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oK —w, oK R FRIEKKE U2 =, FREET
A, NPT OGS 22 Ak, BERMREE Ry S5
10% ind./mL 19 B AR . BFREHE, FEHLE 6
KLU, B2 RN —AEE, AR, TER% X
HRE(C).
12 ELBEEER

34~ 80 L WYFRFAMR, BHARHCA 100 K3,
A 0.1 mg/L SEALH(CACL) K 50 L, H#42 764,
HHE3d, F2d. 3dHEHAE 0.1 mg/L EALHRAY I
K, BoKERFEFKIEAIN 2 = BESGH)E,
FRBEHLIEEI 2 R0 SCHE o —ANEE, FW3ANEE, |
BARTE, bricy CA¥EHERWIHA).
1.3 ALY Rl KB

EHETBUE, BEHLI— I ASEAFR 84 1 mL,
P 55— AR A A R P EA T 100 mL, i
A PR S 0 7 ng/L, 53 AN A IE E
Ko HEHSZIRFEE 4 d, BREEHK—IK, XRN
AEAAFEREN 1 mL A4 RPLBGA 100 mL. 525
SR, AN =R REALER R 2 R SO AR —
NEL, FW3ANELE, WARE, HRidh AR%E
IRHEBAIAD) | Jin AR R A HE AW (SS) . it £k
PR HE AR WI(SC).

1.4 X EME

SCHA VR S IF R A, Trizol 48 BT 45 HOEL
RNA, il RNA FEMREREE | 2l R e B P IS 1
w5, A Oligo (dT) WEER&E kS & 4A
polyA ) mRNA, F{# H{ SMARTer PCR cDNA Syn-
thesis Kit 5 mRNA J§% 550 cDNA 55, FI| FH 04 2R i
e B AT K BUMEL PCR, AR . KinBE .
4% SMRT W54k, w4 K Sk 2l SO L is
PacBio Sequel -5 #E47MF .

1.5 SFAEMNF 554

T HLEEE i SMRTlink 443174038, Jef5 5
F 43k VUK JE /N T 50 bp 4 Subreads 7741, F4

F1 ERERASEFITER
Tab. 1 Statistical table of the transcripts
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it 2R B IR RS 5 RARIIE — B P 91(CCS).
i SMRTlink AR A4PkE P s[RI &4 354 5
51491, VUK 3'5|¥HT & A polyA BH4 K5, 45l
L e ol 1 Byl 1y G WA e I I e o N | = WS ]|
(FLNC). i JH[RIFh 2RI BRI IL (ICE ¥ [R] — &% s A
B FLNC 33T R 252704715 3] Consensus 741,
Z Ak & RKIFHIRLIE, 455 i Polished consensus
FP 93 AT Ja B2 53

EXSHHENAMELT, #H CD-HIT
#4545 £ ) Polished consensus %5 — /€ Illumina il
PR X LEAR IE R BRIUAY, TR KA. 115
B e T i LR, FIF Nro Nt, Pfam, KOG,
Swiss-Prot, KEGG., GO £ KA IEE & #7172 fig
VERE FIFH animal TFDB 2.0 #EAT 845 55 R 7958,
B SEARE R RN O SR TR AT, 0 i 5%
A1 5%

2 &R

21 EKFEHIE

FIH PacBio Sequel il Jf - 5 X A~ SE g0 2H 4 7
SRS, L3R4S 587 855 £5(49.13 GB)JEIH
FE5, SEIKBE 83 576 bp, N50 2 149 987 bp, £t
Kol 153 12 854 333 4% Subreads 51 (48.18 GB)
SEHKEE 3 749bp, N50 4 4 411bp.

A A Y 5 R 284 W AR B Y — S 8
RARRE P H, BEE R R 1 R
R RN W — e AR 2 K AR R & 75 AT
RIGKIE, 43 Polished consensus J#51 3 303 5%, &
INKJE 127 bp, Fe KK JE 14 717 bp, FHKFEE 4157
bp, N50 K4 4 932 bp, N9O Kk 2 433 bp., ¥
Polished consensus J¥%1)-5 —AX, Illumina M 7 £ 458 %F
AR IE G 258, B A LIE 95% 097 51 £ T4 15 5
unigenes 20 798 7%, /MK 127 bp, KK 14
715 bp, “FHIKJE 4 354 bp, N50 J9 5258 bp, N90 Fy 2
550 bp, KB WL 1.

W85 ek &KRFE5 2REREGF  2Kiar aRIEHREF 2RIEREGFE T2t
J¥ 9 Bk AR Mo ke ke SR J¥ 5 9 Rk %
495 789 130 713 365076 362 963 2113 4126 73.21

26 TEFPERL ) 2024 4F /55 48 42 /55 1 1Y)



WHRiLX
15000 S KA A AT I BE SV P
10 000
junng
ey
=
5
5000
Q QQ QQ QQ QQ QQ QQ QQ QQ QQ QQ
\Q Q ,\)Q b\b ‘)Q ‘OQ (\Q %Q O)Q QQ
e AR TR
(a) & KARIA F BB e
RIS K i
20 000
= 15000
&
=
=
10 000
5000

- D - D SRR
I —LZUPIIEI
(¢) BB — P BB

VI D I O ISP I
FFIFIFTIFTIIFTIITISTSS IS
N 9O

PFECH

J

JrHEH

°M@AWME

500 000

Subreads < J# 4371 8]

400 000

300 000

200 000

100 000

O 0 ©® © & © O O ® O ©®

LTINS S

S FEFS TS
Subreadsi2HUK:

(b) SubreadsiZzH K- i
FICARITIPHIR B S A

400 000
300 000

200 000

100 000

VDO PN N I N D IS DD
SF M T I IST T TSNS
\Q ’\»Q %Q &Q ‘)Q ‘OQ (\Q OOQ QQ \QQ

EVIESEIR 21591 4ISE S
(d) EITTARITHIF IO 5

K1 oK

Fig. 1

22 AHESREE

T 0 b KB 2 B A AT, X2 U AR AR EI
20 798 %% unigenes HEATIEEL I DIRETERE, A 19 905 4
unigenes 2 /D — BRI TR, A5 440 S0
A BCHE P R ONR 88 22 1 B 21 19 288 2% unigenes,
SwissProt B E 16 952 4%, KEGG 7EREE] 18 866 7%,
KOG 8% 14 137 4, GO HEFH] 15 380 4%, NT i+
FE#) 7 283 2%, Pfam FEREH] 15 380 4 UL AR
BN P B B A 25 SR 5 TBLEL, AN 2 R

KOG INRE/FEEETNA 3 s, FEITRIIES
fESHLH . —BIIRE TN . B . mEAABER .
MR FESERIEMG . B ST . #E KOG R
SR, RIS AL A BEGF REASHR£F 4E R
F S #H¢2E H (fibrillins and related proteins containing

Sequence length distribution
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Fig. 2 Wayne diagram of the functional annotation of genes
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Ca*"-binding EGF-like domains)fi¥ unigenes ¥t ZH

207 4k, HUCHEEE S5 (Zn-finger) A 198 4% unigenes.

IEEED? T G R R AE SCIR IR N S5 A G R R RS
Jtaer 4 B SAHHE T E DRI LA Z 4

KEGG TR/ fidiit ik B3 18 866 4%
unigenes . AR 3 A& 42 0T DL Sk 40 i i 2 (cellular
processes) . 45 {5 B
processing) . HE(E)
essing) . AZSFK (human diseases) . 1L ifff (metabolism)
A ML Z Gt (organismal systems) /SN 4341, WA 4 Frs .
ARG B Arh KR, HPESER
(signal transduction) 8% 7E B 1 900 4%

H 5% A F (transcription factor, TF)J& 5 DNA
R A —RINEH, 45467 DNA Liashr
DL R B8 it 22 2 95 ) B s iy X3, AR oE 0 A
DNA bRt f& 15 B0 RNA #5 5 e, A2k
P B el th 20 1 800 AN PR il i s 1119
Infi . WEARSZIGASE ) TF Kol Xt e 2 sh W% S
FHHE E (animal TFDB  2.0), F-F|f hmmsearch
AT Y, AR BN N F RGP RS, A
5 BN SA 780 ANk T RETERR] 29 R,

5. 4b # (environmental information

B4 P (genetic information proc-

FIE 199 4>, ZBTB K J% 108 4, TF_bZIP Kk 74 1,
FiAth THR-like S5 ZK A 2 50 4>,
23 EFABRER

25 SRR R e AF 0 an 36 2 Fiow . Hodb, Aififb R hr
RN (SO S Ea R EHA)IA 12 KA
B, 10 7% B, 2 2 R WA AN A ZH(SS) S 4
JEE A (AIA 16 2 RHEN, 14 & B, 24T
;A AL R A 4L(SC) 5 0 Al R A 45 A 2L (SS)
A 7 K 2HFHEN, 3K LM, 4 5T,
231 ZREREFRAESITEES

25N GO i AT R, 4RI
6. AL LB L (SC) 5 % 10 BREH (C) Y 22 57 ik
Rl =BG v T4 F D RE, TE R B 3 18 400 0 3
(ion channel inhibitor activity) . i i # 77 {if 8/ (channel
regulator activity) . i 8 4 1 7i% £ 5] (channel inhibitor
activity), B8 FJHIER, 7E40 ML A 8T 48
Thfe. B4 EEERMA(A)S BRI AKHE B AR
(DAY 2 e BE ) E AR h T A2 ad B, R
T H i = B (protein trimerization) . & H KR
% (protein oilgomerization), F& [ Yjfig 2 5 Mt /E
FHRR Y 5 RS0 e iV P o AR R N4 A 41(SS) 5 H
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Tab. 2 Screening of the differential genes

b P 51 [T AR ERER TR 2 SR
2 EXN A S E AR FERNA c5H5aA 8 5
Z5 U B2 5 [ SRV KCHE R I 4 Cc 5 b1 13 8
75 XN IR 5 T R gl £ A4 C 5 ss 14 12
25 P IR S L R PR A4l Cc 5 sc 13 7
R KRR RN S B4R AR MA DI 5 A 55 10
A SR VK HEH AR 4 SRR R A A DI 5 sc 7 6
H SR 17K HE H AR T4 -5 AR A s A2 DI 5 SS 6 7
4R EEARWA S TR 3 AL A5 SS 14 2
HEEEEERMA SR Al A5 sc 10 2
VAT PR AR 5 A 2H S50 Ak R B 4 A SS 5 sc 3 4
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Tab.3 Enrichment results of the go gene with significant differences

RIS A2 IS A FR MR %L DEG H: K% sk pfa
GO: 0009986 2 it 3% T 53/15 380 3/11 4 I 1 6.16x10°¢
GO: 0005509 PR LA 616/15 380 5/11 ¥ Iee 3.55%10
GO: 0005515 EARS S 5233/15 380 10/11 S FIIeE 1.41x10™

: EBLE] FE He 25x10°
GO: 0008200 3 T 0 R 3 14/15 380 2/17 FUIHE 8.25x10”
GO: 0010941 M IEAETS PR 3 148/15 380 3/12 Y AR 1.8x10™*

: AR 5 s i2 5 fig 6x10°
GO: 0015114 IR 5 F I PR 5 2 2 TG 31/15 380 2/12 S FOie 2.6x10™
GO: 0044341 AR PE B IR S i a2 111/15 380 6/12 Y AR 9.45x10°°

: X ~F T BRI fE .

GO: 0022857 JEY) S P ARG 850/15 380 4/12 ¥ IEe 0.003 207
AR Bk AR g FRIE T A G
Notchf7 45 i #
PI3K-Aktfi i fif - @
APLE IS DA
R b qfii .
» 1.00 FoxOf 5 i - Y JERECH
TENEA . 0.75 ol
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LEOg 0.25 1
" Hooo Hiltpe ® ‘ 1.00
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* 1.00 .5
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o o 150 mmshamE T | o| To00
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Fig. 7 KEGG pathway enrichment

TEIG Ak 7 e 52 5 2 7801 ST A 72 4 52 35 41 % L A% FEVE P 21000 . 20l K R RS Col6a3 K504,
AL FRENEEEET ECM ZAMEHECM- ik BLAST £ NCBI A3 £ HI L I A VI
receptor interaction)i %, 7F 4 g 6] /) T g - R 4l FE AR H, 3R i v S S S N = 4
M Zh % U R AF 516 5, Ak A mAEnt ECM 20k MY Bscieie Fr. Cd™ & S AR A SR MK HE H 41
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Tab. 4 Enrichment results of different genes in the selenocarrageenan and Cd** late enrichment groups

i B G5 i 3% 44 K WEIEFE  DEG ERFEH pfE KIE)G p {8
k003008 FLRZAE AR 0 LR 98 1 0.017 683 8 0.055 91
k000230 EE R4 1 201 1 0.035 8157 0.055 91
ko05164 FH #4035t J% 207 1 0.036 863 6 0.055 91
k005205 e S E A 283 1 0.050 058 5 0.055 91
ko04142 VA 317 1 0.055914 4 0.055 91
x5 WMELFHREANTHBRNAESERNEES
Tab.5 Enrichment results of different genes in the selenocarrageenan and sodium selenite groups
i B G I8 [ A PR GBS Ak DEG 2[R $ p 1 WIESG p {8
ko04512 ECM Z A BEA/EH 109 1 0.019 633 1 0.055 27
k004974 I AR 123 1 0.022 109 6 0.055 27
k004068 FoxO {5518 244 1 0.043 305 6 0.068 05
k004510 A BE 343 1 0.060 373 0 0.068 05
ko04151 WERRBENLEE 3 A 388 1 0.068 049 9 0.068 05
F6 BARABKALEMEERHEREATESER
Tab. 6 Enrichment results of different genes in the natural seawater discharge and late enrichment groups
iH T [ 44 FR GRS 15k DEG M %L plE KIFJG p B
ko04145 Wi 290 5 0.000 509 0.025 96
k005152 it 45 4% 217 4 0.001 501 0.038 28
7 UTHENEAMEEREERERNSES
Tab.7 Enrichment results of different genes in the sodium selenite and late enrichment groups
E T [ 44 FR GRS 15k DEG M%) pfE KIFJG p &
k005206 JEE Y S RNA 160 2 0.001 793 0.017 93
k000450 it ne s/ Ewli) 37 1 0.014 936 0.065 49
k004330 Notch {553 % 66 1 0.026 197 0.065 49
k004320 I HIE L 66 1 0.026 197 0.065 49
k000240 Mz I X 1 129 1 0.050 258 0.100 52
k004919 FOIR BRI R 15 50 % 168 1 0.064 884 0.108 14

Z 53RN KEGG F 2 & 4 2| & IR (phagosome) LA I
Jifi 8 #% (tuberculosis) i 5 1 %, . tuberculosis &
ERARNFELAE = 2R RHNREEE, 50lH
MRC, CD206, CD280 3% 1, & X hH 882k
(mannose receptor, MR), =% JRE J& il i fL 4F X iR
SIVFIZS 6 FE A BB 2E 20, TRV SRR | 3 240
FRRE N B A e i R AR E I
3 W

3 o XoF 2 s DR - SR M 3 S il T LA IR A T
fif R A RS B FEE TR . A SIS B Y 4% sk 4l

BRI 780 4~ TF #iEREE 29 A, Hrp
C2H2 RVFHE 2f-C2H) R G 2 H 199 4, zf-C2H2

HARNS 465 5% DNA A BrIiaE, 58N
FIR G . TANEESEXT T I R I BRABUR JH (Pepper
anthrax)3EF AR 19 A 2f-C2H2 FEHE M5 T3 Hio
By, HARIEHAL R R 7AW, R X 22
FREATHERF J5 K AU 2f-C2H2 S H P SIA7AE 8
AMRSFREN, KI5 St — A MR R 22 AR P D
2SN KEGG Hi FREERE, AT LRI
B JE DU AR A DGR R A2 S5 B . oK & A 5l
it KEGG %4 b X, & 9056 W38 J5 o [ G
(Mactra chinensis) 2% 5 3 H Z M 7E VS BIK . Wnt
fEome . Bk, ZRMAWEASE!N, RERS
XF & M4 15 (Crassostrea virginica)E 4T 491 K EALERLAY
Whitt, Zeid 22 S B DR O L TE REARASAE. Toll FEZARAY
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FIF KEGG $d %o 22 5 SR TR, Cd™ B K
WA A SR KHE R AL 22 N R B ETHW
PIE I, 208 B R S AR 2 R A
Ao A S A B, O TR S [RDMR T SR B it e
G Re R, FEEEI A RMME P450. A
HRR T S ARG . A B H KR RS A . o A AL A
PR 5 25 11 70 DL B /8 S A ks AL i 6 4T fig
FHE, AR R IE CA ARG b SO H R
ZARTIRE RN W 2w A, 2 Mk 2 B E it A
DX U RN B R (BRI o0 F, AR U SRk | 8 2
PUIE R N RS e v AR ME T T LAAR 8 )
Fe A BRI Cd™ ik ASCIA IR NG, J80HS H 280 %2 14
7 GRE N 2B o KA X TS G S A FLE DL (Chilamys
Sarreri) W) TH AL E ST SR AL 5B, X D AE gk
PR e T e, BRI E SN TIREERA NG & &
F AT RS Y ARSI R B, SO
e T 25 R N A T A I S R R
FECR R T BE, AT 4R E A DU R 5, X
HAFEAGE SRS R EEZm, WS Eh
PEDIREZTL

ERF PRI NNE AN s Al EiFSiE]
B, AAT SR BT A ARl I 5 1) =k S Al Ak
RS TE LA N S & 4R BB DUE R . BRI S
Xof 7R Il 25 5% I B 48 6 DL (Mvtilus edulis)PR 3T 4A AL
il R AT A, BT R R 2 1 A5 T0UHE B 34 1o R AR
28 2HURIVRF SR 3 B AL, T A I 3K 2L ) 4% TR A 2
TORBEEEM, VLUIME —ERE L5 E 4 RiFTH
PUVEF, $65 220 DL AP0 S PR TS ) AR S 56 6 B
SCHAME R ST 4, il i R AR RN AL A CdPE
AR 25 S FE N & SR A5 I, R 22 S 5 DR 7R i i
H i RNA {5538 B & W 0, e Notch %%
B R 8 DL &% RDX(Radixin)® 11 B, 7EBR §%
2yt 25 PR FE T, RDX PGS M R P53 I
% | PI3K/Akt il % . Ras/Raf/MEK/ERK {551 %, M
T 28 TN 245 40 X6 U4 (Platinum, PT) A9 BUSHMET®
RDX K FIfEfE AR 40M rp B3 3k, i Notch K%k
PR A0 B A4k . VAT L H0E DL KGR T T
FEATESM I F9E Notchl F1 Notch2 4 3T 5 o
(Brachydanio rerio), %44k BLEk I HH L P B BE
L IE R BE S SO R R . R S 5] R R AR R
#5752 B BRIE, R Notchl Fl Notch2 520 3¢ 5 £ (1 7
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FETNREN, LRI Noteh FZEIGEIEH AT LI HI H
AR =i W (Dugesia japonica) iy 40 853tk F1 H 3= 1&
ke, L EFIEE TR0 H A =M b,
MELZ IR TR | B R R B S B4 PO s i cd*
AR SO A M J5 3B Al Noteh {5 538 1 5 1% 248 1l
B B 1 NI 51 & A0 HAE T AU A8 o ilifk R i 5
U9 A A PR B S B X LA B 2 R RN R EE
T ECM ZAK(ECM receptorinteraction)if 4, 7E 4
JL 0] % Dy B 3 B A R 8 3 DA A S A5 YL TEA
25 R R B AR ST T, T KR T K K E ) A AE (Primary
cutaneous amyloidosis) & AN 2= F IR, WEH
BT ECM Z R AR5 B 55 {5 530 i 1) 1200
TR Col6a3 FF FK % (Collagen typeVla3 chain,
COL6A43), it BLAST #| NCBI 15 2] f) #H 3 5L K
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K3 UE B A LA 5 JC ML 7 SO T 4 AR A
TR VR I PLE DA R as 78 AN [R], ST AT 7 0 8 ) 1412 s
) = W SIS SR IR SR TR ey S 1A
s V0 7 440 it A2 0 B8 0 DA K 2 4 A i AR AR e 1 =X 1
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Transcriptomics analysis of the role of selenide in the re-
sponse to cadmium stress in Meretrix meretrix
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HU Fanguang?®, WANG Xingqiang1, LIU Guangbin2
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Abstract: Meretrix meretrix transcriptome was sequenced, and bioinformatics analysis was performed to explore
the mechanism of selenium (Se) on cadmium (Cd*") metabolism. The clams were first exposed to CdCl, for 3 d,
followed by a depuration of 4 d. In depuration period, clams were divided into control, selenocarrageenan, and so-
dium selenite groups. A total of 587, 855 high-quality reads were obtained from the selenocarrageenan and sodium
selenite groups. Overall, 15, 380 unigenes were annotated by Gene Ontology (GO), and 18, 866 unigenes were an-
notated by the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway. GO enrichment revealed that differ-
entially expressed genes were mainly enriched in myosin complex, ion channel suppression, etc. KEGG pathway
enrichment revealed ribosome biosynthesis in eukaryotes, purine metabolism, ECM receptor interaction, protein
digestion and absorption, phagosome, and metabolism of Se compounds. Thus, Cd*" can cause abnormal protein
transcription modification in M. meretrix. Moreover, organic Se can excrete cadmium in cells by regulating the ac-
tivity of metal ion channels. Inorganic Se mainly acts on the surface of clam cells and enhances its surface activity
to resist the Cd*" entering the cell, conducive to the discharge of heavy metals. Simultaneously, the difference in
gene KEGG annotation results also proves that organic Se and inorganic Se have different mechanisms and path-

ways in the metabolism of heavy metals in clams.
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