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HE 7% J& 7 (red rot disease) 1 #il ik & H /% (Oplidiopsis disease)z i | % 3 4 ¢ (Pyropia) 8y £ %
T, IR EIKE AR 2019 4 1 AL S A F X K 38 % 5 (Pyropia yezoensis) # £
WRAH 134hm™ KA TEERE, ARAXAZRFEAT T REAEMRELT, ERET, &R
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FTANER XA A FE 1~ NEHCREER, WEAF SN BRI Dok &€t 2
SIRMAREIR, 2R 10CH 20CHKHTHATA TR LR, —HHRFEEFLXEAI T
R ERIE . AT RERA TR LG WREEERLORREHAT coxl ZEMF I RRAKE F 405,
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B4 T T 3 R A5 3 10% (Im et al, 2019),

HAr, BHRE R ISR E A IR E K (red rot
disease) . UL 47 &5 (Oplidiopsis disease) . £ 5%
(green spot disease). & BEJ(yellow spot disease)?§
(Taniguchi et al, 1970; Sekimoto et al, 2008; Lee et al,
2015; ZEANEE, 2019)0 58 5L AR B 2 Fh AU 22
(Olpidiopsis sp.)f= 4L 1 B 1Y — Fh B & 1475 5 (Mligita,
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Th G 1 (1992) 38 128 b SO SR 1 ORI T VLI it
TR 4 BE 35 (P yezoensis) fETE R B, T
2007 4F 44329 T 44 A #0434 TR (Olpidiops-disease)
(B K5, 2007),
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TAT I 27 5 R0 35 o7 4 i L R e 50 o

1 #MHETE
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KA (4.07+£0.06)°C , HEKEEEE A 29.64+0.06, F T
N TR 52 565 1) 58 5 Sy vl 0 g R 2 i S st A% S0 38
FIRMERPEEE RZ R, LR EMIEF R &
F: PES /KT (DK, 1996), WREHR 10T,
K 30, SEIRIREE KN 62.5 pmol/(m*s), JGFM K
L:D=12: 12, A$55%, 03 d B4 1 X PES i
KT
12 HERERFEYE

TPy ZE A S SR A AN DL, B A
AR AR IR OO, WS SRS ILAEAR , R AR
AN DX IOAN[R] W 5 14 A 58 SR i, 2301 B T O
FE AR AR F AP ICT AR PR IRLAR , 17 (o] S8 28 47 Jim
S RS ML ERIE B N, G it 5
SRR 3~5 0, KA, KRB BELBRRE IR,
FERTCIE ] VI AR 250 1 om?® 1) 2R B 565 0055
FERRAL, TESR BT LSS | I0 S S SR A A 4L B
ARAE o U SRR AT 23R, R SIS A
T PDA BiSREECEEE AW, ¥ &) L, ST AT SRR
Vi oy, IR 25°C (BRI, 2018), 43K
SR ERBA MY AR, FrEigg 2 F.

1.3 ANIRRLLE

T/ PDA #5573 AR E 2IMUEY, 7k
FH SR R SE B R R AT, 78 10°C R 20°C 4%
T, i 500 mL A8 RIEIT AN TR 05
AR A N 200 mL JCEE PES WK, A S FIE
HRPEERRIRIRGRE L 0.1 ) JERYLSLER o AL

FRIBYL AN SPIFG, . FEBEFREYy . WL 3~5 Rikeny 48
SR LR R R, ST RAUR ISR &3 A
SYIRIREG  We R = 03 FH B B A1 K AR i B 22 TS PR R ]
DLIURE AT, B 1 mL SO IR IA R, Xt
MR AU ISR o BRIl B 3 P AT, 4390
BT 10°CH 20°CRDEIRIGFRAM ISR, G R
62.5 umol/(m*s), YW R L : D=12 : 12, HFRUWE
IESEERE T B B AR AL

1.4 Jf®EPCREE

LSRR 22 i S 25 (Pythium sp) FI4DLIM A5 T 5 i
(Gachon et al, 2010; Im et al, 2019), A E AW IE K
JRIFZE, B0 UF BB R A 5, SR 308
% cox1 P9 i HF 57519 cox1-pyth-F (5'-ATTAGAATG
GAATTAGCACAAC-3")#l coxl-pyth-R (5-CTTAAAC
CWGGAGCTCTCAT-3") (Lee et al, 2015), P Bl
B cox1 731 514 coxl-olpi-F (5-CGGAGCTTT
TTCTGGTGT-3")F1 coxl-olpi-R (5-GCTCCGGCTAAA
ACAGGTA-3") (Kwak et al, 2017)#4T PCR %5E . 3%
RSN T AR G 05 4= 28 S i JC T v 7K v o 3~5
W, EBRM ARG, FEREIER L] DNA $2HL
WA & CERE, &)L Y4 DNA /£ PCR ¥
AR . 25 L PCR JZ Wi f& & : 2xExTaq Mix (TaKaRa,
HA) 12.5 L, IEX M54 1 pl (0.4 pmol/L), 2
By RN AN 1 L, ddH,O 9.5 pL, [FR, B8
1 20 Lk ddH,O 1 A5 AR 1) BH 14 X B4 . PCR K W F2 ¥
95°C i 5 min; 95°CZEME 30 s; 55°CiBk 30 s,
72°CHEAH 40 s, 35 ANPEH; 72°CLRIE 10 min, PCR
PR 1% R L VK A TR, H
B R 1 e 77 £ (OMEGA, 36 &) #E 47 [ g 1 4
1k, Fi13 DNA F pCloneEZ-TA-AMP #1474 24387
BPEREM, baO®ER T #2685, 13 DHI0p
KW (Escherichia coli)@&Z 240, # B 72
Bk IR A R . B3 F 57 GenBank H
#E4T BLAST [RlJEM: LT, R Mega 5.0 #4284
ok RS kB AR, BIRERE N Kimura2-
parameter, [R]H, il id H FEEE (bootstrap) k1745143 %
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F B AL 334 hm?, B RS AV X R 2
134 hm®. RAPIH, 7 JR3R X 3k A A 51 9 455 s B
AR, Z RSB A ) DU RME SRR, AR LA B 2y
134 hm* (R SEE (F1B) . AR KEA N3 cm),
AR R I T2k . SEEBAN R AT UL R € 1) B
Joa R A A AR B e L VR (BI1A). TE
S AEE N OLE R B, kB ) SR AN P A A 1~
AN FILIN [ ER T s8R [0 1 S AR o A, 25 A TR AR R
INAR—(KZM10~15 um, FE25°10~20 um), AP
RRFN & 58 Wi AR P T, 2 32 28 S A Mk % TR AR

W, MEEEF R A%, Bk, o

SN R I ZE 0 AL R AR (K 1C) . BT XER E],

UL T AT A 6L - e H ML TR (%) TR S A 5 ) AR R P Ui
T (F1D. EIE), fFHEEHKE, HE N3~
12 pm, JEahflF R, EARZAH2 pm, BHE
R2~3 pm, HLIFSIfFERATIE A, 5 O HREE Rl
A TR 16 28 AN i 2 8 45 #4 A [l (Sekimoto et al,
2009; Klochkova et al, 2016; Kwak et al, 2017), #1F
RS IE T T 2E75 50, RO K 2020 pm (BI1F),
FiA, ARWEGEUEE K IR, P A PR PR G SRS RS
PR(E1G) . EIRFFES [F N S IE Y58 5400 A
I3 15 PR AL REAE — 3 (Ding et al, 2005; H5Kif

K 1
Fig.1

B DX R 2% BE 565

Histopathology of natural fungal infection in cultured diseased P. yezoensis

&I B AR

A BIRERM A B N SBCEEMATLT &b C: NSRS (O aHik), WAWZER

AR B 3)

NN A BB TR S BOR A R A R AT k), A —am P Ok Sk L RGR (R BT %),

ﬁibéﬁiﬂ’@lj\lﬁg/l\%W%éE(*éﬁu%), D: BHCE; B fTRAMIMBE RO %), Wahfll FRE afih);

2 AT R KT i AR s G R TR AR (R BTk,

2 TR k)

A: Diseased P. yezoensis blade; B: P. yezoensis fall off caused by disease; C: Diseased cells get smaller (red arrow),
oil drop-like substances in the fungus (black arrow), the cell contents are squeezed and the phycoerythrobilin disintegrates
(yellow arrow), one side of the cell with rich-green outgrowth (green arrow), several parasitic thalli in one cell (blue arrow);
D: Liberation tube; E: Sporangium begins to push out the liberation tube (black arrow), zoospores are releasing
(red arrow); F: Long and curved liberation tubes of the empty parasitic sporangium,;
G: Infected spermatangium cells (black arrows), and the empty sporangium (red arrow)
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45 2007; Sekimoto et al, 2009; X — %, 2012;
Klochkova et al, 2016; Kwak et al, 2017),

22 ANIBRZI

TE 10°CHI 20°CHAE T, BRI A A KM
WIS RS LR . TE 10°C 4T, 3 d Al i3]
SR AR AR R T G B RS E(E 2A),
5~6 d &, ARRICEIFBEME , RN i &
e NP & R, 7 d NI R e . 7E 20C 4%
PFF, 2 d WEPATILER B 7E v R 3 e o B A HR w7 I
FIRGEE, JRBEM R IRt | gk sk, B RR
FTCAAIF B SALIA (& 2B), 4 d A4 EBes, it
MR 23R AR IR, SR ML AW IR BL(E] 2C), 18

WS, RA BN NA I A2 (5] 2E).
2 B BE AR T BB SRR S U AR (L — B, 7%
SR rp 249 Bk A B R B LR . 20 P A
R BELL R | RN A R AR AR B LA S A
A B e B A I 2k L Ak 0 SRR A0 I B (] 2D) .
23 WREPCREE

PISRAE LN TR (0 22 25 3R () SE [ 41 DNA fE
SRR, 43 I R L AR BT ) cox1 59 iE1T PCR
P, R, SRR TIRYL R 12 2L 446 )
FIBIHAZ P coxl JFA YRR A, AR DN 21 5 2 1)
coxl [l k71 o K M 2 i) DNA F=9E47 5 51
FE A BLAST [RJEM:LEXT, 2R Eon, 553800
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B2 ARG S g B 5%
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Fig.2 Histopathology of experimentally infected P. yezoensis

A: 10CIRYE 3 d WFEYEESM A B: 20CRYL 2 d TEYEESREM A C: XTIRAIEEEM s D A TR S I,

SR E R (O k), BARNA VISR RO %), MIENBELRE NGOk,

20— S R S (0 SR (SR (T K ), 3 R AE T IR — I GIE (T k) B X IRATESEANNE

A: Infected Pyropiablade in 10°C at the third day; B: Infected Pyropia blade in 20°C  at the second day;

C: Pyropia blades in negative control group; D: Experimental infection Pyropia blade, the Pyropia cells shrink (red arrow),
oil drop-like substances in the fungus (black arrow), the phycoerythrobilin in the cell disintegrates (yellow arrow),
one side of the cell product with rich-green outgrowth (green arrow), three parasitic thalli in one
Pyropia cell (blue arrow); E: Pyropia cells in negative control group
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i (0. pyropiae, O. porphyrae)fit cox1 & K 7 31 A L
H100%. fERG KRB W0 B, BgRE

(O1pBL201901) J A\ T J#& 4% (O1pRZ201901) i) 484 7t 42
Y55 5S4 A 1/ 3R o — 32 (8 3).
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Fig.3 Phylogenetic tree constructed based on cox1 gene sequences
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324 7 (Ol pidiopsis sp.)

ARV RN, PR ABELEM KR 3 em,
SRR S A A A N o S R, LA R
UL 9 A7 T B ) 2 axk 58 SR 0 % R 56 4 TV LI 440 L RE I
4 (Migita, 1969) . 5552 4M A e J& HRAR T Y 512 Bt
Bee, JEERE 5 N X B B AR G fiE T %% VIAH G (Park et al,
2014), PRITAT, FBhIH AT TR B ) A 55 3 1 4l it T i
# )5 & 1 (Migita, 1969; Klochkova et al, 2016), 7E%&
I, A7 LR BE B SR i S . B
R, BREAL 1) 5% S A0 EL B IR TR AR TR R P T
UL Z Ak R A o o B s A ) R R, s BRE B (L A e
AT O AN I R B 6048V, fieJm B RV A . LI
BT BRIE, HARHN 3~12 pum, T4 MR AS
Bh 2~3 um; ST B R, RS
JEH TR TS5, SR, BB K E AT 20 pm;
liFshfl PN BERR, BN 2 pm A4, XERHES
2 3 L A7 B Rk e IR — B(Ding et al, 2005;

52§ 4 2007; Sekimoto et al, 2009; X — %,
2012; Klochkova et al, 2016; Kwak et al, 2017), i
T AL R YL S0 MRS SR A M, B3 A4 T4E
B 290 JL R0 22 IR AR 40 B . Arasaki (1960)38 1t (b 1 W 2%
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BT R F B 22 R AR, B IFANAEAE RG24 A .
X —W % (2012)AF 58 & B, LIl aw B I ol 4= e dn 2058
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FAUIE T T A0 3, 100 B 2 TATA s #4 Fn o
TR 2 3 F 58 (Sekimoto et al, 2008), B 7144
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YeEEOR I K e, Bk i 2238 5 DI TR 43 28 1Y 4 Fhrid
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et al, 2009; Klochkova et al, 2016; Kwak et al, 2017), {48
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Abstract Red rot and Oplidiopsis disease are the main diseases that occur during the farming of
Pyropia (Bangiales, Rhodophyta) cultivated in the sea, which cause large areas of Pyropia to rot. Oplidiopsis
disease is caused by Oplidiopsis sp., which is a biotrophic parasitic oomycete and there is currently no in
vitro culture method for this species. The pathogen can only be identified by high-resolution microscopic
observation and molecular methods. Experimental infection is typically undertaken by culturing diseased
Pyropia with normal blades. In January 2019, 2000 acres of Pyropia disease occurred in a P. yezoensis
cultivation area in Dafeng District, Yancheng City, Jiangsu Province, causing a large decrease of the P.
yezoensis yield. We performed an investigation and pathogen identification of this disease. By macroscopic
observation and studying the histopathology characteristics of the diseased thalli using a microscope, the
Pyropia symptoms were found to be the same as that of the Oplidiopsis disease. The main symptoms were
as follows: Pink spots appeared at the edge, base, and middle of the thallus at the beginning of the
infection, which gradually faded and expanded as the disease progressed. During the late infection stage,
the entire thallus became lighter and the tissue broke down and fell off. One to four spheroid parasitic
oomycetes were found in one Pyropia cell, which contained multiple oil drop-like substances. Diseased
thalli or their homogenates were used for experimental infection, with all causing Oplidiopsis disease
symptoms in normal thalli at 10°C and 20°C. To identify the pathogen, coxl gene sequencing and
phylogenetic analysis of the naturally and experimentally infected thalli were performed. The results
showed that the pathogen sequences were clustered with O. porphyrae, O. pyropiae and O. porphyrae var.
koreana with 100% similarity. In summary, the disease of P. yezoensis in Dafeng District was found to be
caused by Oplidiopsis sp.
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