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Analysis of Aquaculture-water and Gut from Fennero-
penaeus chinensis in Different Systems on Bacterial
Diversity based on High-throughput Sequencing Tech-
nology

#ORIRH.F R.EAT. TRACTER T RE
FAN Ying, WANG Xiaolu, LI Le,GAI Chunlei, YU Xiaoqing, YE Haibin,
LIU Hongjun

QLR R A ST B - L AR A K SRS A S & L IR B 266104)

(Shandong Province Key Laboratory for Disease Control in Mariculture, Marine Biology In-

stitute of Shandong Province,Qingdao, Shandong,266104,China)

E LB A IPF 52 R 7] 57 58 2 G0 6 FLA I X R i 38 B K U W) 2 R PR RS2 . L 3% JULAIE 3R 5% 58 & e Al
TR G T PLYAIE S UF 55 Gl 7K A e F M 38 S BIF 98 %) 5 FE SR8 30 d JG R AR, 2R JH Tllumina MiSeq (= 3 fi
P HESR AN B 16S rRNA 2 W V3+ V4 X, i@ i RDP11. 3,Greengenes13. 8 . NCBI 16S Microbial fil Custom-
ized batabase 55845 B2 AT 4347, B IRIE A FRTH R G0 B LM AETE R D EM . [ERIFEHEMIE, A
FRHH ZR G F LR IR I 8 06 o W IR R SR AL )G X Clean ¥ 31 38845 20 M7 AR A6 38 R 48 F K AR A 5 3 EF
L2 81 % B 2 89 Y0 s IR R T KRR T A H 4r te ok 92 % iy 94 %0 . PIFPFREE R 5T KAk
17 308 A T A AR KT 2 8 B 0 2 AR TR TR AN FL A5 DR T BEAS R] 5 S W] Alpha 8 010 7 b 40 il 1) 25
PEEE RELBTW AT LLE R R FSRIH RG2S T LAY X R AR 35 rp B W) b SOk 6 &, [B) 352 1 3R A W 7
FRTH A BE T TR S, (&5 1l ik & 3 A 0 U5 48 7R AN [ 32 08 R 40 v A A W v R O 22 R DL S 2 AR 0 T
FL%‘ZEXG‘H’]‘QIIH“%EE%?EEM’EW X R 3 SR I R A W AR GBI Y S R B A R XL

KER . HEEWT  FLNEXIE BIEER  MEDZ NS

HRESES:S966.12,5917. 1 NEARIRE A XEHS:1002-7378(2017)04-0261-07
Abstract:[Objective]To study the effect of different aquaculture system on bacterial diversity
of water and gut from Fenneropenaeus chinensis. [Methods] Taking aquaculture-water and
gut of Fenneropenaeus chinensis under both the recirculation system and the non-culture
system as the research object, samples were
WS B 8 :2017-07-10 collected after fed 30 d. The bacterial 16S rRNA
EERA B (1980 . 4. B L. Al sc 6. £ m M ik gene V3+ V4 region was sequenced using the I1-
5 B ) FE 0 B DRSS E-mail s By fy123@126. com., lumina MiSeq high-throughput sequencing sam-
« I 7l 5 A Ak R A% 4 T 4 10 [ (CARS-47)  Ple and analyzed by RDP11. 3, Greengenesl13. 8,
FILRE AR = Rk mipme e walmmpmp  NCBIL6S Microbial and Customized Database to

(SDAIT-13) % ), elucidate the significance of circulatory aquacul-
x % WASMES 0t (1976, B BIBFSE B, £ M ik e ture system and the role of microorganisms.
Y 3558 KO E B iG WFSE . E-mail ; yehaibin@263. net, [ Results) Fenneropenaeus chinensis were sur-

vived normally in different culture systems dur-
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ing the cultivation. After the original sequence was optimized, the Clean sequence was ana-
lyzed. The percentage of high quality sequences in the non-circulatory system was about 81%
and about 89% in the gut. The percentage of high quality sequence in the circulatory system
was 92% and 94% in the gut. The Proteobacteria of the water bodies and gut bacteria in the
two aquaculture systems were at an absolute advantage, but the abundance of each group was
different. The different Alpha-varieties showed the differences among the species. According
to the phylogenetic tree, different culture systems had changed the species and developmental
relationships of Fenneropenaeus chinensis in habitats and indirectly explained the role and
significance of microorganisms in culture habitats. [Conclusion] The high-throughput sequen-
cing reveals differences and diversity of microbial flora in different culture systems and is in-
structive to the actual culture of Fenneropenaeus chinensis, which is of great significance for
elucidating the relationship between microorganisms and related diseases in the aquaculture.

Key words: high-throughput sequencing, Fenneropenaeus chinensis, gut microorganism, bac-

terial diversity

0 3

[(FAREXIEY S8 T A S A KRS A

T 8 — T o3 g A 28 78 LA (B A G o 7 v e
B AE L 2 24 A B 5% A0 b RS AT Bk 0 B
SRR X T IRAE S LRI L R A A A
(9373 v 240 3 3 R 1 7 RGBT ZE I R B | b
DA ) A 1 TR R ) o e 2 % WL Tk o 28 o A
Az i TE T A W 0 5 A R ) e L TR S ALIR B B AR
WRGE L RIERG . RRY L ASHENE 7L,
ANACAT DA R A X IR e T oK SCRE A0
DRRE AT 34 E 45 48 20 h b BE A Se 1k A7 A 2 ] o 1Y
S RSN AR . R 3R T 5
B KA LA K 57 58 2 ) W 38 b A 0 A B AS [) 5 AT
R ZHEVE . AEY ) 2R AU ES i A 1Y AR
A IE A A R G R I AR O R A A O A W T
& A BEMAERRGE KT FBERSY . Bk, A
A W) Z2 R R AR B AR DO A (6] 3R 8 R S A T LA
WA, (AT AN B3R B R M 5L b 3 S ad B vy, Ab
SRR 22 SR Ty 10 % 37 58 2l ) 4k B | 77 B R0 4 45
77 HE TS R KA A Al S A R RS R
B FREE 2 TR AKZEE, 25
ToH S B BRI L AT 24 30 20 Bl 57 BE X & i
FIJH FIA 70 06 W) LR BH L 38 18 55 08 X% A 5% 58 B
S v DA 5 0 5 B A AR JBT 6 IR A 00 TR R 4 A LA
BN ARG E ., TEE AR KFHAGEURE
e s K 7= FR B BTN AT . Davidson 45 R FH 1
oK FF O R G B 5 H 6 AT 8 Oncorhynchus
mykiss )R IISEI ; Drengstig 55 7RG PR 7K 57 58
Z G IR B EF ( Homarus gammarus L.) )
Az 17 o [R)RE 7 A TG B RO s T AR A Y

il

UE 6 2R 7K 77 58 PGS 0T IR B & R 3. 5 kA
LN P o o ) A A R B (B R S AR 85 R b BT A
(1) fok A= 4 ik DR 201 P 3 0 AT e 30 4 00 T DA 23 B
A= TR A L D] A S S RE L R S U E I RE R 2
FEVES F R BOR AR 53R e B2 R R
S A A FE BT I LA R RE D REFE I . AN THE SR Y
ARSI R UL IZ R BTN 8 %, Hfg R
R 3t S e R 5 A R VR R LS L
QUVAE T A e R T B R IF 5 O AT LA
X B S K AR R 4 A R AT I8 Bl 2R W R R
o B S e R R SR AR A P E
A SR o e 0 B R 3 A PN I X i i
TEFIACA TR AE W IE AR LB AT AL . (R
B ST AN R LA U ok R 7 3 [ 7 1 DL S o s 1) A
FeiE A HAL A AR Z RF S L O T R [ 3R A
FRGET LG HR K AT i T8 Th U E W TR S A K
A R AL DURA: B 22 RE PR BIF 5T D JE A, 1) T s e
W AR BEAT 20 Hr B L 2k . AR R B K
i8] 3 1) FH e e 0 R [ B A ) V3 A Vi X
PEFT IR Mt WE S AT 20 R 8 T DL A 8 F R 57 4 UK
R LA L% i T8 PN Bl A 0 ) AL 6 7 L4 5 ) B 57 G
FA G0 TP 20 T R v 5 R 4 5 SR L Sy AR S i B Y
Iy TR B SE PR SRS S R AR AL S O i — P IR
JLAA 35 Xk B A 2557 4 B4 7 JE il

1 #Rl57F*®

L1 REXMER

fet Bl LA — B L 9N IE X AR ( Penaeus
vannamei ) H IWARHEDTHEFRIEY) KK 23,2+
0.5 em, EEL(3.0+£0.5) g, FHMAK/NEN
25 m®, FEHLBC A S FLAA B0 EF 500 B /m® .
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1.2 Rt RFHEEH

I 2 4, 0 R (K &40 54 (A
TR RS0 34l 3 N FAT.

X R (7K R G0) - Ui 7K 77 8 455 5K v 55 B b 1D
25 m® KR 1 m, FRAE KPRy 3 K R SOH 75 )5
SRR B A TR Wb SR R K H AR R R
TR L, AN HEATIE IR .

I (PER R G0 - 8 27K 37 5 A X 5% B 3l 1
25 m* KB 1 m, FRFHKIE A T K g RS
22 VR IR BT IR B L R B R K I ATOVE L, 28
DUVE J5 I A A B8t o pR G AL 25 B B 1 L 2608 45 [ A
R 5 . A E Y8 (N & RALAE D 2k, 75 3R
T e R 8 0 i A 4 T 45 Tl A ) %o 2 K e UL
BF TR 6 55 AT 9 J5 1 a0 A 5% 58 o 9 10 2000
HES I 10 %8 KB #h 72

I K I A R KL KR (25 £ DC L pH N
7.2~7.8, 8% N 5.5~6.5 mg /L.ZAE/NT 0.4
mg/ L,

R AP EW &R, 24 h /B RO T
6:00,14:00.22:00 M EH M . KEEDHEME 2 h
P2 56 R A s FR AR B (B 3L 30 d, 56 i 3 Atk ) )
R R IR A BR 2N W) X6 iR HTIC & iRk, F2EE 57
B R 1 s,
®1 EMEABERRS
Table 1 Nutrient ingredients of basal diet

Nutrient Mass Nutrient Mass
ingredients fraction (%) ingredients fraction (%)
HLE 1 =44 5 <
Crude protein =44.0 Calcium 9.0
KLy _ ot
Crude fat =4.0 Total phosphorus =1.2
4T o AN
LR <6.0 AR >2.2
Crude fiber Lysine
K 53 Koy
Crude ash <16.0 Moisture <1
1.3 HmisE

I 30 d J5 4399 IS [k 56 4 591+ Bt AL BBORE
BRI 5 a5 57 B U A R R ED 2 K BURE S TR
B RS, BABUKNERN S LIRA)E
FH 0. 45 pm TG B AL A7 41h 108 L 2R A5 B2k 0 v B
B, — 8O CARAER . FLAA I X R A AT B 20 |2
VKT EAE R B Ay IR A, —80°C I+
&R

1.4 DNARE.PCRYEEREHEENF

A QUAGEN 351 & 73 5] 48 HOK A iz 1 240
T 2 2B DNAL 33 @ i A2 X (514 319F \806R
SHEWREMNE R s Ry Z 5 R E R m gl
Yy v 43 N B S [ B adapters A1 barcodes , Ff #f
TP 8 W sl 2 5 47 W ¥ . PCR ™4 1
AxyPrepTM Mag PCR Normalizer fJH—fLAb 3,
1.5 HiESH

A £ XF Illumina MiSeq 2 x 300bp paired-
end WM & 2 4 JE A7 o0 B o A R R RS
RDP11. 3,Greengenes13. 8 , NCBI 16S Microbial #
Customized database N/A, 40 M7 N & A 45 IR 4 4L
Ptk S A 8L B ¥ %1 48 31 . OTU (Operational
Taxonomy Unit) K& 1, OTU H I veen K | Al-
pha Z ¢ 4 48 4 (Shannon. Simpson. Chaol) 43 #f .
I3 R A BE AT RN 22 5 40 Bt S (Un) weighted Uni-
frac PCoA 43 #7.(Un)weighted Unifrac Tree 434 .

Ji b B P Ak B A S50t B A g i I I AR AR
i J5L 6 B 25 BR reads 9 barcode Mk 781 6 4
— %} paired-end reads #f 4% I — K FE KM tag,
EER A NN R ok i 8 i 5 2O i e ik 7
5%0HY tags, BRI tags (BT {H Q<T10 11 il £
B A tag 19 20% LA B, T 3R 45 Clean 8035,
HEAT A RO 5 AL B 5 Se it .

OTU RISt kM CD-HIT ¥4 )3 51 4 L
KF 97% 1Y clean tags B H—4 OTU, K H P P
Sl K I reads fE K% OTU M{REFS. OTU I
B venn BRI H 4011 2 400 i b ir i A R 1Y
OTU % H , 7T LA 8 B W 3R ARG AE 5 i OTU
B 2H AR Bk e

Alpha 2 £ 1 308 A2 58 B9 2 4 1 (Within-
habitat Diversity) , il % F F & & B35 £ S Y Fh
M F R R R MBS R AR, A
WHFEHT OTU W& 2R IHEAE Alpha ZH0E £
#% Shannon. Simpson.,Chaol %%,

Yokh or 2R A2 B o B s R o BT Z AR ) — Fh 5
K. FEMBIEE R 0. 97 BE AT s WK X5 AR
RGN ERE AT B S TS

Wk R Gk & AR AR S A o) B i 25
T Z BB SR 5 G AR
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2 HRE5SMH

2.1 BRBHEAERMLEF ST

M 2 a6 R R GeAb B2 Jm LA I X
U 517 BEL KR B 058 I T8 T UG 5 F 91 o A RO B B L
®2 BRMERFISET

Table 2  Statistics of vail and superior sequence

1B 1 C P <<0. 05) B B8 2 58 AT A7 &40 fb 2k 555
PR AR A IR L L I A B A A R S
55005 81 o AR i AT LIRS B S S A ) 2 R
R S 23 B R Rz e 87 4 B2 7 300~500 bp)

4151 GEGRIES

Groups Valid sequence No.

ey 51 %

Superior sequence No.

B3 o3 1

Proportion of superior sequence ( %)

IR AR R 2

’ 41 969+0. 22 34 088+0. 3* 81.2240.05%
Water-control
-6 4
NG ﬂ%'ﬂ 45 815+0.17 42 149-+0. 06 92.0040. 11"
Water-experimental
-] HR 4
%‘ﬁi KT HEAL 32 788+0.13 29 403+0. 23% 89.6840. 18
Gut-control
SERR AW TE
o I8 -1 5 24 36 370+0. 07 34 297+0. 02> 94.30=£0.03%

Gut-experimental

TE < [ 80 B i AR R B AN R/ TR 22 S AN C P <20, 05)

Note:In the same column,values with different small letter superscripts mean significant difference ( P <Z0. 05)

2.2 OTU BE%GitH#Hh

ANV PR 22 GE 0T T 57 FE 7K AR P4 58 R 52 58 6T I i
EIAEY) Z FEE = A B R, FE 97 Yo AHBLPE K
FEgat, EE I R G P KRR S OTU it i
31 569, FL 44 U X} &R i 3 A & b OTU $it ok
21 458; 1M 76 3 & 4 b K R A OTU B&E ok
29 106, JLYYEERTIF i #E i b OTU i 19 410
(1) WA A F2 58 & 48 FE o (9 385 kA
OTU % H Al & th . 76 25 & 40 00 A8 A0 1k A4F B8 b i 1
HELEH

4227

(a) (b)
ATRI IR A Z B8 T K AR Ca) FJ GE (b) 3R B o /) OTU 43
BT 5 £1 68 FIVRS €6 20 g 476 BF 5= e % BAL L ¢ 65 Rl 68 30 S
ARG R4 . a3
OTU analysis of water in different aquaculture systems;
The red and orange rings are control groups in a non-circula-
tory system, the green and blue rings are experimental
groups in a circulatory system, the part in the middle is for
the common
B 1 T OTU ZE Y veen [
Fig.1 Veen diagram based on the number of OTU

2.3 Alpha Z#IEH
Alpha ZHVER BT RF FRIE R G T KK

i 8 B R DL R 2 ek RO )
ol 2 Ao L g s BCEDBR R WY P 22 . R 3R R 4L
T TR B R G AL B, A 5T ) Rl 2 AR
Kooy A #29 5) BE¥IAG BL AL L AT RE 2 76 7 26 0 72 A B
T AR ERIRERINCGR 3.,

# 3 Alpha SR EIEH

Table 3 Alpha diversity index

2H
("HJJJ Shannon Simpson Chaol
5Toups
IR A IR 20 .
Water-control 4.72 0. 87 15 764.53
s
KL AL 4.68 0. 88 11 878. 50
Water-experimental
I -%f HE 4
%ﬁ R IR 6. 30 0.91 17 342.51
Gut-control
SER W E
W -3 4 41 7.18 0.95 13 755.78

Gut-experimental

2.4 YIMSEEEST

AN TR SR 5 25 G5 5 Wi LA T o R A 1% v ) Bl )
&R L . NI B A AT AS [) B o A T
JEAECR 100. 0%, ¥ W7 2] 1 5 51 . 49K
- bR 37 A AR G0 I 4 L AN T X I i T R A
KHEAW -« ZBIE N, F K 57. 9% (RN
38.2%) s ek N IR BEGE 1] - 2R AT B AN, £
23. 9% W HRZH Ry 29. 2%0) 5 TR IR Ry SUFF 581 1] - ¥ #F
AR (3.5 000 I T T- IR Z W 49 (1. 3%0) . T4 26
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ARG H TR AR P LA R o BIE N, F R
36.9% (X HR 4 Ky 23. 8% . - B I H W EE N
18.3% (Xt BA 41 N 47. 3%); Hok & AT B N
(16. 4 Y) FILRH M (6. 6 %), TEHFIH ARG H ML
YR X I Ji 3 R SR B K R b R SR AR XA TR R
WA — BTN (R D),
2.5 YMARZRESW

WA 2 Jos B8R 20 5% 58 7 G0 K AR RE i v 32
LU PERR P I W A W S ]
H A2 T8 B 20 R TR 24 1 O 3R 300 5 TG 24 % 58 &
K RBE G R 2 o BB A, R Sy
RIE TR A . PRI AE P 2 St v g 3 AR P R R G
FABML A IETE I R G2 g T8 B i R 2R TR 40 AH X B
FE T 20 4= B2 0 B R 48 v BT T bO O TR T B

()FE18 BR 2R GoA IR ALK AR A dh
Water samples of a control group in
anon-circulatory system

()R 2K 2 5 %% 20 i 38 1
Gut samples of a control group in a
non-circulatory system

FRFE AR 09 30T h o A G th N B SRy R G AR B

B X R AR

R4 FEFITSN

Table 4 Statistics and analysis of abundance

K AA- KAk - I i - 3 -

B4 X R 21 JER gl Xf fE 20 paR gl
Bacteri Water- Water- Gut- Gut-
acteria control experi- control experi-
(%)  mental (%) (%) mental (%)
a8 T8 T 2R
Alpha-Proteobacteria 23.8 36.9 38.2 o7.9
AR T 4
¥ A T 2N
Gamma-Proteobacteria 47.3 18.3 24.1 10.9
B-A5 JE T 4K
Beta-Proteobacteria 0.5 0.2 0.2 0.1
ERNEL 0.1 0.9 29.2 23.9
Bacilli
(KL
Clostridia 0.1 0.1 0.3 0.6
BRI
Flavobacteriia 26.6 16.4 1.3 8.5
EAE]
Actinobacteria 21.9 6.6 8.1 1.3
RN 0.1 0.6 0.4 0.9
Verrucomicrobiae
W 2T 2t T 2N
Cytophagia 2.7 0.1 0.1 0.0
i B 4T 5
W BE AT 14 2 1.7 2.5 0.0 0.1

Sphingobacteriia

(b 2K 28 48 1R B 4 7K 74 B
Water samples of an experimental
groupina circulatory system

()18 35 3 418 4 4 1 388 A i
Gut samples of an experimental
group in a circulatory system

TERRNEREERR SOERXEREEE. 26

The characters in the ring are classification, the grades from inside to outside are from low to high. Nodes indicate abun-

dance, green coverage area indicates low abundance, red coverage area indicates high abundance
&2 AEFES YIRS R E T

Fig. 2 Phylogeny analysis of different sample species
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3 it

AT MR SR o P b PR B sl e 3 bRl SR AR
Y5 HL IR FE R A S A B R B R A
JEE TR AT B Aok IR S siEm £ A S i
DA TE 235 4 78 A 00 08 AH X 8 /D . T 3 A W B HE R
RELE A TE S W) A B vp B 1 SR D X R i 1
AR W 5 X6 R S AR R o T A L S 97 1 RS P
BERBEBOMEC, RAERETIFE RSB T EN
WhERe MR R R, LA & 2 0P R
K MG G A BT R L iy R BR M, g T R B AR
DA EE P9 385 1A W 22 FE 1, AT 52 30 22 356 R 4K
V- b 22 FRE DAY B A BT B R B A W R DG AT 5
M) BRI EE Y . ARG R B, AT T 1] 02 R4
I e =R IR B AL L e o O R R N
— 2L RIS A AT 5 SR S e Tk — LA 7E AN ]
FIH ARG TR LA R A IR RN, Hh o 49
Moy WEEB . LGRS Stevens 7 I BF 5
R B, DAY TE E R A K IREE T B2 e AN
PR TE T H B A W B 2 T TR G A O 2 R R TR
AT HAE — g K P BE Lk 5B R AN R A 1 1R
. AR FRFE IR AN [ SR G0 5, Ho O i E M i)
FBEATA] A ST SE R R 6 R R G T B 5 A% O TR
BERY B R TR AR A, — B 1 U SR A
X G2 () Ad B 5 T T R A % B A g . FL 4N TS X I R
i B AF VR T Y BUR T 76 2 R G nY LA AE T
LS TR Y S B S0 A TR Y A L AT ) 3
RAFH KA,

AW 5% BT FHAE 24 7K 37 98 2 40 48 3 7™ 4 0 3, 78
I 5H b K A e Ak vh 0 BRI Bl . DT G Ak K AR
MIERL R KA A EAREY IR EN R, &Y
Akt Y [ A K B A 25 T AR AR R R
ERIE P QNG R = A R 1 7 A R | N i
TR HOR T 250 3l W) A K R TR AR )
LR R R A E S R AERK IS, M
H N3 85 R F A6 3 50 k38 7K A b A= 0 v i
ghAe, B smAU ST B OFE — 2D GE FLAREE XTI
E i T8 R R LS K OGP K SR R G5 A G SR B R
M e A 23 50 K R ROR 47 55 — RS
ML AR AR S TR,

4 Zig

A5 388 2o e 308 I e s A () SR A R T P L
YRR 2 5 A R 2R TRIOK IR R S

JUAH 35 X 3R 7 B K A B A 0 B 355 03 ML 4 6 0 R
FI 5 o 18 TR W 45 4 S Z2 BRI, X T LA 1€ X JR 52
P % 5 HAT 48 AR T X0 B 3k 57 585 b 2 W
R R R BAEEE XL,
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