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TR 15 EA AR A AL e s . b AN
S AR BEHETE A K AN 2 EAFETE 22 5, TR
SEOH WA TR BRNAL A S AN R DT i — 2
SRR A B AL SR P R 2R S A T i,
I BB 3 (Sargassum thunbergii ) M HE BRI 4
FEAH BAEAR IR A R TG BE SN B840 i A i 11
FETE R AL XA S B T H R DB 45 7=, e V] fig
S 7 L AT P2 110 A0 BT 5 s S B R S 22 S
PRI , R R PE RE SIE  AE RS, B A 1 s Y AN ] 24 25 52
W) B A TR 7% 235 0 K ARG D RE » 48 90 B 3 28 A TR
TEIE Z IR KD RE AR X IR A T il R AL 3 26 1 A 254
JHEAEEE L,

EMGSE(Sargassum fusiforme )WE R —FP g R
AR I 2 35 SRR S R 3 Bl (Sargassaceae) 2 i
J& (Sargasswm) , 76 7 R UF I M X o0 A T3z, 2R
SEIE T M S AR A BRI M L A Pl A 1
AL At A FEFE PR A B A2 B FE TR 1 AR B
FLHHE S B9 SORS 9 6 BN T A A R L A T 2R L R
Jei HL S A B B 3 A R 2 2 BB B O i R
VEAE R , Bt W B2 IR R R IR A A G EA
RIS 52 3 BOR B 22 1 O T2 02 T WS Jl it 5 Ff
AT I BRI A 7E 2 5 ik BB OE BR L B AR R L 2
TRV A VA7 | kst K BT R SR TR AE S R SRR
EPESE RSB I KA HEAE . iR
S S ok 1) R i RS A 38 s i A O e s T ) ) 22
SERSIE AT 8 5T 16S rRNA I 5 5 A X 2747 3
TRA T B N A T AT T TR A S DI RE 3 A, B AE
RN B AL A S D e de IR AR

1 MRSIT

1.1 HERESKE

ARG T 2024 45 7 H L ZEW5 LLVE /NG 5 2 0 v 3,
TR R AR S SR M SRS 6 AR REEMENEE
FEACHESD (45 . SZ1.SZ2, SZ3) I PE A= FE FLRE i (4
5:M_SZ1.M_SZ2 .M _SZ3) ., WP HBERE S (5
QN1.QN2,QN3)  HEPESFERE dh (Fi'5 M_QN1.M_
QN2.M_QN) £ 3 4>, REFAEMME. L AZXE
LR AR W PR R I 9 B T g 5 28 o S 00 = R A T i 2
ARFH LB 4 FH TG TR TR K R SR AR A i AT T B e S SR
Jo MDCERG SR T i 2 25 g AERFE I R E
250 mL #EFH . I 70 mL 0. 01 mol « L' #finth sz
ik (pH=7. O HESREEMER H 5 . 7E 200 r « min !
FIFER ET 2R IRY 0.5 ho BRI J5 IR (0 e 1Ak
FEM 5 Y B 2R B R 20t 500 B i ad ug . 254
BTG MY 24 BT, AETCTR FREE Pl 2L 2s g
e PR AN L O LR 0. 22 pom B8 BE SE 40 A L Fifi

J& S BB g AR AR AE — 80 °C B IR vk AR v, T )5 42
DNA 25,
1.2 DNA B R S EENF

XA B8 BAIAE A SR ] OMEGA Soil DNA
Kit(Omega Bio-Tek, Norcross, GA, USA) &5 & i
17 DNA fh42 . #5089 DNA T 0. 8 % Bl s Ik
RV B B L 1 5, Rl Nanodrop ( Thermo Scien-
tific) X DNA #Ff7 i., RN 16S rRNA JEH &
FERTAR Y V5 —VT7 XTI, PCR 8451410 799F
(5’-AACMGGATTAGATACCCKG-3")F1 1193R(5-
ACGTCATCCCCACCTTCC-3")  PCR Jz Ji 4 %
(25 pl) 4% :2X Tag PCR MasterMix 12.5 pl, F.F
W59 (10 pmol » L™ 4% 1 uL 44k DNA 10 ng, J T
WFZE 25 pl 19 ddH, O, $ G4 aNF - 98 C FiAs
5 min; 98 ‘CAE: 30 5,53 ‘CiR k 30 5,72 ‘CHEfH 45 s,
3L 25 FFFR; 72 CLIAEM 5 min, B = YikiT 2%
BrREH BRI LUK, VT E B9 7 Bl ] Axygen $E M [R1
ARG T R, K A ™ Wy 4 S5 R R IR FE TR & 1
## PE300 2, 2% H Illumina NovaSeq 6000 & 47
X e (R 1 R e 1V R AR 2R MR R A R A
D
1. 3 BB IB R o

bR 5 B0 A demux 37 14 98 17 £ A 4b B,
cutadapt AT W VIR S8 5 1 DADA2 F4t
FEHNHEAT i ik U 25 MR PR AR B AR R AR B A
B, XF ERFRAS A F 4 100 %6 1 B AR AL E #8471
I, A R AE M P 510 5 38 )7 41 22 4K (Amplicon se-
quence variant, ASV) DL} = B R ds Feas i i R
H Greengenes £tds 7 . B ASV FRAE ¥ 91 5 £ 3 7
127 7 5\ LEXT  AREUEES ASV TR Y 43 262405
B HFEEEMT2EFEAN) T S8 0. 001 %01 ASV
F WG E R T A ASV CEREAS N A X 2 i <<
1%89 ASV) B BEAEFE T e 820

F ECEEA TR R A Z Rk, DL SRR A v e 1) i
FARFEAR PR 1Y 95 % X ASV = B REDEA T REHL A0
L DIRCIE P IR BE 5 | i i RE A (8] Z e PR 22 550 F A
A M MEMEAE P FC A (SZ) HEME AR B 4L (M_SZ) L B
PR (QND AR A (M_QN) . AR v bl
HLAH IR B 1 7 3 TR 45 21 7 — R 51 45 5 1) DU
FPUREE T ] B AL B 1 4 A B B A 1 b 1 A X R
B AR B 2 SR FEFEAS o A Bl - VR 1Y) A
PSR Shy B M | g A A A T N AR T
EYIRETE T o ZHEVE M QIME2 AR RAT o
ZREMEAREL LA Chaol FEBCERIEEF N [ LL Good” s
coverage ¥EEUFAEH 55 FH- LA Shannon #1 Simpson 45§
BORAEZREENT 1 K M e A T R A T ROE L
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PERR A TR ) ASV 2 H A2 B2 AR B /NI AR A A U HE
G, K2 log, FEALIG WARXT E BE(EVE AL AR, 7E R
b g S AR 22 ) 45 o 4 S B AE Gt 4L DA L
WL Sz e B 9% b E AR A ASY B8R R
ASV TG FEA I BERUE , LA S AR — A
G R T G T R EA T ASV, T
BEMNEAZMPER L] Venn A,

it R AR vegan £, E:F Bray-Curtis JE B
HEAT B ZFEE AT s LATRSEREASIA) (0 G 2R W R D 2 vy A
b, If 38 3 BR i P 3 A2 4% 53 1 (Constrained principal
coordinates analysis, CPCoA) 77 i 47 n] M4k . SR AIF
MR B B 22 S R T R i
FIH Kruskal-Wallis 5k 1 56 46 0 By 47 (8RR AE 4 Fl
TE A AN [ 2 1] A A b 3 B 22 SRS i e 22 =
Yidh . A H Wilcoxon e FIAKE 55, LU IE L A b 25 1
22 SRS 0 A R AP R A A [ — 2 2 900 BB
Hh— 2 A2 1k #a e, d5 5 8 R 2tk 40 53 43 A (Linear
discriminant analysis, LDA) 15 2| fx & ) 4 [0] 22 7 )
ﬁ[?lfz] .

EEWRETS RS DI BE T PICRUS2 )75 5UAR
FERN S5 INH T R4 3 (Kyoto Encyclopedia of Genes
and Genomes, KEGG) £tdg FE 47wl 2 7 Fuil

S50 XD RE R OTHEA T D AR JE b 1Y 32 AR R 3 A (Prin-
cipal coordinates analysis, PCoA) , [d] B} 4R #5 /% 1F J5 B9
P {H (Adjusted P value) 1252 7 £ 5541 (log, (Fold
change) ) 43| i 32 M | i 74 B G AIHE L gk <R 24 TR 1)
2 SARIE

2 45

2.1 SEENFLER

FIH 16S rRNA JUF A X 12 AR AT .
AR FEAGFE 51 839 520 45,31 DADA2 84X} 15 2]
B AR PN EAT s L M B L R ARG L RS =
Bt 8 AR TE 51 437 848 4% Fe )5 £ % singleton
JPAN BRI 119 ASV) R - 3R15 751 436 805 45 (I
2D AFEENESE BT R AR — .
S A= B FE B AR T R4S T 81 Sl 64 849 ~ 70 141
4 I HEME AR BN AR BT 51 5 (66 462~81 545 2% &
FE T HEE PR M_SZ1 Y R . TEARUF
G A R ER Y 8 )y T L e R R R AR R A T
SHEPE 85 B R 2 AT o e = A A R 1Y R o i A
SEEIR 38 060 4%, IMMEME M A T 34 714 %%, Uik
Ab, BERE S BB & M 2 BR singleton J& AR B R KT
99 %6 2 B AL T 7T 4

®1 HARIIESRITR

Table 1 Statistical table of sample sequence quantity

” N , , " ; FBR AT

o BEIBGE ORISR BHEERRAE  RRATEINE st

Sarmol Original sequence  Denoised sequence ~ Merged sequence Non-chimeric ; cingl ti

ampie quantity quantity quantity sequence quantity onsmgie OI.l

sequence quantity

QN1 72 820 67 044 56 983 36 907 36 794
QN2 61 190 56 713 52 838 35 639 35 608
QN3 63 729 58 652 52 523 32 397 32 311
M_QN1 67 097 62 564 57 916 38 791 38 731
M_QN2 70 008 64 525 58 263 38 898 38 815
M_QN3 76 209 70 423 62 252 36 491 36 382
SZ1 64 849 60 257 55 288 36 002 35970
S72 63 997 58 471 50 628 30 671 30 531
S73 70 141 64 055 55 889 33 171 33 039
M_S71 81 545 75 424 68 791 42 217 42 133
M_S7z2 66 462 61 567 55 901 36 337 36 264
M_SZ3 81 473 75 383 68 151 40 327 40 227
&1t Total 839 520 775 078 695 423 437 848 436 805
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T Chaol $8EUEE AR BRI L Bos LK 1,24
Iy EEIKE] 30 000 A%, 2573 2 B ) Bl SRR 23
NG WA BT 5T 0000 7 TR E 8 58 70 il R AL AR T
AR R, 1 2 D ME A B FE R A= T R |
P A T A2 I ) = B 4 2 2, T £ 97 G A JEE I
W T HER LAY B ST . T LUAR I M AR BE ST R AR
T B2 208 B A4 R A 2050 1 4 B S %, 3k 3 P
PELE B FCIT AR B MMEPE R A 1 P 25 ASV L R
JE 22 AU/ IN VR S 2 S LB
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AR AE T e/ ME 5 T2 P8 S B e 8 8 XA A 22 B UL N 45
SIS o 2R ARV 22, ST P RO 2 LURAE A i i R 2 e, i —
RT3 A sl DR R 5 BT ASVs. The upper and lower
boundaries of the box represent the upper and lower quartiles, the line
within the box denotes the median, and the upper and lower whiskers in-
dicate the maximum and minimum values, respectively. The flatness of
the curves reflects the effect of sequencing depth on the observed sample
diversity. A flatter curve indicates that the sequencing data are sufficient
to characterize the species diversity of the samples, and that further in-
creasing sequencing depth can hardly detect a large number of novel AS-

Vs.)
Bl 1 ATl ARG AE AT Chaol FEEUFRRRINLL

Fig. 1 Rarefaction curves based on the Chaol index for epiphytic bacteria

on female and male receptacles and air vesicles of Sargassum fusiforme
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Fig. 2 Rank-abundance curves of epiphytic bacteria on male and female

reproductive receptacles and gas vesicles of Sargassum fusiforme
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1 774 A4, i 43 ASV 1Y 75. 33 %0 5 11 b4 A 5 T
AT R ASV AR 1 532 A, i H A EE ASV )
69. 23 %0 s MM AR BFF A TR IEPE R MHE AR ASV
BRI A9 1 690 11 609 4>, (5 H AT ASV 1Y
75. 78 %M1 70. 94 % . MWWITEILE ASV SKFE , MM AR
FE B A B8RP AR B FC I A B AT ASV 3k 314 A4, 43331
7 O P A B T B 2R ORI M A B G AR B ASY
13. 33 %01 14. 19 %0 5 Wi <022 BAF A= 77 R 1 <02 B 2R
WA ASV 3L 271 />, 3550 A0 30 B2 RN IE PR
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Fig. 3 Venn diagram of epiphytic bacteria on
male and female reproductive receptacles and

gas vesicles of Sargassum fusiforme

2.2 MERBESIEFES T

FRG R A DR I Z AR P 0 BT 45 2R, S S A= Tl 4t
FRF A= B 1Y) T 48 0 R 22 A P 2 B 3 P O 2 S
fE. o ZREMSHT IR, M HEAE BEFERT A= T A9 Good s
Coverage ¥8E(3435 0. 97 DAL, 3 3 B 3 44 s B 2 0%
BRFEAR T Y R ZE M EY RS LE 4. N
Simpson $§ #U 1 Shannon 8 ZCk & . M4 A= 5 FE B A=
PRI 1 TR A B B 2B T, 0 R M A 5 R R A
P S HEVE A P TR AR B AE Simpson F8 48 I 2 B B E 22
5(p=0. 05) X 7 B A= FEFE R A AR A bl A 5
FER AT E A B m 0 E RIS B B s 2
1. Chaol $8EGHE F IR FAEFE S b A P e 7% 19 =F
FEAR S, FAE MR, AR B BB 2, AR 5% v v
A FEFERI AR T Chaol $8 850 T bR 2R 7 FE R 2E T 3R
WP P 2 B N A TR A — R B T A
W, EREHALN D, MR AE WA « 2R
TR S HEE M AE R Z M R R R E W R (p >
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Fig. 4 Differences in a diversity indices of epiphytic bacteria between groups of male and female reproductive

receptacles and gas vesicles of Sargassum fusiforme

FET Bray-Curtis 48 2009 BR #il #4: 3= A b5 7B (CP-
CoA) X ERASEAS [R5 AN [R) 25 1 v A 2k e v i
TTFEAR B 22 57 AT B B 1) 2R A 45 SR &l 5 B
TN 25 T LN AR AR SRS AE — R, (H AR [RI ZH 0 22 [ iy A
ARAELESY B . CPCoAl Fil CPCoA2 Z3 iR T 46.89%
F130. 25 Y WTUAE M RETR 25 5 S K AT T 444 38. 2 %%
HAE 5, JF H 4l 0] 2 D AR 7E — A PR A ) Y i 2% 22 =
(p=0.00D) , XFRWIAT MG 5 AF &5 ey
TR 41 22 5 W W7 o E A S e e A i o B B A
VRTETE Z AR R SORE TR A0 ML AR 7E 0 3 Ak, B0 5
PR AR S I T 45 X 245 119 2 S B DTAH G
2.3 MERBEAERK

SRR AR I A6 5 e AR O L e A 4 B o A R A

TETE 2L B 1 22 53 s A BIF 5 5 1 1T K1 i K Pk B
A RIFE—L 00 L 6) . 1K Hr g R R,
i A 43 21 0 A8 2 B 1] (Proteobacteria) | 77 %% B [
(Planctomycetota) J& 32 B A BB 1. BLAh. #2505 ]
(Bdellovibrionota) . J& BE I& [ ] (Firmicutes) . i i #T B
I'T(Desulfobacterota) JAZ [ ] (Actinobacteriota)  fi§
ALIZTE R ] (Nitrospirota) \ i EK B '] (Myxococcota) .
IKIAH ] (Dadabacteria) 4L FF B ] (Bacteroidota) %5
W TR b A B I 3 . AN R 2500 22 [A) 4% T 1)
B RERT = BE A TR — i 22 5, U HOI W A B G B 2R T
FEPE SR AR R AR JE T 1] (Proteobacteria) B AH X
A= FE Y 43 AR T e P A B FE B A= TR RN P S A
W, M PEEE 1 [] (Planctomycetota) FAH X} 3 BE AR fk #4
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P 5 ZH B

WNJE KR -GS ME | A= 5 2 B B A T oA
Xof - BE A 0 TR T LA VAT B (Hellea) R FFTA
J& (Erythrobacter) . R BR & )& (Granulosicoccus) .
HNTJE (Litorimonas) VN & (Vibrio) | 25 /NLIE
Wi )& (Blastopirellula) V.G R E: AT )& (Sul fitobact-
er) BRI VR B (Cobetia) AR K & (Alter-
erythrobacter) M1 )\ & J& (Octadecabacter ) 5 Z F
VS . AR RN B R WR AR AR (] 9 O 4T AE o3 A
FVAEXT 2B E A7 B AN TA] e A B ST R A R v
AR (Hellea) VIR & (Vibrio) 25 /NRUE &
(Blastopirellula) AR FREEAT & (Sul fitobacter) 5§
VRl R AFXS = B2 e T e 2 G B 2E T T A P A A
FORH A= R SO BR B & (Granulosicoccus ) F1TE: PP R
J& (Litorimonas) PR 35 FE 4wy . M L o <3 B A=
TR PR A R 1) 22 S g e A B B A TR R AS AR
L AEZEFE/INBIE B T8 (Blasto pirellula ) AR U F5
J& (Cobetia) FAERT == B 76 HE | iS58 B A 12T b B 25 s
TR B A R AE TR

@ 1007
M Proteobacteria
90 M Planctomycetota
M Bdellovibrionota
80 M Firmicutes
B Desulfobacterota
704 Actinobacteriota
g Nitrospirota
60 Myxococcota
Dadabacteria
504 Bacteroidota
O HABOthers

H X} FE F Relative abundance/%

QN sz MOQN MSZ

38.2% 17 AR 72 38.2% of variance explained; P=0.001 Rk
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Fig. 5 CPCoA analysis of epiphytic bacteria on
male and female reproductive receptacles and
gas vesicles of Sargassum fusiforme
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Fig. 6 Composition of epiphytic bacterial communities on male and female reproductive receptacles and

gas vesicles of Sargassum fusiforme

2.4 HEERHFS T

SR — 2L F BT S SR A e 2 B A R AR
1Y 28 SRR o A RIS SR G A8 41 531 43 7 28007 £ (Linear
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Diversity and Metabolic Regulation of Epiphytic Bacteria on Male and
Female Reproductive Organs of Sargassum fusiforme
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Lv Mengchen"***, Liu Qian"**", Wu Haiyi'***’
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Abstract: To explore the differential characteristics of epiphytic bacteria in female and male organs of
Sargassum fusiforme , this study analyzed community diversity and metabolic function differences of the
epiphytic bacteria on the reproductive receptacles and gas vesicles of Sargassum fusiforme by using 16S
rRNA high-throughput sequencing technology. The results showed that there were significant differ-
ences in the epiphytic bacteria between male and female reproductive organs of Sargassum fusiforme. In
terms of community diversity, the a diversity of the epiphytic bacteria on the female reproductive recep-
tacles was higher than that on the male ones. B diversity analysis indicated that gender was the main fac-
tor driving the structural differentiation of the epiphytic bacteria on the reproductive receptacles. Re-
garding community composition, Proteobacteria and Planctomycetota were the dominant bacterial phyla
in the reproductive organs of Sargassum fusiforme. The relative abundance of Planctomycetota was
higher in the epiphytic bacteria of the female reproductive receptacles and gas vesicles, while Proteobac-
teria dominated in the epiphytic bacteria of the male reproductive receptacles and gas vesicles. At the ge-
nus level, the dominant epiphytic bacterial genera on the female reproductive receptacles were Hellea ,
Vibrio , and Blastopirellula , while male reproductive receptacles and gas vesicles were primarily domi-
nated by Granulosicoccus and Litorimonas. Metabolic pathway analysis revealed that epiphytic bacteria
on female reproductive receptacles exhibited significant upregulation in pathways such as glycosamin-
oglycan degradation and steroid hormone biosynthesis. In contrast. epiphytic bacteria on male recepta-
cles showed enrichment in carotenoid biosynthesis and oxidative phosphorylation pathways. Compared
to male gas vesicles, epiphytic bacteria of the female gas vesicles significantly upregulated pathways in-
cluding B-lactam resistance, glycosaminoglycan degradation, and sphingolipid metabolism.

Key words:  Sargassum fusiforme; reproductive organ; epiphytic bacteria; 16S rRNA; community

structure; metabolic pathway
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