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Abstract Prediction and curation of protein subcellular locations is essential for protein functional annotation. We devel oped the
Plant Secretome and Subcellular Proteome KnowledgeBase (PlantSecKB) for the plant research community to access and curate
plant protein subcellular locations, with a focus on secreted proteins. The database is constructed with al the available plant protein
data retrieved from the UniProtKB database and plant protein sequences predicted from EST data assembled by the PlantGDB
project. The database contains information collected from three sources. (1) subcellular locations that were curated or
computationaly predicted in the UniProtkKB; (2) subcellular locations and features predicted by eight computationa tools; (3)
secreted proteins that were curated from recent literature. The categories of subcellular locations include secretome, mitochondria,
chloroplast, cytosol, cytoskeleton, endoplasmic reticulum, Golgi apparatus, lysosome, peroxisome, nucleus, vacuole, and plasma
membrane. The data can be searched by using UniProt accession number or ID, GenBank Gl or RefSeq accession number, gene
name, and keywords. Species specific secretome and subcellular proteomes can be searched and downloaded into a FASTA file.
BLAST is available to dlow users to search the database based on protein sequences. Community curation for subcellular locations

1

Copyright © 2014 5" Publisher Jisuan Fenzi Shengwuxue | Vol.3 | No.8 | 1-14



T4 T2 (M4 )

Fenzi Zhiwu Yuzhong (Online)

of plant proteinsisalso supported. A primary analysis revealed that monocots and dicots had a similar proportion of secretomes, and
monocots had a significantly higher proportion of proteins distributed to mitochondria (both membrane and non-membrane) and
chloroplast membrane, while dicots had significantly more proteins distributed to cytosol and nucleus. This database aims to
facilitate plant protein research and is available at http://proteomics.ysu.edu/secretomes/plant.php.

Keywords Computational prediction; Expressed sequence tags, Plant secreted protein; Secretome; Signa peptide; Subcellular

location; Subcellular proteome
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Lum and Min, 2011a), X% [ 7 a (1 2 B i
P IF HH 1) 40 P R 2 1 (see Jamet et al., 2008 for
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2005) 20 /.o A FH it Bl 1 4 i B 15 7, Sr bR
F 2D BERHIKES G KRG EAE A s R A (i
JFR I HT %58 (Jung et al., 2008; Kusumawati et al.,
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Table 1 Evaluation of prediction accuracies of plant protein subcellular ocations

Dataset A [tolal 15028) Diatazet B (rotal GM08)
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rrsiLives negalives %l (%) {ab pasilives  negatives (% (%) (%0}
Secrelel |45 13543 211 987 BE.S 263 G5 T 958 745
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Clloroplust R124 614 205 g0.a 235 401z Lead Rz o7 204
IR 256 14772 223 LIRS A0l L) [{h 15,4 T 427
Cylasol i 145851 alo TEA T 23 GERS Ji.l 753 k)
Ginlgt Apparatns 260 14708 1.5 R i3 fed [{EWE | 1 1000 2
Feroxisome 136 14892 242 987 il 3z GA38 135 9495 15.0
Mucleus S 11824 622 162 505 TRE 6120 () E5.5 42.7
Plasma Membranc 1 14437 331 Y31 1.7 14 el 214 YE.Y i)
Wacuole amn 14755 51 980 £5 121 6Ta7? 25 a9 & [}
Cvtaskeleton 305 14723 138 EE 4.2 154 672 210 a7 Je

Mote: Sn0 sensitivity, Spspeciticity: MOCT Mathews" correlation coafficiant
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UniProt Accession Number v Search N e |-.,.:a1..
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SEARCHBY SUBCELLULAR LOCATION

Detailed Analysis
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- Complete Secretome ¥ | Search || FASTA Download |

SEARCHBY PROTEIN FUNCTION

i
Species i
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Protein Name/Function Wels PsoRT
amylase [ Search ” FASTA Dovmload ] ﬁ

BLAST SEARCH EST SEARCH
[ BLAST search | [ EST search ]

Presain Semuence
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Kl 1 PlantSeKB Jf = Ft i Ayt o i ik

Figure 1 Overview of the PlantSecK B user interface and annotation page
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Table 2 Summary of subcellular proteomes in different plant speciesin PlantSecK B
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LT 2434 RS £744 i) SH0Z [ ES o B2 & 574 164 ] 2z
0T N 35 521 40 EoH| SATE m H L AR 1244 ] 4
v acd, asande 12338 ] a3 EXGE 2] 4117 S0TE EH E = 5745 1405 ] 127
Wy 12002 2141 4 s112 xl dijka EEEN] a7 a4 kol E5d] 1331 318 214
Aoy p ko IIED . w2 4415 9 djla 430z 2 B E] FLE] 1552 Fe 7] 20E
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Diz ot
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Ay ko faia ST 3130 i GaER sl Fa0 1747 27 143 a2 1.791 2005 =54 1
P vuilfivu b= 429 x| G313 ot ] 5580 10723 183 104 5 12300 2447 ] 145
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BN SR A14T1 ERE ERL] 1135 a0 LT EST) n Rt 31 1 1524 ER 110
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v R¥EECY TEL 413 Er | 20 g SSE 87 W i I 108G 218 37
Felauan i oo T 33154 1749 5| EniE:] 37 2149 TEhs 251 34 57 “517 1510 247 He
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Table 3 Comparison of subcellular proteome distribution in green algae, monocot and dicot plants

Mitochondiral Chioroplast Plasma
Proten Hecreto Membr  Neon-mem  Mambrane Mon-mem  Cyrosol Vacuoele  Membra  Nuclevs
me me (%l ane (%R} brone (% (M) brane {%a1 (") %) ne (%o} ["a}
Gresnalpae  LO3F] ZR4(27)  Z86(2R)  197S(190) 201 (1.9 L1241 [SO30IRR) B3 (LAY 3401331 1S67049)
Munoeol 43653 ZEATIAD RM19 TIA0{1A4)  TOZ (L&) 630124 GRZZ(ISE)  JMI0S) 169 MR
Do 45713 IGAS(RE) S0Z(L2) SO9E(11Zy T2 (LG S1IZZOILZ SOOO(IHE) 4590100 Z1E0GEN  NRRCEG

T—t("ﬁf ns s ke L] ns Hik EE ns ns HaEd

Note: Tolesl was used Lo compars the subeellular protecme (%) distributivn in menecols and dicots. ne: nel sipnilvunl; %% highly
aieniticant (1= 00017

MR BUEERERMRINE 1o Aok BEERAURE S STHR 1 SEB AR SCHF o TR U
73w E A UniProtKB / Swiss-Protis RILAML & FEEAFKFAI(E 1).
AL ERIC N H B LSRRI A A % K EST ##iERa& 1% EST FFol, M
H P EBIR TR R (R BRI B (R L 4i i OrfPredictor 7L Ml (19 2% (1 )5t Bk 7 %1 (Min et dl.,
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2005a), 2T BLASTX [IZhfeiEfe, fH HArbril
R FROI S 138 5] 1A 1 56 22 1% (Min et al., 2005b), i
FH T L AR Rl 4D ST 240 Ao TN A 45 2 T
[ A BT 5 . BT EST 05 m] #8600 S ey Fis
B I NFRS IR, TRENCAT AR . B P 42
ALy EST {5 BoK A B T BdRi2 98 Fse s i vk Lk
— PR A T4 B AR 11 P 5 (8] T e AT I A L
22BERLE

PlantSeck B & 3402 1 415 921 /M i 41,
FH53K EH UniProt / Swiss-Prot %45 8 (% A1 5 7)
ff) 33 643 4>, K H UniProt-TrEMBL K % ) & H
26 685 /™ T L K 7 RS A/ a1 Y 1
355593 >, (Mingetal., 2013; Lumet al., 2013). X}
T EA R 7 000 A8 YR, VAR S 52
PR EBERSEER L, Bl WEH, OR
EEFVE AR E FRS TR 1 b ER v R
MR 7 FEREAE A, ALY b3 T 207 i
EH. H 2 774 N EihriEn, HEERA
0L R TR S MRS, 43 B 1 247 F1 559 1,
P FERERZ MM SEARKE E
UniProtkB HSt B H , RUONFE— 288 %k H
AR — LU RERE T, H T DUK T a8 a2 i ik
[RI2H . i, 78 I F/E PlantS 175 99 984 M4k H,
FEHSE R EE A 2 R 63544 M2k H . and f1),
7T (E PlantS 174 53 847 46 H, 7E UniProtkB
EREARHAST XA 31 98 % H
(http://mww.uni prot.org/taxonomy/compl ete-proteome
). LR LA F L BA AR/ & E BT )
T L A R S 5 /0N 50 AR Ko 3 A B A8 1 43 9 1
wH, flfEpgfstisEt. g, mEREERA
T 100 BRI W 0 (12%), & A

(Physcomitrella patens) il 24 781 Ff 73 ¥4 2
(29%) (% 2). F:TATITAMAG T, - HAED)
AR R 8 B B S B A LY 4.0%
~7.5% o EX TR 18 BT 2H B 3 LS AR T-3RA1T
PART#R R, X2 AR CART AT 78 1 Signal P
3.0, MAWAfEH T SignalP4.0, ‘& BA F ks
P (Lum et al., 2013; Petersen et al., 2011).

TR O FhH) T3 2 R ffyisess . s it AE ) A0
R 0 ) T 44 i 2 1 o 4 R~ 2 B s
KR ARIGETER 3. SEALRERG, — X7t
Y, BHTHEARANATEEME, EE—AHT
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ZAr TR . SREE R TN B A M
%, BTSN R R AU B D B R B
JR A (K 3) o L R DR R A A v 0
HE WA E S IR E SRR A0 A
BB B EEZER, B, TNk ot
PRI T, A AR A B 3 T v LA (R A
FHERD) s XA B S35 5 2 () B T Ty
S 5T R A% B 1 (3R 3), 1 U 5% 21 (14 B I A A
U I AELAY) 2 8] S 441 B 2 1 5 20 90 A 1) 22 57 A2 |
THE T HIE 2 AW A B s 51 i 75 23
2
3R A AR BT

TR 6 2 1A B HL Al TP B P R AL 1) 58 4 Ll ik
WA AEA TR HA2, HTEaEslE
1 2H B Ath S R 5 20 51 AT DL BB A ERATT A
ETE, EA BT — P B AR A
XL R AR . 25907, FRATRHELHE = FhE
FHEMIRFRGERIL. RS, E&HE). =M
FHHEYIGURE I B )P & EE (L
WUsE  5A0) I — 4R YEAT T 45 i B Al Ly
M1 (3 4; F 5). FAMHEH BLAST A1 blastclust T.
H, 7R il 95% i1 [A] — 1 LA 22 Bl 2> 7T
&R, FAETURBED TURII T UWAT . AT
FEELA ) b o AR L Th RERIMEE ,  FRATTN 8 Midk
SE YR EAT T ARGRNE 4 W B 1 2 R A4 (GO)
0T . b ET A AR BB 1e-10 ki
E {iiff) BLASTP Swiss-Prot 34 . 3t [ 414 (GO)
& B M UniProt ID B 8 % # 6 %
(http://www.uniprot.org/downloads) 7 f& F GO
SlimViewer FIE )4 7 M 25 R AR (GO) RiE 147
43 Hr(McCarthy et al., 2006). FIridifhsy i & (A1)
GO LWL RS> T IhRE RN LA R S fER 4.
Y R A2 S5 40 RO HFIAEDLRE,
AFEARU AT AT R . AR el AR 2 )
RSN S BRAKAC A PR RN R (B AT
ZMMEMIE R B G T IhRE 2 B 4
A H R E KA (~30% ) Fl #4727 % ~9% ) 4H
s e H G 7 B 15l 4 15 1 (~40 %) Bl AT
P(12%6~15%) . BE9ERZ, BIAVEZ 7 ilb i)
FIB A #5938 7E GO 1, GO 73 AR5
(15 A5 B At

{4 rpsBLAST 7E {7 57 25 #4354 4f 2 (CDD) H
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Table 4 Gene Ontology classification of secreted proteinsin different plant species

(a) Biological Process At (%) Pri{%)  Sl{%) Bd (Ma)  Osj(*a)  Zm ) Pp(Pa)  Sm (%)
GO:0008152 metabolic process 673(16) 3921 439(22) 393(20) 544(20) 429(20) 155(23) 282(21)
GO:0006950 response to stress 579(14)  170(9)  200(10) 188¢10) 260(9) 188(9) 59(9)  99(7)
GO:0009056  catabolic process 386 (9 182010y 242(12)  200010)  269(10) 2160100 T (10)  137(10)
GO:0009607  response to biotic stimulus 353(9) 61(3) 65(3) 49(3) 65(2) 54 (3) 16(2) 29(2)
GO:0005975 carbohydrate metabolic process 313 (8)  156(9) 190(9) 183 (9) 247(9) 165(8) 56(8) 97(7)
GO:0007275 muliicellularorganismal development 161 (4) 64 (4) 74 (4)  T8(4)  120(4) 93 (4)  30(4)  69(3)
GO:0016043  cellular component organization 15004y 66(d) 65(3) 71 (4 121(4)y  75(4 19 (3) 46 (3)
GO:0019538 protein metabolic process 143(3) 98(5) 90(4) 98(5) 109(4) 91(4) 40(6) 7T1(5)
GO:0006629 lipid metabolic process 140(3) 65(4) 68(3) T2(4) 102(4) 834 16(2) 61(4)
GO:0009628 response to abiotic stimulus I3 39(2) 39(2) 56(3) 82(3) 71(3) 14 36(3)
GO:0007165  signal transduction 107(3)  29(2) 33(2) 28(1) 44 (2) 3000 81 16(1)
GO:0000003 reproduction 99(2)  52(3) S52(3) 68(4) 102(4) 68(3) 17(2) 44(3)
GO:0006810 transport 89(2)  S6(3) 48(2) 36(2) 65(2) 432 10(1)  32(2)
GO:0009058 biosynthetic process 86(2)  66(4) T0(3) 62(3) 102(4) 89(4) 40(6)  60(4)
GO:0030154  cell differentiation 86(2) 16(1)  20(1) 23 (1) 44(2) 23 (1) (1) 17(1)
others 636(15) 316(17) 309(15) 322(17) 505(18) 385(18) 125(18) 268 (20)
total 4112 1815 2004 1927 2780 2103 684 1364
{b) Molecular Function At (%) Pti%) SI{%) Bd{%) Osi(%) Zm(%) Pp(%) Sm(%)
GO:0016787  hydrolase activity 649(32)  328(23) 3B0O(29) 398(29) S533(24)  362(28) 114(28) 243(29)
GO:0005488  binding 595(29)  435(31) 408(31) 434(32) 7TI11(33) 407(31) 139(34) 263(31)
GO:0003824 catalytic activity 249(12)  186(13) 158(12) 194(14) 272(12) 169(13) 59(15)  115(14)
GO:0016740 transferase activity 135(7)  122(9) 107(8) 97(7) 191(9) 116(®) 27(7)  75(9)
GO:0000166 nucleotide binding 92 (4) 103(7) 82(6) 74 (5) 166 (8) 85(6) 21(5) 51(6)
GO:0030234  enzyme regulator activity 61 (3) 29 (2) 53 (4) 28 (2) 42(2) 23(2) 2(0 2
GO:0005102 receptor binding 57(3) 11(1)  T(D 10(1)  17¢1)  10(1)  2(0) 8(1)
GO:0016301 kinase activity 51(2)  T72(5) 55(4) 45(3) 106(5) 49(4) 13(3)  40(5)
GO:0004871  signal transducer activity 43(2) 14 (1) 11(1) 13 (1) 23(1) 13 (1) 3N 9(1)
GO:0030246  carbohydrate binding 41 (2) 33(2) 24 (2) 37(3) 54(2) 29(2) 81(2) 14(2)
GO:0008289 lipid binding 27(1)  19(1)  26(2)  18(1)  23(1)  14(1)  1(0) 7(1)
others 47(2) 44(3)  22(2)  16(1)  43(2) 32(2) 15(4) 14(2)
total 2047 1396 1333 1364 2181 1309 404 841

Note: At: Arabidopsis thaliana; Pt: Populus trichocarpa; S1: Solanum lveopersicum; Monocots - Bd: Brachypodium distachvon; Os):
Oryza sativa (subsp. japonica); Zm: Zea mays. Mosses - Physcomitrella patens (subsp. patens); Sm: Selaginella moellendorffii

R Plam 3 — 2 oW o W E B WD) e
(Marchler-Bauer et al., 2009). Pfam 73 #7145 &b B A
20 B 2N R RS S5 7E R B . Pfams 1)
SERE R A LIEAN R 1 hikF]. R Plam (15
WA T IhEe M M B s T A FY R 2 1)
R AR ZE 5, AFEAE M) Plam FIFER:
St Plam HR R B H A8 4 (3R 5) . (SRR
&, KAE R b E A A I AR U R ST
Fifi(E 5). WYL AN B A 2 PSR
The, Mm-S ORFT 20 By o b Bk 2 S AL A
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LAY AL, dHRREE A& OB XA
1) 1577 41 52 Sz (Sottomayor and Barceld, 2004). #EFE 7K
AR T A0 A R EAS T A 470 40 B e 3 A R8T 1 A= D
WAMBER W KA KREZGNE.

(Lopez-Casado et al., 2008). /KFEH b A4l H 31
AN ER ) Glyco-hydro-18(GH18) A1 26 > GH32N 4,
B, TOAERNES T s 20 43 P (ARSI 21 P A4S GH 8
6 1~ GH32N . FRATIL WS E|—LL Pfams 7E/KFE A
PEfE AR P B Z i B, x4k Pfams L4
dirigen-like #5111, Z4%AE LY, Tk BUR, 400
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Table 5 Comparison of protein families in secretomes of representative plant species

http://cmb.biopublisher.cn

Dicots Monocots Mosses
Pfam 1T At Pt St Bd i Fm Pp Sm Plam name Pfam discription
plam®a5T S0 il 32 51 6 48 9 41 Lipase GDSL GDSL-like Lipase/Acylhydrolase
plam141] 73 b1 82 e 151 91 2 31 peroxidase Peroxidase

Plant invertase/pectin methylesterase

plam4043 63 ik 27 26 40 28 ] 0 PMEIL inhibitor
plam05617 56 10 5 3 5 2 0 0 Prolamin_like Prolamin-like
plam 450 54 30 42 41 57 23 7 13 Peptidase 510 Serine carboxypeptidase
plam0 1095 52 24 a7 16 26 13 5 5 Pectinesterase Pectinesterase
plam05938 52 13 13 ] 0 0 2 0 Selftincomp 51 Plant self-incompatibility protein 51
plam2%5 49 30 35 29 30 32 1 4 Glyoo bvdro 28 Glyeosyl hydrolases family 28
plam01657 45 22 3 9 3l 5 0 ®  Stress-antifung  Salt stress response/antifungal
plamMH26 41 30 KL 6 63 41 3 6 Asp Eukaryotic aspariy] protease
plam0332 7 25 22 4 43 I8 3 11 Glyoo hydro 17 Glycosy] hydrolases family 17
plam 0 S0 35 40 3B 35 56 25 12 25 Cupin_l Cupin
plam{0722 34 2 28 6 34 49 & 10 Glveo hydro 16 Glycosy] hyvdrolases family 16
plam0232 i3 11 12 21 42 9 2 12 Glyeo hvdro 1 Glyeosy] hvdrolase family 1
plam0234 3l 16 a7 0 42 34 1 I Tryp alplm amyl  Protease inhibitor/'seed storage/LTP
plam01357 30 19 26 54 0 449 14 9 Pollen_allerg 1 Pollen allergen
plam00E2 30 13 -4 40 39 22 1 18 Peptidase S8 Subtilase family
plam03080 9 2 16 5 25 9 ] 6 DUF239 Donain of unknown function {DUF239)
plamO ] I3 ) 24 15 I8 47 24 1 11 Pollen Ole e 1 Pollen proteins Ole e I like
plam(0112 7 19 23 26 47 27 10 11 Peptidase C1 Papain family cysteine protease
plam05458 27 10 7 10 12 14 ] I RALF Fagnd AL kalinization Factor (RALF)
plam 15635 26 iz 21 17 15 B 1 12 FAD hinding 4  FAD hinding domain
plam07983 26 7 7 9 14 17 ] 2 XE XE domain
plam07732 24 40 28 32 43 20 5 8 Cu-oxidase 3 Multicopper oxidase
plamieil 4% 24 8 12 14 17 1 f & Moetallophos Calcineurin-like phosphoesterase
plam7333 24 1] 0 ] 1 0 ] 0 SLRI-BP S locus-related glycoprotein 1 binding pollen
plam75% 2 10 11 17 26 9 5 7 Glyco_hydro 9 Glyeosyl hydrolase famaly &
plam097 70 20 5 G 22 12 24 2 12 PATI Topoiscmerase [-associated protein PAT
plam03018 19 1% 21 30 49 17 2 9  Darigent Dirigent-like protein
plam(0188 1% g 12 1] 29 9 5 5 CAP Cysteine-rich secretory protzin family
plamO8263 16 30 11 1] a7 12 fi 5 LRRNT 2 Leucine rich repeat N-terminal domain
plaml4368 15 25 10 15 24 13 7 3 LTP2 Probable lipid transfer
plamidii 14 15 22 15 25 Ee 24 3 9 Thaumatin Thaumatin family
plamMHGT 12 3 20 £l 74 I3 & 21 pd430 Cytochrome P450
plam(2298 12 20 14 30 kL 28 9 9 Cu_bind_like Plastoyanin-like domain
plam(43%5 12 15 G 17 23 14 2 I DUF538 Protein of unknown function
pfami{i2469 10 16 1] 14 0 15 | 0 Fasciclin Fasciclin domain
plami453 T 30 9 3 2 2 | 20 B_lectin D-mannose binding lectin
plam{Hy 97 T 2 15 2 3 0 0 0 Kunitz_legume  Trypsin and protease inhibitor
plamiHHiGS [ 2 11 I 47 1 I -4 Pkinase Protein kinase domain
pfam07714 fi 19 4 3 ) 4 i} | Pkinase Tyr Protein tyrosine kinase
plam{M251 fi 3 4 7 26 3 0 | Gheo bydm 32M Glyoosyl hvdrolases family 32
plam | 35947 4 23 4 fi 32 7 0 0 GUB WAK hind  Wall-associated receptor kinase
plamiWy7 04 2 14 8 I3 31 1] | 10 Glyco hydro 18 Glycosy] hvdrolases family I8
pfami} 559 0 0 i} 0 0 30 0 0 Zen Zein sced storage protein
plam 3352 0 0 1] ] f 0l 6l 0 DUF4100 Prodein of unknown function (DUFS100)

Mote: At: drabidapsis thaliana;, Pt Populus trichocarpa; 55 Solamem lveopersicum; Monocots - Bd: Brachyvpodinm distachven; Osj:
Ovyvza sativa (subsp. faponical; £me Zea mavs. Mosses - Physcomitrella patens (subsp. patens); Sor: Sefaginella moellendorfiii, A
complete list is in Supplementary Tahle |
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035 PA50 55 (K 5)0 M UTE RS, X LT 1) 4
WM 2 PASO B AR AT RE R PR, o3
H AT %A R TR P A /- WA A (5 25 P450
A A SEI AR HE R IE . Wen %5(2007) 1 4 T
Wi AR W A A A A AE A (L 3R PABO, (HE T
IAAAE ] BER s E 4R B i FE rp Ok AR T e . B
TRRH RN, & R BA B 15 ki
IS E Plam WD IR 7 8, (R FRATTR I
AR AEMENE D-HERS GRERRE
1) 20 MR, T FARAEA P FIEIX AN Plam TR T
BEAT 30, #HAFST 10 H . &
OV R T PPy St b s 1, Bl £k EA
30 M EKEEE P FAE AR AR DN ieE
(subsp. patens)E A7 61 A~ BA A AT REM H 5K
51 (DUF4100).
47
NTHHEYot R R FRFERMEE T
PlantSecKB. 1 UniProtkK B kA1 5 Rl 145 & B A
J53 IV 20 B A7 B A R 7 T IR0 T R I 4 7
X A3 e AT LA SRAGIE AR R B W STk, DRI
MR HAE, FET ORI T ) A B Bk
BT A 0 TR . RATS &IPS TR
50 H A A (9 7 v A T AR v, R I S LA
ERHER ST T R (FE 1) (Min, 2010; Meinken
and Min, 2012) . AT 73 WA £ 1 PR T A2 A X A
FEN, HRVAGFIEBE R, B, 2
W TFIN A -0 B A 1Y) PAS0 B AR AT AE S R BH
BATIE M 7 KA B, AT
TargetP A1 WoLF PSORT [ Tl ik ki, 24k,
W, AL S . BATIXT I L 4 A7 5 1) T
WL VAL HE s 7 FRA A G T R v o, R
EATR A TR PRI 1), HPE YISy 40 i &
()T R AR LA, R BE 2 NIl (R 1)
(Meinken and Min, 2013). [ £& 440 i i 25 1 45,
X HERE, ER. m/REAR, 0Miz. BB, WOk
L e e I A R A R S I
(>89%). [, 7E ALy 4 Az B T i & A 2
FEXTATEERT, BAREA MDA T El it SLIG I E . B
i, JURRGE CEARG TR T, 4 Cedl-PLoc ik
4%-%%(Chou and Shen, 2008). MultiLoc2 (Blum et al.,
2009) L Jz HAt (Meinken and Min, 2012). iX£6T H
Jo FAH 5% AR W T BLAE FRATT I Rl AR 3

Copyright © 2014 5" Publisher

10

(http://proteomics.ysu.edu/tools/subcel |.html) (M einke
n and Min, 2012), T A —L T B AR AE
A, tetn Cell-PLoc 452, —L8n] RIS A H i)
TR, Toikab B R 4R, e MultiLoc2,
FAVICEAL I EATHEAT Bl b3 . HR, AT
FH P A 3 6 T B R4S RO B 2 1 509 58 — T3
W, BFENFRATH 258 W8 F 2 A TR ) LG i
DA e o T S T R A 43 A A ) KRR AR AT
Fi, S BIAEL M, BITEH W8 I (LSP)#E & 2
(45 72 1 4 ilh B L2 50% LA, AR AEHdT T
2 ER- 5 /R JE 4y W IR AR 1 R BY oy W WL A
(Agrawal et al., 2010 for review; Jung et a., 2008;
Cheng and Williamson, 2010; Ding et al., 2012) ., "L
FIYIAAHTE LSPs T WCER T F TIUII X 8 25 15T 1)
W &\ SecretomeP i il
(http://www.cbs.dtu.dk/services/SecretomeP/) (Bendtse
netal., 2004a). K RiZ T A Ab B R A0S S 5
Vi, TCIETEAL TINAE ) LSP (ERf T, RATKA 1
A AL B P X AN TR

PlantS eKB %5 /1 oA Ft N R4S RAEY) &
H, Rl e AR ERTT P, EST ¥
Kt PR AT SRR R S B (0 7 i B ) EST #dfe
I, X TR e A BN B A A BR 2 H
cDNA FFHI AR A F o ISR AR 2 1
BA LI ARIE R o WA SR 1, R & LSP STk >k
E, WY TR T EAWES J). JAT1950E T—
ANT7AE N g 33 HL AT <2 5o Ak 4 1 A0 £ 1 I 4 Ao
B Al PlantSeckB V5 1] ()& 2 T H, FunSecKB
Hh A IR 1R S R e R AT B AU 52 it ) L T 0 WA AR
F 5 20 40R 2 (FunSecK B) (Lum and Min, 2011b)$2
PR R FEAEHEARS, XA BT Y
WIS 30 T iR B A % EE W] LA
F TR R A LB 3 Wb B 1 0 % P e A FH
HIRR . A0 R AR d AT R 13 E (Kim
et al., 2009).
(WL

GL 1 IM 1 S e , JO Nl SF HEAT /i
AN I, XIM Bt ATk S8 T 3 S8 Je B
AFR AR . XIM, IM R GL 6t S8 (1 4 Hr A S
EIRE . PTEEE LT RS R AR AR
Bt

KA R LA R [
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