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Fig.1 Geographic location of sample collection
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[l —HEA [ PCR =R A 5 18 H 2% B AR W 5E
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meter (Promega, 3% [E) X RIS Py 47 el 2 £
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FIH RiE 5 A SPSS.22 # {F f1) Spearman %
A 5 R BT HEIE 25 04 B IR BT R 1 SR BR 4 AT o
FIH R 1E S (version 3.3.1) HEATYIRPZH L4 . 3R
358 R 55 R 45 R B AR DGR 3 AT BT AR oA .
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) FHEERE 5 DNA, AP BRIF KRR B
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VR AT T A R 745 1 6 Ak TR s 45 7 2

(thiosulfate citrate bile salts sucrose agar, TCBS)
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Higt o BRI m s 4 3 Worealife)s, #
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2.1 IMEETFIBHIER

I T SR A X AE 2019 4E 7—11 H i 3R
FEALFEARARAL AN 1 i, FRAEIA T 2K = IR0
AR RSy, FRAH K A B R SR
TGS E IR, 2% X IR K AT A KK Bk
MFRAE GB 3097—1997 45 /K FbpifE EoR

2.2 RS R

291 it 37 2 P s 1 V7 P 4T T BT i ) B 2R
A OL (1 2), FR4E A0SR HUHERE R1. R2
(IR 21 O A 1 0k G S e S T N
PECEAE 9 H IR B AR, [RIR D1 2878 1 3 3 1
W, ARG shuk g, HEM D, AR KRG
o M BUR R EaEY, i 10 HIREREK, A0
o D THIEEERK, I 2 A B A B A A sh A
G ER o Spearman AHICMEHT R, AR TH
BRI 5 KRR Th ISR R ) B i i 5 A5G (P<0.05)
(A 3).

*1 BBEXREFHXFEXEBUMERIER

Tab.1 Physical and chemical properties of an open aquaculture area in Huangdao District

X 45t 7H  July 8H August 9H  September 10H  October 11H November

area M D M D M D M D M D
M4 &/ (ug/L) Chl 2.170 1.697 2.440 2.573 4570 3.440 1.770 1.670 1.460 1.570
MBENTU) TUB 2.70 1.76 1.58 1.08 2.26 2.40 2.96 2.89 475 3.16
#E4%E/(mgL) DO 727 7.26 6.60 6.73 6.53 6.50 6.96 7.08 7.80 7.79
RErPC T 22.4 22.6 24.1 242 25.5 25.4 24.4 243 18.3 18.4
#hEE sal 31.65 3171 31.70 31.71 31.71 31.70 31.82 31.81 32.03 32.03
pH 8.30 8.25 8.31 8.21 8.27 8.19 8.16 8.22 8.42 8.35
WAL A/ (mg/L) DIN 0.076 0.059 0.064 0.040 0.047 0.043 0.044 0.064 0.064 0.067
W AYER £h/(mg/L)  nitrite 0.0037 0.0043  0.0040 0.0040  0.0060  0.0043 0.0030  0.0040 0.0040  0.0043
TR £ /(mg/L)  nitrate 0.056  0.041 0.047 0.024 0.027 0.026 0.028 0.047 0.048 0.049
% /(mg/L) ammonia 0.016  0.013 0.013 0.012 0.014 0.014 0.014 0.013 0.012 0.014
E2 /(mg/L)  phosphate 0.012  0.011 0.009 0.008 0.009 0.007 0.011 0.009 0.013 0.011

TE: M. FRFEIX; DRGSR R A& X 3AN b o 1P M8

Notes: M. aquiculture area; D. control area; the data in the table are the average values of the three stations in each district
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* means significantly correlated with chlorophyll content (P<0.05), M.

aquiculture area; D. control area, the same below
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PEF i o

TR IR I B% 5 45 M 4 A XF 345 B9 OUT
J#51E47 1] (Phylum). 2K (Class) 7K-F L #9843
Je, JLAGIL 43 DA T], HoP s 10 M E
I EEE KT 1%), 2] (Proteobac-
teria) . JiZE T ] (Actinobacteria), Marinimicrobia
fUAF B ] (Bacteroidetes) . JERETR [] (Firmicutes) .
LIS ) (Chloroflexi), #5 4 F# ] (Cyanobacteria) |
Epsilonbacteraeracota, Patescibacteria FI1 ¥t il B ]
(Verrucomicrobia), A ASIE [ TFEA R H 4354
OUEETT. 9 AP B m, miAS B
(9= EEREAR (B 5).

TENKE L, KB 94 DM, XS
FERE BN v I B 49 (Gammaproteobacteria) . o-
RIE R 49 (Alphaproteobacteria) . fLFT 7 44 (Bacter-
oidia), y-EIE W NAE 7 7 FRFE X F L b T e
1 49.86%, [F]EF iz H £y X RE X B y-2 T 1 40 =
Bt R S, O 45.41%; TEFRB X R,
oL TR AWTE 11 H F 58 i Wby, 7EXF R IX
8 H BB o5 Hedme i, 209l 0 26.29% A1 25.21%;
AT TR 9 F By 7258 DA BRI 2 B &5 i
Fefe 22, 290 26.07% 1 26.18% (4] 6).

JE K- AR S P Fh 4 i heatmap & 2,
10—11 J3 B 20 T DC 35 Js 28 8 S AL, g A5
7—9 H LR H A TE 22 Sk o SE T 8 f K
TReRE, 787 A FEE RS, MolEET] 2k

https://www.china-fishery.cn


https://www.china-fishery.cn

988 K=

E

55 ¢ oM X M district
53 ¢t oD [X D district

OTU 7K*F Shannon f5 %}
Shannon index on OTU level

8 9 10 11
I E/ H
time

(@)

OTU 7K*F Shannon 5%

R 46 &
E 30 oM X M district
2 m D [X D district
o 25
H
o
g 2.0
5
E 1.5
€10}
g
% 0.5
7 8 9 10 11
i E/ H
time
(b)

4 JKEFEE OTU 7K Shannon % #1435 E &

(2) AKIRSEAN T 2 FENE, (b) AKIRBEINGE 2 FEVE

Fig. 4 Shannon index chart of water environment OUT level

(a) bacterial diversity in water environment, (b) Vibrio diversity in water environment
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REAr B 45 R SR, 4 R RV R 2 U KCF L
B JE 5 W R £k 2 B0 8 3 1E AH ¢ (Spearman £ 3¢
Z B =0.545 85, P=0.00181), 5 DO EMEFE
IEARG (Spearman FHOCPEZREL=0.50512, P=0.00441)
(& 10),

1IN Yy A A AP oK SE I, V. caribbeani-
cus FIT RV 11 R G 5 R4 R 1 AE DG PR B0,
V. caribbeanicus 5 DO (Spearman A 3¢ 1 £ %t =
—0.894 45, P=0.000 006). M§fRLh (Spearman A
T 2% =—0.81029, P=0.000 24). /¥ (Spearman
HINE Z 8 r=—0.800 00, P=0.000 34) B4 . %
MK, SR (Spearman AH 3G R X 7=0.789 22,
P=0.000 46). M 4t % (Spearman A 3¢ P & %«
r=0.816 80, P=0.000 2)H.A7 & 2 IEAH G5 R Il
PRI 5 1 B B 2 IE A0 ¢ (Spearman #H 5 1
Z B0 r=0.821 65, P=0.00017), 5 DO &#EHA R
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1. nitrite, 2. temperature, 3. chlorophyll, 4. ammonium, 5. pH, 6. soluble
inorganic nitrogen, 7. nitrate, 8. phosphate, 9. dissolved oxygen, 10. tur-

bidity, 11. salinity

2% M % (Spearman A ¢ 1 & % —=—0.833 63,
P=0.000 11), [FEF, Bl mbEIRE 5itaR .
TR R R i A5 PR DR - B A A DG (81 11), &
VS PR R VR SRR B0 I, SR R R ARk
IR B, BT 450 B 25 (8] 3 A1 52 45 Fh IR B 1A
THIZRGREM, VA B 32 A K I s2 s/
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Fig. 11 Heatmap diagram of Vibrio species level

V. alginolyticus

V. rotiferianus

V. parahaemolyticus

V. nereis

environmental factor

1. salinity, 2. dissolved oxygen, 3. phosphate, 4. turbidity, 5. pH; 6. sol-
uble inorganic nitrogen, 7. nitrate, 8. temperature, 9. chlorophyll, 10.

nitrite, 11. ammonium,; the same as Fig. 14
24 FEDUVALMEBTES T

[llumina Miseq &3 &P &5 R s, F6 04
ZUR A B A B0F 50 80K 240 032, K] 2 354
4~ OTUs, Shannon £ #f ¥4 48 ¥t & 1.91~4.89,
Sobs 8%k 454~1 317, 2 35 T 1k 99.44%, X
B3R 45 1) OUT J¥ 4 i#471] (Phylum) 7K F- (1) 9 Fh
o328, SRR 45 AT, HrA PR AL G RoRE
BT (Tenericutes). ZRJE 1], JERERG ], W4 A
7. BT BRI . BRBEAR T (Spiro-
chaetes). M2 T 1] (Acidobacteria) M 4% 25 1 ] .
Fd DA PN A0 TR VR S5 A SR R e A, 8 H AR IR
T 37.20%, WCRARFHGETT . miH Al A £y 32 BE R
FIEA ST (8 12),

TR DU N SIRE 3 A b, Oy 1 3 0 b
FEAE A TR A 3 B3 D0 AR I s i 4 A 1S Ol AR
T 53 M7 PR SR BE o A D S TR R A G IR ) 5K
PE o S iR, SR B, 9 A RN JE
o7 et T L1 ARSI H A A LR (18] 13).

FE IR AT AT A T ORI b, F e
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Bacterial community structure diversity and environmental factors in
the coastal shellfish culture area of Huangdao

MA Jingxue *,  ZHANG Peiyu', WANG Zongxing>, ZHENG Minggang °,
GAO Ping’, QU Lingyun’, ZHENG Fengrong >
(1. Institute of Environmental Science and Engineering, Qingdao University, Qingdao 266071, China;
2. The First Institute of Oceanography of the Ministry of Natural Resources, Qingdao 266061, China)

Abstract: Shellfish farming is an important part of China's aquaculture industry. With the continuous expansion of
the scale of aquaculture, the unreasonable operation of the aquaculture industry has caused a greater burden on the
environment, caused the change of microbial community structure in aquaculture water, and caused certain harm to
the health of shellfish aquaculture. Meanwhile, it has also caused huge economic losses to the shellfish aquacul-
ture industry, which seriously affected the sustainable development of the shellfish industry. In order to study the
open aquaculture waters of offshore shellfish, the distribution of bacterial populations, the response of microbial
community diversity to environmental factors and its relationship with the incidence of diseases in aquatic animals,
we collected sea water samples from different locations in an open aquaculture water area in Huangdao from July
to November 2019 to analyze different water quality factors (water temperature, salinity, pH, dissolved oxygen,
chlorophyll a, ammonia nitrogen, phosphates, nitrates and nitrites), used high-throughput sequencing methods to
analyze the differences in the microbial community structure and diversity of water samples and Chlamys farreri
tissue samples in different months, and discussed the correlation between environmental factors and microbial
community structure. The results showed that 42 phyla and 94 classes were detected in the bacterial community
structure of water samples. It is composed of Proteobacteria, Bacteroides, Cyanobacteria, Actinomycetes, Firmi-
cutes, etc. Among them, Proteobacteria is the dominant phyla, mainly including y-Proteobacteria and a-Proteobac-
teria. The results of the diversity analysis of bacterial OTU levels in different months were
November>September>July>October>August; the diversity analysis of Vibrio OTU level showed that the diversity
of Vibrio increased first and then decreased, and the trend was consistent with the change of water temperature.
The diversity of the culture area in August was higher than that of the control area. RDA analysis showed that the
chlorophyll content (ug/L) and nitrite (mg/L) concentration had a significant impact on the species composition
and community structure at the phylum level. Phosphate content (mg/L) and DO (mg/L) have a significant impact
on the community structure of Vibrio. A total of 45 phyla were detected in the bacterial community structure of tis-
sue samples, and the Tenericutes is the dominant phyla, mainly including Mycoplasma, which has a significant
positive correlation with the phosphate content (mg/L). The results of the isolation and identification of the domin-
ant bacteria of Vibrio showed that the dominant Vibrio in the culture environment from July to November were V.
alginolyticus and V. harveyi. Studies have shown that aquaculture activities have a certain impact on the microbial
community structure in the water by changing the content of chlorophyll and nitrite in the water. At the same time,
changes in phosphate and DO have a certain impact on the community structure of the Vibrio genus. The results of

this study can provide certain theoretical support for the occurrence of shellfish diseases.

Key words: shellfish culture; environmental factors; high-throughput sequencing; community structure; Huangdao
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