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W E A BT R AR AL E WHAT N R ERET, ¥4 18S tDNA V4 XF 3475
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FE 239 NG, Kb, KEFFEUFINELEN LSBT 34 AN, %% 1 (Chlorophyta), H #%
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2018), ey HEI P H AR GE— IR AT R LT BULE
73 %& DNA BEAT P HIE (A 35, 2015), HHT, %4
A B T2 (Apostichopus japonicus) (Zhang et al,
2016). #H(Pyrosomella verticilliata) (Metfies et al,
2013) M1 #F (Palinuridae) (O'rorke et al, 2012)%5 i i
AW A I N YIESE .

SRS R TR E I 7 BB B RS DL S SR T
SIS AR, db. 8. w1 AR A,
FIRAZR, I ) 85V CR = A1 4%, 1996), 20 4t 90 44X
K, FIGVEFF UL 75 K 405 (Crassostrea gigas) .
AR, AW C R % X 32 Y R A D 2R (1
PRAE, 2013), KATWFE ARSI UEKEE ST, FI 622
Ve L I W (D5, 2000), BT SRINIEFE K
S 5 10 £ ) A R T TR 2 DX 3R ) AR R 2 B D2
MR A BRI N, ST PEAG SR A B R
AWFFE PR B EAZ 4 ) 18S DNA A[ZZ X V4 [XAE MR
e, 454 llumina @SB PR, XTREE SR
B 1K A 5 R T Ak 7 B 7K AR T LA VR Ui A W ) R T

37.15°

40.00° \// yd‘
b d
s -

38.00° § 37.10°

36.00° +

34.00° . :
118.00°  120.00° 122.00° 124.00°E

37.00°

122.40°

AN AR DAY T8, AFIEEE RO IRA
B 7 A 4 B AR A A R IR S

1 MRIERAE
1.1 HmXi&E

2019 4 8 H , fERIEIE KA WRFRAAIX (37°3'12.42"N,
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FER (B D)o BT RE KA E HARRE T
FEA K, SREEIXIKIR N 24.7°C, EhEEH 31.6, pH H
7.88 KRB AL WG 458 5 R(113.57+7.50) mm,
T 5 5 B i B K AW B A7 ], $THF D52 )a A
M BB B IT, H— R A S &9, 5%
BEEHTH 1.5 mL HEE, BHEAERTHRA
Al ] S0 & G RE R — DAL RIS, TEA R AR AE
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Fig.1 Sampling stations of C. gigas

1.2 E[F24H DNA RJRE

Bk 13 AR A AR KRR 78 S L n
A 500 pL () DNA 2w, FEEKE#RS 55CTK
% 48 h, ffi 5] £ (Omega M5635-02)42 Bt f LA
FFE 41 DNA R 0.8%B5 i W ¥ Jie FL P A DNA
sk, RSN X DNA E it

1.3 18SrDNA By 18 % 318 7= 41 19 [o] Y 4 4,

BOE HEAORE i TR0 AR TG R K R fy
£ 1 ng/uL, LIRS B9 H 20 DNA Jgfs , fii i

519 V547(5'-CCAGCASCYGCGGTAATTCC-3")Fll
V4R(5-ACTTTCGTTCTTGATYRA-3)#" 1 18S rDNA
V4 [X (Stoeck et al, 2010), PCR F=H) 45 2%35 g e 1
VKA E, I Axygen BERE RIS & [R1I
1.4 XEHENEVNE

% Illumina 2 7] #) TruSeq Nano DNA LT Library
Prep Kit il &7 SCHE, A4 #E A SO 28 f T SO A
m, A4 AR Mi Seq reagent kit V3(600 cycles)
AT XY
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15 HiESH

WP A5 30 0 e s Bt AR AE — o EL B TP A
W, T ERIES AT R e, B e IR iR R s 2R T
PHE . U8, MEA AR BT AR 97% 1)
JPBUARMLEE B4 TR FF1 OTU &l 43, EHUCEEAS OTU
FE R E R FIIENZ OTU WCEFS, 5 NCBI
BT, i GenBank %% OTU fUEMFIIHY
TAEY) o3 S AT TRl ), AR 7y 9 B0+ 54 i () Alpha
ZREPESR R, DS BIRE S N s R A A A
B ORIRIRE S B A4 R) A A FREAT OTUS 15 B 5%
JFH Kruskal-Wallis £ 55 /R A [RIFEA L[] /Y alpha
ZREVEZE S, I s AR R DG R AT R

2 HBRE5HH

21 NMEFEHEREREERSHES

X 4 w5 S W M BT A 7 B K AR R TR AR
18S rDNA #4T Illumina fd )%, F715 5]
128,789 £ JEIAFS, FiimidiE 3] 111,359 4%
IR RS, Hd, K45 E &Y R G 5

128,413 4%, mEITHIEIR 113,376 ;5 KA4HW5E
FRFH KRG JELGG 17 5 - 348 130,044 2%, = i) 4]
SEHIh 104,638 45 78 97% MBI AKSE E, X 111,359
S R F YR 4 OTUs, —3£753] 1345 4~ OTUs,
Hidr, K4S SYE OTUs BCEHR 773 4>, 551
XIKHFE OTUs P2 714 4~(FR 1), #2432/ OTUs 1R
FFF 5 NCBI s b 47 e, RS 241> OTU
PONIVAOE il e xd = SN N 4 = I o ] 51 e Y
JUHY OTU £k HAh, Higmrk=1T. N . )& . Fi OTU
SR 45, 51, 40 1 17 4>, Z3hls OTU &4k
18.83%. 21.34%. 16.74%%1 7.11%,

T A A B BT A SR B K AR R B A
YIS ZREMEIET T 0BT, & BT AL FR B K R LA 35
TR Z IR R GR 2), HOmAbFRAE K IR 5K At
WiE FYH R Chao 1 8% . Observed species F5%X .
Shannon #5441 Simpson #§ (55 22 5% . 3% (P<0.05)
(F 2), FBIPr b FRFE K A rf AR IR A W 0
MRS TRAE &Y. 2 MM B Good's
BRI T 99.9%, HFEEFFIEEm, Mrik
TR 3), ULHIEUA AP IR BE AL DL S A i
w2 R 2 BUMARL IR A 15 B

®1 FEERNERFIIE. SREFTIHM OTUsH

Tab.1 The raw reads, high quality reads and OTUs in different samples
= -2 J5 iR - B R A -1 OTUs 4L
Samples Average raw reads Average high quality reads Average OTUs
K 4E05 B 5% Stomach contents of C. gigas 128,413 113,376 714
FIrAb 258 7K R Seawater of aquaculture area 130,044 104,638 773

R2 TREERMEZEMEFESHEEY

Tab.2 The diversity index for eukaryote community in different samples

. " R £ _ . - ., j T
FEin Chao I 154 O%{)\J%f?aﬁ Simpson #5%{ Shannon #5%% Faith's PD $5%k GO(;(} s Bl
Samples Chao I index ser;fnedeipecws Simpson index Shannon index Faith's PD index Good's /g/overage
o
K455y 143.15 140.14 0.40 1.74 18.19 99.99
Stomach contents
of C. gigas
Jiv b SR B K A 467.73 462.40 0.84 3.99 48.03 99.97

Seawater of aquaculture

22 EREYES ST

W13 ANRE S RS 45 AN, Hid, K4t
W5 S b B E T 34 AT, b FREK IR
SHIET 37 AN, B TR AR K R AL A Y L
18 0.12%~1.46% UM 4 7 , 4¢3 ] (Chlorophyta)
ST A B R Ak S B K A R R T B S e 1Y
1128, il B E A A Y (36.79+9.51)%H1(55.38+

0.76)%. H ¥ ](Pyrrophyta) & K41 W5 H & 9 th HA%
AR RIS, B EZ YR (31.04+12.48)%;
MAE P AL FR I K AR, BRI 1 (Chordata) 5 & K
B0 (32.58+2.37)%, e HAZAEYIIH k11236,

KA E &P, A/ 10 D EERERTIZ S
SRR 87.27%~96.79%, FH kit 94.07%. WK Sa
Fros, KA S S Wb AL AW AE T TKOE B
ERwE, b, T, B, #8HEY
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(Streptophytina) . %[ ](Bacillariophyta) Fl 51 4= 5 )
(Protozoa) iy EZ KM, HXFERE3HIH 37.94%.

36.11%. 10.43%. 8.48%FH1 4.11%., LE¥El )£
B A HBR 5 2K (Trebouxiophyceae) . Picochlorum J&
AT P S 2K 5 PP B b ) R B o) e T
Z4 1 3 49 (Dinophyceae) . 4 3 J& (Symbiodinium) ;

BERIFEY) £ B 35V H (Asterales) . % F(Asteraceae)
) — SRS REMETT A E BB A PO REEE A
(Coscinodiscophyceae) . %5 ¥ J& (Thalassiosira) i) 1%
WeraY) s R AR S 2T 1T (Apicomplexa) . £F &
I"J(Ciliophora) Fl s AU =& H J& (Microstrichinella)&% .
TEJT AL FRF AR, R/ 10 AR iR 1128 & ik

) 98.00%, &l 5b fis, SREEr]. BRI, 1
@ik 7/ I A 11 b I e o 3 S E DO I
SN 56.49% . 33.31%. 5.19%. 1.59%F1 1.41%,
SRR RIS EAER K, 58T RSB
VI 89.80% . L[] Y EZEJSHE L Picochlorum J&
H1 Micromonas J& i i i A R AR i 625 s AR
Hiy B RE  JE R 3I W) WE 17] (Chordata) 1 # 2K
(Ascidiacea) T BVEHESN Y ; 1T LS T ST 2L
)@ T oS B4 99 (Hexanauplia) #) 3 /K & )8
(Paracalanus); F 3 1B 35 ZEISHE by e 24 e 4 A A
PEJE TR s REBED ] 200 R T O i BN T
R

Chaol Simpson Shannon Observed species Faith's PD Good's coverage
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Fig.2 Box-plot of the Alpha diversity index
S: KAWL FRHKAE; W KEWE S, TH
S: Seawater of aquaculture area; W: Stomach contents of C. gigas. The same as below
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Fig.4 Eukaryote composition in aquaculture area and stomach of C. gigas
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Fig.5 Relative abundance of 10 most abundant phyla in stomach content (a) of C. gigas and aquaculture area (b)
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N /R FEA BT BE At 3, (0 P-4
BERT 50 {7 i) & K- B AR 2 A A, AT ARl
AT (K 6). SR, Feahirh 2 4, —HEE
BRANEE SR 10 AR, 5 — 4 kIR
FEOKAARR 3 AR o R Primer SEATARMIME T 53 LE

SRR, P FREE K AR AR 73.68%, K
P E S AN 67.98%, & ERMEN
59.09% o 2= A 05 B 1 0 T Ak 5 B K A v 9 A%
Y — 225, AR AMARSE RG2S
P o Ry T U0 b A B A S 5 T Ak R K A e
FEVE A0 22 SRR R, M RIEE 7). K
g S WAL SR K AR R B A 3 1345 4
OTUs, M, HEWHRAR OTUs i 572 1, 4
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b OTUs (19 42.53%; FTAb 325 /KRR EEA B9 OTUs K B AIXT F BB S R 250 8 F AR .
H 631 4, 5 B OTUs [ 46.91%;2 PMFE A OTUS SREET TR 1] 7E R /KF b 2R o e e | It
142 4>, 29453 OTUs 19 10.56%. LY Fd, 7617 AR . MR R T R IR

Group Group

Wickerhamomyces S
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] KIESIKF Oithona

I W KFIB Paracalanus
LAEWIR Polysiphonia 3
/NSRBI Cyclotella
HEREIRE Trebouxia
FHE ¥R Navicula 2
‘B S%BE)R Skeletonema
HEBJE Gymnodinium 1
2 HUR Strombidium
/NERBEI® Chlorella 0
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TR IR Styela -1
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Fig.6 Hierarchically clustered heatmap of the eukaryotic composition of different samples
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P 56.49%, X5 EBEEE(2017) R I TR LY
K7 IR OTUs 45 6 WA — 8 B 25 5, HOR A S5 A0 i B2 PR e i ) o5
Fig.7 Venn diag::m showing the un'i:ue and D35 o 3 A IS Y JR PR — 7 T2 72 7 Tk Y
shared OTUs in samples A, EREQO7HEHAME SN BMEREAR,



92 ook B

2 R 42 4%

27 3 FUBR AR M X AR A5 /N 1 7 A 0 (CAn T 2R 37 Wi
A ) R 43 T B VR A 1)) 73 25 %5 2 (Mackey et al,
1996; XB FH HMF 55, 2010), Mt 8 2 (44 3 ——
Picochlorum & il i & —FioRiAe <2 pm (1) SR 40 At i v
#(Hironaka, 2000), 4 M BRI RS20 E
MIFFAE . o3 — TR RFEA B2 S . T hed(2017)
T X 4 T ) R A S YRR N RIS R R B, AR
SEUSAURIE G T LG IR E X ) R RIS AR,
B TRk DS At B ML, < 000 2 B R A D 1k
DU 3825 5 0 BV VAl ) /N UL 1) e 3, AR
KL RN Bl AR B/ N R 240 (Nakamura
et al, 2000; Frau et al, 2016), 7 CF%(2016) 52X
T4 (2020) 0 FRIGTE AR IEUE T 3% 45 o F AT L,
UE R DL 2R A FR BN PR B A Y R TR A5 A L T —
BRI 6 )E 6 B, EELIGENAY N E,
R RISHE . BB B A TEGY &4, 2010),
A EFR TG AP R AR, 2018; FKEE, 2016),

SR VIS AR 1) DL 988 3% B 0 B0 Sy T 4 A R A 1 Y
FHH, 8 A, IS (Ciona intestinalis) i i #
(Styela clavayik 2] T fx i W (EOEAESE, 2005), S H
M T DI SRR B . W BRI A, (ARG
OIS SRR BT [ K A, Z 5 St AR A ik
A3 AT (1) B BE (Dybern, 1965; Svane et al, 1993),

i 8 ek R % ) B ot H R Sy A R A X5
TREEERAY . BOREESIREEVE, 45
) 8 P B SR A AT 2 B AL LA AE , DTS2 M) 1 % 7
T 2 W O ST 28 1 T v 00 5 A 3 ok X )
Flt DNA 20 F#EA7 7 50 00 FEL X, IR #h T 3 —
NI,
U 1 DU S BE A IR 8% v i A AT LA B9 A AL
JoT, 388 5k UK B K T R 4 W 0K i R DA
B R TR M AR5 BE B (Ward et al, 2004), T4k, 18
22 s AR 5 g 1T KA W5 9 & ) ok 5 . Riera
25 (1996) iz H1 2 5 e [6] A2 R 40 Hr ik oF 9% 1
Marennes-Oléron VS 4HWGAIE YRR, FIHEETR
A LT IR A A i X KA R TTEk s Kasim 45
(2009)iz FHEE AR50 M1 T H AR Akkeshi-ko 0] FT 4115
ME S, REHRE BRI R BRI, Hik
SRR REBE B VF5R(2007)iz IR TR AR L ¥
B 7 T ML R 5 () B R R, 3R W A 1) PR 32
BORR Tk, HUCRMEB M ARBIGEIR,; FiuE
ZE(2017)FI 1 18S rDNA J7 koAt 1 Hh [ g JH V5 S 1

TS AT G B FE B I, R BUBE RURL ) A g
F PR IR B R 1 17128, R R SR B RN S i 1
I"T(Alveolata), AWFFRAERG LGS & Wb kM EAZE
Y134 1] 144 J& 153 Fl, Ssel PRI e DR 220
BERWE, o5l BB 37.94%H1 36.11%., b
FRY], KHWIXS 2 pm ORI 0908 BRCEICH 50%
(Riisgard, 1988), {HAHFZE HI7E K45 &9+ & B
T RHE<2 pm AEEBRE YN Picochl orum J& B 41 it 7 v
BRPE XX ARG B R I W, — I RS
(1998)iE T A R BE SR T A V- PR G 0 BB 2548, &
P S A B LB B AR <1 pum, AT RUA SO IR UK
ZRCT IR AN o VE AR AT W53E PR ek i 2
T XIS B, A S AL TR A
8.48%, TERXFMENL T, (Ll 56.49% M4k ¥ 1 Al 3d &k
A5 0 Z2 IR BB T AN SRR IR, AR R,
DU 1) LA 235 ) 55 0 DX D AL 40 i 2R 0t B I A
KEREESE, 1999), 24/ W K E NG,
it 95 3 1 A A7 G FR A7 A EL A RS B M (Guinick et al,
2000; Pal et al, 2008), 3 £ i 1 #5 i K I B4 TP
BT . R AR T, 2017), KT B
R, WIS T A 05 %o FLAG AR B R, KA A
B HBR A KB R IR gt . i SEAh,
A AR S BORE B BE R (R 35 H AR 2R
BE)o T RE 1 A R 2 A A 0 1 SR A DX I 2 R SR 7
TS RETRE S AT ARG R X, A S R G B i %
HBRHTAR R T A A8 42 X8 4% (Coreopsi's lanceol ata) ,
IR 5—9 A, AR, BHE R, #EidRE
W7 AL (G B ZE4E ) 2012), —J7 1T, S-G9
(R AE R B KL R 2K T, Sl i A, Xk
WKL AT RER KA WRIE £ O3 — i, et R S 4N
KBRS, FE TK A K P AR & . X TE
—ERREE ARG T AR )8 7R T, R
W5 () B IR AN ASOR R TRV, T HLA 3 i B ) .
FER TG E S, 36 & BT A Y G R A B
YO EZATET, BTG E R L), &
ST 4.11% S5 A B I R 40 R R IR R T
Uit (Leakey, 1992), I H# A2 L7 i sh W) (O
H R E ) AT & (Hartmann et al, 2011), ‘Ef1#0A
Ry R R T U A 2 S O B R R VR i AR ) 22 ()
) FEE SR AN, RN R E R LS T RE
Hi(Stoecker et al, 1990), FERKATWFE H A T 4.11%
(SRR sh ¥, XU T TR A Sl ) TE S R T i A
SR DL 2R Z 0 78 Y R A R, TR
T Z e F g e, SR A S T A S g DL s
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TR . AT R, R S0% PR
F1E <3 um [ 520 VR UE AR 9 BT 5T R (Benovic,
1986), TEAHI ST X 48 B 2 o 1 K P S LA AR W )
56.49% . X FR5 17 WEAE P B A AR Bl 8 B DL 2 sk f
B, ABEATT AT LAE A SR A sl S et FL i e 2 R
FRCTHCTRY P Ui L 0 3 o 3 o< T S R 1 A% 3 3
UE R VIS o DU PR U ) M R A R A
Y MR N EFRHES RGPS A T EER
Mz, FERTAbFRFE KA, Picochlorum J& . HH 4K |
Pk &g | A e E A s e 0 TR AR ) o
FRE; AERAWEE S W, Picochlorum J& | ek
J& . AERMRNE SR i A o H R Rl Xt
A5 B R RI T AL 55 58 KA rb A 2 RN A
2B E o3 F AR A3 B vl 8, R 5 ] B 1 P T
By 4 e I b Rl )2 DL H R R R 2
HAAMRMILZE, X 55K F Q013) % 4R 5 K I
(Patinopecten yessoensis) ) & PEAFIT 45 A — 2,
A ], A A 0 ) TR o R A X AR AR
= HE LA 38 e P P TR S e | A i R B e
FITEIERE D) , B w5 4 L e e HL A2 4
IE 3= eaiiast/ EN 4 ) A NI E g - wa A st/ E N4 ]
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Analysis of Food Sour ces of Crassostrea gigas Using
High-Throughput Sequencing Techniques

LI Fengxue', DU Meirong', GAO Yaping', WANG Junwei’,
ZHANG Yitao’, ZHANG Zhixing*, JIANG Zengjie*"

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Devel opment
of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao, Shandong 266071, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Science
and Technology (Qingdao), Qingdao, Shandong 266071, China; 3. Rongcheng Chudao Aquaculture Corporation, Rongcheng,
Shandong 264312, China; 4. Rongcheng Municipal Marine Development Bureau, Rongcheng, Shandong 264300, China)

Abstract Filter-feeding bivalves have a wide range of food sources, including phytoplankton, organic
detritus, and zooplankton, among others. In order to identify the food composition of filter-feeding bivalves,
Crassostrea gigas cultured in Sanggou Bay, a typical northern large-scale mariculture bay, were used in
the experiment. The eukaryotic composition of the stomach contents of C. gigas and of the ambient
seawater column were analyzed using [llumina sequencing technology, in August 2019. Overall, 111,359
reads were optimized, and 239 operational taxonomic units were recognized by amplifying the 18S rDNA
V4 loci sequences. The eukaryotes found in the stomach contents of C. gigas belonged to 34 phyla, with
the majority belonging to Chlorophyta, Pyrrophyta, Streptophyta, Bacillariophyta, and Protozoa. As for
the composition of the ambient seawater, the eukaryotes belonged to 37 phyla and they were mainly
classified under Chlorophyta, Chordata, Arthropoda, Dinophyceae, and Bacillariophyta. The analysis
showed that phytoplankton is the main food source for C. gigas, although Streptophyta and Protozoa
accounted for a non-negligible portion of the total food content—10.43% and 4.11%, respectively. These
results provide insights to further understand the feeding ecology of filter-feeding bivalves, as well as
their role in material cycles and energy flow in mariculture ecosystems.

Key words Stomach contents; 18S rDNA; High-throughput sequencing; Crassostrea gigas; Sanggou
Bay
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