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Introduction Plant Protein Sequences — Tree Nuts

« The market for protein-rich, plant-based foods created from

complex mixtures of processed legumes, seeds, fruit, grains, Tree nut protein sequences in UniProt and NCBI over time A. Pecan MS/MS data before a pecan genome B. Pecan MS/MS data after a pecan genome
fungi, and vegetables has created a need for methods to identify

. . . . . 3
unknown plant species or unanticipated proteins in complex Common Name | UMiProt | NCBI | Uniprot | NCBI | Uniprot | NCBI | S.-Prot | TrEMBL | NCBI | RefSeq . % 43 %
mixtures of plants. 2018 | 2018 | 2019 | 2019 | 2020 | 2020 | 2023 | 2023 | 2023 | 2023 8 S o 4
Almond 455 660 | 50,045 | 55,146 | 53,231 | 88,413 | 16 | 53,270 | 134,164 | 33,326 Dot i 2 % g TS
« |dentification of unknown plants is a formidable task due to many Beech nut 59,448 | 501 3 59,550 | 2,296 | 140 aranase contains. % 2 = o i L
. . . Brazil nut 95 208 95 210 95 210 3 92 210 01 57’250 Walnut sequences S Proteins identified in ADDED Proteins identified in
closely related species with few known protein sequences, >100,000 Oak ; ;
. Cashew* 95 186 96 188 06 195 1 107 220 84 34735 Chinese Chestnut Pecan sample: 31,194 Pecan Pecan sample:
complex genomes, and high sequence homology. Chestnut - European| 117 147 117 147 127 195 7 189 446 83 59,756 Hormb sequences
. . _ Chestnut - Chinese 175 34,735 0 34,348 | 34,862 83 29 743 Boarnbeerarm 295 Walnut = 61 Walnut
+ While food safety efforts have long used LC-MS/MS to identify Goconu | a7 |55 | ms | 75 | bia | o7 |7 | 007 | 2750 | Te8 o Bapery 58 Other Fagales 341,143 protein 43 Other Fagales
contaminants and proteins in food, the interface of proteomics Hazelnut* 473 | 631 | 476 | 636 | 492 | 731 13 524 | 758 77 - >lzecan sequences ecan
and multi-species food analysis remains remarkably complicated. Hickory nut 29 309 0 142 479 83 309,949 protein
Macadamia nut 99 199 111 211 111 225 7 162 | 46,917 | 46,691 sequences The sample is
« Unlike bacterial metaproteomics, informatics solutions to facilitate Pecan 18 27 134 | 288 | 136 | 465 2| 80,176 | 295,276 | 54,484 pecan!

: g : : : : : Pistachio 104 211 106 41,431 106 41,431 1 111 41,519 | 41,299

identification of multiple plant species in a complex mixture have Walnut - English | 45,746 | 56,234 | 45,761 | 56,243 | 45,776 | 57,250 | 4 | 52,354 | 88,446 | 45,959

not kept pace.

W t I e fic: chall tored wh Table 1. Plant genomes are large and difficult to assemble. Recent years have seen Figure 1. Walnut and pecan are in the same Family and have highly conserved proteins. A. If the unknown species is sparsely sequenced, it is easy
€ present examples ot intormatic chalienges encountered when many more plant genomes released to public sequence databases. As multiple cultivars to wrongly attribute it to a similar species that is better represented in the sequence database. B. Addition of protein sequences from the newl
roteomics is used to identify closely related seeds, nuts Y P J D : P O - 3 T3 : :

Ip 4 toxic plant cont Y t y ’ ’ are sequenced, the number of sequences gets prohibitively large (see pecan). sequenced pecan genome to the sequence database in Figure 1A. identifies many more pecan-specific peptides. This translates to reportable

egumes, and toxic plant contaminants. proteins that more accurately represent the sample. Note, there are still 61 reportable proteins that are attributed to walnut, not pecan.

OUTBREAK SAMPLES ITERATIVE PROTEIN SEQUENCE DATABASES
Protein extraction lterative protein : g
. Nano)LC-MS/M Fi . . . .
trypsin digest (Nano)LC-MS/MS sequence database WFP Super Cereal CSB fortified corn-soy blend 1. Protein Toxins 2. Corn + Soy + Protein Toxins Toxin Identified W C
creation S Eormula %
MassSieve . . _ - _ Generation
Ma.SCOt protein Prot.e.ln/peptlde SpeCIGS SpeCIfIC First p_ass: Add the matrix: ) C,cH.N,0,5
peptide ID . families report peptides All UniProt Protein database 1 >5700 —HAT Suspect
parsimony protein toxin Feat 1
_ + Corn and Soy eatures —_— | S -
entries ' proteomes A N - creening
666=791 = ‘QJ\M\/\A ol ML S==c==| List
: 869,077 Peak Differential

. ‘- ‘ i h ’ V protein sequences protein sequences Picking/Binning Analysis Am/z
CO“CIUSIO"S ~ control L ‘outbreak field samples 1
= rattlesnake =scorpion =eel =corn =soy =other acorn =soy =corn and soy mzCIcl)ud
» For multi-species plant mixtures, the protein sequence database Figure 2. Fortified cereal distributed as food aid was
should include protein sequences for the most abundant linked to four deaths and 300 ilinesses in Uganda. Figure 3. When searched against a protein toxin Figure 4. The samples are primarily corn and soy. Figure 5. Small molecule non-targeted analysis putatively
ingredients/plants in your sample to reduce false positive peptide Symptoms included hallucinations, disorientation, and sequence database, the number of assigned Corn and soy protein sequences must be included identified the toxin as tropane alkaloids. LC-HR-MS with
IDs. vomiting. A chemical toxin was suspected.’ spectra is low at 124 peptides and 40 proteins of in the search or abundant, high-quality MS/MS analytical standards confirmed the presence of atropine
Specificit 9 ed. but ity fioad at least 2 peptides per protein. It would be spectra may yield false positives. The same data and scopolamine. Both compounds occur naturally in some
PECHICily ahd -accuracy are gained, but SEensitivity 15 Sactiiice exciting if these results were ‘real’, but they aren't. now yields only corn and soy proteins. plants from the Erythroxylaceae, Brassicaceae, and
due to the large size of multi-species plant sequence databases. 3. Corn + Soy + All Solanaceae Solanaceae Eamilies.
o At Isometﬁo;n;, the ?umber of peptld?{s-to-pr?tte|ns asso;:latlons IS H Solanaceae Seed Storage Proteins Identified
so large that downstream parsimony-type software crashes. : g
J P y-yp Protein Description Sample Name SpeCIQS Identified
 Methods to minimize the size of multi-sp_e.cies protein sequence 99,373 Corn protein sequences W corn — 783 unique proteins Solanaceae Seed Storage Proteins A B c D E F G
databases are needed, such as food specific or seed specific. 74, 864 Soy sequences W soy — 686 unique proteins 11S-GLOBULIN/LEGUMIN FAMILY Peptides Hits Peptides Hits Peptides|Hits Peptides Hits Peptides Hits Peptides Hits Peptides Hits
37,941 Cow sequences cocosin 1-like [Solanum pennelii] 0 0 2 8 4 |29 0 0 3 |10 0 0 0 0
e An automated method to parse species from protein report results 676, 899 NCBI Solanaceae Family B Solanaceae — 46 unique proteins PREDICTED: 11S globulin subunit beta-like [Capsicum annuum]; 0 0 1 4 4 30 0 0 3 10 0 0 0 0
would help speed up identification of an unknown plant source in SIS com8soy&Solanaceas oL I | EEEEES ~ | BEEEEE  BCEEEE
a multi-species plant maitrix. protein sequences = soy&Solanaceae :I1|zl?_lloht|n:=l: n:ﬁ_id storage protein 2 [Nicotiana attenuata] 1 2 2 10 4 |22 0 0 2 8 0 0 0 0
. The presence of proteips frorp sparsely se_quenced plants can l_ae W corn&Solanaceae Ziﬁf;‘ili.?[‘Siii‘,’;ailz;';":nﬂifa‘}s‘°”m annuum] 0 8 : 2 : 1;5 8 g ; 151 g 0 8 8
inferred based on similarity to proteins from plants with B comn&soy LIPID TRANSFER PROTEIN | |
Sequenced genomes from the same phy|OgenetIC fam”y non-specific lipid-transfer protein A-like [Capsicum annuum] | 0 0 0 0 2 9 0 0 1 6 0 0 0 0
T q o r H fiont Figure 7. Genome skimming was used to identify the
N Nese cases, secondary information stch as patien : . . . o Table 2. Seven of the 13 protein families (15 reportable proteins) are seed storage proteins specific plant. Relative spectral counts from seed storage
symptoms and tissue specific proteins are considered. Figure 6. 1,740 proteins were identified, 92% from corn and soy. 136 and were . ey . . T _ | |
, , only identified in the atropine-containing samples (red). This implicates the seeds proteins and the amount of Jimsonweed DNA directly
_ reportable proteins were from the Solanaceae Family of plants. Of these, 46 f the plant as th f taminati . .
 In_an outbreak sample, proteomics was able to show that the - : " - - - Of the plant as the source of contamination. correlate with the LC/MS measured alkaloid levels.
, e — proteins from 13 protein families contained only protein entries from the The lack of stent plant - th d 0 1D h . .
toxin came from a plant, identified the part of the plant, and - - . - - e lack ot a consistent plant species across the seed storage protein IDs suggests that Current efforts are being made to assess the utility of long
| : : ] | ’ Solanaceae Family and shared no identified peptides with corn or soy. The n : . - I d in thi , o
narrowed the plant to a phylogenetic family. source of the contaminant was now narrowed fo an atrobine-containing blant the contaminant species’ protein sequences are not well represented In this sequence contigs from genome skimming data as proxy
P I P database. Jimsonweed, an atropine-containing species known to co-harvest with corn and peptide/protein sequences for sparsely sequenced plants.

from the Solanaceae Family, not isolated atropine.

1. BMC Public Health.2022, 22, 623. soy has only 408 available protein sequences.
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