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TR S FLERTHI B B B A DT 1 T R 1) B 3
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FSC ) TR B AR 527 MO A W i 1 B 35 26 o A
Bt R T 8 S R R R AR
HAEH, R EARETEESRG D LERE R
tEhae" . BT, R MR W
ANFFRAL A2 S A R B B A R A S5 2 2
s PS5 O D B S R, B TE R R
# (Host-specific) ",

B8 [ 200 5 e BRI R M R B A, DA S
A=) e R PR BRI ANk R, T R EE B AR TR
(IR S e e B R AT R, T H Al K&
(YRI5 3 AR v A R — o T R 9 i R ) R
AN [E) PSS Ty o T B A R R A 1 LB, A 0 [R] —
A2 A AN (] B R 5 2 T B A TR 22 A A2 1) B A
Floo 82T I HA VR ZE XS ot - Y 36 V) i Ve v T U
AR, WATRIAZ X I8 KA 18 3 38053 A 1
ARPAR TS S R, BAREE . WE T R TR
R, AP SRR AN E S, HH AR R S A7
AT AW SR e &0 e k45
LR AR ZFE e . BRSSO AR S
DIReTT o3 dr, BAENRN T R R AL A 1E H
PEAEFIR AR o

1 MRE5RE

1.1 HEARE

20234F 3H 3H, 1E L ZR 48 0 1 75 W 18] 47 (37°
33'19"N, 122°7'10"E)K L3 2= 1 (S. muticum, 4’5
NSM). 3 T (S. pallidum, SP) . JE#(S. thun-
bergii, ST)FI4E(S. horneri, SH) 4 T FE 35, £ %
RIS AR TP ORI AR GG M 1 e R, AR [ o
e ER. MRAREE. EARE IO KL, B2k
o 22 T Ui B A2 A, FH G TR A P B A 2 TH R X
KAV A BE . [, SRAE W 3 L K (W)
1000 mLFH T 5256 6] B, 17K 248 B AR 0.22 um A6l
FLUEIEE IS, IRIFE K AEMIFEA . AW 5T ek
VK FEAR1A30, FTA AL R A R GG E T
—80°C I IR VK AH PR AT
1.2 DNAI2Hl. 16S rRNA EFE 8@ ENF

i F| CTAB % (Cetyltrimethylammonium Bro-
mide) & B4 T B2 8 A 7K B A 1) 3[R 4 DNA.
15 FF 4 741 38 ] 51 #0338F (5'-ACTCCTACGGGAGG
CAGCAG-3 )1 806R (5'-GGACTACHVGGGTWT
CTAAT-3")J B 41 7 16S rRNAKE K V3—V4AF A [X
1, (Hypervariable Regions). ¥ 341k & 430 uL, £

FE15 Lt Phusion” High-Fidelity PCR Master Mix
(New England Biolabs). 0.25 pLIE [7] fl Jz 7] 5] #)
(0.2 umol/L). 10 pL) % [X 41 DNAB R (1 ng/uL)
F14.5 uLi ddH,O. PCRY™ 1 21 y: 98°C T A8 4
Imin; 98°C ZF 4 10s, 50°C & ‘K 30s, 72°C %E {#130s, St
30ME IR B J572°C IE M Smin. PCRF=#) 4 2%
JUE R 5t Jsz P VKA 5 4% )5 £ FH TianGeniif F DN A
AL ECAF B R . 4§ NEB Next” Ultra'
Il FS DNA Library Prep Kit# £ X 7] & (New En-
gland Biolabs)#4 % 3 &, £ 3 Qubitfl Q-PCRIE &
FVRSE I A 4% I R A6 10 R BOR BB A PR A
A] ¥/ NovaSeq6000ill Fi>~F- & i# 4T PE250I /7.

769 45 7R 5, #% 25 Barcode 7 41 il 51 4 7 51
JE A FFLASHEE(V. 1.2.11)HE4T X0 5,
2 flaspBAF (V. 0.23.1)BEAT HUE R 12 5, B9 5
Stivad i B B 2 e LA I 2 bk ik A 1A 2 471, 35
154 BE i (Effective Tags). 1# F QIIME2¥K 14 (V.
QIIME2-202006) " F{IDAD A2 e i 45 Rk 45 e 41
BEAT PRI, I o BB = FE /N TSI 7 41, 3R ASVs
(Amplicon Sequence Variants, ¥ 3 [ 51| 45 53 ) J
AEFR"" . i QUME2 K A th i classify-sklearntéi b
15 B ASVs 5 Sliva 138. 1554k ¢ b %o 75 21 454
ASVIIVI MRS B, FE05 1 & 9 S¢44 (Chloro-
plasts). Z&HiA(Mitochondria)Fl A% 4 ¥ (Eukaryo-
tes) ) FHUMIBR . BAEABIEE B — A2 5 H T
JE BT o
1.3 UFHIELE

AW LR QUME2 T 5 1 B2 8 P 2F T B 1
0% FE I F5 % (22 35 Shannon s 21 Chao 146 %), Al
R (V. 215347 B2 FF 14 B4 7 i, 5: T
Bray-CurtisH 25 55 [ 2F 17 0 B & 2 485 58 V5 40 i
(Non-Metric Multi-Dimensional Scaling, NMDS), X
47 J B A B R A R 22 R T AL, SR I B 4
% IG5 7 7 ¥ (Permutational multivariate analysis of
variance, PERMANOV A )7 7 25 [8] B 7 &5 1) 22 S v
RHEE. AP R R 3 2 A
LEfSe® I} 52 i, LDA Score It 2k A Jy4.00%; 3558
I MetaStat /7 1233 — 30 73 B AN [R] B 2 g 20 1] 7E RHK
F A B EEZE R . R Tax4Funf] 145 5
FE B A T R AT ThRE U . B AE PR VR Venn A
FE 2 B FRCIR B ATNMDS 43 #r B 78 R B - A2 B =
1E 25 °F- &5 (https://www.bioincloud.tech/) 22 il »

2 4

2.1 D EEMY EEEAS M S
FIF 16S rRNA S @ & P H AR, 45 5 2 i Al
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X HE A MK 15/ FE AR L3R 15192562525 7 41|, &
nhpREE. B, LIRS MT A2 535151672824
R ET Y, BN RTHIEH N111521.6+
1593517, SAEA NI 7 78 55 5 320 1599.50%, it
BFI P R RE AR KRR FE b I i 34 R AR AE 0 1)
BB, iR ERE, 15/ MEARILER198793AS Vs,
Horxt HE 4 v K BE A ASVs i 8 H AR B AS Vs
W%, AP S B STREARASVSE H )t £, SHFEA
/D (E 1), MAEMBIER ZEERNY M EEE
18 i Shannon?s %1 Al Chao 148 HUk R AE (K] 1a—b).
HRKBEAR AR Z FEVER £ B B B T4Fh
0, B # , SHANISMAE 7K ] Shannontg 23 & 2% /N T
ST (P<0.05), SPHISTFE A I Chaol f5 %1 2. 3 K T-SH
(P<0.05), 15 B SHEE AR RIS 2E W A 0 22 AR PR RN =E 1
435 A

5T Bray-CurtisfE 250f 5 FE A A TF FENMDS
I3HT, 45 R R IRBR SHEE A 73 A7 LL I B o, HoAthFh
RFEA I R A, IRl 1 R JR A AR 5 i KR A B
Eaze, T R R B AR T S I K S TR AT R
2% (E 1d). PERMANOVAZ Mt — 2 Eh 4 f
LR AR ER R G RE, 4531
7R AN R 45 18] PAE 251K F-0.05, i W 40 18] 4 AR P

8 r o
6

4+

Shannon

Chao 1

TEANAFAE 0 3 1 22 5 (P>0.05) 6
2.2 DMUMD AR LEMLER

I 5 Slival s 0T EE A A e, 1 RSB
HE KRR A LA I H 58410 12304, 3114 H
S13BEA10154 & A AR . 271K L,
A7 By 2 NI 7K RE A Gl 2B P A 5 e 2L R AR DA,
A7 JE 1 |1 (Proteobacteria) & B [ ] (Firmicutes) !
UK 1] (Bacteroidota) Ay = BLAR 345 5 71, AH X 3=
80.39%—94.54% (& 2a). W4T ](Cyanobacte-
ria). S | ] (Actinobacteriota) 25 i AT 5 [](Ca-
mpilobacterota). JCH B [ ](Verrucomicrobiota). 2
5 '] (Acidobacteriota) fH SR 7 1 | ](Crenarchaeota)
FEF 7 FEAR AN FE>1%. BRITH T SRS H
I"](Chloroflexi)Fl 5% 7 B [ ] 7E KA A s 48, #H
Xt B 4 5 N 2.20%- 0.80%11.74%, 1l SMAT SP
FEAS B A A H B AT B T TR SR & B ], SPAISHIX
AR S TE ], AR B2 090,

TE J& 7K L, 4% B R 5 A1 K RE AT A M
AR SAAE ] B 22 5, IR R (1] 2D).
Yoonia-Loktanella (2.46%—12.10%). Rikenellaceae
RC9 _gut group(2.54%—7.02%)FIUCG-005(2.84%—
7.96%) AT O BRI AE R ANF S REERLE
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Fig. 1 Alpha diversity indices (a-b), Venn diagram (c) of epiphytic microbial community on four gulfweeds and NMDS analysis based on

Bray-Curtis distances (d)
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XL B JEATAE 22 5, U0 Yoonia-LoktanellaJSM
AISHEEA L XL Bl s, A =20 0 9 12.10% A1
11.71%; SPAISTHAILEXTILH )& 275U CG-005
(7.96%)F1  Rikenellaceae RC9 gut group (6.63%).
LEAh, FELL T JE 2 B 1E B R, Acaryochloris
MBICI1017F1 51 J& (Aeromicrobium) N SMAISP
FEAYFH B, Clade Ia (SAR11)NSHFIWEE A 4
A1 A, AR RA 10.31%H113.42%; 397 11
P @ (Stenotrophomonas) NSTHEARHA #J&(2.65%) -

N AR R AN 5 R B A B A
S5 MY AL AR, 16 B X SE BT 109 ASVSHEEAT 23 #r
(R 1)e 4Fh B RERFEAINS 3= BETT 10AS VLA i
) i = a1, I — e ERE R BR T
ASV7/ESM.  SPAISTAHE A o 1 A X 3= B 34 9 i
1041, HALASVsIEA N TE FRe A . BT RIKFH
Jfe b AR AR AR B R ZE e, B s SMAE AR A X 3 E I
10ASVsF 2 J& T 2L M B £l (Rhodobacteraceae)
M 16 £} (Flavobacteriaceae)  #1 J8 1% £t (Rhizobia-
ceae) s, M ZLAF B AF. Clade 1 . i &% B8 £l (Thio-
trichaceae) %5 /ESHEEA & 45,
23 HEERMSHT

N T AR R AR B R R AT A ) U A
M2 22 5, FIF LEfSeSt v B W35 11 22 7 1 A
Yibr B (Biomarkers; K 3). AHF 5T H 184>
Biomarkers, 2t HW. SH. SMAFISTH: A4 545 9.

Firmicutes

4, 3124 Biomarkers. #/KFIFEFEAFENE S
M A RS A B2 R, SEUBKEAR
Biomarkers#{ & fx % . SHFE A 1 & 7 Peptostrepto-
coccales-TissierellalesF1H 13 & 24X Verrucomicrobiae
(JET B H Verrucomicrobiales 1 £I. & £% £} Rubrita-
leaceae); SMAFAS H [ 5 41 1 24X Cyanobacteriia(# 41
H Cyanobacteriales 157 Bk # £l Xenococcaceae)
X =B R 2 T HAMRE AL T STHEA S & BUhntR
BK B Bk (Granulosicoccaceae). 2T F} 7K ¥ ff)MetaS-
tat 7 AT o4 B FE T AL [ U AE VR VR 22 )
Pl 32 AR TR ESM S HA 3 1 2 4 A, SM-SH.
SM-SPHISM-ST4) Al A 154~ 29 F1284E} 1 #)
FhoRE o = BE A7 AR 235 1 22 7 (P<0.05)
24 IhgeTal

N T ARG R DR UE T A I A S Th e,
AHE A FH TaxdFun B AFEAT DhRE TN . £ — 20 1)
AeKF b, 48 By RSB A ILIS R 6 A WA i 1 B,
& AL FEAR Ui (Metabolism, 5%t 3 B h45.47%—
46.84%). 1% {5 B AL P (Genetic information proce-
ssing, 21.47%—23.86%)~ ¥ 35 & &b # (Environ-
mental information processing, 11.82%—13.76%)#/
2 Hfu it #2 (Cellular processes, 7.63%—8.28%). X4
FE A A T O B D RE, O R E B AL
o A, 4 Sy R A A (8] E — 2 Dy RE /K P TR
1) 25 DR 3= B 9 A B 3 M 2 S (P>0.05) . 1E R Thfe

B2 ET () AR () KT A PR 45 A L

Fig. 2 The composition of the microbial community at the level of phylum (a) and genus (b)
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AP b, R R 4440 AR HHE R (K 4). BRK
1t A Wy AR (Carbohydrate metabolism)7E ilf F £ A
PR R B, 15 5010.71%—11.13%. 1

no acid metabolism). & ] F11& & (Replication and
repair)th y E E D fE . £ = AR HHE K, SM-
SP. SM-SHAMISM-STZ3 784> 43N EAR

A, i 12 (Membrane transport)s  Z &R A (Ami-

188 A7 AE 35 M 22 5 (P<0.05)

x1 MMHIEEFEAENFER0NASVsRHES X R
Tab. 1 Abundance percentage and taxonomic affiliations of the 10 most abundant ASVs of four gulfweed sample groups
FEAA ASV A Il N H B
Sample group Relative abundance (%) Phylum Class Order Family
SM ASV7 8.04 Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae
ASV24 6.41 Bacteroidota Bacteroidia Flavobacteriales Flavobacteriaceae
ASV12 4.17 Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae
ASV25 2.81 Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae
ASV14 2.09 Cyanobacteria Cyanobacteriia Cyanobacteriales Xenococcaceae
ASV28 2.09 Proteobacteria Gammaproteobacteria Aeromonadales Succinivibrionaceae
ASV41 1.52 Proteobacteria Alphaproteobacteria Rhizobiales Rhizobiaceae
ASVS53 1.33 Proteobacteria Gammaproteobacteria Thiotrichales Thiotrichaceae
ASV61 1.29 Proteobacteria Alphaproteobacteria Rhizobiales Rhizobiaceae
ASV44 1.06 Proteobacteria Alphaproteobacteria Caulobacterales Hyphomonadaceae
Sp ASV7 1.78 Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae
ASV46 1.33 Firmicutes Clostridia Oscillospirales Eubacterium_
coprostanoligenes_group
ASV31 1.10 Bacteroidota Bacteroidia Bacteroidales Rikenellaceae
ASV8l1 1.06 Proteobacteria Gammaproteobacteria Enterobacterales Enterobacteriaceae
ASV59 1.06 Bacteroidota acteroidia Bacteroidales Muribaculaceae
ASV54 0.91 Bacteroidota Bacteroidia Bacteroidales Rikenellaceae
ASV28 0.87 Proteobacteria Gammaproteobacteria Aeromonadales Succinivibrionaceae
ASV13 0.83 Proteobacteria Gammaproteobacteria Granulosicoccales ~ Granulosicoccaceae
ASV14 0.80 Cyanobacteria Cyanobacteriia Cyanobacteriales Xenococcaceae
ASV42 0.80 Bacteroidota Bacteroidia Bacteroidales Muribaculaceae
SH ASV177 11.53 Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae
ASV3 10.31 Proteobacteria Alphaproteobacteria SARI11 clade Clade [
ASVS570 5.65 Proteobacteria Gammaproteobacteria Thiotrichales Thiotrichaceae
ASV498 3.07 Verrucomicrobiota Verrucomicrobiae Verrucomicrobiales Rubritaleaceae
ASV925 2.84 Proteobacteria Alphaproteobacteria  Acetobacterales Acetobacteraceae
ASV1428 1.78 Firmicutes Clostridia Peptostreptococcales- Peptostreptococcales-
Tissierellales Tissierellales
ASV1468 1.67 Firmicutes Bacilli Lactobacillales Leuconostocaceae
ASV28 1.29 Proteobacteria Gammaproteobacteria Aeromonadales Succinivibrionaceae
ASV1652 1.25 Actinobacteriota  Acidimicrobiia Microtrichales Microtrichaceae
ASV2318 1.10 Proteobacteria Gammaproteobacteria Thiotrichales Thiotrichaceae
ST ASV32 3.26 Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae
ASV13 3.15 Proteobacteria Gammaproteobacteria Granulosicoccales ~ Granulosicoccaceae
ASV67 1.55 Proteobacteria Gammaproteobacteria Xanthomonadales ~ Xanthomonadaceae
ASVS57 1.37 Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae
ASV128 1.10 Proteobacteria Gammaproteobacteria Xanthomonadales Xanthomonadaceae
ASV38 1.06 Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae
ASV73 1.02 Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae
ASV139 0.87 Proteobacteria Alphaproteobacteria Sphingomonadales ~ Sphingomonadaceae
ASV7 0.68 Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae
ASV12 0.57 Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae
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HAERIIRE, RN TR EENAESIRAGE
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AW T IE T 16S rRNA I 5l 5 $ A 6 3 i
HAAR D RS T BRT. WEARE
)RS HE ZH g KRR A AT T 0 7 AU o B, K
WATE AN MAEDHEREARANEEE. £
FEVERNTE B0 . 55 R EEFEAAE L, K T
B AEYEEAEERN MR EEE, XS
Lemay25"" | James%:™” il Weigel 4 1 #1401 .
NMDS 73 #1 ¥ 7~ B 2 8 A5 A Bt A= T B 465 4 5 0K
TS HAE AR 20, SRS KA 3
A 12ASVs, d AV A0.136%. 5 bR A 2 5 5
A VBTG S5 ZE AT RE R B TR RSN 2
) B4 A IR 22 S s B ), /K PR 90 TS FE AR
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T[] — 355 1 8 A ¥ iy P A2 181 e &5 M AR AR, 2 L
1135 F137%. Moellerds ™k B [7] [X 15 1 J 28 482
PR AN R PR AE Iy T8 B T 245 R4 AR AL B A ) DX 38 1) vy
53%, R 2 W% 202 7 OTUsHE i + & T
W5 SR A3 AT

AFp Gy PR AE A VR S AT AE 2 R, AT RE
2 T 18 ETR SR ESH WA EY R %5
FE . ZOUTLR, 18 E R A SR
PR A TR A ) 5 4, RIS ) — ok o 8 P A ) A K A
MAEMBE SRR 25, BREESE Rl
e i e Nl A S M B
BRI, BB E, iR RN, AR i
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. f Arcobacteraceae

. 0_Campylobacterales
. ¢_Campylobacteria

. f Xenococcaceae
_Cyanobacteriales

. ¢_Cyanobacteriia

i. f Peptostreptococcales Tissierellales
j. o_Alteromonadales

. f Methylophilaceae

. f Granulosicoccaceae
. o_Granulosicoccales
.f SAR86_clade
.0_SARS86_clade

. f Rubritaleaceae

. 0_Verrucomicrobiales
. ¢_Verrucomicrobiae

oo o

—

83— = =1 e}
e o

QT o B -«

BI01q0101WI00n 15 A d
-

K3 LEfSesr#rmsiib s 3
Fig. 3 The cladogram of LEfSe analysis

X 2 22 SR IR 23 FE IO )R, BT R AL A 22 AN 5 3, AN R AR AR 20 ST KA X =2 P

Significantly discriminant taxon nodes are coloured. Yellow nodes represent non-significant differences in groups. Diameter of each node

represents the relative abundance of each taxon
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32 SEEMEREEBAENEDSINGE

AT I 2 95 Bt A A A A6 AL 2 RRFE IR 4 KB T
(B 7K RIASVIKF) 3L H B B 1478 325 5 4, +
X 3= BE T 10ASVSTEA [A] By J2 A% A (8] (1) 43 A7 th gk
— R T R RSS2 e, T X S A
ASVsFT B ERI AT R A EA, A
WA AR ER ARBER EER. W
FORBR B RBHSVE R A S R Y K185 B EAE
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COMPARISON OF EPIPHYTIC MICROBIAL COMMUNITIES ON FOUR
SPECIES OF SARGASSUM

GUO Zhan-Sheng"’, CHEN Wen-Jing', CHANG Li-Rong’, LIANG Zhen-Lin' and SHI Kun-Tao’

(1. Marine College, Shandong University, Weihai 264200, China; 2. Weihai Changqing Ocean Science Technology Co., LTD.,
Rongcheng 264300, China; 3. Huancui District Marine Development Research Center, Weihai 264200, China)

Abstract: The macroalgae, including Sargassum muticum (labeled as SM), Sargassum thunbergii (ST), Sargassum
horneri (SH) and Sargassum pallidum (SP), are common Sargassum species distributed in the intertidal zone of Yellow
Sea and Bohai Sea in China. These Sargassum species serve as essential components of seaweed beds, creating an opti-
mal habitat for marine life, playing an important role in the conservation of fishery resources, marine eutrophication,
and improvement of the ecological environment in coastal waters. The close interactions between macroalgae and their
epiphytic microorganisms have a significant impact on the growth and development of the host macroalgae. Conse-
quently, describing the microbial diversity associated with Sargassum species is an essential step towards a comprehen-
sive understanding of gulfweed ecosystem dynamics. Previous studies primarily focused on individual Sargassum
species, leaving a notable gap in the comparison of microbial diversity among closely related sympatric host species. In
this study, the epiphytic microbial communities on four sympatric Sargassum species (SM, ST, SH, and SP) and the
overlaying seawater (labeled as W) were investigated by high-throughput sequencing of 16S rRNA for the first time.
The results showed that a total of 8793 ASVs were obtained from 15 samples, only 12 ASVs were shared between
macroalgae and water sample groups. ST displayed the highest number unique ASVs among Sargassum groups. The
alpha diversity analyses showed that the microbial richness and diversity were obviously higher in water than that in
macroalgae. Comparing the Sargassum groups, ST displayed the highest Shannon and Chao 1 values. The NMDS ana-
lysis showed that replicates exhibited high similarity, except for the SH group, as the microbial communities in
macroalgae and water groups formed clear separate clusters. Further PERMANOV A analysis confirmed no significant diffe-
rences between Sargassum groups (P>0.05). The composition of microbial communities on macroalgae were assessed
at both the phylum and genus levels. Dominant phyla included Proteobacteria, Bacteroidota and Firmicutes varied from
80.39% to 94.54%. At genus level, the microbial communities differed between macroalgae and water samples, with
common predominant genera across all sample groups, such as Yoonia-Loktanella (from 2.46% to 12.10%), Rikenel-
laceae RC9 _gut group (2.54% to 7.02%) and UCG-005 (2.84% to 7.96%). Some genera presented the host-specificity
character, e.g. Acaryochloris MBICI11017, Aeromicrobium and Stenotrophomonas were unique in SM, SP, and ST,
respectively. The distribution and abundance percentage of the 10 most abundant ASVs in the four Sargassum groups
were more distinct. LEfSe was used to discover and interpret the high taxa biomarkers, resulting in the identification of
18 biomarkers, including 9 of W, 4 of SH, 3 of SM and 2 of ST. MetaStat analysis showed that the microbial commu-
nity differences among the four Sargassum groups were mainly concentrated in SM and the other three Sargassum
groups. The metagenome function prediction of macroalgae was carried out using Tax4Fun software, predicting six
primary level biological functional pathways. These pathways mainly included metabolism, genetic information
processing, environmental information processing and cellular processes, with metabolism being the prominent
common function in Sargassum groups. A total of 44 ecological functions were summarized at level 2, and Carbohy-
drate metabolism (10.71% to 11.13%) was the highest in abundance in all sample groups. This study provides valuable
theoretical basis for further understanding the ecological effects of Sargassum by comparing the epiphytic microbial
communities on four species of Sargassum.

Key words: Epiphytic microbial community; High-throughput sequencing; Diversity; Function prediction; Sargassum
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