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Proteomic Analysis of Capping Factor in Strawberry II.

Tatsuya Abe and Toru Takahashi

The strawberry cultivar ‘Benihibari’ has a unique trait called ‘capping trait’. The fruits of ‘Benihibari’ can be easily detached from

calyx, it is very useful for laborsaving in harvest. To elucidate the mechanism of capping, the proteins involved in remove of the

calyx were explored by proteome analysis.

One-hundred and eleven proteins were considered as ‘the capping promoting proteins’ that was expected to promote detachment

of the calyx. One-hundred and forty-one individual proteins were considered as ‘the capping suppressing proteins’ that were

expected to suppress detachment of the calyx. Many of these proteins were involved in cell wall biosynthesis and modification

proteins or plant hormone-related proteins. Co-expression genes with ‘the capping promoting proteins’ genes were included cellulose

biosynthesis genes and ethylene-related genes. Whereas, lignin and pectin biosynthesis related genes were found to be co-expressed

with ‘the capping suppressing proteins’. These results suggest that ethylene and cell wall properties can be regarded as the capping

factor in strawberries.

Key words: Strawberry, Capping, Ethylene, Cell Wall, Proteome
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w445 © CESA

LRRNEE T IEXFFR ¢ cellulose synthase A
AR © cesA

y o378 IEN4AHFs - CELLULOSE SYNTHASE A

w4k - CESA

BRELVER

1. BN EORIBRBRNT EREEHTE

B SHB L s X2 B % RICELKEIC LY
WL, N EEREAE R B SRR TR L 7e. BRI &
VN LR U4 TR & v Ry o ZROGE A K
Wafiolzelh, BEAEDY UXIEHARY NTA
) —=F 2 T EMHENLKEHIOT UEAL, 5THETE 2
Moz, FRE LT, ®INL & eH oRIe) 2533 S5
TFFCTHFELI LT, YATA VHREOBIEHIATHI %
0, & X7 B OIEFERN 2 BRI P ORFE L D
FIBASEZ 0, BB ZHEL-ZE0PEX N £
T, RS Y HORME R KB S0, R
#]& LT DTT & Destreak reagents DffJHZRan/z e =
2, BICAIBERIC L D T RE L o 72 EITHIZ PR L
RN L 72A5 5, OR685 D& Xy H AKXy M AT
72 (K1), WMy 828 (AR ML1L3T3MH) &
WL C, WM S VX2 o ARy M L
TV, MOFEEYSELEEADbETORIEIEON
Lol l, DEELZARY PAKEIWHHECTH 722
EnG, BT EED . S5, X0 EREN S~
X7 B DFNT % #D 5121, Radical-Free High Reducing
Method (RFHR ) “RICESKEDO X ) %% 37 ]
DFBIIHEAF L2 WikEIESEYTH B L HE 2 bNhi-.

ARy POl LY, RN KHE TR
FICHILTWD ARy M2 6, RIS
NTWBL ARy PSRN I, Thb % LC-MS/
MS CTHMTL7z& 2 A, RiENLIX 75, #ED» 513138
oy o7 AR s,

B L7z 5 ok o B L W & 2 oX 2 B oA
WREAEDET, &5 VX7 HOWEEE 21T 2. T
WRIE RN REECHERNICERLTED, A
FHEN AT D LHEESND O (NFHEIEE Y >3
78, DB, eEY o2 111, ‘R=e Ny’
AR THRRICEBIHH S TB Y, ~F iz i
THEMESND DD (NFEENIIH & > 2827 Zgd, D



FE R ZET  WEEdEE, 29 (2013) 53

pH11

kDa

<150
<100

<75

<50
<37

<25

kDa

| <150
<100

<75
<37
<25

kDa
<150
<100

<75
<50
<37
<25

B1 G- BEOREWICEE S VN EAKRY P OB

A RZENYEHR (NTEERED D)
B NN RS (NSRS L)
C: EXFARME (NFHENEZRL)
kREDAR Y MINSHENED Y / L L TENH 72 D.
NS % LC-MS/MS T/ L 7=
* B & CRAUMEICHETLARY FE2RLTBY,
X D2 ARy b % LC-MS/MS ikl & L7,

B®, Wy o2 ) 1A ATHD. s oAKNEE
IZ2WT, GO F—FN—AZIIHE - HHELI-EZ A,
AL - PP & >3 7 BIMICBBIRE 5 V8 M%<, K
WORBEINE Y 8B, KAVE S EESY 87 ]
DT o7 (K 2).

RIEIRE Y VX2 ETRAFIY AL A VIBERHD b
D% o7z, A4 F TiE pH6 AHE OB LI 2 1f & 720,
HEH L% pH6.2-64 [R5, Zhick by, LiEfo
TNIZTARH FITANAF b - B L, Ik
INE N BRI E 2 5N, L L, RIFERTHELT
WA TEOEREIAN-IF2T4 ) (v ¥4 T
HY, BRIV IEEITN T REVWED, LA F
INA R I AELEISPINL 72 BB XK. GO 77—
FR=ZIZBITDH RITLAFVIBEY V87 BOEH
&, THIK Z 7213k % 7 B 3 2B L 72 B E R 75
BB R AR B LSRR SN BIZ T E 72035 8
Bl Thy, FLIAFIT2RAHCWEINLHOT
B, BT, I RITAUNDOEIEA F v d DV i
OYEIIINE LT, BB 2L L-dbo Ll s 5.

WAV E VBT, RESY 7B F L oR
F—FT VDL L0, Wy o8 BIIIGEEICX
DFHBEEINZHYELVEL D—D Vv ZE VRIS D
DNV -7 (F1).

MRBE A AR - IBRIRETIX, ey o2 2k
H—Z - ANIbVO—2AEERICEDL Y VT ED %
<, By o2 IR F ) = OEAKICHE
bLLONE o7 (R2).

RN OFHRE L RRBRFE TR —FL
TWi2 g VS ARy M, BRI - RN & e T
L1501 i 1,090 M CTH b, —HFII727% TH o7z 5%
DAL HDZ YT H AR Y WA, REORIHIPE T

NIEENRER INDE NFBENINHI R NDE
1114&) (141{8)
18 15 BIEGE
B se=Ers
> B iEkLES
43 47
17 W impae A S
/ \ W 5 oBEaR- %
N mems
3 6 B o

X2 BB ASLNTZY N7 EoHEE S BbE0 T
75 7 NOFMEITIE (%)



54

FER TR BF7EH

He
R,

29 (2013)

=1

ANTEENICES T A EEZONLHY AR VEVEED Y V87 Y

Coverage

Arabidopsis

H B FFID HFE NP FHFERE T BB E
(%) gene ID
1 chaleon synthase [Fragaria X gil13183377 4oy h. 1m 29 TRANSPARENT TESTA 4 831241 fr”**:{‘/ﬁ
ananassal +6) D 2T AR
2 Eiz‘;zzz]decarb”“lase lFragaria x il10121330 65kDa 9 15 pyruvate decarboxylase, putative 829444 IFLY
SAM1 (8-
S-adenosylmethionine synthetase g1l 100801530 ADENOSYLMETHIONINE .
L
8 [Oryza satival +41) 43 kDa 4 1 SYNTHETASE 1); methionine 839501 Fl
~ adenosyltransferase
& e . .
o4 “th“yz‘ldm synthase [Fragariax g 5(1+317)2631 43kDa 3 9 Leucoanthocyanidin dioxygenase 828387 e RTLEE
*L ananass: ]
12 5 hypothetical protein [Vitis viniferal eil 14(181?4295 36 kDa 2 4 Gibberellin receptor GID1, putative 824031 DAL
iE
2z flag-tagged protein kinase domain VIK (VH1- INTERACTING
> 5 of putative mitogen-activated gil 116643246 51kDa 2 5 KINASE); ATP binding / protein 837960 I
e protein kinase kinase kinase (+3) kinase/ protein T saTEAF
[synthetic construct] serine/threonine/tyrosine kinase
z
I predicted protein [Populus
1% brichocarpal, i| 224090669 AGDS; ARF GTP. tivator/ DNA
4§ 7 gil222855026|¢b| EEE92573 1 il D 51kDa 2 5 bindine / oino iona;enzj"n“’a or 824538 FeF i
predicted protein [Populus & €
trichocarpal
1212292267 RACKIC_AT RACKI1C_AT
8 Rack [Phaseolus vulgaris] g 4 36 kDa 3 3 (RECEPTOR FOR ACTIVATED C 821338 ABA
KINASE 1 ©); nucleotide binding
Aldo/keto reductase [Medicago gil 124360837 AT1G60730 aldo/keto reductase N
9 truncatulal (+3) 20kDa 3 3 family protein 842367 Ao
RHM1 RHM1 (RHAMNOSE
rhamnose synthase [Gossypium . BIOSYNTHESIS 1); UDP-L- Cws
1 hirsutuml] £il 211906526 75 kDa 16 17 rhamnose synthase/ UDP-glucose 844193 A—F
4,6-dehydratase/ catalytic
fr.eilmd Z“tem [Populus RHM1 RHM1 (RHAMNOSE
richocarpal, X o
2 gil222873884|gb | EEF11015.1] g1l 224119002 76 kDa 13 15 BIOSYNTHESIS 1); UDP-L 844193 F—xL
dicted protein [Populus rhamnose synthase/ UDP-glucose
fr.eh 1;] P 4,6+ dehydratase! catalytic
richocarp
1147866537 PKT3 (PEROXISOMAL 3+
3 hypothetical protein [Vitis viniferal g “+2) 49 kDa 11 15 KETOACYL-COA THIOLASE 3)% 817876 TR E L
acetyl-CoA C-acyltransferase
3-ketoacyl-CoA thiolase B; acetyl- PKT3 (PEROXISOMAL 3-
4 CoA Cracyltransferase [Mangifera gil 1129145 45kDa 9 15 KETOACYL-COA THIOLASE 3)% 817876 AT
indical acetyl-CoA C-acyltransferase
PKT3 (PEROXISOMAL 3-
5 unknown [Picea sitchensis] gil 148907285 48kDa 8 11 KETOACYL-COA THIOLASE 3)% 817876 U AT AR
acetyl-CoA C-acyltransferase
~ Transaminase mtnE, putative
& [Ricinus communis], AGD2 (APERRANT GROWTH AND
B ¢ gil223538651|gh| EEF40252.1] il 255562088 50kDa 7 13 DEATH 2) L L-diaminopimelate 829510 ) LB
n Transaminase mtnE, putative aminotransferase/ transaminase
%ﬂ [Ricinus communis]
£ i 149938964 ACTT (ACTIN 7); structural
N . gl ; structur: RN
= 7 ACT1 [Actinidia deliciosal (+37) 42kDa 5 9 constituent of cytoskeleton $30841 F—%i
A
z . . PKT3 (PEROXISOMAL 3
B Sellfzgzzﬁ;f"i\ezhufsljje[zzea mave] gl 195?;;4961 48kDa 5 15 KETOACYL-COA THIOLASE 3% 817876 DAL
{2 P P ¥ acetyl-CoA C-acyltransferase
kil
chaleone synthase [Fragaria x eil 62766610 eI
9 ananassal “2) 43kDa 2 [ CHS (CHALCONE SYNTHASE) 831241 Ny
PREDICTED: hypothetical protein
[Vitis viniferal, X RNA recognition motif (RRM)-
T
10 1147789426 | emb| CANG6G09.1| /225461628 45 1Da 2 5 containing protein 820730 Flo
hypothetical protein [Vitis viniferal
predicted protein [Populus
trichocarpal, AGB1 (GTP BINDING PROTEIN
11 gil 222849460 | gb | EEE87007.1| gil 224103427 41kDa 9 12 BETA 1); GTPase/ nucleotide 829597 e AELER
predicted protein [Populus binding / protein binding
trichocarpal
. . OST1 serine/threonine-protein
12 unknown [Medicago truncatulal 21| 217072090 39kDa 4 14 linase SRK2E 829541 ABA
GDP-mannose pyrophosphorylase  gil 113715733 OYT1 mannose-1-phosphate . e
13 [Solanum lycopersicuml (+23) 40kDa 2 5 guanylyltransferase 818562 Py
14 050320610900 [Oryza sativa gil 115454105 41 %D 9 7 OST1 serine/threonine-protein 890541 ABA
a

(japonica cultivar-group)]

(+5)

kinase SRK2E

* Genbank %8k ID OFFMNOK L, WS NZEWHOR, T42bbRLT I BEN ZHE- 7MY > 37 ok

ZRLTWA.
* NP (Number of Peptide) &, J#E EN7=XRTF FHHOARKZRLTW5.
* Coverage |, HRESWMCTHEOLNIRTF FHHOT I VBENOH) B, REY 2 HO7 3 B E—F L7z

DO

* HFEIE T 11X, BLAST MEREOMERRENT:, ¥ 0 A XF XF (drabidopsis thaliana) #InTOHT, kb idhbb

HFEEIEWE SN DER L.

% Arabidopsis gene ID &, GO 77— X—Z2 D%} ID # /R L7z,
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(%) gene 1D
RecName: Full=UTP--glucose-1-
g]l‘t°;1’hat_e;:udyUly[1;;m’15fe“se’ AT5G17310 UTP--glucose-1-
ame? = -glucose .
pyrophosphorylase; Short=UGPase; . PhosP_h ate widylyltransferase, - o
1 Short=UDPGP gi| 6136112 52kDa 2 7 putative / UDP-glucose 831596 AEE LR AR
¢ 3107931 | dbj | BAAZ5917.1| pyrophosphorylase, putative /
UDP-glucose pyrophosphorylase UGPase, putative
[Pyrus pyrifolial
predicted protein [Populus UGE1 UGE1 (UDP-D-glucose/UDP-
frichocarpal, D-galactose 4-epimerase 1); UDP-
~~ 2 gi|222841910| gb | EEE7T9457.1] 2i]224074891 39kDa 6 13 & N P ” 837834 Il LE—AE R
predicted protein [Populus glucose 4-epimerase/ protein
Ed trichocarpal dimerization
B
h RecName: Full=Probable mannitol
{’é dehydrogenase; AltName:
= Full=NAD-dependent mannitol .
# 3 dehydrogenase, gi[10720093 39 kDa 4 6 Sj;adi:“:::;:y; aleohol 829955 DL Nz
- ei| 4097522 | b | AAD10827.1 ydrog
s cinnamy] aleohol dehydrogenase
é [Fragaria x ananassal
fi& y
H . ~ . UXS3 UXS3 (UDP-GLUCURONIC
4 I[{ng;) gtl;s"r‘:;:tiz]carb“xy lyase gl 19(3‘938748 39kDa 24 25  ACID DECARBOXYLASE 3); UDP- 836047 T AT,
yptus gr glucuronate decarboxylase/ catalytic
11118488420 TUF (VACUOLAR ATP SYNTHASE
5 unknown [Populus trichocarpal & 1) 26 kDa 7 20 SUBUNIT E1) proton-transporting 826716 HHAEES Y
ATPase, rotational mechanism
AT3G61490 glycoside hydrolase
polygalacturonase-like protein . family 28 protein / . N
6 [Fragaria x ananassal €i[30692638  52kDa 2 7 polygalacturonase (pectinase) family 325322 DT
protein
RHM1 RHM1 (RHAMNOSE
rhammose synthase [Gossypium . BIOSYNTHESIS 1) UDP-L- e
1 irsutuml 21211006526 75 kDa 16 17 ‘hamnose synthase/ UDP-glucose 844193 IFE
4,6-dehydratase/ catalytic
f;iif;:fp‘:jmm [Populus RHM1 RHM1 (RHAMNOSE
2 gi| 222873884 gb | EEF11015.1] gil 224119002 76 kDa 13 15 BIOSYNTHESIS 1; UDP-L- 844193 ~ROF B
oted oot ol rhamnose synthase/ UDP-glucose
pre P P 4,6-dehydratase/ catalytic
trichocarpal
5  polyealacturonase [Fragaria x £130808915 o oo oy Polyealacturonase 3 (PGAS)/ 419973 S
ananassal 1) pectinase
RecName: Full=S-
adenosylmethionine synthase 3;
i}‘;’;{:ihév[ﬁ_ﬁ‘xﬁﬁe MTO3 (METHIONINE OVER-
~4 denosyu’ramf; mse 3 Short_Mar Si11170939 (+5) 431kDa 3 10 ACCUMULATOR 3); methionine 821003 AR
Ed . - d 1t: £
g 3, gil 429108 | emb | CAA80867.1] adenosytiransierase
h S-adenosyl-L-methionine
Fo synthetase [Solanum lycopersicuml
# i| 149938964 ACTT (ACTIN 7 al
% 5 ACTI [Actinidia deliciosal sl 42kDa 5 9 _ ? structur 330841 i
> +37) constituent of cytoskeleton
2%
UDP:-D-glucuronate carboxy-lyase gil 13591616 UXS85; UDP-glucuronate - y
7 z — A
& 5 [Pisum sativum] (+14) 39 kDa 8 1 decarboxylase/ catalytic 823794 RELE-AEH
# 7  unknown [Picea sitchensis] gl L6TT932L - 1 4py 3 5 ROPSreversibly elycosylated 320039 T AT,
+10) polypeptide 3
ATOMT1 (O~
. METHYLTRANSFERASE 1);
g © meths:]”r““erase lFragaria x ¢i|6760443 40LkDa 8 29 caffeate O-methyltransferase/ 835504 U =
ananass myricetin 3'-O-methyltransferase/
quercetin 3-O-methyltransferase
(1147842163 TOPP1 (Type one serine/threonine
9 hypothetical protein [Vitis viniferal e oD 36 kDa 3 10 protein phosphatase 1); protein 817489 T B
serine/threonine phosphatase
10 hypothetical protein [Vitis viniferal 2 147779328 4o 1na o 5 RGP3 reversibly glycosylated 820039 L H— A
(+2) polypeptide 3
KAB1 (POTASSIUM CHANNEL
11 K+ channel protein £i| 1063415 (+3) 36LkDa 3 5 BETA SUBUNIT); oxidoreductase/ 839450  ~IbAE—TEH
potassium channel
12 putative alcohol dehydrogenase 21| 148888529 36kDa 2 5 AT5G19440 cinnamyl-alcohol 832064 L gy

[Solanum lycopersicum]

dehydrogenase, putative (CAD)

*THHOBWZIE L EFRL
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WO T B8 VNI TH DI LDHELE SN DNA
<A 707 VAP S, 4 FITRIEOFEEITE—RA
AR, N REREE, (B3R E B O BRI BIAEE) T
HIEBHEINTVEY. LHhTDH, Chalcone synthase
BB T-R° Anthocyanidin synthase #8161 &\ o 7o F A K
FiB(n Y, Pectate lyase j8A%TX° Expansin #8{51 &\ o 72
HHNLBE D IR EE 2T 2 & 5 MR F ORI IZRIEDOFEEIC
PPN TI0 DL RSN A 2 e HiE s TRy, 411 Mo
ARy ML, INHDOF Y7 EPETN TV AN
BEWwEEZEZ bhi.

2. ATTED-I zHUW\\/=HKIREGFDHER
2-1. BRIV EVEEEEF

FIIWRLHEWARVE VS Y V28, BXUE
2 1R L7 MR e L ARk - IBHIiBE S X R a— Y
LMIET &, MMkORIAZEE Gt 2R THEET %,
ATTED-I &= % X=X D& L, e S h-ikhe
DFUMEZFTM L7, KW RIVE VB Y vy B & b5
HWL Witz & LT, MRHE - 3l & > o7 gakict —
XV UMD BEET NS otz Fi2, WY Ny
ERRH LTV ALEEETIZ, T FLVEE, 77V
e (ABA) BEBIZ 2% <, #flly 287 HTiE, Vv
AE VIRBBEE TS o7z (R3). NS ORI,
GO 7 — 7 R— A TGRS TIr o - SRR EE R & T
G, FORLUEOESETIHFTLLDOTH- 7.

T =% VIR RO KRR b MRV E v
T, RECHL CTRBEARHETOREICHES LTS 720
ZLBESNEEZOND., WEBHLTWitr—F T ¥
MBI T O 20T, SHIIMMESY v /87 g & 7 o3
JEOWHTICE TN, TF L R ABA 32 E B2 e
HEWIERT 2R ALVESTHY, BB LT s HEIE
TEBENFEHENEHE S V87 THINLTWAZ LI, ~
FHENEOR S L IS ORICBEEADH 5 2 & AR S
N7z, ¥, =F L yEEEETHEoRICE, =57 o4&
HEEFED12OTH5H ACCHALMZOBIZETEENT

B, Y ORI TH SH SAMS LHEE L, NX=
LN OIFLVERRIE CEREE XS nz kR
YHTHLDTH o7, ABA BEEET T, BERT
T 5 Abscissic acid insensitive 4 (ABI4) 8A{nF HEHE ¥
S ZBEHEBLL T\We. ABH AL T3 HE T D RIRAR
W, SEFEMHNCES T 2EETTH Y, BEREEREL
LRERLDNMROEET THo7z. Tz, Wy vy
B »—> OPEN STOMATA 1 (OST1) &V v #1b% ~
NIHTHY, ZORREIZ ABA IZIBZ L7 SSLBHICH
594250TY, Ry N7 HERBEBLTWD LI %
ABA BB TR TR 3B X0 RZ 550 TH -
7.

P 7 oo B e BB L TV L EET TR, YvAE
VBEEEET O EINTV Yr AT VBRIZHY
WEMEDE E LTSN, ZoBOMEICL ) RiEGE
AMVARE LTERSNLZEPHONTVWES, &5
WCHREOEHID 5 VITKRRFTHE R L, =FL R IXLY)
VEBBLEREEROZLIWME SN TWS., Yy AE
VEUHIIEOBREEK 2 R T 5 L ST A9,
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