the seedlings of kelp Saccharina japonica and seawater
A: sampling site of diseased samples; B: sampling site of healthy samples.
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Fig. 2 Samples of the seedlings and their microscope observations
A: healthy seedlings; B: diseased seedlings; C: compact cells in the marginal part of healthy seedlings;
D, E: dissociative cells in the marginal part of diseased seedlings.
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T DS AU, DW (U BT IR XK HS AURAERRIRAT; HW AR M Bl if R A8 X i K.

Note: DS means diseased kelp; DW means seawater from diseased kelp breeding areas; HS means healthy kelp; HW means seawater from

healthy kelp breeding areas.



55 4 3]

A A BT IR A R TR R RO VA B AR R I 2 S R A 463

Sy AHTR, BEAE 4 T Hi S TR A R A RN KR AR Y
R E 5 2
22 FWAEKAREEEEN

P B /INFEAR 7 80 B0 BEAS R 81 A T4,
P J5 REA 16S IRNA JF51 45 5 5 Silva ¥4
FBE B h S T A HEAT FO R RE, SR
3240, 77T A, 219 A~H L, 398 R 797 A4
J&. 1772 4 OTUs,

B 1T GO AT 43 220K 1 43 B (B 3),
SR BN, BREAFEARPEE N HHNF 1%
(RIS, T B A T AR T AR TR T
(Proteobacteria) FI#UFT i '] (Bacteroidetes), H:rh
TICEIAE HS Fl DS FEAS i 7 el AH I, 43 5]
g 43.84%F1 49.29%, i HS FEAS FP 4U0AF 1 11 (0 4H
ST (19.91%) K T DS FEA(37.31%); RKE
PLATT HI L ] (Actinobacteria) Fl & BE 14 |
(Firmicutes), i BIAIXTEBE7E HS 1 DS FEA
WA 250, LR ITE HS BEA AT & oA
10.79%, T DS FEAR(1.65%), JERERE | 17E HS #£
AT BN 15.52%, =T DS REAR(5.92%);
FHAAL AT A5 405 1] (Cyanobacteria) . PG ]
(Verrucomicrobia), %25 %[ J(Chloroflexi). FRFT
I [ J(Acidobacteria), HAHXE AR, 76 FTA I
IKBEA R BB T AR TE W], HAE
HW il DW FEAS (1) S0 A W ALk B 7 Ee 5 0 5310 ok
46.4%H1 55.69%; KEMILHEE TN ETT .

1.0

m Z[#F&EF} Rhodobacteraceae
m 5 1TE R} Flavobacteriaceae

TRECTE T TR AT ], e U T R A ]
7E HW Fl DW HEAS i A =F B 4351 R 13.22%
13.27%F1 12.89% . 16.52%, i i ZH B 117 HW k¢
AT LB A 25.44%, =T DW AEA(10.88%)

VEBERME R o0 B T i A7 40 22200 B (B 4),
2E B IR, DS FEAR BT 1 B (Flavobacteriaceae)
FNZLFT 1 BFH(Rhodobacteraceae) 73 %l L 33.47%Fll

m A5 ] Proteobacteria  — PEIREE ] Verrucomicrobia

= fIFFE ] Bacteroidetes = 4255 ] Chloroflexi

= J{ZEHEH ] Actinobacteria = Marinimicrobia SAR406_clade
PEZAE] Cyanobacteria = BRfF ] Acidobacteria

= JEBERH|] Firmicutes = HAh others

—
S

e
)

5
o

FA%TFE B relative abundance
(=) (=)
o =

.
0 j
HS DS HW DwW
AR sample
Pl 3 g A A 1 K- 1) 240 T 9 2H K
DS: JAURE; DW: I SR DK HS: i BEE
HW: i FEHFET 7258 X K.
Fig. 3 Bacterial communities of kelp Saccharina japonica
and seawater at phylum level
DS: diseased kelp; DW means seawater from

diseased kelp breeding areas; HS: healthy kelp;
HW: seawater from healthy kelp breeding areas.
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Fig. 4 Bacterial communities of kelp Saccharina japonica and seawater at family level
DS: diseased kelp; DW: seawater from diseased kelp breeding areas; HS: healthy kelp; HW: seawater from healthy kelp breeding areas.
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Fig. 5 Venn diagram of the OTU of microflora of kelp
Saccharina japonica and seawater
DS: diseased kelp; DW: seawater from diseased

kelp breeding areas; HS: healthy kelp; HW: seawater
from healthy kelp breeding areas.
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seawater from diseased kelp breeding areas; HS means healthy kelp; HW means seawater from healthy kelp breeding areas.
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Fig. 6 Comparisons of diversity indices for kelp Saccharina japonica and seawater bacterial communities
Different letters on the top of the columns indicate significant differences (P<0.05); DS means diseased kelp; DW means
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Fig. 7 Non-metric multidimensional scaling (nMDS) plot based on a Bray-Curtis distance matrix
A and B indicate the nMDS of kelp and seawater, respectively; DS: diseased kelp; DW: seawater from
diseased kelp breeding areas; HS: healthy kelp; HW: seawater from healthy kelp breeding areas.
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Tab. 2 Significance tests of the differences of kelp
Saccharina japonica and seawater associated bacterial

community structures, respectively on the basis of
Bray-Curtis dissimilarities
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Note: R values indicate the difference between groups, and the
closer to 1, the greater the difference between groups; R* values
indicate the interpretation of grouping factors on sample differ-
ences; P values indicate significant differences between health
statuses; DS means diseased kelp; DW means seawater from dis-
eased kelp breeding areas; HS means healthy kelp; HW means
seawater from healthy kelp breeding areas.
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Fig. 8 Comparisons of the relative abundance of OTUs of kelp Saccharina japonica and seawater
Green, red, blue, and grey bars indicate healthy kelp, diseased kelp, seawater from healthy kelp breeding areas, and seawater
from diseased kelp breeding areas, respectively. Different letters on the top of the columns indicate significant differences (P<0.05).
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Community structure and diversity of epiphytic bacteria in healthy
and diseased Saccharina japonica seedlings during a temporary rear-
ing period

FENG Lei"?, ZHONG Chenhui’, LIN Qi*, TANG Longchen®

1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education; Shanghai
Ocean University, Shanghai 201306, China;

2. Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian Province, Fisheries Re-
search Institute of Fujian, Xiamen 361000, China

Abstract: To explore the bacterial community structure on the surface of healthy and diseased seedlings of Sac-
charina japonica during a temporary rearing period and their relationships with seawater, in this study, sequences
of 16S rRNA from healthy kelp (HS), diseased kelp (DS), seawater from healthy kelp breeding areas (HW), and
seawater from diseased kelp breeding areas (DW) were analyzed using Illumina sequencing technology. The re-
sults showed that 32 phyla, 77 classes, 398 families, 797 genera, and 1772 operational taxonomic units (OTUs)
were identified. At the phylum level, the dominant bacteria in the kelp samples were Proteobacteria, Bacteroidetes,
Actinobacteria, and Firmicutes. The relative abundances of Bacteroides, Actinobacteria, and Firmicutes in the HS
and DS samples were 19.91%, 10.79%, 15.52%, 37.31%, 1.65%, and 5.92%, respectively, showing substantial
differences. At the family level, the relative abundances of Flavobacteriaceae and Rhodobacteraceae in the HS
samples were 10.7% and 12.55%, respectively, which was lower than those in the DS samples (33.47% and
21.17%, respectively). The diversity analysis showed that the Ace and Chao indexes between HS and DS samples
showed no significant differences (P>0.05), whereas the Shannon and Simpson indexes showed significant dif-
ferences (P<0.05). The SIMPER analysis showed that the four OTUs (OTU1169, OTU1111, OTU1351, and
OTU1353) from the three bacterial families in the diseased kelp provided a difference rate of 35.88%. In summary,
the relative abundances of dominant epiphytes in healthy and diseased kelp were significantly different, as was the
distribution between species (P<0.05), but there was no significant difference in species richness. OTU1169 and
OTUI111, belonging to the flavobacteria, were the main indicators for the diagnosis of diseases in kelp. This study
analyzed the interaction between epiphytes and vegetative kelp diseases from the perspective of community
structure and diversity and provided a scientific reference for revealing the mechanism of vegetative kelp diseases
in the future.
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