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Figure S1. Cont. 
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Figure S1. Three biological replicates of 2-DE gels of proteins extracted from various leaf regions in 
different development stages of Hosta “Gold Standard”. (A1–A3) young leaf margin (YLM); (B1–B3) 
young leaf center (YLC); (C1–C3) mature leaf margin (MLM); (D1–D3) mature leaf center (MLC); (E1–E3) 
leaf under excess nitrogen fertilization (LENF). Proteins were separated on 24 cm IPG strips (pH 4–7 
linear gradient) using isoelectric focusing (IEF) in the first dimension, followed by 12.5% SES-PAGE 
gels in the second dimension. The 2-DE gel was stained with Coomassie Brilliant Blue. Molecular weight 
(Mw) in kilodaltons (kDa) and pI of proteins are indicated on the left and top of the gel, respectively. 
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Figure S2. Cont. 
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Figure S2. Cont. 
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Figure S2. Cont. 
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Figure S2. Multiple alignment of the amino acid sequences from proteoforms by using DNAMAN 
software (Lynnon Corporation, QC, Canada). (A) glutamine synthetase isoform GS1c (GS1), with 
100% identities; (B) transketolase (TK), with 84.41% identities; (C) RuBisCO large subunit-binding 
protein subunit (RBP), with 72.68% identities; (D) phosphoribulokinase (PRK), with 80.64% identities; 
(E) heat shock protein 70 (Hsp70), with 86.09% identities; (F) zinc metalloprotease (insulinase family), 
homologous to presequence protease 1 (PreP1), with 100% identities. The gi number, spot number, 
and protein name of the presented proteins are shown on the left.  

 
Figure S3. Cont. 
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Figure S3. The alignment analysis between the MS-identified peptides from two proteoforms of GS1 
(spots 795 and 806) and the amino acid sequences of the ten glutamine synthetase (GS) isozymes in 
wheat (Triticum aestivum L.). The amino acid sequences from wheat used for the multiple sequence 
alignment werefrom NCBI protein database (http://www.ncbi.nlm.nih.gov/protein/) and submitted 
by Bernard et al. [36]. The accession numbers and names of the GS isozymes were listed on the left, 
and the subfamilies were shown on the right of the amino acid sequences. The asterisk indicates 
completely conserved residues; colon indicates highly conserved residues; dot indicates a weak 
conservative region. The MS-identified peptides from spots 795, 806 and both were highlighted in 
red, blue, and purple fonts, respectively. The results showed that the MS-identified peptides were 
well aligned with cytosolic GS1, but not plastidic GS2. The detailed information of the identified 
peptides can be found in Table S1. 
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Figure S4. The alignment analysis between the MS-identified peptides of phosphoglycerate kinase 
(PGK) from Ricinus communis and the amino acid sequences of the eight putative protein products 
encoded from four Pgk genes in Oryza sativa sp. Japonica. The amino acid sequences from O. sativa 
sp. Japonica used for the multiple sequence alignment were from GABI primary database 
(https://www.gabipd.org) by using the TIGR ID provided by Joshi et al. [37].The detailed accession 
numbers and names of the PGK isozymes were listed on the left, and the subcellular locations were 
shown on the right of the amino acid sequences. The asterisk indicates completely conserved residues; 
colon indicates highly conserved residues; dot indicates a weak conservative region; the short line 
indicates the vacancies residues of optimal sequence alignment. The identified peptides of PGK 
identified from Ricinus communis were highlighted in red fonts. The results showed that the unique 
matched peptides could only be found in the three members of OsPGK3, which were predicted to be 
localized in chloroplast. The detailed information of the identified peptides can be found in Table S1. 
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Figure S5. The alignment analysis between the MS-identified peptides of fructose 1,6-biphosphate 
aldolase (FBA) from Pandanus amaryllifolius and the amino acid sequences of the eight FBA family 
genes (AtFBA1-8) encoded proteins in Arabidopsis thaliana. The amino acid sequences from  
Arabidopsis thaliana used for the multiple sequence alignment were from NCBI protein database 
(http://www.ncbi.nlm.nih.gov/protein/) by using the protein ID provided by Lu et al. [38]. The 
detailed accession numbers and names of the FBA isozymes were listed on the left, and the subcellular 
localizations were shown on the right of the amino acid sequences. The asterisk indicates completely 
conserved residues; colon indicates highly conserved residues; dot indicates a weak conservative 
region; the short line indicates the vacancies residues of optimal sequence alignment. The identified 
peptides of FBA identified from Pandanus amaryllifolius were highlighted in red fonts. The results 
showed that the matched peptides can only be found in the four FBAs (AtFBA4, 5, 6, 8) that localized 
in the cytoplasm, and none of matched peptides can be found in the FBAs (AtFBA1-3) that localized 
in the plastids. The detailed information of the identified peptides can be found in Table S1. 
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Figure S6. Cont. 
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Figure S6. The alignment analysis between the MS-identified peptides from five proteoforms of heat 
shock protein 70 (Hsp70) (spots 355, 361, 358, 367, and 332) and the amino acid sequences of the 
fourteen Hsp70 gene family encoded proteins in Arabidopsis. The amino acid sequences from 
Arabidopsis used for the multiple sequence alignment were from NCBI protein database 
(http://www.ncbi.nlm.nih.gov/protein/) by using the protein name provided by Sung et al. [39].  
The detailed accession numbers and names of the HSP70 proteins were listed on the left, and the 
subcellular locations were shown on the right of the amino acid sequences. The asterisk indicates 
completely conserved residues; colon indicates highly conserved residues; dot indicates a weak 
conservative region; the short line indicates the vacancies residues of optimal sequence alignment. 
The identified peptides from spots 355, 361, 358, 367, and 332 were highlighted with red, blue, purple, 
yellow, and green underlines, respectively. The results showed that the unique identified peptides 
from all the spots 355, 361, 358, and 367 could be only matched to the Hsp70s localized in cytoplasm. 
In contrast, the unique identified peptides from the spot 332 could be only matched to the Hsp70s 
localized in chloroplast. The detailed information of the identified peptides can be found in Table S1. 
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Table S3. Proteoforms identified in Hosta “Gold standard”. 

Protein Name a Identity b Spot No. c SCL d 
Plant 

Species e 
gi Number f Exp. Mw (Da)/pI g Thr. Mw (Da)/pI h Sco i Cov (%) j QM k

V% ± SE l YLM 
MLM  LENF 
YLC   MLC 

glutamine synthetase 
isoform GS1c (GS1) 

100% 

795 Cyt 
Triticum 
aestivum 

71361904 39,676/5.58 39,445/5.41 89 15 2 

806 Cyt T. aestivum 71361904 39,505/5.75 39,445/5.41 168 15 3 

transketolase (TK) 84.41% 

338 Chl 
Nicotiana 
tabacum 

194396261 78,879/5.95 80,451/6.16 141 17 10 

346 Chl 
Populus 

trichocarpa 
224063766 79,837/5.87 81,122/5.97 337 13 9 

RuBisCO large  
subunit-binding protein 

subunit (RBP) 
72.68% 

476 Chl Vitis vinifera 225442531 63,140/5.18 65,255/5.6 474 17 8 

459 Chl 
Sorghum 

bicolor 
242090109 66,151/4.84 60,914/5.07 233 31 13 

472 Chl Zea mays 223948025 64,795/5.24 61,969/5.42 524 30 11 

phosphoribulokinase (PRK) 80.64% 

840 Chl 
Pisum 

sativum 
1885326 38,189/4.99 39,230/5.41 113 13 3 

832 Chl Glycine max 255646270 38,858/4.85 45,757/5.89 277 38 11 
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Table S1. Cont. 

Protein Name a Identity b Spot No. c SCL d 
Plant 

Species e 
gi Number f Exp. Mw (Da)/pI g Thr. Mw (Da)/pI h Sco i Cov (%) j QM k

V% ± SE l YLM  
MLM  LENF 
YLC   MLC 

heat shock protein 70 kDa 
(Hsp70) 

86.09% 

355 Cyt V. vinifera 225449497 77,129/5.15 71,525/5.17 1050 61 26 

361 Cyt V. vinifera 225449497 77,663/5.10 71,525/5.17 959 58 25 

358 Cyt 
Ricinus 

communis 
255573627 78,743/5.06 71,276/5.14 977 53 23 

367 Cyt V. vinifera 225434984 76,864/5.20 71,589/5.17 847 57 25 

332 Chl V. vinifera 147805297 80,390/4.75 69,198/5.11 722 36 16 

zinc metalloprotease 
(insulinase family), 

homologous to presequence 
protease 1 (PreP1) * 

100% 

170 Chl/Mit 
Arabidopsis 

thaliana 
9294618 113,711/4.99 118,265/5.32 346 13 11 

179 Chl/Mit A. thaliana 9294618 113,515/5.07 118,265/5.32 157 11 9 

a: The name and functional categories of the proteins identified by MALDI TOF-TOF MS. Protein names marked with an asterisk (*) have been edited by us depending on 
BLAST against NCBI non-redundant protein database. The detailed information of the NCBI BLAST can be found in Table S2; b: The identities of the multiple alignment of the 
amino acid sequences from different proteoforms. c: Assigned spot number as indicated in Figure 5; d: Protein subcellular localization predicted by softwares (YLoc, 
LocTree3, Plant-mPLoc, ngLOC, and TargetP). SCL, subcellular location; Chl, chloroplast; Cyt, cytoplasm; Mit, mitochondria; e: The plant species that the peptides matched 
from. f: Database accession numbers from NCBInr; g,h: Experimental (f) and theoretical (g) molecular weight (Da) and pI of identified proteins. Experimental values were 
calculated using Image Master 2D Platinum Software. Theoretical values were retrieved from the protein database; i: The Mascot score obtained after searching against the 
NCBInr database; j: The amino acid sequence coverage for the identified proteins; k: The number of unique peptides identified for each protein; l: The mean values of protein 
spot volumes relative to total volume of all the spots. Five samples (from left to right: YLM, YLC, MLM, MLC, LENF) of various leaf regions in different development 
stages of Hosta “Gold Standard” were performed. YLM, young leaf margin; YLC, young leaf center; MLM, mature leaf margin; MLC, mature leaf center; LENF, leaf under 
excess nitrogen fertilization. The different small letters on the columns indicate significant differences (p < 0.05) among the five samples as determined by one-way ANOVA. 
Error bars indicate ± standard error (SE). 


