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FHiAERERER G, MM HERMER W R BIKE
Wb PSS EIE AR AR 4L, FIH thallusin #4858 X}
WA AR, JFRH 16S rDNA #3850 7434
Wr LB A Al T AR Ak, R i SR A 4 TR T e
R A MR EE S %

1 HES5HE

1.1 FEARBREER

WS YR W 2 (Ulva prolifera) AR T 2008 4F
7 AFEIREE SR E, L Esifl, FIH
WFERCF BA G, R s iR E, JHE
10°CARIRARFD . W& BIRTRA M TR 20+1°C, O
MR 120 pmolm s, L : D=12h: 12h, RH&E
WEEHE K (ALK, B )FERE 25~30 £h AKX,
FEHEA T R KA e, FIJC R S48 A1 0.22 pm £ 3k 2
TEARIMAE FRER L H] VSE R 323285 .

1.2 RAEFBEFREAH

FHEHETESES A 0.22 pm 43k HHEHER
G M R MEFEE B IRIATTA Z A S K
) VSE Rigrdbh, $R5). IRAIG MBARPTAE R4k
JER: HHE G 0.1 gL; MRHER 0.1 gL; 2%
% B 0.03 g/LP, Fir il 42 ¥R T #R A
13 #ERTHRBEAZE

PrAE RACFHAL (K 4L): H5 W 55 S A O ) B
AZBNEA 3R AE R VSE B3 i 14535, B 5d
T 1 REAPUEZER VSE B35, HAMMAT
FEREH 3 mm BB R FIE R, s HiER
(B R LR 5

XPHRZL(KH 21): RV AAN N4 Z 1) VSE K 5%
FEIE S E BT .

BAH ST 3 NEE VAT, RATHE A
R, JLERgE 25 d, B S d IR — U & IR L
Fidfe 1 IREEFR, KiFead B4Rk FHJC R A
14 #EXE@BNHLB

Oy FRE 25 d R KH 4R K 4 ik,
R FH IC A v 7K RN JC T B BRAE ¥ VRIS A (V0P AT )
PL 70 Hz SUCRMFEEN FHIAR 120 s, (35 Sk e 4
W%, B0 EHEELL 3 000 rpm BYHEEES L 30 s, B
J TE R TAE & HoR 0 I 5 T R R Y
KEBE.OE M, 46223 000 rpm 2.0 2 min, WF &4k
Bk A T TR AR B0 A RE O

1.5 #ZEMAR DNAWRIRE R Ky ¥

K] E.ZN.A.® soil DNA kit &5 £ $2 B 2
PR DNA . F 1% By i B 358 e FEL VKR 41 TR DNA,
TERWEMW . ARSI FWHER T, M
NanoDrop 2000 il & ZH B DNA 9k 5 f4li i, DNA
M FER] 10 ng/pl. 28 %55 BT ik 5 4 09 40 1 25 PR 20
DNA #1745 16S rRNA LR ) V3—V4 n] 25 [X
KL PCR Y B SIS R £ 1, HTIasLretkss
Mr. #—% PCR 4 41K 2 (20 pL)& F: 5xTransStart
FastPfu 2% 1"/ 4 pL, 2.5 mmol/L dNTPs 2 uL, 1E/ 5]
¥)(5 pmol/L)0.8 puL, #£4X DNA 1 uL, ddH,0 11.4 uL.
9 5 PCRYIGIA R 55— UM F], #E4X DNA B4k
Ho—% PCR 7). 5 —% PCR [ 51K 95°C
ASYE 3 min; 95°CAEE 30 s, 46°CiB 2k 30 s, 72°C 4EAi
30 s, 30 MIEFR; 72°CZEfH 10 min, %5 %8 PCR W &%
{14 95 C AR 3 min; 95°CZF4 30 s, 55°CiB 2k 30 s,
T2°CHEAH 30 s, 27 MEER; 72°CHEH 10 min,

=1 EX PCRHEX3I4

Tab.1 Constructed primers for nested PCR
Gk izl
799F 5'-AACMGGATTAGATACCCKG-3’
1392R 5'-ACGGGCGGTGTGTRC-3’
799F 5'-AACMGGATTAGATACCCKG-3’
1193R 5'-ACGTCATCCCCACCTTCC-3’

1.6 Illumina Miseq 5 5 #3247

Fe IRl —HE 5L PCR P& 5 i, RIS =4
i AxyPrep DNA B HEBUAFR] & (Axygen Biosci-
ences, Union City, CA, USA)A74lifk, J-H 2% Bifig
WHEERE LKA . {8 F] NEXTFLEX Rapid DNA-SEQ
Kit #4730, 05 R Nlumina Miseq PE300 -
BTN (S R E 2R IR A W] .

T AL R 4R %) K A Trimmomatic 4K 14 Al
FLASH 53 S EA T B b4k . 1] UPARSE %X
(7.1 Ri)(http://driveS.com/uparse/), $%08 97% AYAH
RIEEXT OTU 94T RIS A Bk G 14 . (] RDP
25 4% (http://rdp.cme.msu.edu/) X A4 P 41 3547 18 B,
HEATHIRNGRE, JFKE Silva BUHEPE(SSU128) 5 70% 11
BI{ELETT HL# . Alpha Z2F£M:4E %k(Shannon | Simpson .
Chaol. ACE. coverage) 41k H Mothur 4%} 4 1
FRHFFINEET OTU #17. FT bray_curtis 57
PR A FEA AT R0, R OB Y
geplot2 ALRRELEHEAT 32 L343 BT (PCoA), i FH pRi %k
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anosim FEATAHMIPE T (Anosim), iz Student’s t XX
JRE G 56 T 2L 240 TR AR 7 53 BE 22 S 1A 1 SO AR
PISF- YR 22 I U oR o
1.7 thallusin 5 #% & 3% 55

thallusin # [ H A SCHAE Matsuo'”, Ny
1000 fmol/mL. it LIRS A H, thallusin X Gayralia
oxyspermum WIATRCHE R 1 fg/mL~ 1 ag/mL!"* "7 &8 5
AR EERS ) thallusin S5HUAE RBESAAHLY JFEA
RASE 3 mm AT, WREEA 10 pmol/L FH45, LA
10 f5# RS, 200k 5 4. Zead 20 d 1555, kb iEdiy
B R ERE . ISINZAREE thallusin AYREFRIE
fER T 41, ANGIPTA=Z N thallusin (IRFFRIEAE R B 41,
RIS RIS E N K 4. PUERKG I
JEIEAKRESER 3 mm WFEEE 3 dIEFRIEIER
25d, HHEER 3 A, WSS BAARK ARSI
2 ER5HM
2.1 FAEEHE A KITHEA

KH 41 K A& 72t e e s,
El 1a F1EL 1b 23051124 KH 41 K 2L & B 5557 50 d
Ja A AEACRAS, FTRVE H, P R A5 0 2]
BB RN A K, KH 4N K AR, 3
2. It EPrAE Z A0 U B AR RN, KH 41
K AR AR5 512978 12 pm F1 8 pm(& 1c. 1d),
AL KH 400 KT K 41, K &80, H
TR A R i 1 A4 AL R 1d).

(b K AL E AT

(c) KH dH#FH EAANE
Pl 1 KH 2R K AF e B A4 i
Fig. 1 U. prolifera gametophyte seedlings in the KH and K groups

Fl 2a Sk KH 41 K 41 & 15 9% 25 d s g AR
fk, AL KH ZH3R7E 10 d e K, i K i
BRI LT AN A AR, B 5 3R [R] (4 38 i,
PHALWF & BRI 22 ORI . ARG FRT 25 d
Ja, HE RS mE 2b FiR, SRR Bkl
WEAK, WE AR, BA B, A
KB NSRRI

¥

0r o kna o .
= K41 =
g 30r o=
s =
220t ~=
< | .
B 0L =
% 10 20 30 s =
Hif i /d =
(a) KJEAME (b) FEA&ALL

K2 WFEETR 25 d IR K OB S 2
Fig. 2 Changes in the algal body length and morphology of
U. prolifera cultured for 25 days

22 HEEWAMAZHARIBEEL

R T BRI A AN S B 25 5, Bk
AR ST o WP A5 2 reads “FI KN
375 bp, KH 41 OTU “F-¥%R 149, K 4 OTU ~F-34%k
K 79K ARAF I IR LR EHE HE1 T Alpha ZREME T (R 2),
K 4119 Alpha ZHPEREEIMRT KH 41, Shannon 54X
1 Simpson 8% KH AN HEE IS KT K
2H, ACE #5%UH Chao $5%CR Y] KH HAM R+ & E
KF K 41(P<0.05), Coverage 8545 HEEA B o5
R 99%, WIFFA5RAER 5 . BTA SRR, EhiE
FRIRA A PR 5 T B A 40 5 Y Z2 R L X RRZH AT
2.3 Beta 3 HHSAT

K T AN TR LB REAS 22 (8] AR R P B 25 Sk, il
SHREARER R R 3a)FI EARFRHT (& 3b)HE T
PRE MR LI HEAR ZYORIE AR, ALK K
AT KH 410 & LR A iR o B R, 25 R R R
INPLAE 2 S W 04 B A 20 R A A 5 % R ZH AR
AR AR, 08 (PCoA) W IER T X —45
o N T H—EBIT 2T HE X, KT Bray-Curtis
FHSBEHETT ANOSIM AR /0T (#] 3¢). SRR
2% K THNZESR, P<0.05, BHSHAE X, Wik
WITE KH 41 A K AP A2 Ae AN IRl G sV
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#2 KA5 KHAMAERE o ZHMEHCFHELSSE)R LR

Tab.2 Comparison of bacterial community a-diversity indices(mean = SE)between K and KH groups

TR TRIEE A RAE AL ACE 6%k Chao 5% Coverage 1%
K 1.75+0.04 0.22+0.01 61.69+8.64 59.94+5.15 0.99+0
KH 1.97+0.34 0.25+0.07 111.77+20.75 109.72425.73 0.99+0
JEAKEPCoASHT
R=1.000 0, P=0.098 000
—KH JEAKFREAR Z RIS
—K3 0.4 e KH
-K . A K
K1
024 KH2IKHI
S
K2 2 1
= 0 : -
KH3 O 3
(=W
-0.2
KHI
H3
KH2 —0.4 . . . . .
-0.6 -04 02 0 02 04 06
0.4 0.2 0 PCI (78.06%)
(a) IRAKCEREAR R PRI (b) JBIKF-PCoA S T
16 J K2 P A T B
M Between
® KH
14- K
2 12
=
8|
2 101
S
Q
g 8-
s
z
< 64
-
g
& 44
.| —
O T T T
Between KH K
(c) ANOSIMZ3Hr
Kl 3 Beta ZFMEHT
Fig. 3 Beta diversity analysis
24 HBEMAMBARESHARET S INAEE iDL (I DO VY o d: I DN (v & T

TEN 12K (8 4a), KH 440 5 IR 78
JE T '] (Proteobacteria)d7.2% . 4L 4T 14 '] (Bacteroidota)
49.8% . T4 # 1  (Actinobacteriota)2.7% il — L& HoAth 4
o K AN & KOO EIEHTT 90.6% . AT
(Cyanobacteria)2.5% Fl—2E =AW . KH AL
FHUFFRRT ] b i, K 4UARIE BRI i b, RIATE

Bl 4b 78 T 87KV K 41H0 KH 24140 B i i 3=
IR A 2 B 22 S T R R o Maribacter TEWIZH T -
ERREK, KREAAET KHAH, HpraRExrs
(P<0.05) R 2 SR AE K 41 i =F B A AR T )
Burkholderia-Caballeronia-Paraburkholderia ) 2 1t KH
A = EE R Dinoroseobacter A1 NS9 _marine _group.
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M Proteobacteria
¥ Bacteroidota

B Actinobacteriota
M Cyanobacteria

ey
&
s
{L?(
& 06 Sy
3
EOA—
4
E 0.2
N KH K
(@) IR B
AT 2 5 bt
95% HAFIX 1] K
Maribacter | — — : 0.002892
unclassified_f_Rhizobiaceac | i — e " 002057
Burkholderia-Caballeronia-Paraburkholderia — P — *0.01386
Dinoroseobacter F —— 004439
norank_f NS9 marine_group F @ | *0.002377 i
norank_f _norank_o_ Chloroplast jgg :Fm * 004381 &
norank_f _Microtrichaceac [l * “0.009428
norank_f Hyphomonadaceae F o *0.0368
Jannaschia F q' “0.002575
Variovorax | ° 0005602
0 10 20 3040 30 20 -10 0 10 20 30
LEA/% P L2 25/%

(b) JR AR B 22503 (RiT10)

K 4

17Ky Fob 2 B e 7K P-4 8 22 S e T

Fig. 4 Phylum-level community composition analysis and genus-level differences in species abundance

2.5 thallusin 72 %2 3R B 38 o
N THRSE thallusin X #F & (i 2E 8 F B9 e ARk 2
PEAT U E BB R S (K] 5). i 20 d WIEE IR A B, 1
1 pmol/L ¥R EN, WE miiftE iz, Tiikk
K

fdi 114 1 pmol/L thallusin [ VSE %3534 35 A
I ARERFMWFE/ERN T4, 5 B4, KA E
RS 25 d JEMAER AR A 6a Ui, 5510 d
Frih, BALR T SR KEE R T K4, B 15dHFR T
MK ERT B 4, &R E M, =41
B WIARRKEZERE K, 25d FEASWE 6b iR, K
HHFE AL SIARLE, B, THANE LT Wil
REA, T AW S AR K ERT B4,

3 it
P W R K 2 oD 2 A

112

o PaiGE, g4 ] LLE YT Ulva sp PR A K
FIEZS R AU 20 ARFFSE R EIE R TR & (U
prolifera) I B A A X IR L EF B, FH
HRE G, MM HERMEZFER B =FhhiEREK
AW E LT, RIWE Y Y AL RE A,
WF 5 B B 2R 40 P 2 R R AR U, IR R
WEAEKEE W OCHA SR T3 iEdE
LIS AT, WS LT R TR A R A
o AT AT AR E TE T i B AR T S (B 1),
M K A E 5B ETE SRR, BRI
PIF A Uk R A, B B ERAR 40 h, WF
B mish, kg —/ N, HEiamRR, 5
T-Hi VR Marshall 501 A4 8 (14 JC B HF & B0 &
WEEAR—F . HERRTSMEFENAELK,
Lestonde PRSP EXS U. lactuca T 5256,
I PR R WEME XY U. lactuca A=K AT WHIAVER o [RIFE
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251 .
M 1d

20k O #520d T

g

S 15+ -

=

W -

= 101

:’E’i& -
1 Hﬂ
f D E

A B CDZE A BC
(¢) 39720 diF & A BE 2L

Bl 5 BN thallusin §F & S AR AL S 0
Fig. 5 Algal body length of U. prolifera with thallusin
1 A—E W19 10 pmol/L | 1 pmol/L, 1x10™" pmol/L ., 1x10 % pmol/L ,
1x107 pmol/L

60r o By q - S
= K4l 3
"y
5 :
W 5 )
< 5| -
2 é T
% 10 20 30 P
Il /d =
(a) KL (b) A4

Ko $ia% 25 diFs BEIAKIE IR EZ
Fig. 6 Changes in the body length and morphology of algae
cultured for 25 days

g, ARSI EE R I, FIHIPOA 2 5 35 1 i 4 B
PRAE R A W R (B 2), PR Z T L &4
HE A, I A R RS A A G, B
WF O E i B AR 2, — B IR IR PUAE R,
AR A AN SZ U R A, A0 A B,
B A AR IEF IR B AP RS L B
XHEE AR A B i O, I e e A R R
W WA /N 7 A B A P, A S
TANRAA, I LUE & A d, (R JCk I
RUFAS, T LA DU 0 A 28 e 3 o 410 74 200 7 DA T 5 20
BB REAZ.

Burke 25PYX 5 U, australis 3202 40 B RE T4 0F
1772 FE ALY, 2 B0 HL 20 B 22 R 4 Bl R A8 T8 1R
17(64.0 %) . BFFHE17(27.6 %) FIFEHI1(3.4 %), 5
AW AR T —38, ik — DUl TR RIS E
L ROE AR 20 TR AE P TR 1 20 ARG T T )L
i R L I O iBviy - AL K =S O M= NP S ek
W, WEAKF B AR A N A F 22 5 F
LR RKIANE R N Maribacter, £ KH#H & & B
FEmT K4, CHESRENERE U mutabilis 5
Roseovarius sp. (MS2)Fl Maribacte sp. (MS6)F:15 7,
TR ol 24 BT 2 7 A A ORI B E AR A A e IR UL
mutabilis TEZ5PY, ARCH K A SRR = Mari-
bacter, XV W& BAIEE 80 EZH K R
P A0 PR FE, K TUA 20 T B S o ) i = AR
HIEAR AT, B 4 P SR E A 1Lt
YEF, X 4 Fran i 168 KF L9388 T Roseobacter .
Marivita . Bacillus sp.. Maribacter™®, ZHF 5%t % W
Maribacter X} T W B IR B A 50 o AR 5255 A A ]
3| Marivita sp. 1 Bacillus sp., 7] & A Bt FH ) #F
BN 2R E AR T AR, HoMEC s
TR o BT TR JE R F R T 8 R AR IR L3 T R T
Maribacter HbFFE 2 R BRI ME G, — 7
Wb W = T 0 AR 2R AT RE X BT TR AN R TR R
(A A TR R 3 PR iR, g — T 1D BT i R TR S
AIREXTIF & AR K AUE R L B A B R fE#EEH,
T LR — 2 DI o S B AR TR o3 8 O AT o T Ak
TR FERWE B R SE I, BT L2 B R T A0 2R T
SR 7 41 B X 35 S 1 5 o gk A I Ay EE )

thallusin J& /1 Maribacter spp. BN R 240 K
IR EY, TEARFRIR Maribacter 15373 b 446
# thallusin MIFFFERY, & HATHE—E A EIIEE
REMIER TP, gt Maribacter 134 R
FHF 2 8 2 A, T DLHE I BT A= 25 0T 68 4 41
Maribacter W=EFE, T3 thallusin & 2K, S
WS TE AN AT . it thallusin 5 & B3R5
Sy, KB thallusin X FHF & 1A K HAT I3 (2
VEF, PAUET Maribacter ¥ HF&ETES LT WAL HAE
FH o 33 . 3% W 48 77 6] 88 2888 285 04 52 i) AN ST DAl it
B, 38R LLE S kA

4 Zipr

A 3 FpiAE RS AL BF BT T, R B
WIESTE R BB kAW AL . TEbiA R PR
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M, WrE g B A=A/, A W1 A EHR 20 i Fn 32
B, BERAAS BRI, FR AR oAb ) 20 R HE B L
PITF A LR, T b s ZEH 80
FIER KRR AT, FIH 16S rDNA (il it
5341 3 B AR 2B X 5 B 2B 4 o i s )
1 id 16S rDNA M P25 R LW, Maribacter =314 2 41
Hh i D 1) — R AR, R IR SRR Mari-
bacter spp. 53 IAL-E W) thallusin 7] DIFIE & 55 1Y
WHEWRE WAL, fEFiF & A K, HE
PUAERB RS /7§W1£7ﬁ5%.ﬂ9 Maribacter &
AL, JTCEXFE A KRR FEN . 25 F TR,
W LB AR T B I A KRB R R F BA R
H, TAE = AR RECE AL B a5 &3 30

I B S B A A T B DD, DT S M s R AR K R
SEE.
S Xk
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Effects of antibiotics on the morphology and associated bac-
terial diversity of Ulva prolifera
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Abstract: This study focuses on the effects of three antibiotics on the morphology and symbiotic bacterial diversity
of Ulva prolifera in the Yellow Sea. Gametes released from U. prolifera were added to the culture medium contain-
ing three broad-spectrum antibiotics (penicillin G, neomycin sulfate, and polymyxin B). Compared with the control
treatment, U. prolifera seedling growth was slow, cells shrank, and algal bodies failed to undergo normal morpho-
genesis under antibiotic treatment. 16S rDNA sequencing was used to analyze the diversity of symbiotic bacteria
before and after antibiotic treatment. It was found that the abundance and diversity of the symbiotic bacteria of U.
prolifera and the abundance of Maribacter decreased after antibiotic treatment. Algae were cocultured with the
morphogenic compound thallusin (Maribacter spp. extract). Thallusin was found to promote the morphological re-
covery and growth of the algae. Antibiotics are speculated to be capable of affecting the morphology and growth of
U. prolifera by inhibiting Maribacter and other bacteria. This work will establish a foundation for the in-depth
study of the function of the symbiotic bacteria of U. prolifera.
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