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201306

WE A9 aT 2R TRENNFEEGE, ZHFEERXREHET O ERA AR R, B
% (Pythium sp.)-Z 5| #2 % 3 (Neopyropia) 7 J& /4 (red rot disease)y & Z i J&, AHF 5ty B By 2 i 1t Fr
LSRN EXERAEREANAT NFREELXRERATE T 2B EET 385 o, AT
S E R O EEARFRERANEE, #— PRI FENEHRE 3RS ILEER
NG E B A E(P3. P6 A1 P19), 3 HEME X 8 BN HHIIEN, HEEEKNIHE L
B A 52.09%~97.95% (P3). 26.81%~78.04% (P6). 10.47%~41.91% (P19), it 16S rRNA X & fn %
I 5 % 7 ¥ 1t 4 #7 (16S rRNA-dnaA-dnaN-recA), ¥ P3 F1 P6 b2 A X 4B X B 2 W H
(Pseudoalteromonas piscicida), P19 % & J f# ik i 52 & 5 i 14 (Pseudoal teromonas peptidolytica), 4
HRGERFRNNEREN T —FELEE T BRI AED T =2 E T &b,
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45 3% (Neopyropia) & — 28 A= K 3 1] 47 1 KU 28 I (Arasaki, 1947; Takahashi, 1970; Lee et al, 2015), H

Grelde, iz oA T 2R IE, BAREME
G E S A S (FESF T4, 2019; TLESE, 2021),

T 53 A 7 R, 58 5 Bk B AR K ™ e 12 J
RZHE, FrEEY 13 1232 70(http://www.fao.org/fishery/
statistics/global-aquaculture production/zh), #X1Mj, Hi
YN . DR TR DR AT S | R A B R A, SRR
Wk T H KR IA T2k (Arasaki, 1947; Migita, 1969;
Saito et al, 1972; Kim et al, 2016), Hrft, 5 gk )5
JEE 2 (Pythium sp.)5 [ B 75 )8 (red rot disease) & %%
SRS F AR E W RBCRSRE . SAT 4

Hr, A= Bd R R BR R i ok i kit
LR IRJE R (Fujita et al, 1980; Sakaguch et al, 2001;
Akizuki et al, 2007). ¥ B EX TR E G KEN
30%~40%FH-7E—20°C AL 1~2 Ji, T 4850 65 25 1 2
BT, (530 B 1 O A7 %o e S i A
RS2 PE, FETE % H 10%~30% (Fujita et al, 1980),
JH pH 2.0~5.0 ¥ TCHLIR B A HLIR AL BB R 4528 , 78
BE ALV B AR DL AT A R0 I AR S, ETEJS
A0 T U R A v Ak PRASCR AS B {2 (Sakaguchi et al,
2001; Akizuku et al, 2007). LA, XL Bl b4 1)
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AT IR AR AE— RGN IR, Qv i 28 M g 2 K
W 2 42 v AR A 5 BR AR AR TR RIS T5 YR B i X,
I8 FH o 25 $8 5 A 00 T R 2 T 5 e B 36 AR
(Hwang et al, 2009), Z4E%K, W5 A —H2AEF
B E ERYUA R, B B HTA I ARG B IR
SER L) & (Polne-Fuller et al, 1984; Park et al,
2014, 2015),

T it AR A9 A 77 R A 25 19 45 B0 ICAE P ak
AR Wi AT T B P — Ak | 4 L AR
THE(ETAE, 2018), 3X 208 U I 3 1005 5 B 1 B 1t
TR . R MOHAE KA 2 M 2 HE TR
Y, HATES ARk, X Sef A ) 43 W 1) 22 i 1
YR A PR . PUREE . PUAFE A M (Singh et al,
2014, 2015; falkAE%, 2022), SR04 Bt
RAFAUE . ABEFER B A2 D e S A 4 PR v
eI X SR I B R PO E I, v idiar
SRS IR 0 LE W 7 v B Rl

1 MR57EZE
11 #MAEHRRIERE

LSRR B 599 J5 M JE B Pythium por phyrae Fi1 Pyt.
chondricola. A~ ## 5% it I 1 Pyt. por phyrae I# #(NBRC
30800, NBRC 33126, NBRC 100633 #1 NBRC 33253)
W B H A 4 ¥ % J5 )& (NITE Biological Resource

Center, Department of Biotechnology, National Institute
of Technology and Evaluation, Japan), Pyt. chondricola i

#R(IS151205 . PYTHT201801-1, RZ201902 £ LS201903)
FHAS S0 3 432 H BRI 255 (BRIN 2, 2018; faTfL4A,
2020), bR AR CRECT K R 2R WY B B K
PRI T SR GE A W AR S Ay PR BRI Y
4CAARR . 3597 58S I 25 M 3G 5 M Tk BOK B
FRIEL(SCM) (EKHBY 2 g/L  FEREH) 1 /L BiHE 15 g/L.
EREE R 20 BYMEAK . pH PHN 7.0~7.5), WL SRIRE
H24°C KR FRANTA R G IR 3K 2216E M /K BE 7R 5L (MA)
(BB S g/L. BEREE 1 g/L. FePO, 0.01 g/L. Bijg
15 g/L. BRifEK), HHIEFRIE 28°C, By &R
150 r/min,

1.2 HEMS B4k

SR ARSI 1 DL 5T 22 R A4 | U DR 30T ) -tk
1A | Y47 (Saccharina japonica) i K AH R 14 % 35 7K A 33
TTANB AT B o SRAEMIRR A TE TR SR BRSO
W) BOKME RG4S (1A )l ] S50 &= A 3 5550 D
FELLRARFH K KB Ve R T8 3 W, FHJC TR &1 ) H

2y 1 om® W FE 2R SRS IR A R i 1 FH T B il
TG B MBS A 22 0T, PR ORI T 3 . B
15 B BEISHE S F TG TR IR B - 3ol 53K, TR B 1 /K 4
B APRGATR ER RE, BURBERE N 1072, 107,
10 BRI 100 pL WA T MA Lo KB4 51
BE 10, 102H1107°, B100 uL 37 T MA E. ¥
AR BT 28°CHFE 2.d, PRBUE AR A B TH 7%
HEATalifl, —80CIRAFAE 30% H il HL .

1.3 HEHREIE

FHP- 50T IR 125 5 4 745 B0 B 19 9] 0 (Farhaoui et al,
2022), FHEFWAPREUHRE ARTE MA FRIZ, 7E28°C
Rigibfe 2 d & . 5S04 R Bk NBRC 33253
BeMAE SCM |, 78 24°CH3% 7 d ERKWFHUE, A
FIALAR U N SR 220 SR & AT L 5 mm 9 RDE I
BF, B HAERTERT ) SCM AR gL, F 24 TR 1d
Ji, DVESEIEE RN L e E ek, Bk
B TRT TR % 0 IR B 2 SR A A U0 2 em B TE
figkim 1 om Lk, BPAOTRI 4 40k, RIBERD 4 fk
R, XA R AR . FP AR E T 24 CRER,
R AT H AR AR, A S50k PR A il A KR
24°C ({7 ALEAH, 2020), FEXfMALEREHEHERKREY
4 em B, WEESHEEFR AN B 0 R R S S B B R
B X E R B EA RO ERE R RS, 78
[ —V-HR LR R AR, B4l 3 AT, Hiifhs =
RO HUE v 26 I 550 S B 0 2 5 AN TR 22 (R R E o ot
HAHYIRE MR E R R E 2 K,

14 HEREERF

FH & 8 A0 00k S 47 45 90 B 09 &= 0% (7 358 B 5,
2019). K5 wITA5 20 A 40 P B A P54 A0 F) 100 mL MA
WARRE S5, 16 28°C . 150 r/min &1F F 285 5%
72 h, B30 mL BT 50 mL 25045 % 5000 r/min B
L 10 min, B E VSR 0.22 pm f5 5 98 30450 T D8
KB SCM B HIZE 40°C AT, HHLHIEMR © SCM=
15 MBI FE /IR 515 48 & TR IS WA . g 55
SEJE A NBRC 33253 A% 5 mm HPHERE S H5HUE
TSR A AR g, VESDSEER A 5 MR W) i 45 SR 1
B 1 BRICHE BB I AR 25 TS B 8, Y Bk ik
il 8-, 2RSSR 2 R OHE R XS BR A 7EAS
T TCTRIEW ) SCM - L 45 P 45 50 S 85 W WRVE s
FXTRRA . REUEAE 3 AT BFEARE T 24°C
Wit , 225 AN IR SR EERK W AR 7d), HIF
7% 43 AT (Synbiosis Protocol 2, B [E)Fr145%- F-H i F,
SR I B 45 (OLYMPUS BX53, HA)H [ 4 i
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AJ-VERT (L& L2 T HEBUE & A K m, i1
BR R, BE LRI 2 K,

AR MHER=(A-A)/ (A—A)*100%
Ao, A R as O IRAL P S AR T R, A S S AL 1 IS
A, AP,

1.5 #HmigEailE

FHA AR IRE I 2 3 BRFE BT IR (P3 . P6 Fl P19)X}
8 PRI R S BUIS S bk . BRSO . PREUR
PR 75 A B MA R KT SR EERE 5% 12 h, #2 10% 9250
WL B MA MR KE SR LAk SR 5% 1~2 h,
YR 5 TR 5000 r/min #5010 min KPR B3, H
KF KRR, EREEL ., BESE IR, &5
il A% 10° CFU/ML A B . ¥ 5 mm 505 5
W OHEMAE SCM e, 1dJ5+% 1.3 @i Tk,
TERFEES TR DE 2 em &b, SRNRER 2 uL MBS0 Al
SR 2 pL KERTEKPE D2 o A, " 3
1, BT SEACE T 15°C, AT BA BiA RS R
TSR BRI, AR S50 FH I B Ry S50 & R AR YL 2R
M 15°C, ¢ AAE&H KW (10~15 d), 15
W%, St kR 1.4, &5 FRSE 2 K.

FHATFL A7 410 1 P i 25 A TS R R 22 TR 5 mm T
BRI YE, FHZLRR AR I 44 (G1600, Solarbio)Xf i
BRI TY O, Yot 58 S FH ORI K Uk 25 B Rk
AR AR G5 i R, DAas AT IR S B L Sk i 22
X IR S A XA R P 0 % A 22 W TE S AR 4R o

1.6 FERHABENETE

T HEAT R I TE A S . 52 WYL A, (G1060,
Solarbio)., FHiE 54 27F/1492R ¥ 4 FEHTH A 16S
rRNA J AT 4 0 %08 (1 2, 2019) 0 XHESSH
i 74 J% 4 1 (Pseudoal teromonas sp.)iE— 4 145 %
FE[H dnaA. dnaN. recA LRSI, HEFF A0 5T 51
43 1 (multilocus sequence analysis, MLSA)., # #§
GenBank H 22 F B A 1) dnaA. dnaN ., recA J¥ %],
FIFH BioEdit #1F (Alzohairy, 2011), JR5IFF i)
fRsp Xk, #3514, dnaA Y5147 514 PdnaAF
(5'-TTTAGCATGTGGGTAAGACC-3")Fl PdnaAR (5'-
TCTTGGTCTAGCAACTGAAC-3"), dnaN & PdnaNF
(5-TGCAAATAACGATTCCAAGAG-3")Hl PdnaNR (T
TTGCATCAGAAAGCGTAAA), recA N recA-F/recA-R
(Beurmann et al, 2017), F#|H MEGA-X x{4# 16S
rRNA (1499 bp).dnaA (1146 bp) .dnaN (955 bp)#ll recA
(811 bp) 3k [H 75 i 7 3% 82, H-EAT LLXT, A4 N-J
RGERKEW .

1.7 HIESH

HH Excel #1 SPSS # 4% S s Kbl AT 48 1153
Br, SEERE RGP (EEbREZE (X 9D, n=3), FIH]
Duncan Kz 5§75 4T 28 L, WEMEN P<0.05,

2 HR

21 AEHSBEREREGE

MBS DS 2R L IRAAR | Ity B K 4
W oS 2 385 BRAN B A T I e A5 BT B o FH TR IRE 5
HEATRIR S, 58] 9 #R X NBRC 33253 HA ¥
YEFH BB RE (B 1)0 2 IRE RS20 R, FE5H0H A0 T
WG ETE 1.65~16.54 mm Z [A](F 1),

FHE R BOEXTIX 9 PRANBEIEAT IR, A 3 Bk
FRR(P3. P6 F P19 JC R ISR A AR K= A T
2 B (B 2)0 2 IREE S R, 31X 3 BRANEA 1Y)
I %A 20.04%~30.09% (F 1), MRIEXLLLERE ) %
HUP3. P6 Fll P19 ¥EAT T —A5L56

22 ik

FHSEAR IR B 4G T P3 . P6 AT P19 X} 8 Bk %
RIS PLIE AEEPURE . 2 IWERE SRR R, 15T
ZAFF 3 BREEPUR T 8 MR Y A HEPUER (A 3),
Hodr, P3 WS PUAE S o, B0 A 3 (52.09%~
97.95%) , Hi¥k K P6 (26.81%~78.04%)F1 P19 (10.47%~
41.91%) (F 2) o LR 1y i %o e Ry % 14) 8 i P 22 30
Tye s, 48R oK, S BANESEREZHL, 5
FEBUEE P3 F P19 RIRF ) R 1 22 %85 FE B b . 45 (A8
%, MSHEPUR P6 XTURs Y i 25 i 22 oI AR T (& 4),

23 HEWETE

FIFE P3. P6 Fll P19 i 24 [CYe@y M, Hi,

P6 FPE M E, P19 iR ME, P3 LEE 4, 16S
rRNA JEHR g R B, 3 MaETiE Y S
AR AL B, P3 T P6 K 99.93%, P19 4 99.86%.
¥ P3. P6 F1 P19 Y 4 FEMERIK(16S rRNA-dnaA-
dnaN-recA)E & 20 5T I R GRS, A4
7~, P3 Fl P6 5% fafl 22 it P4 (Pseudoal teromonas
piscicida) 2 & — 37, P19 5 i Bk IR 52 B B4 M
(Pseudoalteromonas peptidolytica) 5 J— 37 (& 5).

3 it
RIS AE A K R B R 4 A AR

JoT BEEARF T, A e AR R T R S R
F#(Steinberg et al, 2002; Staufenberger et al, 2008;
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PE1 ORI A R ) S B A L
Fig.l1 Preliminary screening of Pyt. porphyrae antagonistic bacteria by dual culture bioassays
A: ZZHXR; B~I: P3(B). P4(C). P5(D). P6(E). P7(F). P8(G). P12(H). P19(I). B1())5 & W XifA: K
A: Blank control; B~J: Antagonistic growth of P3(B), P4(C), P5(D), P6(E), P7(F), P8(G), P12(H), P19(D),
and B1(J) against Pyt. porphyrae

K2 &3 Bk Z S s
Fig.2 Secondary screening of antagonistic bacteria by toxic media method

A: PN B BIMEXTIRYE; C~E: JBREAEEA P3(C). P6(D). PI9(E)RIEM A 775 AR K
A: Blank control; B: Negative control;
C~E: Pyt. porphyrae grew on the medium containing extracellular products from P3(C), P6(D) and P19(E)

®1 FREKRE

Tab.l Screening of antagonistic bacteria

a5 o %ﬂﬁ/(ﬁﬂ% %/mm) . ’Eﬁ%/(?fﬂ ﬁ?ﬂ_%/.%.).
= Preliminary screening/(Bacteriostatic zone/mm) Secondary screening/(inhibition rate/%)
Group 251 UK Test 1 52 IR Test 2 51 UK Test 1 52 IR Test 2
P3 11.79+0.90" 12.25+1.60° 21.514£2.59% 20.04+1.56*
P4 3.66+£0.31¢ 4.19£0.09° 0 0
P5 1.70+0.39° 1.65+0.37° 0 0
P6 10.58+0.20° 10.95+0.46° 23.1242.45° 21.56+2.53°
P7 2.87+0.16° 3.11+0.22° 0 0
P8 6.19+0.19¢ 6.60+0.36¢ 0 0
P12 2.5840.67" 2.89+0.42° 0 0
P19 16.37+0.358 16.54+0.56% 30.09+4.66° 27.66+£2.27°
Bl 2.80+0.33° 2.79+0.37° 0 0
% B8 Control' 0 0 / /
25 %) B Blank control? / / 0 0
71 % IR Negative control® / / 0 0

TE: 1 WIOSC s T ORI R 1Al 2. SIS, 7RSI SCM AR b EFE R 3. ESERh, A
TEAEPE AN R SCM Al BRI EH: . [R5 7 b EAR SRR B AA e W 22 5, AP R RR B B 3 2 5+

Note: 1. The control group in the primary screening experiment; 2. The control group in the secondary screening experiment;
3. Negative control group in the secondary screening experiment. Different superscripts indicate significant differences in the
same column, while the same superscripts indicate no significant differences.
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Fig.3 Confrontation growth between Pythium and antagonistic bacteria

00.26.33.53.JS.HT.LS.RZ 4345 NBRC 30800, NBRC 33126 . NBRC 100633 . NBRC 33253.JS151205. PYTHT201801-1,
LS201903. RZ201902; 00-P3. 26-P3. 33-P3. 53-P3. JS-P3. HT-P3. LS-P3. RZ-P3 4342~ P3 545 NBRC 30800. NBRC 33126,
NBRC 100633, NBRC 33253, JS151205. PYTHT201801-1. LS201903. RZ201902 f%JIiiA:+; 00-P6. 26-P6. 33-P6. 53-P6.
JS-P6 .HT-P6 .LS-P6 .RZ-P6 43|} P6 5858 NBRC 30800 .NBRC 33126 .NBRC 100633 .NBRC 33253.JS151205 .PYTHT201801-1 .
LS201903 . RZ201902 HyXIEAE K ; 00-P19., 26-P19. 33-P19. 53-P19. JS-P19. HT-P19. LS-P19. RZ-P19 4354 P19 5)E% NBRC
30800. NBRC 33126. NBRC 100633. NBRC 33253, JS151205. PYTHT201801-1. LS201903. RZ201902 Ay*HifsA:= 1 .

00, 26, 33, 53, IS, HT, LS, RZ represent Pythium NBRC 30800, NBRC 33126, NBRC 100633, NBRC 33253, JS151205,
PYTHT201801-1, LS201903, RZ201902, respectively; 00-P3, 26-P3, 33-P3, 53-P3, JS-P3, HT-P3, LS-P3, RZ-P3 represent antagonistic
growth of P3 against Pythium NBRC 30800, NBRC 33126, NBRC 100633, NBRC 33253, JS151205, PYTHT201801-1, LS201903,
RZ201902, respectively; 00-P6, 26-P6, 33-P6, 53-P6, JS-P6, HT-P6, LS-P6, RZ-P6 represent antagonistic growth of P6 against Pythium
NBRC 30800, NBRC 33126, NBRC 100633, NBRC 33253, JS151205, PYTHT201801-1, LS201903, RZ201902, respectively; 00-P19,
26-P19, 33-P19, 53-P19, JS-P19, HT-P19, LS-P19, RZ-P19 represent antagonistic growth of P19 against Pythium NBRC 30800, NBRC
33126, NBRC 100633, NBRC 33253, JS151205, PYTHT201801-1, LS201903, RZ201902, respectively.

K2 HAEWMBEBERIOMER

Tab.2 Growth inhibition rate of antagonistic bacteria against Pythium strains

43 Inhibition rate /%

G5 .

No, %5 1K Test 1 %5 2 WK Test 2
P3 P6 P19 P3 P6 P19
NBRC 30800(00) 83.57+1.78*  49.66+7.77° 26.74+2.59° 57.58+2.45° 45.37+2.29° 14.38+7.95°
NBRC 33126(26) 86.35+6.39"  47.01+4.10° 35.98+3.15¢ 52.09+4.28" 39.63+3.35" 31.67+1.89¢
NBRC 100633(33) 97.41+0.27°  65.94+0.38°  41.91+4.72¢ 97.95+0.75" 53.67+7.26" 17.90+2.13¢
NBRC 33253(53) 97.92+0.13"  78.04+0.13° 33.16+3.20° 96.31£0.21° 66.23+6.08" 23.03+3.44°
JS151205(IS) 92.23+0.31°  35.84+3.40° 18.67+0.24° 86.27+0.82°  26.81+4.14° 10.47+1.42¢
PYTHT201801-1(HT)  95.89+0.54*  30.71+2.28° 19.12+5.30° 94.89+0.34°  45.55+4.17° 20.26+2.93¢
LS201903(LS) 95.47+0.56"  48.36+4.32° 16.37+2.56° 96.95+0.57" 35.80+6.32" 21.11+0.89°
RZ201902(RZ) 96.82+0.49"°  59.69+0.53°  40.29+3.04° 96.82+0.72° 57.03+5.56" 35.50+7.35°

TE: 8 3 BRES TR A — B B ) A M i R AT 22 5 BB VR0, AT AR 7Bk B om Bl A e B 25 5, HH)
TR BT R 2

Note: The growth inhibition rates of three antagonistic bacteria against the same Pythium strain were analyzed. Different
superscripts indicate significant differences in the same row, while the same superscripts indicate no significant differences.
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Singh et al, 2013). i % 755 % 1 0 A Y RE T T
PR A Z R T, X ) SR AN AN e 1Y) T TR
BEAKEE, B E ER2 A EEMNRE.
PRI, SRR AR 35 4 B A2 2 R A 2 R 5 24 588
3% H A5 (Singh et al, 2014, 2015), AHF5E N ESEFI
T SRR B K AR o3 B AR T , 38 2k P AORT IRF VS i 3%

9 MR EA MH ST A KIS, el &S R
PRI 3 BRANEE (P3 . P6 FI P19 I 4h ™= W fie g 1)
il AR, RIARX 3 BRAN TR i RS AR A S T
JE R A o oAl 6 BR AN TR A A1 7= 0 A A 1 1 )
JE A A , B IX 6 Ak 4 1 38 1 5 44 A o
TIBENEK,

53 4 " s3.p3
Ed
|-

A
| A 4 ]

A ‘ o \ 25 pm
\

25 pm

P 4 ST A 0 2 0 R DX Y R 2 T 22 S SOV (FLAR By i e ()
Fig.4 Microscopic observation of the Pythium mycelia growing in the confrontation area between
Pythium and antagonistic bacteria (lactophenol cotton blue staining)

56 FEBBAE M Pseudoalteromonas nigrifaciens CP011036.1
96 BREAFBREEME Pseudoalteromonas carrageenovora 1.T965928.1
100 BB E MU Pseudoalteromonas agarivorans CP033065.1

100

100

100 BRIRABASE A MUE Pseudoalteromonas espejiana CP011028.1
KRR BB M Pseudoalteromonas tetraodonis CP011041.1
HBIFBAE B Pseudoalteromonas shioyasakiensis CP076681.1

90 MRS B Pseudoalteromonas phenolica CP013187.1

I —
0.05

100 |: P19
R INMBAZ B Pseudoalteromonas peptidolytica NZ BJTY00000000.1

100 P3
100 i P6
70— RABACRPMIEE Pseudoalteromonas piscicida CP011924.1
{ Pseudoalteromonas viridis CP072425.1
100 LIRS BAMIEE Pseudoalteromonas rubra CP045429.1
6 AR BB Pseudomonas stutzeri CP078509.1

Bl5s  JETFHHUE P3. P6 Al P19 (19 16S rRNA-dnaA-dnaN-recA f d i) N-J R 48 & & W
Fig.5 N-J phylogenetic tree based on 16S rRNA-dnaA-dnaN-recA of P3, P6, and P19
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i 16S rRNA %5E M 200 i 7515347, 4% P3
1 P6 % R R RS B, 5 P19 %55 AR
RN . 2RI, DRI B R A
MR W B AP . BT . RS T
Y, EAEPUA R AN 2 B R A B R AE
(Holmstrom et al, 1999; Egan et al, 2001; Bowman,
2007; FNREAE, 2018; ZR/NEESE, 2020), REZEHIFFFE
1B T AH TR G PR T A B A, XL
PUON A PTG BB 2 . Moree 55(2014)# 1A
T DA A BRI 4 B ) — e AR S R M T A 1 — e
e SR I AT HTILTE S % 5 Franks 257(2005)4ft18 1 —
Pk P. tunicata j” A4 i (0 R A HLE G ME, JF4E
TR, 5B A EIREE ) — S R A RS R L AT
PR PR B TIE S5 RE A8 A A8 P 2 P S AT, B B3 9 R
(Mbrio wulnificus). &I MY (V. parahaemolyticus) . 3
N Ak AT 1 (Photobacterium damsel ae) . 45 5 0,7 45
Bk B (Saphylococcus aureus) . {1 /& ¥k @i (Candida
albicans) & A & 2f fF1 i (Bacillus subtilis)Z (Richards
et al, 2017; Eliseikina et al, 2021); — L&/ fhR S B 5
ML TR LA SE A . LT O BRE . R BT 4 FR T M
(Venkateswaran et al, 2000; Johnson et al, 2021), {HiX
BE Iy BRSO B ANV AE o TEARBESE T, A
U P3 FI P19 558 55 AH BRI DX 3500 i 55 1 22 HH 3R
FLIR AR B ¥ R G &L, 15 P6 AH B AEF X3
P22 JC B AR Ak, BAAH 3 R AN TR AT REIE I A (A =
TR A o M BAYE AR R BOE T, FLER I A
et w SERAYE, UEIA P3 A P19 S0l AT P4 SR T RE
Vs 1 IR 280 220, RECE AR,
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Abstract China is the largest producer of Neopyropia yezoensis, ranking first in the world for
cultivation area and yield production. In N. yezoensis production, diseases occur frequently every year due
to increased farming density, environmental deterioration, and germplasm degeneration, resulting in
serious economic losses to farmers. Red rot disease is caused by Pythium sp. and is one of the most
common diseases during N. yezoensis farming, leading to empty nets and harvest loss. Air-dry, cold
storage, and acid wash are common methods to counteract red rot disease in N. yezoensis farming. These
physical or chemical disinfection methods, however, are not completely effective, and some have serious
consequences. For example, refrigeration equipment and space will greatly increase costs, and acid wash
treatments can cause environmental pollution. Although research has attempted to select or cultivate
disease-resistant strains of laver, there remains no laver strain completely immune to red rot disease.
Biocontrol is an effective method that is widely used in disease control of land crops. Biocontrol is
potentially an environment-friendly and effective control method for macroalgal diseases. However,
limited information exists on biocontrol in macroalgal diseases. During the growth and development of
macroalgae, a variety of metabolites are produced on their surfaces, which provide suitable substrates for
microbial colonization. The microbial community attached to the surface of algae is highly diverse and
can produce many kinds of biologically active compounds. These compounds not only play a major role
in normal morphology, growth, and development of algae, but also have antibacterial, antiviral,
antiparasitic, and other activities to protect the host from harmful organisms. Therefore, the epiphytic
microorganisms of algae provide good sources of microorganisms for biological screening. This study
aimed to screen and identify bacteria with antagonistic ability towards Pythium sp.. A total of 385
bacterial strains, isolated from farming algae and their culturing environments, were screened. In the first
round of screening, the plate confrontation method was used and repeated twice and confirmed that nine
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strains had antagonistic effects on the growth of Pythium sp.. The diameter of the bacteriostatic zone was
approximately 1.65-16.54 mm. In the second round of screening, three strains (assigned as P3, P6, and
P19) were further investigated using the toxic medium method for inhibitory activities in their
extracellular products. Repeated experiments showed that the bacteriostatic rate was approximately
20.04%-30.09%. The antibacterial spectrum was determined by the plate confrontation method. Strains
P3, P6, and P19 all had antagonistic effects on the eight tested strains of Pythium preserved in our
laboratory. The inhibition rates reached 52.09%—-97.95% for P3, 26.81%—78.04% for P6, 10.47%—41.91%
for P19, respectively. The Pythium hyphae on the confrontation edge were further investigated by lactic
acid phenol cotton blue staining. When compared with Pythium hyphae in a control group, the density and
color of Pythium hyphae against strains P3 and P19 became sparse and lighter. There were no significant
changes in Pythium hyphae against strain P6. Strains P3 and P6 were identified as Pseudoalteromonas
piscicida, and P19 as P. peptidolytica, based on 16S rRNA gene identification and multilocus sequences
analysis of 16S rRNA-dnaA-dnaN-recA. The bacterial strains of P3, P6, and P19 had significant
antagonistic capabilities against the pathogenic Pythium strains. This indicates they are potential
biocontrol probiotics for the control of red rot disease in N. yezoensis. The present study provides the
foundation for research on the evaluation and application of antagonistic bacterial strains in the biocontrol
of red rot disease of N. yezoensis.
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