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E o4& %5 W' oF &Y IHHE EAE

(1. VLHREERSE LB EYRRSHEESTRE L0 & 222005;
2. WKFRFAYE M S AL A EE SR E P EAKERE B B A AT AR HS 2660715
3. B B VERHE PO PR R Sy B RIS IR HS 266237
4, WREF T R¥EMKX INK 280 264300)

HBE 4 71, F 1A wr 7% ) (sporeling malformation disease)E#| 4 B H - W X B E L HEZ
—, HEAWVFEEAH, XRAXUBRBEETEEHM ISV E(RARFEL Low vsEAMmEL
High)yigH 4h TR A&, AAGEEN T T HERTHN S, EHEIEkRE, BT
THAHHENMGELTNSRELENKIK, 4R T 7, & Shannon $§%k 4>, High 41 # Alpha
%P B B E FER(P<0.05), R A8 K L% B, & T Bray-Curtis JE 5 87 £ 2472047 &
AEEBRRIN KA, BALHTFERMEFEREMER L EP<0.05), 4 RFENHE LKL
# o- & 7 W 4 (Alphaproteobacteria) . v- & # ¥ 47 (Gammaproteobacteria) . &- & & # 4
(Deltaproteobacteria) 1 )l 4T H | T(Bacteroidetes), 1£ Low Al g8 SR EE S W EREH, Hf, k45
Jif # (Hyphomonas) . & 74 # (Amorphus) . 42 /N T # /& (Curtobacterium) X AT 8 [ T4 8 % 5 4+ K &
B xWEEAE Low 8% 5 &, T High 4 8 % M g & 51 4T @ (Pelagibacterium) . £ # 1
(Acidovorax) % 1 z T (Rohodococcus) % i 75 7 JR B o ik T 45 R &~ , Low 418 % & &g R .
GAEEMHBALGK, AEGHEEEKATARP A RNESE, MHghABEFERFER.
K E B i KPR AR VAR % ¥4 IR 512 B A0 X W 38 B ARHE % 0 18] 9 3 7 iy T 3 B ok A 40 3K 30 AL 1
RETHUA, AREGEEAEENTTTFE L,

KA B METEN; WA, SRR E

FESES 9173  XEARIREE A XEHS  2095-9869(2026)02-0079-10

)y 460 7 PR I B 96 J2: M Y (Saccharina japonica) T EIEFS TS £ 4, 7 E I LR P 4 TR K R BE
WWEIREZ —, LTHERSEFTHIHREL O, BT EREE RPN ARSI,
(Wang et al, 2014; Yan et al, 2023), & %% (1 4 9 F 7R 55 IO W, BRAR R DR B HaS B A
Oy ELASERAN ML A AN IE W A E KA, SR A AN AT RE R SRR AR E BRI, H,S x4k
REHBENIEF AR IUE L L8 2R HEPI AR 08 FEERE A wE (R8I, 1979). 4l
5, AW MIR(RBITS, 1979). WG,  WABEMNSRER, WA L HE 08 RS
RS TG, SREUOK | YER . IR SEREARRAE SRS IR AN L A 1 S G R BT s 22 R AT A s
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(] b ) — 0, 0 B A 4 T R R A AT 1) O et B
SE & R Z A BA B VIR (EARRSE, 2017), H A
A A R I i TR AR Rk B 10° A S BUR
(R FIEE, 2016) 0 BRIGZEWIN RSN, W7 AL SRR B
T s AR B DA B BR AR R S5 1 Ol 3 Uk i Y T
TERER (M52, 2011, BRI, 2016). /i HIBFSTIE
52, A K O BR AR R BN AR 2 B B T R R 38 AT
U E T = AR EE % (Yan et al, 2023).
L5 b, WA 2l T TR TS ) & A T RE S AR A0
DI REE UIAE G, HIREE 148N S5 R 3 115
FRIFER, 58T A WP A ) 59 R A A G
KALEORALLAE A AT ATE R o SR, X i
I 3 1 B9 9% 4 300 LA ke = 2 1] S48 o 1R A v R T L
PISEFRE SRR 3, ez 0 B AR Sk M S R
DIREMIIR A PELR BT, 7™ BELAS T X9 3 kA=
AR o R e 3 e D B AR A 5 e S B A e
PER T W E B8 WA R, FLBIE T 2 A B 3 1Y
KA R 30 B8R A5 1F T B AR T ORE 2R AL A9 45 2R
(Zozaya-Valdés et al, 2015, 2017; Zhang et al, 2024),
U] S 30 S B S 96 & B, 3 K A G B ] sl
P Y A FIERHE LA ] BB F-IRAE FIME A T,
B TR ) S5 R N D Bt 2 2 A 3L, X Bad e G it
WU A -4 B A A AR T (9 An ke = 2 68 1Y D RE R Bl
JRAE F AR AL B T K807 T W AR I A A5 A\ 4 i
T AR RGN T MR ™ R B (Yan et al, 2023),

W4T R

Seedling curtain with malformed sporelings

IR, X L8 BUATY 5 2 0 2 i) R A S B R A7 S8
TERTSERN b, ABEE DL A e i (R E
Gy £ T i B2 W EZ 5 F) T8 4 0 98 1) Sy F 5 X
G, R FCIT A A AR O T D RE LR AR 1L
DASY oA 2 S50 BB Y 1) P B A3 B 22 ) 500 S0 o

1 #wRERFE
1.1 HEmEXE

T B SN0 FRRE S T 2018 4R [ B 55
B R AEE RN R 200 240 B,
BB 20 m* 224 . FAEE HINZE ) B MR
N TR R KA FE TR R H 2 2~8 51
AR, BEHLA 6 A8 it TP H 6 4~ nT SR 21 4 46
TIRBIE T, FEA M L RPLEER 3~5
AR S IR BT UM BET AR (2 1 em ZE A7) TG i
BT G R R T S R T RN G (B 1),
AT L TR SRR R AR S TR
K LR 6 N A BUIK KR ZE (TR 2253500 R 2%
4% 6% 2e A7) Rl s B R (TR 2530 10% . 11%
L 12%ZE40) P4, 30l 48 Low 21 High 4,
KT AEMIGEME Y, KRR ST
T 28 N7 s T B A A 4 D SR B & AR B A L
HERE G o BT A A 2 AR P R 4
s B REIEE I AR

IEH ST

Seedling curtain with normal sporelings

Bl1 Ot BT T WL 2 L AR ) 1A

Fig.1

1.2 B4EE B DNA 2B, PCR ¥ iR BEENF

S A YIREAR L Fi % Precellys™-24 (Bertin, 75[E)
XA T AT 2 YOS (b B (5K 6 800 r/min T 30 5),
T5f] DNeasy Powersoil Kit (QIAGEN, 7= )$7HffA=
WAL DNA fem, F 100 pL A JCHE K IE 7K 7% DNA
FFFTE NG R EE R UK 8 DNA R B R/ Rl

Observation of juvenile sporophytes of S. japonica on seedling ropes under a light microscope

HU 2 uL DNA J] Q5 {4 2L DNA 4l J2 A4 34
2R 16S TRNA JER Y HE54 799F (5'-AACMG
GATTAGATACCCKG-3")H1 1193R (5'-ACGTCATCCC
CACCTTCC-3) ¥ V5~V7 W] 7F [X (Zhang et al,
2019), H—HEMIEATY G, 799F 514 50023 B
Jin 6 BRI barcode LIXFASIEEE SN LLIX 43§84
k. 98 CHRASHE 2 min; 98 CA8ME 15 s, 55 CiBk



552 £ooaidE

AR IR FE 238 5 98714 ) R A T 0 ) LR 20 #7 81

30s, 72 ‘CHEM 30 s, Jt25~27 MEFF; 72 CJa G4
5 min, BFEARY PCR =4 H AxyPrepDNA #Efit [7]
Wik & (Axygen, FEEDHVIEE R, I A Quant-iT
PicoGreen dsDNA Assay Kit (ThermoFisher Scientific,
F[E)XF PCR =i A7 f . PCR ¥ 3T 76 IR AR
#5757 JH Tllumina NovaSeq - & #E47 2 x 250 19 X
My

1.3 HIEEARSH

BEANEE 5L R HLF 51 USEARCH (version
10.0.240)# 7 PF4Z . Fids . ZBRir A&, A unoise3
BB ZOTU (zero-radius OTU) (Edgar, 2010),
% RDP classifier Ul M- 755 1: 76 QIIME 1.9.1
(Caporaso etal, 2010)+H % F SILVA132 %k & & Xt
ZOTU REIFFIHAT 532 (cutoff HH 0.8)IF AL
OTU ¥, ## B A Unassignable . Unclassified .
Chloroplast A & Mitochondria %) OTU {5 B OTU
Frh Bk, Frid OTU RHAILLTTS Alpha Z4£1% | Beta
ZAEME | B AR TR REZH LSS o ] R(version 4.0.3)F1 Excel
X TR A A SRV G A AT S 1o B, A AE A1 2E
FEAIXTE ST | Alpha ZFEMEFEEUT Wilcoxon LAl
K56 (Wilcoxon rank sum test), =ARAR43#T(principal
coordinates analysis, PCoA) ¢ A~ [R]4H 1Y) Bray-Curtis

BB B K K 7 2293 T (one-way ANOVA), i3 2 5K
2k P<0.05,

14 EREERINEES

H LEfSe [line discriminant analysis (LDA) effect
size] (Segata et al, 2011534 A [a] W T 2R &)y 96 1A
AEWRETP I 2E R, Hh, LDA score {H>3.0 H
0<0.05 I, TAA 20 TR S HF 7L W 2H 22 [B) A7 AE 35 22001
JH PICRUSt2 #4f-(Douglas et al, 2020)%} 16S rRNA
PRI e 50t 047 2% ik PR 2H D RE TN O K75 KEGG 11
fRIgHE %5 B, F STAMP %% (version 2.1.3) (Parks
etal, 2014)%: T Welch’s t-test A [] 2 0 2R i
(2 Sl i, 3 28 S KFo P<0.05,

2 HRERH
21 AEAFEEHGEESHN

Good’s coverage 45 7k, Low 41F1 High 41975
FRAMHA 0.999+0.000 F1 0.999+0.001, FKIAFFHIHENS
8 w4 R Z2 BRI 2 A . Low 411 Alpha 2444
FHCE K = T High 41, BT Shannon 850K R

13355 H(Low 21y 7.67+0.18, High 4%y 7.34+0.12)
Gh, R LA R E 27K 2).

Observed species Chaol
1600 - * 1600 - :
1400 | T
1400 -
T
1200 F 1200 -
1000 1000 -
800 | 800 -
600
600 .
Low High Low High
#4 5] Group 2f 5] Group
PD whole tree Shannon
25 * 8.0 ns
20 | T 78} T
15+ 7.6
10 + 74
5r 72+
0 y 7.0 -
Low High Low High
£ 5] Group 2[5 Group

K2 Low #4145 High 41/ Alpha Z IR ELEL

Fig.2 Comparisons of Alpha diversity indices of epiphytic bacterial communities between Low and High groups

*: P<0.05; ns: LR FEER. TRl
*: P<0.05; ns: Not significantly different. The same below.
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A
s

HET Bray-Curtis FiE 1 PCoA K7 (1# 3A),
Low ZHFl1 High 2R & 14 B A= B E =22 0] A7 76 B I 40 2
(Adonis R*=0.28, P=0.10), H:H&s 1 GhAomeReE Ny
32.74%, 5 2 WAIRREEE R 23.38%. #E— T
Bray-Curtis i 2 1) ANOVA 4341k F 84 (8] e 20 P R
BER, R E/R, Low 4185 Low-High 4118 AYiE
BTEAE 5 2% 5 (Tukey’s test P=0.029, <0.05)(/# 3B),
IXSEZE LN, Low ZH M1 High 20 22 [ 7E 7% 45 # ff 52
R EES

22 WEBEEEN

Low Z1F1 High 21 F 2 H RS o
AT W 4 (Alphaproteobacteria), y-ZF ¥ 4N
A

High
Low

e
(=] o
T T

PCoA 2 (23.38%)

|
o
—_
T

_0.2 H 1 1 1 1
03  —02 0.1 0 0.1
PCoA 1 (32.74%)

Bray-Curtis dissimilarities

(Gammaproteobacteria), 8- ¥ [# 44(Deltaproteobacteria)
AT [ ] (Bacteroidetes) , 3X 4 N ZSHELE L i 1Y
IR T 95% (B 4), Herb, o IE M0 HLBITE
PIZE 8 2R DL b, MR R S 51.91%F1
51.86% o -7 I B 44 A0 Xt =F B 4> B A 18.55% ANl
21.08%, S-BIL A1 14.92%F1 13.80%, LI
BT143 910 10.86%7F1 8.50%

WIBIKRF , L84 LA i rh AT = B2 458 e 1 4
P 2RI £ 97 £ 41 14 J& (Hal obacteriovorax) . 1A i
P& (Thalassospira) . H L #4141 J& (Methylotenera) .
/N B3 AT 1 JE (Nautel la) A7 AT 12 J& (Marinobacter ) 5
(K 5), Hrr, HAHEEFATRIETE Low HH A
X (3.72%+0.01%) & T High 419 A9 A XT3 5

ns

045 - B .
* *
0.40 |-
035 -
030 |-
025
0.20 1 s 1
&
\P

# 3 FARARSIHT(A) K Bray-Curtis PH B 45 (B)

Fig.3 Principal coordinates analysis (A) and comparisons based on Bray-Curtis distance (B)
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High
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Fig.4 Comparisons of bacterial relative abundance at the level of phylum or Proteobacterial classes
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(3.58%+0.01%) . 1%k 57 B F & (4.77%+0.02% vs.
4.92%+0.01%) , E B OJE (4.10%£0.01% vs.
4.81%+0.01%) , /N O3 FF 3 & (3.49%+0.01% vs.

|
|t

i

i

3.74%+0.01%) Fl o R (2.37%+0.02% vs.
3.30%+0.01%)7E Low &1 H B A X 3= B2 MK F High 41
SRNIOR PO i

Nisaea 3
Pseudahrensia I 2
Erythrobacter
Methylophaga 1
Reichenbachiella 0
Pseudohongiella

Lewinella I -1

Group
W High
W Low

Aurantimonas -2

Nonlabens -3

Thalassobius

Rhodlz))coccus

Maribacter

Devosia Rank

M Actinobacteria

W Bacteroidetes

M Alphaproteobacteria
Deltaproteobacteria

Gammaproteobacteria

Hyphomonas
Sulfitobacter
Porticoccus
Magnetospira
OIe‘;g';hiluf
Salinihabitans
OM27 clade
Labrenzia
Maricaulis
Roseobacter
Demequina
Roseovarius
Marinobacter
Halobacteriovorax
Nautella
Thalassospira
Methylotenera

K5 Low #4145 High 41 ARXF - EERT 30 N Y 4= BE A
Fig.5 Abundance heatmap of the top 30 genera within the Low and High groups

23 E=EREESW

LEfSe Z5 5 /R , PIZLAE i 22 0] 22 S A TR 2 R AL AT
43 (18 6), HHr, 25 M7E Low rPE 4E, i 18 4N7E
High A a4 . 27K FRESMIE o B HN | y-
ICHN . AP BT T (Actinobacteria) LA &
PER T ] (Verrucomicrobia)d¢ ., 7EJE K I, W4z
[HA 21 27, BRE uncultured ZEHFA, St
A 12 MJETE Low 4 BAA 35 00 S AR 258,
5 LR TR T 1Y 45 3K 1 )& (Streptococcus) Fl i /M T &
(Exiguobacterium) , o- 78 JE I 44 1 Ak 22 B TR
(Hyphomonas) fll JGJE AT B J& (Amor phus), £k & 1] 1)
i A R B OB (Flexivirga) 1 % /N #F B 8
(Curtobacterium), LA S #UAT 1] () NS5 marine group
# {5 # B J8 (Flavirhabdus) . ¥ il & & &
(Marinoscillum) ., B SCZE 557 14 J& (Owenweeksia) . %
¥ ¥F B (Tenacibaculum) il J& 4¢ 3 & (Ulvibacter) . 7F
High B EEFENAMEBA 7 4, GFERFFET]
1) 4> ¥ T 14 J& (Chryseobacterium) . o758 1 B 44 1) 1 4
115 J& (Pel agibacterium) Fl =5 165 [ B J& (Terasakiella)
-5 T 40 1) £ 9% 14 ) (Aci dovor ax) , 2k 14 1] 5 Bz
FFIR 4 & (Cutibacterium) . 2% 5 X J& (Kocuria) F£T
BK I J& (Rhodococcus) &

24 ERIIESD

MIREEERE, Low 415 High A ESF FE
T . B 2B A LA B G A G 1Y 3 %
(B 7)o 7E Low 21 b i 3 5 4 1 Ty e A 435 g e (55
ZRRERAEE A A, REIZEAEYE LI Toll
Al Lmd {558 3% . 40 RRYSE . 7F High 41 i & &
LRI TRE AL A T R R A . [ Bt | I 2%
EZ 7Nt A(TETR (SR 3w I R R =2 1)
KA 5 5 ik %

3 itig

AW E W LAE W) PIAS [R]85 TE 25 1 g 7 4 761
TR AT G, HAS BT T AN [R] T 2R 1At 4 4+
TR B AE BRI Z R E A B 22 57, JR45 A IRE A T
WA BT R FE T 41— B T s 1) A S HL TR o

WSS IR, Low A1 A= BRE () Alpha ZFF 1
FREL(in Observed species, Chaol il PD %5 & & 1§
0O m T High 41, X5 Z RO RS A0 iE
() 22 B M T ™ B R R R 30 I 25 Bl (Yan
etal, 2019; [A7KH%E, 2022), WF5E MW, ARERKE S
FEE R, 6 i AR ISP T B R (Shi et al,
2019), A[EIRIE, ZHTAFSE A 8RO ™ H W A A0
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AREHFE SR R AR Tk, RIAREBEC ST 06 8 A4
A% T REFE 7% (Egan et al, 2016), SR, A#BF5EH
TR AN [1) B T 238 114) &0 60 A0 o5t v i A o LR o 15 L o
Z UL BN Rl B R R AR B, AT BV 45 T TR
s — e TR R LR R [A] 5 05 W R 40 - AR i
Z W2 5H-FRIER & B MRS, —20s
Jir A5 G T B0 T B E ) I 2 AR TR (Yan et al,

m
AS
Q
< 9
A @,
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o O
> B 5 .
o
L
)
% N
R @
IC @
& @,
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@ se
£ le

2023), MAh, FATE A 2 BN AL 2Z 8] B9 Shannon
BN B E 25 T ixds Bn) i B e 75 1 3=
WAL R, i High 41 5SS HEARXT 2 B Y o 3%
AT e — e FERE L ykAb THEE B B E L £
I, WD X P RICR SR S AT RV A S D fig
YR EE BT, X AT B A B R A U A
BLHI

B a: g Rhodococcus

I b: f Nocardiaceae

I c: 0 Corynebacteriales
I 4. g Flexivirga

B c: ¢ Curtobacterium
I f: g Kocuria

[ o: f Micrococcaceae
B h: g Cutibacterium
I i: f Propionibacteriaceae
I j: 0 Propionibacteriales

I k: g Marinoscillum
I |: g Owenweeksia
I m: g Flavirhabdus
I n: g NS5 marine group
I o: g Tenacibaculum
I p: g Ulvibacter

BN q: g Chryseobacterium
I r: f Weeksellaceae
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I t: g Exiguobacterium
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BN u: f Family XII B 24: f Rhizobiaceae
I v: g Streptococcus B a5: g Amorphus
I w: f _Streptococcaceae I a6: f Rhodobiaceae
B x: 0 Lactobacillales B a7: g uncultured
B y: ¢ Hyphomonas B a8: g Terasakiella
BN z: f Hyphomonadaceae B 29: g Acidovorax
B 20: o__Caulobacterales I b0: o__Cellvibrionales
B al: g_ Pelagibacterium I bl: f Francisellaceae
B a2: g uncultured I b2: o__Francisellales
BN a3: f Methyloligellaceac I b3: f Halomonadaceae

K6 Low 4115 High 41102 3 AR HE
Fig.6 Differentially abundant bacterial taxa between Low and High groups

LI RTE High 4 35 B R MM IEHE, SREONERRTE Low 4 b 3 W LA H IR

Red indicates significantly enriched bacterial taxa in High group, whereas green indicates those significantly enriched in Low group.

TR A RHURT B 1T, A1 0 2y 767 A B A= T o v ) I 35

AR SR A, B AN (T
B TE T A LA B ) TE BT AR R A . U

KO Z AT P piaE L, R T X4 T Ak
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I [ow [ High

Nucleotide metabolism: Pyrimidine metabolism EE——
Xenobiotics biodegradation and metabolism: Benzoate degradation [
Metabolism of cofactors and vitamins: Pantothenate and CoA biosynthesis EE——
Biosynthesis of other secondary metabolites: Prodigiosin biosynthesis g
Xenobiotics biodegradation and metabolism: Steroid degradation |
Metabolism of terpenoids and polyketides: Limonene and pinene degradation B

Glycan biosynthesis and metabolism: Arabinogalactan biosynthesis |
Glycan biosynthesis and metabolism: Lipoarabinomannan biosynthesis |
Biosynthesis of other secondary metabolites: Betalain biosynthesis |}
Immune system: Hematopoietic cell lineage |
Immune system: Toll and Imd signaling pathway |
Infectious disease: Bacterial invasion of epithelial cells |
Immune system: C-type lectin receptor signaling pathway |

95% confidence intervals

—e— 0.012

—o— ! 0.014

I—e— 0.033

| o 0.017

0.045

0.027

0.042

0.036

0.037

0.016

6.09x1073
0.041
0.046

P value

Co.gaatt

L 1 L 1 1 1 | 1 1 1 1 ]
0 1.5 —0.04 0 0.05
Mean proportion/% Difference in mean proportion/%

K7 Low #1'5 High 440 i 2= 5 Dh ik
Fig.7 Differentially abundant bacterial functions between Low and High groups

B E B ERRSE, 2020), A1, AFEBEIEER
L1700 T 1A B2 0 B B R VR S A AR AR i 25 . BLR R
BUZEW 7 . 5, H&F Bray-Curtis JEE 1K) Beta £
FEE 20 B UE BH AN (] RS T2 S5 A & 22 () %) B A T R 485 4
WERRE, Hk, TZZANREEEE, W EEE .
TG HETR B . H L IRAT R R | /NI DURE B8 AN TR
J& S R AR E B R AR T AR, e VI TR R R AT
PR 40 A 3 B R SR e A ML (anbe s . Big . IR
7)) A i 77 (Wang et al, 2016; Zeng et al, 2016; Rughoft
etal, 2020), LI @ 4l i 2o s — i &
YA iE 1 (Vorobev et al, 2013), /INAE 51 FF 5 Ja 41 7
R Bl A )5 200 )R 2 — (Gardiner et al, 2017), £
DB A A R )L AT e I TR T LA A
A 25K P DI Re A /E F (Welsh et al, 2016) ., 4 B #f
LRI AR fL A BH TR BE S5 A T B OIRE v e R AR T 7%
A M 3 Ao 440 8 %) A DG 306 1 50 3 % A B HL ™ i
JEE 7= S B

AT R RS B AR AL, FRATTE
LEfSe 4387 HL 3 1 A [R] T2 5 A i B A B R 1) 8 25 A8
1o Bl 22 R T UL 5 A 240
FZEHE, {0 Low Al EFEMERIBHEE L, —
7 T 15 FHAIG W T 56 40 96 7 R ] 8 75 22 0 22 40 1R 25 A
AEFFMERE, I — 77 T R W] = WY 2 440 IR N A T R
BT R, I, Low 4 L3 E AR B9 22 B
P IE S B 15 T 2 BE 25 2% (Pyropia yezoensis)IE 45
KA BN RE(Fukui et al, 2014); TCIEATH R 0@ B A
A S ) T fiE(Wang et al, 2010), B A X i
AT ) AT e 5 i e BRI R R R R AR A K R
B H A BUWLAEH (Singh et al, 2011); B FFIRE . %6
JNFF TR A5 AR HL A 3 4R E A ) A K Y ) BB (Vimal
etal, 2019; Kan et al, 2023); ItAh, IR 40 70H 8

HEA RS TR AL Y Y te Ho e 4 B 7R
FLEk 2 £ b (Fernandez-Gomez et al, 2013), L EL
AIFEFEHEILE KA EEY)HE(Egan et al, 2013),
1M High 241+ i 35 5 4 09 40 P 2B 50 3 1 ¢ R E
BRE, B, oS ENEETRER . IR
RS . TR TR BRI R 4 o IR FT T
FicT #2 DL R £ TR T 40 D 1) T 21 0 Jo % i 0 P 35
AT RENR 0 & AR R R AR AE(E F1 , FicT 7 2 pl 4k i
Al DL I 4 W AR GE R N BB T T AN O i 3R i R
DNA #i$MNE5 #2530 AL FET- (Harms et al,
2017), K- 46 R B JE 40 TR S 1 B /K RS R (Liu
etal, 2014), A [0 HA R By 259 B 915 14 (Baek
etal, 2003), i B2 o A 11 2 5 28 1 3 B HLBf A= 41
WA WS E Y R Z —, JF DR PUR R AR
(Goecke €t al, 2010), ZLEREE H1 1 —FF 43 A b1 A 4
PRy B v Rl (U o 5l Yl (T R S - @
(Savory et al, 2017), i — 205 I BEA% T PL R A HE P 41
JHL 3B R ) A L S DI RE (A5 R 0 A0 AN T 53 24
WA T A A, B 2 BOREA TH AR 5 e 2 119 2 T (Savory
etal, 2017). SR, X AN LEANE 5T 5 h Dhgs
AT AR (< 1%), 1 H AR B 5 T 77
TEOLA AR AT, T EOR A T ZAR Y S I E .
KL, SIATZHETAPFFRIELI(Yan et al, 2023), AEE
HE B3 973 42 YL B0 16 1T BB .

i —20 H PICRUS®2 X} & #f 0 D BE#EA T 1 Tl 43
Mr, IR R i v 3 s R A R A L
FAE A 22 A B R AR G R DG ()38 %, e A
A TR R 2 R A AR RS TP EEAE A, K
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Comparative Analysis of Epiphytic Bacterial Communities on Saccharina
japonica Sporelings with Low and High Malfor mation Disease Severity
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Abstract Sporeling malformation disease, characterized by abnormal cell proliferation and tissue
disintegration, causes catastrophic losses in the seedling production of kelp Saccharina japonica.
Previous studies have linked disease occurrence to environmental stressors (e.g., inadequate light
exposure), the maturity of parental kelp (e.g., immature or overmatured), and alginate-decomposing
bacteria, among others. Traditional culture-dependent approaches have failed to explain the complex
pathogenesis of this disease, and its precise microbial etiology remains elusive. Recent advances in
holobiont theory and our previous work suggest that dysbiosis of epiphytic microbiota, rather than
individual pathogens, may drive sporeling malformation by disrupting host-microbe interactions and
exacerbating disease severity. In the present study, we analyzed the diversity, structure, and
functional profiles of epiphytic bacteria on sporelings with different malformation rates to obtain
more data related to the relationships between epiphytic bacterial communities and the incidence of
sporeling malformations using in situ sporeling samples. Through microscopic observations, in 2018,
two groups of biological samples (Low and High groups) were collected from a workshop in a typical
kelp seedling hatchery in Weihai, China. Epiphytic bacterial communities from low (~2%—6%) and
high (~10%-12%) malformation groups were analyzed using 16S rRNA sequencing. Bioinformatic
analyses (QIIME, USEARCH, LEfSe, and PICRUSt2) were used to assess community diversity,
identify differential taxa, and predict functional profiles. Alpha diversity was lower in the
high-malformation group. This indicated reduced bacterial richness. Community structure differed
significantly between groups, with distinct shifts in dominant taxa. The low group demonstrated a
higher presence of mutualistic and morphogenesis-associated bacteria. Meanwhile, the high group
displayed more taxa associated with pathogenicity. The low group was more closely linked to
metabolic and defense-related pathways. In contrast, the high group was associated with xenobiotic
degradation and virulence-related functions. These findings highlight the importance of maintaining a
healthy microbial community for sporeling growth and development and suggest potential targets for
disease prevention and control. Future research should focus on changes in whole community
functions using different omics methods and explore the interactions between the host, environment,
and certain isolated bacterial strains in the context of disease development. This study not only
enriches our understanding of the microbial ecology of kelp diseases but also has important practical
implications for the kelp farming industry. Identifying key microbial taxa and functional pathways
associated with disease may guide the development of microbial-based strategies for disease
management, thereby contributing to the sustainable development of kelp cultivation.

Key words Saccharina japonica; Sporeling malformation; Epiphytic bacterial community;
Functional pathway
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