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Abstract 

Tomato (Solanum lycopersicum) is a perennial plant belonging to the nightshade 

family (Solanaceae). In Taiwan, tomato is one of the most frequent causes of allergy 

among vegetables. Sola l 1, a profiling is a major allergen in Tomato. Due to the high 

identity in amino acid sequence among plant profilins, cross reaction usually happens

among tomato, other allergenic foods, and pollens. The aim of this study was to 

construct analytical platforms by using both immunochemical and molecular biological

methods for tomato allergen Sola l 1. First of all, we cloned a 396 bp cDNA of Sola l 1 

from tomato ’ ’ and produced recombinant protein with E. coli expression system.

The recombinant protein was named rHis-Sola l 1, and its molecular weight was 34 

kDa. Second, this protein was used as an antigen for mouse immunization and 

monoclonal antibodies production. However, the specificity of the monoclonal antibody

against rHis-Sola l 1 protein was not as well as expected. The hybridoma for 

monoclonal antibody production had to be further selected. In the determination of Sola 

l 1 mRNA expression, the primer pairs of real 5, Actin3, and 18S1 yielded the optimal 

results in PCR efficiency and PCR quantitation slope for relative quantification. After 

the analytical platforms were constructed, we selected twenty tomato cultivars for 

determining the mRNA expression of Sola l 1. Furthermore, five growth stages of 

tomato ’Tanya’ were selected for discussing the relationship between growth stages and 

mRNA expression of Sola l 1. The results indicated that the mRNA expression of Sola l 

1 over cultivars would be different, but the variation trend of the protein expression of 

Sola l 1 was not the same as mRNA expression. The mRNA expression of Sola l 1 

would decrease along with early growth stages, but increased in the overipen stage of 

tomato’Tanya’; however, the variation trend in protein level was not significant. The 

quantitative analysis platform of Sola l 1 protein has to be further evaluated. Finally, we 
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have constructed analytical platforms for evaluating tomato Sola l 1 allergens in gene 

level.

Key words: Solanum lycopersicum, tomato allergy, profilin, Sola l 1, gene cloning, 

quantitative analysis.
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1.1.

B

B (plasma 

cells)

B

B

1.2.

IgE 

IgE 

(Curotto de Lafaille et al., 2009; Luccioli 2012; Ruiter and Shreffler, 2012)

A. IgE (IgE-mediated food allergy)
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B IgE 

IgE 

( )

(Cianferoni and Spergel, 2009)

B. IgE (non-IgE-mediated food allergy)

(cell-mediated food allergy)

T (Lee and Burks, 2006)

(tolerance) IgE T

4-48 

(food intolerance) IgE 

(Bulks

et al., 2012)

(oral tolerance) T

(Adaptive Foxp3+CD4+ regulatory T cells, iTreg) 

T

(reviewed by Curotto de Lafaille et al., 2009)
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1.3.

(food allergy) (foodborne illness) 

33%

(Hughes and Mills, 

2001) 2.5% (Costa et al., 

2012) 2-8%

2%  (Cianferoni and Spergel, 2009)

2004 (Food Allergen Labeling and 

Consumer Protection Act of 2004, FALCPA 2004) FDA 2006

(major food allergen) 

(Gendel, 2013)

(CAC Food Standards 4.2.1.4) (2000/13/EC, 2003/89/EC)

(Directive 2006/142/EC) ( , )

( )

(Gendel, 2013; Luccioli 2012)

2014 

1.4.

(cross reaction) (Fedorov et al., 1997)
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1942

(Tuft and Blumenstein, 1942)

IgE 

B IgE

Sola l 1 Sola l 1

IgE Sola l 1

( )

1.5.

(Sampson, 2008; Rancé et al., 2005; Harrop et al., 2007; Ventura et al.,

2010)

(Wu et al., 2012)

1.6.
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(Heick et al., 2011

Costa et al., 2012)

2.1.

(reviewed by Ballmer-Weber and Hoffmann-Sommergruber, 2011):

A. (lipid transfer proteins, LTP) Prolamin 

supersamily LTPs 26 7-9

kDa, Ara h 9 Tri a 

14 LTPs 

LTPs LTPs 

Sola l 3, All c 3, Dau c 3, Pru p 3 
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B. (profilin) profilin 24 

LTP 

profilin profilin LTP 

profilin Sola l 1, Api g 4, Cit 

la 2, Man i 3 1942 Tuft Blumenstein 

Bet v 2 Bet v 2 

profilin 

C. (major white birch pollen allergen, Bet v 1-related 

protein) Bet v 1 17 17

kDa, latex 

Bet v 1 

Bet v 1 Sola l 4, Api g 1, Dau c 

1, Mal d 1 

D. (Thaumatin-like proteins) 

Thaumatin-like 7 20-25 kDa, 

Thaumatin-like Act d 

2, Mal d 2, Vit v Thaumatin 

E. (endochitinases) endochitinase 

6 25-35 kDa, 

endochitinases Mus xp Chitinase, 

Pers a 1 

F. (β-1,3-glucanases) glucanase 

5 25-35 kDa, 

-1,3- glucanase Sola l

Glucanase, Mus a Glucanase



7 

G.

peroxidase, 

5.7 - 11.5% (Zuidmeer et al., 2008)

2.2. profilin profilin-pollen 

profilin (actin) (binding and regulatory 

protein)

(Staiger, 2000 Wasteneys, 2000

McKinney et al., 2001 )

profilin 14-16 kDa

(Gibbon and Staiger, 2000; Ramachandran et al., 2000; McKinney et al., 2001)

1991 profilin Bet v 2 (Valenta et al., 

1991)

profilin (Valenta et al., 1992; Vieths et al., 2002; L pez-Torrej n et al.,

2007)

Profilin 

profilin 75% (Radauer et al., 2006) Hauser 

39 profilins Profilin 

90% (Hauser et al., 2010) profilin 

(Bulks et al., 2001) 20%



8 

IgE profilins (Willerroider et al., 

2003)

IgE (Ebner et al.,1995) profilin

3.1.

(Solanum lycopersicum)

1895 

( 1992)

( 1992)

1753 Linnaeus (genus: 

Solanum) Solanum lycopersicum 1768 Philip Miller 

(genus: Lycopersicon) Lycopersicon 

esculentum 2000 2000 

Solanum lycopersicum

2000 

Charles Rick (Lycopersicon 

esculentum) (L. pimpinellifolium) (L. cheesmanii)
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(L. parviflorum) (L. chmeilewskii) (L. hirsutum)

(L. chilense) (L. peruvianum) (L. pennellii)

(Gould, 1983 Hancock, 1992)

(Primavesiet al., 2011)

3.2.

2.6 0.9 0.2 0.1 C 14

E 0.54 

(Petr et al., 

2005)

3.3.

2010 4700

( 2009 2013

2014)

22

11 
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21

( 2009 2013 2014)
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4.1.

ECRHS 

(Burney et al., 2010)

(Primavesi et al., 2011)

1.5 16

: (18%) (16%) (11%) (9%) (7%)

( , 2004)

IgE 

(Kondo 2001; Kondo et al., 2001)

4.2. profilin - Sola l 1

Sola l 1 (profilin, MW 14-16 kDa), Sola l 2

( -fructofuranosidase, MW 50 kDa), Sola l 3 (LTP, 6 kDa), Sola l 4 (intracellular 

pathogenesis-related protein TSI-1 of the Bet v 1 family), Sola l Chitinase (MW 31 

kDa), Sola l Glucanase (MW 55 kDa), Sola l Peroxidase (MW 45 kDa), Sola l PME 

(pectin methylesterase inhibitor) Sola l 1

22% 26% Sola l 1 IgE 

IgE 42% IgE 

Sola l 1 (Willerroider et al., 2003 Westphal et al., 2004)

Sola l 1 profilin 

profilin

profilin (Vieths et al., 2002)
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profilin IgE profilin

profilin profilin

panallergens (Foetisch

et al., 2001)

Sola l 1 profilin 2002 (Vieths

et al., 2002) 2003 396

14,257 kDa 4.46, Sola l 1 IgE 

(Willerroider et al., 2003)

Sola l 1

Sola l 1

Sola l 1 profilin Westphal 

(Westphal et al., 2004) Sola l 1

Sola l 1

IgE Bet v 2 rSola l 1

rMus xp 1 rBet v 2 80% 78%

(Westphal et al., 2004) Asero

33% 93% 68% 75%

Sola l 1 (Asero et al., 2003)

Sola l 1

(Westphal et al., 2004)

4.3.

(Armentia et al., 2003) Armentia



13

(Armentia et al., 2003) (Prick by prick test) 

12 27

IgE

(p<0.0001)

(Bleumink et al., 1967)

Kondo (immunoblotting) (green)

(breaker) (pink) (red ripening) 

(Kondo et al., 2001)

Sola l 1

profilin Sola l 1

Sola l 1 

Sola l 1

Sola l 1 

:

: Sola l 1

1. total RNA cDNA, 

GeneBank Sola l 1 Sola l 1
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pGM-T

2. Sola l 1 pET32a(+) E.coli BL21 cell 

IPTG 

(FPLC) HiTrap Chelating HP His-tag 

rHis-Sola l 1

:

1. rHis-Sola l 1 B

anti-Sola l 1

2. anti-Sola l 1 mAb 

:

1. (Real-time quantitative PCR, qPCR) 

profilin Sola l 1

PCR 

2. Sola l 1 mRNA Sola l 1 Actin

18S RNA (house keeping gene) mRNA PCR 

Sola l 1 

: Sola l 1 

1. mRNA

Sola l 1 
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2.

Sola l 1

Sola l 1

1.

a. Trizol Thermo Fisher Scientific Inc., USA

b. Sodium tetraborate decahydrate IGEPAL CA-630 Polyvinylpyrrolidone Sodium 

deoxycholate DTT Ethanol 2-Propanol DEPC NaCl SDS Sigma-Aldrich, 

St. Louis, MO, USA

c. EDTA Chloroform J.T. Baker, Phillipsburg, NJ, USA

d. IPTG X-GAL Bio 100 DNA marker Protech Technology, Taipei, Taiwan

e. Bacto-trypton Bacto-yeast extract Difco, Detroit, MI, USA

f. Agar Viognene, Taipei, Taiwan

g. Ampicillin TBE buffer amresco, Ohio, USA

h. Taq DNA Polymerase 2X Master Mix Ampliqon,Copenhagen, Denmark

i. T4 lagase New Enagland Biolabs, Inc., MA, USA

2. (competent cell)

a. E. coli DH5alpha competent cell Real Biotech Corporation, Taipei, 

Taiwan

3.

a. Clontech RNA to cDNA EcoDryTM premix Clontech Laboratories, Inc. 

USA

b. Plasmid Miniprep Purification Kit GMbiolab Co, Ltd., Taiwan

c. DNA Clean/Extraction Kit GMbiolab Co, Ltd., Taiwan

d. QIAquick Gel Extraction Kit Qiagen, CA. USA
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e. pGM-T vector systems Genomics, Taiwan

4.

a. NanoDrop Spectrophotometer Thermo Fisher Scientific Inc.,USA

b. Eppendorf Inc., Hamburg, Germany

c. ABI GeneAmp PCR System 2700 Applied Biosystem, USA

d. Mupid-2 Plus Mini-gel system Cosmo Bio co., Ltd., Tokyo, Japan

e. Syngene Gene Genius, Europe

f. KANSIN Instruments co., Ltd Taipei, Taiwan

Extraction buffer: 0.2 M Borax, 30 mM EDTA, 1% SDS, 1% Sodium deoxycholate, 10 

mM DTT, 1% IGEPAL CA-630, 2% Polyvinylpyrrolidone 

1.

’

2. RNA 

0.5 g 1.5 mL 

eppendorf 500 μL extraction buffer 65 3

eppendorf 500 μL Trizol 3 5 11,200 

rpm 10 200 μL 3

15 RNase free 

eppendorf 500 μL 10 1  

mL 75 alcohol/DEPC 8,800 rpm 5

20 1

dH2O/DEPC RNA
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2. PCR (RT-PCR)

RNA to cDNA EcoDryTM Premix (Oligo dT) Kit RT-PCR tube

5 μg total RNA PCR 

42 60 min 70 10 min Nanodrop 

-20

3.

1.5 g agarose 0.5X TBE buffer 1.5 agarose 

gel PCR DNA Marker Mupid-2 Plus Mini-gel system 

QIAquick Gel Extraction Kit 100 mg 

gel 300 μL QG buffer QG buffer 50 10

QIAquick column 

13,000 rpm 1 column 500 μL QG buffer

750 μL PE buffer

3 13,000 rpm 1 PE 

buffer eppendorf 30 μL 

1 13,000 rpm 1 eppendorf 

Nanodrop DNA 

TA cloning

4. TA cloning 

DNA pGM-T vector systems 

2.5 μL 2X Rapid Ligation buffer 0.5 μL pGM-T vector 1.5 μL PCR 
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product 0.5 μL T4 DNA Ligase 5 μL 4 14~16

-20

5.

5 μL 50 μL (DH-5alpha) 10

42 heat shock 1 10

20 μL IPTG (0.5 M) 20 μL X-GAL (50 mg/mL) (10 g/L 

Bacto-trypton 5 g/L Bacto-yeast extract 10 g/L NaCl 15 g/L agar 100 μg/L 

ampicillin) 37 18 tip 

30 μL eppendorf 1 μL M13 primer Forward 0.5 

μL M13 primer Reverse 0.5 μL Taq DNA Polymerase 2X Master Mix 5 μL 

3μL PCR PCR 94 5 min 94

30s 56 30s 72 40s 25 72 10 min 4 10 min 

1.5% agarose gel electrophoresis

LB 37

12

6. pET-32a(+)

(1) pET-32a(+)

LB pET-32a(+) vector DH-5 alpha 

OD600 nm 0.6~0.8 Plasmid Miniprep Purification Kit 

plasmid 1 mL eppendorf 13,000 rpm 1

200 μL PD1 buffer 200 μL PD2 buffer 2

300 μL PD3 buffer 3 PD 

column 13,000 rpm 30s 400 μL W1 buffer PD 
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column 13,000 rpm 30s 600 μL Wash buffer 13,000

rpm 30s 13,000 rpm 3 

PD column eppendorf 25 μL Elution buffer 

2 13,000 rpm 2 eppendorf pET-32a(+)

(2)

NCBI Sola l 1 Sola l 1 

Nco I Xho I mRNA 

cDNA (polymerase chain 

reaction, PCR) Sola l 1 PCR 94 2

min DNA 94 30 56 30

72 2 35 72 , 10 min 4 , 10 min 

Nco I Xho I Sola l 1

pET32a(+) T4 DNA ligase cDNA vector 

3:1 (transform) E. coli DH5 alpha 

E. coli BL21

IPTG 

Sola l 1

1.

a. Cellu Sep 3,500 MWCO Membrane Filtration Products, Inc., 

Seguin, TX, USA

b. NaCl SDS Na3PO4 IPTG Imidazole Sigma-Aldrich, St. Louis, MO, USA
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c. Tris-base Tween-20 J. T. Baker, Phillipsburg, NJ, USA

d. APS TEMED polyacrylamide Bio-Rad Laboratories, Inc., USA

e. Coomassie Brilliant Blue methonal Tris-base Mallinckredt Baker, 

Kentucky, USA

f. NBT/BCIP 1-Step Solution Thermo Fisher Scientific Inc., IL, USA

g. HRP-goat anti mouse IgG KPL (Kirkegaard & Perry Laboratories Inc. 

USA)

2.

a. Vivaspin20 3 kDa MWCO HiTtrap Chelating HP 5mL HiTtrap Q HP 5mL 

GE Healthcare, Piscataway, NJ, USA

b. Äkta Purifier (fast protein liquid chromatography, 

FPLC) Amersha Bioscence, Uppsala, Sweden

c. Nanodrop Thermo Fisher Scientific Inc.,USA

d. Mini-protein Bio-Rad Laboratories, Inc., USA

e. TRANS-BLOT CELL Bio-Rad Laboratories, Inc., USA

f. Syngene PXi4 J&H Technology Co., Ltd.

g. 0.22 μm PVDF membrane Millipore Corporation, Brillerica Massachusetts, 

USA

Transfer buffer : 500 mL , 4.426 g CAPS, pH 11, 2500  mL

TBS buffer : 50 mM Tris base, 150 mM NaCl, pH 7.5

TTBS buffer : TBS buffer 0.1% Tween-20

Block buffer : TTBS buffer 1% BSA

Bindong buffer: 0.02 M sodium phosphate, 0.5 M NaCl, 5 mM imidazole, pH 7.4 
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Elution buffer: 0.02 M sodium phosphate, 0.5 M NaCl, 0.5 M imidazole, pH 7.4

1.

BL21 1 mL LB 

12 stock 10 μL 5 mL LB 37 12

1 L LB 16-18 400 μL IPTG (1.0 M) 

9,400 

rpm 0.2 μm 

(FPLC) 

2.

Äkta Purifier HiTrap Chelating HP 5 mL 

binding buffer (0.02 M sodium phosphate, 0.5 M NaCl, 5 mM 

imidazole, pH 7.4) elution buffer (0.02 M sodium phosphate, 0.5 M NaCl, 0.5 M 

imidazole, pH 7.4) 0.2 μm 4

0.1 M NiSO4 Ni resin binding buffer 

His-taq SDS-PAGE 

13.5% SDS-PAGE 

Äkta Purifier 

HiTrap Chelating HP 1 mL 

13.5% SDS-PAGE 
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3 kDa Vivaspin 20 Tris 1 mg/mL 

4 °C -20 °C

3. SDS (SDS-polyacrylamide slab gel electrophoresis SDS-PAGE)

SDS 13.5 % 

polyacrylamide gel

13.5 % polyacrylamide running gel (2.55 mL polyacrylamide 1.5 M Tris-base (pH 

8.8) 1.875 mL 10% SDS 75 μL 10% APS 50 μL 3 mL 

TEMED 5.5 μL) stacking gel 

running gel 

4% stacking gel (400 μL polyacrylamide 1.5 M Tris-base, pH 6.8 1 mL

10% SDS 40 μL 10% APS 30 μL 2.56 mL TEMED 3.4 

μL) stacking gel 20

40

Tank buffer (3 g Tris-base 14.4 g glycine 10 mL 10% SDS

1 L) 20 μL dye 4 μL 

60 110 

stacking gel Coomassie Blue 15 30

(Syngene Genegenins) 

4. (Western blotting)

SDS-PAGE PVDF 

transfer buffer PVDF 
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400 mA 4

1.5 blocking buffer 4

blocking TTBS buffer 3 10 

anti-Histag TTBS buffer 3

10 500 (HRP-goat anti mouse IgG) 

TTBS buffer 3 10 TMB membrane 

Solution 

1.

a. BALB/c, Female 

2.

a. Imject Alum Thermo Fisher Scientific Inc., IL, USA

2.

a. 5 mL 26G Terumo, Tokyo, Japan

b. 0.22 μm Minisart Sartorious, Goettingen, Germany

: 10% Imject Alum 500

μg protein/mL

BALB/c
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50 μg

ELISA 

boost

50 μg

1.

a. BALB/c, Female 

b. Mouse X63Ag8.653 myeloma cell American Type Culture Collection, 

Manassas, VA

2.

a. RPMI-1640 medium Hyclone, Logan, UT, USA

b. FBS 100X PSN GIBCO, Life Technologies, Carlsbad, CA, USA

c. Gentamycin Kenamycin Amresco, Solon, OH, USA

d. LPS-EK Ultrapure Pam3CSK4 InvivoGen, San Diego, CA, USA

e. Granulocyte-macrophage colony-stimulating factor, GM-CSF PeproTech,

Rocky Hill, NJ, USA

f. KCl NaCl NH4Cl EDTA trypan blue Sigma-Aldrich, St. Louis, MO, 

USA

g. Na2HPO4 KH2PO4 Riedel-de Haën, Seelze, Germany

h. KHCO3 J. T. Baker, Phillipsburg, NJ, USA

i. 95% ethanol , New Taipei City, Taiwan

j. Polyethylene Glycol 1500 (PEG 1500) Roche, USA
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k. HAT 50X media supplement HT 50X media supplement GIBCO, Life 

Technologies, Carlsbad, CA, USA

3.

c. 50 mL 15 mL 25 mL 10 mL stripette 6 cm dish

40 μm Cell Strainer Corning Life Science, Tewksbury, MA, 

USA

d. 76 × 20 mm KIMBLE, Gerresheimer group, USA

e. 0.1 mm deep Reichert Inc, NY, USA

f. Hera Labofuge 400 Heraeus, Hanau, Germany

70% 740 mL 95% 1 L

PBS 0.2 g KH2PO4 8.01 g NaCl 0.2 g KCl 1.15 g Na2HPO4

pH 7.2 1 L 4

°C

RBC lysis buffer 155 mM NH4Cl 10 mM KHCO3 0.1 mM EDTA 

0.22 μm Minisart 4 °C

RPMI-1640 medium 10% FBS 1% 100X PSN 0.1% 10 mg/mL 

Gentamycin 0.1% 10 mg/mL Kenamycin

0.4% (w/v) trypan blue 2 g trypan blue 50 mL 

10 1 0.4% trypan 

blue

1.
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4-6 BALB/c

PBS 

1,500 rpm 5

1 mL RBC lysis buffer 1 2 PBS 

10 mL 1,500 rpm 5

2.

PEG RPMI 37 X63

1:5-1:10 1,500 rpm 5

RPMI 25 mL 1,500 rpm 5

37

1 1 mL PEG 1 1 mL 

RPMI 3 RPMI 37 5

1,500 rpm 5 1 mL RPMI-FBS-HAT

45 mL 24 37

37°C 5% CO2

3.

ELISA 
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1.

a. NaCl KCl K2HPO4 BSA Sigma-Aldrich, St. Louis, MO, USA

b. Na2HPO4 NaN3 Riedel-deHaën, Seelze, Germany

c. Polysorbate 20 (Tween 20) H2SO4 J. T. Baker, Phillipsburg, NJ, USA

2.

a. 96 Corning Life Science, Tewksbury, MA, USA

b. ELISA reader EnSpire 2300 Multilabel Reader Perkin Elmer Inc., USA

ELISA wash buffer 50 mM Tris, 0.14 M NaCl, 1% BSA, 0.05% tween 20, pH 8.0

2 M H2SO4

50 

μL 1

(blocking buffer) 50 μL 30 

50 μL 1

50 μL (horseradish peroxidase) 

20-30

4 50 μL 3,3′,5,5′-Tetramethylbenzidine 

(TMB)

H2SO4
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450 nm 

Real-time PCR

1.

a. iQTM SYBR Green Supermix Bio-Rad Laboratories, Inc., USA

2.

a. MyiQTM Single Color Real-Time PCR Detection System Bio-Rad 

Laboratories, Inc., USA

1. Sola l 1

NCBI Sola l 1 Sola l 1

18-25 bp 

PCR ( )

( )

10-1 10-4

10-15 

55°C 71°C

PCR 

melting curve PCR
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efficiency 90%~110% Slope -3.6~-3.1

2. Sola l 1

RNA total RNA 

RT-PCR cDNA cDNA

Actin 18S rRNA (housekeeping gene)

(housekeeping gene) 

10-15 61°C 34

1.

a. ACN DTT Formic acid Tripsin IAM Sigma-Aldrich, St. Louis, MO, 

USA

b. NH4HCO3 Riedel-deHaën, Seelze, Germany

2.

a. Savant SpeedVac SC110 Vacuum Concentrator Thermo Fisher Scientific 

Inc., IL, USA

1. In gel digestion

a. Reduction and alkylation:
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SDS-PAGE 2~3 

mm3 1.5 mL eppendorf 1 mL 40% ACN in 0.1M NH4HCO3

10 1 mL 

100% ACN

5 50

μL 10 mM DTT in 0.1 M NH4HCO3 56 1

1 mL

30 50 μL 55

mM IAM in 0.1M NH4HCO3 45

1 mL 40% ACN in 0.1M NH4HCO3

1 mL

30

b. Digestion

1.5 mg/mL trypsin 0.1 M NH4HCO3

1/20~1/100

0.1 M NH4HCO3

37

c. Extraction

eppendorf

50% ACN in 0.1% formic acid 3 30

80% ACN in 0.1% formic acid 10 1

10 μL 0.1% formic acid 

-20

2.
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1.

a. Master-M Atago Co. Ltd., Japan

b. pH Lutron Electronics, Inc., Taiwan

1.

100 μL

2.

pH

pH

BABL/c 

(triplicate, n=3)
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(repeated at least twice) SAS 

p<0.05 
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rSola l 1

1.1. Sola l 1

Sola l 1 

0.9% 

(profilin) Sola 

l 1 

Sola l 1 Trizol-modified method total

mRNA ( A) PCR 

agarose gel PCR 

cDNA 396 bp ( B)

TA cloning pGM-T vector E.coli DH5α

NCBI nucleotide blast 

Sola l 1 100% identity Sola l 1 

1.2.

Sola l 1 pET32a(+) vector

pET32a(+) N multiple cloning site Histidine 

His-Tag His-tag 

E.coli DH5α pET32a(+)
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Nco I Xho I Sola l 1

pET32a(+) ( ) NCBI nucleotide blast 

pET32a(+) His-tag Sola l 1 His-tag

Sola l 1 Identities 572/572 (100%) ( )

Sola l 1 pET32a(+) E. coli DH5 alpha

plasmid BL21

LB 37

1 mM IPTG 37 2

SDS 34 kDa 

9,500 rpm -80

binding buffer 

FPLC HiTrap Chelating 

HP 5 mL column 60% elution buffer

( )

SDS-PAGE western blot anti-His

34 kDa ( A B)

pET32a(+) E.coli BL21

IPTG 20 kDa Sola l 1 14 kDa

34 kDa 

34 kDa 

rHis-Sola l 1

rHis-Sola l 1 pET32a(+) His-tag

rHis-Sola l 1 enterokinase FPLC 
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enterokinase SDS-PAGE

Enterokinase 34

kDa 14 kDa ( ) Sola l 1 14 kDa

FPLC HiTrap chelating HP column

HiTrap Chelating HP column His-tag Sola l 1

unbind ( ) FPLC SDS-PAGE western blot 

SDS-PAGE Coomassie Blue

unbind 14 kDa ( ) rSola l 1

rSola l 1 His pET32a(+) 

Anti-His anti-His 

( A B)

in gel digestion 

profilin Sola l 1 

NCBI profilin Sola l 1 

sequence coverage 45% ( )

rSola l 1

Sola l 1

2.1.

(Western blot)

(sandwich ELISA) 
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His-tag rHis-Sola l 1

rSola l 1 rHis-Sola l 1 

(Intraperitoneal 

Injection, I.P.) (BABL/c)

boost

B (X63 cell) 

rHis-Sola l 1 ( )

anti-Sola l 1

Sola l 1 (Sola l 1 epitope) ( )

pET32a(+) His-tag (His-tag peptide) ( )

2.2.

21 (

)

21 (Dot blot)

(Western blot) 21

rHis-Sola l 1 Sola l 1 epitope His-tag peptide Fve 

LZ8 HMP ( )

( )
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sandwich ELISA 

SDS-PAGE 

Sola l 1

3.1.

(Real-time quantitative PCR) qPCR (Quantitative 

real-time PCR) PCR DNA 

PCR Real-time PCR 

PCR PCR 

(agarose gel) DNA 

100 bp 200 bp

melting curve PCR efficiency Slope DNA 

melting (Tm value) (DNA) 

melting curve PCR PCR 

efficiency Slope Master mix

4 logs 10-1 10-4

Ct value PCR efficiency

PCR efficiency 90%~110% Slope -3.6~-3.1
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melting 

curve PCR efficiency Slope

profilin Sola l 1

( ) actin 18S rRNA 

( )

total mRNA RNA to cDNA EcoDryTM Premix

cDNA real-time PCR cDNA 

cDNA cDNA

SYBR Green supermix 

55°C 71°C

real 1 melting curve (

) real 1 PCR 

( ) real 2 real 3 real 4 melting 

curve PCR efficiency slope

real 5 Sola l 1 PCR efficiency

104% slope -3.23 Actin 3 ( ) 18S 1 (

) PCR efficiency slope 99% 102% Slope -3.3

-3.23 ( )
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Sola l 1

4.1.

Sola l 1

( )

( )

(over ripen) 

( ) -80 C

‘ ’

4.2.

Ct value Ct value 

PCR 

cycle number Ct value

Ct value Ct value 

PCR 

:

dCt Ct(test)-Ct(Reference)

ddCt = - (dCt(test)- dCt(control))

ddCt 

4.3.
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mRNA cDNA

NanoDrop 

( ) Real-time PCR 

real 5 Actin 1 18S 1

‘ ’

Sola l 1 4

Sola l 1 5 ( )

SDS-PAGE 

14 kDa ( )

( A) 14

kDa Sola l 1 Image J 

Sola l 1 

( B)

Sola l 1 

IgE ( )

4.4.

Tanya ( )

( )

(mature green)

(turning): 10-30 (pink):

30-60 (red): 90%

(over ripen):
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1.0 Sola l 1 

( )

SDS-PAGE 

( )

Image J ( )

Sola l 1 

Sola l 

1 IgE ( )
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1.1. Sola l 1 

Sola l 1 

(profilin) 

Sola l 1 

1.2.

(Poms et al., 2004) Moreno-Grau ELISA 

(Moreno-Grau et al., 2006) Koppelman 

(Koppelman et al., 2001)

(Ree et al., 2008) 2008

Ree 

ELISA (Ree et al., 2008)
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2.1. rHis-Sola l 1 

E (Immunoglobulin E, IgE)

IgE (Williams, 

2003) IgE

(Gould et al., 2003)

IgE

enterokinase 

rHis-Sola l 1 rHis-Sola l 1 His-tag 

FPLC 

His-tag Sola l 1

rHis-Sola l 1 

2.2.

Sola l 1 (Sola l 1 epitope)

pET32a(+) His (His-tag peptide)

Sola l 1 (Sola l 1 epitope)

( )

profilin
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2.3.

rHis-Sola l Sola l 1 

epitope His-tag peptide His-tag peptide

6 His

Sola l 1 

(Dot blot) (Western blot) 

IgE IgG

(Poms et al., 2004)

(L’Hocine and Boye, 2007)

enterokinase His-tag rSola l 1

His-tag 

3.1. (Real-time PCR)

(Costa et al., 2012)
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Sola l 1 profilin

(L’Hocine and Boye, 2007 Poms et al., 2004)

200 μg

(Stephan 

and Stefan, 2004)

PCR 

10 ppm (Stephan and Stefan, 2004)

3.2.

profilin Sola l 1 

profilin 

Sola l 1 profilin profilin

Real-time PCR 55 C 71 C

real 5 Sola l 1 

melting curve PCR efficiency slope 

real 5 55 C 68 C

(data not shown) Actin

3 18S 1 61 C PCR efficiency slope real 5 
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4.1. Sola l 1 

Sola l 1 

Sola l 1 4 Sola l 1 

4-5

profilin (actin) 

(Staiger, 2000 Wasteneys, 2000 Meagher et al., 2000 )

profilin actin 

(Radauer and Hoffmann-Sommergruber, 2004)

profilin

SDS-PAGE Ara h 

1 Ara h 2 12-16% 5.9-9.3% 

(Koppelman et al., 2001)

IgE Ara h 1 Ara h 2 ELISA 

Ara h 1 Ara h 2 (Koppelman et al., 

2001)
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Sola l 1 

Sola l 1

Sola l 2 Sola l 3 Sola l 1 

Sola l 1 

4.2. Sola l 1 

Tanya 

(green) (turning) (pink) (red) (over ripen)

1 Sola l 1 

(Armentia et al., 2003) Armentia

(Armentia et al., 2003)

(Bleumink et al., 1967)



48

Kondo (green) (breaker) (pink)

(red ripening) 

(Kondo et al., 2001)

Bleumink

Bleumink

Kondo

Sola l 1 Bleumink

Bleumink

Bleumink Sola l 1

Sola l 1

SDS-PAGE 

rSola l 1 Sola l 1 

(ELISA) 

Sola l 1

Sola l 1
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profilin

profilin (Capsicum 

annuum) profilin 92% (Solanum tuberosum) 95%

( ) profilin 

profilin
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Real-time PCR Sola l 1

Table 1. The Sola l 1-specific primer sets used in real-time PCR.

Name Forward primer Reverse primer
Product

Length

real 1 ATGTCGTGGCAAACATATGTC ATTTCTTCGGGCTTGAACTGA 140

real 2 ACTTCTGCGGCTATTATTGGC CTCCTTGAATCACCATGTATTTTG 172

real 3 TTAAGAAGACCAATCAGGCTT CTAGAGACTCTGTTCTATAAGATAGT 116

real 4 TTGTGTATTACTGTCATCCTTAC CCAACCAAGTGCTCAATG 157

real 5 TCATCTCACTTCTGCGGCTAT CTTCTGGCTCTCCTTGAATCAC 188
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Real-time PCR 

Table 2. The housekeeping gene primer sets used in real-time PCR.

Name Forward primer Reverse primer
Product

Length

Actin 1 AGTTGGTCGTCCTCGTTAC GGTTAAGTGGTGCCTCAGT 233

Actin 2 ATTGCTCTTGACTATGAACAGG CTTGCTCATCCTATCAGCAATACC 291

Actin 3 TATGCCAGTGGTCGTACAACT TCAGCAGTGGTGGTGAACAT 188

18S 1 GGTGGTGACGGGTGACGGAGAAT CGCCGACAGAAGGGACGAGACGA 354

18S 2 GCTCCTACCGATTGAATGA TACGACTTCTCCTTCCTCTA 120

18S 3 GTCAGAGGTGTAATTCTTGGA GTTGAGACTAGGACGGTATC 128
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Sola l 1 Real-time PCR

Table 3. Real-time PCR efficiency and slope of Sola l 1 specific primer.

Primer name PCR efficiency and slope

real 1 Not avalible

real 2
PCR efficiency : 95.3%

Slope: -3.440

real 3
PCR efficiency : 90.1%

Slope: -3.586

real 4
PCR efficiency : 83.3%

Slope: -3.801

real 5
PCR efficiency : 104.0%

Slope: -3.230
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Actin Real-time PCR

Table 4. Real-time PCR efficiency and slope of housekeeping gene Actin primer. 

Primer name PCR efficiency and slope

Actin 1
PCR efficiency: 76.1%

Slope: -4.070

Actin 2
PCR efficiency: 82.9%

Slope: -3.813

Actin 3
PCR efficiency: 98.5%

Slope: -3.359
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18S rRNA Real-time PCR

Table 5. Real-time PCR efficiency and slope of housekeeping gene 18S rRNA

primer. 

Primer name PCR efficiency and slope

18S 1
PCR efficiency: 102.0%

Slope: -3.275

18S 2
PCR efficiency: 244.0%

Slope: -1.864

18S 3
PCR efficiency: 89.8%

Slope: -1.010
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Table 6. The information of cultivar names, origins, and comments for twenty 

tomato cultivars used in this study.

1 UC204A US Processing tomato

2 Tanya AVRDC Popular in Tanzania/East Africa

3 Tengeru 97 AVRDC Popular in Tanzania/East Africa

4 Arka Maghali India Reported to be drought tolerant

5 NCEBR-6 US fresh market line

6 CLN3339FA AVRDC High anthocyanin

7 T5020 USDA high carotenoids (crimson and high 

pigment genes

8 CLN3070J AVRDC high lycopene

9 BMZ51F2-67-1-30 AVRDC high rutin (flavonoid)

10 CLN2070A AVRDC high beta-carotene
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( )

Table 6 (continued). The information of cultivar names, origins, and comments for 

twenty tomato cultivars used in this study.

11 ASVEG#20 AVRDC dark green shoulder

12 CLN3125P AVRDC TYLCD resistance, fresh market/processing

13 00-Q-78 China Fresh market pink fruit

14 LA1320 TGRC S. lycopersicum var cerasiforme

15 LA1310 TGRC S. lycopersicum var cerasiforme

16
PTC1-96-2

Okhaldhunga
Nepal High acid

17 Pusa Ruby Nepal High acid

18 Siberia Russia early maturity

19 Taiwan
Popular in Taiwan, and it was bought from the 

Taiwan market

20 Taiwan
Popular in Taiwan, and it was bought from the 

Taiwan market
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Table 7. The cDNA and protein concentration, sugar degrees, and pH levels of 

different tomato cultivars.

Cultivar 
number

cDNA 
concentration

(ng/μL)

Protein 
concentration

(mg/mL)

Sugar 
contents
(oBrix)

pH levels
(pH)

1 1732.2 2.72 5.8 4.02
2 1307.5 1.26 6.8 3.93
3 1773.7 2.36 5.0 4.16
4 1655.8 3.69 5.0 4.10
5 1659.1 1.98 6.8 4.06
6 1850.0 1.00 4.0 4.18
7 2136.8 0.99 8.0 4.28
8 2010.9 1.03 4.8 4.29
9 1678.0 1.68 3.0 4.14
10 1461.7 4.22 5.0 4.22
11 2042.6 2.10 4.2 4.24
12 1907.7 2.22 5.2 4.32
13 2033.8 1.17 5.0 4.19
14 1318.4 1.11 5.4 4.30
15 1725.6 2.75 5.2 4.25
16 1743.3 2.26 5.0 4.01
17 1532.6 3.47 5.0 3.92
18 2283.2 1.88 5.2 4.33
19 1538.4 3.8 5.0 4.10
20 2504.8 6.5 9.2 3.92
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Tanya

Table 8. The cDNA and protein concentration, sugar degrees and pH levels of 

tomato’ Tanya’ in five growth stages.

Growth stage
cDNA 

concentration
(ng/μL)

Protein 
concentration

(mg/mL)

Sugar 
contents
(oBrix)

pH levels
(pH)

2-1 3342.4 1.26 6.2 4.35
2-2 1940.8 2.09 6.4 4.0
2-3 3010.0 1.01 6.4 4.0
2-4 2053.8 2.11 6.6 4.05
2-5 2216.5 1.00 6.8 3.93
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(A)

(B)

Sola l 1

Fig. 1. Cloning of tomato allergen Sola l 1.

(A) Cloning of tomato allergen Sola l 1 primer design. Primers were designed based on 

nucleotide sequence from NCBI gene bank. (B) The product was 396 bp and amplified

at 56 .
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CCCATGGAAATGTCGTGGCAAACATATGTC CCCCCTCGAGCTAGAGACTCTGTTCTATAAG

396 bp
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rHis-Sola l 1

Fig. 3. FPLC elution profile of the of recombinant tomato protein rHis-Sola l 1 

using affinity exchange with HiTrap chelating column.

His-Sola l 1 was eluted by 60% elution buffer (marked in gray lane). The total 

collection volumn of target protein was about 4 mL.



70

(A)

(B)

SDS-PAGE rHis-Sola l 1

Fig. 4. SDS-PAGE analysis and western blot of rHis-Sola l 1 and purified rHis-Sola 

l 1.

(A) SDS-PAGE analysis of rHos-Sola l 1. (B) Western blot of rHis-Sola l . Lane 1: the 

crude protein extracts of rSola l 1. Lane 2-5: purified rSola l 1. A 34 kDa fusion protein 

was detected by anti-His antibody.

M 1 2        3       4      5

43
34
26

17

10

kDa

M 1 2      3   4 5

43
34
26
17

10

kDa

rHis-Sola l 1

rHis-Sola l 1



71

SDS-PAGE rSola l 1 His-tag

Fig. 5. SDS-PAGE analysis of rSola l 1 after removing His-tag residue.

Lane 1: Fusion protein rHis-Sola l 1, lane 2: His-tag-removed rSola l 1. The His-tag was 

removed by enterkinase enzyme.
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rSola l 1

Fig. 6. The elution profile of the secondary purification of tomato rSola l 1 using 

HiTrap Chelating column attaching to FPLC system.

Tomato allergen rSola l 1 was eluted in the unbind fraction (marked in gray lane).
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SDS-PAGE rSola l 1

Fig. 7. SDS-PAGE analysis of secondarily purified rSola l 1.

Lane: rSola l 1 after removing His-tag residue. The molecular weight of 

His-tag-removed rSola l 1 was about 14 kDa. 
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(A)

(B)

SDS-PAGE rSola l 1

Fig. 8. SDS-PAGE and western blot analysis of secondarily purified rSola l 1.

(A) SDS-PAGE analysis of rSola l 1. (B) Western blot analysis of rSola l 1 using 

Anti-His antibody. Lane 1: rHis-Sola l 1, lane 2: EK treated rHis-Sola l 1, lane 3: 

secondary purified rSola l 1, lane 4-5: FPLC binding elute. The secondarily purified 

rSola l 1 peotein was shown on SDS-PAGE with coomassie blue stain, but it was not

detected by anti-His antibody (indicated by arrow). The purified fusion protein rSola l 1

was about 14 kDa.
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Taxonomy: Solanum lycopersicum
Match to: PROF2_SOLLC

Score: 175
Sequence Coverage: 45% 

Matched peptides shown in Bold under line 

rSola l 1 

Fig. 9. The analysis result of the amino acid sequence of recombinant protein rSola 

l 1 using mass spectrometry.

1 MSWQTYVDEH LLCENEGNHL TSAAIIGQDG TVWAQSANFP QFKPEEITGI

51 MNDFAVPGTL APTGLYLGGT KYMVIQGEPE AVIRGKKGPG GITIKKTNQA

101 LIIGIYDEPM TPGQCNMIVE RLGDYLIEQS L
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Fig. 10. The protocol of monoclonal antibody production.

Mice were sensitized three times in a span of 14 days by intraperitoneal injection of 50

μg of rHis-Sola l 1 emulsified in aluminum hydroxide. After 35 days, blood sampling 

was carried out with lancet in mice facial vein. Serum was used for the titer 

determination. After 7 additional days, mice were boosted with 50 μg of rHis-Sola l 1

soluble antigen without emulsifying aluminum hydroxide. After 5 days of last rHis-Sola 

l 1 boost, mice were sacrified for spleen preparation. After thr preparation of spleen, cell 

fusion was carried out in the same day. The hybridomas were incubated in 37 for 3 

weeks preparing for the subcloning. n = 3.

Day -47       Day -33       Day -19              Day -12                Day -5                 Day 0             Day 21

I.P.              I.P. I.P. 

50 μg rHis-Sola l 1
+ 8 mg Alum

blood 
sampling 

final boost Scarified
&

cell fusion 
50 μg rHis-Sola l 1

subcloning
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His-rSola l 1

Fig. 11. The titer of rHis-Sola l 1 monoclonal antibody.

In the selection of hybridomas for the desired cell line, fusion protein rHis-Sola l 1, 

commercial Sola l 1 epitope, and commercial His-tag peptide were used as ELISA 

antigen. The culture supernatant was collected for titer measurement.
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FBS BSA PCP Fve 

Tomato 
crude 

extract

rHis-Sola l 
1 fusion 
protein

rSola l 1
epitope

His-tag 
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rHis-Sola l 
1 fusion 
protein

rSola l 1
epitope

His-tag 
peptide

Tomato 
crude 

extract

LZ8 Fve PCP HMP

His-rSola l 1 21

Fig. 12. The specificity of rHis-Sola l 1 monoclonal antibody no.21 using dot 

blotting.

The culture supernant was collected for specificity measurement. In determining the 

specificity of monoclonal antibody no.21, Fve, FBS, BSA, PCP, LZ8, HMP, tomato 

crude extract, rHis-Sola l 1 fusion protein, commercial Sola l 1 epitope, and commercial 

His-tag peptide were used as immunoblot antigen.
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(A)

(B)

SDS-PAGE 21

Fig. 13. SDS-PAGE and western blot analysis of the specificity of rHis-Sola l 1 

monoclonal antibody no. 21 against proteins from different tomato cultivars.  

(A) SDS-PAGE analysis of tomato crude extract. (B) Western blot analysis of tomato 

crude extract using monoclonal antibody no. 21. Lane 1- 7: tomato cultivar no. 1-7

crude ectract.

130
95
72
55
43
34
26

17

10

M    1       2       3        4       5       6      7

kDa

M    1     2     3     4    5     6     7

130
95
72
55
43
34
26

17

10

kDa



80

Sola l 1 Real-time PCR 

Fig. 14. Real-time PCR melting curves and PCR standard curves of Sola l 1 

specific primer. The PCR standard curves was shown at 61
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Actin Real-time PCR

Fig. 15. Real-time PCR melting curves and PCR standard curves of housekeeping 

gene actin primer. The PCR standard curves was shown at 61

Melting curve PCR standard curve

(A)

(B)

(C)
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18S rRNA Real-time PCR

Fig. 16. Real-time PCR melting curves and PCR standard curves of housekeeping 

gene 18S rRNA primer. The PCR standard curves was shown at 61

Melting curve PCR standard curve
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(B)

(C)
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Sola l 1 real 1 primer (A), real 2

primer (B), real 3 primer (C), real 4 primer (D), and real 5 primer (E).

Fig. 17. Real-time PCR products with Sola l 1 specific primer sets of (A) real 1

primer, (B) real 2 primer, (C) real 3 primer, (D) real 4 primer, and (E) real 5

primer.

Primers were designed based on the Sola l 1 sequence from NCBI. Except for the 

products from real 1 primer, products from other primer sets were equal to the estimated

length. Products of real-time PCR excised by real 2 primer, real 3 primer, real 4 primer

and real 5 primer were about 172 bp, 116 bp, 157 bp, and 188 bp.
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Fig. 18. The appearances of leaves and flowers for eighteen tomato cultivars used 

in this study. (1)-(10) were the appearances of leaf and flowers corresponding to 

tomato cultivar no. 1 to 10.
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Fig. 18. The appearances of leaves and flowers for eighteen tomato cultivars used 

in this study. (11)-(18) were the appearances of leaf and flowers corresponding to

tomato cultivar no. 11 to 18.
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Fig. 19. The fruit appearances of twenty tomato cultivars used in this study.

(1)-(5) were the appearances of fruit corresponding to tomato cultivar no. 1 to 5.
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( )

Fig. 19 (continued). The fruit appearances of twenty tomato cultivars used in this 

study.

(6)-(10) were the appearances of fruit corresponding to tomato cultivar no. 6 to 10.
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( )

Fig. 19 (continued). The fruit appearances of twenty tomato cultivars used in this 

study.

(7)-(15) were the appearances of fruit corresponding to tomato cultivar no. 7 to 15.

1 cm
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( )

Fig. 19 (continued). The fruit appearances of twenty tomato cultivars used in this 

study.

(16)-(20) were the appearances of fruit corresponding to tomato cultivar no. 16 to 20.
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Real-time PCR Sola l 1

Fig. 20. Real-time PCR quantification of Sola l 1 expression from twenty tomato 

cultivars.

The quantitative analysis was carried out with two housekeeping genes, Actin 3 and 18S 

1. No. 19 tomato cultivar was used as control. The statistical analysis denoted 

significant difference among groups. (p<0.01, n=3)
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SDS-PAGE 

Fig. 21. SDS-PAGE analysis of crude proteins from 20 tomato cultivars.

The concentration of tomato crude extracts was 1 mg/mL. Lane 1 to lane 20: tomato 

cultivar no. 1 to 20. Lane 21: rSola l 1.
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(A)

(B)

Sola l 1 

Fig. 22. Quantification of tomato allergen Sola l 1 among twenty tomato cultivars 

with monoclonal antibody.

(A) Western blot of twenty tomato cultivars with monoclonal antibody no. 21. (B) 

Relative quantification of Sola l 1 with image analysis program. The concentration of 

tomato crude extracts was 1 mg/mL. Lane 1 to lane 20: tomato cultivar no. 1 to 20. 

Lane 21: rSola l 1. Lane 22: rHis-Sola l 1. Image J was used as the image analysis 

program.
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(A)

(B)

Sola l 1 

Fig. 23. Immunological activity analysis of tomato allergen Sola l 1 among twenty 

tomato cultivars with patient serum. (A) Immunoblot of twenty tomato cultivars

using patient serum. (B) Immunoblot of twenty tomato cultivars using non-patient 

serum.
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Tanya

Fig. 24. The fruit appearance of tomato’ Tanya’ in five growth stages.

(2-1)-(2-5) were the appearance of fruit corresponding to mature green, turning, pink, 

red, and over ripen stage of tomato ‘Tanya’
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Real-time PCR ‘Tanya’ Sola l 1 

Fig. 25. Real-time PCR quantification of Sola l 1 expression from tomato cultivar

‘Tanya’ in five different growth stages.

The quantitative analysis was carried out with two housekeeping genes, Actin 3, and 

18S 1. Lane 2-1 to 2-5: tomato crude extract of mature green, turning, pink, red, and 

over ripen stage of ‘Tanya’. The fifth growth stage was used as control.
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SDS-PAGE ’Tanya’

Fig. 26. SDS-PAGE analysis of crude proteins from tomato cultivar ’Tanya’ in five

different growth stages.

The concentration of tomato crude extracts was 1 mg/mL. Lane 2-1 to lane 2-5: tomato 

crude extract of mature green, turning, pink, red, and over ripen stage of ‘Tanya’.
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(A)

(B)

‘Tanya’ Sola l 1

Fig. 27. Quantification of Sola l 1 in tomato ‘Tanya’ in five growth stages with

monoclonal antibody.

(A) Western blot of five growth stages in tomato ‘Tanya’ using monoclonal antibody. (B) 

Relative quantification of Sola l 1 with image analysis program. The concentration of 

tomato crude extracts was 1 mg/mL. Lane 2-1 to lane 2-5: tomato crude extract of 

mature green, turning, pink, red, and over ripen stage of ‘Tanya’.
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(A)

(B)

Tanya Sola l 1 

Fig. 28. Immunological activity analysis of Sola l 1 in tomato ‘Tanya’ in five growth 

stages with patient serum. (A) Immunoblot of five growth stages in tomato ‘Tanya’

with patient serum. (B) Immunoblot of five growth stages in tomato ‘Tanya’ with

non-patient serum.
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pET32a(+)-Sola l 1

Supplementary figure S1 . The map of pET32a(+)-Sola l 1 vector. 

Nco I and Xho I were selected as the digestion sites.
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Sola l 1 
Supplementary figure S2. The mapping of commercial tomato allergen Sola l 1
epitope.
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Amino sequence of His-tag peptide

His His His His His His Ser Ser Gly Leu Val Pro Arg Gly Ser Gly Met Lys Glu
Thr Ala Ala Ala Lys Phe Glu Arg Gln His Met Asp Ser Pro Asp Leu Gly Thr
Asp Asp Asp Asp Lys

pET32a(+) His-tag

Supplementary figure S3. The mapping of commercial His-tag peptide in 
pET32a(+).
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profilin Sola l 1 

Supplementary figure S4. Amino acid sequence alignment of tomato profilin

allergen Sola l 1 with plant profilins from pineapple, celery, carrot, sweet orange, 

and soy bean. Alinment was conducted using NCBI protein blast tool.

Common 
name Scientific name Profilin allergen Identity NCBI accession 

pineapple Ananas comosus Ana c 1 79% AAK54835.1

celery Apium graveolens Api g 4 77% AAD29409.1

carrot Daucus carota Dau c 4 78% AAL76933.1

sweet orange Citrus sinensis Cit s 2 78% CAI23765.1

bell pepper Capsicum annuum Cap a 2 92% CAD10376.1

Soybean Glycine max Gly m 3 84% CAA11756.1

potato Solanum tuberosum - 95% NP_001275370.1
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Supplementary figure S5. The declaration of patient’s consent for allergic serum 
used in this study.


