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LA, BSRAE 32 7= X FRAE ol A v 03 2 Hh B
ARIRGE | PR ERIR T RS, 3R RS R
ZF i,

— 2 B X 2R SR R A AN I Ao R 1 9 I
WURIT THFTE . 1 B35 (2008) & BR {BE 58 H0. it 1A
(Pseudoalteromonas nigrifaciens) {5 4¢ 3¢ 2 T 1A
W, HAES FIE KR 3 FR B R, £
Pk 5 (2011) BT R, Il K #E R B sC B M B
(Pseudoalteromonas  tetraodonis) 1] fit & 4% B 42 5% (Pyropia
yezoensi S)ZZ RAR T B IR o R IR 25 (1999)F 5T 4
W, BiRERE e F R M E AL SR MR -, ARSI RSk
7% o IEIBKAE (2002058 £, P EARBEE SR ISk
BRESA %) B0 TR A2 A7 45 1R 28 B L i 1 (Pseudoal teromonas
citrea) ., 5| L 48 3 A5 1) BOW T K Z B0 S 80 T .
AT AE , KA R A A R e %
A AR AR E I K FRIE rh i A W B R A AL T 3 A
i, 4R o g i 2 PR 2 0 AR MU AT s PP, R —
B 0 45 1 B0 TR A 2 7 33X R A ) RS TR R R
WY, REURER L. LRBIE EERA MRS
filt B SR SR R 40 | S B0 A R PR AR A T 1k
JEFFWTT , X 53 35 s X K R B it 2k o o b 2
BV SE R I LTI

WSRO R B SRS T I R A
ZREFRARAEIRG, KB AR Rl R
XoF — ALK T 0% 35 2% 1R R 110 200 BT A X A T
o P AR & e sh 72 S A 4 g, 5 2 4R
DU PG AR B = AR R AR T35 1 AR P B AR 8 AR
BAS s, ELAT SCEOPATINY . vl (R TT
55, 2016)0 BEFER 2 AT H A B L ) 7 ik P 41 A0F
GO, W el A I B R S LT e Y, A
B YRR (S, 2016), BE R B A G I 1 v
KRBT P T B A AR

ARG R FH 1o 38 S 0 ARG 1L AR K RS
B X R 2K A h A B Z e R TR A, DI R
K5 35 XK A B A AN T 2 RE v A, Tt S
BT AR FRIE M XK IR BT HR U D AL L, R R
SR BIXK G AN T ZREPE AR 52, Ry 585
FrBFI T A T B 55 6 4 AL B A

1 #wREFE
1.1 HmEESLIE

T 2016 4F 12 H ILZR K 2 5858 37 0 X 0 Il R B
T LR IX (CDCNS) . 23K 57 48 X (CDPF) . #hiff IX

(CDCOS)HYIF/KFES 3 L, B4l 6 ©~HE. HIZH
0.22 pm YR EFHE IR E KA b, UEEX TR &
HAE T TP, IS5, A-80CIRIE.

FA B O s B 1) XOR K B R AR R 2 KRR, T
PR EAE R . pH. B A DO). #FHhE . A
(NHi-N). BfR#:(POI-P). ERREL(SIOF-Si). A&
TEYI(TSS)%%

1.2 SR AHE

1.2.1 3 T 16S tDNA 5369 % 2 Rl 55 o547

I TAEZAE) M 3l B AE MR A BR A Rl e e
FEMBAE Y R BCR H DNA 2 B3 A (HiPureSoil
DNA Kits)(Megan, J ). DNA )5 A IR FH B
FMEGE IS FL Uk i, FHAIP A Barcode fARESE S X4
16S tDNA V3+V4 X (51457514 F: CCTAYGGGR-
BGCASCAG; R: GGACTACNNGGGTATCTAAT),
PCR 4" 87y U1 i [R1SC, Fi] Quibit 3.0 ZOLiH#EA 7 e 4 .
F oAb 3G Y T AR IR G, BTk,
A S, #E4T Hiseq 2500 PE250 (Illumina, 3S[EH)
T

Xof D A 3] B D s A A T A 3L, i e AR
RIS, 3% Clean data, #RJ5, H34E PE reads
ZIHME SR, B A Reads PR — 5575
(Tag). FIH Mothur(v.1.34.0)8-4%F Tag 4 iE4T
ETUAT P (Patrick et al, 2009), Pkikil! Unique tag
A, 3T Naive Bayesian J7iM73r254% Rdp
classifier T.H., X Tag #FATHFERE, R T B 4FHb R
BRI 2R R, FE—X) Tags #H47
OUT (Operating Taxonomic Unit)®E 2%, it KEGG
(Kyoto Encyclopedia of Genes and Genomes)${#E JE i
FTHX AT OTU Pathway 7E %8715 Alpha ZHEPEFE L
(Chao ., ACE Shannon Fl Simpson)5## i [i] Bray-Curtis
Z8, JEMRPE Bray-Curtis ZREUA0 1545 S X AL Sk
TRE T
122 AR Fo4H M YSI Z2H0KE
1 Proplus(3E ENELIZ I E /KR . pH. EhEF . DO, fif
FH AA3 L 853 B (Seal , 75 &) 5 4% T E F7E8
(R B o NH-N A I 2 R e 0 i 725, Si03-Si 19l
FERFREAR W, PO -P YN A SR FH HUIR I R 38 SR
40 W5 5 (GB/T 12763.4-2007), A B354 0.04
0.030. 0.024 pmol/L. TSS i iz FR fit iz U ij /5 &
22 (H 115 (GB17378.4-2007). #4fE R 17 B /KR
FRAR G RBOT IR N 5 A W ) = B 2Z [A] A A
Kbk
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21 KEEBREKFHEAERK

X B2 T D KR it I P 45 SRl i KEGG il
JEHEATHEXT AT OTU Pathway TERE/MIT, ,\MD“J BT
42 ], ZEIE4HTHE ] (Proteobacteria) by BE AN XA AV
HYROh JREE ] (Firmicutes) . $UFFE [ ] (Bacteroidetes) |
1775 # | ] (Planctomycetes) . (& & | ] (Actinobacteria) .
SBR1093 . P& I '] (Verrucomicrobia) . J 1 & ]
(Euryarchaeota) . 2 HJfd 8| ] (Gemmatimonadetes) . 4%
2514 ] (Chloroflexi) .,

5 1 DX U KRR i A I o 217 S o Horpr, R
JE B e 1 10 A& 4390 R Wik HY 7 J& (Methyl ophaga)
Eh P e (Halomonas) . % 4T i & (Bacillus) . &%
T J& (Ammoniphilus) . 32 8 it 1 J& (Alteromonas) . 15
TR R (Plesiocystis) . pa AT 147 & (Antarctobacter ) |
34 15 )& (Candidatus) . #7152 #T 14 J& (Citrobacter) .
+ /\#T % J& (Octadecabacter)

22 KRBERKREREDSHEEDHT

2N [R) I X REATE 0.03 BEES FAY Alpha &
TR, Chao. ACE #1 Shannon 3 Fjidg %l K,
Simpson FEEEAZ T T 0, FontEah b R e 4 E

CDCNS
ERKX

g IR, KB X KA Y Z R
=, Hd, DL CDCNS Wt M i+, H
5HAM 2 MEX ZEFHEEE 1.

1 FER Alpha SHMEGITER
Tab.l Statistical results of sample Alpha diversity

FESh PR Chaol $6%% ACE 5% FHEE Vet

Sample Chaol ACE Shannon  Simpson
L [ 16813 31122 4.94 0.0536

CDCNS

PhifIx 12154 22062 3.88 0.1215

CDCOS

FRARIX 13711 24566 4.08 0.1276
CDPF

23 KEBRBKEHESEXMNBEXR

HRAE7E 45 A 53 KT b 41 IXAE i OUT 454l
P3RS 8] Bray-Curtis 240, JFAR#E Bray-Curtis
RA TR EE R FE S AT R b, DL e &8
I3RS R S B AR PR 5 R 5% . CDPF B IR

[X.4>F CDCNS il CDCOS X, Ja —#F e h—AH
(Bl 1), 7] CDCNS Fl CDCOS X 4= Wik 45+
AL, CDPF X A9 40 B8 B 7% 25 #4 B & IX 3] T
CDCNS #1 CDCOS X ,

= ROHH Unclassified
» Others
= WIHOREEIE  Coraliomargarita
= @ﬁ’gﬁﬂﬁﬁﬁ Pseudoalteromonas
gt FFBL T T Methylophaga
L) @ﬁﬂﬂﬁﬁ Pseudomonas
AR Acinetobacter
TEHLHRR Marinomonas
= LB IR Halomonas
LR Candidatus portiera
BHER Alcanivorax
IR TR Citrobacter

B HR Psychromonas
HTCC
= BURUE/RICHR Colwallia
ﬁﬂ“ﬁ Marinobacter
HTCC2207
. M(J”ﬁﬁ Glaciecola
n RHMIER  Alteromonas
Arcobacter
Plesiocystis
" I Erythrobacter
= BENRKER  Pseudoruegeria
= BRI, Phaeobacter
Paracoccus
Octadecabacter
= FliFHRER Loktanella
Antarctobacter
TRIREE Planctomyces
PR Ammoniphilus
= ZFRUFEIR Bacillus

sediminicola
= TR
= REWR

Polaribacter
Muricauda
= Candidatus aquiluna
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Fig.1 Cluster of microflora structure

24 FERBRHEMERMNAEDHEARESR

AR B KA A A R A0 0 269 OTU Kt 2
AR, DUR R I 5 1R 20 A& /b 7E AN [R] DX 42k
A RIBTELL (K 2), KL 5K 124, CDCNS

5 CDCOS XL AE—&. Hh, HE®WE
(Muricauda) . i it & J& (Pseudomonas) . £h % i &
AT 1% J& (Erythrobacter) . 1 #T 1% J& (Marinobacter) .

TEVERE AN . RIBR A S (Paracoccus)y CDPF X 4% 53
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PER LS . 7K1 T & (Glaciecola) . FLAEw . +\
FrEd e . R & 8 I B (Pseudoruegeria) . Bili P EG B
J& (Loktanella)ly CDCNS X 5 FPE L #H . mE4
I JE1E CDCOS IXAHXS B2 B g i T Hoft 2 > IX sk
(Kl 2)s

2.5 HAFESHEEFHXEKESH

3 ANXIEKEREE . pH. DO, B FEEh S RE [
THERWE 2, NFE 20 LIFEH, CDPF X1 NH;-N

T HRERAL, CDCOS X, [FRf, AN X Eh A
=, Julh CDPF X#hEE iR . DO Fl pH 23 i
[f] AN T M AR A 2, TSS U F 3 /32 1) A1 140 T 1
o RN T 5B E Y BT £ B, R R
4345 5 NH,-N Fl1 TSS f25 [6) 434 52 1E A 2% , CDPF
X W8 42 14 Jm T /N, CDCOS X Vg 2 i s F i
K o 5 BRI TR S RNV AT B S 4 A S R R L S A R
P, CDPF Xk i i Ja@ AT i e & i %, Hilh
2 AN X R B B R (R 3).
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Fig.2 Genus diversity among the three areas
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SEFEAN . AR YA AR
MR, BAMRSREFRNE, T A R 2 T
Wz — o FRIFHMBIK, FRAE KR, HAIENE

DR E i 2RO AL B AE SO E Y 20% (il 3 3 25,
2016). FrFH 5 b He BB St 17 g BB 1Y AR 253K
Tt o FRBEEE SRR AL 7 M X B FRAE I R R A, G
Rk, HOSRB RS | AR KGR G AR R H R
ol A W B 05 T A A, A AN 25 4 A8 A X SR
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Tab.2 Environmental parameters of the three areas
N HA RERR S WAL E T B
BES AR . R . iz
Samples NH4-N 8105 -Si PO; -P Do Salinity pH 188
(pmol/L) (umol/L) (umol/L) (mg/L) (mg/L)
i 7 X CDCNS 0.49 5.73 0.71 10.2 32.1 8.06 23.80
F%5H X CDPF 0.18 8.08 1.02 10.0 323 7.89 28.53
AMEEIX CDCOS 0.89 9.92 1.05 9.7 32.1 7.76 45.47
*3 HRERTFSHRIERBZENEIRY
Tab.3 Correlation between environmental parameters and the abundance of some microorganisms
R i b K ligy £ i A [ =
B AR ?\fk Ei@zéim @i@éﬁm iy i LhF PR
Samples NH.-N Si05 -Si PO; -P DO Salinit pH TSS
p (umol/L) (pmol/L) (pmol/L) (mg/L) Y (mg/L)
A E E Halomonas -0.82 0.09 0.45 0.11 1.00 —-0.08 -0.29
W& # )& Ammoniphilus 0.94 0.77 0.49 —-0.88 -0.58 -0.78 0.95
AT J& Marinobacter —0.83 0.07 0.43 0.13 1.00 —-0.06 —-0.31

YR AR A BN O A IR 2 R S
545 28 BUR B B S 2 T, B X SR B PR B
UL D AE T A5 A R TR (R AT o

AW RN, AR A B T o R A v T 4 T A
FENARIEABET ] JEREE ] PR REEmw ] .
ZEBET] . SBR1093 ., HEME 1% . fHHE%(2017)
F 75452009 WF 98 2 B, PRI AL W i 75 DR KR
BT BB . XF AR FREER E], AR .
PUFF IR . TR « V7B DA S5 TR T g AR X S A i
5 AR B BN B S, X LB
T TR PR v R A7 AR (AR 128 eI 7 Rk 2
) T Vg S A AT T T (SR AR 5, 2017), H AT
HE(2009) 5T 2 A, AE IR AL AR K BR BT B4
P AR AL BB, SEDPE R 0T B A i i
BIRHR T2 oK b, AU A it X R 8
217 J&, A e%E2017) 4 (i X ol 227 &,
ELA B0 1 XSk — Bk o RN, AR A A 1K I8 Ik
EEH e85 (2017) I A B O X ZE W 4N i 1] 32 5
FERER, XTRERCRAE A K, ARUCREER E
TEAZ, MR HEEE 017 RAER [ 7ERKZE, 1 K45
(2002)BF5E 211, IR AN T 15 40 B A A7 00

ST YRS Z A R . M e, 7E
P JE FDY BURE A 0 50 P 1 V% 45 44 (Fisher et al,
1998), LRI LB, KL CDPF 1Y
T AL P e 5 225 A A S DX 3 T AR A Y 2 AN DX, i A R
) CDCNS 1 CDCOS X A= Wit va 45 44 B
T RHEIT , 33U I S SR SR AR S0 B P A M T 45
FAF= A T 52 AR5 SR TR0 X K IR FR AR I L34
jEEfERERE . RS . SRRREE . R

J& . EFTEE . RN E . Bk R, Hb,
T CAEA ALK ASTR] S SR i 1) e b e A= 9 vh
TES AL . B8 25 (2008) N 1L 4575 B By 4 BE 4838
bR R e T 4 B A ENEAF BT sRUE PR (2012) 20 B 5
FH | 3% 25 s AT — M ) S5 B 2R S 3R T A5 31 TR
MIEE ; P45 (2013)7E45 2835 (Pyropia haitanensis)
PG A L BR A 20 R P o S BT B AR ER . A
AN 1 XA ] 2 SR B SESR SR T X, VAT T
BB BT i L AR BT R R R B i A S O A T A
B E], I, TEEHEN, e A R SRS
MEAALAL, N5 EFEARKBEMK, (B, #uthm
AR R T i — A

i I PR MO R B, ISR BRI R A AR BT
LA T, X AR BE SRS MR AR 220K i A K
BT R0 (HHBL5E, 2008) . 445155 (2008) 5 A 75 H:
SR A IO AR AR T AR A B B L AT RE F T T
SRS 1 AR 5 A T A, e LAAG: I 2] 7K R v i
MG RE T, M B0 R B B e A AR I il i
X 45 BEEE S AR B BOR AT 8 5% . AR AR &
B, AT RE 2 (S B TR 1T B A A B0 T AL
(EHAE, 2011) o X S5 EE 28 5 IR AR SR B9 O AFF 52 &
B, PG M S B M R O 1 B IR R (1 kA
2002), AHFFEXT K B SR IR X 5 R FRE X JH A &
AR ERE A, HASFEENT 01%, HA
(i) DX 3k 1) P 52 2 B B AT 1) 2 AT D AT 22 57 TR R SRR
S BRLTAD I 7 2 50 e o T R AT 1 S s B T, T
R FhT T L AR AT T A ARG 1

TR IR 5 w4 B 22 A PR R 5 R A A e A
g AEFRRIEA DG, M SMEN TR  # . DO,
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Effect of Pyropia Farming on Bacterial Communities and

Marine Environmental Factors

SUN Tenggin'?, WANG Wenjun>", LIANG Zhourui’, LIU Fuli?,

SUN Xiutao®, CAO Yuan'?, WANG Feijiu’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of Sustainable
Development of Marine Fishery, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries Research Institute
Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract Pyropia is one of the most economically important seaweeds, which is mainly cultured in
China. In recent years, water quality deterioration caused by long-term and intensive culture have led to
problems for Pyropia aquaculture, such as disease outbreaks, decreased yields, and lower product quality.
Microorganisms are important components of the environment and have important effects on the growth of
other organisms. In this study, the microbial community structure in a Pyropia yezoensis aquafarm in
Changdao, China, was studied using 16S rDNA-based high-throughput sequencing technology. Whether
there were correlations between different environmental factors and the abundance of some predominant
bacterial taxa was also tested to explore the environmental impacts of Pyropia farming. The results
showed that microbial diversity was rich in the surveyed marine area. The abundance of Proteobacteria
was the highest among all of the identified bacterial phyla. When the Pyropia farming area was compared
with nearby non-farming areas, it was found that the highest abundances of microbial species occurred in
the near-shore area (CDCNS), followed by the Pyropia farming area (CDPF), and the microbial diversity
was the lowest in the offshore area (CDCOS). Cluster analysis of the samples was carried out based on
Bray-Curtis similarity coefficient values calculated among them. The microbial community structure of
CDCNS and CDCOS formed a clade that was separated from CDPF. Furthermore, the twenty genera with
the highest abundances were used for a further cluster analysis, and the results showed that CDCNS and
CDCOS clustered together, with more genera being especially abundant in CDPF. The predominant
bacteria from CDPF included Muricauda, Pseudomonas, Halomonas, Erythrobacter, and Marinobacter.
Suspected pathogenic bacteria of Pyropia, such as Pseudoalteromonas tetraodonis and Pseudoalteromonas
citrea, were not identified in the surveyed areas. Indeed, the abundance of the genus Pseudoalteromonas
was lower than 0.1%, suggesting that the environment was safe for Pyropia farming. Dissolved oxygen
(DO) and pH decreased gradually from CDCNS to CDCOS, and TSS increased gradually from CDCNS to
CDCOS. The content of NH;-N was the lowest in CDPF and the highest in CDCOS, while the salinity was
the highest in CDPF. Correlation analyses showed that there were relationships between environmental
factors and environmental microorganisms. The abundance of Ammoniphilus was positively correlated
with the content of NH;-N, which was the lowest in CDPF and the highest in CDCOS. The distribution of
Halomonas was related to salinity, and the abundance of Halomonas was significantly higher in CDPF
than in the other two areas. Halomonas functions in denitrification, and thus can promote the conversion
of N from an oxidized state to reduced forms that are more easily absorbed by algae. In conclusion, this
study represented the first report of the structure of the microbial community in a Pyropia aquafarm and
its correlation with environmental factors. The results showed that farming Pyropia had significant
influences on the environmental microbial community, which were closely related to variations in
environmental factors caused by Pyropia farming. Such changes in environmental factors and microbial
structure had corresponding effects on Pyropia growth. The mechanisms of these interactions between
environmental microorganisms and Pyropia growth should be further investigated in the future.
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