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Differentially Expressed Proteins in Strawberry Leaves between
Pentaploid and Its Corresponding Allodecaploid

NING Chuanlis CAI Binhua, WANG Tao, QIAO Yushan”

(College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract ; Pentaploid strawberry (FxlLs-11-37, 2n=5x=235) derived from the hybridization between diploid
Fragaria viridis (male) and octaploid F. X ananassa ‘Fusanoka’ (female), and its allodecaploid (A3, 2n
=10x=70) were employed for conducting proteomic analysis with two dimensional gel electrophoresis
technology under observation of agronomic traits, soil and plant analyzer development (SPAD) readings.,
and the net photosynthetic rate. (1) Compared with FxLs-11-37, A3 showed a significant dwarf type, lar-
ger crown, increased leaf length and leaf width, much thicker in leaf, more dark green leaves, and it also
has a bigger SPAD for leaf and net photosynthetic rate; (2) Protein spots of FxI.s-11-37 and A3 analyzed
using PDQuest software were mainly scattered in the isoelectric point ranging from pH 4 to 7, and molecu-
lar weight ranging from 14. 4 to 66. 2 kD. More than 700 expressed protein spots in FxLs-11-37 and A3

were detected. Expression levels of 18 protein spots changed over 1. 5 fold after chromosome doubling, and
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4 protein spots changed over 2. 0 fold. We identified these 4 protein spots with MALDI-TOF-MS/MS mass

spectrometry technology, and results showed that the 4 proteins are major strawberry allergen Fra a 1-E,

heterogeneous nuclear ribonucleoprotein 1, lipoyl synthase 1, chloroplastic, and NAD(P)H dehydrogenase

(quinine) FQRI-like. These proteins are involved in stress resistant, mRNA transport, material and ener-

gy metabolism. Results of real-time quantitative PCR of gene encoding the above four proteins demonstra-

ted that the difference tendency of gene transcriptional expression was consistent with the proteins levels.

We obtained the differentially expressed proteins in strawberry chromosome doubling, which provided

tracks for further research.

Key words: strawberry; pentaploid; chromosome doubling; differential protein
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I 5 3 T o 2 A TR AR ERCER — ok R I i (S ) 1Y
s i BB I A O T A R S A B =
gk R ) e it RO IE L Ty 250k
JH SPSS 19. 0,
1.22 SXEERRMNUE 550 EE S bR HE
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KM TCA-TH R 3T 3 ¥ 48 B s 45 ity B8 1
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J5T 4 C.12 000 r/min B> 30 min, B 75K . &
TR 1~2 R E AR il I 2%



1796 odt O % il 36 &

®1 WEEEPCRY

Table 1  Specific primers used in qPCR
ZE 1 B, Spot L34 Forward primer(5'—3") R 11514 Reverse primer(5'—3")
Actin TGGCTGTGCACGATGATTGC TAACTTCCCACCAGATATCC
8106 GATGCCTTGTCAGAGAAC GTGGTCCTTGAGGTATCC
8515 GCTCAAGGTTATGGTTATGG CCACTTCCGATGTATCCA
8006 TGGATATACTGACACTTGGA CACTGGCTACATAACGAAAT
5121 GAGGTGGACAAGAGACTAC AGTTCGAGTTCAGAAGGTT

1.4 EARRERENE

oAy b R S E B vk N 2 R Brad-
ford 9k« A L35 86 1 (BSA) A hn i 2 11 0 2 H
TE 595 nm KT BYMOGIE Ases o LA [F] J5T 2 ¥ B 1Y
BSA gl A b W0 45 09 WO BE Ases 9\ A8 B 5 2 1l
PRUERNZ (R =0, 99) ,iHEFE P B E B & &
1.5 X&) R ik

Wi e B —E RS 1.5 mg AR A R
A Zf W 2 B AR 350 pL iy IPG g 451 9218
BISIIMA ¥ 17 cm pH 4~7 4 IPG Tl il Jie 4% BE 1A
N SRR AR S DV i 5
o PSR AR TPGphor 55 HL 58 48 Ha ik A s
WESERMERF .50 VKA 13 h,250 V 8@ T
JE 1 h,500 V8@ FFE 1 ho1 000 V&M:THE 1 h,
2000 VZ&MIFE 1 h,10 000 V &M F+HE 4 h,
10 000 V PR 2 45 ffi 32 47 L IR 5 1 a] ) 3 LA
65 000 VH, 58 B2 1 55 HL SR A8 40 55, 45l SR AR o 2
mER R 19 C,

L R AT, o B UEAT I & . K
IPG BEZ5TT 10 mL P 52 w1 b FE 7K P #2 K
AR 15 min, B TPG RS0k A 10 mL F
% il 2 L, KP4 IR B4R 15 min, S 45 51
Jei s W2 Ve I 1 B 2Rl AR BUMR B Ol 1200 1+ 0t
FEB R B - TN M I iz 6 i (SDS-PAGE) Az ik 47
S m R E UK. UK R G250 IR
Qe et 8 h, M 40K B £5 29 SeUs . bR sk
SIMTERE 3 K,

1.6 BEFAHERRIESSH

i /| Image Scanner F 50T Je €8 5 1) BE I iE
T HH R4S 3 BT R R = R R R
Fe BEAE A 300 dpi. R H PDQuest 8. 0 43 #7 # 4
XA EAGHE T . 5SS IRNE A B AR IA &
AH L FEH 1.5 A5 DL 1 25 5 H G ik 2% 5 2 A7 1 2
PR 22 5 (0 2R 1 o R O 22 S 3R IA B B A

W2 A5 DL b 22 S 3R A B 1 AR AT I A I A
512 8 Katayama % Wk S H 2R EA

T BRI AT T 5 pL & 0. 1% TFA
PP RIGHEE 1 1 el 5% 50% ACN Al
12 TFA ) o A4 R I AR I A HOR & 5
BT pL FE G ABIS800 #3656 AT B ) 57 3% A
(MALDI-TOF-TOF) ( Applied Biosystems) i# 17 it
AL E
1.7 ZREARMBEXEER qRT-PCR 717

KA CTAB 43 Hl 2 B FxLs-11-37 & A3 19
L RE R RNAL AR B8 1 43 A A0 = A ]
WERE I LA 1.0 V6 TR gl VKA I RNA 5238 M
A RNA 84 42 BB Bz % 5% 3850 & Primescript™
reagent Kit with gDNA Eraser(TaKaRa) 15/ 4 2
B RA3F) cDNA B 5, MRS 22 5 8 1 B N Y
ZH 5, % H Beacon Designer 8. 13 &k {4 % it
F PG E B PCR 519 (R Do RFE Actin
RIAVE AR, L cDNA S BORR X 4 Ff 22 55 85 F1 3 1Y)
AHOC HE Rl #E 17 qPCR 23 #7220 plb 2 1 & 4 45
SYBR* Premix Ex Taq™ [| (TaKaRa) 10 pl aE
FIa g1 ) 4 i S 0.3 pLs B B 10 X eDNA £ AR
L pL @Ak 8. 4 pls RN FEF K. 94 C HA% P
4 min;94 C7AE4E 20 .56 CiB k 20 s,72 C L Afifi
40 s,40 NMEH, FBHE 3 R ALEEH 7300 Real Time
PCR System SZHf Y6 E & PCRAY . FlFH Excel 2007
BAFHEAT A S A 2729 9k, DL FxLs-11-37 24
Xof B, HEA T 22 S A 1 BRH DG PR AR X Rk 1 43

2 RS0

2.1 EREGESLEAMERERZEMERK . SPAD &
MEGERENTL

SRR AR B R R FxLs-11-37 HoAr, Yo fa 4 m
fER kR 2 A3 & 2RIk L SPAD 1 Fl G & R 1Yy
RAETRFWAL, Hrpb, H Ak R A3 R
B 1 Ak PR A R R RS AR A8 A I B R DL B
W AR LIt S 9 DA R i ok A MR R AR (3R
2) s B A1) SPAD l (48. 29) B 8 55 T FxLs-
11-37(39. 81) , H: 4 it i) SPAD {i (33. 83) W& &5 T
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FxLs-11-37(30. 53) (3 3); K& 1800 4b, H 4 i) Bt
A3 M B EOE A R FxLs-11-37 # (£ 3) .
2.2 HEGESSHETEFESHNEREAQASTN
2 PDQuestTM 2-D Analysis #4545 #7,3 &
ARG S A BN BT e S SRR ER
L FIL R EOE Y R 73. 5% , W B MR, 3R
A5 00 Y g R i A% B S o i M BB S MR 2-
DE K3 (8 1) ,FxLs-11-37 5 A3 & [ 5t 1Y 43 A B
AL, S8 B s 8O it 700 A4S AR h A3 A 7
SEEL A A~T FI4 T 14, 4~66. 2 kD JE BN, LU
REBRKT LSMEAESF N RBERREEAR

8 AN A3 RIK BB 2 AT A 16 4> Hop R
i 2 52 A 4 A ISRl 8106,
8515, 8006, 5121, & MALDI-TOF-MS/MS $; &
HEATSEE 3 4 A 22 5 8 11 B2« A 32 5
al-E(major strawberry allergen Fra al-E,8106) .#%
AN — ¥% B8 1% 2 1 1 Cheterogeneous nuclear ri-
bonucleoprotein 1,8515) | I &% A& f 3 Bk 3 & 0 1
(lipoyl synthase 1,chloroplastic,8006) . NAD(P)H
Jbt SR (D FQRL 26 L 1 5t (NAD(P) H dehy-
drogenase (quinone) FQRI1-like, 5121, 3 4), X &&
ZREAR DT —DHEDHRXR.

x2 IRGESSEEIEAESNTSSARZHER
Table 2 Some agronomic traits of FxILs-11-37 and A3

A& B 7 N 5 - R iR/ SR

Line Height/cm Leaf length/cm Leave width/cm Leaf thickness/mm Crown diameter/cm
FxLs-11-37 13.15a 4.97a 4.59%a 0. 35a 20. 80a

A3 11.8b 6.02a 6. 46b 0. 54a 25.31b

1« e R 9 B 5 R R /5 FRER R FxLs-11-37 55 A3 i) 25 57 i % (P<<0. 05), F [A]
Note: Different normal letters at the end of figure on the same column indicate significant differences (P<C0.05). The same as below
®3 IREGESSHIEEESHN SPAD HEfSALSER
Table 3 SPAD reading and net photosynthetic rate of FxLLs-11-37 and A3

SPAD {# SPAD reading
Br A

#t A H % H 314 Net photosynthetic rate /(pmol » m™2 « s71)

Line AR 2t 7.30

Functional leaf Young leaf

9:00 10:30 12:30 15:00 16:30 18:00

FxLs-11-37 38.21a 30. 53a 3.28a

A3 48.29b 33.83b

10.15b

7.80a 6.27a 4. 04a 5.61a 5.69a 1. 14a

11.15b 9.76b 9.49b 6.41b 8.96b 1. 04a

4 IEF 7

IEF 7
Mr/kD

116.0
66.2

45.0
35.0

25.0

18.4

14.4

BERFRREATTRBE KT 1L5~2.0 1 14 DMEAS A BB FRREARRKZEFAKTLE 2.0 520 By 4 MEA LG
Mr N4y F & Marker
Bl A AR A A A 0 i R X ] 3 R Uk I

The 14 proteins whose expression levels had a 1. 5—2. 0 times change were marked in dark numbers, and the 4 proteins whose

expression levels had more than 2. 0 times change were marked in white numbers. Mr. Molecular weight marker

Fig.1 Two dimensional electrophoresis maps of FxLLs-11-37 and A3 strawberry leaves
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Table 4

Identification of differentially expressed proteins between the FxLs-11-37 and A3 strawberry leaves by

MALDI-TOF-TOF-MS-MS

YE\,S‘\\’?‘ P;’J\ﬁ—\\fb'\ e \ﬁ,\\'g\ < )

Al T s
PR R 8 BT s R B R R R Rk

K2 R RESH R 2 5 R E R

R AR N PR e i 3k
Block diagram. Protein abundance; Line segment.
Gene expression level
Fig. 2 Differentially expressed proteins and their
corresponding gene expression levels in FxLs-11-37

and A3 leaves
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XF A3 5 FxLs-11-37 22 57 2 [ i3 AH K 5 A
1T qPCR ik 4H1, A3 5 FxLs-11-37 M, Hi k5
B R a 1-E B A Rk 5T R 230 %0 . R AR
TR TR 040%0 s R — MR EN 1 HAKE
i TR 410 %0, 56 A X 2R 5K T B 350065 4
PR T 5 il 12 1 Rk N R 4102, 3L
AT 3k &8 T R 120%; NAD (P) H i &0 (D
FQR1 &I (A 5 (A fk FQR1D) F ik & F F 280%,
FE AN F kB TR 140%, 4 M ERBEARKE
T B LA N DR A Sk R 3k et R B L T R B D
(F 2,

AL =% P 5 oIy .
gioy ST BWA oy BER gam E R A S
Spot . T Score ? fn%ﬁ_ Accession no Protein name Source organism
weight/kD point SC/ % >
) - < - A E B R al-E A A
8106 17766 6. 13 028 62 CAJ85645. 1 Major strawberry allergen Fra a 1-E~ F. I—|>< ananassa
BN — R EA 1 R
8515 42 353 6. 54 353 25 XP_004296398.1 Heterogeneous nuclear ribonucleo- I;F':;(+/t\ Hlﬁ <ubs .
protein 1 . wvesca subsp. vesca
8006 39 940 8. 82 11 1 XP_011463424. 1 ;'Jf%‘?‘ﬁ*@’t%/ﬁ'\% 1 » R
_ipoyl synthase 1, chloroplastic ¢ F. wesca subsp. wesca
NAD(P) H JIi & B (i) FQR1 262K 2R MK RS
5121 21 796 5. 80 369 10 XP_001293489.1 F & NAD (P) H dehydrogenase g TP HE -
(quinone) FQRI1-like - vesca subsp. wesca
90 000 8106 MHIS8S1S 748006 EEEE 5121 1.2 . A
80 000 3 T/TJ‘ e
o
o 1.0 3 I
2 70000 l\ P 2 A% VR A DR HG R A S i ) B L i 2 A
=} B
£ 60000 08 = HA UK A Y P 0 SRR, T A
< -
S <0 S ST T 5 U e e A
S 0.6 © L i
E o S BEPLEG A B B i 1 0 B I L
o 04 & FERALELIIE, DA 4E B A S N AL A R e AN
: g - N 7 =t N
T o000 = UL A RIS A S 2 A EIE U 5
o FFEMAALA %, (RN L%l i DNA
10 000 ) . N o
[ Fefb A P CRNA T8 L 5] 4 b 255 7 X

KRR FE N R A IR PR A B M R R L A
R I A5 R R R AR R AR A R AR L i
F VR L R S B R AR A AR R L A R
i (SPAD i) 48 /5 HH B & 193506 & R, X
G o e R R N 7 R A OB U IV o B LR

H ) S o AR A% T o 5 B ) 000 R P
VERONE A 22 A5 A Ak K 1E — RGN AR Ak, 36 58 22 5 A
B R R R E R a 1-EME N A H
5 B AH R G 0 —FB 53+ S 5 AH W0 B A8 2 7« 2 R A
QAR Wy SR S5 I YR I B LT A LE I R AR
PN Ao B AU L A 32 05 I D A e i o U
ST s AR AR B R A B 1 SE N T RE S S R Bt
0N 3585 S E Tk M BGE B P B IR 3
S Th s WA IR R OISR, B oE BE A K L AR
AU R B R R R A R T AR S T A R
Fi bk ZR P ME BGE B PESR A 9. Avery Al Pottorf-"
B 2Rk AERKEFZE TR S A KR & RIK
TR A RS A G FQR] B H Z A K R 1T
SN AR RS B, FORT ik & Wk, Xl
A2 A A R A T ) A R R A R A K 2
MR Z — .
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