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( bk R, RO HOKTF BURIR 5 SR A AR E TR, B s AUk FREY E- 151k, £if 200090)

WEE: LA R AR EA P AREX NI RIR 3832 (Porphyra haitanensis ) WHIR 6 ERILLR2IRIT TR, &
I3 R A AR TR RN AN S | PRI FR AT AL %) T2 BT (] TS B, By I B P AR A K B R A 4T N S0 At LR 2 B E R B 1Y)
REGEUR AFCA . B R R AR S R R R S R 37 3 d 5 S IR T AE R B 405200 , 3 400 2 e e
PR IR AT IR A RERE R A4 P 43 B 31— A J0 BT, R Al S DR A A IRAR TR RO E o 20078 DR B B 4 0l
FRMI N ECEBIEE )y, 5 B K B B S (10993 J50 81V, LR F0 22 S 4 LI e ) b R AL B IR0 JR B v 5 m T 4
12, IX U B2 A B LR A P 2 R ASE R AR % TR B TR R ER A MR IR A 5 R AR
B, BFC T BARAELL &, Mo Hodn 208 “In B M L0420 7. [ T E A EE . 2008, 15 (2) : 313-322]

KEER: RS RIE R REE: ISR
FESZS: Q946.2 XERERIRAD: A

% % 3% (Porphyra haitanensis) #1 % Bt 5% 3¢
(Porphy yezoensis) & [ 3= B (1) 2 kB A, £5
BOEATARER T AT RS 1, 4% P 2SR MIAE VL 95
AL AR el ) ks 1L AR R, B KSR
T AR AN BT 185 0, 3 DX B S5 PR A B A0 R R BN IR
B ERYBIN, 3B SRR B R A R AR
MR FRAE R . XA B AR R TR K
() A5 55, T EL R AR B B SR T ,  E R R E
RE, BRI THE RS NN TR, B
(] 7K F= R AE 97 5 I 75 2005 FEWTLIRIE s 28
SRIR N 26.7%, MR KL FHL B Eob
X TR E BT IR P R R E R . 1947
S B Y P H K SE (Porphyra tenera) 77
AT THFFL, A8 SR B AT REJ8 B35, tHb o
AT RFRFREY . 25, BN EHR
T8 14 P28 S0 o E B AR R, AR, 3
WD TSR MR R T T b, T
FOR R F IR 2 S e B W IR A, B b
15 B8 LI E RIS 25 060 5 BB 9, I i vk 5 T 4B
SHIAE BT -

We#E B HA - 2007-08-02; 1&1T HHH: 2007-09-30.

XEHRS: 1005-8737-(2008)02-0313-10

AHIFTU I b 8 300 5 2 2004 2 H MARES
SIS F AR R B AR R R R R AR B R
LAY, RO IR AR IR 2 B LI, A &
A KB ERBE, LT 5830 B
ANTFY o AR S 56 %oF 12 9 T 1) 9 0 07 R TR 0 L e DR
BRI DL R BOR LIRSS 7 T T RGN e oL, B
PR A0 T AT 7 DRLRT o B, A LB VR
AR R R B

1 #MREEE

1.1 F#

BIRIE R RIAT 2004 42 2 HR AWRES
PR B REHE b, AR IIRAR A BRI IR
B F T A [P s 56 R 2 3 R ) 1) 4 R s R S
ARAR I8 4 S50 =5 N SR 70 735 9 T, L8597 7 v
[FSCER (181,

1.2 &

12,1 HIEFII  CRR[AIRE AR S B R
PRFAE 278V K8 (121 °C, 20 min) B9 K
REFEFE, BEALFREL 6 M RAA, & 3R 1 41,

E£WH: BREREF AR (863 #H&]) #WHHIHE (2006AA10A413,2002AA603023) 5 [E 5 H SR Bl 5 4% B B
(30571443,30170734) ; i AARBI¥HE LS EHIRE (05RZ14110); FIgHE SRR E (Y1101): E¥gT E- BF906%
KPR RS R 5T R H (E030090) ; LML R Sk AHRIIE (07XD14028) .

EER A X (1958-), B, L B00, TENEEFEWEE LS BEEWHARRSEEE PR . E-mail: xhyane

shfu. edu. cn
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5%

ARETF 2 %4 500 mL K MES B35 1 1
FIEEEH (1000 mL) H 78 S 7. NS5k
R (20 g/L) FI4NEJENE (FL1% 0.45 um)
W IERR R . oAb = N FR I 3 R R IR 5
RN R 1S BRI 55, &
B 24 h 8540 1 IR B59Rscft: | 23+1)°C; B
B 10L : 14 D; 658 2 200 1x, Ye¥E 2 40 W HOGAT S

122 FEBEMABS54EL BB RE R SH
IR L3 R BRI K B A T 4 B g
(IS FEM (=90 mm) HFHATHRIRE 70 & . FF0 &
B R RV K BT P T R
M BRI b L 2 bl B aifh, i Jask
13955 IR B P A A R . BE IR U (1941) °C
JEFEHEA 10 L: 14 D; J638 500 Ix, 6 U5 4 40 W H YT .
1.2.3 [EIRELI AT LS (@=10mm) M f#
IR R R BEC 10 AN BL R, S A LA, &
BB T4 250 mL 2K MES 3 77 W i F S B2 R
(250 mL) HHHT AR FE. MR EEMRE IR
B 5 — RN B B, A o B, B R 4 S
HB IR RIS ARF . F0F 12 h 88 it kg b
H LR R T A AR

124 FEEEEXE £ -TE2C4iLmmEA
W R 500 mL A0 E AR R R U I = AR
MEE TR, HIRREN 2341)°C, JLik 500 Ix, &
RAEM S . BEFF 5 d, W P ¥ 1) Al w3 2 5 ¥
WA 4 4 (B 100 mL) , F A [R5 77 V530 T
ARER: T A, M E W AEATAT AL, T4, MFRE
MR IERE (FL12 =0.45 pm) o JEER 2 4 & [14H,
S TE VR S min; [V, 40 HR & IR OK T AL P
T3 AN B R R A AR R SR A A B R, A
fi B IR BRIk AR B 50 AN AL (@=3 mm),
PR S 4L, R E FERFRIL (D=6 cm) 1, I
3R 4 R AR J7 i3 A B S 16 40 B BRI A A R
FH B K T 4 AR B SR % 20 mL AT R LB SR,
B R T IERE. Bh% 24 h 540 1 A
B A ARIE T IS .

125 REREEMHILRESLE W4 E%
B J » B JR T 1% 97 W) 200 mL, 285 J5 oK, 4
B (12 000 r/min, 15 min, 4 °C ), #R i, B
T AE 0 e B ) B B R UG EE I N MESS 35
Ik, FL R EE SRR 40 LRIR N 1%45%+10%
20% [ B ISR 5 5 A6, HK B MES 5537
PE RS FRAH . M JR Fs SR 3R iR Ak BB 45 AN |

BB (@=3 mm), “F33 73 ) 9 4, 735 B T B FR I
(@=6cm) 1, IO IR 8 & B 3 B RN K
T MES 55 78 ¥ % 20 mL BEAT #1135 7%, 5 6% 24 h
BA 1 RIE AR RIS T AT B

2 ERESH

2.1 FRIEME
2,11 RERMBIRE  WIR ] S0 AR R 2
MokiE BRI ZmEE (BT -1, st 2 HEE
TR s R/NANEE, /N a0 g LK, K B AR AT IA
3~4 mm. SRR SR = N TR B E R,
WO RE— 2D N, JEOR AN BEZ i R S AR
FAIR BEAH S TR B, B 28, AR 2 R
212 EMMBREE  GE I, R IS A
R TG RBREa Al (BRI -2) , JRAR R
Raaa IR AR e IR LN I S TR e
Bl R T AR E B A M A s e B R SR A Ok 2
B R 0 R SEAR R, A B B AR A R
WK, ORI, BEE RPTE— 209K, R4k
IR AR AT L (BT 1) .
22 BEMMRESEEMRENEEFIE

9 55 IR R 5 i R R SR R R i B R
3d Ja, JEEBORHRAA BB T 5 K B BRI 5
T A A R P bR AR U e s, B T /D 2 ) 3, B
K R, SRR AR | OO 5 TR B IR AA B L
PrEa— Rk, T4 B R K, (28
B, MRS RH, BEARARSECR A
K (BRI -3.4). H, YPfEZmEA~EdH T
TR BRI B A A B DR TR i R A A TR 32 5
AL B R TR A ) s B R A R
Bl i, MNSE % 0 A1 AR N BT A, R AT R R
PR
23 REFENS B

o JE IR A R T 009 A P ) A R 4
BHEEL RE KBEETAMLEFHE, &
25 1~2 mm, HAM R % B T M0 B v 75 R
MBI A sy R R B, 3 d e K RS
(R BRI VR o OB A B DRI A B 3 R U U IR A T
ARy IR b R AR VE, 2L, 1
GOtN, AIERR, SN T R AR, 1 82 T
WP (BRI 1) . RES B WS R I .
A5 B S AT IR P I R, A K 4T 1S um,
TE 4 0.75 um, B AR AE R R, K25 um (B R
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I -2); ASeBMs R I 1ig s g ik

2.4 5 R R E RS

241 F1XRERZTE WMSBEEANBFRMEE
IERFERAE (K 3~4em T4 1 em) NS
240 mL K i MES 3557 i 9P R FE L (250 mL)
R TR, R 10 mL R SR RS R R R
B 5.2X10°/mL) , I A8 5% % v 0 e
BN 2.1X10°/mL. 48 h )&, HoR4AE BRI E A
E CEIRRIL -3) , Bk R B LA i S Bk R 41 (0 AR
TE A7 40 B o9 4 i, HL I 5 7 R (BT )RR
95 R AR 52 A AT ), IR, 855 35 0 (0 D T R
0 1.7X10"/mL. 72 h J5, MR A b H B A A T
BRI 5 5 PP s SR T 2 IR 31 1.4 X 10"/ mL;
T JE A I . AR SE 7 R E R A
WGBTS, MR I SR AR BRI R AR B ko
BEVHR RS, FFIEATE 2 IR PR .

242 HF2xREIEEE HITALS (P=10 mm) M
fi IR S IR AR B 10 AN B 5 B, SF 245 i 2

4, 93 BN & 240 mL K 1E MES 55 77 W (1) F JiE
B (250 mL) T R A TR, EH R
B 1 VR [P S 5 v 4y B 4 3 P 0 TR B RS R R
10 mL( 6 R B35 0 4.1 X 10%mL) 5, M 5% i
oh R SR B 25 TN 1.6 X 107/mL; 5 —AE A % 1
20, AR E B, Hon 10 mL 2K E MES 35 557 .
12 h J& » SR R B0 S22 4 F 4% [ A8 B s 5 1 C ek
e, I T /b B T (0 58 40 R, i [ A B
L RIFET- 4100, 24 h 5, S 40 00 & [ 4%
Heidn 25355 H I P BR A L B, A R IR AL B i
PR > B A0 N B S AT, A R AR A
A FE i K, R I 75 9 IR R S 3.5 X 10%mL.
36 h JE Y A R IN, SEHG A R A B A B R £ A
KA, HE 5 SR R R AR AR R (EIAR IT -4
5, L et 00 5 S 26 20 R ) i R IR B 9.5 X 10%
mL, T A A R A TS B (AR T -6)
BEATLERL 4 AR AR [ 5 B, 78 BA0sE F geit st
FORURBE AN, e Bk 1 fis.

R F 2 XEKLEHREIZEIMIRE EEHE TR R E1E5F 36 h GRURE
Tab.1 The symptoms appearing on the healthy blade disks of Porphyra haitanensis at 36 h after inoculation with pathogen

P I S 1 B B

7% v P R T I [ £
BEAE Disks cultured with pathogen AR 7 S BT 2
Examined item Disks cultured without pathogen
a b c d
JRPEEL No. of pathological focus 5 6 17 27 0
JRBEE K / mm Mean length of focus 0.3 0.2 0.1 0.3 0
PP T 5 E / mm Mean width of focus 0.2 0.1 0.1 0.1 0
B # K / mm Length of disks 6.5 7.2 7.0 75 11.0
[F &% / mm Width of disks 6.2 6.4 6.5 7.0 10.6

E:a, by o A d B AR BEHLEE A9 B £ B B AR A 36 R/ B EAR 10 mm.

Note: a, b, ¢ and represent the 4 ramdomly sclected disks, respectively; The initial size of the disks is 10 mm in diameter.

MFE 1 TG 1, TR B R G 53255, 36 h )
AT RS R AR R AL B B B2 AR B, ] B PR
A [ 25 R T AR B T D ) T R T ek /) Ao [ A
AR B0 T 40% A . 72 h fE A R LR
20 1 5 B B O R AR SR R T R T, Ul B IR
B PR A e RS St g AR 58
25 FEESEIXR

07 D e P B A B A S R R T R AR S d
S5, R E M EREIE R 1.1 X10"/mL. BLi, B
B, B4 F 0 o AR B 7 AT AL B
i FE AR AR B A B A 28 AN [ D v Ak B ) 1 D o
WEHEESE 24 h 5, B A IS A0 20 B iR AR 2 HE I

TIEAINE. 36 h )&, 2% A IRAR B3 LK AR ) 5T
TN, A 2,38 3 AEI I AT LU 1Y 100 st 1
. T4 (RBEA) HERBA I T MR D
IS IR PR 225 32 A O Al el A T AR &
PN I B B R R R s T3 A, D B I ST AN
AT R . (ETITA (PR ) MIVA (R KEAH )
i, 200 L AR FR R A TR R R RS B R ORI
HH A AL T 36 B K B P A M 20 T, (B A R 35
B T4 (Rbygd ) B4 AR At T bl H A g /D4R
EFESTSP PN KU S ISP R L o
b, AR T A M R Do A A Lt e 4L AR LA
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JEILEH AL T A AR BN 4 36 h 19 2 £i%,5 d )%
HA B S AT T .

P HOEAR O, R Al A 5 5t 30—, i —
DY RIA B, SET M R R R AR BB 45 . 48 h

F2 ERMREEENEZTEF ELBRNFRBEEFEFIES 24 h BRRE
Tab.2 Symptoms appearing on the healthy blade disks after culture for 24 h in the bacterial
culture treated with different ways

ENGIEOSEEED
o 75 1 H Different treatments pagicta:l
Examination item Control
I 1I 11T Y
FEJhD&F £ ERRUGANE BRI gmp BBHRDEmN BE&Rug5 N
JFIE Ab kTR R B IR ESRE MM AREZME RBBIR T RE LA R
Symptom WHE L ESRYSE ERTHRIE FaERTME MEREga s
JEFT- AN JELHE R A1 gl
FECAYREL find 213 68 375 1010 0

No. of dead cells

e 1 MERAEEMALIE, 11 HBNR S B 8 SRR B AL EE; TIL: 20 BRI S mins IV: HERE S B KB AL TR W R 4H. KB 104
B R R TR JET- I E 20 DML (40X) PAET- A1 BIRS T4 .
Note: [ : untreated bacteria culture; II : filtered bacterial culture by 0.45 um filter; I1I: boiled bacterial culture; IV : sterilized bacterial culture;

control: sterilized culture medium; number of dead cells was the average dead cells of 20 yields (40 X).

R3 EEHMREEERELZREFELBNFEREEFGFIES 36 h 71 48 h G THEH
Tab.3 Number of dead cells on the healthy blade disks after culture for 36 h and 48 h in the bacterial
culture treated with different ways

AE AL PR
K0l E] /h Different treatments Xt LA
Culture time Control
I II 1II Y
36 941 156 1458 - 0
48 - 307 - - 0

I T AEECEE AL 1. 45 RE M EvE IR B2 T 40 BEBCE Y 5 min; IV: WAL R E KB, o BA: KEHH
B R TRE  JET- A EC 20 DML (40X) MAET- AN MR T4, -7 RERMRE LT .

Note: [ : untreated bacterial culture; II : filtered bacterial culture by 0.45 um filter; III: boiled bacterial culture; IV: sterilized bacterial culture;

»”

control: sterilized culture medium; number of dead cells was the average dead cells of 20 yields (40X) ; “~” means that cells were all dead.

2.6 FEREHEWEILRELE (£ 4.

R TR B R 6 d J5, B E ik 3|
1.56 X 10" /mL. 1237 J5U R 55 72 W 20 e s 2K 1R AT B
O Ja S BRI R 5 3 B AR R B In N K
MES 353590, 00 R B B & AN R IR P 3 3R 15 9%
WA R B TR R IR AR F A B, 1597 24 ho48 h I
72 h G, 4 BN B4 B IR Ik BEATLEL 3 A [F AL R,
B AN 5 A5 BB HLEL 20 A W0 B 45 v 40 M A6 11

M 4 AR Y, R 8 R BRI
HE ) B, 24 b [ 5 B A4 B R R OR L. B R
oA R, SE T A R s BIIREE (AR
Iy EEIE O 20%) 1Y FRIAE 72 h )5 IS K R A
MEFE T, JX U I B0 53 3% A B MR A, R B ARk
AR REBUA B SE T
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R4 BEMREEERESARREAESZREIEFRPIES 24 h.48 h.72 h FHIZE T IRE
Tab.4 The number of dead cells appearing on the healthy blades after culture for 24 h. 48 h and 72 h respectively in the

culture medium with different concentration of toxin solution ind
FEERKRE /% A8 /h Culture time
Toxin concentration 24 48 72
0 0 0 0
1 0 0 0
5 0 0 0
10 0 0 0
20 0 0 505
40 186 - -
60 485 - -
80 1447 - -
100 - - -
T FETAHECh 20 MLET (40X) AZET-AMMER P - RPN .
Note: the number of dead cells was the average dead cells of 20 yields (40X); ‘-’ means all cells were dead.
3 Wi A0, Il i B R i AR A R B K T

YR PR A R e R FHEREX A
SRR I B A AR SR A T ORI, ¥ DR RN
o R AT (B 5250 = S, B K R MES 3557 i it
AT IRAEEFE, BOR G R I RAR B RE A E %A L
2, BT B AN EE, iR AR BV TS 22 EOR
PE, B JE MR SRR AR . AR IR R R S
BRI AR AR AE Rl — AN e SR 5 95 3 d J5, 2R
(R IR A A B gy, B T 5 S0 IR A4 A [R] e
MR XU B A A 2 BT IR A A 5 AR R FE R
TR HE I DX A 7S DR 3R 0 Y, T — AR R
HARGAEIR 58

B IR AR | 2 B3R AT 0 —Fh 4 T, A T[]
TR AR SR R AR, AT DASE IR 4 B 9 X T
9 LR A ) PR , U0 B 90 5 38 1) A R A
B IR R - % IR B R B, R IR K,
EBIEER, FTTE LI A ME— B B & o 7R & b
AR IR IR R T M. MZE TSRS 37
FIERE, © 5 3 EUE R BLR kT B R A2 i
B ( Pseudoalteromonas citrea) "> ¥i{5l, {8 H Ve #i
()93 SRt Ao F0 AR B AR AL PR IE AR A 50, L2
KT SCHRIE .

M PRAR L2, A 0 0E 5 O 4R (0 58 4 5
o AR ABL, A1 2R P 3 A R A 1 I 22 A I e LR
LR e B A (BB A AP B RERAR AN AH
)= A B8 B 25350 53 AR Ty K B R BB 41 (5T

FE B 109 B PR 02 AR ) O L, R A
GRS, BURAEE (BT -5. B mEm
RBIERAE 5 AR . SR BER 2 E i E A
TR FR 5 11 43 WA B 430 A2 45 S e R J2 0 4 B £
T BT R A B S K, 30 R 4 S 4
B D 20 A Y 1 I AR A BB T (O T A e
T 2 S IR R 4 T 4 VA 7 A
B, VAR I e R 4, JE AR T L 4 BE T 4
LA RS ) 1 T 0K S S 328 R B I AR 4
KA. AR5 AR T O %5 R
T Bk 7R B0 2 o T AR N SR e B
1 HC A BE S PR 1 B e 1 5 S 0 B b AT LA )
HE L s e

— R UL, 20 R R A AL S, R
2 4 A B S VE T TC I AR BE R AR A . (R AR
JEr VR ) B S VR0 3o PR K A R AL B O, AR A
PR AR 20 00 P 7 S T4 5, 3 AT AR B A 5 JE i 4
EELAL IR S AN M EE A, BRSO E £ M # R, B
TR AR 40 ML BT T 508 0. (R R, SCHBAE B T 20 B
TP A R 3 L T R R . P AT
A AT I AN 40V B S, AL 7E R BE T
NS i P 3 L N e QN DY
g e T RV B I £ D5 T RO s 5
ST R 2405 4 378 37 ik 420 % TR o 9 £ 9 JER 9K
SRR G, B BT R B b e 4, BT 0 3
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5%

FRARBORE TR, BT DA i K TR 4 1) 8 T 4 i i
T WAL SR . N B RA MR R
6250 'C T THKE 2 h A AT 524 K B A IR
P A R R e e T K B B R T AL B AN
KA ARG A B, A A 3
R B R IEAEE PP

AT B ) AR B A ER B R AR R ELRY, B
2o JE R SE 3 FEH IR XL EE, AL AE AR 22 AN
WL RIS N TS R B S IR b, 4R 1 12
HENRER 3 H WU, 7 B3 2 0 Jw 7
AT DAL R 1 F RS IR AR, BB IR B AR
k. AN AR R B X G = N IR g
A& PEESE I RAK , A AT DU 26 58 S R A4 IR
SIREEEFERE, VR BT 7045 R 73 SUR AR

EAS I B B 36 T IR AT TR KRR K R
TR IR AR 246 2 N 7e 2 BT 2~3 h, AR
R EKERERE] 20% oA, AT A FERER 7300 S0
TARE R OR R » IX B AT TR I AN T 4. AR
BXMERERBRETHZ 40 A, HERT T
i I IR AR AT 58 4200 0T, B AE AR I 2 S AN
RESE2 T M. P LA, 7E3R 28 3 57 i 19 1) 4 2R e A=
A, RENER S 2 ey T, wl T R 20t
B 6 L -

SE -
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Study on a bacterial red-rotting disease of Porphyra haitanensis (Bangiales,
Rhodophyta)

YAN Xing-hong, HUANG Lin-bin, ZHOU Xiao, Li-lin

(Ministry of Agriculture Key Laboratory of Aquatic Genetic Resources and Aquacultural Ecosystem, E-Institute of Shanghai
Municipal Education Commission, Shanghai Fisheries University. Shanghai 200090, China)

Abstract: A serious red-rotting disease was found on the gametophytic blades of wild Porphyra haitanensis
collected from the coast of Pingtan Island in Fujian Province. In the foci of the diseased blades, most of the dead
cells were reddish brown in color, some of which were isolated and became green or white in color. When the
diseased blades were co-cultured with the healthy blades grown in the lab, the latter were infected and appeared
the same symptoms after 3 days of culture. This result indicated that the disease was not caused by physiological
and/or ecological factors. While the bacterium isolated from the diseased blades was inoculated on the healthy
blades, the same symptoms appeared on the healthy blades after culture for 3 days. This result showed that the
obtained bacterium was pathogen of the disease. The pathogen has weak ability to degrade agar of the solid
medium and can secrete toxin to kill Porphyra cells. When the Porphyra blade was cultured in the sterilized or
boiled culture of the pathogen, it was found that much more cells of the blades were killed than those cultured in
the untreated culture of the pathogen, indicating that much more endotoxin was released after the cell walls of the
bacteria were broken during sterilizing or boiling. This bacterial disease was named bacterial red-rotting disease
of Porphyra blade for that the pathogen secretes endotoxin to kill the blade cells and the dead cells were reddish
brown in color. [Journal of Fishery Science s of China,2008,15(2) : 313-322]

Key words: Porphyra haitanensis; gametophytic blade; red-rotting disease; pathogen; endotoxin

B AR 11135 AR
12, AR (1. BB BRSO BT 2. BALH P HSEANAE ) ; 34, AN e (3. [ B e 1) 46 40 MR R 0 18 R 10 40 s 4.
PRI FEAN AT BOEIE R A R ) < 5-6. 2B ZE (5. (Bl Bl S SC AN MR DRI A1 L 6. B B Y S ERI S A A
SRR ) 7-8. MR KB E (7. BEIRIDGIFCM ML 8. EFRAFIRIFEA L ) : 9-10. 3 HA (9. [BF Pl %4
10. BRI AL, TR I ). B bR JUSAER 50 pm, 1B 3-10 BOREHHEE .
Explanation of plate III

1-2. Blades cultured in the untreated pathogen culture (1. Foci appearing on the edge of the blade; 2. dead cells
appearing in the central part of the blade) ; 3-4. blades cultured in the filtrated pathogen solution (3. dead cells of the
edge part, 4. dead cells in the central part of the blade) ; 5-6. blades cultured in the boiled pathogen culture (5. dead
cells of the edge part; 6. dead cells in the central part of the blade) ; 7-8. blades cultured in the sterilized pathogen
(7. dead cells on the edge part; 8. dead cells on the central part of the blade) 5 9-10. control group (9. dead cells
appearing on the edge; 10. dead cells on the central parts of the blade). Scale bars = 50 um; figures of 3-10 were
amplified similarly.
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1. ¥ DR BN B A B b s IR AR A 2 AL TR FLIR : 2. B iR A LR BEAISE AN ML 3-4. B rhIR 5 (@ IR A4 3
B 37 3d 5. R R AR S LA (3. RSB GO B s 4. BRI )« 5. S RSEMD IR AR R SR DER AR . B
R R 50 pm.

Plate I Symptoms of red-rotting disease of Porphyra haitanensis and the results of co-culture of deseased
blades and healthy bladcs

1. Foci on the diseased blade of wild P. haitanensis; 2. foci and dead cells of the diseased blade: 3—4. symptoms appearing on
the healthy blade after co-culture with the diseased blade for 3 days, (3. foci appearing on the blade edge; 4.infected cells of a

focus) ; 5. symptoms of green-rotting disease of P. haitanensis blade. Scale bars=50 pm.
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1. 53 BE AR AL 5 1R JR BT R A s 2. FRB AT BRI s IR s B A (20 000 X) 5 3. B[R 1 48 h J5 TR BRI S S MRk IR
LACTEIZFLIR; 4-6. 58 2 IRIBIERSESR (4. Befh 2 RO BSARRIR0 SR 1 36 h JS7ErH R AR £ b Bl IR FLIR 5. o ik
PRIF AL A BIOPAE : 6. XTIRZEROE AL TR ). B 2 bR RAREER 0.5 um; B 5 55 UK 50 pum.

Plate II Isolated pathogen and re-infection test
1. The purified isolates of pathogen: 2. pathogen under TEM; 3. rotting foci appearing on the blades after inoculation with the
pathogen for 48 h; 4-6. the second re-infection test (4.rotting foci appearing on the blades after inoculation with the pathogen for

36 h; 5. microscopic symptoms of the infected blade; 6. disks of control. Scale bar: 0.5 pwm in plate II -2 and 50 pwm in plate II -5.
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Plate [l Symptoms of the healthy blades after culture for 36 h in the medium of pathogen culture treated with different ways
i TIL5 B 0 320 BT . Explanation of plate III in page 320.
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