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Supplemental Table S1 – MS-MS identification of the 49 most abundant trichome-

specific protein spots.  

Spot1 EST accession2 Corresponding protein name 

Metabolism 

20 FG175097 Glutamine synthetase 

4 EB432526 Nucleoside diphosphate kinase 

24 FG194360 3-isopropylmalate dehydrogenase large subunit 

22 FG194360 3-isopropylmalate dehydrogenase large subunit 

26 FG139607 D-cysteine desulfhydrase 

42 DV157962 Rubisco small subunit 

15 EB679897 NAD-dependent dehydrogenase 

43 EB679897 NAD-dependent dehydrogenase 

Energy 

27 DV162381 Phosphoglycerate kinase 

33g FG133688 ATP synthase β subunit 

33d FG135901 ATP synthase β subunit 

3d FS414373 ATP synthase d subunit 

30 EB680336 Aspartate aminotransferase 

13 FG198580 Light harvesting chlorophyll a/b-binding protein 

Protein destination and storage 

34d DW000222 Chaperonin-60 beta subunit 

Disease/defense 

1 FS387666 Putative PR-10 type pathogenesis-related protein 

2 FS387666 Putative PR-10 type pathogenesis-related protein 

3g FS387666 Putative PR-10 type pathogenesis-related protein 

6 FS387666 Putative PR-10 type pathogenesis-related protein 

32 AM817165 Pathogenesis-related protein 

9 FG194579 Thioredoxin peroxidase 

10g FG194579 Thioredoxin peroxidase 

5 FS429935 Thioredoxin peroxidase 

19 EB677336 Fe-superoxide dismutase 

18 EB677336 Fe-superoxide dismutase 

8 EH622457 Superoxide dismutase 

7 EH624278 Glutathione peroxidase 

17 FS374016 Glutathione S-transferase 

16 FS374016 Glutathione S-transferase 

14b FS411447 Glutathione S-transferase 

14h FS411447 Glutathione S-transferase 

44 EB447814 Glutathione S-transferase 

10d EB440026 Peroxiredoxin 

11 EB440026 Peroxiredoxin 

Secondary metabolism 

34g FG187107 Cembratrienol synthase 2b 

35 FG187107 Cembratrienol synthase 2b 

36 FG187107 Cembratrienol synthase 2b 

37 FG187107 Cembratrienol synthase 2b 

28 EH615865 Chalcone synthase 

12 EB426860 Chalcone isomerase 

25 FG175910 1-deoxy-D-xylulose-5-phosphate reductoisomerase 

23 DV998901 1-hydroxy-2-methyl-butenyl 4-diphosphate reductase 

21 FG187212 1-hydroxy-2-methyl-butenyl 4-diphosphate reductase 

38 FG175170 (E)-4-hydroxy-3-methylbut-2-enyl diphosphate synthase 

39 FG149054 (E)-4-hydroxy-3-methylbut-2-enyl diphosphate synthase 

40 FG149054 (E)-4-hydroxy-3-methylbut-2-enyl diphosphate synthase 

41 FG149054 (E)-4-hydroxy-3-methylbut-2-enyl diphosphate synthase 

Unknown 

29 AM816756 No identification 

31 AM816756 No identification 
1Numbering corresponds to that of Supplemental Fig 2. 2Closest EST from the translated N. tabacum NCBI EST database 
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Supplemental Table S2 – List of the protein sequences used for the phylogenetic analysis 

of the RbcS. A, a protein BLAST search was performed (5 May 2015) using the Nt-RbcS-T 

mature protein sequence as a query. All of the proteins displaying a score higher than 200 are 

listed. Although the rice Rubisco small subunit, OsRbcS1 displays a BLAST score lower than 

the 200 threshold, its sequence was added to this analysis since its corresponding gene also 

exhibits a specific expression pattern (Morita et al., 2014). Because, no sequence from C4 

plants was obtained through the BLAST analysis, the two RbcS sequences of Zea mays, a C4 

plant, were also included. The “Secretory organs” column mentions whether glandular 

trichomes (GT), trichomes without more information (T) secretory cavities (SC), nectaries (N) 

or colleters (C) have been reported for each species. B, for each species listed in A, the RbcS 

protein showing the highest identity with the protein listed in A was retrieved. In addition, all 

of the RbcS sequences from Arabidopsis were listed. 

Abbreviation Accession number 

(NCBI) 

Species  Secretory 

organs 

References
1 

A. Cluster T    
NtRbcS-t DV157962.1 Nicotiana tabacum  GT 1 

Nsy-t XP_009794031.1 Nicotiana sylvestris  GT 1 

Nto-t XP_009608851.1 Nicotiana tomentosiformis  GT 1 

Stu-t XP_006344531.1 Solanum tuberosum  GT 2 

Sly-t XP_004243079.1 Solanum lycopersicum  GT 3 

Egr-t XP_010046977.1 Eucalyptus grandis  SC 4 

Lja-t1 AFK34410.1 Lotus japonicus  T 5 

Cca-t CDP02988.1 Coffea canephora  GC 6 

Egu-t EYU37322.1 Erythranthe guttata  T 7 

Csi-t1 KDO43856.1 Citrus sinensis  SC 8 

Jcu-t1 XP_012074043.1 Jatropha curcas  T 9 

Ccl-t1 XP_006453353.1 Citrus clementina  SC 8 

Jcu-t2 KDP36388.1 Jatropha curcas  T 9 

Ccl-t2 XP_006453352.1 Citrus clementina  SC 8 

Csi-t2 KDO43855.1 Citrus sinensis  SC 8 

Lja-t2 AFK37376.1 Lotus japonicus  T 5 

Gra-t KJB20540.1 Gossypium raimondii  GT 10 

Gar-t KHG02980.1 Gossypium arboreum  GT 10 

Atr-t XP_006856657.1 Amborella trichopoda   T 11 

Peu-t XP_011043951.1 Populus euphratica  GT 12 

Ptr-t ABK96070.1 Populus trichocarpa  GT 12 

Vvi-t XP_002270117.1 Vitis vinifera  GT 13 

Sin-t XP_011069924.1 Sesamum indicum  GT 14 

Ppe-t XP_007223576.1 Prunus persica  C 15 

Mno-t XP_010094223.1 Morus notabilis  GT 16 

Fve-t XP_004296442.1 Fragaria vesca  GT 17 

Tca-t XP_007014245.1 Theobroma cacao  GT 18 

Pmu-t XP_008223772.1 Prunus mume  C 15 

Pbr-t XP_009336182.1 Pyrus bretschneideri  N 19 

Gso-t KHN22693.1 Glycine soja  GT 20 

Nnu-t XP_010275523.1 Nelumbo nucifera  GT 21 

Mtr-t XP_003610095.1 Medicago truncatula  GT 22 

Gma-t NP_001235868.1 Glycine max  GT 23 

Pda-t XP_008803597.1 Phoenix dactylifera  T 24 

Egi-t XP_010914155.1 Elaeis guineensis  T 25 

Tha-t XP_010526347.1 Tarenaya hassleriana  GT 26 

OsRbcS1 BAD38596.1 Oryza sativa  - 27 

B. Cluster M    
Nta CAA26208.1 Nicotiana tabacum    

Nsy P22433.1 Nicotiana sylvestris    

Nto XP_009625434.1 Nicotiana tomentosiformis    

Stu ABY21254.1 Solanum tuberosum    

Sly BAA01888.1 Solanum lycopersicum    

Egr XP_010044264.1 Eucalyptus grandis    

http://www.ncbi.nlm.nih.gov/protein/698431126?report=genbank&log$=prottop&blast_rank=1&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/697094942?report=genbank&log$=prottop&blast_rank=2&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/565355303?report=genbank&log$=prottop&blast_rank=3&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/460395003?report=genbank&log$=prottop&blast_rank=4&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/702289283?report=genbank&log$=prottop&blast_rank=5&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/388492688?report=genbank&log$=prottop&blast_rank=6&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/661893179?report=genbank&log$=prottop&blast_rank=7&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/604332805?report=genbank&log$=prottop&blast_rank=8&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/641824529?report=genbank&log$=prottop&blast_rank=9&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/802607906?report=genbank&log$=prottop&blast_rank=10&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/567922694?report=genbank&log$=prottop&blast_rank=11&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/643728248?report=genbank&log$=prottop&blast_rank=12&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/567922692?report=genbank&log$=prottop&blast_rank=13&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/641824528?report=genbank&log$=prottop&blast_rank=14&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/388498620?report=genbank&log$=prottop&blast_rank=15&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/763753152?report=genbank&log$=prottop&blast_rank=16&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/728818951?report=genbank&log$=prottop&blast_rank=17&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/586771144?report=genbank&log$=prottop&blast_rank=18&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/743901272?report=genbank&log$=prottop&blast_rank=19&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/118488515?report=genbank&log$=prottop&blast_rank=20&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/225446032?report=genbank&log$=prottop&blast_rank=21&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/747047877?report=genbank&log$=prottop&blast_rank=22&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/596196007?report=genbank&log$=prottop&blast_rank=23&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/703090959?report=genbank&log$=prottop&blast_rank=24&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/470120727?report=genbank&log$=prottop&blast_rank=25&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/590581066?report=genbank&log$=prottop&blast_rank=26&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/645234356?report=genbank&log$=prottop&blast_rank=27&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/694416097?report=genbank&log$=prottop&blast_rank=28&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/734380088?report=genbank&log$=prottop&blast_rank=29&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/720062671?report=genbank&log$=prottop&blast_rank=30&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/357479619?report=genbank&log$=prottop&blast_rank=31&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/351727062?report=genbank&log$=prottop&blast_rank=32&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/672167284?report=genbank&log$=prottop&blast_rank=33&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/743767769?report=genbank&log$=prottop&blast_rank=34&RID=MHNNPUCN014
http://www.ncbi.nlm.nih.gov/protein/729465377?report=genbank&log$=prottop&blast_rank=35&RID=MHNNPUCN014
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Lja-1 AFK45650.1 Lotus japonicus    

Cca CBY05833.1 Coffea canephora    

Egu EYU38174.1 Erythranthe guttata    

Csi XP_006482254.1 Citrus sinensis    

Jcu ADB85091.1 Jatropha curcas    

Ccl XP_006430779.1 Citrus clementina    

Gra AFS41724.1 Gossypium raimondii    

Gar AFS41722.1 Gossypium arboreum    

Atr XP_006842277.2 Amborella trichopoda     

Peu XP_011035062.1 Populus euphratica    

Ptr XP_002305162.2 Populus trichocarpa    

Vvi XP_002276967.1 Vitis vinifera    

Sin XP_011099669.1 Sesamum indicum    

Ppe XP_007215051.1 Prunus persica    

Mno XP_010103758.1 Morus notabilis    

Fve XP_004303137.1 Fragaria vesca    

Tca XP_007033270.1 Theobroma cacao    

Pmu XP_008244506.1 Prunus mume    

Pbr XP_009357812.1 Pyrus bretschneideri    

Gso KHN47663.1 Glycine soja    

Nnu XP_010263805.1 Nelumbo nucifera    

Mtr XP_003618735.1 Medicago truncatula    

Gma AAG24884.1 Glycine max    

Pda XP_008797838.1 Phoenix dactylifera    

Egi XP_010916368.1 Elaeis guineensis    

Tha XP_010521010.1 Tarenaya hassleriana    

OsRbcS2 BAT16666.1 Oryza sativa    

OsRbcS3 BAT16784.1 Oryza sativa    

OsRbcS4 BAT16793.1 Oryza sativa    

OsRbcS5 BAT16789.1                   Oryza sativa    

Zma1 NP_001105294 Zea mays    

Zma2 NP_001146043 Zea mays    

Ath-1 AAD10655.1 Arabidopsis thaliana    

Ath-2 CAA32702.1 Arabidopsis thaliana    

Ath-3 CAA32700.1 Arabidopsis thaliana    

Ath-4 CAA31948.1 Arabidopsis thaliana    
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Supplemental Figure S1 – 2D-DIGE of soluble proteins of tall glandular trichomes 

compared to other tissues. Proteins of tall glandular trichomes were compared to proteins 

from roots (A), germinating seeds (B), leaves (C), seed pods (D), stems (E, and flowers (F). 

Soluble proteins (20 µg) isolated from trichomes and other tissues were labeled with the Cy3 

(green) and Cy5 (red) fluorescent dyes, respectively. As an internal control, 10 µg of both 

compared protein samples were mixed and tagged with the Cy2 (blue) fluorescent dye (not 

shown).  
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Supplemental Figure S2 – Preparative 2-DE of soluble tall glandular trichome proteins. 

Proteins (500 µg) from tall glandular trichomes were analyzed by 2D gel electrophoresis and 

stained with colloidal blue. Spots that are numbered correspond to trichome-specific proteins 

and were analyzed by mass spectrometry. Their identification is given in Supplemental Table 

S1. 
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Supplemental Figure S3. Synthetic coding sequences of NtRbcS-T and Nt-RbcS-M for 

expression in Chlamydomonas. The coding sequences for the mature small subunit NtRbcS-T 

(A) and NtRbcS-M (B) were optimized for expression in Chlamydomonas, and engineered to 

replace the plant Lys2 and Gln2, respectively, with the Chlamydomonas Met to facilitate 

transit-peptide processing. These sequences were used to exactly replace the Chlamydomonas 

rbcS1 mature-protein coding sequence of pSS1-ITP (Genkov et al., 2010) to generate the 

plasmids pSS1-NtRbcS-T and pSS1-NtRbcS-M. 
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Supplemental Figure S4. Engineered plasmids containing the wild-type Chlamydomonas 

rbcS1 gene (pSS1-CrRbcS1) and the N. tabacum mesophyll- and trichome-expressed rbcS 

cDNA sequences (pSS1-NtRbcS-M and pSS1-NtRbcS-T). The regions encoding the transit 

peptide and mature small subunit are shown as gray and black boxes, respectively, and introns 

are denoted by black lines. Introns are inserted into the transit peptide-encoding region. White 

boxes represent part of the plasmid. Figure adapted from Genkov et al., 2010. 
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Supplemental Figure S5. Electrophoretic analysis of the purified Rubisco from 

Chlamydomonas transformants. A, Purified Rubisco (1 µg) from the strain expressing pSS1-

CrRbcS1 (C), pSS1-NtRbcS-M (M), or pSS1-NtRbcS-T (T) were analyzed by SDS-PAGE and 

gel stained with Coomassie blue. B, Example of Rubisco quantification on gel. Increasing 

quantities of Rubisco and bovine serum albumin (BSA) used a standard were analyzed by SDS-

PAGE. The gel pictures were then analyzed using ImageJ software. 
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Supplemental Figure S6. Comparison of the Rubisco amount in trichome and leaf samples of 

N. tabacum. Soluble proteins (pool of the four biological repetitions of Fig. 6B) from leaves 

cleared of trichomes and from trichomes were analyzed by SDS-PAGE and western blotting 

using an anti-RbcL antibody. Relative quantification of the Rubisco determined in both 

samples using ImageJ software showed that trichome samples contains 4.5 times less Rubisco 

that leaf samples.  

 

 

Leaf Trichome 
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Supplemental Figure S7. Alignment of the RbcS amino acid sequences. Amino acid 

sequences of the mature proteins from clusters T and M as listed in Table S2 were separately 

aligned using the ClustalW Multiple alignment, and a consensus sequence was generated for 

positions where at least 85% of the residues are conserved. Similar residues are in blue, 

identical residues are in black, and different residues are in red. Residues identical to the 

consensus sequence are indicated with a dot. 


