CIRE S R AR S JEN) L SR
Al =
Institude of Fisheries Science

College of Life Science

National Taiwan University

Master Thesis

A TRARSRR Pl B a £ 0 B2 i Ak TR 5
A e B A B4R
Decipher the transcriptome of Litopenaeus vannamel
by assembling ESTs and compare gene expression in

different libraries

How ##
Yi-Ching Lin
KR PP L
Advisor: Chung-Yen Lin, Ph. D.
P ERE 101 & 7
July, 2012



E—ﬁfﬁ%ﬁ
T o P 5'?‘[_'—1}7“ 'fWI'WTJ FURE] S

=

RGPS PRI ARR IR Sy DRSS dna e 0 Hie o BT
VRS E R P T B > 2 2 ﬂ J@T&I*Fﬁuﬁé’%ﬁﬂ%ﬁ °
IR fr IRRAIRORE g T i SRR 25 2L > 2 2
PP S s 25 Iﬁl@‘&ﬁl i e %uﬂ"EﬂHa’?f It 1R
U= i 2 PRI SR IR L B S g (s o

LR R HEE A

RSB  POT) W R A 9 2RIz 1) S - E e T
FULE LS 7 P SR % - BRI © FRER A -

w0 LB VRl RGNS B » IS FRED o R
SEIF|| K F U -

WL BB HBECY VR mﬂaﬁﬁéﬁwﬁm’%ﬁﬁﬁm@ﬁ
W RSSO o RS R ORI T R T
e I e jﬂ'°‘uﬂf¢ﬁ*  WAERTY ENRPE S S RE T S o IE'}HI TWZ’WIF"T

FTJ IS FIERES =R R BB



Fl 1 ﬁgﬁgl

ﬂ\f 1% ( Litopenaeus vannamei ) v SHEEETHVEI | F[]‘Ez,l » 1& lﬂf[ﬁl[ﬂ
PISRROTTAT o R PSR S o ) TG S SR P
PR RE S ) PSR R ”’*PIET%F“FH [ - EST (Expressed Sequence Tag)
L cDNA Elffﬁ[f;’}ig A T AL PO [y AR R o P
R SR NIV > Faplt EST EHf= HE B S TEVRL PNV o Ak
PG 2 BIEPRIE FAYE g BSTs H5]) > 4L 161,241 ST0R] - F[B 21T 55 1 EAH
PR SRy Wg[ﬂ?ﬂiﬁ HEMrerF Y-~ i (Daphnia pulex) * {4 (Drosophila
melanogaster) £L%¥ > F{[H[H- F'JTFMWFTJI %ﬁ 73 A AEE R £ 16,886
ST contigs * 20,515 27 singletons » H 37,401 ZVEIA (] 5 LT HR] R SV
%ﬁﬁfﬁg e G 40%pYEA Y[ T non-redundant protein database ® Pfam
database 5 =[] pv -5 [[H5 {E"ﬁj Bro

Tk F’U’([F' EST S3[[EvRIFl1 > 92%p kL FIRUF ~ R~ =oap e ~ TR, ~ = Tay
Py IR S 0 (WA RBAY EST 7k £ 53 20,000 57 e =i 5] - )5 EST
FIAZABAY EST GreR sl pokapiBl > (o3 (WAL PRSI » ST PTE (e
Al | £ I Gene Ontology H:‘EEJ%'E}’?* AR TR ~ TR R v TR PPV AL
[ﬂﬁj JIMEE jff‘ﬁf £l (enrichment ) E{Uf“ﬁ{r’” s POEE [ R JE«Ufff K HT
W st HOTATRGEAVE TR f KEGG pathway i) =% > fLAE &
[P [ gl - 5% F KEGG pathway % GO term [I53#7af JUBFT - [t mb el
E|HIFAIASRPVEA ]~ 2Rl S leRhEApI L I > U € A &
# actin & myosin [ [l LY o T B A AT uﬁj I FlRL R
(hemocyanin) = P AcHLH T[T » SM AL 1LY R A

B ERRNGERTEDZS P8 iAo BLPIRrop i SR B R R e R

il



TR (A  BY -

if‘%%ﬁf}fﬁ : http://ips.sinica.edu.tw/lv

S © T 4 ~ AR YRR

il

i

i]

1

i

.
W



Abstract

The Pacific white shrimp, Litopenaeus vannamei, has became a more important
animal in shrimp aquaculture. Although its genome has not been fully sequenced, this
economically important species has attracted researchers for building a rich source of
ESTs for benefiting both the basic biology and the applied science. Expressed Sequence
Tags (ESTs), are short sequences derived from a batch-wise partial sequencing result of
cDNA library, which may represents the relative expression level of transcripts in the
library. It is an effective approach to get numerous sequences of protein coding genes of
a species without previous knowing about the genome context. In this study, we
collected 161,241 ESTs of white shrimp from public database. Reference sequences
from two taxonomically closed species Daphnia pulex and Drosophila melanogaster
were used for selecting subset for de novo assembling. Totally, 37,401 assembled
sequences, including 16,886 contigs and 20,515 singletons, were obtained. Over 40% of
the assemblies could be matched to homolog sequences in non-redundant protein
database and/or protein domain feature in Pfam database. Six tissues including eyestalk,
gills, hemocyte, hepatopancreas, lymphoid organ and nerve cord are the major tissue
source of this collection. Assemblies were annotated and the expression level of each
assembled contig/ singleton in each tissue was calculated by the number of ESTs

contributed to this contig/singleton. Enrichment analyses were further applied to detect
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Gene Ontology terms, and KEGG pathway for describing the unique function of each

tissue. For example, the unique expressing subset of hepatopancreas is related to

hemocyanin in KEGG pathway enrichment analysis result, while the unique subset in

eyestalk represent actin and myosin genes. In summary, this study provides an

alternative strategy of assembling EST and the data produced from this research can

assist any studies about white shrimp in the future.

Reference URL: http://ips.iis.sinica.edu.tw/lv

Keywords: Litopenaeus vannamei, Expressed Sequence Tags, reference genome,

assembly, annotation
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[V cDNA JL[NE 1 B CVEEGERE - ASHE VR (R SR EAArE Y
FNFGIR G - BST fUT R SR SR Ak e gL
RS2 R 5 B35t > AP R ET 2GRN - 2 [ 5
faliie el R (P iﬁﬂf FHFLPIPY TR i E AR [NpUEY

RO IR R HIDRL P ) 7 € 5 el PP R - ESTs il

P 27 2 JL PRI PIpoay Rt o G g =)0 AT LG
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| I R PR AR VR > SRS UL PN R AR

Pl DR PIS P o AQISHY » BST CA e RLio sul | b | o feqy
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o RLED EST A5[lgekipy— (3 1-1) > E [N p 185 ESTs Bkl > A+

FyRRaT -

%*. 1-1 ESTs 5~ %\TEI"E’F,J i 3000 =AY ELET (Decapoda ) $77 » ¥ s ¥fi : NCBI Taxonomy (Date:
March, 2012)

taxonomy sequenc
e numb

er
Decapoda 429,499
Dendrobranchiata 216,436
Penaeidae (penaeid shrimps) 216,436
Fenneropenaeus chinensis (fleshy prawn) 10,446
Litopenaeus vannamei (Pacific white shrimp) 161,241
Penaeus monodon (black tiger shrimp) 39,397
Mar supenaeus japonicus 3,156
Pleocyemata 213,063
Anomura (hermit crabs) 97,806
Petrolisthes cinctipes (flat porcelain crab) 97,806
Astacidea (true lobsters and crayfishes) 30,921
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Homarus americanus (American lobster) 29,957

Brachyura (short-tailed crabs) 68,583
Callinectes sapidus (blue crab) 10,563
Carcinus maenas (green crab) 15,558
Portunus trituber culatus (swimming crab) 13,985
Scylla paramamosain (green mud crab) 3,841
Eriocheir sinensis (Chinese mitten crab) 16,987
Celuca pugilator (Atlantic sand fiddler crab) 3,646

Caridea 13,064
Macrobrachium nipponense (oriental river prawn) 8,458
Macrobrachium rosenbergii (giant freshwater 4,427
prawn)
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PN > 1] B PSR RS s AR o
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@ (hemocyte) fIUEL[NFAF(Supungul et al., 2002); H F| 615 % ESTs» £ f[1315
%7t GenBank e (17 F5 [ [FFIEL Y- (19 300 FRHRF 52 Uﬁ;,ﬁ' -
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OS> S o IR = HIY 17.796 > Tig 615 (R i
[0+ 8 SpLte [ B2 b A o ZRI B9 e VBT 55 15 TR > T A
FuAE PN Fl 1T~ 3 3R B KIRY antilipopolysaccharide factor (ALF) W% [ i
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2006 F > Yamano I Unuma £} o [Friza=e et & A [ ipoFLpd -
s S (M. japonicus) JEUFf cDNA LRI - SEREAHE R i > 4
FHE] 1,988 % ESTs I'J1%1= x5 77 #7(Yamano and Unuma, 2006) - ﬁ;ﬁ}[ﬁh’ﬁ[_ﬁ
RO R SIS 0 1,988 [V ESTs ~ ZRUgph i RNA ') s
P (2 s S5 11U 4 B BSTS AU 51 % SRR 311 =
e AR T TR I B » (e
(fTeL¥Y pigment-dispersing hormone (PDH > 13k ##J=}%3) > molt-inhibiting
hormone (MIH > ?&%ﬁﬂﬁjﬂﬁi) I']'% crustacean hyperglycemic hormone (CHH >
ﬁ,ﬁﬁﬁ%{i) o T - R YRR S RL farnesoic acid O-methyltransferase
El@[ﬁﬁ’ﬁﬁl[ﬂ N %‘EEFF J;Fb\' = (methyl farnesoate » MF) o

2007 F - Preechaphol et al. ffli*'| ESTs 5547 ?W‘a[ﬁlﬂ”ﬁ‘?ﬁﬁl[ﬂ@
AR T CDNA JLE e 1S9 #2528 457545 (P, monodon) -
HIV 1,051 5 BSTs 527 53 Preeplp i 3 ife » L5005 1P cDNA LN AR
&l :Eﬁiﬁ.j [vEL L peritrophin &> thrombospondin (TSP)(Preechaphol et al., 2007)
peritrophin L cortical rods IV = FI5% 55 » fﬁ] E?J:“ J ﬂ@@'«j‘ﬂﬁg@ﬁéﬁmmﬁ?ﬁ o Bt >
25 f[ﬁ";ﬁ?ﬁ?H[J’FE'E@E?J@H@‘[\;EL[ﬂf[| » female sterile * ovarian lipoprotein
receptor [ { 2RI RS & pu G I I AT RS ) - L ER T chromobox protein -
phosphatidylinositol 4 kinase- thioredoxin peroxidase » ubiquitin specific protease
9 SRL DN I FI ALY (e A pLIPV AT PRAHE T [ 9 R
I S EEREIFORL S IR EW%@*%ﬂN FifosL) -

2007 # > Dong and Xiang HM-p[1BISEHE(F. chinensis) ™ Af @y ESTs H
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2371 B0 AT L1 B 177 6 BSTS 22 B0 A Dong
and Xiang, 2007) - ;ﬂﬂfﬁi ARl ﬁlrﬁﬂiﬁlﬁﬂ“‘\fﬁ’ Sy ER TR LAY B
anti-microbial peptides » &/ ?F[ penaeidins: thymosin x> ALFs> 85 [F=3EHY ESTs
HEp 71 0% > iﬂlﬁﬁF‘ Fl ey £ f‘ i%%ﬁﬁ E‘JF’)Z[@?FE[FTJEW VI~
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serine proteinase inhibitor & SOD-protein » S5gP IF4E[Y ESTs 7| 44 X 5 27=
K> clotting proteins » &/§ transglutaminase - thrombospondin » lectin » "%
EIJFA'[ 39 % ESTs ; 57PY%H » intercellular signal transduction » &/ fﬁ peroxinectin
~integrin - HF) 5 [% ESTs 5 237 % » chaperone protein » [FHEF [ 1F | [yl &
F 8% > HSP70 % thioredoxin peroxidase > H 19 {£ ESTs -

2007 & > Clavero-Sales et al. #[|*'| EST [V 75 ﬁ‘fjiiﬁ’ﬁmﬁ F (L. vannamei)
Elfjﬁgﬂﬁ[ﬁ ’,@’Eﬁ“fl%ﬂ?ﬁ% (White Spot Syndrome Virus » WSSV) & fUEL[NAZL > 4
IV 802 [fi clones 3£1< 5 JFF.}—\L_H‘ = ﬁ?%ﬁjﬁ%ﬁ‘»\r‘/u % HZ]] 601 f’%ﬁ,ﬁﬁ#[@?ﬁfj ESTs >

AENRESEEL 79 ([ contigs 197 {fif singletons® H. 276 {15 -] assemblies )
(Clavero-Salas et al., 2007)- /'] BLASTN % BLASTX 7 E value < 10 EIEE
% NCBI nr database Lﬁ[ﬁ TPTEEE) - F) 87% (522/601) fiY ESTs =* GenBank
FO SIS AR » A ) 276 A5 IS 1T -
HI%’#TQ%E?:E@@.'JE@{QL_ 40S ribosomal protein S13 FL[X ; [ﬁJEﬁQJ J32Fl 148 [l ESTs
= WSSV U3 E J[ﬂ TR > P9 AL 205 cDNA = R[> I keratinacyte
associated protein 2, seleno-protein M, profilin prohibition » oncoprotein nm23 -

2008 F > Xiang et al. [liI7E% [y (F chinensis) fivfi- %ﬂﬁg‘gxp’iwﬁ
ﬁPJ cDNA FL[AH > H A 10,446 [ ESTs(Xiang et al., 2008) » Eia= A5 1,399 [
contigs =% 1,721 fi singletons » ') BLASTN ¥ BLASTX 53 [J||7 E value < 107
%% E value < 107 AUfEF ™ » % NCBI iV nt ¥ nr database 1_17&[ e =S E

44%FVEIRE H-[|(contigs + singletons)%‘?m’%[l’—:fﬁ\z/“ﬂﬁq@ AR o R FJF[ JEI
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A [ﬂ TREL N ES peritrophin-like protein | - PSR 1 ’}*;géj[ﬁ@j—f%ﬁi Py
bf %D 7 puhH] > transmembrane-4-superfamily-8 ?ﬁElﬁa@’J[‘% - FRE -
HINt & F%ﬂﬁ@g[{%lf > thrombospondin » 225 1w 1 3 VW] ES LA 1w
FEETRIPV gk o 70 AR Ay R (S TR ] [%‘jﬁi“pqa}gu%ﬂ R E EJ
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assemblies 1€ | FSZ[ i s » (=4 A i3 InterPRO database 5% £ 1]
Ay éﬁfﬁ%fﬁﬁiﬁﬁ{ AVEIARE 2315 F| Type 1 antifreeze protein i J'Fﬁ =
HHEW g FRL A= Py S A > gody if[ R SRR RUN

i Ejj Foip 7 FT ESTs » 4713 7 W[ 13253 trehal osephosphate synthase gene 1

f

o i) N VAR N EE trehalosephosphate [i* S ik SRR BT AR BT
EIRE -
2009 * > Leelatanawit et al. [ =5 15 (P. monodon)ElfJ*%]‘é)'j cDNA ﬁl[ﬂq@f[ ’

5

-

- 896 [ ESTs » £ {1 4 S AZLEVF] Iy ESTs(Leelatanawit et al.,
2009) » {HERLIAIES K[ DNA » H g BT PGS - 41
cyclophilin A (PMCYA) > small ubiquitin-like modifier 1 (PMSUMO - 1) » ubiquitin
conjugating enzyme E2 > dynactin subunit 5 cell division cycle 2 (cdc2) '] &
mitotic checkpoint BUBS = [F=f - ¥ [ 1A 18 2l 2 2= P O A oL
(W Tra-2 (PMTra - 2) Elfj[ﬁj\]’;iﬂifyu ; T‘iﬁi[ﬂ%ﬁmfjﬁﬂ 57 0 552 testis-specific
transcript 1 (PMTST1) Elrﬁ’ﬁ FEREH T rf’ﬂ S > multiple inositol
polyphosphate 2 (MIPP2) * heat shock-related 70 kDa protein 2 (HSP70-2) +

ﬁIHIpJ%ﬁE El ﬁj g i}ﬂﬁuﬂiﬂ URIFED [‘Pﬁ#iﬁulﬁﬁﬁi[ﬂp‘ P, Eﬁﬁﬁugu
AP

1.3.2 [RSUIRPESE B U IR IR PO BL PN AR P

2002 #F > Rojtinnakorn et al. ffi*'] ESTs (=L dik& " = ﬁkﬁgﬂ‘@ﬁl%ﬁj



2 BRCpvzEaEy (M. japonicas) py e VgL PE G (Rojtinnakorn et al.,
2002) - [P EURUIRAO AT S cDNA LTI ] 635 [ ESTs » i
WSSV & z;\hﬁlﬁgﬁﬂpw SFe cDNA ﬁl[ﬂ’g[ﬂl’rﬁiﬂ 370 {5 ESTs 7t iﬁi‘iﬁﬁé‘ﬁ%pfj
635 [ ESTs [ I'F| 284 [= =1 HIAv 3| E R A T B J[[TE?‘EE'HIEJ37O
PRIy 174 FE= SIS e g AR T - g = PR S ESTSs 41
SPEE 152 el 1EVRLN o AR Iy AR LR AP Pk [ e TETRLN
HU R LA PR S 1 ETRLIN iﬁﬂfb'iﬁ'ﬁ?ﬁ"@?’rﬁlw&m (R PRI 2
o BFLEPIRL > (EIRE ] Eef TP Ll e g 152
M e TEVRLPEY  E] 28 [RfITBE= R SRR - HHIE] 15 fRbRL i o 5
KPS o 5o 28 i 5 (BT 22 prophenoloxidase (proPO) system
clotting process « [f y&l 587 3 {HPLAIETSA55 4" (bacteinecin-11, penacidin-2,
lysozyme C type) » 6 [fafMalid ik J%’ﬂfrE'TJﬁr 1> 91 B -integrin, cell

0

adhesion molecule = £|fiY collagen (L= fi# collagen protein genes) (#7213
lﬂﬁiﬁrf T 5 F PSR A R -

2004 ¥ » Supungul et al. 73 T’??E'?&PH%&FJ""\&I (Mibrio harveyi) EXYVE|
i5(P. monodon) ™ 5" cDNA FL[NEY 447 [ BSTs » "= H 7 2002 Elf—ﬁfj’
TR IS 615 [ ESTs fitt = (Supungul et al., 2004) - BL RS
[“?Fﬁji—ﬁj s gL R 1 LR 2 Jfﬁiﬁu&lﬁ* (AMP> antimicrobial
peptides) > }[FIJ ot BL N R R ZAVRLEMG SR (penaeidin) o BTN E
crustins » antilipopolysaccharide factor (ALF) » SR » i 5@%1%&%“[[;'?3{’[@:’”5@
L P AR E et 2 pvflIRL antilipopolysaccharide factor (ALF) » £ kL
crustins » f&t s LB > 1) 5 H ALF pUA R ﬁgjii_ 50% o BRI  0 [BH
T@EUW%IF“ “TAA 1G> ALF ?’iif[l R ERT o DIV E?’ifﬂﬁ'%?”}f%l{ﬁ%

'] [ el urhggigﬂ » H crusting SR VAL IR BESE - RUNH'
B 2 SAPIR S fT A AR T Y R LR (BRSSP R ALk
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PRIF=sE S5 ig  F | ﬁ[ﬁ STV PRI -

2007 & > Leu et al. i [SESAYE H5(P. monodon) iz 2 ( postlarval stage
PL20) W B IR ) RO g i Xt cDNA JLER > I'] BSTs )
Fr B RO E TR RO L PSR [ 2 SR R v
@TE'F%EL [<(Leu et al., 2007) o 11 fEURLAYET 0y DIy cDNA FLPE L 2]
7,200 £ ESTso plRk (R ROGAVE 5 i s UTRL Y 1 2] 8,004 X ESTs
SEERISI Y TS fOIFR E  STHIGE] 6,658 XAV Y E
S ESTs 1 Bl 1R ) ORIV i i <Dd] 7,276 [ BSTs » £ 3~ o3
Wity ESTs fy [ I D 5y P IO L 3 ESTs SRLEGE: » 2
B ] 978 [ ISR SAIERY 5 ESTs % 1,069 4 [ IHEF IR
R DY 51 ESTs R VSRR 31 BSTs & > Jax 2] 15,981
(% ESTs » A5 H-[R 58 HE] 1,364 % contigs » 8,258 fX singletons e éjrfjfl
AEPRIPI ] BLASTX 3% 5 [V 85 » ¥ E value < 107° fUfigif ™ » ) 2,027

fEEAS ] (21.07%) [i' 7 NCBI nr database f| Iﬁ?ﬂﬂﬁq@ MY gp 18R
5

PR E] 2,026 (21.06%) EiAE B A UniProt database 9 [FIVR -]/ £]
GO :tEJZi o [EHFEEIETEE ESTs pusi A ik = Jﬁpﬂw (1) 7 s

ﬁﬁ’p%@ﬁJW@wg%%ﬁ%ﬁﬁwﬂﬂ%$’wﬁ%%% PR -
SRSk L IR  (2) ISR 1 B 4 SR e 1 S
1 oxidative phosphorylation, protein synthesis, the glycolytic pathway * calcium
ion balance; (3 )% IWJFF ¥l » immune-related chitin-binding protein fiY
S A T ] -

2008 &F > Pongsomboon et al. Pk fHS LV B (P rrlonodon)ﬁE@“ﬁE}Efjiﬂ@' S
Ty b?ﬁzp B IMAE (V. harveyi) & i}&pﬂhﬁg}’gﬂgum%“ S HV PO L N AL B
(Pongsomboon et al., 2008) 5 W 14y S A IJFE'zg”E VhLA T B PV E
FolA- ity o @EIQL%JI?E‘W AN FFAY cDNA FLPNHE 1 2] 408 [ ESTs EIT@’Pﬁ

10
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B VIRV TS F Y cDNA FLPVR [ 2] 625 [ EST&&F‘*J]’E'E[“
R e éj@frﬁlrjﬂ ESTs |l Jgﬁgifﬁgﬁ |9 1597 AF‘ F) s (R LR R Y S
FLPIAE RS B ETT ARRD 5 G SRR PO A PR R R ) kL
cathepsin L % cathepsin B- f‘zﬁﬁlﬁi?ﬁépr[ ENTEInSA J[[TE?JEBIEI U TS VAR E
{8 AL peritrophin % thrombospondin: cathepsin L+ cathepsin B i (st
RIS 9 TR Y TR R R U PO E A [l peritrophin
thrombospondin EJ[JF,JLI'EEIEA%WK;\“&E?FBFI P TER FLFI e (=8 F [T 1 real time PCR
EE T 1 FJ,ﬂTEé‘?E‘?FLP B ISR F IR 3 RO cathepsin L -
cathepsin B fivARLEl [ UF | E=Fpvdag » fI peritrophin & thrombospondin fit
SHUPTE [ FHEERY A5 P*'l'*l‘pﬁg”% T ETIFEE TS P cathepsin L
cathepsin B 5L 17 SR KB 1 S A B A SHASSL P - sl B o

ﬁji%ﬁj < F FTJ peritrophin & thrombospondin £l v El EIJ»’”’TUJFE
R R BRI EL o AR R ML P I P BB B T
R -

1.3.3 P FREBRPOE A
1999 = Lehnert et al. #EE (P monodon)ElfJEgﬁ&FﬁB A R L T
HI{== i cDNA FLPE > L1176 5 ESTs(Lehnert et al., 1999) o F=dif = ffi
BRIV LT PRk cDNA LN ARER PR EEUPT R i cDNA LN
F R B PR R BRARRE I > (R R L LR R Y - e
e LOFTRN T BRI RL IR 7 SRRy - [ ESTs Ok
RELAR™ > gl P2 R (hemocyanin) BLRHHREH-SI 2 & Bidgpy
PV PRLAP S B T o [ R for fORAss [ 53 143 A A 5 > g L P
FIF i % LS 10 MR 35 P gL

2001 # > Gross et al. HFSff 1§ (L. vanname )= [ g%t (Litopenaeus
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setiferus) P 7E il ’FiJIZ[“(Gross et al., 2001) » FRFpEELll) [n‘#ﬁﬁ““ FIpy
e (hemocyte) '] i hepatopancreas) "Q}L[[‘E cDNA FL[R - P e
F)l@ﬁ'ﬁfﬁ' VRLN G PR ['D“‘l’lﬁﬁi [N E] 2, 045 [ ESTs » A A S 7
@TE‘TJEL[“& [REEZELE, ’F“’E ”"’“E'ﬁujﬁ W I”ffjm@ﬁ‘%%ﬁﬁ
PR P FS(AMP > antimicrobial peptides) » £ aF e ISR E P RLES
A SR8 S (Leotin) FILEL AR MU 1 -
2006 F > O' Leary et al. [¥& "+ [ 15(L. vannamei)fiy =5 e ~ FEEVRE - G~

W TN PEUR D ) R A A e 5 FERE Y. ESTs » H 727 13,656 % ESTs >
a1 EST Mgy -3 - I') cap3 assembler ;Kf EST A2 7% RI:<fY contigs -

U E] 7,466 [RE1R](O'Leary et al., 2006) - FFFHH 147 i AL
USSR 53 1) > pI9EAE 1 Gene Ontology Ui » HYZIBLHTFE b4 3
R ST 2 R P RS 2007 ?Fﬁﬂj [l BeelRn i~ 5L 07 b R

4Z(Robalino et al., 2007) ; [Ef{ 2 EREE I%ijﬁ R SFH Ay cDNA L
[N S ESTs &5 54 > HE| 872 {fi clone FiZEA: - I'E:EE{%ZF,J‘F%‘,W 601 f'%Fﬁ[h
TR BSTs R0 276 FEEIRLI] - (S 2 ugwm G091 TR
7 I RT-PCR 1 J[[ELNAYR R ﬁ? TE| WSSV B BVRE [ E [ Frels g
keratinocyte associated protein 2 (KCP2) » £l Tdiﬁ‘lfé.]ﬁf\ Pl i [E e R
adi N KCP2 ﬁtéfé?ﬂﬁélﬁ%?ﬂzﬂ BRIV iR - selenoprotein M
(SelM) > [ IR PR AR e [P0 £ SelM Jif fj= 25 i =5 [
JopaEA ~ prohibitin (Phb) » Ft J#ﬂﬁ&qulﬁm@ uﬁjﬂ » profilin % oncoprotein
nm23 577 LA

2006 F > Tassanakajon et al. ﬁ’ﬂ@ﬁ%‘“”ﬂﬁ%’%%&ﬁmﬁlw s PRI R

{151 45(P. monodon) £5 H R » ZHVH [tz - U ~ TR ~ AT
TR~ R I > 225 ESTs A (Tassanakajon et al., 2006) <
VPRI (T AR FEER B E] 10,100 [ ESTs o i+ A2 3 YEE

12



ESTs fl1 > < LEIf 9 BSTs RLEE PG AL R po 5L =51 - B
thromobospondin, elongation factor I- <, ovarian peritrophin, ALF - p19} » [
ESTs SfjErdifl » )~ EF I :tﬁﬁik' hypothetical proteins =' /e T FIEUELA
HEE ﬁ'ﬁ RV AT > TR S T RS kL g 'T&ﬁm*’ﬁé%ﬁ]‘iﬂ
U EROTIRE « 00 E GRS RIS A SRR ) 3,996
ESTs L= B2 g pv Rl 2R B2 ﬁ'FTJ 6.296%= % I NEIT FTJ 5.5% ==
HPNAT ?ﬁ@ﬁk’ﬁrﬁ oSS Fl’?“/ﬁ'ﬁj% Ff (R RHAY cDNA. FLNF AT Pt
L ERLPNE R A B BRI = (MIHD) B <1 34890 =k (PDH)
pLNTREUPRL PR 1> hemocyanin LT BVAR library 7> F=9F 0 a3~

i PUERR AR - NAC protein = dystrobrevin-like protein FLK » E s
SFAa 5T (3P RL DN o TR > B 2 AR R v BRI ’FE'F%T%F'@EW

o (BRI A T P ] [RIECERURIN 1Y cDNA JLPNE - o
BB T IR (1) 49 € BT 35CRYSHI- B ~ (2) BLp IR
BRFVEFE ~ (3) PEF P E (Yellowhead virus » YHV) BEAVEFE W (4)
RIS 5 gl LT 1 R TS ESTS T
SUP DA ISR H BRI TE ] 8.200 » (Lo B p R R T A
ELW?‘IHIEHI’F'T?J 23.9% > @Pﬁ%?’i‘ﬁs’lﬁ%if’\“ﬁlﬁﬁﬁéﬁ?gﬁ'ﬁii"ﬁzE‘ﬁﬁlﬁl[ﬂ?‘lHl*”J“EJ 17.6
96 5 R > AT ERUGIRRY T Y o R R BPﬁ%?@%l!ﬁ%iﬂ“ﬁﬁ
TR EURG R S p VPV RFLRNETT > = 2002 & Rojtinnakorn et al.
(Rojtinnakorn et al., 2002)F P4 E | I FFH U < #ﬁﬁp“!f[ﬁl PR AT
FTJEL [RFY ESTs afdBlRt = o (AU el 1% [ELRLED SRl P [l B EAAE
FTJ ESTs fVRyEl plIE oo (= - bt fVﬂFE'TJ 155 =77 (R R A
(e 390RVESRT (e B IR ) RO pu g Py A AT 6,396 » BLpS
BN ARSIV IR DA 7.29%

2011 # > Jung etal. F||*'| 454 pyrosequencing [I9- ] {4 - 5 4%
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= BF8% (Macrobrachium rosenbergii) [IviEiEsEL [ﬂﬁﬁ' vk iﬁﬁﬁ&%ﬁl%ﬁgpfj
FLMNJung et al., 2011) o [FpASs (EBGEVA A)  IRIAE RS - ARSI
U= RS cDNA FLENE > U E] 787,731 [ 3]1 7 B - #[7'] Newbler 2.5.3
(Roche) }-{—Jfl{p’:f FIH FE &S denovo assembly > %] 8,411 % contigs & 115,123
f% singletons » FgFH1> /[”f[ TRIE E=55]H J*UAZEI#;E’?;HE'J# 3|kt F AT
TEp=lHIR3 ] > 3,757 X contigs & 21,965 [ singletons == NCBI nr database f|!
pra= =3 ?Jﬁq@ FEITT1E » #]J® | Gene Ontology (GO) » Kyoto Encyclopedia of
Genes and Genomes (KEGG) 7J 3| ﬁéffﬁiﬁl@ assemblies > i+ GO molecular

function o3 5 > 7% ZE A" H-3][3 3 binding F{‘/ catalytic function EIfJTjJ'F'J‘: =

b=il|

GO biological process [V 5 ™ » 5% cellular process & metabolic process [IVEI
A S S B o o A A N SR i S T B P S AR R
(Leekitcharoenphon et al., 2010,Leclatanawit et al., 2009,Leu et al.,
2011, Tassanakajon et al., 2006) - A& KEGG analysis [![| 58 =5 Eias 53] 55 (53]
I VA Sk 2 2RISR > Y] metabolic pathways ~ oxidative phosphorylation &
biosynthesis of alkaloids derived from histidine and purine = o £ 3 #[| ¥
InterProScan & EiA- /Hfg_ V5 TETRVIPREALE (domain) - SRR
piliz=af RAE {”’Jlfﬁr%rk RNA recognition motif - actin-like families ® zinc
finger domain =" e 7&%@ fEEREL [NPE}HI  H ST s e %ﬁ[%lﬁfj? 50
t | cyclophilin ~ LIM domain protein » farnesoic acid O-methlytransferase
(FAMeT) 51K o
P O AL RO P S
S PR D AR [EVR SRR - 1] ESTs
Rl AR IR LN AR -

14



A (W Ey =

21K S5

2.1.1 F 1#5(Litopenaeus vannamei)f¥ EST (Expressed Sequence Tags)
HIFSEr RV TG (L. vannamel) H-3)) ﬁ JVET NCBI dbESTs (Database of
Expressed Sequence Tags) [ 14§ ESTs H-3j[Ifi% (i g [1H#9:2011/3/17) - H ty
(1161241 {5 F184 i cDNA FUNE 5L 55 T ESTRIET 19bps ~ 2,143bps -
ISR L 494bps (Fofig 2-2) o 5 By ESTs ANNELA PRV EGTRR o [
ESTs (= for e F I flit cDNA FLPNE > 55 [ F IS SEAVERGF) ~ 86 Z0ap

Jol s FREVIRL S W TN YR MRS e I FERE A (?«ﬁ‘[ 2-1 > (O'Leary et al., 2006))

# 2-1 [ EST F-3[JpY= f2 cDNA ﬁl[ﬂqﬂ'[ﬁ?ﬂid » P9 i NCBI Unigene Library Browser,
http://www.ncbi.nlm.nih.gov/UniGene/lbrowse2.cgi? TAXID=6689& CUTOFF=1

Library Library Description ESTs#
|D*
Lib.22684 | Litopenaeus vannamei eyestalk cDNA library 29,575
Lib.22686 | Litopenaeus vannamei hemocyte cDNA library 27,369
Lib.22685 | Litopenaeus vannamei gills cDNA library 24,296
Lib.22688 | Litopenaeus vannamei lymphoid organ cDNA library 24,214
Lib.22687 | Litopenaeus vannamei hepatopancreas cDNA library 22,272
Lib.22689 | Litopenaeus vannamei nerve cord cDNA library 20,179
Total 147,905

75 ¢ % ¢ Library ID RLfF— #1ESTs BLfd % dbEST [ » {1 NCBI 419 ID -
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Ao 2-2 14 EST H5ovil st
Numbers | Min. length(bps) Max. length(bps) ~Ave. length(bps)

ESTsof
161,241 19 2,143 494
Litopenaeus vannamei
2.1.2 I B HISAGL P

JH (Daphnia pule) gL 72 pLES AR | B1E 0
(Crustacea) BZHlIF! (Copepoda) - “HRLYE % E AR IVE pifrial - f

PPN IR BRSSP E WRR LTRSS R 5 AP
AR O i BB RIRY R AR - SRRV RLREERIR] TRl SRUE PR SR )
= ERUSTIR R T [ s A BIFOR 1 o L b A R i
SPPVURFE s FTRE NCBL J) 7 T4 PSSt pore | o gL PERL ]
(eH% (next generation sequencing technology, NGS) » JVH &3 15[ A
GRS e o RLP VAR 15T [t RLPNPR S P P7E (Colbourne et al.,
2011) o~ 5 POl PRI ROP 4 £ v (RFRCE S FI1:2011/4/13) o E[JF[

30,907 {fAf< B FLPY o FLPNR A FOOT T ARG 150bps ~ 24,144bps o T ISR ET

1,061bps (—?JF?[ 2-3) -

Fe 23 AL PR T R
Numbers Min. length(bps) Max. length(bps) Ave. length(bps)

Genes of
30,907 150 24,144 1,061

Daphnia pulex
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2.1.3 RS 1¥TPE

[ #4 (Drosophilamelanogaster) 1-f Jufll el ¥ Rl £ 8 R oz - fu i
(SEE! [ﬂ?ﬂﬂ‘ff i 2000 = 555 (Adams, 2000) [iF‘?E FoRY = ﬁl[ﬂlﬁﬂ{” LSSk
FE[1 > PR ORI B OR[N SR R U R A
P 2 f[f’J*FE' = {El‘li&r""ﬁﬂ'ﬁjti FlyBase (McQuilton et al., 2012)LLH! %E?Wt’
OB R PRI A O pUE 2 S T RL 1 FlyBase 19
ORI VRS D 538 (RFRET FI:2011/6/29) > H B 23,711 [

PR 3[R 05 7 I 11 a.a ~ 22,971 a2 T ISR AT 632 a.a (3 2+4) -

Numbers Min. length(a.a) Max.length(a.a) Ave. legnth(a.a)

Proteins of
23,711 11 22,971 632

Drosophila melanogaster

2. LA R PR e T S

ESTs lﬂlﬁ]ﬁﬁlﬁ} JIRESERTALL JTEHRFUG POSIEREL PRI o P 1R
Bt J%’_@’IUELW%E&@U » PNIF=S2FIR TV de novo assembly V=4 > BTG AL S ”'l’?ETEJ'
[V de novo assembly » 7 Zf LA [T [ [f | ESTs fat ﬁ[[ﬂ P35 (R (B &
SR ESTs A5 i{élﬁmjﬁﬂ 73 F’—‘[ (o > T - [EER Y] - MIRA (LS 270 #= de
novo assembly [IVA =YV~ (Chevreux et al., 2004) & ﬁ%ﬁfj’E'me assembler- 1& | CAP3 -
PHRAP » NEWBLER "> MIRA 3" [F*[1 Sanger ~ 454 F& Solexa = 4% etk
S R B S R B % kL iterative multipass strategies > 3-%[]— B Jf fi
j‘;g%“ﬁh AUBrs SR EE > A Ug[ﬁf&?g Eﬁxﬁ}ﬁ iR - f%;}{ﬁ]’;,ﬁﬁilﬁ\lj‘}jf\ﬁj\, “ﬁh fr e
BEF | VAESRGE - ETHEIPSEAE SRR o B LS Pt Rt o 291 - MIRA T
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H-3j[JAY high confidence region (HCR)L = JI?E} » H3 Ij‘ﬁﬁ k= HCR $Et Jﬁifﬁjﬁ‘}ﬁl A
FI ] 7_11 5 AT > YRR p uﬁﬁﬁ@gﬁv ) E’;?r'%ﬁgﬁﬂ\guﬁ; %ol
HEMIRA ft | Bt it o SR E R P » P25 P48 MIRA S5 18 ESTs
R H R EIA 2-5:

%< 2-5 MIRA assembler 3%/ de novo assembly E?T Rl 2

--job=denovo,est,normal,sanger (& S YERY EST 32467 A)

COMMON_SETTINGS

-SK:mmhr=20 -SK:mnr=yes -SK:not=8 (I o
-CO:asir=yes (07 [ Y gap HDTARE » G 4E contigs)
-OUT:orc=no:org=no:ora=no:ors=no:rtd=yes (ﬁEﬁH ',El'wf?[;@ F%{L_)

SANGER_SETTINGS

-CL:qc=no:cpat=no (55 guality trimming)
-AL:egp=no (T U™ FEIT Y gap B &)
-LR:wqf=no -AS:epoq=no (EE'IH quality file)
-OUT:stsip=no (ﬁftl =)

F 3 BT A 'TT/IJFIJ(*Pe[fEbi@* J/Tgl;“rrﬁ SJIFVETFR 1 - I”&IF'EJ}H Jain etal. H#L1Y
A e

HEfH SRR 4 BLTSIREIDS, (sequence gaps) 4 #TUEL-5] K ESTs = draft genome

“”f;ﬁiﬁ I % 1(Jain et al., 2007)  Jain et al F;fl1P27E[Y draft genome

JE A EsE S A ESTs ﬁlﬁ?ﬂf’%ﬁﬁﬁl PRI |2f‘~j%?j:ﬂf’1:%p3§l E’d}{ﬁj’ ESTs £ /7 75
Ao |¢<}H [ﬂ A [~ ESTs I'] de novo assembly fr =035 SR04t o pIF= ZG (7]
HFETPIPERY draft genome [ERL S EL [“FE} ) }{%]’ F 18 ESTs S5 4l [“’*JFEE;“_[’? =HA]

PR Fep PR Rl M}HE 1 ESTs &/~ 75a% » Vi at ' [2£ = de novo assembly ©
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2.2 F 11 EST's (Expressed Sequence Tags) =LA

EYEVERL 03 PRI A OO 1RO i85
[P R Bl AR L DT 25 P 4 R U 53 i BSTs ) e »
T | ST 2 vg[ﬂ?ﬂt B T R T
[ T o NI AP PRS- <5k Bl PR R O R PR — <
(D. pulex) £55% 3 R 1H(L. vannamei) [ ESTs $-f< i frofiabfl s i i3] =
2 (072 EBLASTX » E-05) » F| [AFEE- AL NPT o A5 IFl-
S BLPNRVE 1 ESTs SRKTRNAIRE - 3il MIRA assembler xS R24E - S0F i =
PP B R 5 AR ESTs - PR 0m o 8 (D. melanogaster) x| |
FUFE S TR ([ |2 BBLASTX » E-05) - [Alf ok Sl -
s 1ETRVE 1Y ESTs SR EL[AIAT > FIFflt MIRA assembler [0f2200 o KV Am4EnY
contigs ° & i o J¥ B i ™ A A4ERY contigs iV ESTs » I') MIRA ¥4/~ de novo assembly
O R (U2 2-5) » 8 e SRRt Al 5L Y assemblies (contigs +
singletons) » I'JH-5[[AH T {422 5 Ff > F500 P FEE B9 nr database & Pfam
database [ 1|6 A VRS » 427 16 £ SR L0 Aot Rt

B VTR IR A 2-1) -
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Raw EST

tblastx on D. pulex transcriptomics =

EST groups: No hits on specific
Fits on specific D. pulex transcriptomics > D. pulex transcriptomics

MIRA (--job=denovo,est,normal,sanger) = blastx on D. melenogaster proteomics=—

contigs EST groups: No hits on specific
—1<l

Hits on specific D. melanogaster proteomics E [. melanogaster proteomics

MIRA (--job=denovo,est,normal,sanger) = MIRA {-job=denovo,est,normal,sanger

contigs contigs

\, . !

Annotation by most similar hit in nr, Pfam, GO and KEGG database

[f! 2-1 |15 ESTs 5 LA R

2.2.1Z2~~¥ (Daphnia pulex) gy =3[ 1] 14 Fig
ffi™] thlastx Af=— TP G ESTs * = ifBEARL [NEIE S F1 6 7T fSfY ORF
(Open Reading Frame) = ffIF=%} » I'] E-value < 107 AV S F ] o A<
B F IR IS R e o 2 (PR B R PR T [RIVR S R E [RIRE R E
EFEIOZE B PP B | SO ] K I o U thlastx T
> P alignment =< E [ E] 50 R ELPET ] _FRY ESTs » Lk == 1=ty
= [l ORF » [y e AL I 1 o -fs B R 5150 8% - SRl ESTs '] EpaREgAE
£y contigs 5 T _FYRAHF T 5TA (R AV ESTs ?ﬂﬁj'ﬂmﬁ’\ Singleton I o 5] WA Y[

2-2 B o
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ESTs of L. vannamei

Finding sequence homologin D. pulpex
transcriptome,

(tblastx, E-value<10~9)
. | |
ESTs with hit(s) transcripts ESTs with no hit in D. pulex
of D. pulex transcriptome

T

Selecting high confident D. pulex homologs=

. | 1
ESTs with D. pulex hemolog, ESTs with D. pulex homolog,
high confidentset lower confident set
(bestalignmentz 50 a.a) (bestalignment<50a.a)

clustering ESTs by their best‘hit_
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| 1
ESTs in clusters with
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Singlaton |
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proteome,]
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|
ESTs with hit(s) proteins ‘ES‘I’s with no hitin D. melanogaster

of D. melanogaster proteome
Selecting high confident D. melanogaster
homologs
i 1 i 1
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high confidentset lower confident set '
(bestalignment 50 a.a) (bestalignment< 50 a.a)
clustering ESTs by their best—hit‘
D. melanogaster homologs
I 1

ESTs in clusters with
multiple sequences

‘ ESTsin singlelet clusters

de novo assembling
-
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T
1
:
I
I
1
_ | 1 :
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multiple ESTs contigs :
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v i =
! I
: i
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[l 2 -3 (AN S VRIS IR AE 15 ESTs

2.2.3 De novo Assembly
AR TSR P B AL BT | UGS, S p I PTG R D) 1 PRt S R
Vi o FF<T4AY contigs UF 1Y ESTs A# & £% Singleton II > {55 ] MIRA Ad=4:E
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Singleton II

de nova assembling _|
MIRA assembler

contigs formed by multiple ESTs ESTs in singleton contigs

v [
Contig IlI Singleton Il

[ 2-4 1] denovo assembly FJE[ 145 ESTs

2.3 SHETAY I 7 B R

2.3.1 ERTSF22 nr & Pfam RaerR]BipvAE T 1% =5t

Al R o A JIPYEER]

(1) === o R Bl PN S AR TR 3 PSR e A 8 2RV contigs > [ £

Contig I -

(2) = N U e VEVIRLE AT TR S B A Al v B Z(IFY contigs » £l Contig

II-

(3) A% de novo assembly F=4E 1Y contigs » £ Contig IIT -

(4) ZF= (R ESTs £ (HA245E5Y contig [I¥ Singleton » Singleton 111 °

OGP PRIEA & o AR A ARGV | SRR S N o Fpplree e
HITPHEAVE AL P | RIS H I R FP ] blastx AHFURTE RS 2]

% nr database flIFUFIER - 1) Evalue < 107 EHTFUFTAES ; HHE|T

-

rpsblast #d =% Pfam database [IVH:3[|F=%} » I'] E-value < 107 LA TAL - 7]
KA+ BV Bvalue - POt Sabmat B - 171 iy

=
R ELEAD 35 ek o Pfam database fl— [ PUE S5F 1V FRAVERRE (Punta
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etal., 2012) » ﬁrg T Fjjﬂ /’EH“EI F&F*Jp Jﬁjﬁ 57 (domain) AL s — I'[Ergjﬁj
fpy s 1ET D EIJF ([ domain- 7 [Fil[i domain i 75 fﬁ[ B S TRTE | BT
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- 5 PP R AR > PRI 1998 5 5 G145 2T f
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PCR Select cDNA Subtractive Hybridization Kit #Z[| subtracted libraries » v {5l [X
iR 290 clones 5 - (4 2] ESTs(O'Leary et al., 2006) » 47% Lig+ fi

FLPSE o TJEDEST AR sy Ee Al BOIHT - Fal |~ B A m v =
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FAAIRLTS FAIM T ESTs A g foRl A g - NI A A8 FL I
ESTs Bkl - 5o UL [WALENE iy R pUTAHRRTE - AR T IpA2 5 ESTs
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2.4.1 Digital Differential Display
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TPM value of selected contigs A B A+B
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(=N)

p-value FUEFET A
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A R DTERE o PR Z5FURY)] Gene Ontology 3 7 A I T 453
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T o S B B SR R L PR % PO P
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The EST numbers of a b atb
selected GO term
The EST numbers of complement ¢ d ct+d

of the selected GO term
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EBETTR
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CPRI H R LY 2 PRTERAg e TRl | o 2 PSR SO
PR~ ORI ~ TR AR R 78 2 PEiEagEs - H i PATHWAY
database J[[fLE [ﬁl e #’Jaﬁﬂ AfE AV PR i (Kanehisa and Goto, 2000) © 7 Fx
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F# ] blastx % KEGG PATHWAY database 3% 7 H-%[[ 4! {I] 14 =55 > I
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2.5 FHEIF 14§ EST w¥RIE
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A 29 TPR[IR TR R R,
45t

F i EST %
Date: 2011/3/17

-

http://www.ncbi.nlm.nih.gov/nucest/

7 AL [N FilteredModelsv1.1.na.fasta.gz
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N 8 e VETHE dmel-all-translation-r5.38
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NCBI nr ftp://ftp.ncbi.nih.gov/blast/db/

Date:2011/6/11
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Date:2011/6/18

BLAST Ad=¢ ftp://ftp.ncbi.nih.gov/blast/

Version:2.2.17

MIRA assembler http://sourceforge.net/apps/mediawiki/mira-assembler/i
Version:3.2.1 ndex.php?title=Main_Page

Apache 2.2 http://www.apache.org/

postgreSQL 8.3 http://www.postgresql.org/

Python 2.5 http://www.python.org/
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3,361 {5~ (2) == fUs i VETHE 5 AR 1 H5] PS5 Bl 1A B9 2[RV contigs »
A= e PRI LY Contig 11> H 920 5% ~ (3) A5 de novo assembly A=4ECTIEY contigs » [
AR £ Contig I > H 12,605 [0 (4) =32 (2 (7 ESTs 7 54655 contig
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i 355 ESTs et 4 b e < pu-3j[[ < %= Singleton 111 ElfJPFEI[ﬁJ » ESTs [ st & fe =< i

HAIRESE PIPRESERA i ’FT BLEHS Singleton °

F 3-1 EST M EiR 5[l vh it
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The Categories of Aseemblies through BLAST Search
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T contig HE[FEL - 14 SE S F1E A0 ESTs B~ Pt R BSTs e

contigs B¢ singleton By{[1# 3-2 A= o

The Propotion of ESTs Number in Tissue

no
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hemolymph
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whole shrimp
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[l 3 -4 BSTS [ JFAC8 L= 15

32 4 TR

hemocyte hepatopancreas lymphoid
organ
EST 29575 24296 27369 22272 24214 20179
annotated 20712 15166 17183 16641 16006 12374
ESTs (%) (70.03)  (62.42) (62.78)  (74.72) (66.10)  (61.32)
contigs 3743 2905 2973 2825 2530 2836
singleton 1567 964 1025 1456 785 1126
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- At biological process fﬂ ) {lit FET B JE SFLEIAVIEE l(qgﬂl 3-7) 0 53
H[I#% cellular process » metabolic process » [T 50j!] EER T RS A E !
FURLPNASEAEYT - PRV E RS B[ 7 cellular process “fIE VR[N AT B 591
metabolic process “F1 [ THVEL AT EN V- 4 5 EIERAVTEE 7 5 f'ﬂ\_ SRS ?B SE:a
FLRASLED B[ R establishment of localization 71 F IPUELNAIHEHE %

P J13%

3.4 553 i{ﬁlﬂ [MF[\JT Bl %

F113.3 AR s A b LN AU - e it 6 T AL AR SRV B e
BI VAR AR IR > 85 R~ B R AT Lo B > PIFF([H | Digital
Differential Display(DDD) % > I'] Fisher' s exact test 1% = aiFffwt: » I') tH £
TFIAS D RTE B B ATHPY A ) e T povalue < 107 FOfERF T o BEURA

R R B 2 B AR PR A TS 451 57 SRIACE B AR E R

I RFIBI E HIEG 530 3T TSP WRRLE R (R € 2 AL O
S, 572 ST BRI B8 T RS R E R 2 B AR U e 732 3T

JEIREH
Y TSN PR R A B B AR PO (IR 590 21 MR A AR
o R A E R B AR VERT ) 410 27 e
SR R RS A B AR PR A B ST W& Gene Ontology

enrichment analysis » “JHERLE GRS 1 > A iZpl v — I'[E'Qﬂm = & FL\IF

GO Zfif !> ﬁ'?ﬂf/\‘\%éﬁgﬁf‘/[]ﬁljél ﬁﬁ BRI o 421} Fisher' s
exact test FLEl [~ enrichment fARFF T 5! > E-value < 10° CAHR RGP

217 T GO TRIE BE S ST AR AR N T GO pu = [’[E*ﬂfjﬁiﬁ W3 2 (5 3-3-3-4 ~
3-5) » A flIEy ﬁ;”;ﬁg‘.ﬁﬁ%%%l Y GO ! =) “:tpﬁicp 2 =GO Zfif [FILng Pkl

TR FOL]  H ALY contigs FOBEE T -
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#e 3-3 AL+ [HF- A cellular component GO “IF 168 1 (A" fu3 Arahifl » g
M TPRAS R I AR R T B R M AR S R TR R A
IR [ PRV e GO PR WS RLEAEE TR EARYE - SR
VYT e GO T EVREELE IRt o FEUPY R b TR Py IR A E i 2R
FREY GO ZEET > FUPRERSE - o W= AP R F ) I R E AR S B
G

F 3-37% cellular component | 1= 7= #5EEH AT GO TR | Py (ERIRoE g =t ﬁJFJ‘ZF{Ej%EIJ

£ IF=GO ZIE 1HY contigs By / A [l}}t‘ GO ﬁJH°:thi [ contigs B)

eyestalk non-membrane-bounded organelle 6.65 (30/451)  8.20E-09
ribonucleoprotein complex 6.2 (28/451)  1.65E-07
intracellular organelle 7.98 (36/451)  1.77E-07
intracellular 5.32 (24/451)  5.09E-06
intracellular part 10.42 (47/451) 0.000104
protein-DNA complex 1.33 (6/451) 0.000522

gills non-membrane-bounded organelle 4.72 (25/530)  8.45E-05
ribonucleoprotein complex 434  (23/530) 0.000745

hemocyte

hepatopancreas membrane part 7.38  (54/732) 8.32E-07

lymphoid organ  non-membrane-bounded organelle 5.25 (31/590)  8.89E-07

intracellular 4.75 (28/590)  7.48E-06
ribonucleoprotein complex 4.92 (29/590)  1.64E-05
intracellular organelle 5.93 (35/590)  0.000221
intracellular part 9.32 (55/590)  0.000672

nervecord
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F 3-4 fLF (32359 molecular function GO ZFIF 18 1 [“HdE AT skl > [T
BV > structural constituent of cuticle 7 E {9 = (/AT AR 1 ﬁﬂ?ﬁiﬁfﬂ Ras

BEFHAY GO TFIF 3 S AR AR R E I R - R

A8 2171 structural constituent of ribosome 3 FSUF ~ B 9 TR N (R
JF“ EpPAl ] Rz ET Eiﬁb?@l%}f - W GO I EEREAE [ puks
R VEE H L~UIFQ?F'§ES‘-F"TEJ I 10%) ) b T B RE # ED structural

constituent of cuticle » 7 - Fj#t![| £ hydrolase activity °

F< 3-4 7 molecular function 17+ 5= A AT GO R E VR ES] (BFIpVEr R =4 j;ﬁ:»ﬁi:gjzﬁp
£11F=GO [ 1HY contigs By / A=abf| et ) GO TPR= -84V contigs )
GO terms Proportion (%) P-value
eyestalk structural constituent of cuticle 13.3 (60/451) 3.14E-34
pattern binding 3.33 (15/451) 2.09E-08
carbohydrate binding 3.33 (15/451) 2.84E-08

structural constituent of ribosome  6.21 (28/451) 4.49E-08
gills structural constituent of cuticle 4.72 (25/530) 1.19E-05

structural constituent of ribosome  4.34 (23/530) 0.000247

hemocyte structural constituent of cuticle 4.9 (28/572) 1.77E-06

hepatopancreas hydrolase activity 12.70  (93/732) 7.52E-33
pattern binding 4.64 (34/732) 2.68E-22
carbohydrate binding 4.64 (34/732) 5.82E-22
substrate-specific transporter 3.14 (23/732) 4.69E-07
activity

lymphoid organ  structural constituent of ribosome ~ 4.92  (29/590) 3.17E-06
pattern binding 2.37 (14/590) 3.50E-06
carbohydrate binding 2.37 (14/590) 4.57E-06
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structural constituent of cuticle 4.4 (26/590) 2.56E-05
ion binding 3.56  (21/590) 0.000697

nerve cord structural constituent of cuticle 4.39 (18/410) 0.000456

Z 3-5 pLA {5277 biological process GO ZFIf I8 [l 1{“HH 55 Fradhfl o Rl ~
P RS S AT T P GO BN 0 E B AP GO TFIE T U~ R
I 9 I EY R T = Ml R RIS IR EE AR E AT > U TS
Tt %~ multicellular organismal reproductive process Fif ! > it | B U e | 7 flet
SEIEFEHE! > [ macromolecule metabolic process & primary metabolic process [t [il”F]
E[ﬁ[fﬂ o PRUAP A A AR YT CRETELE £| biosynthetic process & multicellular
organismal reproductive process » FHEUEEHE APV ETIF] nitrogen compound

metabolic process & cellular process involved in reproduction ©

# 3-5 7t biological process |17+ 3= FHEH AFI[Y GO T 1 E =] (FFIpuEh =t fjiﬁjzﬁgﬂéli

731F=GO Zfif 1AY contigs B / A A8 1 GO ﬁJH“:thi A contigs B)
GO terms Proportion (%)

eyestalk macromolecule metabolic 13.3 (60/451) 5.01E-09
process
primary metabolic process 14.19 (64/451) 2.75E-08
biosynthetic process 7.54  (34/451) 2.39E-05
multicellular organismal 1.33 (6/451) 0.000178

reproductive process
agills

hemocyte
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hepatopancreas primary metabolic process 18.85 (138/732) 4.88E-28
macromolecule metabolic 16.67 (122/732) 2.67E-25
process

nitrogen compound metabolic 519  (38/732) 7.11E-07

process
cellular process involved in 0.82 (6/732) 2.62E-06
reproduction

lymphoid organ  biosynthetic process 729  (43/590) 5.97E-06
macromolecule metabolic 9.83 (58/590) 0.000197
process
primary metabolic process 10.85  (64/590) 0.000265

nerve cord

3.6 KEGG pathway analysis

['1 GO enrichment analysis [z A 5B ZUIGF ~ FHBLGEE o 90 TER Y = (R e 4k
CEINTPY GO TR R I 3 VIS FY A Ay GO T E AL BB B [
STRUEC3.3 AR N SR R | 2 JF&iEﬁi ESTs » Tt L AR Y
FIFTH SRR B PR RS PR PR RS A5 E = KEGG pathway
analysis » [F=} PP (=R 4k

b SR A RIS A R 0 IR SO 3-8 e L
el d ) 3,742 PREAE ) FHEVIRE | 2,825 % > SRS [ ARSI E ) 1,002 [
A A IRLAR RIS > PNITIRR g AT TRl s e > R 2 e U st = 7 Tt
A pﬂgﬁ”ﬁ‘ 5[l » it eyestalk_only H 2,740 % » Bt TR 1 BT

FEUP R ARV ETAS 3-5]] 72 £ hepatopancreas_only H 1,823 5 B fUf =% &' /g

=
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T RSV E A 1-%]) > A E intersection H, 1,002 {5

eyestalk hepatopancreas

[l 3 -8 FUPTE By £ 1L T

I'] blastx F=Yf [y eyestalk only ~ hepatopancreas only » intersection = 7~
2[R > £ KEGG PATHWAY database 32 /% 5341 1] £ F4i » U5 E-value < 107
HOLAS T Rt SR s R R -
AR PURRN I 3-6 B 5 eyestalk only FYEIAS AYErEHE L 0 7+ KEGG
PATHWAY database |15 £[= i 5 apv s (X » intersection Ei1x- -3 [|grElHs ] o

(5 [ ek iy S5 iespa PRl iy o 1% 76%

#. 3-6 eyestalk _only~hepatopancreas_only & intersection = 7= 1745 5-J[[Z* KEGG PATHWAY database
S A e

eyestalk_only hepatopancreas only  intersection

contigs 2740 1823 1002
E-value < 107 1310 (48%) 1146 (63%) 759 (76%)
associated pathway 247 238 205

44




—

}H TR = ]’}j;g e =S5 55 HI3E 5 enrichment analysis » I'] KEGG
PATHWAY £ 55 KB §5 LR & FlicliZH Y PATHWAY ZRIF !5 & fl1AE R I Fisher'
s Exact Test FLE! (“FUsRZ T L' » E-value < 107 CARF APV > ') KEGG
PATHWAY database {53855 (88 HUSEP-value 3£ 5 #ET- » 7 F[JL1 T ZFIEEH,
& Py PATHWAY ZFiE !> EGH D?‘KJF“ 3-7 HrA. - eyestalk_only fsBZH# & (111}
SHfiy PATHWAY ZFif 4% Tight junction - hepatopancreas_only fs& & [ 1tTZR Y
PATHWAY fif !t Metabolic pathways > {E! Metabolic pathway ’E}‘J’J"‘Hﬁ\”? AL
[X[F=2 & Betalain biosynthesis » {&=E% {5 E155 43 FEHF & (1125 Y PATHWAY >
[ intersection k& & Fl1CHZH VLI EL Ribosome < Intersection £ it 1555‘-?“ A%
AUgLP - 25 IF?FH Jlf_[,ﬁép'i—/[ [FUAC RS AR OBLE ngfi_wé‘?ﬁliﬁfﬁi e
F i o Sh st R (TSR RL Ribosome = AS E'E‘Jﬁrﬁ:%ﬁgﬂgfl@ﬁ M
AVE u&%ﬁﬁj ?’]@ﬂglgflﬁuw@ [K[F=> Ribosome pJFEH"‘ui_riT [ﬂ A A
| fEE APV ELNEE - hepatopancreas_only FIVETRS H=3[[F1 > kB & Fl1E1 Y
PATHWAY %% Betalain biosynthesis » {FIF! ij“’ﬁF T @E@”ﬁ%}ﬂ[éﬁfﬁ betalain & & o [X
=25 P2 o =L [NEERY nr & Pfam F‘fjé}gjﬁi » FeFE I SO TR E

quj‘ 41 [iU52 " Betalain biosynthesis © eyestalk_only IUEIA -5l 1 > fRHH

_lg\

SPpUELNEERraeZEY PATHWAY 13 Tight junction - [F1= 4 1<% @ v LU 1

| Tight junction fIV7rY » [RS8~ 470 B Pl [NEEAY nr & Pfam ﬁé;t’?ff °
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% 3-7 eyestalk_only ~ hepatopancreas_only ¥ intersection Eix= H+%[[%j[[Z » 5% enrichment I+ FRE: -

HE[F 10 7% BIFNBHRE 7

eyestalk_only P-value | hepatopancreas only P-value | intersection P-value
Tight junction 2.41E-14 | Metabolic pathways 1.13E-57 | Ribosome 9.91E-75
Regulation of actin cytoskeleton 4.88E-13 | Betalain biosynthesis 2.3E-44 | Metabolic pathways 8.16E-45
Focal adhesion 5.83E-13 | Isoquinoline alkaloid biosynthesis ~ 2.3E-44 | Oxidative phosphorylation 9.92E-38
Glycosphingolipid biosynthesis - . . : . .
i ) 5.67E-11 | Riboflavin metabolism 4.2E-43 | Parkinson's disease 3.15E-37
ganglio series
Glycosphingolipid biosynthesis - ] . .
) 1.66E-10 | Melanogenesis 4.98E-36 | Huntington's disease 3.85E-33
globo series
GnRH signaling pathway 2.58E-10 | Tyrosine metabolism 3.99E-35 | Alzheimer's disease 1.63E-30
Leukocyte transendothelial Biosynthesis of secondary
) ] 7.57E-10 ) 1.59E-34 | RNA transport 3.79E-13
migration metabolites
Glycosaminoglycan degradation 3.02E-09 | Protein digestion and absorption 3.24E-20 | Cardiac muscle contraction 2.91E-12
Dilated cardiomyopathy 4.19E-09 | Tuberculosis 1.72E-19 | Proteasome 2.75E-11
] o ) ) Carbon fixation in
Viral myocarditis 1.21E-08 | Pancreatic secretion 7.25E-18 1.09E-10

photosynthetic organisms
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S Fi

4.1 RFREEE Pps

FUFF 19969 ESTs &4kl {7 NCBIAbEST fl1 i (CRUSTACEA) ESTs
AAEIEY 18.3 % o FLF 158 EST - g\fﬁﬁaﬁ Vit~ P (Pontius et al., 2002) 5 Ik
[ > F VR VERL PRIBRLZ 4 o 5 8 AL ERT o PP R ) A A
[V BSTs » I el fefuspie - Al S BLPSE RSN « 5 R
SGRFLPIRIREAR - 25 M IR SR - Rfag T ESTs EIF £ Aot
I RS IR (IR S AR PR i (RS L
*IB*E' [RIF=F =33 de novo assembly fi* Tl “}H ESTs Ei#ri- 4k 7 it de novo assembly
P 2 Yo 2Bt PRI g iR TR E 2 o 2 PpIpR - B

SUPRRETE S RIFVE TR S TR g £ ESTs VIEIFORA - [

[ T FlfY ESTs =4 Frﬁ:ﬁdg?ﬁ‘l‘%ﬁ JIITH SRS - [ RIRTF f= v  o BR
(polymorphism) % % £ (alternative splicing)="> = H F3 3L PSP FoiE * =57
Vg BSTS e ATUERPHH I 2 SR T2 PPk R E g S
SRR BRI Ao T IO - SR I PR
(Chevreux, 2005,Chevreux et al., 2004) « £+ Vi P 5 e T A2 S0 EAE E S RY,
B PR AR AT (1 R (R Y L R
(Mapping) ~ de novo assembly [I5-SEE o e fArr [ 1HRL [N « L pOPS Ry
IR 1505 BRI AUAE PR o (R ESTs 53 KV RN « F

o FE E‘@Eé’fﬁJ’:Eﬂ’F"*E‘ﬂxiffﬂ‘ﬁ"fff%ﬂ/ﬁlw BB I TR
RN R zﬂgg[ﬂ?ﬂ FIIH] tblastx fuH=v > F5EF 185 ESTs =]

TepOFL P I 1) E-value ffi(E-05) M SEEpOH5 R 5 PA 50 aa.
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(150 bps) s (B A [ [F (Adams et al., 1991) » “’[/J[EFJH k=il .lﬁEfESTs
A PSRN F J’Lﬁiﬁ“ ESTs fit3— #puis F”,(Contig D) by
R EBIT S IS RLPAtAR o PRI | = ARG PP 5 E st
9 BSTs » FIS 57 %37 » ) VR e o] = s s 3
fe s [ Y s G LR IBORL B RO A ] SRR 5
r"FE'FTJ gL PR BLIN R Pt 55 B ”l?fjl » PP blastx A=
TR e IET?EEN fi [YRIEL [N > I'] E-value fI(E-05) % 50 a.a (150 bps) fy=
B ERLETLE R o BV E]SYS V53K ESTs » 7“,5]’4]’ s /‘(Contlg II)(%'E
R 22 W[ 2-3) -

2. }Egﬁvﬁxjﬁ’fi%ﬁﬁ#ﬂréj% ‘,[ﬂji’ﬁ JIpY ESTs » S [l 1 MIRA assembler
'} denovo iy ¢ Eri Ry BV U] B 2] contigs » singletons >
Vo ﬁfi singletons bﬂ”“] 2yt l’%‘%ﬁ' U[ﬂ [VRA-3[IFY ESTs » F[2E 7~
~ -* de novo assembly - HJHERELTIR I b ERVIELERGL [N (Contig 10) (ﬁ%
2 2-4) -

G|l VR PO ESE [ ESTs 38 /0T <18 » S A | contigs
FIJJ_—FE[ﬂi 71&@ ER| MIRA [BERR[[EAERETY > 75 hLF P iFHEWiEJI o, ]
S T (8T SR F ffﬁ DI
TR O RLHEAIM ST e OsRRARE £ - f @w@gﬂ
AR R 7 BLPRIESEHGTE Sy A uﬂﬂﬂu B

4.2 E] F“[;l\_ Ef,\/ﬂ [/:IIEJE

r_f‘/rl’

AEHEIAT i E]] 16,886 (5 contigs & 20,515 {5 singletons » ! {[1 contigs H EIJFA'[
140,726 {% ESTs » £} }%lﬁ el 161,241 % ESTs [ 87% > [ﬁJE\JJ‘ singletons ['lﬁfjﬁl@fi
FEE 12.7% ’E‘F’[ﬂ P T kTﬁ“?FEIF“ﬂ » O’ Leary et al.(O'Leary et al., 2006)
EI’U’FiJIZI‘;’ifL HZE[ 13,656 {% ESTs H-3||- £l contigs & {3 F 8,171 {%(59.8%) ESTs> singletons
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& FA[ 5,484 {5%(40.2%) ESTs > Clavero-Sales et al.(Clavero-Salas et al., 2007)[ 42 H
HEJ 601 [ ESTs 9+ » £ contigs EIJFA'[ 404 {%(67%) ESTs - singletons &/ > i 197 [

(33%) ESTs - [ﬁj]ﬁ?j > S PSRV > Tassanakajon et al.(Tassanakajon et
al., 2006)ElfWii[ fHZ£] 10,100 [ ESTs #-%]]> £l contigs & {7 i 6,172 {% (61%) ESTs >
singletons & 77 i 3,928 [ (39%) ESTs Leu et al.(Leu et al., 2007)EI€JTFIEZ[‘:’,¢L HZ] 15,981
% ESTs 3% » E contigs EJFA'[ 7,723 [%(48%) ESTs - singletons EJFA'[ 8,258 [5%(52%)
ESTs o & _F”i il £ E [mggg A= IJTPJI‘,I Fyiﬂ [ﬂjq_j-rhﬁé = ;JTPJI‘,Iu F“IE[ | BSTs o3+
7 ” 5 —/I\FJIFI %JEAELP&[?E' [—i[——jf{“[gﬁzﬁl , j;ﬁl/%lﬂj contigs f}i E[ pF[J

ESTs 5[] » [R5 (bl £ 97 ESTS (singletons).V feki s F=4i ) -

e
[ BT > Contig I(1 ) 753 % 4 L NBE)E Contig I(1| JU#EE 2B JLINE) > 13
FiE L PRI IR 35 B e ETRm A 55 o AL contig FTE i S AU ESTs B¢

,?t'%‘['ﬁ;f ﬁ[ﬁ 161,241 {% ESTs fiv 1/3> £ (|1 Contig I ¥, 46,471 £ ESTs %[> fit Contig

16,886 {% contigs kL IF|I§"‘4 1 B Vﬁ‘ﬁl AL YRy ﬁl[qgﬂ 3-1

—fi

I B Y 7,501 f5 ESTs S-5][6% % » BE 2 BT ESTs TVAR SR Af e pudms
e rER s L VIR - £ 3}’9?UfﬁH’EELWHUF‘WJ Sy MR Py ESTs B
B Tﬁg o A ?E{J' AEUYEEE - Contig 1T & ¢ i 86,754 {5 ESTs -] » Hl
BV EL= 57 contigs FlHE 278 » B [0 G BPPY BSTs 3k gy = 4 5L
HES ZIFERFA0 > 0] Ef=Swigjfg 2275 denovo assembly [V ER > 4 Bl /5
5 P Contig 111 % Singleton I RLE 1% ¢ 7% < SR aSREL PRIBE b S S 1ITHE
#};ﬁﬂ[ﬁj%ﬁfﬁz\f/w% ESTs Fmil 5 - [NIFSE R By e el H = i :aj VF TR R < AL
S 5 R 3-2) 0 LY contigs [9R[AER 15T {200 ~ 1,200 bps » i
I'} 800 bps & % - [l Contig I Contig II p@;{ﬁ&;%@g /|5 3,000 bps » {f! Contig
111 Hlﬁﬂ"ﬁ |58 G153 4,000 bps FUEIFE 5] [ Contig ILRLE 73 de novo assembly
i 2 EARFAT IR PRI FREAE - F =P ER T T IEORN
FLH’”%FHIWF”’T Il QZE“—* fy o) e e pukeeREs o T e NIRRT Y
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Eras ) v = 7\ o Al R g 2 MY nr I?Eﬁjﬁfll > FLRITR -]
neuroblast differentiation-associated protein AHNAK > ## fEIE'J ORFinder Z#Y LFLAE‘[
A= HI i fEfY open reading frame(ORF) » ORFinder rﬁl%?ﬂﬁﬁﬂpfﬁ ([ BAESH (Six

Frames):& (7 5547 > ZY gL > 7 +2 SEEAEY (Frame)uahi A fl 1o B =5 ) 2 3

i
['[E*FI’FJ‘:EI@ ORF [k sl » Elf[16p¢ f 5=V ORF £ 2,574 bps » [I'{HEE" 857 aa }{’-”J’ 3
ffet 'ﬂif{fj ORF [UH-%[|%f nr database 1%~ [ﬁji’ﬁ M= > B9 ORF fuH3=
neuroblast differentiation-associated protein AHNAK & JE,'J@ R » h+2 P
HIFSP39f i flet ORF > 155 {1152 neuroblast differentiation-associated protein AHNAK

| fﬁJf{’ﬁ’Fﬁ'[’l‘l‘[‘? s PRIE=EY ff‘ﬁ%‘]ﬁﬂﬂ*"i‘»ﬁﬁfﬁ:%%? neuroblast differentiation Vi -

P =2 S UHERL PSS R AR T e P A B BLEN - w5 ‘?fﬁf’E‘JEUL'
HIF RPN PRI 75 PEEE nr ' Plam [l 0] B ES £ 9] I‘D:t'%» £] 31%
AUETAS 4] 7: nr database [I1FS 2] H IS » T Pfam database flIF[T | 41%F5 2] i
Felaf > PR Ry R B P S Ef e SV EAE ) > SESU nr database |5 E[E
HIEVEE B3] 0 E ) T8% fﬁJE\ﬂJﬂ} Pfam database f| 1% Z[/ & e 5 Z/pq%[l 4-1 Ffr
. o Pfam database fL&FE] domain 35 /5 5% > UIE nr database SPREZ]fE 2010
AR i P IR TR] » SR A8 T A o A p
L SRR S i
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Annotated Contigs and Singletons (Total number: 17,907)

Annotated by nr

11,565 ESTs » i 9,056 ESTs » 24%

[l 4-1 $=F ) nr 5 Pfam G RS IR

4.3 T [l EAE 5] L P

o3 NCBI L 18 ESTs e¥R[FE » 1l 3250 F ~ (i libraries v ESTs g’eﬁ
B3 20,000 5 o 7y 5= i libraries 53 HII F T B RIPVASSS o BRI 0 FS{MES
FAC mRETHEE | B Contigs/Singleton > BiFFSE— H BT [FIAS ABHIPY £ [FV % o v k=
Z5 {F97(1"] Gene Ontology(GO)- 32l GO fiv= Kiljl(Biological Process (BP), Cellular
Component (CC), Molecular Function (MF)) » < 55 255 £l PN & Popra 1 R RO (7
i A AL T TS e ATREE RV o R B HER T AR AVESSE
e o (RN RETEE (GO term) v (RS HIAHR] o R R
5 level 1 PUZEIE AL 5000 > PP BRI PSRETRERE » 10008 S St mavgl [N
FIRLA E S BI% » 2V {3877 ] Digital Differential Display (DDD)fiY 4= » I'] Fisher-
exact test FfET o PUEN K AR B (PORT RS E AR (B A BV ERE B
# A2 F1 functional enrichment U =8 > SEH[H & S5 Rt | AU LA RLPY > =2
Bk W17 - Functional enrichment 7 SR LiZ5 a5 4 <y 3% » Y1 Chi-square
Fisher’ s exact test * Binomial probability * Hypergeometric distribution = (Rivals et
al., 2007) > P EPRE S EURLNEEE S 55 > fRRtl AR S BV S P o P Al
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25 PR A 24 GO enrichment analysis fi 7 “ﬁ‘mﬁfﬁﬁ DAVID *RLE 11—
(Huang da et al., 2009,Huang da et al., 2007) - DAVID YA FRpLITER < - 5 %
YA [H] > R (524 DAVID ; 'ﬁfﬁﬁliﬂin A 32 45 Fisher' s exact test
(ERRE! (U [iIR)) GO 2 ﬁ’$%Xﬁ@??Wﬁ AR
Z £ o FH[1 > molecular function(MF)RLZ5 (MR e TR > fo SV IEET £ 29 i
FLINAUZIEE o & MF iﬁ]’[ﬁfﬁﬁffJUHf IR I E R AP RL DR <
FEUPT ~ BRI Y= ARG o BRI APV RLINEE i 2h(F 3-4)
YIv [pER S A RS AT (R A o BRI RO PR ) 2
= AR U B I T T TR ORI A > PSR TR
TS~ =l AT B A SRGIE il - A 3-4 Fuaddpl > 25 5E% structural
constituent of cuticle **GO Eif | » HIZRITE 8 U RUE! | 9 po = RS w L1 o W= ol
FL¥E— Tt cuticle 7t Tt (Foster and Howse, 1978) » |fij cuticle chpf LEF 4 cuticle
protein » [R[F=> T SRR R E BEE A Jﬁl[ﬂﬂj < £ structural constituent of cuticle »
JF peal NP AR [aa) S r]&E TE RS 7 U TE] cuticle proteins fiUF 5 (Brady et al.,
2012) o W TR EY ~ DA e RS E P [ o PSR RS ’FE‘E%N Rhif = A

FITE| cuticle protein fufL PRI » P PSR E FEF ’

AR 3-4 ORI > SRS ~ TR U T PSS (AR - T A
FLPSECFEEE SR = P TR (R 1 B ESTs 1 b
70% (e 3-2) P28 [ VRS SRR R A BELINES 15 5 KEGG
PRI TR o Y SO 3.8)8 5T RIS R )
mﬁmﬂmﬁﬁamgﬁﬁm’@urffwm%’NWHgadmﬁﬁﬁTw
TV AT 3 (eyestalk_only) ~ U T TR T T BT R )
(hepatopancreas_only) [l 7 & PGP HUT [0 A AV ET 7 4] (intersection) -
= A PR AT KEGG PATHWAY database |12 [ﬂ YRSl > i functional
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