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BRI TR AL EREM ARSI

AAk mEEY? BE2' % 50
(1. P EDKPRERETE b S K R B RE SEOARE A E R R = R S

BY IR E AR IR AR ERESALEE IR HS  266071;
2. B HERYE KTFREERESER R B 2013065
3. PENBHERS = WIS PO R R A S5 TR W = 572024)

WE WL A B W (Oplidiopsis disease) & ¥ b # 3% % 3 (Porphyra sensu lato) i & E g F 2 —, % 5|
MEXATARREAERTEZFH k. AARFA D E WAL EX AL R EERAS T AL
¥ (Neopyropia yezoensis)[ & & £ 17 J7 2 (PyOlpH) , #5504 3 & 4 77 2 (PyOlpM)Fr & 4 ™ & 7 }&
(PyOlpS)], AT HM A HAL N, BESMMEEXHZ MNHEELER, EREF, 3 HEER
EHBE o SHEEEEAFEELEZR, EPYyOIpM A5 m T HMA, 3 M EEMATHLFTHE
{E 72 ¥ T (operational taxonomic unit, OTU)#{X 5 & OTU # By 22.7%, HHZ | FHEL Z = 7(E
¥ % L7 Z 44T, R=0.405, P<0.05), %R ABREME, 5 PyOlpH X M 2 R X BHEMR S, £
EBEW 23 |7 208 &, o-& T X (a-Proteobacteria) . y-% 7 H 4 (y-Proteobacteria) 1 J& £ H |
(Firmicutes)7E FT A HF & 3 H AR, X FE AT 20 NEF A 16 M T 3 NE#EF, HIEA R
PN B BB H RN EE ., EF, XA E B (Cupriavidus) 0 8 2.8 % 0 H B
(Sphingomonas)& 3£ I 6 E R Em W AW KA, —H RIKE EAH LR EHENAH L#HZ N
FHESAEAER . AT R T O WD a7 T BOR A9 ASALE BT R B a0 R — e B B 3

KA

hESEE $917.1  CEAERIEED A

L3 (Porphyra sensu lato, JRFR laver)f&— xR
Z MR NREZN & BRI LL8E, H) iz ks
FEEPEDE, SHEAAARFETMER ., kTR
TR IX KRR . WA . KRS Y RN
FERHAE AN M AE 2R, I AR IR ] 58 SR 3 M A2 5
I R R (B A, 2000), 554338 55 1 XA 42
AT K 40%~50% (Yan et al, 2019; {a 4L 45%,
2021), AT AT FH (Oplidiopsis disease) &1 AR K54
SR B 2 —, ARG A R PN & S S EOR AR

FIEE; PUME W R, MAWR,; @@Ll
XEHS 2095-9869(2022)03-0165-11

Ji %2 (Klochkova et al, 2016), E i ix0mn i g T%&
P 20 B PN 2 A 1) B A K480 A7 B & (Olpidiopsis) , B2 PR
B Olpidiopsis pyropiae.. O. porphyrae. O. porphyrae var.
korenae. O. porphyrae var. scotiae. Olpidiopsis
bostrychiae . O. heterosiphoniae VI O. muelleri 55 7 Fif
TR BLAT R 53R RE ) (West et al, 2006; Sekimoto
et al, 2008, 2009; Klochkova et al, 2016; Kwak et al,
2017; Badis ez al, 2019). FFE T 1992 SEFEVL A
B AR B 1Y S BE 4L 3E (Neopyropia yezoensis, %

* B AR R AR B Z IR = AR R G B) [This work was supported by China Agriculture Research
System of MOF and MARA]. [&l7kffi, E-mail: yanyw@ysfri.ac.cn

O \EREE: & &,
W B #: 2021-03-26, WeiEsehs H #1: 2021-04-19

FIWFE 51, E-mail: lijie@ysfri.ac.cn
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Pyropia yezoensis [Yang et al, 2020])"F &Pz (K,
1992), J- 5 J5 76 % 55 4 BT 48 58 Fll Iz 28 2% (Neoporphyra
haitanensis, 145 Porphyra haitanensis [Yang et al,
20207) " k BB %5 (B KA, 2007; X — 5 4,
2012; fTALARSE, 2021), $PLHIATE TR 2 %) 58 SRk 15 L
Joib B R B3 T 22—, [ TR D o AT AR A oy B 8
Y7 1 (Sekimoto et al, 2008), FH L, X HBUHRHLHIE
Mz k= Mz F AR, ©
227 P ) i B 975 R AR 35 28 B8 . I3 T 1 D M R vk
A AR I AR (Kim et al, 2014). HIL, WKWK
TR A WL S A W B 45 5 1+ o A

UTAERE, B AR 200 TR 2 ¥ A HR 5 B 2 T R AE L
FHFIAE 49 B 458 ) A SURITEE R0 33X 2 PR Ay 9 2K R 24 2
bR 1A A KR B R S SR BRI AR K -
Bl e 58 UL i J] 3 45 B 24 T (Goecke et al, 2010;
Singh ez al, 2014), &5 EIFHIIMHL, —T7iH,
R0 38 S5 AT i SIS B0 A AR W 1) A A R U R B
o T 11 IR RSO A M S R SO R T AR OG
14 2y fig 5 R REAE 32 3l A R i s R T e & 80w
(Egan et al, 2014, 2016). 55— 7, FEASHAE N
I RE3E 2L 43 WA BT B B 0 B IRV (quorum sensing,
QS) 1 4t 571 55 U G A 7 W Pe T HEATT B0 T 14 B
., PRI BN S IR o SR A AR e 55 (Egan et all,
2014), 45001, WARHHEAE T A 12%~50% 1
PREAABUR IS 7, A B R R0 4 5 17 E R A
(Singh et al, 2015),

AN, XA S P O TR B B BIF AR FE A
TR AR . BT TR E A — 5,
4y 2 18 B AR A0 R AT 7 AR B TR R T 0 R AN TR B R
BICIE Ao TR G LT i B B 800 i R 2R3k SR i 3 O T
RO T (Larousse et al, 2017), J5— 717, B A 405
FE A 1) 09 TR0 Jart Frg R S 508 AR H S AL 7 40 ]
T F Bk M 22 . B, KPEFEEE(Salmo
salar L)BYYRSZ /K BER AR YT, K &R R A0 A8 1 Kt
& W) 3 B M JE R B (Frondihabitans) 41 T HEH 20
97 B4 B 25 (Liu et al, 2014) ;5 1 B3 38 1 T
(Enterobacter cloacae) W REF| H fadB F fadl 3 H %3k
4 S A R 55 208 55 (Pythium ultimum) 524 H
Y7 e AN A DT IR L DA 400 0 2 % W ik )
95 %% 5 (van Dijk et al, 2000),

SRITIE A Ay 1k, B A= 48 T 15 52 4P A1 T 18 5%
RHMAUIH, — e FREAT 1R AR . BT
5 7 THT PO F S 2R Jie o DRI, AR 5 5 B A 4 AT 5 4803
WM Z AR, X H YRR oy E
Y3 S o ARWESE ST T 2 ADL I AT TR S % ) AN [ fid

AR I 2R B SR A AL, WO RSO F A A
1 fole A2 A5 AL S =0 A 2 B 20 T 2 P R 3 — RE Y
SR

1 RS
11 HAXE&E

B SRR TR SR B SR N R BT X, (YL
I8 A8 E TR F XU R R U 1X(121°03725.88"E,
33°20'11.28"N), X AIFZH 1333 hm?, 2018 4F 10 H
—20194F 1 H %M X ABE L4 1 18 AL 24 333 hm?,
2019 4E 1 A 4 HITR, 29 133 hm?® KB 3 & E
JRES, R FIE 40% 7847 o MIZ XSk 48 3 FfAS []
ARTE Y 5 HEA T AR B SR SERAE - AT I 53k R AEAT
i} 5 #% (PyOlpH) . M 75 | & 0 58 3 B & A= 9 12
(PyOlpM) LA J M 7F | % 3% & & &k 4E ™ & k=
(PyOlpS)(E 1), FFIERIM A HIRE 3 MEYEL,
B R AR R — AT A 3R S8 L 1) 2 bk
(30~40 HR)FBELEBEAR, ARG G E TIW KM
asrh, [Al I JC R K A RAE N A 31 SR 1 7K LA
TR BERAEAS P I SRR o SRR 1 SRR S AT LT
IR PR TELAS paty [l S 80 = EA T JR 25T . TR A B
FHBEPLP L 5~6 MRABE LS, Ml B i AR L 1B
o R, ALY EE T ERPLPEE 5~6 PR
FAKR, TR A TR R DNA $REUL A YR v%
30T o

1.2 RENERKFELE

s LU B B J 6 5 oot A DL AT LA 45(2021) 0 FF
SRR R K MY 3~5 I KM EE L
BrEim 2, I ) R VIBUR L R 1 em® (5%
B S MR RE AL, 7E BT USRS, JE SRR
LR LU ERAR L o A A A I A5 11 48 52 0 B AL
LITECRA 7] T AR B AL A T 8 O

PR N4 DNA #BGH G (ERHE, & 5)
HEHL PyOlpM A1 PyOlpS 4L S FE K 41 DNA, Ff:43 51
FHECTH ITS 38 FH 514 1TSS F11TS4 (White et al, 1990)
J& % (Pythium) cox1 J¥ 54555140 coxl-pyth-F Fl
cox1-pyth-R (Lee et al, 2015)LA K 3Ll 47 7 cox1 Fi5
5|9 cox1-olpi-F Fl cox1-olpi-R (Kwak et al, 2017)i
17 PCR Y44 i, PCR P2 1 %3 B AR 2 A 9k
HEATREIN , IR B R B el | T kit £ K 4k,
V5 PR s B AT I 4387 o TS F B 4E NCBI kA7
BLAST [FJVEPE HEXT, -7 MEGA-X #4 b FH 4B %1%
(Neighbor-Joining, N-DF R G & F LM, A%
4 Kimura2-paramete (Bootstrap % & & 1000),



3

Ve 7K 45 R DL o TR 4% BT 5 S5 i 2B T A 20 A 167

PyOlpH

1.3 MiAEES DNAREL. PCRYEESEENF

SRR R A AN BE Y% DNA RIS R
Burke “5(2009)/) L IFHGE &k . BN EWESR
14 5~6 Bk SE WA S T K TR KB B 3 T LA S BRAA
GG TR A R )G B EEAE T 15 mL CMFSW
2% WK (& 0.45 mol/L NaCl,10 mmol/L KC1,7 mmol/L
Na,SO, #l 0.5 mmol/L NaHCO-)H1, F:#5 41 10 mmol/L
EDTA 1 150 pL 33 U8 bR B 9 s 2 B AL il (3 M, R
KA TR FE 2h; BEREIERE, RSk
FRUREY - G405 - RIS - 24« DAL« SR
(24 = DA — B BB IA 3 R AR TEK
SR 0.1 AR TR RS FRENA(3 mol/L, pH 5.2), &
EHAET-20C i I UTHE ;4°C 20000 X g 20> 30 min
319 DNA UUIEG , JH 70%H BRI VER: 2 ;s &
J&i , i 200 L A4 JCHE R K % fifk DNA I FHBs e
Ji FRL UK 5 DNAF B/ i

Ht 2 uL DNA, H] Q5 f=if& H DNA 54 i K bk
o A4 Wy 40 11 K (Earth Microbiome Project) fE##1) 16S
rRNA KLY 515F (5-GTGYCAGCMGCCGCG
GTAA-3") il 926R(5-CCGYCAATTYMTTTRAGTTT
-34S V4~V R AR [X (Walters et al, 2016) ., & FE &
HEATY R, S1SF 5149 5w i 6 3L barcode
PAXEAS RIS o DL 3 o 9738 45 F . 98°C il 48 4
2 min; 98°CAEE 155, 55°CiHk 30s, 72°C4EAH 30 s,
I 25~27 MIEIF;72°CJF LM S min. BEMFEA Y PCR
=W A AxyPrepDNA S8 [FISGAT & (Axygen, 3£ [E)
Yl , F1 A Quant-iT PicoGreen dsDNA Assay Kit
(ThermoFisher Scientific, F2[#)%} PCR ;=#i17 &
i, PCR Y1116 Fi IR AR 142\ v ] Ilumina MiSeq
SEG BEAT 2x300 AR I

' PyOlpM
1 AR FERAS T B SR M 77 L4

Fig.1 Comparison of laver cultivation nets in different statuses

PyOlpS

1.4 HIESW

EEARE A A S R AL 51 A USEARCH 10.0.240
(Edgar, 2010)# AT HF% . 4% . LRk Gk, Ik
97% 1) AH LI BE 2R 25 B W] #: E 43 25 B T (operational
taxonomic unit, OTU), & RDP classifier Il -5
¥ 7 QIIME 1.9.1 (Caporaso et al, 2010) 1 3 F
SILVA132 s Xt OTU ARE£)JPFI #1742 (cutoff
{H1 M 0.8)IFA4 B OTU 3%, 4 1EME N Unassignable
Unclassified .Chloroplast A &% Mitochondria £ OTU
G BN OTU Fh LB, Frfd OTU RALITR o 24
P B ZREMERIM A WL % . B R (R core team,
2014)F1 Excel XU ¥ 2 REPE RBETS AT B 1150 4T
RGN BREAS FESIT . o ZHEEIEEIN R H R
J7 225381 (one-way ANOVA) . R T EARFRT
(PCoA) S B4 27077 22 73 AT (PERMANOVA)

1.5 EREHSN

FH LEfSe [line discriminant analysis (LDA) effect
size] (Segata et al, 201 1)/ AT Al B YLFR B 555 5K
SR SR AR R P 22 e Hoh, ARBESE
LEfSe M S H003 5 E 9 LDA score>2.5, a=0.05.

1.6 HIMMEDHHT

FHARXS = BEHT 20 09 40 0 J A4 2 3k 30 9 4% (co-
occurrence network). i pysch fiH %) corr.test ()PEI%L
TE R 05 45 41 5 g [0] B 6T Y Spearman AH 5K 2 BUSH
P4, JfJH Gephi 0.9.2 (Bastian ez al, 2009)% H: 3 % 2%
HEAT AT REAL o 4% [T H 8 B — 19 A (node) S AR R B
AR JE L 19 A Z IR L (W P A3, edge) R 2 M4
& 7] B 21 Spearman #H5&(|7>0.6, H FDR
e IE Y P<0.01),
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2 g R (B 3A), 20y Al i N-J SEAR R K Bz i 5
O. pyropiae T F—37Z (K 3B), BB 51 K FH X 3¢

21 RENBZRRFRESEELER 9 12 P Jir A AP0 T A A

ANTRLAR T A5 5838 1 S O 25 R LI 2., 4
K 2 iR, PyOIlpH 4158 SEHF il oA 5% B AT Jek e 305
% . 1 PyOlpM F1 PyOlpS #HKE 57 i i F W< 5|
55 S 2 A 2 A0 3 AT TR IR G ST 2 3 A L R o A A R
TR taisk), Hig#wmEREm e & Trs .
)95 UL E 48 3 K o3 B DA 4L AR 45 (2021) .

FIH ITS 51 . JBTE cox #5514 KAt
W coxl Fi 75 WXT B 538 DNA #EATAIN, A 3t
A ITS G ARAE R coxl F¢551 4 H Y1

PyOlpH

& 2

22 BEANFERZT

AR 16S rRNA JE A & i e )P 45 R L3R 1.
k1 R, FHUPIISE P | s, It
PAFARTH 283 911 4k, 4t OTU B2 | REF
G DL B R JCRUT 9055, HLARAS 247 657 45
Y, BT 432 4 OTU, Xl F7E o #1740
i, ERER, £FAK Good's coverage FEEIY KT
0.99 (F& 1), FTHZWTIRE RS AR KRR T et
AR TR B AR TR 2 R

RIRIRAS 75 |- 4 BEAESE R 1 B2

Fig.2 Microscopic observation of N. yezoensis on cultivation nets in different statuses

PyOlpS 41 4B 535 oW 45 R 51 A T ALIA 45 (2021)

Microscopic observation of N. yezoensis in PyOlpS is a quotation from He et a/ (2021)

A M1 23 4 5 6 789 B

71 PyOlpS
PyOlpM
1 Oiiﬂ Olpidiopsis pyropiae (KY569075)
Olpidiopsis porphyrae var. koreanae (KY569074)

750 bp
500 bp

! Olpidiopsis sp. (KY403506)

Olpidiopsis feldmanni (KM210527)

—
0.05

Olpidiopsis heterosiphoniae (MF838768)

K 3

Identification of pathogen causing N. yezoensis disease in Dafeng, Jiangsu Province

TR R AR 28 BE S L
Fig.3

A: ITS Fll coxl ZEEY G BEAEMEEEN K s B: BT coxl ZEEMEM N-J R G0 LA
A: Argarose gel elecgtrophoresis for the amplification of ITS and cox1;
B: N-J phylogenetic tree constructed based on cox1 gene sequences

M: DL2000 DNA 5-FHbbis 1. 2; P RRIERE S ITS J 05 3. 40 PRAIF LRSS MR cox] 374

5. 6: JUHFI RS SRR INMAE T coxl §7HE 5 7. 8 A9 41 ITS | JEH: coxl FHLIMAT I cox1 BIEXTBRCERIKVERAR)

M: DL 2000 DNA marker; 1, 2: ITS amplification for PyOlpS and PyOlpM; 3, 4: Pythium cox1 amplification for PyOlpS and

PyOIpM; 5, 6: Olpidiopsis cox1 amplification for PyOlpS and PyOIpM; 7, 8 and 9: Negative controls using sterilized water as
template for ITS, Pythium cox1 and Olpidiopsis cox1 amplification, respectively
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Tab.1 Statistics of the sequencing results of all samples

R s GlEgdl P OTU % OTU £ FIIHL Good's
Sample ID Raw reads Merged OTU No. Sequence No. in OTU table coverage
PyOlpH1 31240 x2 30431 108 22 963 0.999
PyOlpH2 30832 x2 29 863 116 23 377 1.000
PyOlpH3 37366 x 2 35249 146 32 601 0.999
PyOlpM1 40 263 x 2 38 097 134 32430 1.000
PyOlpM2 39302 x2 37238 129 31060 0.999
PyOIpM3 39741 x 2 38 732 152 30 002 0.999
PyOlpS1 34329 x2 32 500 116 28 579 0.999
PyOlpS2 35833 x2 33815 150 21950 0.999
PyOlpS3 34855 x2 32 869 111 24 695 0.999

2.3 o SN P BHEME

FH Observed species (Obs) ., Chaol, PD whole tree
(PD)Fl Shannon 58 BORRME o ZFEME(A 4), &4
Z I 2 MM 22 B OR 1B 3 (P>0.05, ANOVA,
Tukey’'s HSD test). {Hf&, PyOIpM ZFEMAY 4 4 o
ZREMEFE (OB 133.00, 143.00, 11.01 F1 5.30)
1 F PyOlpH 41 (435124 122.00, 134.00, 10.40 A
5.26)F1 PyOlpS 2 (43524 125.00.132.00.9.91 F14.41),
ifii PyOlpS 414 T Obs =T PyOlpH 414h, HAxEHub
¥KT PyOIpH 41,

S A 25 2 [ BfE A= 11 % 45 4 22 REPE A B G &R

160

140 -[
120 +
8
5 100 |
&
- 80
(5]
E 60
B
O 40 -
20
0
PyOlpH PyOIpM PyOlpS
#H 5 Group
14
12
1
10
g
o 87
Q
e
8 a4t
Pas
0
PyOlpH PyOIlpM PyOlpS
#H 5 Group

1E OTU /KF b2l 7H BIE (& 5A). 4ikEs, 34
FEMARA ) OTU 43510 77, 86 F1 92 4~ 4 98 4~
OTU 7E 3 ke fELE, & OTU S8UW 22.7%.
3 QRS Z A AE A OTU, M, PyOlpH
Fl PyOlpM Z 6|34 31 4>, PyOlpM #il PyOlpS 2 ]
A 30 4~ OTU, ifii PyOlpH F1 PyOlpS Z [ ItA
18 /> OTU, JETF Bray-Curtis fH 55 %) PCoA Brn, %5
S B AR A RE T AR R A% B 58 S Bl AR g 1 R I A O
(PCol filRFERE R 41.4%), 2 WIAS [RIHRAS 5832 A6 TR
ZIAAFAE I B 22 5 5B), 2T Bray-Curtis Hi 1Y
PERMANOVA FW, X P )25 5 BA B E1ER=
0.405, P=0.042<0.05).

180
160 -
140 I
120
100
80 [
60
40
20
0

Chaol

PyOlpH PyOlpM

2151 Group

PyOlpS

Shannon
w
T

PyOIpH PyOlpM

2051 Group

PyOlpS

B4 AFEPRES ORI FRER o SRR A

Fig.4

Comparison of o diversity indices of epiphytic microbial communities of N. yezoensis in different statuses
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a3

PyOlpS

K 5

Status

0.2 - ® PyOlpH
© PyOlpM
0.1 - ® PyOlpS

PCo 2 (14.17%)
(=]

-0.1

_0'2 C 1 1 1 1
0.4 -0.2 0 02
PCo 1 (41.4%)

HF OTU f9F BUE 73 (A) A E A8 AR 2347 (B)

Fig.5 Venn diagram (A) and principal co-ordinates analysis (B) based on OTU

24 WMEVBEANRERSWT

SRt PN RE Ay E B gt i sy 81
R 23 177208 J& o H i, A2 JE TR ] (Proteobacteria)
) a- 748 JE B 2K (a-Proteobacteria) Al y- 75 & B 4
(y-Proteobacteria) Ll M JEBE T | ] (Firmicutes) 75 BT A5 B i
Ty {E#, 7E PyOlpH. PyOIpM Fil PyOlpS 4 #1k
Irld 84.7%. 83.4%F1 88.0% (& 6). a-ZFIE 4
(PyOlpH: 26.91%; PyOIpM: 24.59%; PyOlpS: 20.44%)
FERER ] (PyOlpH: 17.29%; PyOlpM: 9.56%; PyOlpS:
5.95% ) FFXT = J3E Bt 7 ok G A 8 448 o 2 B ORI y-
AT B AN AR 2 B (PyOlpH: 40.5%; PyOlpM: 49.2%;
PyOlpS: 61.6% )] bifi 5 /B YL i B 1 fin 52 386 1 R

100 = Archaea

90 Acidobacteria
= . :
S Actinobacteria
s 80 = Armatimonadetes
-g 70 = Bacteroidetes
5 = Cyanobacteria
g 60 = Deinococcus-Thermus
2 50 = Firmicutes
B 40 = Planctomycetes
& = a-Proteobacteria
i 30 = §-Proteobacteria
H 20 = y-Proteobacteria
= = Rokubacteria
= 10 = Unclassified
* = - = Other

0 PyOlpH PyOIM PyOlps
#H 5| Group

B 6 N[APRAS SR B0 5 S0 I AR T AR T T (SR TR T 40)

TR L B AR X 3 R AR AL

Fig.6 Changes in relative abundance of epiphytic microbial
communities of N. yezoensis in different statuses
at the phylum or Proteobacterial level

MANEEJE K-SR E, AR EBERT 20 (940 &
HA 16 MESAT oI . y-5 I T AN F S RE
WIT(E 7). flhn, o728 T8 6 i BB HF 1 )8
(Methylobacterium) . 5% B 5. 17 J& (Sphingomonas)
FIARFT I I8 (Caulobacter), 1§ & A0 XT3 B bifi 4 Jak e

TR EE B3GR AR, WS AR y-22 TR R A9 )
O H B 8 (Cupriavidus) . B i B8 J& (Pseudomonas)
F Methyloversatilis & AT 3 F 24 Bifi JR L 2 i 48
midEhn; JEREE T TH ) Kroppenstedtia J& WA XT3 B
i J% e L 18 T UL

LefSe 732 22 7 W4 R s, PyOIpM 5
PyOlpH MR AERHEZ A 16 DNBEAFALEAXT
1) 22 5, Hrh s 5L P H (Sphigomonadales) 4 7
£ PyOlpH Hv i 2 5 4 , 17 85 iU 1 H (Xanthomonadales)
NI7E PyOIpM I 3 & 4 (18] 8A). PyOlpS 5 PyOlpH
F1%) B A= TR = [ REDX 2 B AT Wb 35 22 S AR TR R A U
IKF 37 4>, W PyOlpS H AR A& H (Pseudomonadales)
FIARAT # H (Caulobacterales), 3% BHA T 2 1) 41 & S i
Z 5 230 A i ) J5 s e b (] 8B).

2.5 MEHEHIAME S

IR XS = BEHT 20 A9 20 B SR A T — 10 ik
SR8, HECH 27 BB, BT SIS E R
3, TR MERERE 3 A HABL R E, 1A
TAEHMAE R 14 (51.85%), TAMIEAEMRHECH
13 (48.15%). Horb, SUHEE A iR ), HYS
WFTFEE . R 8 Methyloversatilis J& 2 6] 17
FEIEAH EAR (A 9); H 2 BE B M 1T J8 1) BE IR 22.(7)
ZE S PR R R . R E (Acidibacter) . &
M AT B J& (Ochrobactrum) Vi . /& i £k H )&
(Thermoactinomyces)Z [AIfF{EIEM EAEH ,, HiX 4y
VA i 34 5 D0 TR A A B O TR A T A AE I AR
HAEFH B A0 R SR Z [ B U BAE (A 9),

3 itig

A 5T LATE 548 R A= DX S A b 16 X 52 40l A
WG A AR BESSON DTS 4, AT 1 A IRl GOIR 25
AR B SR B AR TR ) AR PR AL 22 S DA F2
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PyOlpH PyOlpM PyOlpS
a-Proteobacteria_Methylobacterium = 7.49%  10.07% 9.97% 5.61% 5.15% 4.19% 5.03% 0.48%
a-Proteobacteria_Caulobacter | 0.08% . 4.14%  6.05% - 795%  485%  536%
v-Proteobacteria_Cupriavidus =~ 2.66% 3.47% 2.83% 2.71% 4.66% 6.84% 7.42% 7.49%
a-Proteobacteria_Sphingomonas =~ 6.78% 9.27% 8.00% 6.64% 5.61% 5.15% 3.69% 3.64% 1.62%
v-Proteobacteria_Pseudomonas  0.88% 3.19% 2.70% 3.90% 2.67% 3.94% 5.32% 7.28% 8.01%
y-Proteobacteria_Methyloversatilis ~ 1.48% [J001% | 232%  1.99%  3.33%  565%  3.70%  7.33%  8.64%
Firmicutes_Kroppenstedtia =~ 4.44% 2.96% 8.65% 7.46% 3.29% 1.12% 1.48% 3.47%
y-Proteobacteria_Herbaspirillum  5.13% 5.76% 1.89% 2.53% 7.43% 2.53% 1.43% 4.61%
a-Proteobacteria_Ochrobactrum ~ 3.11% 3.97% 4.13% 5.49% 2.62% 3.17% 2.48% 2.13%
v-Proteobacteria_Acinetobacter ~ 2.23% 1.97% 3.50% 4.81% 1.18% 2.00% 1.66% 1.73% 0.67%
Deinococcus-Thermus_Thermus 1.62% 1.59% 0.36% 2.33% 0.92% 4.74% 1.23% 1.69%
y-Proteobacteria_Ralstonia  1.97% 0.63% | 001%  080%  443%  139%  123%  243%
Firmicutes_Thermoactinomyces =~ 6.20% 3.41% 2.00%
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Fig.7 Relative abundance heatmap of the top 30 bacterial genera in epibacterial communities of N. yezoensis in different health statuses
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Epiphytic Microbial Communities Associated with
Neopyropia yezoensis with Olpidiopsis Disease

YAN Yongwei', YANG Huichao'?, MO Zhaolan'??, LI Jie'”

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Laboratory for Marine Fisheries Science and
Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Key Laboratory of
Maricultural Organism Disease Control, Ministry of Agriculture and Rural Affairs, Qingdao, Shandong 266071, China;

2. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306,
China; 3. Laboratory of Tropical Marine Germplasm Resources and Breeding Engineering, Sanya Oceanographic Institution,
Ocean University of China, Sanya, Hainan 572024, China)

Abstract Olpidiopsis disease is one of the main diseases affecting laver cultivation in the sea, often
causing large-scale rot and serious economic losses. Although the oomycetic genus Olpidiopsis has been
identified as the pathogen, little is known regarding its mechanisms, including its interaction with
epiphytic microbial communities. In the present study, diversities, structures, and major interactions of
epiphytic microbial communities were analyzed using Neopyropia yezoensis in sea infected by
Olpidiopsis. The N. yezoensis used in the experiment had different health statuses, including no infection
(PyOlpH), partial infection (PyOIpM), and serious infection (PyOlpS). The results showed that no
significant difference was observed for the a diversity indices among microbial communities associated
with the three groups of N. yezoensis, but those of PyOlpM were higher than the other two. Shared
operational taxonomic units (OTUs) among the three groups of communities only accounted for 22.7% of
the total OTUs, in addition to significant community dissimilarity (permutational multivariate analysis of
variance, R*=0.405 , P<0.05). More microbial taxa were obtained when communities associated with more
seriously infected N. yezoensis compared to those associated with PyOlpH. In total, 208 genera belonging
to 23 phyla were annotated, and a-Proteobacteria, y-Proteobacteria, and Firmicutes were dominant in all
samples. Sixteen of the top 20 genera were also assigned to the three groups, with their relative
abundances increasing or decreasing across the infection status from none to severe. Among them, genera
Cupriavidus and Sphingomonas were the most connected bacterial taxa in the co-occurrence network, and
negative interactions were determined between the two taxa and their positively interacting bacterial taxa.
This study provides primary datasets for clarifying the microbial ecological mechanisms and searching for
probiotics for Olpidiopsis disease.

Key words Neopyropia yezoensis; Olpidiopsis disease; Epiphytic microbial communities; Bacterial
interaction
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