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ARG R 24 ~48 h SR T AE KRR HRBOY
— SR AR AR T G R b R Ak
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-80 CT47.
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422 R e Sy PRI 4T U BT 2216 17K )R
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WO B AR, HI TG I PES i /K 15 77 WK U8 %
N 3 W, G PES i /K it il 5 28 e ) ol 10°
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ANHETE R PO 3 i it R 3 58 38 LAk (TR RE
7~8cm FufE 1.5 ~2 cm) , IANE B L H PES
WK R SR W X A, AR E 3 NEE,
JFA SR AT 25 CHMMEFRM PR R, B RKA
AR R 53¢ 58 35 k0 14 00, D10 JBCRR 0 B o7 1 e iR AT 8
U R, 72065 BB T WS AL 240 i B 25 B
PRARAE () BB i SR AT A TR 43 B RS R DA
72 5 TR AR R 5 D SRR T P Y TR PR
1.4 FEEHOEBELNGYHBDF
P H D 75 L% A0 T I 2 IR e R
8 K CHL G T 0 Al D T s e R o
SR MR AL A . WER B b  pH Xt 40
PAE R 5% #ﬁ/ﬂf“%?ﬁj‘ R E N 4.
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1730 BE S mF, £5 B %8 4 0,50 ,100 150 F1200,
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pH 7.0, 3532 0 8 o 28 °C; #£47 pH 524 B, pH
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J¥7E GenBank it 47 BLAST [a] J ¥k Hb X, 3K Bt
At AH G B B JE R 50 T i A o A . R AT 4
AP A A 5 51 53 B I R A Sk Y 91
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1 000 &%,
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F kAT 4 XS,
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ek DX S 246 9 72 ) 0 T 3 22 o A 0 iR ) L A A 2
RO A0 I PN ) A ) e A BT S AR
CPERR = 4) 5 72 9 200 i ¥ 3 ot o B, A S BB
NI R A DX T T AR 9 B X (AT R -
5) 5 docJa i BE AL B 40 3 % B LR (R -
6) s X IR ZH 5 532 4 M e A7 s B B AR Ak (R -
7)o WM A 2B RIS — BN E %, 4
X558, X5S W kB &S XS M E, o168
rRNA JF31] 5 X5 —%(.

3cm

B1 FESXBRIZLEXIKRKRER
Fig. 1 The clinical symptom of P. haitanensis collected

from cultured sea area
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RERBEFSW

X5 N HE 22 PR, A AR, R/ 0.6 pm x
0.4 pm ~1.0 pm x0.4 pm, CHFE (K 2); FiR
J¥ 4 ~42 C Fh)F 50 ~150 .pH 6 ~ 10 TEHEN 4
K, BodAERKEE R 16 C fid A KHE R 50,
Ii& pH O 7. %W WK | UE B i . Tween 20 J
B R B M, o 41k Bl R DNA i B Iy BH P
Biolog £l 45 5 & 7 , X5 X N - £ it — D-74j 2 b
J¥ie \D-21 4t — 0% D-R bl D-ifF B A2 ZF b D-H

Fa e D-H # 0 RERE A o — D=3 % B S o FH
P ; APL ID-32E il 25 28 7%, XS X o — i %) Bl
MG o = LT B — LW I P S5 B 522
BHAE , 5 2 48 s 28 v % 9 AR LV B8 . ATB
VET £ I 45 8 875 , XS XF Ay e Ak Al 2 R 75
B R ANHUR XA 25 Bl AR AU A [] R
eSS o B A5 B 0 B AR XSS i A AR LR AE 5
X5 A

B2 XSEHMESHBERERA

Fig.2 XS5 morphology observed under transmission

electronic microscope

i ik PCR 1 0 5 51 I 5, 15 3 /Y X5 168
tRNA [recA rpoA .pryH &[R35 ¥ 51 #9435
1448 865,903 Fll 643 bp, 7E GenBank ) 17 fif
S 43 5 & KR758751, KR709245  KR709246 FiI
KR709244, BLAST %5 @7~ , Bk )7 5] 5 K
J& (Vibrio) 40 & A e @ AHRAPE . BAK D, X5 168
rRNA ¥ 5] 5 V. rumoiensis A fx & FH L1, N
98% , 5 HAM YN G A AH IRy 95% ~97 % , 1EH: T
16S rRNA JFHI M @M ARG K EM T ,X5 5 V.
casei V. rumoiensis 1 V. litoralis B gy — % (K
3), X5 recA 5|5 V. halioticoli A % = AU,
0 87% , 55 HAh YK TE 1 AH L TE 84% ~ 86% , Kk
T recA MR G KB ME X5 5 V. halioticoli
BRh—F (E4), X5 rpoA A5 V. litoralis
e ARV, R 94% , 5 H A SR B R AR AL PE 7E
90% ~93% , 5 T rpoA J¥ 3 ) R G K B MK XS5
5 V. litoralis V. rumoiensis V. casei B — % (&
5)o X5 pyrH J¥ 315 V. logei £ fe @ MBI,
84% , 55 H At 9 B (4 AH AL PEAE 80% ~ 83% , K T
pyrH JFHI M R G R T WA XS 52 RN E R —
X (EI6) o b 13 B HER ) XS5 #Eib 015 2.,
Wa N FF P I H G EZ EF AL RE K
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h
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ETF16S rRNA ERFIIMENRE X LR
Fig.3 Phylogenetic tree constructed by neighbor
joining method based on sequences of 16S rRNA
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L

—
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Ed4 BEFreABERFIHBENRZRB LK
Fig. 4 Phylogenetic tree constructed by neighbor
joining method based on sequences of recA
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Viapetis (AJR42730)

5

‘casei (FI968717)
Virnmoiensis (AJ842690)
Viitoralis (FI968716)

T Vgazogenes (AJB42616)
Flogei (AJ842643)
W Vischeri (EF415578)

C. jejnni subsp.
Jejuni NCTC 11168(NC002163)
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5 ETF oA BEERFIIMENREREHUR
Fig.5 Phylogenetic tree constructed by neighbor
joining method based on sequences of rpoA
BRLER B R X5 5 V. casei | V. litoralis fl V.
rumoiensis T H—>Z (K 7) , 5ENM AL IE 75
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#)2k 0.108.,0.095 F11 0.097 (¥ 8), H:TF K F
S A 45 R 5 16S tRNA rpoA JT 41 1) 43 #1 45
Wi h—, kg REW, X5 5 V. casei V.
litoralis V. rumoiensis [ 35 % 5= Z2 AR, [fl i 5 &
IAFE AL IR B, IR XS 2 o &8 1Y — 4>
HFP ek 2 V. casei V. litoralis F1 V. rumoiensis 2.

— W) — AN R

69 ¥ harveyi (EU118238)
V.parahaemolyticus (FM2025)
T Vrotiferianus (FM202568)
V.penaeicida
V. kanaloae (FN908851)
99132 ¥ chagasii (EU118252)
L= Vevelitrophicus (EU871958)
61— ¥ pomeroyi (EURT1960)
Vscophthalmi (HM771376)
Vichthyvoenteri (HMT71375)
| Vrapetis (HET95189)
e Iii{:ﬁfan'(‘nﬁ (EUBT1952)
Vmediterranei (GU266288)
Viogei (EF380234)
Vfischeri (EF415528)
Vomimicus (EF990258
V.gazogenes (KFG697288)

Vi
78 Viitoralis (F1968719)
~ Feasei (FI968720)
C. jejuni subsp.
Jejuni NCTC 11168(NC002163)

—
0.05

E6 ETprH ERAFIIMENRZETHUH
Fig. 6 Phylogenetic tree constructed by neighbor

joining method based on sequences of pyrH

7T ¥ harveyi LMG4044"
1 Vrotiferianus LMG2 14607

6 Vparahaemolyvticus LMG2850"
46 V.scophthalmi LMG19158"

100 ¥ ichthvoenteri LMG19664"
9 V.mediterranei LMG112587
49 V. chagasii LMG21353" )
ol Vevelitrophicus LMG213597
99~ V. pomerovi LMG205377

T 51—V kanaloaei LMG20539"
— Vhalioticoli LMG 18542

27 V. penaeicida LMG19663"
100V tapetis LMG19706"

24 X5

= V.easei WS4539"

49 9 Viitoralis LMG17657"
5 V.rumoiensis LMG200387

Vmimicus LMG7896"

— V.gazogenes LMG 19540

Vfischeri LMG4414"

Vlogei LMG19806"

C. jejuni subsp.

Jejuni (NCTC11168)

—t
0.05

B 7 ETF 16S rRNA-recA-rpoA-pyrH
ERFIHMBHN-J ZRELZER
Fig.7 Phylogenetic tree constructed by neighbor
joining method based on the concatenated

sequences of 16S rRNA —recA-rpoA-pyrH

2.4 ARKENXS HERBRIZERNEE
PAAS [R) e E 1 XS5 8 0 IR Ut B S o
PR VR G R Ry, Y B A I ] B R 7 S 5 1)
[i],10° cfu/mL #8413 th BUR A IR , oA vk
JiE 2 9L A % B[R] 4300 O 2 d (107 cfu/mL
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41) 3 d(10° cfu/mL 41) f1 3 d(10* cfu/mL 41) ;
TR e R R R o BAE BRI BRR K, FESE T R
955 BT T AL 43 51 100% (10° cfu/mL 41) .75. 8%

(10° cfu/mL 41) .10.5% (10* cfu/mL 41) 1 0%
(10 cfu/mL £ ) . £ SC56 4 2 16l ¥4 # 2 3% v
Mz (P <0.01) (& 9),

[~ - B N

- O Lh o W D = D WD

1 2 3 4 5 7 08 9 10 M 12 13 14 15 16 17 18 19 0 2 2
V. parahaemolyticus LMG2850"
V. harveyi LMG4044" 0033
V. fisheri LMG44147 0.135 0133
V. mimicus LMGT7896" 0126 0122 0.152

V. mediterranei LMG112587
V. litoralis LMG17657"

V. halioticoli LMG 185427

V. scophthalmi LMG191587
V. gazogenes LMG19540"

V. penacicida LMG19663"
V. ichthyoenteri LMG19664"
V. tapetis LMG19706"

V. rumoiensis LMG20038"
V. pomeroyi LMG20537"

V. kanaloaei LMG20539"

V. chagasii LMG213537

V. eyclitrophicus LMG21359"

0034 0098 01290129

01130109 01350137 0118

0.101 0.103 0.142 0135 0111 0.114

0.090 0087 0.140 0 123 0099 0120 0.104

01390142 0158 0139 0137 0145 0156 0138

0.109 0105 0.141 0.131 0107 0.118 0.111 0107 0141

0085 0087 0134 0117 0095 0112 0096 0035 0137 0111

0102 0104 0129 0 132 0095 0,118 0113 0088 0 145 0.085 0. 101

0.125 0.121 0.140 0148 0125 0.051 0.128 0.126 0.144 0.124 0123 0125

0.087 0.089 0.123 0,132 0.088 0.104 0.100 0.084 0.148 0,113 0.085 0.057 0.113

0.095 0003 0.124 0133 0095 0.111 0.102 0.053 0 144 0.113 0.090 0101 0.110 0 026
0082 0081 0.124 0131 0085 0109 0057 0085 0140 0.110 0089 0066 0120 0032 0041
0.092 0.095 0.121 0.140 0095 0.107 0.108 0.052 0.146 0.119 0.095 0.104 0.109 0028 0.032 0.041

oo

V. rotiferatus LMG21 4607

19 V. casei WS45397

20 V. logei LMG19806"

21 X5

22 C. jejuni sp. Jejuni NCTC 11168

0.044 0029 0.128 0.114 0092 0.101 0102 0 (B0 0134 0.100 0083 0100 0.112 0083 0089 D078 0089

0.144 0138 0.150 0 161 0135 0.076 0.140 0133 0.158 0.136 0128 0132 0,065 0126 0120 0.126 0128 0134

0.145 0143 0.071 0.156 0 142 0.142 0.142 0150 0 165 0.146 0138 0144 0.152 0131 0124 0127 0125 0133 0166

0.121 0.124 0.144 0.136 0125 0.085 0.122 0.130 0.141 0.122 0.130 0131 0.097 0.122 0121 0121 0.122 0.118 0 108 0.150
0.709 0.710 0678 0687 0 710 0662 0651 0.728 0687 0678 0716 0657 0662 0.717 0714 0.720 0.709 0654 0658 0681 0681

8 AEMEMESEREMSRFZEHHELES

Fig. 8 Estimates of evolutionary distance between multilocus sequence

100 ¢ 2L
75.8
w 80 B —
g
= E
g 6O0f
Ha
5.:\‘% 40 +
®3 20t 10.5
e
4 Lo . [, . .
o 10° 10* 10° 10%

=20 * PA ARG B / (cfu/mL)
bacteria suspension concentration
9 AEXSRERRIREEXTIdFHARBEHER
Fig.9 Rates of disease expansion in P. haitanensis

infected with various concentrations of X5 at 7 days

3 e

S I KR SR B 4 58 S AR Ay B A B — Ak
PR B X5, I % L IF R T % M BUR M .
TE A0 B Y 43 2 0 e op A B A R R AE D AR <1 3R R
FP 8 AE B — R T 4 5 Y o il % .
Biolog il API ID 32E #fi 1% % & &R 4t 4047 X5 1y /k
AR ACRRAE , R B X5 55 90 EH J& 40 1A AH ML, (AN R

Y BN . AE 4> T4 E |, Tompson %1
A 7] B4 B 2 () 7E 16S tRNA | recA | rpoA Fil
pryH 5 ]F 50 09 AL 2 D 2 K T 99% .
94% \98% M 94% o AW A B, X5 1€ Lk HE A
¥ L4355 V. rumoiensis (A L1 98% ) | V.
halioticoli ( #H Ll ¥ 87% ) . V. litoralis ( #H 10| P
94% ) F V. logei (AR 84% ) A f e AHAUME: L 1H
AR A 371 5 R A B M A 2 A BB 2 2 3 b i L
ETHRANRENMAREREF B ER XS 52
ORI R 2 Ok &, IR 48 BB/ KA T
G AR RLE 23 B R R G2 K B o o BT R e XS
KEEM, BN ET 2R AN RE R
20 M RE A Sy A TR 1) 53 25 5 i 4 At B v Al 1) K]
W3 , A 58 3k — 2D A4l 4 DL R & e 91 4
ARG KRB FHIEERY,XS 53 MolE (V.
casei V. litoralis F1 V. rumoiensis) B h— %, 5
fITAEAE 0. 095 ~0. 108 fy 35t 1% IH 25, B W] X5 7E 55
& S5 ENTAFEZE . R LR P, Il XS
HINFE B I — D F k2 V. casei . V. litoralis Fl
V. rumoiensis Z — M — N H W Fr, X5 %K% 2] F
P4V 2 i DNA-DNA 52 | g 15 1R 1 I i
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T 2L 25 O 22 (1 B SR B UE . A FFE BT I XS %
SE I a1 A

TEN LI B e oh R B XS B 51 35 48 30
F9 2EL 20 200 L % A s B S A, W8 1) B R IR 45
DA 0 119 4% B 8 3% 498 R 190 A IR R A — B, B
A [a) B2 A BT 5 L2 1) 10 790 30T 1R 2 8 % € 0 BT
BB KRR ke 5 K TIT LA 4R 0 391 R 2
LLABER R G R h R g
9 BIF S DA H 2 B9 S v o A £ A T 3% 40 S Ao
PEATIG B, 20 W0 W WG IR MR AR AL Bk . 5 48
S 2% B 5 3 T L B 1) 2K 9o 0 SYTAE PR 00 BE 2 €
{19 7 [ T i 2 AN (7] J5L B 2 90 A [ O G , T o 5%
SRR 1R FTHLEAR [R5 LR A o 905 L ik
FRHE S LG SR, B AT T 43 I £ i P M A
SRS S A AR AT S R
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Identification and pathogenecity of a novel pathogen causing
green rot disease in Porphyra haitanensis

HAN Xiaojuan' , MAO Yunxiang', LI Jie*’, LI Guiyangz'3 , LI Chen’”,
LIU Li**, MO Zhaolan®*"
(1. Laboratory of Marine Genetics and Breeding ,College of Marine Life Sciences,Ocean University of China,
Qingdao 266003, China;
2. Key Laboratory of Sustainable Development of Marine Fisheries,Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences,The Ministry of Agriculture ,Qingdao 266071, China;
3. Laboratory for Marine Fisheries and Aquaculture ,Qingdao National Laboratory for
Marine Science and Technology ,Qingdao 266237 ,China)

Abstract. In 2012 ,a green rot disease incidence occurred in a Pyropia haitanensis culture farm located in
Putian, Fujian Province. The present study was carried out to investigate the pathogenic agent of green rot
disease. The combination approach of biochemical tests and mutilocus sequences analysis was used to identify
the bacterial isolate,and the artificial infection experiment and histopathological observation were performed
to determine the pathogenecity of the isolate. A dominant bacterial strain assigned as X5 was isolated from
the diseased blades using 2216E medium plate. In artificial infection experiment on the P. haitanensis blades,
X5 was able to cause the same characteristic histopathology of green rot disease seen in natural infections:
small yellow greenish spots appeared over the blades, then gradually developed into large green holes, and
finally leading to collapse of the whole blade. By infection with X5 at 10* — 10°cfu/mL, the infected P.
haitanensis blades were found to have lesion area rates from 10% to 100% . These results indicated that X5
was the etiological agent of green spot disease of P. haitanensis. X5 was gram — negative, short rod, non-
flagellum bacterium wit size of 0. 6 pm x0.4 pm —1.0 pm x 0.4 pm. It grew well at temperatures from 4
to 42 C , salinities from 50 to 150 and pH from 6 to 10. The optimum growth condition was 16 C ,50 salinity
and pH 7. X5 was resistant to metronidazole , clindamycin and penicillin,, while susceptible to 25 antibiotics. It
was identified as a member of the genus Vibrio by Biolog and API ID-32E. Based on phylogenetic analysis
of multilocus sequences (16S rRNA ,rpoA ,recA,yprH) ,X5 was showed to be highly related with V. casei,
V. litoralis and V. rumoiensis , with the evolutionary distance of 0. 095 — 0. 108. These results indicate that X5
might be a novel species of the genus Vibrio or a novel subspecies of V. casei, V. litoralis or V. rumoiensis.
The present study indicates that a Vibrio sp. strain can cause green rot disease in P. haitanensis,which will
support the study on P. haitanensis epidemiology and disease control of P. haitanensis.
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B XS ATEZEBRRPIRERNAARENE
(1) X5 &Y 3 d 5 a5 5050 R B O B 5 (2) X5 YL S d J5 AYIZ 5030 R SRR 5 B 253 5 (3) 58 35003 B DX 4 200 L e 4 22t
RO (TS AL ) 5 (4) kb DX A2 A0 38 22, 70 200 0 0 6T ) 200 M P 2 W B A R s (5) g 728 TR AR DR 0 9 S Sy o R IXC S (6
SKRAE) 5 (6) 5 BE DX AH M0 A% A SIS 5 (7)) T EIE A A xR 2 56 3
Plate Histopathological changes of the P. haitanensis infected with X5

(1) The P. haitanensis blades infected with X5 at 3 days,showing yellow green spots; (2) the P. haitanensis blade infected with X5 at 5
days, showing loses of blade tissue; (3) the diseased spot area of P. haitanensis blade ,showing cells being shrinkage and green; (4) the
diseased spot area blade, , showing abnormal cells being increased, and the around cells becoming homogenate and greenish; (5) the
diseased spot of P. haitanensis blade expands distinctly; (6) the diseased area becomes decay and loss; (7) the control P. haitanensis

without visible histopathological changes
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