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FERE 5l I B S AL AR AR T U (Tegillarca
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HHUAR G A 5 G0 X e 2 AR AL Xk DLk
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TE AR ARSE L N R A 2 R T O R R
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S s (Lutraria rhynchaena Jonas,1844, EE7I
B4 Lutraria arcuata Reeve,18540) 3 @ T ARy
[T (Mollusca) 8 44 ( Lamellibranchia) 75 %% H (Ven-
eroida) I W B (Mactridae) M4 J& (Lutraria)™*",
SISz A AR T | H A JE T R R A I i
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VRO LT IR KR 80 m B TR R VD IR T
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ey DR 21 2T, R K /N R 545 — 547 Mbp',
HILEARAETIZENANH R R AL, HRH
Xof B T A 8 B A R R (ORI R R A
BT At T — R ETY . HATE N T S M
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1 #MBREFE

1.1 ##

Dy FH B =5 s DL DL 52 DL 1B 1) 2R 48 T b it
i 4 AN 4 oK 7= A BR A /A F 7 7 6 i T A A
(109°9'30. 85"N,21°18'2. 92"E) (19 K 4R i B 35 5t 175
Yk ARG DL LR O (109, 44+30.6) g e KN
(92.5+£17.8) mm. 5% A (47. 14£3.8) mm 5T 5% H
(31.943.9) mm, HFFE SPGB L m
B R R M R 7 R Y, A RR 4 LB 9 A
MMEREA B8 3N Y ER 3 A SRR
G $E U RNA, 5E B 980 &2 & PCR (Real Time
qPCR) 561 52 5 FH 1 55 M 01 A b i Bk T 3%

lcm
]

B S D
Fig.1 Shell of L. rhynchaena

1.2 A%

RNA # 32 IR A M|

fli 11 MiniBEST i ] RNA $2 B ik 5] &
(TAKARA 2 ") #2 U4 4 215 RNA, 2 100 B 4%
MO & W 15 17, ] NanoDrop 4301606 i it
(Thermo Fisher Scientific 228D K & RNA 4 )&,
{#i F Qubit 2. 0 (Thermo Fisher Scientific 2 &) ¥
DR RNA He B2, 30 R5 A &8 Jbe i Uk R I 8L RNA 58
B,
1.2.2 X BRAMERSEFEMNF

RO A 0 A RNA 3% Bl BA YR AT R
O H] R A Oligo (dT) 9 2k & 45 A polyA
EEREE mRNA J5, % Illumina Truseq RNA

1.2.1
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sample prep Kit 7 5E R 7 Fhal 213 21 ASRE 5L 9 SC
FER A, 2 TS A 4% 5 JT 3L F Tllumina HiSeq 2500
B RNA-seq il ¢,
1.2.3 &M EFoH

fdt H] FastQC %l 5 45 1) 1 J5t bk 8048 2 47 o &
PEAL L 8 ] trimmomatic K4 (v0. 36) 5 reads 3%
P K A A i (37 ) i AR O B E D T
20) MR FEAE BT 5L, L BR S N AT 102619 reads,
HHRKJE/NT 75 bp BT, b U85 A5 3 = B 04
784 (Clean reads) ., FJJH Trinity # 4 (v2. 8. 6) i
1% % B 5 N Sk 23 13 B HE TC A 4& A (Uni-
gene) Jf T JF jik B4 52 42 CORF). A Salmon
(vI. 1O BRAPRR BT 45 5 1 B 09 11 BT 1 )7 4] F0 DF 2 45
RHEFT H X} (Mapping) . 8 41 ¢ (%)% 51 43 5 7€ NR
(Non - Redundant protein sequence database)., GO
(Gene Ontology) .eggNOG (evolutionary genealogy
of genes: Non - supervised Orthologous Groups) .
KEGG(Kyoto Encyclopedia of Genes and Genomes)
Lo Swiss-Prot 5504 o AT BE P D RE TR .

il RESM v1. 3. 3 B{F 5745 5 SR AR AEREAR

F1 ZHEHKXE=ZPCR3|HY

Table 1 Real-time fluorescent quantitative PCR primers

) 2RIk EE R i RPKM (Reads Per Kilobase per
Million mapped reads) J| Wi 3 K F2 ik & , LI P<<0. 05
F1 |log, (FoldChange) | =1 & b 4 77 & 72 57 36 ik &
Al (Differentially Expressed Genes, DEGs) , i i %f
ANEHL Z 6] DEGs #17 GO Al KEGG il # & £ 4
Br 8 & DEGs 2 5 1Al FERIE 57 ik iz,
1.2.4 %8 EZEF PCR IiE o 47

BEMLZE I 9 A 22 5 56 P R AT 52 I 285 %€ i PCR
S, LLAI BT RNA-seq BURZ R E R 05, 20
STUS G Bk N B . LA Bractin /RN S 3L R, FIH
Primer premier 5. 0 {51 1 ., ff
JH PrimeScrip™ RT reagent Kit with gDNA Eraser
A& (TAKARA 22 ") # 8 RNA S S i eD-
NA. VIR i, i TB Green Premix
Ex Taq II (Tli RNaseH Plus)if #] & (TAKARA 2
T A QuantStudio™ 3 Szt 7 e E B PCR {X (Ther-
mo Fisher Scientific 2y ) I #E 47 5 A 3% 325 4 X} 22 &
3. PCR W AR ZR N 20 pL, PCR F )7 2 B 7= 5
UL AT, FER AT 3 IR E AR 3 IRELR
AL 2 ORI R A AR R A

LN R 25 RIBE N JF15) S EE G630 R g WF e G >3
Gene annotation DEGs (ID) Forward primer sequence (5'—>3") Reverse primer sequence (5'—>3")
B-actin Reference gene TGTTCCAGCCATCTTTCCTCGG TGCATTCTGTCGGCAATACCTGG

Paramyosin-like isoform  TRINITY_DN24180_
X4 c2_gl

Uncharacterized protein TRINITY_DN32671_
LLOC128233073 gene c2_gl

Beta-tubulin family pro- TRINITY_DN39293_
tein c3_glo

Mypsinyessential light TRINITY DN41770_
chain,adductor muscle-

like cl_gl

Cytochrome b TRINITY_DN43434_

cl7_gl
Uncharacterized protein TRINITY_DN26713_
LOC123546623 c0_g5

TRINITY_DN1528_
Unknown gene

c0_gl
TRINITY_DN11355_
Unknown gene

c0_gl
Hypothetical protein TRINITY_DN10044_
KUTeg 013128 0_g2

CCTGTTATCGTGTTGGACGCAGTC

AAACATGTGGTCACGCAAAGGACG

TGGTGCTGGCAACAACTGGGC

ATGAGCGGTTTGACTGAAGGCG

GGGGATTGGACGAATGGTTTAACG

TTTCAGATTTTTGCTCTTTCGGCG

ACGAAGGGGCAAATGTAAAGACCG

AAAACAGCCTTCGAATCAGGGGT

TCACAAGACACAACGGTACAGGGG

GGCGATGAGCCCCTGTAGACATT

CCCAGGGGATGGCAAAAGTCTCT

CCACCACCGAGGGAGTGAGTTAGC

AACGATGGCATTTGTTGGGTTATG

GCCTATCAAGCTCGACGGGGTCT

GCAACCATCCTTCCACTGAGCG

CAGCTGGCCGTTTTCATTGGTT

TCCGTGCTTTCTGCAACCACAC

CATTCGTGTTCGGTCCAGCATTC
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2 HBRESW

2.1 BRANFER
2.1.1 W BRI R FABE

D D 0 500 B o B s e i T 45 Rk 2 o
VUG B0HE A RCEHE A AESE  3 AN A ) 2 AR
i A R R Q20 A Q30 BRI L R 3 AR
®2 THAAERANFHEESR

Table 2 Transcriptome sequencing reads of seven tissues

HERG W E, LWAE 1 039 382 252 4% raw
reads, Ji &3 3E S5 15 8] 939 197 518 4% clean reads.
BB RO FEBON 15, 39 & 29,26 G A%, &4
21 Phred BUE 2> 31K F 20,30 B9 08 56 5 B4R 5l 52 19
H 43 L3843 0 K T 4R T 96. 93 % Fil 91. 96 %, B
ik B 5 ST A

FE i J 0t KA A1 BRI AR HE /G Q20 B HE LA/ % Q30 B LB/ %

Sample Raw reads Clean reads Clean bases/G Q20 base ratio/ % Q30 base ratio/ %
Muscles 162 017 978 147 372 742 21.66 97. 86 94. 17
Mantles 156 425 372 142 236 382 20.92 97. 28 93. 27
Gills 124 370 610 110 431 134 16. 05 97.13 92.54
Hepatopancreases 120 987 368 106 082 674 15. 39 96.93 91. 96
Siphons 124 436 732 112 546 950 16.52 97. 86 93.92
Female gonads 132 136 526 122 619 518 18.12 98. 22 94.97
Male gonads 218 997 666 197 908 118 29. 26 97.75 93. 85

2.1.2 ARpuizst e

BFE5 5 56 773 45 Unigene, N50 24 1 373,
BN 1033, 12 bp, H F0IN JE K 9 25 11 P 510 78 NR
GO.eggNOG.KEGG #1 SWISS-Prot 48 845 & 7 b
Xt 43 50 A B 24 557,13 094, 17 524,10 352 A
13 857 ZRiE AR B (25 Bt R e 5 RO WL AT 20,
WA GO FERCR B ZhRE 70 o8 3 R A= Wi 2
(BP) . 4fi Jiil i 43 (CC) A4k 1 T RE (MF) , 4fi 43 9 45
A3 3, It eggNOG $df 12 7 47 3 P 1
1 COG (Clusters of Orthologous Groups of pro-
teins) HE B e v BESE LI AT I R 4 2R B T 25 30
REZE T (& ) o i e L K f i e 2 D BE B AR 5
e AL HUO D RE R A L XL R = TR B
i R M s AR E . i KEGG 4 444 3
10 352 ZRTERARE Wi T 1 5 D IIRERIE B RACHS
AL AL B R AE B AL B 4 o B A LR S
14 A 1y 2o Rl g (8T 5D . il i SWISS-Prot % #7545
F 13 857 FRTEREAR B 1 R4S SR wT 1 AR 5 X 2 g i
RS H . 25 DEIRE XTI 24 593 4% Uni-
gene FRAGTERE TEREAR N 43.32%.

SWISS-Prot
13857

GO
13 094

T KEGG
eggNOG 10352
17 524

P2 5 A H0Hm R e e 5 DR Bt = LA
Fig. 2 Venn diagram of the number of annotated Uni-

genes in five databases
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Fig. 3 GO functional classification of annotated genes
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2.2 SHRARALAEBHNERSW
2.2.1 ARRMARERE KL SH

RPKM R 1 J B 5 PR 32 F0 D 3 25040 43 17 v 1
SE R AKPAR B A s . B RPKM Al 55 3
PRI AR R 3, 7 A A 20 i R R R B0t th 2 81 DK
YR A T8 M= 8 > AN I > e e > UL P > i
B> MEEERR (B 6) . 7R LRl 2 1, %k M PR
T R L B85 T IR R A5 AU LI 2 22 IR B 2
IR LR AT 22 5 LUXE IR AR vs UL PR 20 2345 25 5%
FNBERRL A 11 074 46, HREH vs JILA 2141
H 8938 55, Ml vs IR A 6 896 2% DEGs, I W %
vs ILAZHEUA 5 174 % DEGs, fEEPE R vs JILIA 2121
H 5128 2%k DEGs, /M E K vs NIAH LA 2 398 5%
DEGs, MEPEPERE vs HEYEPE AR A 703 4k DEGs, P
PERR vs WAL 2UA 658 2k DEGs, H&H L5 T
Pl 1 22 S B L B T 7 R .

W [A]RNA processing and modification
[ [B]Chromatin structure and dynamics
1 [C]Energy production and conversion
[ [D]Cell cycle control, cell division, chromosome partitioning
[ [E]Amino acid transpot and metabolism
[ [F]Nucleotide transport and metabolism
[ [G]Carbohydrate transport and metabolism
[ [H]Coenzyme transport and metabolism
[ [1]Lipid transport and metabolism
[ [J]Translation, ribosomal structure and biogenesis
0 [K]Transcription
W [L]Replication, recombination and repair
[ [M]Cell wall/membrane/ envelope biogenesis
[ [N]Cell motility
[ [O]Posttranslational, modification, protein turnover, chaperones
[ [P]lnorganic ion transport and metabolism
[ [Q]Secondary metabolites biosynthesis, transport and catabolism
[/ [R]General function prediction only
[S]Function unknown
[T]Signal transduction mechanisms
[Ullntracellular trafficking, secretion and vesicular transport
[V]Defense mechanisms
[W]Extracellular structures
[Y]Nuclear structure

T
ABCDEFGHIJKLMNOPQRST

Function classificaton

[Z]Cytoskeleton

K4 COG H:BHH IS

Fig. 4 COG functional classification of annotated genes
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Fig. 5 KEGG functional classification and number of annotated genes
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Fig. 6 Expression level density curves of different samples
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Fig. 7 Number of DEGs between tissues

2.2.2 A EFAAN GO G HE2H

X 2% S B AT GO TR, 45 4 2L 18] DEGs 1)
GO 4 H & A B 40 B 43 F4r T DI BE 3 K
R BRI A TS DL AR 3 TR

WEVEVERR vs HEVETERR B DEGs & £ R D&
B GO %% H E2 A6 4F £ # 5) (Cilium movement) |
s A E 5K 4% (Axonemal dynein complex as-
sembly) , F& [ 22 2% fi ( Axoneme assembly) ,9-+2 i&
B £F E (9+ 2 motile cilium) F13E A 22 (Axoneme) ,
i vs IFBRAR Y DEGs B4R ERZFERN GO K HE
FRH B4 A (Mannose binding) | fifi 3 5% £ i 15
PE (Sulfotransferase activity) . £f 51 40 g 34 %5 19 98 #5
(Regulation of keratinocyte proliferation) £l f% 7K {k
G ¥ 454 (Carbohydrate binding) , M4 M 1% vs AL
WHAN DEGs & ERER T EN GO K HEE N
PN P #E 9] £ 1 (Protein targeting to ER) . P i M
T HE N W #E 57 (Establishment of protein localiza-
tion to endoplasmic retic) A i B M 3% 4% B & (Cy-
tosolic ribosome) ., #f vs JLAAZ1H9 DEGs & £ 72
B E R GO 2% H o 2 Bk (Symplast) A 36 i
J (Response to salt stress), HEMEPERR vs HLA 20 4L
DEGs B4 M GO 4 H 2 A Z R B (Polysom-
al ribosome) ,SRP & #6i Pp [7] B4 5 25 (4 ¥ ] B (SRP-
dependent cotranslational protein targeting to mem-

brane) , {6, & 1A (Plastid) & P[] 12 2 4 5] i (Co-
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translational protein targeting to membrane), #ME
i vs LN 21H DEGs AR B#0 GO & HE
T T4 M A9 I 5 (Recognition of apoptotic
celD . £ & X (Pseudopodium membrane) A1 75 W/
A IR (Phagocytosis, recognition) . HF AR vs L
®3 ERRZFEEM GO E&EH=

Table 3 GO enrich number of DEGs

WAL DEGs &£ R E R W& 1 GO & Ha it
JAA | 8 3R K Fi Sk E 45 89 (External encapsulating
structure) , LW vs LA 211 DEGs & S 7%
W ER GO % HA B 5 (Plastid stroma) Fl £
REHEIE

. P A R AR 1 43 B AR 3 T IREE R
20 51 GO & 50 . p .
3 . : Biological process Cellular component Molecular function
Group GO enrich number ; : ;

enrich number enrich number enrich number
Female gonads vs male gonads 150 98 36 16
Gills vs hepatopancreases 1502 1159 111 232
Female gonads vs muscles 270 184 70 16
Gills vs muscles 1 368 931 235 202
Male gonads vs muscles 846 562 178 106
Mantles vs muscles 487 363 57 67
Hepatopancreases vs muscles 1143 812 179 152
Siphons vs muscles 1195 818 211 166

2.2.3 A £FARA Y KEGG § &4

X G % 42U SR L) DEGs £23d KEGG il
PEVERE AT R (B 8, MEPE R AR vs LA ZH 2125
DR T v E R Y B AR (P <T0. 05) OB 1Y 6 4%, &
41 DEGs #5 2 1938 2 228K (Ribosome) » H K
2455 5 8 I (Calcium signaling pathway)., H4b,
TE O WL 48 (Cardiac muscle contraction) . [B] B & 3%
(Gap junction) & T 9 75 46 R UK (Protein diges-
tion and absorption) ., & fk ® 2 fL i % ( Oxidative
phosphorylation) ¥ F 22 5 5 8 i 25 5 4 . M1k 1 A
vs WLIA 2 21 22 S B A i o B 119 1 25 6 4 (P <0, 05)
(38 A 30 4%, Hoh & 45 DEGs 8 2 138 i £ 2
WA W) 1) A4 ¥ & A (Biosynthesis of secondary
metabolites) % B & (Ribosome) | /A [ ¥ 55 F i A=
YA 4L (Microbial metabolism in diverse environ-
ments) & & ik f§ H (Motor proteins) 55 i 1%, 7% B
T B R AR AR B R A Rl AR 35 45 3 I Y e SRR
FERCRE . BEVEPERR vs MEMEME IR E EE D, W EE
B2 (P<C0. 05) W38 i U AT 8 %, & 4 DEGs it ik £
1438 % 2 A= A4 4E H] (Thermogenesis) , H 2 5 E &
AR AR G 110 480 A 8 TR i s . v bl A PN R KRR
Z {5518 % (Retrograde endocannabinoid signaling)
AN M P O ) 10 25 S i R rh A A B 3 AR L R I
WEETTRES S T = Mih R R 0 b it AR

ERZ 5B ILRZEHAL AP ER DRSS
JULTA) 2H 18] 1) 22 S ik PR 2 AR AR )T Bl A= 0
ARUGHRH OC 030 PR AFAE & W 4R . APERE vs LA ZHE

S PRI R 0 2 A (P <<0. 05) 1Y I B% A 26
5 AR B DEGs BURH ey &) o 4R AR
Bl A 6% T (Phototransduction) K 8 9 O H4-
A W) A L (Mucin type O-glycan biosynthesis) |
[B] i 3% 32 L R 55 5% (Olfactory transduction) 2 ME
41 Wb (Salivary secretion) 553 . M W& vs LI 4H
2122 S L I i B Y I 25 48 (P <0, 05) Y3 i A7
33 %, Horh BT 4 DEGs #2932 2047 AU 38 B% (Met-
abolic pathways) K A= 8 91 B9 4= 91 & WL ATUA [F] 2R
B A AT . 5 TR A e A R
18 (Carbon metabolism) . & % & B9 4 ¥ & il (Bio-
synthesis of amino acids) M AZ B,

Y ovs LA H 2 R B H T i B B 35 W 4R
(P<20.05) By H A 40 7 Hh 5 DEGs £ 1
I [ 32 A AR A 0 A 06 AN TR B BT A
Py e A B A A B . AR vs WL 2122 5%
B PR T R I B AR (P<C0. 05) 3E A 35 4%,
Hrh & % DEGs i 2 H & 4 72 B o 1) 38 #% 3 22 AR
T % A A B9 2R ) S A TR BB T AR
A8 AN R (Phagosome) ., 8 vs AT B8 IR 22 55 5
DR 3 B 110 . 3 4 (P <<0. 05) Yl B A 63 4%, H
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Fig. 9 Relative expression levels of selected nine differential genes randomly in seven tissues verified by real-time fluores-

cence quantitative PCR (normalized to S-actin)
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Table 4 RPKM sequencing results of 9 randomly selected DEGs
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DN24180_c2_gl 2 838.42 226.67 17.55 0. 69 3 136. 44 10. 64 5.10
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DN10044_<0_g2 26. 18 75. 46 70. 20 1.20:£0.40 42.27 0.7740.57 0.75£0. 54
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Study on Transcriptome Differences in Different Tissues of
Lutraria rhynchaena Based on RNA-seq Sequencing
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Abstract: Lutraria rhynchaena is an important mariculture shellfish in the southern coast of China. In order
to explore the differences in gene expression in different tissues of L. rhynchaena sRNA-seq sequencing tech-
nology was used to perform transcriptome sequencing and bioinformatics analysis on seven tissues (muscles,
mantles, gills, hepatopancreas, siphons, female gonads and male gonads) of L. rhynchaena in the Beibu Gulf.
The results showed that a total of 939 197 518 sequences after quality control were obtained from 21 sam-
ples,and the number of bases in each tissue was 15.39—29. 26 G after quality control. A total of 56 773 Uni-
genes were obtained by Denovo assembly and ORF search. A total of 24 557,13 094,17 524,10 352 and 13
857 valid annotations were obtained by comparing each annotation in five public databases NR (Non-Redun-
dant protein sequence database) GO (Gene Ontology).eggNOG (evolutionary genealogy of genes:Non-su-
pervised Orthologous Groups) \KEGG (Kyoto Encyclopedia of Genes and Genomes) and SWISS-Prot. In this
study.a large number of differentially expressed genes between tissues of L. rhynchaena were obtained,and
the gene database of L. rhynchaena was enriched, which provided basic data for a deeper understanding of the
functions of various tissues of L. rhynchaena ,and further exploration and development of functional genes of
L.rhynchaena.
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