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1) 6] B 4 S ) o BE R R AT 1% 1 i A~ Mk s
T80, WKECA H 20 g, oFug,
30, HEQ0£1)C, HERIK 100%, ki DA% 2 e
BB 3 g/(em’ WEK-d).
12 SREFHE
121 $RBER RNA BB CEATLE D4 A P
ZH: XA CdClLy-2.5 Ho0 a2, kg4 cd™
WePE A 0.2 mg/L, K (o E LK AR gE ) Y
HHLAE (9 Cd™ WS 1 40 £5(Cd> < 0.005 mg/L).
FEE 15 d, NS Hs DLTE AL E 2
F RNA-seq. H4 2 MEY2AFE17(XC1 VS XC2;
XD1 VS XD2; XC Jhb¥igH, XD Jyxflad),
RNA (42 CR F TRIzol 5 . 53 51K FH Agilent2100
F1 NanoDrop K ill RNA [958 88 P4l & . 5 RNA
¥ H] DNase I T 37°CiHfk 1 h 2% DNA 58 .
122 HERANFRFIIHAE FLENAHE,
HAE A Oligo(dT) M43k = 4 mRNA, FfJ5 A
fragmentation buffer ¥ mRNA FTWi g H B, LU
mRNA R, HIREHLE P4 K —4E cDNA, &
JEIMAZZ i . dNTPs, DNA polymerase I Al
RNase H, & Wi %% cDNA, M AMPure XP
beads Zifk X4E cDNA , 4lifk 1 X% cDNA SeitkfT
Kyt i A BIF#EHNF#:%, ¥/ AMPure
XP beads #17 H BER/INESRE i )5 iE4T PCR 373,
JfH AMPure XP beads 4fift. PCR ;=4), f35|H&
S . SCPER SRR, Sl Qubit 2.0 #4741
e, MBESCER 1.5 ng/ul, BEJ5 ] Agilent
2100 X SC#ERY insert size JEATAEI, f# ] Q-PCR
T3 VR R SCE I AT 50HR B R AT T o B (U AT AR
WE >2 nmol/L), LARIESCFER &, 528 raw
data HLTAI & A 4 3235 1 | KB & Y reads, X Hd
1E)5 153 clean data,
123 IhEEFER H i blastn PR
unigenes [t X} %] NCBI-Nt #ZBRE04E 4 . 1 blastx
P F unigenes HOX B8 A BOECHE 4 . B A R
P45 NR . Swisse-Prot. KEGG. GO Fl KOG,
E<107, Hrh, unigenes i#i i KOG. GO #l KEGG
ol e 25 M ik
1.24 ERFTXEESH  FKATER FDR HN

0.001 Fil|log,FoldChange|< 1 1} ITHIHE K 21k 2%
SREERENRE, A0SR
KEGG 48 #4738 B 4R 70 7 o

125 WWHIEE=PCRIGIE #6225 KA
47962 7 PCREGIE, R SYBR Premix Ex
Taq Kit il F) &3 B-actin fE NS HFH , AHXFE
RBESHPY,

2 HER55H

21 HERAHEHRE

5% H] HMlumina HiSeq 2000 7= 3 25 77 4 A 6
FIFL S DAL B Ll 20 SR Al ik A7 T I,

G F 227673 FKERA ., MBHE HiE R
NCBI SRA ¥4 % ()7%1'5: SRR1563103), %
Trinity X {42 5% adapter FIMIKfi 1= reads 2 )5, P&
431 105,071 %% unigene, “F¥JKFEF 829 bp, N50
FER 1573 bp(F 1), HH 61828 £5(58.84%) K &/
T 500 bp, 19393 £5(18.46%) K FEEFE 500~1000 bp,
13377 45(12.73%) K FEAE 1000~2000 bp, 10473 5%
(9.97%) 1 £ KF 2000 bp(I& 1),

x1 MILBEIGEKEE llumina i RAFTIHHER R
Tab.1l Summary of Illumina transcriptome sequencing
and assembly for digestive gland of C. farreri

432 term #H numbers
L total number of reads 227673
SIS IEH/bp total base pairs 260210188
-  /bp average read length 1143
unigenes /4] total number of unigenes 105071
unigenes “F-#4 K & /bp meanlength of unigenes 829
unigenes 17 N50 £ J&/bp N50 length of unigenes 1573
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Ji membrane
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Fig. 2 GO annotations of transcriptomic data in C. farreri
A total of 141273 contigs are assigned to three GO terms (Y axis) including biological process, cellular component and molecular function.
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é& A) RNAJI T HEHiE RNA processing and modification
(B) FL AR5 B] J72 chromatin structure and dynamics
(C) B &= H: MIFEH# energy production and conversion

(D) ZHHIIEFA R, 403, YL A2 cell cycle control, cell division, chromosome partitioning
(E) E IR AT amino acid transport and metabolism

(1% % BRa L nucleotide transport and metabolism

(G) ¥R B FURY carbohydrate transport and metabolism

(H) la 7 coenzyme transport and metabolism

&) T) 5 B4 32 A4 lipid transport and metabolism

() BIE, kRS ANLE B8 ) translation, ribosomal structure and biogenesis

(K) #%3% transcription

(L) B, BEHFMEE replication, recombination and repair

(VL) 24 2 S 2 A 490 ) IR, cell wall/membrane/envelope biogenesis

(N) 4iffiiZ 50 cell motility

(O) BFE e, | AR, & I’:'lﬁﬁ & posttranslational modification, protein turnover, chaperones
%l FHE2 111 inorganic ion transport and metabolism

(Q RERBTF=WHEE IR, Feiz ForiRt LE‘ secondary metabolites biosynthesis, transport and catabolism [T
®) X —ﬂﬁﬂ‘]%“ﬁ?ﬁ?ﬂyngeneral function prediction only
(S) ARHNTEE function unknown [
(T) {55 FHL# signal transduction mechanisms
(U) 4 AEEIE, W, FK sz 1ntrace11u1ar trafficking, secretion, and vesicular transport [_]

V) B8] defense mechanisms [

(W) 4 sM45#4 extracellular structures [
(X) KK H unamed protein

(Y) 45+ nuclear structure ||
(Z) YIE-E2E cytoskeleton , , . . ‘
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K3 KOG 4K

PABRH KOG 11 26 1> group I FR, B AR TERERIL group T R BRI HI0 S 1 d: fy  LRLE S H 441
Fig.3 KOG classification of the 105071 unigenes
Possible functions of unigenes areclassified and subdivided into 26 categories.

KEGG: KEGG classification
JEHEZRGE sensory system I 175 A%
2 2R 55 nervous system I 375
o A4t immune system I 343
HElE R 4t excretory system I 109
%ﬁlﬁf‘ environmental adaptation EEEE 152 E
P43 RS endocrine system I 639
THAL RS digestive system I 35 ]
¢ 5 development HEEEEEN 163
TEIRZR L circulatory system NI 198
YNIRY) A= ) Rfe A48T xenobiotics biodegradation and metabolism HEE 155
%ﬁi overview I )55
ZHE R nucleotide metabolism I 773
TR E YA %Eﬁﬁ‘.bﬂa‘ metabolism of terpenoids and polyketides | 34
R metabolism of other amino acids NN 145
HEIREFH Qﬁﬁﬂf‘ﬁﬁi metabolism of cofactors and vitamins EEEEEG—_:G 223 D
Hg AR lipid metabolism I 415
L RNEAEY & AR glycan b10synthes1s and metabolism NI 272
1 energy metabolism HNEEN )43
J('ﬂﬁA%ﬁIﬁa‘ carbohydrate metabolism HNEEIIEGEG———— 406
HApn =R EE B blosynthe51s of other secondary metabolites HEEE 76
KRBT amino acid metabolism GGG 360
#1173 translation [ 1 405
s transcription = 203 C
EHIFMEE replication and repair ——3 181
Iy FFESF folding, sorting and degradation | 1 454
fnﬁﬁ?%ﬂ*ﬁﬁﬂfﬁﬁ signaling molecules and interaction === 199
55 S signal transduction | 1941 B
¥32 membrane transport = 85 |
Hem oA transport and catabolism I ] 534
H1iZ3h cell motility ) 139 A
éﬂiﬂ@ii’:%ﬂﬁlﬁt cell growth and death ———oo1 304
2338 IR cell communication C———— 316
I | ! |
0 5 10 15
FLPHE 43 E/% gene percentage

Kl 4 KEGG 72K
YA tR A KEGG FUIHE B (4 24 FK, Bl AL AR S TR 1208 T 1 i PRI AN B0 CHAN B0 B B B A i PR S B L) s 58 R AR A

Z: 51 KEGG UBHE B> R 5 1003 AN 2, B-3Ae (5 BAL 3, C—itf% 5 B AL 8, DR, E-AHLRSE.

Fig. 4 KEGG classification of the unigenes
Genes were divided into five branches according to the involvement of KEGG pathway. A—cellularprocesses; B—environmental
information processing; C—genetic information processing; D—metabolism; E—organismal systems.
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Tab.2 KEGG biochemical mappings for digestive gland of C. farreri

KEGG 4325 KEGG categories represented

BIEREC background number

AL sample number

{3 metabolism
KA &18 carbohydrate metabolism
BEE LI energy metabolism
N6 B4R lipid metabolism
AR CH nucleotide metabolism
F R amino acid metabolism
F KR L ¥4 ) biosynthesis of amino acids
HAb S FERR (191018 metabolism of other amino acids
LAY A AT glycan biosynthesis and metabolism
A Bl 7 Fn 4 i 1) 13 metabolism of cofactors and vitamins
WEZEFN 21 & 118 metabolism of terpenoidsand polyketides
Hopth vk A 9 25 9 & B biosynthesis of other secondary metabolites
AR A W % A AR T xenobiotic biodegradation and metabolism

AE B2 18F fatty acid metabolism
e i methane metabolism
FH 5 854 genetic information processing
;53¢ transcription
HHi% translation
&, 23, B folding, sorting and degradation
S Hil Fif& & replication and repair
[lEi%% 32 membrane transport
ABC #3127 ABC transporters
{555 % signal transduction
{554 F 52 HAE M signal molecules and interaction
Al #2 cellular process
532 T3 AR 18F transport and catabolism
Y iz 8 cell motility
A K FIFETS cell growth and death
4fi 38 1R cell communication
AZEPEH% human diseases

JEASE cancers

751 67
138 11
554 56
299 17
514 48
107 10
141 18
397 30
215 18
20 4
38
201 19
66 6
47 1
176 8
331 12
488 57
147 8
82 20
1349 207
204 13
563 95
139 20
568 37
427 51
60 13

22 ERFIEIEEAMIIGEER

LG e 3800 22 FRIBIFIN(E 5) K
s ESIENS 5 EY ¥l T & ATP 45 &5
T(ABC & ). A LmmRfb . T A0 R0 4
YA . MAPK 55 . M H R,
IR Z R . SR EED A .
23 ERREEREMWIE

PRI 6 1~ 22 S R IR SL R HE 479 = PCR 55
WE, SIITFRPIREE 3), 450K 6 MHM
LUK 24 4 5w R/ — 2, PCR 7 #id i

Sanger Il 7 HE . 4B 6 D FEK )RR EH G FE
SEA B — (K 6).
24 EYMFEES

SCIRE 2 NMEYIFERE . XCL ovs XC2 1
Pearson 2240/ 0.852, XD1 vs XD2 K Pearson %
ok 0.86(E 7).

3 itig
TEAFHE B R T 6 2 G e BR TR 1R R T Al
(14 A W 917 480 2R 555 (5 R f e ) P (H R A R 5k
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XCvs XD
E’ 8L H:H genes
| S FBIR £
46 - differential 8
'—/.3 expressed genes (3800) %
H QTS 22
E" : up regulated: 1409 = 0
P23t . 0
3 ips W FRRE 8 HSP70 SULT MT  MTP
| 2] = S0 down regulated: 2391 X2t M W &R EER
s EAT0 BB WmED WEEA
EP
1 .‘I 1 1 E —-6L P450 DMT1
-10 -5 .0 5 %#)@332%3#}%A :mé‘—g
log; (fold change) BFiE T
B 5 R I 22 5 25 k40T A L [ K6 225 FIBEEF ML E it PCR HilE

Fig. 6 Quantitative RT-PCR validation of differentially ex-
pressed genes between control and Cd exposure groups

A AR AR I DA E AN [R] S 9 21 AN TR i P B A R385

PR RAIE N FR LI SE T R, BRI P CYP3A: cyto-chrome P450, family 3, subfamily A; HSP70:
/N, —log (B IESF B P, BI2E Rl i 2. B Ag s S AR heat shock protein 70; SULT: sulfotransferase; MT: metal-
FRANEN, AR SRR EEZE RN, 265 S lothionein; MTP: metal tolerance protein; DMT1: divalent
B BB R LR, G R A B metal transporter 1. verticalbarsrepresent the mean+SD (n=3)
9 F VL relative to the control.
Fig. 5 Volcanic map of analysis of differentially FEALTR] Y Pearson AR R4

expressed gene between samples Pearson correlation between samples

The X-axis indicates the fold change of gene expression in

different samples. The Y-axis indicates the statistically sig- XD2 -
. . . 0.789 0.72 0.86
nificant degree of change in gene expression level. When
corrected P is smaller, —log;o (corrected P) is bigger, which
showing the more significant the difference of gene expres- XD1 - 2

sion. The scatters represent genes. The blue dot indicates no 0.768 0.686
significant difference, red one indicates significantly differ-
ence of up-regulated genes, green one indicates
down-regulated genes significantly. XC2 -

Fz 3 WHE=E PCR OSHMEEREMSI
Tab.3 Primer sequences of the tested genes used in the

quantitative RT-PCR analysis XC1- 0768 0789

IR 4 P 5191531 PR/ bp : : :
gene name primer (5'-3") products size
p-actin F CTCCCTCACGCTATCCTCCG 177 A\S} ,{SJW ~§\ AQW

R CTGGGCACCTGAACCTTTCG P 7 it ) e PR 3K R G A 43T
CYP3A  F CGAGGCTCGACCTTCAGA 180 R*: Pearson 1 R BT 7.

R TGGTCCACGCATTTGTCT X5 Y53 R ARG logio FPKM+1){A.
HSP70 F CAACCTGAAGTGGCTGGAC 185 Fig..7 The Pgarson correlation between samph.es

The X-axis and Y-axis represent log;o (FPKM+1) of different

R CCGTATTTGACCCTCCCT samples. R%: square of Pearson correlation. rho: spearman cor-
SULT F CCTTTGACCGACTTCCAC 222 relation. tau: kendall-tau correlation.

R CCTCGACCTTCTCCCAGT yﬁ Eﬁ B/(J é}? e ﬁtﬂ /f):’) g % ﬁﬂ: . {ﬂ ﬁ[] _ e
MT F TAACTGCCCATGTCCAAG 172 == LR L FLo > -

R GCCACAAGAGCAAGACCC unigene Zift AT F1(HSP)Z %, 4 HSP22,
MTP F CGGGTTTCATTCACCGAGTT 195 HSP70. HSP90 . HSP 5k A+, 2 5IRZ Wiy

R ACGATACCGGAGGCCAGA FE 1 55 132 HSP 5 Wit 3 85 #3515 Hou(2011)
DMT F TAGCGGTGACGAAGACAT 112 B‘Jﬁ%“ﬁ[zs]o o ﬂ\, S ORIl @Jéﬁﬁ%%ﬂﬁ Wy it

R GACGTGAATCGCAAGCAG

TR 2 2 A0 unigene, 1140 CYP FKilE, &bt
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H KB R M, 4 BEH K Ak i, o A=
fitg, AL AL

JUAE R e DL 2 v A e A 5 1Y 2 RS A P s
i, ARG AR B =P, KEGG 40Hr %5
PEH PEAHIC Y unigene, 14 Toll FEAZAKAE 51 4%,
L T 5@ 5, NOD HEZ (55 m i, #MA
FIEE M PR S o Toll FEAZ AR —A 1 B
WU SRR, TEWOE 9% RE AR W
R R TR . FRAEE 2 B 4iAS C3 f1 Clq 1)
unigene, FHJEA AL 15 % W 2% O AMA R 58
B B4 43, FE AL B BRI 4R i S N H & 4%
YEH . 46, MAPK, PI3K., p38 J:N, 7EHISEMHY
T R R AG I B, AR A S H R 20 R
R EEEM . ik, AT A 5dE i
B — FR G G e AR A DG BE B, 3ok S 5 PR 7 A1)
FLE DU A v e #E E A Y, 3k i 2 e 1 FRATT
XoT i DX AH G i 31 B A 4 T B A

AR ST, ML DIHAL B 2 20 ABC
SIB KR, HSP KM CYP KIKHIFRIAH I
. ZHi Luckenbach £ a5 ABCB F
ABCC #3578 X7 DU il s A 45 5 21 41
) BB, S BB Z AN A AR . X R IR
FHLEN B A VE R K A A IR s AR . 53 4h,
Kingtong %P fF 58 KW, ABC $ia T7E/K BTG
B HESI Y B0 25 B B A2 5T %) ik 254 R AL )
R E AR X R LU R L E
ABC ZGREDE BN, AR P450
KGR 51 Z—, CYP3A NS S5REAYikEN
— RN R, WA H 2R 2 454
A ANED A T L shdd, g%
Z N-JIii H Z£ i ERND(erythromycin-N-demethylase)
PWIN NS CYP3A FpHHG, EVF IR s 44
7T A A AR S YL 2 R A S B
Febfth CYP3A RYERIK AT LA SE SL AN IR ) 175
GOS0 Bk, ARSI E # A CYP3A &
NN, ATRE S AR B HZ . REEHE]
AT TG A X & RIMEAMT)E—ME
T AR T REN, 7EE48E AT
EHFEAE Y YR, MT o] Ui 5 4 8 kgl
BVE ARG D E S BTG YA YR EY) o Geret
ZEPAREGE R B, BFET 200 pg/L H R 4 d 19EIA DT

B

(Mytilus edulis), FLIHALE #Hh MT A FRAKF-H
W B, Zorita iF5RRM, BEET 200 pg/L #% 2 d Fl
9 d i M H IR D (Mytilusgallo provincialis)iH AL E B¢
H MT & TH R P BE D UL (Dreissena polymorpha)
FFET 34 ng/L 5 5 d A1 20 pug/L 4% 63 d J5 MT
SRIBPE TR ARk, MT ik
0.2 mg/L # W EHES . FIL, MT &l 8 & 75T
AR AR R AR AP LR . &R 2
(MTP)J& FIHEFY BB E A K%, T2 A1
TAE, Hw, Y, shPh oMTP 2 4 HE T
¥z, X FAMMEEZ Zn, Cd, FHALH 4 JE
For e BP0 ARG, Cd S HILE DAL E
Pt MTP RiATH i W s R AR M 21 2 58 1 %
s TR B TR is T(DMTL), 2—F HYE%
RN R R i I i A A= R USSR S i
FEAFRW . %I+, Cd 4bH4 DMT1 £ E T
e, R Cd Wl T8 Fiis, 245 R 5200
Desmond 255 — %k,

4 g

A5 EET Nlumina 775 4 BT FAL B
VISP IR AL 2L e e 2l o LA AL 105071 A
unigene, H: 24576 MSRNWIHHM R, REHE
K2 5 ik B A QI SR 0 o IX BB 45 RO A 7S T
22 JE K 20 A5 B ML R DS i PR 2 B 0 3 A,
25 5 RIRFL P S e PR LATE R . BRIRE B 4 fit
THEPETS YL IE TR D380 T AE AR S,
TG AR 2 5 S S i i 4L
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Discovery of genes associated with cadmium accumulation from the
digestive gland of scallop Chlamys farreri by using high-throughput
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Abstract: Heavy metal pollution in food is one of the major problems affecting food safety. Cadmium is a kind of
heavy metal that is non-essential, highly toxic, and easily accumulated. It enters the food chain and poisons ani-
mals and humans. Shellfish easily accumulate heavy metals because of their low metabolic rate. Scallops can ac-
cumulate high amounts of cadmium, especially compared to other shellfish, and the content of cadmium in the
edible part of scallops was several times higher than that considered the national standard; hence, this has become
the focus of attention. In order to understand the molecular mechanisms of high accumulation of cadmium, this
study was designed to obtain transcript sequence data and assess gene expression in the digestive gland of the
scallop Chlamys farreri exposed to cadmium by using molecular technology. In all, 105071 unigenes were ob-
tained with an average size of 829 bp and a N50 length of 1573 bp. All the predicted protein sequences (unigene
sequences were translated using the Transeq program of the EMBOSS suite) were searched against the NR and
Swiss-Prot protein sequence databases for gene annotation. Further, 24493 unigenes were assigned to at least one
GO term under one of the three categories: biological process, cellular component, and molecular function. A total
of 12028 unigenes were classified functionally into 26 KOG families, including biochemical metabolism, signal
transduction mechanism, defense system, cellular structure, and gene expression. Moreover, 7849 unigenes were
assigned to different KEGG pathways. The most represented pathways were signal transduction (1349 members),
carbohydrate metabolism (751 members), and transport and catabolism (563 members). Most of them were in-
volved in biological progress, e.g., ATP-binding cassette transporters, oxidative phosphorylation, ribosome bio-
genesis in eukaryotes, MAPK signaling pathway, glutathione metabolism, serine and threonine metabolism, and
steroid hormone biosynthesis. These data would provide potential molecular targets in bivalves exposed to marine
pollutants for functional studies of genes and to better understand the molecular mechanisms involved in meta-
bolic and immune pathways.
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