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Background:  Peas contain comparatively high levels of protein.  With the recent trend 

for the development of alternative, high-protein food sources, pea flour, pea protein 

concentrate, and pea protein isolate have been incorporated into an increasing number 

of foods.  Marketing materials sometimes claim that peas are hypoallergenic.  Among 

the legume family, peanuts and soybeans are considered as commonly allergenic and 

regulations in many countries require special labeling and manufacturing control 

measures for foods containing peanuts or soybeans or ingredients derived from those 

two legumes.  Peas are also legumes but are not on the lists of priority allergenic foods, 

so special labeling and manufacturing control measures are not needed for peas or pea -

based ingredients.  The increasing use of high-protein, pea-based ingredients in 

processed foods may necessitate further review of the placement of peas on the lists of 

priority allergenic foods.  Additionally, peas are definitely allergenic and should not be 

marketed as hypoallergenic. 

 

Scope and approach:  The clinical allergy literature was searched for publications 

describing allergic reactions to peas, including both garden peas and field peas.  The 

identification and characteristics of pea proteins are reviewed.  The potential cross-

reactivity of pea proteins with known allergens from peanut and soybean is assessed 

using a bioinformatics comparison. 

 

Key findings and conclusions:  Allergies to both garden peas and field peas are well 

documented.  As consumer exposure to pea protein increases, an increase in allergies to 

peas should also be anticipated.  Several allergenic proteins have been identified among 
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the pea protein fractions.  Pis s 1, a vicilin in the globulin fraction, appears to be the 

immunodominant allergen but additional studies on pea allergens are warranted.  Pis s 

2, a convicilin from the globulin fraction, is also identified as a pea allergen.  The 

albumin fraction contains the two less well characterized allergenic albumin protein(s) 

known as PA1 and PA2. Furthermore, a non-specific lipid transfer protein (nsLTP), a 

member of the pathogenesis-related protein family (PR14) involved in plant defenses 

has been identified as an allergen. Strikingly, pea seeds do not contain the classical type 

of 2S albumin proteins, with the conserved Cys motif, of high allergenic potency found 

in peanut (such as Ara h 2, 6, and 7), soybean (Gly m 8), and certain tree nuts, e.g. Ber 

e 1 in Brazil nut, Ana o 3 in cashew, and Jug r 1 in walnut.  The effects of processing 

on the allergenicity of peas have not been thoroughly evaluated, although some 

evidence indicates that the allergenicity of peas can be reduced by blanching for at least 

some pea-allergic individuals and that the pea albumin allergens have some limited hea t 

stability. 
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Abstract 30 

 31 

Background:  Peas contain comparatively high levels of protein.  With the recent trend 32 

for the development of alternative, high-protein food sources, pea flour, pea protein 33 

concentrate, and pea protein isolate have been incorporated into an increasing number 34 

of foods.  Marketing materials sometimes claim that peas are hypoallergenic.  Among 35 

the legume family, peanuts and soybeans are considered as commonly allergenic and 36 

regulations in many countries require special labeling and manufacturing control 37 

measures for foods containing peanuts or soybeans or ingredients derived from those 38 

two legumes.  Peas are also legumes but are not on the lists of priority allergenic foods, 39 

so special labeling and manufacturing control measures are not needed for peas or pea -40 

based ingredients.  The increasing use of high-protein, pea-based ingredients in 41 

processed foods may necessitate further review of the placement of peas on the lists of 42 

priority allergenic foods.  Additionally, peas are definitely allergenic and should not be 43 

marketed as hypoallergenic. 44 

 45 

Scope and approach:  The clinical allergy literature was searched for publications 46 

describing allergic reactions to peas, including both garden peas and field peas.  The 47 

identification and characteristics of pea proteins are reviewed.  The potential cross-48 

reactivity of pea proteins with known allergens from peanut and soybean is assessed 49 

using a bioinformatics comparison. 50 

 51 
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Key findings and conclusions:  Allergies to both garden peas and field peas are well 52 

documented.  As consumer exposure to pea protein increases, an increase in allergies to 53 

peas should also be anticipated.  Several allergenic proteins have been identified among 54 

the pea protein fractions.  Pis s 1, a vicilin in the globulin fraction, appears to be the 55 

immunodominant allergen but additional studies on pea allergens are warranted.  Pis s 56 

2, a convicilin from the globulin fraction, is also identified as a pea allergen.  The 57 

albumin fraction contains the two less well characterized allergenic albumin protein(s) 58 

known as PA1 and PA2. Furthermore, a non-specific lipid transfer protein (nsLTP), a 59 

member of the pathogenesis-related protein family (PR14) involved in plant defenses 60 

has been identified as an allergen. Strikingly, pea seeds do not contain the classical type 61 

of 2S albumin proteins, with the conserved Cys motif, of high allergenic potency found 62 

in peanut (such as Ara h 2, 6, and 7), soybean (Gly m 8), and certain tree nuts, e.g. Ber 63 

e 1 in Brazil nut, Ana o 3 in cashew, and Jug r 1 in walnut.  The effects of processing 64 

on the allergenicity of peas have not been thoroughly evaluated, although some 65 

evidence indicates that the allergenicity of peas can be reduced by blanching for at least 66 

some pea-allergic individuals and that the pea albumin allergens have some limited heat 67 

stability. 68 

 69 

Introduction 70 

     Peas (Pisum sativum) are a legume crop sold commercially as whole immature pods 71 

(snap peas and snow peas), green immature seeds (so-called garden peas) and dry 72 

mature peas (so-called field peas or duns). Globally, peas are consumed in many 73 

countries.  The advent of high-protein pea ingredients such as pea protein concentrate 74 
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and pea protein isolate have drawn attention to peas as an alternative protein source in 75 

the diet for many countries.  An assessment of the potential allergenicity of pea protein 76 

is needed to determine if increased exposure to pea protein will lead to increased pea 77 

allergy.   78 

 79 

Peas as a Source of Dietary Protein 80 

 81 

     Peas are a potential source of plant protein with about 25% protein on a dry weight 82 

basis.  Among the legumes, soybeans and lupins are higher in protein at about 3 5 – 42% 83 

(Rizzo and Baroni, 2018; Kumar and Pandey, 2020).  While garden peas and field peas 84 

both contain about 25% protein on a dry weight basis (Pandey and Gritton, 1975; Dahl 85 

et al., 2012), garden peas are typically consumed on a wet or fresh weight basis where 86 

the protein content is 4 – 5%.  Field peas may also be cooked and consumed on a wet 87 

weight basis.  Cooked field peas contain about 8% protein.  As garden peas mature, the 88 

protein content on a dry weight basis begins to decrease while it increases on a wet 89 

weight basis (Pandey and Gritton, 1975).  For field peas, the protein content increases 90 

throughout maturation (Pandey and Gritton, 1975).  The protein content of field peas 91 

can fall in a range of 18 – 31% based on variety, growing season/climate, and other 92 

factors (Kumar and Pandey, 2020).  Canadian scientists have bred field peas with 93 

increased protein content of approximately 30% (Lu et al., 2019; Shen et al., 2016). 94 

 95 

     In recent years, the use of legume proteins, including pea protein, in formulated 96 

foods has attracted enhanced attention for health, ethical and religious reasons  (e.g. 97 
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vegetarian/vegan, allergies, genetic modifications) (Lam et al., 2018).  Among the 98 

legume sources of protein that could be considered as substitutes for animal proteins 99 

and/or soybeans, pea protein is recognized for its nutritional value, abundance and low 100 

allergenicity (Lam et al., 2018).  With heat processing, pea protein is readily digestible 101 

(Ma et al., 2017).  Pea flour is made by milling of dry, dehulled field peas.  The protein 102 

content of pea flours is increased by processing into pea protein concentrates (PPC) or 103 

pea protein isolates (PPI).  PPI contain the highest percentage of protein.  PPI are made 104 

in a stepwise process (Sosulski and McCurdy, 1987; Boye et al., 2010a; Aluko et al., 105 

2009; Cui et al., 2020).  First, protein is extracted from pea flour at alkaline pH 106 

followed by centrifugation or ultrafiltration to remove starch and fiber.  Then the 107 

protein undergoes isoelectric precipitation at acidic pH (pH 4 – 5) and the resulting 108 

curd is separated by centrifugation or filtration.  The curd is washed to remove 109 

additional solubles and dried.  PPC is made using an air classification procedure (Boye 110 

et al., 2010a; Rempel et al., 2019).  During air classification, the smaller protein-rich 111 

particles are separated from larger starch granules and fiber-rich particles.  The protein 112 

content of PPI will typically exceed 80% while PPC have a somewhat lower protein 113 

level of 38 – 65% (Boye et al., 2010b).  The protein content of these products is 114 

dependent on the pea cultivar (Cui et al., 2020) and can also vary due to alterations in 115 

processing conditions (Boye et al., 2010b).  Freeze-drying, spray drying and extrusion 116 

can be used to improve the technical properties of the pea protein isolates including 117 

enhancement of solubility and flavor characteristics (Lan et al., 2019).  In the U.S., 118 

demand for pea protein comes strongly from sports nutrition supplements and gluten-119 

free products but pea protein can be used in a wide range of products including vegan 120 
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cheese, cereals, meat substitutes, beverages, and baked goods.  Pea protein hydrolysates 121 

have also been developed and the resultant peptides have potential health benefits 122 

(Aluko, 2008).  Finally, pea is also a good fiber source (Guillon and Champ, 2002).  123 

Pea hull fiber and pea cell wall fiber are both commercially available.  Both pea fiber 124 

ingredients contain protein (Martin-Cabrejas et al., 2003).  125 

 126 

Labeling of Pea Protein and Marketing for Low Allergenicity 127 

 128 

     Beginning with guidance from the Codex Alimentarius Commission in 1999, many 129 

countries began to develop lists of priority allergenic foods (Taylor and Baumert, 130 

2015).  While these priority lists are variable between countries, eight foods or food 131 

groups (sometimes referred to as the Big 8) appear on most of these lists (milk, eggs, 132 

fish, crustacean shellfish, peanuts, tree nuts, soybeans, and wheat  or cereal sources of 133 

gluten).  Foods on these priority lists pose additional labeling requirements and 134 

necessitate the use of allergen control measures within food processing facilities.  In the 135 

marketing of high protein foods, those with pea protein are sometimes refer red to as 136 

“hypoallergenic”, especially by marketing representatives trying to sell high-protein, 137 

pea-based ingredients to the food industry.  While not defined, that term is probably 138 

being used to signify that peas are not on any lists of priority allergen ic foods such as 139 

the Big 8 (Taylor and Baumert, 2015).  However, peas should NOT be portrayed as 140 

hypoallergenic because allergies to peas are well known and likely to increase in 141 

prevalence with increased exposure to pea proteins in the diet.  142 
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     The Big 8 list of priority allergenic foods does contain two legumes, peanut and 143 

soybean.  Regional lists in the EU and Australia/New Zealand include a third legume 144 

species, lupine (www.farrp.unl.edu/IRChart).  Lupine also appears on the priority lists 145 

of other countries that rely on the EU list such as Norway, Iceland, and Switzerland.  146 

The placement of foods on these priority allergenic food lists should be based upon the 147 

prevalence, severity, and potency of the allergenic food (Houben et al., 2016; National 148 

Academies of Science, 2016).  While only a few foods meet those criteria for placement 149 

on these lists, many other foods, including peas, do have the potential to elicit allergic 150 

reactions.  Increased exposure to high protein foods such as peas through their us e in 151 

alternative high protein food products could potentially lead to an increase in the 152 

prevalence of pea allergy.  This possibility should be monitored and the placement of 153 

peas on lists of priority allergenic foods should be considered if the prevalence  of pea 154 

allergy increases sufficiently.  Additionally, allergic cross-reactivity between peas and 155 

other more commonly allergenic legumes is also possible (Bernhisel-Broadbent and 156 

Sampson, 1989; Ibanez et al. 2003; Peeters et al., 2009), although not commonly 157 

encountered. 158 

     Food manufacturers should be encouraged to always declare the presence of p ea-159 

based ingredients, by source, on the ingredient list for packaged food products.  The 160 

food labeling regulations of many countries already require the declara tion of all 161 

ingredients that have a technical or functional effect in the finished food product.  The 162 

clear labeling of pea-based ingredients allows consumers with pea allergy to avoid these 163 

products.  The possible addition of peas to the Codex Alimentarius Commission list of 164 
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priority allergenic foods or country-specific lists should be considered if the prevalence 165 

of pea allergy rises to a level equivalent to other foods presently on such lists . 166 

 167 

Clinical Descriptions of Pea Allergy 168 

 169 

     Although peas are not a commonly allergenic foods based on prevalence, severity 170 

and potency, pea allergy is quite well documented (Hildebrand et al., 2021).   Pea 171 

allergy appears to be primarily associated with IgE-mediated, immediate 172 

hypersensitivity reactions (Hildebrand et al., 2021; Ram et al., 2015; Peeters et al., 173 

2009; Dreyer et al., 2014, Crespo et al., 1995; Yavuz et al., 2011).  Most studies have 174 

been conducted on young children.  Pea-allergic adults also exist but have been less 175 

thoroughly documented.  In a study of 39 peanut-allergic adults, 29% of these patients 176 

were considered to have clinically relevant pea allergy on the basis of history together 177 

with evidence of pea-specific IgE (Peeters et al., 2009).  Symptoms of pea allergy in 178 

children and adults involving the skin (urticaria, angioedemia, pruritis, dermatitis), the 179 

gastrointestinal tract (nausea, vomiting, diarrhea), and the respiratory tract (asthma) 180 

have been described.  More severe anaphylactic reactions are very rarely encountered 181 

but have been reported in children (Hompes et al., 2011; Richard et al., 2015; 182 

Grabenhenrich et al., 2016). In a small subset of individuals with IgE-mediated food 183 

allergy, food-dependent, exercise-induced allergic reactions (FDEIA) can occur if 184 

physical activities occur before, during or shortly after consuming the offending 185 

allergenic food.  Pea has also been implicated in FDEIA in a small number of Italian 186 

patients, both adults and children (Romano et al., 2012). 187 
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 188 

      Peas have also been implicated in several forms of food allergy that do not involve 189 

IgE antibody recognition.  Peas have been identified as a causative food in food 190 

protein-induced enterocolitis syndrome (FPIES) (Berin, 2015; Nowak-Wegrzyn, 2015; 191 

Jarvinen and Nowak-Wegrzyn, 2013; Ruffner et al., 2013; Venter and Groetch, 2014), 192 

although peas are not a common food implicated in FPIES.  FPIES occurs almost 193 

exclusively in young children.  Although not commonly implicated, peas appear to play 194 

a role in the provocation of some adult cases of eosinophilic esophagitis (Molina-195 

Infante et al., 2014). 196 

  197 

Diagnosis of Pea Allergy 198 

 199 

     IgE-mediated allergy to pea would typically be established on the basis of a history 200 

of allergic reactions to pea obtained from the patient along with a  positive skin prick 201 

test (SPT) to a pea extract and possible documentation of the presence of pea-specific 202 

IgE in the blood serum by CAP-RAST or other suitable test.  Clinical cross-reactivity 203 

among various foods from the legume family is rare (Bernhisel -Broadbent and 204 

Sampson, 1989).  However, individuals allergic to a single legume often display 205 

positive skin prick tests to other legumes that they can safely ingest (Bernhisel -206 

Broadbent and Sampson, 1989).  As a result, both skin prick tests and pea-specific IgE 207 

tests can yield false positive results, especially in a patient who has allergies to other 208 

legumes.  Thus, a confirmed diagnosis of pea allergy should be based, in part, on an 209 

oral challenge trial with pea.  A demonstration of sensitization to pea by skin prick test  210 
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or presence of pea-specific serum IgE is insufficient without confirmation by an oral 211 

pea challenge except perhaps where a convincing history of reactivity to ingestion of 212 

pea is obtained from the patient. 213 

    214 

Prevalence of Pea Allergy 215 

 216 

     Pea allergy is well documented in the clinical allergy literature but its prevalence is 217 

not precisely known (Hildebrand et al., 2021).  Although legumes (principally peanut, 218 

soybean and lupine) are a key class of foods responsible for IgE-mediated food 219 

allergies, the prevalence of pea allergy has received limited attention.  Table 1 contains 220 

a list of published studies that have addressed the prevalence of pea allergy to a limited 221 

extent.  Many of these studies involved subsets of the general population such as 222 

individuals attending an allergy clinic, patients with known legume allergy, or patients 223 

with known or suspected food allergies.  Such studies create selection bias and their 224 

results cannot be extended to the general population.  One study (Falcao et al., 2004) 225 

was a random telephone survey asking respondents if they had specific food allergies.  226 

Surveys of this type often over-estimate the prevalence of specific food allergies 227 

because the beliefs of the respondents are not clinically confirmed.  However, in this 228 

case, the very low prevalence of pea allergy (0.7%) in the telephone survey (Falcao et 229 

al., 2004) contrasts with the higher estimates from clinical studies using biased sub -230 

populations.  Additionally, few of these published studies attempted to confirm the pea 231 

allergy using oral challenge tests.  Most of the studies relied primarily on SPT and/or 232 

serum pea-specific IgE determinations.  These diagnostic procedures can create false 233 
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positives especially when used on patients with histories of allergies to other legumes 234 

(Bernhisel-Broadbent and Sampson, 1989).  Kristjansson et al. (1999) conducted a 235 

survey of food allergy in Iceland and Sweden among children but followed up the 236 

positive responses to the survey with skin prick tests and oral challenge tests.  They 237 

found a prevalence rate of 1.5% (5/324) for pea allergy in Iceland but no cases of pea 238 

allergy among 328 children in Sweden.  In a population-wide representative survey on 239 

the prevalence of environmental and food allergies in Switzerland among adults,  the 240 

prevalence of pea allergy was estimated at 0.8-1.0% (Hofer and Wuthrich, 1985; 241 

Wuthrich et al., 1986).  Population estimates suggest that up to 8% of children and 10% 242 

of adults have food allergies in the U.S. (Gupta et al., 2011; Gupta et al., 2019).  If the 243 

prevalence of pea allergy in the U.S. is similar to the estimate from Switzerland, then 244 

the adult prevalence of pea allergy in the U.S. could be as high as 0.06-0.1%.  245 

Consistent with that low estimate of prevalence, few documented cases of pea allergy 246 

have been reported in the U.S.  Ram et al. (2015) identified pea as a rare cause of food 247 

allergy confirmed by oral challenge in the USA, although that study was conducted only 248 

with children.  However, little reason exists to indicate that the prevalence of pea 249 

allergy differs among adults and children, although further studies are warranted to 250 

more clearly examine that possibility.  251 

 252 

Table 1 253 

 254 

SUMMARY OF STUDIES ADDRESSING PREVALENCE OF PEA ALLERGY 255 

 256 

Author, Year Population Basis Country/Region Prevalence of Pea 

Allergy 

Crespo et al., 1995 355 children 

with IgE-

Positive history and 

a positive SPTa 

and/or sIgEb 

Spain 3.9% 
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mediated food 

allergy 

Kristjansson et al., 

1999 

324 children 

from Iceland and 

328 children 

from Sweden 

Regular 18-mo 

check-up with 

survey, SPT and 

some DBPCFCc 

Iceland and 

Sweden 

1.5% Iceland 

0% Sweden 

Mattila et al., 

2003 

286 young adults 

evaluated; 172 

with suspected 

FA 

Self-report on 

survey with follow-

up by SPT or sIgE 

Finland 13.4% 

19/23 with OASd 

Charles et al., 

2004 

69 infants with 

FA 

History and a 

positive SPT and/or 

sIgE and positive 

OFCe 

France 5.8%  

Falcao et al., 2004 659 adults – 

general 

population 

Random, digit dial 

telephone survey 

Portugal 0.15% 

Reis et al., 2007 1160 individuals 

attending an 

allergy clinic 

SPT Portugal 0.7% 

Kumar et al., 2010 470 FA patients 

with asthma and 

allergic rhinitis 

SPT confirmed by 

sIgE; DBPCFC 

confirmation in 1 

individual 

India 3.8% 

Ferrari and Eng, 

2011 

151 children 

with IgE-

mediated food 

allergy 

History and positive 

SPT and sIgE 

Switzerland 1.3% 

(two cases) 

Yavuz et al., 2011 315 children 

with FA 

History and a 

positive SPT and/or 

sIgE 

Turkey 1.9% 

Gupta et al., 2013 1634  parents of 

children with FA 

Self-reports on 

survey 

USA 3.7% 

Dreyer et al., 2014 26 children History and a 

positive SPT and/or 

sIgE and positive 

OFC 

France 30.8% 

Bahr et al., 2014 163 adults (half 

atopic) 

SPT Germany 7% 

Richard et al., 

2015 

23 patients with 

legume allergy 

SPT France 82.6% and 47.8% 

had positive SPT 

to dun pea and 

green pea, 

respectively 

Somoza et al., 

2015 

455 adults with 

FA 

History and a 

positive SPT and/or 

sIgE 

Spain 8% 

Kilic and Taskin, 

2015 

186 children 

with FA 

Review of clinical 

medical records – 

patient history, 

SPT, sIgE, 

DBPCFC 

Turkey 1.5% 

(two cases) 

Gonzalez-Estrada 

et al., 2017 

730 participants 

with diagnosed 

Review of medical 

records – patient 

history, SPT, sIgE  

USA 0.5% 

(single case) 
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anaphylaxis from 

a clinic 

Rentzos et al., 

2019 

1042 adults Self-report on 

survey 

Sweden 0.7% 

a SPT = skin prick test 257 
b sIgE = serum-specific IgE test 258 
c DBPCFC = double-blind, placebo-controlled food challenge (oral)  259 
d OAS = oral allergy syndrome also known as pollen-food allergy syndrome (PFAS) 260 
e OFC = oral food challenge, usually not blinded  261 
   262 

 263 

     In various countries, the comparative prevalence of allergies to different legumes is 264 

variable with allergies to lentils common in Spain and to chickpeas, lentils, and black 265 

gram in India (Martinez San Ireneo et al., 2000; Kumari et al., 2006; Dey et al., 2014).  266 

While good comparative studies across the legume family have not been done in the 267 

U.S., peanut is surely the most common allergenic legume in the U.S. followed by 268 

soybean.  In the U.S. and the EU among legume allergies, peanut predominates and 269 

soybean allergy is viewed as common also.  The prevalence of peanut allergy in the 270 

U.S. was estimated at 0.75% of the entire population in one survey (Sicherer et al., 271 

2010), whereas the prevalence of peanut allergy among U.S. children was estimated at 272 

2.0% (Gupta et al., 2011) and among U.S. adults at 1.8% (Gupta et al., 2019).  In 273 

Europe, the prevalence of peanut allergy is variable among adults ranging from 0% in 274 

Iceland to 0.37% in Switzerland (Lyons et al., 2019).  For soybean allergy, the 275 

prevalence in the U.S. among children was estimated at 0.4% (Gupta et al., 2011) 276 

compared to 0.6% among U.S. adults (Gupta et al., 2019).  In Europe, the prevalence of 277 

soybean allergy was again quite variable with 0% in Iceland, Greece, and Poland up to 278 

0.08% in Switzerland (Lyons et al., 2019).  Allergies to other legumes are more rarely 279 

reported than peanut allergy.  In a European anaphylaxis registry of severe allergic 280 

reactions, pea was the third leading cause of anaphylaxis among legumes after peanut 281 
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and soybean (Grabenhenrich et al., 2016).  Lupine does appear on the priority allergen 282 

lists in several countries but the prevalence of lupine allergy is not precisely known and 283 

is likely less common than either peanut or soybean allergy.  Pea allergy is not known 284 

to be especially common in any part of the world.  As noted in Table 1, in a single, 285 

small French study of 26 children with allergies to at least one other vegetable and 286 

sensitized to pea, 30.8% had positive oral challenges to pea (Dreyer et al., 2014).  287 

However, these patients were not likely to be a representative cross-section of French 288 

children.  Cross-sensitization (positive skin tests often with no evidence of reactivity to 289 

oral challenge) is more common than cross-reactivity.  Most cases of clinically 290 

documented pea allergy among adults in the EU are rare cases of cross-reactivity 291 

between peanut and pea or peanut, soybean, lupine and pea (Wensing et al., 2003; 292 

Peeters et al., 2007; Peeters et al., 2009).  As noted earlier, clinical cross-reactivity 293 

among legumes is rare.   294 

 295 

Green Peas vs. Mature Peas vs. High-Protein Pea Ingredients 296 

 297 

     IgE-mediated allergic reactions have been reported to both immature, green peas and 298 

mature, dry peas.  Of course, mature dry peas will have higher amounts of pea proteins , 299 

including the allergenic pea proteins than green, immature peas.  A few cases of pea 300 

allergy have been reported in the EU where consumption of pea flour and pea protein 301 

isolate may be somewhat higher than in the U.S.  Thus, ingestion of dry peas would 302 

result in a higher level of exposure to the allergenic pea proteins.  Not surprisingly, 303 

several cases in both children and adults have been described in individuals who can 304 
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safely consume green peas but have adverse allergic reactions to dry peas (Richard et 305 

al., 2013; Lievre et al., 2013; Abrams and Gerstner, 2015).  These cases can likely be 306 

explained by the dose of exposure to the allergenic pea proteins.  Recently pea flour, 307 

pea protein, pea protein isolate and pea protein concentrate have been introduced in to 308 

foods.  Those ingredients will also have quite high levels of the allergenic pea proteins.    309 

 310 

     The inclusion of concentrated pea protein in new food products carries a risk that 311 

some consumers will experience allergic reactions.  Recently, reports o f serious allergic 312 

reactions in six children were described after eating various products containing pea 313 

ingredients (Lavine and Ben-Shoshan, 2019).  These reactions occurred in children who 314 

were known to be allergic to other legumes, primarily peanut, but  who may not have 315 

realized that pea was also a legume or that the food contained a pea-based ingredient. 316 

Four of the six children had peanut allergy and several had reacted to other legumes 317 

including chickpea, lentils, kidney beans and peas (Lavine and Ben-Shoshan, 2019).  318 

Pea proteins are not required to be identified on the labels of packaged foods as an 319 

allergen in the U.S. or Canada.  However, in both countries, the presence of pea protein 320 

would need to be on the ingredient statement of such products.  In the Canadian cases 321 

(Lavine and Ben-Shoshan, 2019), the presence of a pea-based ingredient was 322 

acknowledged on the ingredient statement but may not have been noticed or anticipated 323 

by these consumers or their caregivers in products such as yogurt, cookies or processed 324 

meats.  Two of the implicated products contained pea fiber which was probably pea cell 325 

wall fiber (as opposed to pea hull fiber), an ingredient that is rich in fiber but also 326 

contains pea proteins and is used in processed meat formulations.  327 
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 328 

     Among frequent consumers of any new products containing pea protein, some will 329 

likely become sensitized and reactive to pea protein.  The frequency of such 330 

occurrences cannot be predicted.  Thus, in our expert opinion, the probability of allergic 331 

sensitization and clinical reactivity in the overall population of consumers of a new pea 332 

protein-containing product will be low and the use of pea protein in new products 333 

should not be abandoned if this product is properly labeled.  334 

 335 

Effect of Processing on Pea Allergenicity 336 

 337 

     Only limited studies have been conducted on the effect of food processing unit 338 

operations on the allergenicity of peas.  As noted above, recent allergic reactions to 339 

products containing new, higher-protein pea ingredients may be explained by the higher 340 

dose of exposure to the allergens and/or cross-reactivity with other legumes such as 341 

peanut.  Pea flour, pea protein concentrate, and pea protein isolate are minimally 342 

processed; the peas are dried, milled, and physically separated into  the desired 343 

fractions.  While the allergenicity of these pea-based ingredients has not been 344 

specifically evaluated, the prediction would be that the allergenic proteins would 345 

remain in active form in ingredients subjected to such mild processing.   346 

     As noted earlier, case reports do exist of consumers who experience allergic 347 

reactions to dry peas but can safely consume garden peas (Richard et al., 2013; Lievre 348 

et al., 2013; Abrams and Gerstner, 2015), but that is likely attributable to the higher 349 

protein/allergen level in dried peas.  350 
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     Heat processing is known to affect the allergenicity of certain allergens including 351 

those in other legumes (Nesbit et al., 2012; Verma et al., 2012; Comstock et al., 2016; 352 

Tian et al., 2018; Palmer et al., 2020).  The potential exists for either increasing or 353 

reducing allergenicity.  Jensen et al. (2008) briefly mention that, among 75 peanut-354 

allergic patients, they identified an unknown number who reacted to fresh but not 355 

blanched peas.  An albumin protein fraction from pea was shown to maintain its skin 356 

test reactivity in pea-allergic patients when heated at 60C for 30 min boiling at 100C 357 

for 5 min, while autoclaving at 120C for 15 min eliminated skin test reactivity (Malley 358 

et al., 1975).  Unfortunately, to our knowledge, further studies on the heat stability of 359 

pea allergens have not been published.  Other forms of processing also have possible 360 

effects on reducing the allergenicity of foods (Verhoeckx et al., 2015).  Since allergens 361 

are proteins, proteolysis, either chemical hydrolysis with strong acids or enzymatic 362 

(sometimes during fermentations), can be especially effective (Verhoeckx et al., 2015).  363 

However, the pea allergens have not been investigated in this regard.  Garden peas can 364 

be eaten either raw or cooked (usually by boiling).  A brief mention was made in one 365 

publication that blanching (steaming) might eliminate the allergenicity of peas for some 366 

pea-allergic individuals (Jensen et al., 2008)..   367 

 368 

Allergic Cross-Reactivity Between Peas and Other Legumes  369 

 370 

     Globally, over 300 species of legumes are consumed including widely consumed 371 

species such as peanuts, peas, beans, and lentils.  Allergies have been documented to 372 

many of these legume species.  However, the prevalence of allergies to specific legume s 373 
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varies widely with only peanuts and soybeans on the global list of commonly allergenic 374 

foods (Taylor and Baumert, 2015).  Clinical cross-reactivity between legume species is 375 

rare and, even where cross-reactivity occurs, it is limited to a few species of legumes 376 

(Martinez San Ireneo et al., 2000; Wensing et al., 2003; Peeters et al., 2007; Peeters et 377 

al., 2009; Kakleas et al., 2020).  Peanut-allergic individuals are typically allergic only 378 

to peanuts and similar mono-reactivity was noted for soybean and pea (Bernhisel-379 

Broadbent and Sampson, 1989).  Of 41 patients challenged with multiple legumes, only 380 

two demonstrated allergic reactivity to two legumes and it was peanut and soybean in 381 

both cases (Bernhisel-Broadbent and Sampson (1989).  Cross-reactivity has been well 382 

documented between peanut and lupine but may be relatively uncommon (Shaw et al., 383 

2008; Peeters et al., 2009; de Jong et al., 2010).  In contrast, in a Spanish study of 66 384 

legume-allergic children, 39 were challenged with more than one legume and 21 (54%) 385 

reacted to more than one of the legumes (Martinez San Ireneo  et al., 2000; Ibanez et al., 386 

2003).  The most frequent association was 15 children with both lentil and chickpea 387 

reactivity followed by 11 children with both lentil and pea reactivity, 9 children with 388 

chickpea and pea reactivity, and 8 children with lentil, chickpea and pea reactiv ity 389 

(Martinez San Ireneo et al., 2000).  In a Dutch study that primarily focused on cross-390 

reactivity between peanut and lupine, 21/38 peanut-allergic patients were sensitized to 391 

pea but only 6/21 (29%) had a history of pea allergy; oral challenges were not  392 

conducted with pea (Peeters et al., 2009).  Kakleas et al. (2020) described 32 legume-393 

allergic children of South Asian origin who had histories of allergic reactions to one up 394 

to as many as five different legumes but 22/32 reported tolerance to one or more other 395 

legumes.  In the group of 6 children with reported allergies to foods containing high -396 
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protein pea ingredients, 4 children had histories of peanut allergy and several had 397 

histories of allergies to other legumes including chickpea, lentil, kidney bea n, and pea 398 

(Levine and Ben-Shoshan, 2019).  As noted earlier, cross sensitization among legume 399 

species is common but usually not clinically significant; cross -sensitized individuals 400 

with documented allergy to one legume can often safely consume most other legumes 401 

(Bernhisel-Broadbent and Sampson, 1989).  The reasons for the discrepancies among 402 

these clinical studies regarding the likelihood of cross reactions between pea and other 403 

legumes is not clear.  Further clinical studies are encouraged.  404 

 405 

     While clinically significant cross-reactivity is rare, the seeds of many legume 406 

species contain similar seed storage proteins including albumins  and globulins (vicilins 407 

and legumins).  In peanut, specific proteins in the albumin and globulin fractions are 408 

identified as the major peanut allergens (Flinterman et al., 2007; Palladino and 409 

Breiteneder, 2018; Marsh et al., 2020).  To assess the allergenicity of various legume 410 

species, a comparison of the protein composition of the seeds should be conducted.  A 411 

comparison to the known allergens of other legumes, especially peanut, may allow 412 

predictions about allergenicity and clinically significant cross reactivity.  413 

 414 

Evaluation of the Potential Allergenicity of Pea Protein  415 

 416 

     This review has established that allergic reactions to peas do occur in the 417 

population.  The prevalence of pea allergy seems lower than for some other legumes 418 

especially peanut.  However, peas have been mostly consumed as garden peas with a 419 
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comparatively lower protein content than peanut.  While field peas are more similar to 420 

peanut in protein content, their consumption in most populations is modest.  With the 421 

advent of relatively new pea ingredients with higher protein content, an assessment of 422 

the potential allergenicity of peas is important.  Can the potential allergenicity of pea 423 

protein ingredients be predicted?  How will pea protein allergenicity compare to the 424 

allergenicity of the commonly allergenic legumes, peanut and soybean?  425 

 426 

     Below, we will review knowledge of pea proteins and their properties.  We will also 427 

review the limited information on the pea allergens.  We will also conduct a preliminary 428 

bioinformatics comparison of various classes of pea proteins to similar proteins in 429 

peanuts and soybeans. 430 

 431 

Pea Proteins 432 

 433 

     Within the protein fraction of peas, the proteins can be classified primarily as 434 

albumins (18 – 25%) and globulins (55 – 65%) with minor amounts of prolamins and 435 

glutelins (Lu et al., 2019).  The albumin fraction of pea contains several proteins with 436 

high cysteine content and a described pea allergen (Malley et al., 1975).  The globulin 437 

fraction contains legumins and vicilins (Lu et al., 2019).  The protein composition 438 

varies by cultivar.  In an evaluation of 59 pea cultivars, the total protein content ranged 439 

from 14-31%, the globulin fraction from 49-82% of the total, and the albumin content 440 

from 6-24% of the total (Tzitzikas et al., 2006).  Within the globulin fraction, vicilin 441 

protein comprised of 26-52% of the total protein (Tzitzikas et al., 2006).  However, the 442 
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ratio of legumin to vicilin can be quite variable across pea cultivars ranging from 0.2 to 443 

8.0 (Mertens et al., 2012) so the vicilin fraction will not always predominate.  The 444 

legumin to vicilin ratio is correlated to the total protein content of the cultivar and can 445 

also be affected by plant nutrition (Mertens et al., 2012).  When making high-protein 446 

pea protein concentrates or isolates, the protein content and legumin to vicilin ratio can 447 

impact technological performance (Barac et al., 2010; O’Kane et al., 2004a).  Peas also 448 

contain several low molecular weight proteins from classifications that are documented 449 

as allergens in other plant species including several protease inhibitors (Domoney et al., 450 

1993), and a non-specific lipid transfer protein (LTP) (Bogdanov et al., 2016; Popp et 451 

al., 2019). 452 

 453 

Pea Albumins 454 

 455 

     Albumins are less prevalent in pea than globulins.  However, the percentages of total 456 

pea protein represented by the albumins are variable.  Lu et al. (2019) indicated that the 457 

water-soluble albumin fraction accounts for 18-25% of pea proteins, while Tsitzikas et 458 

al. (2006) indicated that the percentage was 6-24%.  Most of these pea proteins have 459 

not been identified nor characterized.  The first systematic study of the pea albumins 460 

led to the identification and purification of two sulfur-rich proteins, originally 461 

designated as PMA-L and PMA-S (Croy et al., 1984).  The larger protein (PMA-L) is a 462 

homodimer of approximately 53 kDa having two subunits of  25 kDa each.  The smaller 463 

protein (PMA-S) is also a homodimer of approximately 48 kDa having two subunits of 464 
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24 kDa each.  The subunits of both proteins have high sequence identity but no mixed 465 

dimers were found. 466 

 467 

     The larger of these two pea albumins, now designated as PA2, has been sequenced 468 

and further studied (Higgins et al., 1987).  PA2 is a homodimer with two subunits, 469 

PA2a and PA2b, each of approximately 26 kDa with high sequence identity (Croy et al., 470 

1984; Higgins et al., 1987).  Immunodiffusion with antisera against PA2 showed lentils 471 

and chickpeas have proteins with antigenic cross-reactivity with PA2 while no such 472 

evidence was obtained with extracts of soybean, fava bean, pigeon pea or mung bean  473 

(Croy et al., 1984). 474 

 475 

     Another high-sulfur protein of about 11 kDa, called PA1, has been identified among 476 

the pea albumin proteins (Higgins et al., 1986).  This protein is synthesized as a 477 

preproprotein (PA1) that is then post-translationally cleaved into two smaller albumin 478 

proteins, named PA1a and PAlb (Higgins et al., 1986).  PA1a is a protein of 479 

approximately 6 kDa with 53 amino acids, while PA1b is a protein of approximately 4 480 

kDa with 37 amino acids (Higgins et al., 1986).  Both PA1a and PA1b have high 481 

cysteine content of 7.5% and 16.2%, respectively (Higgins et al., 1986; Eyraud et al., 482 

2013).  PA1a and PA1b are separate monomers with no evidence of cross -linking 483 

(Higgins et al., 1986) as occurs with similar high-cysteine proteins of similar size in 484 

other legumes and certain tree nuts (Shewry et al., 2002; Garino et al., 2010).  PA1b 485 

has bioinsecticidal activity (Eyraud et al., 2013).  The amino acid sequence of this 486 

protein has been determined (Gatehouse et al., 1985).  The levels of PA1 in pea seeds 487 
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can be variable and especially under conditions of sulfur deficiency in the soil 488 

(Chandler et al., 1984; Higgins et al., 1986).  489 

 490 

     In comparison to peanut, the albumin fraction of peanut is remarkably different from 491 

the pea albumin fraction.  The albumin fraction of peanuts, certain other legumes (but 492 

not pea), several tree nuts, and mustard contains the so-called 2S albumin proteins.  2S 493 

refers to the Svedberg sedimentation coefficient used to classify proteins based on 494 

behavior in ultracentrifugation. The 2S albumins of peanut (Ara h 2, Ara h 6 and Ara h 495 

7) are responsible for over 90% of peanut allergenicity (Porterfield et al., 2009).  The 496 

biochemical considerations as to why 2S albumins are such potent allergens is 497 

described in the text box. A key factor is the highly conserved cysteine motif; the 498 

cysteines form disulfide bridges that provide exceptional stability and protease 499 

resistance to 2S albumins, which may explain their allergenicity.  Soybeans also contain 500 

an allergenic 2S albumin (Ebisawa et al., 2013; Klemans et al., 2013; Kattan and 501 

Sampson, 2015) but this protein is expressed at a lower level than for peanut.  502 

 503 

     While peas contain high-cysteine albumin proteins (Higgins et al., 1986) including 504 

PA1 as described above, a 2S albumin protein bearing the cysteine motif has never been 505 

identified, nor has it been found in the closely related legumes , lentil and fava bean 506 

(tribe: Viceae).  The lack of a 2S albumin cross-linked with disulfide bridges in peas 507 

allows us to speculate that peas will not be equivalent to peanut as an allergenic food.   508 

 509 

 510 
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[INSERT: Text for Box] 511 

The remarkable 2S albumins: considerations for allergenicity 512 

 513 

     2S albumins have been recognized as major allergens in peanut, several other 514 

legumes, tree nuts, mustard (http//:www.allergen.org/), but not pea. A key characteristic 515 

of these 2S albumins is their tight protein folding, supported by 4 or 5 disulfide b onds 516 

formed by cysteine residues found in the highly conserved motif C-Xa-C- Xb-CC- Xc-C-517 

X-C-Xd-C-Xe-C (Shewry et al., 2002).  Well known allergenic 2S albumins are Ara h 2 518 

(Burks et al., 1992) and Ara h 6 (Suhr et al., 2004) in peanut, Ber e 1 in Brazil nut 519 

(Nordlee et al., 1996), Jug r 1 in walnut (Teuber et al., 1998), Car i 1 in pecan (Sharma 520 

et al., 2011), Ana o 3 in cashew (Robotham et al., 2005), Pis v 1 in pistachio (Ahn et 521 

al., 2009),  Cor a 14 in hazelnut (Garino et al., 2010; Masthoff et al., 2013), and Sin a 1 522 

in mustard (Menendez-Arias et al., 1988).  All of these proteins have the cysteine motif 523 

resulting in the formation of a disulfide bond-supported protein core, that confers 524 

stability to processing treatments and digestive proteases.  This was shown for peanut 525 

2S albumins, in comparison to other peanut proteins, are highly resistant towards 526 

denaturation by heat (Suhr et al., 2004; de Jongh et al., 2020) and digestion (Lehmann 527 

et al., 2006; Koppelman et al., 2010; Apostolovic et al., 2016).  Also, in peanut, the 2S 528 

albumins are rather abundant, making up 8-16% of the total peanut protein fraction 529 

(depending on the cultivar) (Koppelman et al., 2016).  Together, these factors make 530 

them the ideal food allergens. With their propensity to survive food processing steps as 531 

well as digestion, they may enter the gut immune system in a relatively native form and 532 

in high amounts.  This high bio-accessibility of intact protein may be responsible for 533 
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the sensitizing potential of the 2S albumins.  The protein  structure is also important for 534 

eliciting allergic reactions: the reduction in the disulfide linkages in peanut Ara h 2 and 535 

Ara h 6 results in strongly diminished IgE-binding, effector cell activity, and reactions 536 

in vivo (Apostolovic et al., 2013; Bencharitiwong et al., 2015; van de Kleij et al., 537 

2019).  These results suggest a main role for conformational epitopes in peanut 2S 538 

albumins.  However, peanut 2S albumins also possess linear IgE-binding epitopes and 539 

these may also be important (Bernard et al., 2015).  The relevance of such linear 540 

epitopes varies across peanut 2S albumins, and may in part be explained by 541 

hydroxyproline (HyP) residues (Bernard et al., 2015; Hazebrouck et al., 2019). The 542 

presence of both conformational and linear epitopes in peanut  2S albumins provides a 543 

high allergenic potency. In combination with the high sensitizing potential provided by 544 

the extraordinary stability of the protein structure, and their high abundance, the peanut 545 

2S albumins are potent allergens. 546 

[End of Box] 547 

 548 

 549 

Pea Globulins 550 

 551 

     Vicilin is a protein of 47-50 kDa that can form trimers of about 150 kDa (Gatehouse 552 

et al., 1982).  Some, but not all, vicilin proteins can undergo post -translational cleavage 553 

with two cleavage sites (Gatehouse et al., 1981).  Cleavage can occur at one or both 554 

sites yielding a range of fragments of 12 – 36 kDa (Tzitzikas et al., 2006).  The three 555 

primary fragments resulting from cleavage at both sites are the α fragment (20 kDa), the 556 
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β fragment (13 kDa), and the γ fragment (12-16 kDa) (Gatehouse et al., 1982; 557 

Gatehouse et al., 1983).  Some vicilins can be N-glycosylated at sites (amino-acid 558 

motif: NXS/T) occurring near the C terminus (Badenoch-Jones et al., 1981).  Mature 559 

vicilins contain no cysteine residues and thus cannot form disulfide linkages (Lu et al., 560 

2019).  Cleaved forms (α; β and γ fragment) of the viclins predominate in peas 561 

comprising 18-41% of total protein (Tzitzikas et al., 2006).  The uncleaved forms of the 562 

vicilins comprise 3-14% of total protein (Tzitzikas et al., 2006). 563 

 564 

     Convicilin is a protein of 70 kDa that can form trimers of about 210 kDa (Tzitzikas 565 

et al., 2006).  Heteromeric trimers consisting of both viclin and conviclin polypeptides 566 

have been identified (O’Kane et al., 2004b).  Convicilin does not undergo any post-567 

translational modifications and is not glycosylated (Newbigin et al., 1990). Convicilin 568 

has extensive identity with vicilin especially in a lengthy segment at the C-terminal end 569 

(Newbigin et al., 1990; Brown et al., 1988).  The N-terminus of convicilin is quite 570 

different from vicilin with highly charged amino acids (Brown et al., 1988; Newbigin et 571 

al., 1990).  Convicilin is present in peas at 3-8% of total protein (Tzitzikas et al., 2006). 572 

 573 

     Legumin is a protein of 60 – 80 kDa that is typically present as a trimer-dimer. 574 

(Tzitzikas et al., 2006).  Three families of legumin polypeptides are recognized based 575 

on sequence similarities:  Leg A (consisting of legA, A2, B, C, and E), Leg J 576 

(consisting of legJ, K, L, and M), and Leg S (consisting solely of leg  S) (Matta et al., 577 

1981; Casey and Domoney, 1999).  The first two families (Leg A and Leg J) occur as 578 

proteins of 60-65 kDa, while the Leg S is a protein of 80 kDa.  Legumins are expressed 579 
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with a signal peptide that is removed during transport into plant storage vacuoles where 580 

the legumins also form trimers (Muntz, 1998).  A vacuolar enzyme cleaves the protein 581 

into polypeptides of 20 and 40 kDa known as the acidic and basic polypeptides that 582 

remain linked by disulfide bridges (Tzitzikas et al., 2006).  After this processing, the 583 

trimers form into the mature trimer-dimer, with the acidic and a basic of each monomer 584 

remaining linked by a single disulfide bond (Barac et al., 2010).  Legumins comprise 8-585 

21% of the total protein of peas (Tzitzikas et al., 2006). 586 

 587 

     Other globulin proteins exist that do not fall within the molecular weight ranges of 588 

the vicilin or convicilin proteins or their subunits according to densitometric scans of 589 

electrophoretic gels (Tsitzikas et al., 2006).  The other globulin proteins have not been 590 

specifically identified and characterized, but may be multimeric forms of the known 591 

globulins.  However, these additional globulins make up 3 – 17% of total protein 592 

(Tsitzikas et al., 2006). 593 

 594 

Pea Prolamins and Glutelins 595 

 596 

     Peas also have small amounts of prolamin (alcohol-soluble) and glutelin (alcohol-597 

insoluble) protein fractions (Adebiyi and Aluko, 2011; Lu et al., 2019).  The proteins in 598 

these fractions have not been well characterized.  599 

 600 

Low Molecular Weight Pea Proteins 601 

 602 
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     Peas also contain several other low molecular weight proteins from protein classes 603 

that have been identified as allergens in other plant species.  Peas contain trypsin 604 

inhibitors (Griffiths, 1984; Park et al., 2010).  Peas have several types of trypsin 605 

inhibitors including at least two Bowman-Birk type (Domoney et al., 1993).  One of 606 

these Bowman-Birk trypsin inhibitors has been crystallized and its structure is well 607 

defined (de la Sierra et al., 1999).  Peas do not appear to contain a trypsin inhibitor of 608 

the classical Kunitz-type (Domoney et al., 1993).  The Bowman-Birk-type trypsin 609 

inhibitors have a very low molecular weight (7.8 kDa) and possess 7 disulfide bonds (de 610 

la Sierra et al., 1999).  While peas also have chymotrypsin inhibitor activity (Griffiths, 611 

1984), the proteins responsible for that function have not been studied.  Peas do not 612 

contain detectable levels of α-amylase inhibitors.  Peas have very low levels of non-613 

specific lipid transfer proteins, nsLTP (Bogdanov et al., 2016; Popp et al., 2019).  As 614 

discussed below, this nsLTP has been identified as a pea allergen (Bogdanov et al., 615 

2016).  Peas do contain a mitogenic lectin of 49 kDa composed of two pairs of two 616 

different subunits (Higgins et al., 1983; Trowbridge, 1974).  Peas also contain a 617 

lipoxygenase (Park et al., 2010). 618 

 619 

Pea Allergens 620 

 621 

     In 1975, Malley et al. determined that the albumin fraction of pea was the major 622 

allergenic fraction.  The albumin content and allergenicity of peas increased with 623 

maturity (Malley et al., 1975).  Little allergenic activity was noted in the other pea 624 

protein fractions.  The major albumin allergen in pea was isolated to a 1.8 kDa protein 625 
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(Malley et al., 1976).  This protein is very small and seems likely to represent a 626 

fragment of some larger protein.  Sell et al. (2005) confirmed that the albumin fraction 627 

has the highest IgE-binding activity in peas and that the allergenicity of pea increases 628 

with maturity.  However, Sell et al. (2005) were able to identify 17 IgE-binding 629 

proteins in peas; these proteins fell into a molecular weight range from <14-94 kDa.  As 630 

noted previously, individuals with allergies to other legumes often have clinically 631 

insignificant but positive skin prick tests to multiple legumes that they can safely ingest 632 

(Bernhisel-Broadbent and Sampson, 1989).  Sera from these same individuals will 633 

possess IgE antibodies that bind to numerous pea proteins including many of the ones 634 

identified by Sell et al. (2005).  Additionally, the IgE-binding proteins in pea likely 635 

includes some proteins with cross-reactive carbohydrate determinants (CCDs) where the 636 

IgE antibodies are binding to carbohydrates on the glycoprotein rather than the protein 637 

itself.  CCDs are recognized in a wide variety of plant species (Aalberse and van Ree, 638 

1987).  The clinical significance of CCDs remains controversial (Commins, 2015).  The 639 

presence and role of CCDs in pea allergy remains to be elucidated.  Further studies are 640 

needed to determine the significance of the 17 IgE-binding proteins observed by Sell et 641 

al. (2005).  However, some of these IgE-binding proteins may not be true pea allergens. 642 

 643 

     Among the albumin fraction, lipid transfer proteins have been identified as 644 

important allergens from several plant foods and pollens (Asero et al., 2018).  The non-645 

specific lipid transfer protein (nsLTP) of pea was described as an allergen (Pis s 3) 646 

involved in cases of pea allergy (Bogdanov et al., 2016) including pea-dependent, 647 

exercise-induced anaphylaxis (Romano et al., 2012).  However, other investigators have 648 
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noted that the pea nsLTP is expressed at a very low level in pea seeds and does not have 649 

detectable binding to IgE from the sera of pea-allergic individuals (Popp et al., 2019).  650 

nsLTPs do have 4 disulfide bonds and partially follow the cys -motif of the classical 651 

allergenic 2S albumins, such as Ara h 2, but the low level expression seems to dictate 652 

the pea LTP is not a major allergen (Popp et al., 2019). 653 

 654 

     In contrast to the previous indications that the pea allergens were mostly present in 655 

the albumin fraction, other research suggests that the major pea allergens are in the 656 

globulin fraction, specifically the vicilins (Sanchez-Monge et al., 2004; Popp et al., 657 

2019). Pis s 1 (vicilin) and Pis s 2 (convicilin) were identified as major pea allergens 658 

able to bind IgE from the sera of more than 50% of a group of 18 pea-allergic 659 

individuals (Sanchez-Monge et al., 2004).  Pis s 1 was confirmed as a major pea 660 

allergen able to bind IgE from 11 of 14 pea-allergic individuals (Popp et al., 2019).  In 661 

that study, Pis s 2 was a minor pea allergen able to bind IgE from the sera of only 2 of 662 

the 14 pea-allergic subjects (Popp et al., 2019).  These investigators attempted to 663 

determine if several proteins in the albumin fraction of peas were allergens.  They 664 

found that PA1, the high-cysteine protein from peas, was unable to bind IgE from the 665 

sera of their pool of pea-allergic individuals (Popp et al., 2019).  However, they 666 

admitted that further investigation may be needed into the allergenicity of PA1 because 667 

its structural integrity may be important (Popp et al., 2019). 668 

 669 
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     Pis s 1, Pis s 2, and Pis s 3 are recognized as pea allergens by the International 670 

Union of Immunological Sciences.  Additional pea allergens might also exist.  In 671 

particular, the role of proteins in the albumin fraction requires  further assessment. 672 

 673 

Bioinformatics Comparison of Pea Proteins to Peanut and Soybean Proteins  674 

 675 

     Recently the peanut and soy genome have been fully sequenced.  The pea genome 676 

has only been partially sequenced, but the data are available in a searchable format.  677 

These resources allowed bioinformatic searches to determine if any pea isoforms are 678 

similar to known peanut and soy allergens, potentially causing cross-reactivity in soy- 679 

and peanut-allergic individuals.  A list of all the major peanut allergens derived from 680 

the peanut genome and confirmed by sequence data using LC-MS/MS, was recently 681 

published (Marsh et al., 2020).  The soy genome and translated protein sequences have 682 

been studied in far more detail and major soy allergen sequences have been identified 683 

(Taylor et al., 2015). 684 

 685 

     The pea (Pisum sativum) genome was searched (tBlastn) using the pea albumin 686 

(PA1) sequence (NCBI: CAB82859); the pea vicilin (Pis s 1) sequence (NCBI:  687 

CAF25232  and CAF25233); the pea convicilin (Pis s 2) sequence (NCBI: CAB82855); 688 

the pea legumin sequence (UniProt: P02857) and the pea nsLTP (Pis s 3) sequence 689 

(NCBI: AJG44053) on the Unité de Recherche Génomique Info (URGI) bioinformatics 690 

platform (https://urgi.versailles.inra.fr).  Twelve potential coding DNA sequences (cds) 691 

were detected for PA1.  Five potential cds were detected for Pis s 1.  Two potential cds 692 
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were detected for Pis s 2.  Nine potential cds were detected for legumin.  Thirty 693 

potential cds were detected for Pis s 3.  The potential genes were run in intron 694 

prediction software (Augustus) and an alignment of these predicted translation 695 

products, with known sequences, were analyzed (see Supplementary Table 1 and 696 

Supplementary Figure 1). Alignments of the predicted translations are shown in 697 

Supplementary Figure 2 allowing construction of a percent identity matrix of these 698 

translations against the soy and peanut homologues.  699 

 700 

     For the pea albumins, no 100% match to the published sequence of PA1 is seen, 701 

however, 5 pea cds show high sequence identity to this sequence (>90 %).  Thus , at 702 

least six PA1 isoforms could be expressed in pea.  The 5 genomic sequences are found 703 

on chromosome 1 as a gene cluster of less than 550k nt.  A similar albumin gene cluster 704 

is seen in other legumes, like peanut. The known PA2 sequence showed a 100% identity 705 

match to one predicted sequence.  A further gene with high identity (>97%) was also 706 

identified.  Thus, at least two PA2 isoforms could be expressed.  Five other sequences 707 

showed substantial identity to PA2 (>68%).  We have tentatively termed these PA3.  708 

Four of the predicted sequences are identical, presumably due to gene duplication, thus 709 

at least three PA3 isoforms could be expressed. No isoforms of the “standard” 2S 710 

albumins were found in pea. Alignments of the sequences are shown in Supplementary 711 

Figure 2. 712 

 713 

     With respect to the nsLTPs, also found in the albumin fraction, 30 pea nsLTP cds 714 

sequences were identified.  However, only 8 of these sequences showed a sequence 715 
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identity of >70% compared to the published sequence of Pis s 3.  No 100% match to the 716 

published sequences of Pis s 3 was seen.  Only the 8 LTPs showing high sequence 717 

identity with Pis s 3 were further evaluated.   718 

 719 

     For the vicilin fraction of the pea globulins, no 100% match to the published 720 

sequences of Pis s 1 (Pis s 1.0101 and Pis s 1.0102) were seen.  However, 5 cds show 721 

high sequence identity to Pis s 1 (>75 %).  Thus, at least seven Pis s 1 isoforms could 722 

be expressed.  No 100% match to the published sequence of Pis s 2 was seen.  However, 723 

2 sequences show high sequence identity to this sequence (>92 %).  Thus . at least three 724 

Pis s 2 isoforms could be expressed. The pea convicilins are >67 % identical to the pea 725 

vicilins, but show a N-terminal extension, that is absent from the vicilins. Of interest, 726 

only the known Pis s 1 sequences (Pis s 1_1 and Pis s 1_2), show a potential N-linked 727 

glycosylation site.  None of the Pis s 2 sequences show a potential N-linked 728 

glycosylation site.  Alignments of the sequences are shown in Supplementary Figure 729 

1. 730 

 731 

     Although the legumin fraction of the pea globulin proteins does not contain any 732 

identified allergens, the sequence identity to peanut and soy legumins was assessed.  733 

Twelve pea legumin sequences are published in the UniProt database.  Nine cds 734 

sequences were identified from the pea genome search.  None of these cds sequences 735 

matched 100% with any of the 12 published legumin sequences from UniProt.  736 

Analyzing these sequences showed that 4 distinct homologous groups of legumins 737 

potentially express in pea.  Thus, at least 21 legumin isoforms could be expressed.  We 738 
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have termed the groups Leg1 to Leg4.  A sequence identity of > 80% exists within each 739 

group.  However, as a whole, the legumins show a much lower sequence identity, up to 740 

35%.  Peanut 11S globulins (Ara h 3) show a similar disparity.  The full-length 741 

legumins exhibit a potential asparagine cleavage site, allowing an acidic and basic 742 

subunit to form, similar to the peanut 11S globulins and soy glycinins (Gly m 6).  743 

Alignments of the sequences are shown in Supplementary Figure 2.  744 

 745 

Legume Cross-Reactivity Prediction Based on Bioinformatics  746 

 747 

     The globulin protein allergens in peas reportedly have about 60-70% sequence 748 

identity with the vicilin (Ara h 1) and legumin-type (Ara h 3) allergens of peanuts 749 

(Burks et al., 1997; Rabjohn et al., 1999).  But this degree of identity is not sufficient to 750 

provoke cross-reactive clinical allergy in most peanut-allergic patients (Bernhisel-751 

Broadbent and Sampson, 1989).   752 

 753 

     While serological cross-sensitization between members of the legume family is 754 

observed frequently, clinical symptomology is documented to be rare  (Kazatsky and 755 

Wood, 2016).  Broad clinical cross-reactivity within the legume family is documented 756 

to be rare, there could be some cases where it does exist.  For peanut, clinical cross-757 

reactivity has been demonstrated with soybean, lupine, and fenugreek (Bernhisel-758 

Broadbent and Sampson, 1989; Cabanillas et al., 2018; Chun et al., 2017; Moneret-759 

Vautrin et al., 1999; Peeters et al., 2009; Shaw et al., 2008) but the prevalence of such 760 

cross-reactivity with other legumes among peanut-allergic patients is rare.  Evidence for 761 
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serological cross-sensitization between pea and peanut or soybean or both has been 762 

shown (Peeters et al., 2009; Bernhisel-Broadbent and Sampson, 1989), but little 763 

evidence exists for clinical cross-reactivity (Bernhisel-Broadbent and Sampson, 1989; 764 

Dreyer et al., 2014; Peeters et al., 2009; Wensing et al., 2003).  Additionally, several 765 

studies have identified cross-reactive IgE binding between the vicilin proteins from 766 

peas and related protein allergens from lentil (Len c 1) and peanut (Ara h 1) (Sanchez-767 

Monge et al., 2004; Richard et al., 2015).  The high sequence identity (~90%) between 768 

Pis s 1 from pea and Len c 1 from lentil suggests that clinical cross-reactivity is likely 769 

between lentil and pea (Cabanillas et al., 2018).  A high level of allergic cross-770 

reactivity between lentil and pea has been observed in a Spanish study (Martinez San 771 

Ireneo et al., 2000).  Further confirmation of such clinically significant cross-reactivity 772 

is desirable.   773 

 774 

     Based on our own preliminary bioinformatics analysis, distinct differences exist 775 

between pea proteins and related proteins from peanut and soybean.  To aid description, 776 

Figure 1 summarizes the somewhat confusing nomenclature, used in the scientific 777 

literature, of the major seed protein families (2S (albumin), 7S (vicilin and convicilin), 778 

and 11S (legumin)) in the three legumes.  All of these protein fractions from peanut and 779 

soybean contain known allergens recognized by the International Union of 780 

Immunological Science (IUIS).  Figure 1 also illustrates the number of potential 781 

isoforms (novel and known), highlighting the complexity of potential cross -reactivity.  782 

Using Clustal Omega, we aligned all these proteins (confirmed and predicted) and 783 

generated a percent identity matrix. Although crude, it allows identification of potential 784 
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cross-reactivities with pea proteins showing greater than 50 % identity to peanut and /or 785 

soy allergens. 786 

 787 

    As noted earlier, the most important distinction between pea and peanut or soybean is 788 

that the pea albumins (PA1 and PA2) show no significant identity to the peanut 2S 789 

albumins (conglutins) (Ara h 2, Ara h 6 and Ara h 7) or soy 2S albumins (Gly m 8).  790 

 791 

     Pis s 3, the nsLTP from pea has been identified as an allergen (Bogdanov et al., 792 

2016) although the significance of Pis s 3 as a pea allergen has been questioned (Popp 793 

et al., 2019).  According to our bioinformatics analysis, the pea nsLTPs show grea ter 794 

than 50 % identity to two groups of peanut nsLTPs and two groups of soy nsLTPs 795 

(Table 2).  The highest identities of 68% are recorded for both a soy nsLTP 796 

(Gm_ltp1GM01) to Pis s 3.7 and a peanut nsLTP (Ara h 9.4) to Pis s 3.8.  Considering 797 

the small size of nsLTP and the high identity, one might expect some pea-allergic 798 

patients with sensitization to Pis s 3 to cross-react.  However, the nsLTPs are reportedly 799 

expressed at low levels in pea seeds (Popp et al., 2019).  To determine relevance and 800 

risk, further research is needed to confirm specific isoform abundance for the pea 801 

nsLTPs. 802 

Table 2: Percent Identity of Pea nsLTPs vs. Soy and Peanut nsLTPs 803 

 804 

Pea 

Soy Peanut 

Gly m nsLTP  

(Grp A) 

Gly m nsLTP 

(Grp B) 
Ara h 9 (Grp A) Ara h 9 (Grp B)  

Pis s 3 45-58 (51) 47-68 (58) 443.93-598.51 (53.30) 56.14-687.71 (61.13) 

Range showing minimum and maximum identity (Average identity) of nsLTPs; -: Less than 50% 805 
identity 806 

 807 

Pis s 3: Pis s 3_2; Pis s 3_3; Pis s 3_4; Pis s 3_1*; Pis s 3_5; Pis s 3_6; Pis s 3_7; Pis s 3_8 808 
Gly m nsLTP (Grp A): Gm_ltp3GM01; Gm_ltp9GM03 809 
Gly m nsLTP (Grp B): Gm_ltp2GM01; Gm_ltp10GM03; Gm_ltp7GM03; Gm_ltp8GM03; Gm_ltp1GM01 810 
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Ara h 9 (Grp A): Ara h 9_6_02; Ara h 9_13_12; Ara h 9_3_02; Ara h 9_12_12; Ara h 9_1_02; Ara h 9_10_12 811 
Ara h 9 (Grp B) : Ara h 9_2_02; Ara h 9_11_12; Ara h 9_9_12; Ara h 9_4_02; Ara h 9_14_12 812 

 813 

     As discussed earlier, the pea 7S vicilin (Pis s 1) is considered the major pea allergen 814 

(Popp et al, 2019) although further confirmation in additional patient groups would be 815 

desirable.  Table 3 shows the percent identities between Pis s 1 and the 7S globulins 816 

from peanut and soybean.  Pis s 1 reaches over 50% identity to both peanut 7S globulins 817 

(Ara h 1) and soy 7S globulins (Gly m 5).  The two isoforms of Ara h 1 show an 818 

average of 52% identity, while Gly m 5 shows an average 53% (Grp B) and 55% (Grp C 819 

and D) identity.  Gly m 5 (Grp D) holds the most abundant soy conglycinin isoform 820 

(Gly m 5.0101) which shows the greatest identity of 57% to Pis s 1.1.  Of note is that 821 

pea vicilin, unlike soy and peanut 7S globulins is cleaved in planta, into 3 subunits 822 

(Tzitzikas et al., 2006). This may have significant effects on cross-reactivity in patients 823 

with IgE against Gly m 5 or Ara h 1. 824 

 825 

     As shown in Table 3, the pea convicilins (Pis s 2) do not reach 50 % identity with 826 

Ara h 1. However, identities of over 53% are seen against soy conglycinin Grp B (Gly 827 

m 5).  828 

 829 

Table 3: Percent Identity of Pea 7S Globulins vs. Soy and Peanut 7S Globulins 830 

 831 

Pea Vicilin/Convicilins 

Peanut Cupin 

(Vicilin-type) 
Soy Conglycinin 

Ara h 1 
Gly m 5 

(Grp A) 

Gly m 5 

(Grp B) 

Gly m 5 

(Grp C) 

Gly m 5 

(Grp D) 

Pis s 2  - - - 
51-58 

(55) 

- 

Pis s 1 (Grp A) 51-52 (52) - 51-57 

(54) 

52-57 

(55) Pis s 1 (Grp B) - - 

Pis s 1 (Grp C) - - - - - 

Range showing minimum and maximum identity (Average identity) of 7 S globulins;-: Less than 50% 832 
identity. 833 
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 834 
Pis s 2 : Pis s 2_1*; Pis s 2_2; Pis s 2_3 835 
Pis s 1 (Grp A): Pis s 1_1*; Pis s 1_2* 836 
Pis s 1 (Grp B): Pis s 1_6; Pis s 1_4; Pis s 1_3; Pis s 1_5 837 
Pis s 1 (Grp C): Pis s 1_7 838 
Ara h 1: Ara h 1_1_09; Ara h 1_2_19 839 
Gly m 5 (Grp A): Gm7s2_GM10 840 
Gly m 5 (Grp B): Gm7s6_GM20; Gm7s7_GM20; Gm7s3_GM10; Glym5_like 841 
Gly m 5 (Grp C): Gm7s5_GM20; Glym5_0301; Glym5_0302 842 
Gly m 5 (Grp D): Gm7s1_GM10; Glym5_0201; Gm7s8_GM20; Gm7s9_GM20; Gly m 5_0101 843 

 844 

     Although the pea legumins have not been identified, so far, as allergens , our 845 

bioinformatics analysis revealed that some of these pea legumins show surprisingly 846 

high identities to peanut and soy allergens of the 11S globulin family (Table 4). The 847 

>60 % identity of Gly m 6 (Grp A) and Ara h 3 (Grp B) to Legumin (Grp A) suggests 848 

the possibility of cross-reactivity between these legume proteins in patients sensitized 849 

to Ara h 3 and/or Gly m 6.  The peanut and soy legumin groups hold the most abundant 850 

seed-expressed isoforms.  However, without an understanding of the pea legumin 851 

isoform abundance, caution must be taken in speculating about cross-reactivity. This 852 

finding again highlights the need for further research to confirm specific isoform 853 

abundance for pea proteins.  Rabjohn et al. (1999) identified 4 regions on the Ara h 3 854 

acidic subunit as significant IgE epitopes. Figure 2 highlights these regions against an 855 

alignment of peanut Ara h 3.5 (within Ara h 3 (Grp A)) and pea Legumin 1.1 (within 856 

Legumin (Grp A)). Three of these regions show obvious identity, potentially leading to 857 

cross-reactivity.  858 

 859 

Table 4: Percent Identity of Pea Legumins vs. Soy and Peanut 11S Globulins 860 

 861 

Pea 

Peanut Cupin (Legumin-type) Soy Glycinin 

Ara h 3 

(Grp A) 

Ara h 3 

(Grp B) 

Ara h 3 

(Grp C) 

Ara h 3 

(Grp D) 

Gly m 6 

(Grp A) 

Gly m 6 

(Grp B) 

Gly m 6 

(Grp C) 

Legumin (Grp A) 
45-63  

(57) 
- - - 

48-66 

(60) 
- - 
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Legumin (Grp B) - 
44-60 

(53) 
- 

40-53 

(44) 
- 

46-66 

(58) 

44-73 

(52) 

Range showing minimum and maximum identity (Average identity) of 11 s globulins;  862 
-: Less than 50% identity 863 
 864 
Legumin (Grp A): Leg1_7; Leg1_3*; Leg1_4; Leg1_2*; Leg1_1*; Leg1_5*; Leg1_6 865 
Legumin (Grp B): Leg3_5*; Leg3_7*; Leg3_6; Leg4_3*; Leg3_1*; Leg2_1*; Leg2_2; Leg2_3; Leg3_4; Leg3_3; 866 
Leg4_2*; Leg4_1; Leg2_4*; Leg3_2* 867 
Gly m 6 (Grp A): Gly m 6_0201; Gly m 6_0301; Gly m 6_0101 868 
Gly m 6 (Grp B): Gly m 6_0401; Gly m 6_0501 869 
Gly m 6 (Grp C): Gm11s2GM19 870 
Ara h 3 (Grp A): Ara h 3_18_16; Ara h 3_19_16; Ara h 3_3_06; Ara h 3_6_06; Ara h 3_13_16;  871 
Ara h 3_17_16; Ara h 3_20_16; Ara h 3_4_06; Ara h 3_5_06; Ara h 3_10_06; Ara h 3_7_06; Ara h 3_16_16 872 
Ara h 3 (Grp B): Ara h 3_1_02; Ara h 3_11_12; 873 
Ara h 3 (Grp C): Ara h 3_2_02; Ara h 3_12_12; Ara h 3_9_06; Ara h 3_14_16 874 
Ara h 3 (Grp D): Ara h 3_8_06; Ara h 3_15_16 875 

 876 

Immunotherapy with Pea Proteins  877 

 878 

     Individuals with food allergies must follow a strict avoidance diet to prevent allergic 879 

reactions because small doses of the allergenic foods are sometimes sufficient to elicit 880 

such allergic responses.  Obviously, rigorous adherence to an avoidance di et has a 881 

deleterious effect on the quality of life of food-allergic individuals.  Recently, oral 882 

immunotherapy (OIT) has been investigated as an alternative approach to desensitize 883 

food-allergic individuals.  While permanent tolerance is not often achieved  884 

desensitization can be achieved and maintained with daily ingestion of the offending 885 

food.  However, OIT carries safety concerns for the food-allergic patient as adverse 886 

reactions can occur during the dose escalation phase.  Among the legumes, OIT for 887 

peanut allergy has been intensively investigated because allergic reactions to peanut 888 

tend to be severe.  But, peanut OIT also carries the safety concerns during the dose 889 

escalation phase.  OIT with peas for desensitization to peas has not been attempted to 890 

our knowledge.  However, because peas contain certain proteins that are similar to 891 

proteins in peanuts, namely the vicilins and legumins, Polish investigators have 892 
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proposed that OIT with peas might desensitize patients to peanuts (Szymkiewicz and 893 

Chudzik-Kozlowska, 2014).  Thus far, they have only demonstrated this effect in animal 894 

models so it applicability to humans remains unproven.   However, because peas lack 895 

proteins that are homologous to the potent 2S albumin peanut allergens (Ara h 2, 6, and 896 

7), this strategy seems unlikely to work with peanut-allergic patients sensitized to those 897 

allergens. 898 

 899 

Conclusion 900 

 901 

     Pea allergy appears to be comparatively rare.  However, the prevalence of pea 902 

allergy is variable in countries where it has been assessed.  This  variability could be 903 

due to differences in methodology for assessing prevalence or to different dietary habits 904 

(frequency and nature of pea intake) among different cultures.  Pea allergy occurs in 905 

both children and adults; insufficient comparative data are available to assess if the 906 

prevalence of pea allergy is different between children and adults.  Pea allergy can 907 

rarely be severe.  Three allergenic proteins in pea have been characterized so far, but 908 

peas appear to have multiple allergens in the albumin and globulin fractions.  The 909 

allergenicity of pea increases as the peas mature which is supported by observations of 910 

individuals who are allergic to dry mature peas but not to immature green peas.  This 911 

clinical observation is likely related to the higher content of allergenic pea proteins in 912 

dry peas.  The advent of pea flour, pea protein isolate and pea protein concentrate in 913 

formulated foods especially with high protein levels is somewhat worrisome because it 914 
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will increase consumer exposure to pea protein and increase the likelihood of 915 

sensitization and allergic reactivity.  916 

 917 

     With the increased consumer exposure, will peas become a more frequent form of 918 

food allergy?  The short answer is yes.  As exposure to allergenic proteins increases, the 919 

likelihood for development of allergic reactivity to the food containing those proteins 920 

will invariably increase.  However, in our opinion, limited likelihood exists that pea 921 

allergy will rival peanut allergy in terms of prevalence, severity, and potency.  Peanuts  922 

contain multiple allergenic proteins including four major ones (Ara h 1, Ara h 2, Ara h 923 

3 and Ara h 6) (Palladino and Breiteneder, 2018; Marsh et al., 2020).  Peas contain 924 

vicilin and legumin proteins with some sequence identity to Ara h 1 and more sequence 925 

identity to Ara h 3 (Burks et al., 1997; Rabjohn et al., 1999).  A pea protein 926 

homologous to the notorious peanut 2S albumins Ara h 2 and Ara h 6 has so f ar not 927 

been found in pea.  Further elucidation of the role of the high-cysteine proteins in peas 928 

on allergic reactions to peas is needed along with comparisons to the 2S albumins of 929 

other foods especially legumes such as peanut and soybean. The greatest sequence 930 

identity exists with the legumins from pea, peanut (Ara h 3) and soybean (Gly m 6).  931 

However, the pea legumin has not yet been identified as a pea allergen.  The effect of 932 

processing into more concentrated, high protein forms on the allergenicity of peas has 933 

not been well investigated.  Based on the popularity of these pea-based ingredients in 934 

recent years, such studies should be conducted to determine both the levels and the 935 

activity of pea allergens in these ingredients.  936 

 937 
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 938 

 939 
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Figure Legends: 1504 

Figure 1:  Comparison of pea, peanut and soy proteins/allergens in various classes  1505 

Figure 2:  Alignment of the globulins from peanut (Ara h 3.5) and pea (Legumin 1.1)  1506 
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Vicilin
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nsLTP
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PA1 and PA2
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Cupin (Vicilin-type)
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Conglutin (2S Albumin)
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2S Albumin
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Protein Family

Pisum sativum1

(Pea)

Arachis hypogaea
(Peanut)

Glycine max 
(Soybean)

Species

Comparison of pea, peanut and soy proteins/allergens in various classes
(Known allergen) (Number of isoforms –genomic predicted and other) 

1 Incomplete genome
2 2 isoform IUIS recognized, 4 extra in genome
3 1 isoform IUIS recognized, 2 extra in genome
4 1 isoform IUIS recognized, 29 extra in genome
5 5 isoforms IUIS recognized, 7 extra in genome
6 5 isoforms IUIS recognized, 1 extra in genome
7 1 isoform IUIS recognized, 1 extra in genome
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R1
Arah3_5_06      MAKLLALSVCFCFLVLGASSISFRQQPEENACQFQRLNAQRPDNRLESEGGYIETWNPNN 60

Leg1_1*         MAKLLALSLSFCFLLLGGC-FALREQPQQNECQLERLDALEPDNRIESEGGLIETWNPNN 59

********:.****:**.. :::*:**::* **::**:* .****:***** ********

R2
Arah3_5_06      QEFECAGVALSRLVLRRNALRRPFYSNAPQEIFIQQGRGYFGLIFPGCPSTYEEPAQQGR 120

Leg1_1*         KQFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQGNGYFGMVFPGCPETFEEPQESEQ 119

::*.******** .*:*******:*************.****::*****.*:*** :. :

R3
Arah3_5_06      RHQSQRAPRRFEGEDQSQQQQQDSHQKVRRFDEGDLIAVPTGVALWMYNDHDTDVVAVSL 180

Leg1_1*         G---------------EGRRYRDRHQKVNRFREGDIIAVPTGIVFWMYNDQDTPVIAVSL 164

. :: :* ****.** ***:******:.:*****:** *:****

Arah3_5_06      TDTNNNDNQLDQFPRRFNLAGNHEQEFLRYQQQSRRRSLPYSPYSPQSQPRQEEREFSPR 240

Leg1_1*         TDIRSSNNQLDQMPRRFYLAGNHEQEFLQYQHQQG------------------------- 199

** ...:*****:**** **********:**:*.                          

R4
Arah3_5_06      GQHSRRERAGQEEENEGGNIFSGFTPEFLAQAFQVDDRQIVQNLRGENESEEEGAIVTVK 300

Leg1_1*         --------GKQEQENEGNNIFSGFKRDYLEDAFNVN-RHIVDRLQGRNEDEEKGAIVKVK 250

. **:****.******. ::* :**:*: *:**:.*:*.**.**:****.**

Arah3_5_06      GGLRILSPDRKRGADEEEEYDEDEY---------------YEYDEEDRRRGRGSRGRGN- 343

Leg1_1*         GGLSIISPPEKQARHQRGSRQEEDEDEEKQPRHQRGSRQEEEEDEDEERQPRHQRRRGEE 310

*** *:** .*:. .:. . :*::                 * **::.*: * .* **: 

Arah3_5_06      ---------------------- 343

Leg1_1*         EEEDKKERGGSQKGKSRRQGDN 332

FIGURE 2

Alignment of the globulins from peanut (Ara h 3.5) and pea (Legumin 1.1)

Epitopes identified by Rabjohn et al (1999) are underlined and labelled R1-R4. The core epitope 
region is indicated in red font. Signal peptide is indicated in grey italics.
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Highlights 

 Allergies to pea are well documented, although less common than allergies to several other 

legumes (peanuts and soybeans).  

 High-protein pea ingredients are being formulated into food products at a rapid rate.   

 Several pea allergens have been identified including proteins that share partial sequence identity 

with peanut and soybean proteins. 

 Notably, peas lack a classical 2S albumin with the conserved Cys motif found in other highly 

potent legume allergens. 

 With increased exposure to pea protein, will peas become a more frequently encountered 

allergenic food? Or will cross-reactions occur among peanut- and/or soy-allergic individuals? 
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Supplementary Figure 2: 
Alignment of putative Pea Protein (Albumin and Globulin) isoforms 
 
Alignment of putative Pea Albumin 1 isoforms 
 

PA1_6       MASVKLASLIVLFATLGMFLTKNVGAISCNGVCSPFDIPPCGSPLCRCIPAGLVIGNCRN 60 

PA1_4       MASVKLASLIVLFATLGMFLTKNVGAASCNGVCSPFEMPPCGSSACRCIPVGLLIGYCRN 60 

PA1_5       MASVKLASLMVLFATLGMFLTKNVGAASCNGVCSPFEMPPCGSSACRCIPVGLVVGYCRH 60 

PA1_3       MASVKLASLIVLFATLGMFLTKNVGAASCNGVCSPFEMPPCGTSACRCIPVGLFIGYCRN 60 

PA1_1*      MASVKLASLIVLFATLGMFLTKNVGAASCNGVCSPFEMPPCGSSACRCIPVGLVVGYCRH 60 

PA1_2       MASVKLASLIVLFATLGMFLTKNVGAASCNGVCSPFEMPPCGTSACRCIPVGLVIGYCRN 60 

            *********:**************** *********::****:  *****.**.:* **: 

 

PA1_6       PYGVFLRTNDEHPNLCESDADCRKKGSG-------------------------TFCGHYP 95 

PA1_4       PSGVFLKGNDEHPNLCESDADCKKKGSG-------------------------NFCGHYP 95 

PA1_5       PSGVFLRTNDEHPNLCESDADCRKKGSGNFCGHYPNPDIEYGSDADCRKKGSGNFCGHYP 120 

PA1_3       PSGVFLKANDEHPNLCESDADCRKKGSG-------------------------NFCGHYP 95 

PA1_1*      PSGVFLRTNDEHPNLCESDADCRKKGSG-------------------------NFCGHYP 95 

PA1_2       PSGVFLRTNDEHPNLCESDADCRKKGSG-------------------------KFCGHYP 95 

            * ****: **************:*****                         .****** 

 

PA1_6       NPDIEYGWCFASKSEAEDFFSKITPKDLLKSVSTA------------ 130 

PA1_4       NPDIEYGWCFASKSEAEDVFSKITPKDLLKSVSLISISKTKTMYALL 142 

PA1_5       NPDIEYGWCFASKSEAEDFFSKITQKDLLKSVSTA------------ 155 

PA1_3       NPDIEYGWCFASKSEAEDFFSKITPKDLLKSVSTA------------ 130 

PA1_1*      NPDIEYGWCFASKSEAEDFFSKITPKDLLKSVSTA------------ 130 

PA1_2       NPDIEYGWCFASKSEAEDFFSKITQKDLLKSVSTA------------ 130 

            ******************.***** ********           

 

Alignment of putative Pea Albumin 2 isoforms 
 

PA2_1*_PA2_2      MTKTGYINAAFRSSQNNEAYLFINDKYVLLDYAPGTSNDKVLYGPTPVRDGFKSLNQTVF 60 

PA2_3             MTKTGYINAAFRSSRNNEAYLFINDKYVLLDYAPGTSNDKVLYGPTPVRDGFKSLNQTIF 60 

                  **************:*******************************************:* 

 

PA2_1*_PA2_2      GSYGVDCSFDTDNDEAFIFYEKFCALIDYAPHSNKDKIILGPKKIADMFPFFEGTVFENG 120 

PA2_3             GSYGIDCSFDTDNDEAFIFYEKFCALIDYAPHSNKDKIILGPKKIADMFPFFEGTVFENG 120 

                  ****:******************************************************* 

 

PA2_1*_PA2_2      IDAAYRSTRGKEVYLFKGDQYARIDYETNSMVNKEIKSIRNGFPCFRNTIFESGTDAAFA 180 

PA2_3             IDAAYRSTRGKEVYLFKGDQYARIDYGTNSMVNKEIKSISNGFPCFRNTIFESGTDAAFA 180 

                  ************************** ************ ******************** 

 

PA2_1*_PA2_2      SHKTNEVYFFKGDYYARVTVTPGATDDQIMDGVRKTLDYWPSLRGIIPLEN 231 

PA2_3             SHKTNEVYFFKGDYYARVTVTPGATDDQIMDGVRKTLDYWPSLRGIIPLEN 231 

                  *************************************************** 

 

Alignment of putative Pea Albumin 3 isoforms 
 

PA3_4_PA3_5      MTKHGYIRAAFRSSRHNEAYIFINDKYVLLDYAPGTTNDKILHGPVLVSEGFKSLAPTIF 60 

PA3_1            MTKSGYINAAIRSSNTNEAYFFINDNYILLDYAPGTTNDKLLYGPIPLRDGFKSLNHTIF 60 

PA3_2_PA3_3      MTKPGYINAAFRSSFNGEAYLFIDDKYVLVDYAPGTGDDKLLNGPLPLPAGFKSLDGTVF 60 

                 *** ***.**:***  .***:**:*:*:*:****** :**:* **: :  *****  *:* 

 

PA3_4_PA3_5      GSYPIDCAFDTDNNEAFLFHENFCAHINYAPFSGVDKLISGPKKIVDMFPFFKGTVFESG 120 

PA3_1            GSYGIDCSFDTDNNQAFIFYENFCALIDYAPHSDKDKIVSGPKKIADTFPFFKGTVFENG 120 

PA3_2_PA3_3      GTYGVDCAFDTDNDEAFIFYENFTALINYAPHTYNDKIISGPKKISDMFPFFKGTVFENG 120 

                 *:* :**:*****::**:*:*** * *:***.:  **::****** * **********.* 

 

PA3_4_PA3_5      IDAAYKSTRGKEAYLFKGDQYARIDYGTNNLVQSIKSIK-GFTSLHGTIFESGSFDAAFA 179 

PA3_1            VDAAYRSSKGKEVYLFKGNQYARIDYGSNKLVQNIRSITGGFTCFKGTIFENG-MDAAFA 179 

PA3_2_PA3_3      IDAAFRSTKEKEVYLFKGDLYARIDYGKNYLVQSIKNISTGFPCFTGTVFENG-VDAAFA 179 

                 :***::*:: **.*****: *******.* ***.*:.*. ** .: **:**.* .***** 

 

PA3_4_PA3_5      SHKPNEVYIFKGEHYIRIGVTPGVAKDNVISRASRIVDYWKGLGSILPLKN 230 

PA3_1            SHKTNEVYFFKDDYYARVAVTPGASNDVIMDGVRKTLDYWPSLRGVVPLKN 230 

PA3_2_PA3_3      SHRTNEAYFFKGDYYALVKISPGGIDDYIIGGVKPILENWPSLRGIIPQKS 230 

                 **: **.*:**.::*  : ::**  .* ::. .   :: * .* .::* *. 



 

Alignment of putative Pea Vicilin (Piss1) isoforms (N-glycan site indicated) 
Piss1_1*      ----------------------------SRSDQENPFIFKSNRFQTLYENENGHIRLLQK 32 

Piss1_2*      ----------------------------SRSDQENPFIFKSNRFQTLYENENGHIRLLQK 32 

Piss1_6       ------------------------------------------------------------ 0 

Piss1_5       ---------------MGTFDFL--------------QKFEGPTFLKIFENLQKLPSFWNI 31 

Piss1_4       ---------------------------------------------------MGTFDFCRN 9 

Piss1_3       MAATTMKASFPLLMLMGI-SFLASVCVSSRSDPQNPFIFKSNKFQTLFENENGHIRLLQK 59 

Piss1_7       MAATTMKASFPLLMLMGI-SFLASVCVSSRSDPQNPFIFKSNKFQTLFENENGHIRLLQK 59 

                                                                           

 

Piss1_1*      FDKRSKIFENLQNYRLLEYKSKPHTLFLPQYTDADFILVVLSGKATLTVLKSNDRNSFNL 92 

Piss1_2*      FDKRSKIFENLQNYRLLEYKSKPRTLFLPQCTDADFILVVLSGKATLTVLKSNDRNSFNL 92 

Piss1_6       -------------------------------------------KAILTVLKPNDRNSFNI 17 

Piss1_5       QSKHVFSFENLQNYRLLEYKSKPHTIFLPQHTDADYILVVLSGKAILTVLKPDDRNSFNL 91 

Piss1_4       LTNVLKFVENLQNYRLLEYKSKPHTIFLPQHTDADYILVVLSGKAILTVLKPDDRNSFNL 69 

Piss1_3       FDQRSKIFENLQNYRLLEYKSKPHTIFLPQHTDADYILVVLSGKAILTVLKPDDRNSFNL 119 

Piss1_7       FDQRSKIFENLQNYRLLEYKSKPHTIFLPQHTDADYILVVLSGKAILTVLKPDDRNSFNL 119 

                                                         ** ***** :******: 

 

Piss1_1*      ERGDAIKLPAGTIAYLANRDDNEDLRVLDLAIPVNKPGQLQSFLLSGTQNQPSLLSGFSK 152 

Piss1_2*      ERGDTIKLPAGTIAYLANRDDNEDLRVLDLTIPVNKPGQLQSFLLSGTQNQPSLLSGFSK 152 

Piss1_6       ERGDTIKLPAGTIAYLVNRDDDEDLRVLDLAIPVNRPGQLQSFLLSGNQNQQSILSGFSK 77 

Piss1_5       ERGDTVKLPAGTIAYLVNRDDNEELRVLDLAIPVNRPGQLQSFLLSGNQNQQSYLSGFSK 151 

Piss1_4       EREDTIKLPAGTIAYLVNRDDNEELRVLDLAIPVNRPGQLQSFLLSGNQNQQSYLSGFSK 129 

Piss1_3       ERGDTIKLPAGTIAYLVNRDDNKELRVLDLAIPVNRPGQLQSFLLSGNKNQQNYLSGFSK 179 

Piss1_7       ERGDTIKLPAGTIAYLVNRDDNEELRVLDLAIPVNRPGQLQGPLP--------------- 164 

              ** *::**********.****:::******:****:*****. *                 

 

Piss1_1*      NILEAAFNTNYEEIEKVLLEQQEQEPQHRRSLKDRRQEINEENVIVKVSREQIEELSKNA 212 

Piss1_2*      NILEAAFNTNYEEIEKVLLEQQEQEPQHRRSLKDRRQEINEENVIVKVSREQIEELSKNA 212 

Piss1_6       NILEASFNTDYEEIEKILLEENEKETQHRRSLRDKRQQSQEDDVIVKLSKGQIEELSKNA 137 

Piss1_5       NILEASFNTDYEEIEKVLLEEHEKETQHRRSLKDKEA----------------------- 188 

Piss1_4       NILEASFNTDYEEIEKVLLEEHEKETQHRRSLKDKRQQSQEENVIVKLSRGQIEELSKNA 189 

Piss1_3       NILEASFNTDYEEIEKVLLEEHEKETQHRRSLKDKRQQSQEENVIVKLSRGQIEELSKNA 239 

Piss1_7       ------------------------------------------------------------ 164 

                                                                           

 

Piss1_1*      KSSSKKSVSSESGPFNLRSRNPIYSNKFGKFFEITPEKNQQLQDLDIFVNSVDIKEGSLL 272 

Piss1_2*      KSSSKKSVSSESGPFNLRSRNPIYSNKFGKFFEITPEKNQQLQDLDIFVNSVDIKEGSLL 272 

Piss1_6       KSSSKKSVSSESKPFNLRSRNPIYSNKFGKFYEITPEENSQLQDLDIFVNSVEIKEGSLL 197 

Piss1_5       -----------------ANRGPIYSNEFGKFFEITPEENPQLQDLDIFVNSVEIKEGSLL 231 

Piss1_4       KSTSKKSVSSESEPFNLRSRAPIYSNEFGKFFEITPEKNPQLQDLDIFVNSVEIKEGSIL 249 

Piss1_3       KSTSKKSVSSESEPFNLRSRGPIYSNEFGKFFEITPEKNPQLQDLDIFVNSVEIKEGSLL 299 

Piss1_7       ------------------------------------------------------------ 164 

                                                                           

 

Piss1_1*      LPNYNSRAIVIVTVTEGKGDFELVGQRNENQGKEND----KEEEQEEETSKQVQLYRAKL 328 

Piss1_2*      LPNYNSRAIVIVTVTEGKGDFELVGQRNENQGKEND----KEEEQEEETSKQVQLYRAKL 328 

Piss1_6       LPHYNSRAIVIVTVNEGRGDFELVGQRNENQQGKRKEDDEEEKNEEDETNKQVQNYKAKL 257 

Piss1_5       LPHYNSRAIVIVTVNEGKGDFELVGQRNENQQEQTKEDDEEEEQGEEEINKQVQNYKAKL 291 

Piss1_4       LPHYNSRAIVIVTVNEGKGDFELVGQRNENQQEQRKEVDEEEEQGEEEINKQVQNYKAKL 309 

Piss1_3       LPHYNSRAILIVTVNEGKGDFELVDQRNENQQEQRKEDDEEEEQGEEEINKQVQNYKAKL 359 

Piss1_7       ------------------------------------------------------------ 164 

                                                                           

 

Piss1_1*      SPGDVFVIPAGHPVAINASSDLNLIGFGIN-----------------------AENNERN 365 

Piss1_2*      SPGDVFVIPAGHPVAINASSDLNLIGFGIN-----------------------AENNERN 365 

Piss1_6       SPGDVFVIPASHPVAVKASSNLHLLGFGIN-----------------------AQNNQRN 294 

Piss1_5       SSGDVFVIPAGHPVSVKASSNLDLFGFGIN-----------------------AENNQRN 328 

Piss1_4       SSGDVFVIPAGHPVAVKASSNLDLLGFGINAENNQRNFLAGILNLDLLGFGINAENNQRN 369 

Piss1_3       SSGDVFVIPAGHPVAVKASSNLDLLGFGIN-----------------------AENNQRN 396 

Piss1_7       ------------------------------------------------------------ 164 

                                                                           

 

Piss1_1*      FLAGEEDNVISQVERPVKELAFPGSSHEVDRLLKNQKQSYFANAQPLQRE---------- 415 

Piss1_2*      FLAGEEDNVISQVERPVKELAFPGSSHEVDRLLKNQKQSYFANAQPLQRE---------- 415 

Piss1_6       FLAGKEDNVISQIQRPVKELTFPGSVQEIDKLLENQKQSYFANAQPQQREIGSSETENRL 354 

Piss1_5       FLAGDKDNVISQIQRPVKELAFPGSAQEVDRILENQKQSHFADAQPQQREIGSRETRDRL 388 

Piss1_4       FLAGDEDNVISQIQRPVKELAFPGSAQEVDRILENQKQSHFTDAQPQQRERGSRETRDRL 429 

Piss1_3       FLAGDEDNVISQIQRPVKELAFPGSAQEVDRILENQKQSHFADAQPQQRERGSRETRDRL 456 



Piss1_7       ------------------------------------------------------------ 164 

                                                                           

 

Piss1_1*      ------- 415 

Piss1_2*      ------- 415 

Piss1_6       SSILNAF 361 

Piss1_5       SSV---- 391 

Piss1_4       SSV---- 432 

Piss1_3       SSV---- 459 

Piss1_7       ------- 164 

                      

 

Alignment of putative Pea Convicilin (Piss2) isoforms 
Piss2_2       MATTIKSRFPLLLLLGIIFLASVVSVTYANYDEGSEPRVPAQRERGRQEGEKEEKRHGEW 60 

Piss2_1*      MATTIKSRFPLLLLLGIIFLASVVCVTYANYDEGSEPRVPAQRERGRQEGEKEEKRHGEW 60 

Piss2_3       MATTVKSRFPLLLFLGIIFLAS-VCVTYANYDEGSETRVPGQRERGRQEGEKEEKRHGEW 59 

              ****:********:******** *.*********** ***.******************* 

 

Piss2_2       RPSYEKEEDEEEGQRERGRQEGEKEEKRHGEWGPSYEKQEDEEEKQKYRYQREKEDEEEK 120 

Piss2_1*      RPSYEKEEDEEEGQRERGRQEGEKEEKRHGEWRPSYEKQEDEEEKQKYRYQREKEDEEEK 120 

Piss2_3       RPSYEKEEH-----------------------------------------------EEEK 72 

              ********.                                               **** 

 

Piss2_2       QKYQYQREKKEQKEVQPGRERWEREEDEEQVDEEWRGSQRREDPEERARLRHREERTKRD 180 

Piss2_1*      QKYQYQREKKEQKEVQPGRERWEREEDEEQVDEEWRGSQRREDPEERARLRHREERTKRD 180 

Piss2_3       QKYRYQREKKEQKEVQPGRERWEREEDEEQVEEEWRGSQRREDPEERARLRHREERTKRD 132 

              ***:***************************:**************************** 

 

Piss2_2       RRHQREGEEEERSSESQERRNPFLFKSNKFLTLFENENGHIRLLQ--------------- 225 

Piss2_1*      RRHQREGEEEERSSESQERRNPFLFKSNKFLTLFENENGHIRLLQRFDKRSDLFENLQNY 240 

Piss2_3       RRHQREGEEEERSSESQEHRNPFLFKSNKFLTLFENENGHIRRLQ--------------- 177 

              ******************:*********************** **                

 

Piss2_2       -----RAKPHTIFLPQHIDADLILVVLNGKAILTVLSPNDRNSYNLERGDTIKLPAGTTS 280 

Piss2_1*      RLVEYRAKPHTIFLPQHIDADLILVVLSGKAILTVLSPNDRNSYNLERGDTIKLPAGTTS 300 

Piss2_3       -----RAKPHTIFLPQHIDADLILVVLNGKAILTVLSPNDRNSYNLERGDTIKIPAGTTS 232 

                   **********************.*************************:****** 

 

Piss2_2       YLVNQDDEEDLRLVDLVIPVNGPGKFEAFDLAKNKNQYLRGFSKNILEASYNTKYETIEK 340 

Piss2_1*      YLVNQDDEEDLRLVDLVIPVNGPGKFEAFDLAKNKNQYLRGFSKNILEASYNTRYETIEK 360 

Piss2_3       YLVNQDDEEDLRVVDFVIPVNRPGKFEAFGLSENKNQYLRGFSKNILEASLNTKYETIEK 292 

              ************:**:***** *******.*::***************** **:****** 

 

Piss2_2       VLLEEQEKEPQQR------------RAIVKVSREQIEELRKLAKSSSKKSLPSEFEPINL 388 

Piss2_1*      VLLEEQEK------DRKRRQQGEETDAIVKVSREQIEELKKLAKSSSKKSLPSEFEPINL 414 

Piss2_3       VLLEEQEKKPQQLRDRKRTQQGEERDAIIKVSREQIEELRKLAKSSSKKSLPSEFEPFNL 352 

              ********                  **:**********:*****************:** 

 

Piss2_2       RSHKPEYSNKFGKLFEITPEKKYPQLQDLDLFVSCVEINEGALMLPHYNSRAIVVLLVNE 448 

Piss2_1*      RSHKPEYSNKFGKLFEITPEKKYPQLQDLDLFVSCVEINEGALMLPHYNSRAIVVLLVNE 474 

Piss2_3       RSHKPEYSNKFGKLFEITPEKKYPQLQDLDILVSCVEINKGALMLPHYNSRAIVVLLVNE 412 

              ******************************::*******:******************** 

 

Piss2_2       GKGNLELLGLKNEQQEREDRKERNNEVQRYEARLSPGDVVIIPAGHPVAITASSNLNLLA 508 

Piss2_1*      GKGNLELLGLKNEQQEREDRKERNNEVQRYEARLSPGDVVIIPAGHPVAITASSNLNLLG 534 

Piss2_3       GKGNLELLGLKNEQQEREDRKERNNEVQRYEARLSPGDVVIIPAGHPVAISASSNLNLLG 472 

              **************************************************:********. 

 

Piss2_2       FGINAENNERNFLSGSDDNVISQIENPVKELTFPGSVQEINRLIKNQKQSHFANAEPEQK 568 

Piss2_1*      FGINAENNERNFLSGSDDNVISQIENPVKELTFPGSVQEINRLIKNQKQSHFANAEPEQK 594 

Piss2_3       FGINAKNNQRNFLSGSDDNVISQIENPVKELTFPGSSQEVNRLIKNQKQSHFASAEPEQK 532 

              *****:**:*************************** **:*************.****** 

 

Piss2_2       EQGSQGKRSPLSSILGTFY 587 

Piss2_1*      EQGSQGKRSPLSSILGTFY 613 

Piss2_3       EEESQRKRSPLSSVLDSFY 551 

              *: ** *******:*.:** 

 

 

 



Alignment of putative Pea Legumin 1 isoforms (Asn cleavage site indicated) 
 

 

Leg1_7      MATKLLALSLSFCFLLLGGCFALREQPEQNECQLERLNALEPDNRIESEGGLIETWNPNN 60 

Leg1_6      -MAKLLALSLSFCFLLLGGCFALTEQPQQNECQLERLDALEPDNRIESEGGLIETWNPNN 59 

Leg1_5      ------------------------------------------------------------ 0 

Leg1_3      MATKLLALSLSFCFLLLGGCFALREQPEQNECQLERLNALEPDNRIESEGGLIETWNPNN 60 

Leg1_4      -MAKLLALSLSFCFLLLGGCFALTEQPQQNECQLERLDALEPDNRIESEGGLIETWNPNN 59 

Leg1_1      -MAKLLALSLSFCFLLLGGCFALREQPQQNECQLERLDALEPDNRIESEGGLIETWNPNN 59 

Leg1_2      -MAKLLALSLSFCFLLLGGCFALREQPQQNECQLERLDALEPDNRIESEGGLIETWNPNN 59 

                                                                         

 

Leg1_7      KQFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQGNGYFGMVFPGCPETFEEPQESEQ 120 

Leg1_6      KQFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQGNGYFGMVFPGCPETFEEPQESEQ 119 

Leg1_5      ------------------------------------------------------------ 0 

Leg1_3      KQFRCAGVALSRATLQHNALRRPYYSNAPQEIFIQQGNGYFGMVFPGCPETFEEPQESEQ 120 

Leg1_4      KQFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQGNGYFGMVFPGCPETFEEPQESEQ 119 

Leg1_1      KQFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQGNGYFGMVFPGCPETFEEPQESEQ 119 

Leg1_2      KQFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQGNGYFGMVFPGCPETFEEPQESEQ 119 

                                                                         

 

Leg1_7      GEGRRYRDRHQKVNRFREGDIIAVLPGSYWYCILDVQRPRHPVIAVSLTDIRSSITSLIR 180 

Leg1_6      GEGRRYRDRHQKVNRFREGDIIAVPTGIVFWMYND---QDTPVIAVSLTDIRSSNNQLDQ 176 

Leg1_5      ------------------------------------------------------------ 0 

Leg1_3      GEGRRYRDRHQKVNRFREGDIIAVPTGIVFWMYND---QDTPVIAVSLTDIRSSNNQLDQ 177 

Leg1_4      GEGRRYRDRHQKVNRFREGDIIAVPTGIVFWMYND---QDTPVIAVSLTDIRSSNNQLDQ 176 

Leg1_1      GEGRRYRDRHQKVNRFREGDIIAVPTGIVFWMYND---QDTPVIAVSLTDIRSSNNQLDQ 176 

Leg1_2      GEGRRYRDRHQKVNRFREGDIIAVPTGIVFWMYND---QDTPVIAVSLTDIRSSNNQLDQ 176 

                                                                         

 

Leg1_7      -CLGFYLAGNHEQEFLRYQHQQGGKQEQENEGNNIFSGFKRISW---------------- 223 

Leg1_6      MPRRFYLAGNHEQEFLRYQHQQGGKQEQENEGNNIFSGFKRDFLEDAFNVNRHIVDRLQG 236 

Leg1_5      ------------------------------------------------------------ 0 

Leg1_3      MPRRFYLAGNHEQEFLRYQHQQGGKQEQENEGNNIFSGFKRDFLEDAFNVNRHIVDRLQG 237 

Leg1_4      MPRRFYLAGNHEQEFLRYQHQQGGKQEQENEGNNIFSGFKRDFLEDAFNVNRHIVDRLQG 236 

Leg1_1      MPRRFYLAGNHEQEFLQYQHQQGGKQEQENEGNNIFSGFKRDYLEDAFNVNRHIVDRLQG 236 

Leg1_2      MPRRFYLAGNHEQEFLQYQHQQGGKQEQENEGNNIFSGFKRDFLEDAFNVNRHIVDRLQG 236 

                                                                         

 

Leg1_7      -------------KMLSTIISPPEKQARHQRGSRQEEDEVKMK-------RGSRATREAA 263 

Leg1_6      RNEDEEKGAIVKVKGGLSIISPPEKQARHQRGSRQEEDE--DEEKQPRHQRGSRQEEEED 294 

Leg1_5      -------------KGGLRIISPPEKQARHQ------------------------------ 17 

Leg1_3      RNEDEEKGAIVKVKGGLSIISPPEKQARHQRGSRQEEDEDEDEERQPRHQRGSRQEEEED 297 

Leg1_4      RNEDEEKGAIVKVKGGLSIISPPEKQARHQRGSRQEEDE--DEEKQPRHQRGSRQEEEED 294 

Leg1_1      RNEDEEKGAIVKVKGGLSIISPPEKQARHQRGSRQEEDE--DEEKQPRHQRGSRQEEEED 294 

Leg1_2      RNEDEEKGAIVKVKGGLSIISPPEKQARHQRGSRQEEDE--DEEKQPRHQRGSRQEEEED 294 

                         *    ************                               

 

Leg1_7      DKRKRKMKMKRGSRVIKGEEERRKKKTRKSAAAAK----------------KA------- 300 

Leg1_6      EDEERQPRHQR----RRGEEEEEDKKERRGSQKGKSRRQGDNGLXSFVALVNARPASSSP 350 

Leg1_5      ----------------------------RGSQKGKSRRQGDNGLEETVCTAKLRLNIGPS 49 

Leg1_3      EDEERQPRHQR----RRGEEEEEDKKERRGSQKGKSRRQGDNGLEETVCTAKLRLNIGPS 353 

Leg1_4      EDEERQPRHQR----RRGEEEEEDKKERRGSQKGKSRRQGDNGLEETVCTAKLRLNIGPS 350 

Leg1_1      EDEERQPRHQR----RRGEEEEEDKKERGGSQKGKSRRQGDNGLEETVCTAKLRLNIGPS 350 

Leg1_2      EDEERQPRHQR----RRGEEEEEDKKERGGSQKGKSRRQGDNGLEETVCTAKLRLNIGPS 350 

                                         .:  .*                :         

 

Leg1_7      ------KAE--------------------------GKETMGLRKQMLCFVPHYNLNANSI 328 

Leg1_6      STRCLVNEDGPMFNRSLAVQTVSSSPLSPAFCFCLFGCR----RPSSVFF--FLLSSSPL 404 

Leg1_5      SSPDIYNPEAGR------IKTVTSLDL-PVLRWLKLSAEHGSLHKNTMFVPHYNLNANSI 102 

Leg1_3      SSPDIYNPEAGR------IKTVTSLDL-PVLRWLKLSAEHGSLHKNAMFVPHYNLNANSI 406 

Leg1_4      SSPDIYNPEAGR------IKTVTSLDL-PVLRWLKLSAEHGSLHKNAMFVPHYNLNANSI 403 

Leg1_1      SSPDIYNPEAGR------IKTVTSLDL-PVLRWLKLSAEHGSLHKNAMFVPHYNLNANSI 403 

Leg1_2      SSPDIYNPEAGR------IKTVTSLDL-PVLRWLKLSAEHGSLHKNAMFVPHYNLNANSI 403 

                  : :                                  :    *.  : *.:. : 

 

Leg1_7      IYALKGRARLQVVNCNGNT-------------------------------PAFKTNDRAG 357 

Leg1_6      MTRLPLFIFIFLFLLSAASLVRGCFSSSS---SSLSAASLVARLASRFSYVAFKTNDRAG 461 

Leg1_5      IYALKGRARLQVVNCNGNTVFDGKLEAGRALTVPQNYAVAAKSLNDRFSYVAFKTNDRAG 162 

Leg1_3      IYALKGRARLQVVNCNGNTVFDGELEAGRALTVPQNYAVAAKSLSDRFSYVAFKTNDRAG 466 

Leg1_4      IYALKGRARLQVVNCNGNTVFDGELEAGRALTVPQNYAVAAKSLSDRFSYVAFKTNDRAG 463 



Leg1_1      IYALKGRARLQVVNCNGNTVFDGELEAGRALTVPQNYAVAAKSLSDRFSYVAFKTNDRAG 463 

Leg1_2      IYALKGRARLQVVNCNGNTVFDGELEAGRALTVPQNYAVAAKSLSDRFSYVAFKTNDRAG 463 

            :  *     : :.  .. :                                ********* 

 

Leg1_7      IARLAGTSSVINNLPLDVVAATFNLQRNEARQLKSNNPFKFLVPARQSENRASA 411 

Leg1_6      IARLAGTSSVINNLPLDVVAATFNLQRNEARQLKSNNPFKFLVPARESENRASA 515 

Leg1_5      IARLAGTSSVINDLPLDVVAATFKLQRDEARQLKSNNPFKFLVPARQSENRASA 216 

Leg1_3      IARLAGTSSVINNLPLDVVAATFNLQRNEARQLKSNNPFKFLVPARQSENRASA 520 

Leg1_4      IARLAGTSSVINNLPLDVVAATFNLQRNEARQLKSNNPFKFLVPARQSENRASA 517 

Leg1_1      IARLAGTSSVINNLPLDVVAATFNLQRNEARQLKSNNPFKFLVPARESENRASA 517 

Leg1_2      IARLAGTSSVINNLPLDVVAATFNLQRNEARQLKSNNPFKFLVPARESENRASA 517 

            ************:**********:***:******************:******* 

 

 

Alignment of putative Pea Legumin 2 isoforms (Asn cleavage site indicated) 
 

 

Leg2_3      MIAITMARHFLSSFSLCFLLFATACLAHHSESDRFNQCQLDSINALEPDHRVESEAGLTE 60 

Leg2_2      MITITMARHFLSSFSLCFLLFTTACLAHHSESDRFNQCQLDSINALEPDHRVESEAGLTE 60 

Leg2_1      -----MARHFLSSFSLCFLLFTTACLAHHSESDRFNQCQLDTINALEPDHRVESEAGLTE 55 

Leg2_4      ------------------------------------------------------------ 0 

                                                                         

 

Leg2_3      TWNPNHPELKCAGVSLIRRTIDPNGLHLPSYSPSPQLIFIIQG-KGVLGLAVPGCPETYE 119 

Leg2_2      TWNPNHPELKCAGVSLIRRTIDPNGLHLPSYSPSPQLIFIIQGWKGVLGLAVPGCPETYE 120 

Leg2_1      TWNPNHPELKCAGVSLIRRTIDPNGLHLPSYSPSPQLIFIIQG-KGVLGLAVPGCPETYE 114 

Leg2_4      ------------------------------------------------------------ 0 

                                                                         

 

Leg2_3      EPRSQSRRQQQQRDSHQKIRRFSKGDVIATPPGIPYWTYNHGHEPLVAITLLDTSNTLNQ 179 

Leg2_2      EPRSQSRRQQQQRDSHQKIRRFSKGDVIAIPPGIPYWTYNHGHEPLVAITLLDTSNTLNQ 180 

Leg2_1      EPRSQSRRQQQQRDSHQKIRRFSKGDVIAIPPGIPYWTYNHGHEPLVAITLLDTSNTLNQ 174 

Leg2_4      ------------------------------------------------------------ 0 

                                                                         

 

Leg2_3      LDSTPRVFYLGGNPEIEFPETQEKQHEGLQQRHSFLVGRRGGQQE-VESEEQKEGNSVLS 238 

Leg2_2      LDSTPRVFYLGGNPEIEFPETQQKQHEPRQQRYSFLVGRRGGQQQEEESEEQNEGNSVLS 240 

Leg2_1      LDSTPRVFYLGGNPEIEFPETQQKQHEPRQQRYSFLVGRRGGQQQEEESEEQNEGNSVLS 234 

Leg2_4      ------------------------------------------------------GNSVLS 6 

                                                                  ****** 

 

Leg2_3      GFNVEFLAHSLNTKEDTAKRLRSPQDERGQIVKVEDGLHIISPELQEE-EQSHRQREEEE 297 

Leg2_2      GFNVEFLAHSLNTKEDTAKRLRSPQDERGQIVKVEDGLHIISPELQEEEEQSHSQRKEEE 300 

Leg2_1      GFNVEFLAHSLNTKEDTAKRLRSPQDERGQIVKVEDGLHIISPELQEEEEQSHSQRKEEE 294 

Leg2_4      GFNVEFLAHSLNTKEDTAKRLRSPQDERGQIVKVEDGLHIISPELQEEEEQSHSQRKEEE 66 

            ************************************************ **** **:*** 

 

Leg2_3      EEEREQRHRKRSEKEDEDEDEEE-EEREQRQRKHSEKEEEEEEDEPLIHEIIKKWKKKTE 356 

Leg2_2      EEEQEQRHRKHSKKEDEDEDEEEEEEREQRHRKHSEKE-EEDEDEPRSYETRRKWKKHTA 359 

Leg2_1      EEEQEQRHRKHSKKEDEDEDEEEEEEREQRHRKHSEKE-EEDEDEPRSYETRRKWKKHTA 353 

Leg2_4      EEEQEQRHRKHSKKEDEDEDEEEEEEREQRHRKHSEKE-EEDEDEPRSYETRRKWKKHTA 125 

            ***:******:*:********** ******:******* **:****  :*  :****:*  

 

Leg2_3      EKKRESHGRGEEKEQVEEKEEEEEEEEEIHGQHSKGRENGLEETICSAKIRENIARPSRA 416 

Leg2_2      EKKRESHGQGEEEEELEK---EEEEEEEIQRQHSKGRKNGLEETICSAKIRENIARPSRG 416 

Leg2_1      EKERESHGQGEEEEELEK---EEEEEEGIQRQHSKGRKNGLEETICSAKIRENIARPSRG 410 

Leg2_4      EKKRESHGQGEEEEELEK---EEEEEEEIQRQHSKGRKNGLEETICSAKIRENIARPSRG 182 

            **:*****:***:*::*:   ****** *: ******:*********************. 

 

Leg2_3      DLYNPRAGRISTVNSLTLPILRNLRLSAEYVLLYRNGIYAPHWNINANSLLYVIRGQGKV 476 

Leg2_2      DLYNSGAGRISTVNSLTLPILRNLRLSAEYVLLYRNGIYAPHWNINANSLLYVIRGEGRV 476 

Leg2_1      DLYNSGAGRISTVNSLTLPILRNLRLSAEYVLLYRNGIYAPHWNINANSLLYVIRGEGRV 470 

Leg2_4      DLYNSGAGRISTVNSLTLPILRNLRLSAEYVLLYRNGIYAPHWNINANSLLYVIRGEGRV 242 

            ****  **************************************************:*:* 

 

Leg2_3      RIVNSQGNAVFDDKVRKGQLVVVPQNFVVSQQAGNEEGFEYVVFKTNDRAAVSHVKQVFR 536 

Leg2_2      RIVNSEGNKVFDDKVRKGQLVVVPQNFVVAQQAGNEEGFEYVVFKTNDRAAVSHVNQVFR 536 

Leg2_1      RIVNSEGNKVFDDKVSLGQLVVVPQNFVVAQQAGNEEGFEYVVFKTNDRAAVSHVNQVFR 530 

Leg2_4      RIVNSEGNKVFDDKVSLGQLVVVPQNFVVAQQAGNEEGFEYVVFKTNDRAAVSHVNQVFR 302 

            *****:** ******  ************:*************************:**** 

 



Leg2_3      ATPGEVLANAFGLRKSEVAQIKYNGNRGPLVQSQPQ 572 

Leg2_2      ATPGEVLANAFGLRHSQVAQIKSNGNRGPLVQPQSQ 572 

Leg2_1      ATPGEVLANAFGLRHSQVAQIKSNGNRGPLVQPQSQ 566 

Leg2_4      ATPGEVLANAFGLRHSQVAQIKSNGNRGPLVQPQSQ 338 

            **************:*:***** ********* * * 

 

Alignment of putative Pea Legumin 3 isoforms (Asn cleavage site indicated) 
 

 

Leg3_5      MSKPSLSLFSLSLLLFASACLATRSEFDRLNQCQLDNINALEPDHRVESEAGLTETWNPN 60 

Leg3_6      MSKPFLSLLSLSLLLFASACLATSSEFDRLNQCQLDSINALEPDHRVESEAGLTETWNPN 60 

Leg3_4      MSKPSLSLFSLSLLLFASACLATRSEFDRLNQCQLDNINALEPDHRVESEAGLTETWNPN 60 

Leg3_3      MSKPFLSLFSLSLLLFASACLATHSEFDRLNQCQLDNINALEPDHRVESEAGLTETWNPN 60 

Leg3_2      ------------------------------------------------------------ 0 

Leg3_1      MSKPFLSLLSLSLLLFASACLATSSEFDRLNQCQLDSINALEPDHRVESEAGLTETWNPN 60 

Leg3_7      ------------------------------------------------------------ 0 

                                                                         

 

Leg3_5      NPELKCAGVSLIRRTIDPNGLHLPSFSPSPQLIFIIQGKGVLGLSLPGCPETYEEPRSSQ 120 

Leg3_6      HPELKCAGVSLIRRTIDPNGLHLPSFSPSPQLIFIIQGKGVLGLSFPGCPETYEEPRSSQ 120 

Leg3_4      NPELKCAGVSLIRRTIDPNGLHLPSFSPSPQLIFIIQGKGVLGLSLPGCPETYEEPRSSQ 120 

Leg3_3      NPELKCTGVSLIRRTIDPNGLHLPSFSPSPQLIFIIQGKGVLGLSLPGCPETYEEPRSSQ 120 

Leg3_2      ------------------------------------------------------------ 0 

Leg3_1      HPELKCAGVSLIRRTIDPNGLHLPSFSPSPQLIFIIQGKGVLGLSFPGCPETYEEPRSSQ 120 

Leg3_7      ------------------------------------------------------------ 0 

                                                                         

 

Leg3_5      SRQGSRQQQGDSHQKIRRF----------------------------------------- 139 

Leg3_6      SRQESRQQQGDSHQKIRRFRKGDIIAIPSGIPYWTYNHGDEPLVAISLLDTSNIANQLDS 180 

Leg3_4      SKQGSRQQQGDSHQKIRQFRKGDIIAIPSGIPYWTYNHGDEPLVAISLLDTSNIANQLDS 180 

Leg3_3      SRQGSRQPQGDSHQKIRRFRKGDIIAIPSGIPYWTYNHGDEPLVAISLLDTSNIANQLDS 180 

Leg3_2      ------------------------------IPYWTYNHGDEPLVAISLLDTSNIANQLDS 30 

Leg3_1      SRQESRQQQGDSHQKVRRFRKGDIIAIPSGIPYWTYNHGDEPLVAISLLDTSNIANQLDS 180 

Leg3_7      -----------------------------------------------------------S 1 

                                                                         

 

Leg3_5      ------------------------------------------------------------ 139 

Leg3_6      TPRVFYLGGNPETEFPETQEEQQGRHRQKHSYPVGRRSGHHQQEEESEEQNEGNSVLSGF 240 

Leg3_4      TPRVFYLGGNPETEFPETQEEQQGRHRQKHSYPVGRRSGHHQQEEESEEQNEARG----- 235 

Leg3_3      TPRVFYLGGNPETEFPETQEEQQGRHRQKHSYPVGRRSGHHQQQEESEEQNEGNSVLSGF 240 

Leg3_2      TPRVFYLGGNPETEFPETQEEQQGRHRQKHSYPVGRRSGHHQQEEESEEQNEGNSVLSGV 90 

Leg3_1      TPRVFYLGGNPETEFPETQEEQQGRHRQKHSYPVGRRSGHHQQEEESEEQNEGNSVLSGF 240 

Leg3_7      TPRVFYLGGNPETEFPETQEEQQGRHRQKHSYPVG------------------------- 36 

                                                                         

 

Leg3_5      ------------------------------------------------------------ 139 

Leg3_6      SSEFLAQTFNTEEDTAKRLRSPRDERSQIVRVEGGLRIINPKGKEEEEK-EQSHSHSHRE 299 

Leg3_4      ----------------------AHERSQIVRVEGGLRIINPKGKEEEEEKEQSHSHSHRE 273 

Leg3_3      SSEFLAQTFNTEEDTAKRLRSPRDERSQIVRVEGGLRIINPKGKEEEEEE-KEQSHSHRE 299 

Leg3_2      SSEFLAQTFNTEEDTAKRLRSPRDERSQIVRVEGGLRIINPKGKEEEEEKEQSHSHSHRE 150 

Leg3_1      SSEFLAQTFNTEEDTAKRLRSPRDERSQIVRVEGGLRIIKPKGKEEE-EKEQSHSHSHRE 299 

Leg3_7      ------------------------------------------------------------ 36 

                                                                         

 

Leg3_5      ------------------------------------------------------------ 139 

Leg3_6      EKEEXLWSRSWM------------WTSL-----------------IFYP----------- 319 

Leg3_4      EGE----EEEEDEEKQRSEERKNGLEETICSAKIRENIADAARADLYNPRAGRISTANSL 329 

Leg3_3      -------EEEEEEEKQRSERRKNGLEETICSAKIRENIADAARADLYNPRAGRISTANSL 352 

Leg3_2      EEE----EEEEDEEKQRSEERKNGLEETICSAKIRENIADAAGADLYNPRAGRIRTANSL 206 

Leg3_1      EKEEEEEEEEDEEEKQRSEERKNGLEETICSAKIRENIADAARADLYNPRAGRISTANSL 359 

Leg3_7      ------------------------------------------------------------ 36 

                                                                         

 

Leg3_5      ------------------------------------------------------------ 139 

Leg3_6      ------------------------------------------------------------ 319 

Leg3_4      TLPVLRYLRLSAEYVRLYRNGIYAPHWNINANSLLYVIRGEGRVRIVNCQGDAVFDNKVR 389 

Leg3_3      TLPVLRYLRLSAEMVYMLHTG------TINANSLLYVIRGEGRVRIVNCQGNTVFDNKVR 406 

Leg3_2      TLPVLRYLRLSAEYVRLYRNGIYAPHWNINANSLLYVIRGEGRVRIVNFQGDAVFDNKVR 266 

Leg3_1      TLPVLRYLRLSAEYVRLYRNGIYAPHWNINANSLLYVIRGEGRVRIVNCQGNTVFDNKVR 419 

Leg3_7      ------------------------------------------------------------ 36 

                                                                         



 

Leg3_5      ------------------------------------------------------------ 139 

Leg3_6      ------------------------------------------------------------ 319 

Leg3_4      KGQLVVVPQNFVVAEQAGEEEGLEYVVFKTNDRAAEEGLEYVVFKTNDRAAVSHVQQVLR 449 

Leg3_3      KGQLVVVPQNFVVAEQAGEEEGLEYVCSR----------------QMTELLLATYNRCLG 450 

Leg3_2      KGQLVVVPQNFVVAEQAGEEEGLEYVVFK----------------TNDRAAVSHVQQVLR 310 

Leg3_1      KGQLVVVPQNFVVAEQAGEEEGLEYVVFK----------------TNDRAAVSHVQQVFR 463 

Leg3_7      ------------------------------------------------------------ 36 

                                                                         

 

Leg3_5      ----------------------------------------------- 139 

Leg3_6      ----------------------------------------------- 319 

Leg3_4      ATPAEVLA-------NAFGLRQRQVTELKLSGNRGPLVHPQSQSQSH 489 

Leg3_3      PLLQRFLQMLLVFVNASHGVKAQ----WKPWPSGSPSVSISISLR-- 491 

Leg3_2      ATPAEVLA-------NAFGLRQRQVTELKLSGNRGPLVHPQSQSQSH 350 

Leg3_1      ATPSEVLA-------NAFGLRQRQVTELKLSGNRGPLVHPRSQSQSH 503 

Leg3_7      ----------------------------------------------- 36 

                                                            

 

Alignment of putative Pea Legumin 4 isoforms (Asn cleavage site indicated) 
 

Leg4_3      ------------------------RQLPRQPSELYECQLDTIHAREPDNRYDSEAGFTET 36 

Leg4_1      MANPNSYCFSLLSVLLLFTSACSARQLPRQPSELYECQLDTIHAREPDNRYDSEAGFTET 60 

Leg4_2      ------------------------------------------------------------ 0 

                                                                         

 

Leg4_3      WDXTXPDLRCAGVSVLKLTINP-------------------------------------- 58 

Leg4_1      WDSTRPDLRCAGVSVLKRTINPNGLNLPSYVAYPELHFVEQGMGVLGMAIPGCAETYEEP 120 

Leg4_2      ------------------------------------------------------------ 0 

                                                                         

 

Leg4_3      ------------------------------------------------------------ 58 

Leg4_1      QWERRGRPQLQQDRHQKVRYVKQGDLIAIPPGVPYWTYNYGNTPLVIVSLLDTSNKLNQL 180 

Leg4_2      ------------------------------------------------------------ 0 

                                                                         

 

Leg4_3      ------------------------------------------------------------ 58 

Leg4_1      DQVPRRFYLGGNPEVEHSVKQSGRKHGDEDTNNMFSGFDSRFLGEVLKVKESIIRKLQSP 240 

Leg4_2      ------------------------------------------------------------ 0 

                                                                         

 

Leg4_3      ------------------------------------------------------------ 58 

Leg4_1      EDGQGKHQIIHVKGGLSLIRPPLEPEIRSEEEKTRRKREEKVVEEEEEEVVEDEPGKREH 300 

Leg4_2      ------------------------------------------------------------ 0 

                                                                         

 

Leg4_3      ------------------------------------------------------------ 58 

Leg4_1      REWRKETRKQKEGESEGEGEEAEVVKEKETKTKEHRRHHGERESSRHGERRQEEEEEDVK 360 

Leg4_2      ------------------------------------------------------------ 0 

                                                                         

 

Leg4_3      ------------------------------------------------------------ 58 

Leg4_1      EEKQTRTTTKEREGQKGNFLEETVCTLKLHEDLAGSSQADVFNPRAGRITSVNSLTLPVL 420 

Leg4_2      ------------------FLEETVCTLKLHEDLAGSSQADVFNPRAGRITSVNSLTLPVL 42 

                                                                         

 

Leg4_3      ------------------------------------------------------------ 58 

Leg4_1      KLLHLSAQWVKLYKDGIFMPHWNMNANSVMYVTRGRGRVQVVNSEGKSVFNGEVRRGKLL 480 

Leg4_2      KLLHLSAQWVKLYKNGIFMPHWNLNANS-------------------------------- 70 

                                                                         

 

Leg4_3      ------------------------------------------------------------ 58 

Leg4_1      VVPQNFAVAEQAGNEGLEYVVFKTNDRAEMNTLVGRDSAISATPAEVLGHVFGLSPQEVN 540 

Leg4_2      ------------------------------------------------------------ 70 

                                                                         

 

Leg4_3      -------------------------- 58 

Leg4_1      ELKNNRNEGVLATPDSRIQDDFIEMV 566 

Leg4_2      -------------------------- 70 

                                       



 
Alignment of putative Pea Lipid transfer proteins (Piss3) isoforms ( 
 

Piss3_2       MARSMKLACVVLAMCML-VAPMAEAAFSCATVMTDLRPCLTYLEAANNASPSPPCCAGVK 59 

Piss3_3       MARSMKLACVVLVICMVVIAPMAEAALSCGAVTGDLAPCVTYLQAPNNASPPPPCCAGVK 60 

Piss3_4       ------MCCFGDV--HGSYCAYAEAALSCGAVTGDLAPCLTYLQAPNNASPPPPCCAGVK 52 

Piss3_1*      MARSMKLACVALVICMVVIAPMAEAALSCGTVSADMAPCVTYLQAPNNASPPPPCCAGVK 60 

Piss3_5       MARSMKLACVVLVICMVVIAPMAEAALSCGTVSADMAPCVTYLQAPNNASPPPPCCAGVK 60 

Piss3_6       MARSMKLACVVLVICMVVIAPTAEAALSCGTVSGDLAPCLTYLEAPNNASPPPSCCAGVK 60 

Piss3_7       ---------------------MAEAALSCGTVSGDLAPCLTYLQAPNNASPPPPCCAGVK 39 

Piss3_8       ---------------------MAEAALSCGTVSGDLAPCLTYLQAPNNASPPPPCCAGVK 39 

                                    ****:**.:*  *: **:***:* ***** * ****** 

 

Piss3_2       NLQAAAPTVADRQAACNCLKSTAGAISNLNANNAAALPGKCGVNIPYKISASTNCNTI-- 117 

Piss3_3       KLLGAATTTPDRQAACNCLKSAAGSISKLNTNNVAALPGNCGVSIPYKISTSTNCNTYVL 120 

Piss3_4       KLLGAATTTPDRQAACNCLKSAAGSISKLNTNNAAALPGKCGVSIPYKISTSTNCNTVKF 112 

Piss3_1*      KLLAAATTTPDRQAACNCLKSAAGSIPKLNTNNAAALPGKCGVSIPYKISTSTNCNTVRF 120 

Piss3_5       KLLAAATTTPDRQAACNCLKSAAGSIPKLNTNNAAALPGKCGVSIPYKISTSTNCNTVRF 120 

Piss3_6       KLLGAATTTPDRQAACNCLKSAAGSISKLNTNNAAALPGKCGVSIPYKISTSTNCNTIKF 120 

Piss3_7       KLLAAATTTPDRQAACNCLKSAAGSISRLNTNNAAALPGKCGVSIPYKISTSTNCNTVRF 99 

Piss3_8       KLLGAATTTPDRQAACNCLKSAAGSISRLNTNNAAALPGKCGVSIPYKISTSTNCNTIKF 99 

              :* .** *. ***********:**:* .**:**.*****:***.******:******    

 

Piss3_2       ---------- 117 

Piss3_3       LLLCFCHGSH 130 

Piss3_4       ---------- 112 

Piss3_1*      ---------- 120 

Piss3_5       ---------- 120 

Piss3_6       ---------- 120 

Piss3_7       ---------- 99 

Piss3_8       ---------- 99 

                         

 

 
 

 



Supplementary Table 1 

Nomenclature of predicted translations, accessions and gene location of putative Pisum sativum 

(Psat) allergens. Percentage identity of cds sequences to known sequences (*) are shown 

Pisum sativum 

Albumin 

Nomenclature in 

manuscript 
Accession/Gene site Identity to PA1_1/notes 

PA1_1* CAB82859 100.00 

PA1_2 Psat1g073600 96.15 

PA1_3 Psat1g073800 95.38 

PA1_4 Psat1g073640 93.08 

PA1_5 Psat1g073680 98.46 (Insertion Repeat) 

PA1_6 Psat1g073760 91.54 

  Identity to PA2_1/notes 

PA2_1* P08688 Ident to PA2_2 

PA2_2 Psat0s876g0120 100.00 (Ident to PA2_1) 

PA2_3 Psat0s876g0040 97.84 

PA3_1 Psat0s1021g0280 79.13 

PA3_2 Psat5g117840 72.61 (Ident to PA3_3) 

PA3_3 Psat5g117800 72.61 (Ident to PA3_2) 

PA3_4 Psat0s3494g0040 68.56 (Ident to PA3_5) 

PA3_5 Psat1g110680 68.56 (Ident to PA3_4) 

Pisum sativum 

Vicilin 

  
Identity to 

Piss1.0101/Notes 

Piss1_1* Piss1.0101 100.00/partial sequence 

Piss1_2* Piss1.0102 99.04/partial sequence 

Piss1_3 Psat0s4851g0160 82.65 

Piss1_4 Psat5g199920 79.59 

Piss1_5 Psat0s5g0160 75.75 

Piss1_6 Psat5g216000 80.59/partial sequence 

Piss1_7 Psat0s7016g0040 86.86/partial sequence 

Pisum sativum 

Convicilin 

  Identity to Piss2 

Piss2_1* CAB82855 100.00 

Piss2_2 Psat6g206160.1t1 98.80 

Piss2_3 Psat6g206200.1 92.84 

Pisum sativum 

Legumins 

 
 

Identity to Leg1_1 

(P02857) 

Leg1_1* P02857 (LegA) 100.00 

Leg1_2* Q9T0P5 (LegA) 99.81 

Leg1_3* P15838 (LegA) 98.07 

Leg1_4 Psat3g058800 99.03 

Leg1_5* Q41036 (LegB) 95.83/partial 

Leg1_6 Psat3g055960 81.30 

Leg1_7 Psat0s1923g0200 80.80 

 
 

Identity to Leg2_1 

(O24294) 

Leg2_1* O24294 (Leg) 100.00 

Leg2_2 Psat6g138040 99.12 

Leg2_3 Psat6g125840 90.94 

Leg2_4* P14594 (LegB) 99.41/partial 

 
 

Identity to Leg3_1 

(P05692) 

Leg3_1* P05692 (LegJ) 100 

Leg3_2* P05693 (LegK) 96.28/partial 

Leg3_3 Psat6g054880 85.30 

Leg3_4 Psat6g055080 94.92 

Leg3_5* Q41035 (Leg) 94.24/partial 

Leg3_6 Psat6g054960 94.34 

Leg3_7* Q41032 (LegJ) 100/partial 

  Identity to Leg4_1 

Leg4_1 Psat3g056000 100.00 

Leg4_2* Q7M1N3 (LegL) 97.14/partial 

Leg4_3* Q7M1N4 (LegL) 94.83/partial 

Pisum sativum 

Lipid Transfer 

Protein 

Piss3_1*  100.00 

Piss3_2 Psat7g234720 76.07 

Piss3_3 Psat7g234680 90.00 



Piss3_4 Psat7g234480 82.14 

Piss3_5 Psat0s4675g0040 99.17 

Piss3_6 Psat7g234440 90.83 

Piss3_7 Psat7g234640 94.95 

Piss3_8 Psat7g234520 91.92 

 

 



Supplementary Figure 1 

Predicted translations of Pisum sativum (Psat) cds sequences 

>PA1_1* 

MASVKLASLIVLFATLGMFLTKNVGAASCNGVCSPFEMPPCGSSACRCIPVGLVVGYCRHPSGVFLRTNDEHPNLCESDADCRKKGSGNFCGHYPNP

DIEYGWCFASKSEAEDFFSKITPKDLLKSVSTA 

>PA1_2 

MASVKLASLIVLFATLGMFLTKNVGAASCNGVCSPFEMPPCGTSACRCIPVGLVIGYCRNPSGVFLRTNDEHPNLCESDADCRKKGSGKFCGHYPNP

DIEYGWCFASKSEAEDFFSKITQKDLLKSVSTA 

>PA1_3 

MASVKLASLIVLFATLGMFLTKNVGAASCNGVCSPFEMPPCGTSACRCIPVGLFIGYCRNPSGVFLKANDEHPNLCESDADCRKKGSGNFCGHYPNP

DIEYGWCFASKSEAEDFFSKITPKDLLKSVSTA 

>PA1_4 

MASVKLASLIVLFATLGMFLTKNVGAASCNGVCSPFEMPPCGSSACRCIPVGLLIGYCRNPSGVFLKGNDEHPNLCESDADCKKKGSGNFCGHYPNP

DIEYGWCFASKSEAEDVFSKITPKDLLKSVSLISISKTKTMYALL 

>PA1_5 

MASVKLASLMVLFATLGMFLTKNVGAASCNGVCSPFEMPPCGSSACRCIPVGLVVGYCRHPSGVFLRTNDEHPNLCESDADCRKKGSGNFCGHYPNP

DIEYGSDADCRKKGSGNFCGHYPNPDIEYGWCFASKSEAEDFFSKITQKDLLKSVSTA 

>PA1_6 

MASVKLASLIVLFATLGMFLTKNVGAISCNGVCSPFDIPPCGSPLCRCIPAGLVIGNCRNPYGVFLRTNDEHPNLCESDADCRKKGSGTFCGHYPNP

DIEYGWCFASKSEAEDFFSKITPKDLLKSVSTA 

>PA2_1*_PA2_2 

MTKTGYINAAFRSSQNNEAYLFINDKYVLLDYAPGTSNDKVLYGPTPVRDGFKSLNQTVFGSYGVDCSFDTDNDEAFIFYEKFCALIDYAPHSNKDK

IILGPKKIADMFPFFEGTVFENGIDAAYRSTRGKEVYLFKGDQYARIDYETNSMVNKEIKSIRNGFPCFRNTIFESGTDAAFASHKTNEVYFFKGDY

YARVTVTPGATDDQIMDGVRKTLDYWPSLRGIIPLEN 

>PA2_3 

MTKTGYINAAFRSSRNNEAYLFINDKYVLLDYAPGTSNDKVLYGPTPVRDGFKSLNQTIFGSYGIDCSFDTDNDEAFIFYEKFCALIDYAPHSNKDK

IILGPKKIADMFPFFEGTVFENGIDAAYRSTRGKEVYLFKGDQYARIDYGTNSMVNKEIKSISNGFPCFRNTIFESGTDAAFASHKTNEVYFFKGDY

YARVTVTPGATDDQIMDGVRKTLDYWPSLRGIIPLEN 

>PA3_1 

MTKSGYINAAIRSSNTNEAYFFINDNYILLDYAPGTTNDKLLYGPIPLRDGFKSLNHTIFGSYGIDCSFDTDNNQAFIFYENFCALIDYAPHSDKDK

IVSGPKKIADTFPFFKGTVFENGVDAAYRSSKGKEVYLFKGNQYARIDYGSNKLVQNIRSITGGFTCFKGTIFENGMDAAFASHKTNEVYFFKDDYY

ARVAVTPGASNDVIMDGVRKTLDYWPSLRGVVPLKN 

>PA3_2_PA3_3 

MTKPGYINAAFRSSFNGEAYLFIDDKYVLVDYAPGTGDDKLLNGPLPLPAGFKSLDGTVFGTYGVDCAFDTDNDEAFIFYENFTALINYAPHTYNDK

IISGPKKISDMFPFFKGTVFENGIDAAFRSTKEKEVYLFKGDLYARIDYGKNYLVQSIKNISTGFPCFTGTVFENGVDAAFASHRTNEAYFFKGDYY

ALVKISPGGIDDYIIGGVKPILENWPSLRGIIPQKS 

>PA3_4_PA3_5 

MTKHGYIRAAFRSSRHNEAYIFINDKYVLLDYAPGTTNDKILHGPVLVSEGFKSLAPTIFGSYPIDCAFDTDNNEAFLFHENFCAHINYAPFSGVDK

LISGPKKIVDMFPFFKGTVFESGIDAAYKSTRGKEAYLFKGDQYARIDYGTNNLVQSIKSIKGFTSLHGTIFESGSFDAAFASHKPNEVYIFKGEHY

IRIGVTPGVAKDNVISRASRIVDYWKGLGSILPLKN 

>Piss1_1* 

SRSDQENPFIFKSNRFQTLYENENGHIRLLQKFDKRSKIFENLQNYRLLEYKSKPHTLFLPQYTDADFILVVLSGKATLTVLKSNDRNSFNLERGDA

IKLPAGTIAYLANRDDNEDLRVLDLAIPVNKPGQLQSFLLSGTQNQPSLLSGFSKNILEAAFNTNYEEIEKVLLEQQEQEPQHRRSLKDRRQEINEE

NVIVKVSREQIEELSKNAKSSSKKSVSSESGPFNLRSRNPIYSNKFGKFFEITPEKNQQLQDLDIFVNSVDIKEGSLLLPNYNSRAIVIVTVTEGKG

DFELVGQRNENQGKENDKEEEQEEETSKQVQLYRAKLSPGDVFVIPAGHPVAINASSDLNLIGFGINAENNERNFLAGEEDNVISQVERPVKELAFP

GSSHEVDRLLKNQKQSYFANAQPLQRE 

>Piss1_2* 

SRSDQENPFIFKSNRFQTLYENENGHIRLLQKFDKRSKIFENLQNYRLLEYKSKPRTLFLPQCTDADFILVVLSGKATLTVLKSNDRNSFNLERGDT

IKLPAGTIAYLANRDDNEDLRVLDLTIPVNKPGQLQSFLLSGTQNQPSLLSGFSKNILEAAFNTNYEEIEKVLLEQQEQEPQHRRSLKDRRQEINEE

NVIVKVSREQIEELSKNAKSSSKKSVSSESGPFNLRSRNPIYSNKFGKFFEITPEKNQQLQDLDIFVNSVDIKEGSLLLPNYNSRAIVIVTVTEGKG

DFELVGQRNENQGKENDKEEEQEEETSKQVQLYRAKLSPGDVFVIPAGHPVAINASSDLNLIGFGINAENNERNFLAGEEDNVISQVERPVKELAFP

GSSHEVDRLLKNQKQSYFANAQPLQRE 

>Piss1_3 

MAATTMKASFPLLMLMGISFLASVCVSSRSDPQNPFIFKSNKFQTLFENENGHIRLLQKFDQRSKIFENLQNYRLLEYKSKPHTIFLPQHTDADYIL

VVLSGKAILTVLKPDDRNSFNLERGDTIKLPAGTIAYLVNRDDNKELRVLDLAIPVNRPGQLQSFLLSGNKNQQNYLSGFSKNILEASFNTDYEEIE

KVLLEEHEKETQHRRSLKDKRQQSQEENVIVKLSRGQIEELSKNAKSTSKKSVSSESEPFNLRSRGPIYSNEFGKFFEITPEKNPQLQDLDIFVNSV

EIKEGSLLLPHYNSRAILIVTVNEGKGDFELVDQRNENQQEQRKEDDEEEEQGEEEINKQVQNYKAKLSSGDVFVIPAGHPVAVKASSNLDLLGFGI

NAENNQRNFLAGDEDNVISQIQRPVKELAFPGSAQEVDRILENQKQSHFADAQPQQRERGSRETRDRLSSV 

>Piss1_4 

MGTFDFCRNLTNVLKFVENLQNYRLLEYKSKPHTIFLPQHTDADYILVVLSGKAILTVLKPDDRNSFNLEREDTIKLPAGTIAYLVNRDDNEELRVL

DLAIPVNRPGQLQSFLLSGNQNQQSYLSGFSKNILEASFNTDYEEIEKVLLEEHEKETQHRRSLKDKRQQSQEENVIVKLSRGQIEELSKNAKSTSK

KSVSSESEPFNLRSRAPIYSNEFGKFFEITPEKNPQLQDLDIFVNSVEIKEGSILLPHYNSRAIVIVTVNEGKGDFELVGQRNENQQEQRKEVDEEE

EQGEEEINKQVQNYKAKLSSGDVFVIPAGHPVAVKASSNLDLLGFGINAENNQRNFLAGILNLDLLGFGINAENNQRNFLAGDEDNVISQIQRPVKE

LAFPGSAQEVDRILENQKQSHFTDAQPQQRERGSRETRDRLSSV 

>Piss1_5 

MGTFDFLQKFEGPTFLKIFENLQKLPSFWNIQSKHVFSFENLQNYRLLEYKSKPHTIFLPQHTDADYILVVLSGKAILTVLKPDDRNSFNLERGDTV

KLPAGTIAYLVNRDDNEELRVLDLAIPVNRPGQLQSFLLSGNQNQQSYLSGFSKNILEASFNTDYEEIEKVLLEEHEKETQHRRSLKDKEAANRGPI

YSNEFGKFFEITPEENPQLQDLDIFVNSVEIKEGSLLLPHYNSRAIVIVTVNEGKGDFELVGQRNENQQEQTKEDDEEEEQGEEEINKQVQNYKAKL



SSGDVFVIPAGHPVSVKASSNLDLFGFGINAENNQRNFLAGDKDNVISQIQRPVKELAFPGSAQEVDRILENQKQSHFADAQPQQREIGSRETRDRL

SSV 

>Piss1_6 

KAILTVLKPNDRNSFNIERGDTIKLPAGTIAYLVNRDDDEDLRVLDLAIPVNRPGQLQSFLLSGNQNQQSILSGFSKNILEASFNTDYEEIEKILLE

ENEKETQHRRSLRDKRQQSQEDDVIVKLSKGQIEELSKNAKSSSKKSVSSESKPFNLRSRNPIYSNKFGKFYEITPEENSQLQDLDIFVNSVEIKEG

SLLLPHYNSRAIVIVTVNEGRGDFELVGQRNENQQGKRKEDDEEEKNEEDETNKQVQNYKAKLSPGDVFVIPASHPVAVKASSNLHLLGFGINAQNN

QRNFLAGKEDNVISQIQRPVKELTFPGSVQEIDKLLENQKQSYFANAQPQQREIGSSETENRLSSILNAF 

>Piss1_7 

MAATTMKASFPLLMLMGISFLASVCVSSRSDPQNPFIFKSNKFQTLFENENGHIRLLQKFDQRSKIFENLQNYRLLEYKSKPHTIFLPQHTDADYIL

VVLSGKAILTVLKPDDRNSFNLERGDTIKLPAGTIAYLVNRDDNEELRVLDLAIPVNRPGQLQGPLP 

>Piss2_1* 

MATTIKSRFPLLLLLGIIFLASVVCVTYANYDEGSEPRVPAQRERGRQEGEKEEKRHGEWRPSYEKEEDEEEGQRERGRQEGEKEEKRHGEWRPSYE

KQEDEEEKQKYRYQREKEDEEEKQKYQYQREKKEQKEVQPGRERWEREEDEEQVDEEWRGSQRREDPEERARLRHREERTKRDRRHQREGEEEERSS

ESQERRNPFLFKSNKFLTLFENENGHIRLLQRFDKRSDLFENLQNYRLVEYRAKPHTIFLPQHIDADLILVVLSGKAILTVLSPNDRNSYNLERGDT

IKLPAGTTSYLVNQDDEEDLRLVDLVIPVNGPGKFEAFDLAKNKNQYLRGFSKNILEASYNTRYETIEKVLLEEQEKDRKRRQQGEETDAIVKVSRE

QIEELKKLAKSSSKKSLPSEFEPINLRSHKPEYSNKFGKLFEITPEKKYPQLQDLDLFVSCVEINEGALMLPHYNSRAIVVLLVNEGKGNLELLGLK

NEQQEREDRKERNNEVQRYEARLSPGDVVIIPAGHPVAITASSNLNLLGFGINAENNERNFLSGSDDNVISQIENPVKELTFPGSVQEINRLIKNQK

QSHFANAEPEQKEQGSQGKRSPLSSILGTFY 

>Piss2_2 

MATTIKSRFPLLLLLGIIFLASVVSVTYANYDEGSEPRVPAQRERGRQEGEKEEKRHGEWRPSYEKEEDEEEGQRERGRQEGEKEEKRHGEWGPSYE

KQEDEEEKQKYRYQREKEDEEEKQKYQYQREKKEQKEVQPGRERWEREEDEEQVDEEWRGSQRREDPEERARLRHREERTKRDRRHQREGEEEERSS

ESQERRNPFLFKSNKFLTLFENENGHIRLLQRAKPHTIFLPQHIDADLILVVLNGKAILTVLSPNDRNSYNLERGDTIKLPAGTTSYLVNQDDEEDL

RLVDLVIPVNGPGKFEAFDLAKNKNQYLRGFSKNILEASYNTKYETIEKVLLEEQEKEPQQRRAIVKVSREQIEELRKLAKSSSKKSLPSEFEPINL

RSHKPEYSNKFGKLFEITPEKKYPQLQDLDLFVSCVEINEGALMLPHYNSRAIVVLLVNEGKGNLELLGLKNEQQEREDRKERNNEVQRYEARLSPG

DVVIIPAGHPVAITASSNLNLLAFGINAENNERNFLSGSDDNVISQIENPVKELTFPGSVQEINRLIKNQKQSHFANAEPEQKEQGSQGKRSPLSSI

LGTFY 

>Piss2_3 

MATTVKSRFPLLLFLGIIFLASVCVTYANYDEGSETRVPGQRERGRQEGEKEEKRHGEWRPSYEKEEHEEEKQKYRYQREKKEQKEVQPGRERWERE

EDEEQVEEEWRGSQRREDPEERARLRHREERTKRDRRHQREGEEEERSSESQEHRNPFLFKSNKFLTLFENENGHIRRLQRAKPHTIFLPQHIDADL

ILVVLNGKAILTVLSPNDRNSYNLERGDTIKIPAGTTSYLVNQDDEEDLRVVDFVIPVNRPGKFEAFGLSENKNQYLRGFSKNILEASLNTKYETIE

KVLLEEQEKKPQQLRDRKRTQQGEERDAIIKVSREQIEELRKLAKSSSKKSLPSEFEPFNLRSHKPEYSNKFGKLFEITPEKKYPQLQDLDILVSCV

EINKGALMLPHYNSRAIVVLLVNEGKGNLELLGLKNEQQEREDRKERNNEVQRYEARLSPGDVVIIPAGHPVAISASSNLNLLGFGINAKNNQRNFL

SGSDDNVISQIENPVKELTFPGSSQEVNRLIKNQKQSHFASAEPEQKEEESQRKRSPLSSVLDSFY 

>Leg1_1 

MAKLLALSLSFCFLLLGGCFALREQPQQNECQLERLDALEPDNRIESEGGLIETWNPNNKQFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQGN

GYFGMVFPGCPETFEEPQESEQGEGRRYRDRHQKVNRFREGDIIAVPTGIVFWMYNDQDTPVIAVSLTDIRSSNNQLDQMPRRFYLAGNHEQEFLQY

QHQQGGKQEQENEGNNIFSGFKRDYLEDAFNVNRHIVDRLQGRNEDEEKGAIVKVKGGLSIISPPEKQARHQRGSRQEEDEDEEKQPRHQRGSRQEE

EEDEDEERQPRHQRRRGEEEEEDKKERGGSQKGKSRRQGDNGLEETVCTAKLRLNIGPSSSPDIYNPEAGRIKTVTSLDLPVLRWLKLSAEHGSLHK

NAMFVPHYNLNANSIIYALKGRARLQVVNCNGNTVFDGELEAGRALTVPQNYAVAAKSLSDRFSYVAFKTNDRAGIARLAGTSSVINNLPLDVVAAT

FNLQRNEARQLKSNNPFKFLVPARESENRASA 

>Leg1_2 

MAKLLALSLSFCFLLLGGCFALREQPQQNECQLERLDALEPDNRIESEGGLIETWNPNNKQFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQGN

GYFGMVFPGCPETFEEPQESEQGEGRRYRDRHQKVNRFREGDIIAVPTGIVFWMYNDQDTPVIAVSLTDIRSSNNQLDQMPRRFYLAGNHEQEFLQY

QHQQGGKQEQENEGNNIFSGFKRDFLEDAFNVNRHIVDRLQGRNEDEEKGAIVKVKGGLSIISPPEKQARHQRGSRQEEDEDEEKQPRHQRGSRQEE

EEDEDEERQPRHQRRRGEEEEEDKKERGGSQKGKSRRQGDNGLEETVCTAKLRLNIGPSSSPDIYNPEAGRIKTVTSLDLPVLRWLKLSAEHGSLHK

NAMFVPHYNLNANSIIYALKGRARLQVVNCNGNTVFDGELEAGRALTVPQNYAVAAKSLSDRFSYVAFKTNDRAGIARLAGTSSVINNLPLDVVAAT

FNLQRNEARQLKSNNPFKFLVPARESENRASA 

>Leg1_3 

MATKLLALSLSFCFLLLGGCFALREQPEQNECQLERLNALEPDNRIESEGGLIETWNPNNKQFRCAGVALSRATLQHNALRRPYYSNAPQEIFIQQG

NGYFGMVFPGCPETFEEPQESEQGEGRRYRDRHQKVNRFREGDIIAVPTGIVFWMYNDQDTPVIAVSLTDIRSSNNQLDQMPRRFYLAGNHEQEFLR

YQHQQGGKQEQENEGNNIFSGFKRDFLEDAFNVNRHIVDRLQGRNEDEEKGAIVKVKGGLSIISPPEKQARHQRGSRQEEDEDEDEERQPRHQRGSR

QEEEEDEDEERQPRHQRRRGEEEEEDKKERRGSQKGKSRRQGDNGLEETVCTAKLRLNIGPSSSPDIYNPEAGRIKTVTSLDLPVLRWLKLSAEHGS

LHKNAMFVPHYNLNANSIIYALKGRARLQVVNCNGNTVFDGELEAGRALTVPQNYAVAAKSLSDRFSYVAFKTNDRAGIARLAGTSSVINNLPLDVV

AATFNLQRNEARQLKSNNPFKFLVPARQSENRASA 

>Leg1_4 

MAKLLALSLSFCFLLLGGCFALTEQPQQNECQLERLDALEPDNRIESEGGLIETWNPNNKQFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQGN

GYFGMVFPGCPETFEEPQESEQGEGRRYRDRHQKVNRFREGDIIAVPTGIVFWMYNDQDTPVIAVSLTDIRSSNNQLDQMPRRFYLAGNHEQEFLRY

QHQQGGKQEQENEGNNIFSGFKRDFLEDAFNVNRHIVDRLQGRNEDEEKGAIVKVKGGLSIISPPEKQARHQRGSRQEEDEDEEKQPRHQRGSRQEE

EEDEDEERQPRHQRRRGEEEEEDKKERRGSQKGKSRRQGDNGLEETVCTAKLRLNIGPSSSPDIYNPEAGRIKTVTSLDLPVLRWLKLSAEHGSLHK

NAMFVPHYNLNANSIIYALKGRARLQVVNCNGNTVFDGELEAGRALTVPQNYAVAAKSLSDRFSYVAFKTNDRAGIARLAGTSSVINNLPLDVVAAT

FNLQRNEARQLKSNNPFKFLVPARQSENRASA 

>Leg1_5 

KGGLRIISPPEKQARHQRGSQKGKSRRQGDNGLEETVCTAKLRLNIGPSSSPDIYNPEAGRIKTVTSLDLPVLRWLKLSAEHGSLHKNTMFVPHYNL

NANSIIYALKGRARLQVVNCNGNTVFDGKLEAGRALTVPQNYAVAAKSLNDRFSYVAFKTNDRAGIARLAGTSSVINDLPLDVVAATFKLQRDEARQ

LKSNNPFKFLVPARQSENRASA 

>Leg1_6 

MAKLLALSLSFCFLLLGGCFALTEQPQQNECQLERLDALEPDNRIESEGGLIETWNPNNKQFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQGN

GYFGMVFPGCPETFEEPQESEQGEGRRYRDRHQKVNRFREGDIIAVPTGIVFWMYNDQDTPVIAVSLTDIRSSNNQLDQMPRRFYLAGNHEQEFLRY

QHQQGGKQEQENEGNNIFSGFKRDFLEDAFNVNRHIVDRLQGRNEDEEKGAIVKVKGGLSIISPPEKQARHQRGSRQEEDEDEEKQPRHQRGSRQEE

EEDEDEERQPRHQRRRGEEEEEDKKERRGSQKGKSRRQGDNGLXSFVALVNARPASSSPSTRCLVNEDGPMFNRSLAVQTVSSSPLSPAFCFCLFGC



RRPSSVFFFLLSSSPLMTRLPLFIFIFLFLLSAASLVRGCFSSSSSSLSAASLVARLASRFSYVAFKTNDRAGIARLAGTSSVINNLPLDVVAATFN

LQRNEARQLKSNNPFKFLVPARESENRASA 

>Leg1_7 

MATKLLALSLSFCFLLLGGCFALREQPEQNECQLERLNALEPDNRIESEGGLIETWNPNNKQFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQG

NGYFGMVFPGCPETFEEPQESEQGEGRRYRDRHQKVNRFREGDIIAVLPGSYWYCILDVQRPRHPVIAVSLTDIRSSITSLIRCLGFYLAGNHEQEF

LRYQHQQGGKQEQENEGNNIFSGFKRISWKMLSTIISPPEKQARHQRGSRQEEDEVKMKRGSRATREAADKRKRKMKMKRGSRVIKGEEERRKKKTR

KSAAAAKKAKAEGKETMGLRKQMLCFVPHYNLNANSIIYALKGRARLQVVNCNGNTPAFKTNDRAGIARLAGTSSVINNLPLDVVAATFNLQRNEAR

QLKSNNPFKFLVPARQSENRASA 

>Leg2_1 

MARHFLSSFSLCFLLFTTACLAHHSESDRFNQCQLDTINALEPDHRVESEAGLTETWNPNHPELKCAGVSLIRRTIDPNGLHLPSYSPSPQLIFIIQ

GKGVLGLAVPGCPETYEEPRSQSRRQQQQRDSHQKIRRFSKGDVIAIPPGIPYWTYNHGHEPLVAITLLDTSNTLNQLDSTPRVFYLGGNPEIEFPE

TQQKQHEPRQQRYSFLVGRRGGQQQEEESEEQNEGNSVLSGFNVEFLAHSLNTKEDTAKRLRSPQDERGQIVKVEDGLHIISPELQEEEEQSHSQRK

EEEEEEQEQRHRKHSKKEDEDEDEEEEEEREQRHRKHSEKEEEDEDEPRSYETRRKWKKHTAEKERESHGQGEEEEELEKEEEEEEGIQRQHSKGRK

NGLEETICSAKIRENIARPSRGDLYNSGAGRISTVNSLTLPILRNLRLSAEYVLLYRNGIYAPHWNINANSLLYVIRGEGRVRIVNSEGNKVFDDKV

SLGQLVVVPQNFVVAQQAGNEEGFEYVVFKTNDRAAVSHVNQVFRATPGEVLANAFGLRHSQVAQIKSNGNRGPLVQPQSQ 

>Leg2_2 

MITITMARHFLSSFSLCFLLFTTACLAHHSESDRFNQCQLDSINALEPDHRVESEAGLTETWNPNHPELKCAGVSLIRRTIDPNGLHLPSYSPSPQL

IFIIQGWKGVLGLAVPGCPETYEEPRSQSRRQQQQRDSHQKIRRFSKGDVIAIPPGIPYWTYNHGHEPLVAITLLDTSNTLNQLDSTPRVFYLGGNP

EIEFPETQQKQHEPRQQRYSFLVGRRGGQQQEEESEEQNEGNSVLSGFNVEFLAHSLNTKEDTAKRLRSPQDERGQIVKVEDGLHIISPELQEEEEQ

SHSQRKEEEEEEQEQRHRKHSKKEDEDEDEEEEEEREQRHRKHSEKEEEDEDEPRSYETRRKWKKHTAEKKRESHGQGEEEEELEKEEEEEEEIQRQ

HSKGRKNGLEETICSAKIRENIARPSRGDLYNSGAGRISTVNSLTLPILRNLRLSAEYVLLYRNGIYAPHWNINANSLLYVIRGEGRVRIVNSEGNK

VFDDKVRKGQLVVVPQNFVVAQQAGNEEGFEYVVFKTNDRAAVSHVNQVFRATPGEVLANAFGLRHSQVAQIKSNGNRGPLVQPQSQ 

>Leg2_3 

MIAITMARHFLSSFSLCFLLFATACLAHHSESDRFNQCQLDSINALEPDHRVESEAGLTETWNPNHPELKCAGVSLIRRTIDPNGLHLPSYSPSPQL

IFIIQGKGVLGLAVPGCPETYEEPRSQSRRQQQQRDSHQKIRRFSKGDVIATPPGIPYWTYNHGHEPLVAITLLDTSNTLNQLDSTPRVFYLGGNPE

IEFPETQEKQHEGLQQRHSFLVGRRGGQQEVESEEQKEGNSVLSGFNVEFLAHSLNTKEDTAKRLRSPQDERGQIVKVEDGLHIISPELQEEEQSHR

QREEEEEEEREQRHRKRSEKEDEDEDEEEEEREQRQRKHSEKEEEEEEDEPLIHEIIKKWKKKTEEKKRESHGRGEEKEQVEEKEEEEEEEEEIHGQ

HSKGRENGLEETICSAKIRENIARPSRADLYNPRAGRISTVNSLTLPILRNLRLSAEYVLLYRNGIYAPHWNINANSLLYVIRGQGKVRIVNSQGNA

VFDDKVRKGQLVVVPQNFVVSQQAGNEEGFEYVVFKTNDRAAVSHVKQVFRATPGEVLANAFGLRKSEVAQIKYNGNRGPLVQSQPQ 

>Leg2_4 

GNSVLSGFNVEFLAHSLNTKEDTAKRLRSPQDERGQIVKVEDGLHIISPELQEEEEQSHSQRKEEEEEEQEQRHRKHSKKEDEDEDEEEEEEREQRH

RKHSEKEEEDEDEPRSYETRRKWKKHTAEKKRESHGQGEEEEELEKEEEEEEEIQRQHSKGRKNGLEETICSAKIRENIARPSRGDLYNSGAGRIST

VNSLTLPILRNLRLSAEYVLLYRNGIYAPHWNINANSLLYVIRGEGRVRIVNSEGNKVFDDKVSLGQLVVVPQNFVVAQQAGNEEGFEYVVFKTNDR

AAVSHVNQVFRATPGEVLANAFGLRHSQVAQIKSNGNRGPLVQPQSQ 

>Leg3_1 

MSKPFLSLLSLSLLLFASACLATSSEFDRLNQCQLDSINALEPDHRVESEAGLTETWNPNHPELKCAGVSLIRRTIDPNGLHLPSFSPSPQLIFIIQ

GKGVLGLSFPGCPETYEEPRSSQSRQESRQQQGDSHQKVRRFRKGDIIAIPSGIPYWTYNHGDEPLVAISLLDTSNIANQLDSTPRVFYLGGNPETE

FPETQEEQQGRHRQKHSYPVGRRSGHHQQEEESEEQNEGNSVLSGFSSEFLAQTFNTEEDTAKRLRSPRDERSQIVRVEGGLRIIKPKGKEEEEKEQ

SHSHSHREEKEEEEEEEEDEEEKQRSEERKNGLEETICSAKIRENIADAARADLYNPRAGRISTANSLTLPVLRYLRLSAEYVRLYRNGIYAPHWNI

NANSLLYVIRGEGRVRIVNCQGNTVFDNKVRKGQLVVVPQNFVVAEQAGEEEGLEYVVFKTNDRAAVSHVQQVFRATPSEVLANAFGLRQRQVTELK

LSGNRGPLVHPRSQSQSH 

>Leg3_2 

IPYWTYNHGDEPLVAISLLDTSNIANQLDSTPRVFYLGGNPETEFPETQEEQQGRHRQKHSYPVGRRSGHHQQEEESEEQNEGNSVLSGVSSEFLAQ

TFNTEEDTAKRLRSPRDERSQIVRVEGGLRIINPKGKEEEEEKEQSHSHSHREEEEEEEEDEEKQRSEERKNGLEETICSAKIRENIADAAGADLYN

PRAGRIRTANSLTLPVLRYLRLSAEYVRLYRNGIYAPHWNINANSLLYVIRGEGRVRIVNFQGDAVFDNKVRKGQLVVVPQNFVVAEQAGEEEGLEY

VVFKTNDRAAVSHVQQVLRATPAEVLANAFGLRQRQVTELKLSGNRGPLVHPQSQSQSH 

>Leg3_3 

MSKPFLSLFSLSLLLFASACLATHSEFDRLNQCQLDNINALEPDHRVESEAGLTETWNPNNPELKCTGVSLIRRTIDPNGLHLPSFSPSPQLIFIIQ

GKGVLGLSLPGCPETYEEPRSSQSRQGSRQPQGDSHQKIRRFRKGDIIAIPSGIPYWTYNHGDEPLVAISLLDTSNIANQLDSTPRVFYLGGNPETE

FPETQEEQQGRHRQKHSYPVGRRSGHHQQQEESEEQNEGNSVLSGFSSEFLAQTFNTEEDTAKRLRSPRDERSQIVRVEGGLRIINPKGKEEEEEEK

EQSHSHREEEEEEEEKQRSERRKNGLEETICSAKIRENIADAARADLYNPRAGRISTANSLTLPVLRYLRLSAEMVYMLHTGTINANSLLYVIRGEG

RVRIVNCQGNTVFDNKVRKGQLVVVPQNFVVAEQAGEEEGLEYVCSRQMTELLLATYNRCLGPLLQRFLQMLLVFVNASHGVKAQWKPWPSGSPSVS

ISISLR 

>Leg3_4 

MSKPSLSLFSLSLLLFASACLATRSEFDRLNQCQLDNINALEPDHRVESEAGLTETWNPNNPELKCAGVSLIRRTIDPNGLHLPSFSPSPQLIFIIQ

GKGVLGLSLPGCPETYEEPRSSQSKQGSRQQQGDSHQKIRQFRKGDIIAIPSGIPYWTYNHGDEPLVAISLLDTSNIANQLDSTPRVFYLGGNPETE

FPETQEEQQGRHRQKHSYPVGRRSGHHQQEEESEEQNEARGAHERSQIVRVEGGLRIINPKGKEEEEEKEQSHSHSHREEGEEEEEDEEKQRSEERK

NGLEETICSAKIRENIADAARADLYNPRAGRISTANSLTLPVLRYLRLSAEYVRLYRNGIYAPHWNINANSLLYVIRGEGRVRIVNCQGDAVFDNKV

RKGQLVVVPQNFVVAEQAGEEEGLEYVVFKTNDRAAEEGLEYVVFKTNDRAAVSHVQQVLRATPAEVLANAFGLRQRQVTELKLSGNRGPLVHPQSQ

SQSH 

>Leg3_5 

MSKPSLSLFSLSLLLFASACLATRSEFDRLNQCQLDNINALEPDHRVESEAGLTETWNPNNPELKCAGVSLIRRTIDPNGLHLPSFSPSPQLIFIIQ

GKGVLGLSLPGCPETYEEPRSSQSRQGSRQQQGDSHQKIRRF 

>Leg3_6 

MSKPFLSLLSLSLLLFASACLATSSEFDRLNQCQLDSINALEPDHRVESEAGLTETWNPNHPELKCAGVSLIRRTIDPNGLHLPSFSPSPQLIFIIQ

GKGVLGLSFPGCPETYEEPRSSQSRQESRQQQGDSHQKIRRFRKGDIIAIPSGIPYWTYNHGDEPLVAISLLDTSNIANQLDSTPRVFYLGGNPETE

FPETQEEQQGRHRQKHSYPVGRRSGHHQQEEESEEQNEGNSVLSGFSSEFLAQTFNTEEDTAKRLRSPRDERSQIVRVEGGLRIINPKGKEEEEKEQ

SHSHSHREEKEEXLWSRSWMWTSLIFYP 

>Leg3_7 

STPRVFYLGGNPETEFPETQEEQQGRHRQKHSYPVG 

>Leg4_1 



MANPNSYCFSLLSVLLLFTSACSARQLPRQPSELYECQLDTIHAREPDNRYDSEAGFTETWDSTRPDLRCAGVSVLKRTINPNGLNLPSYVAYPELH

FVEQGMGVLGMAIPGCAETYEEPQWERRGRPQLQQDRHQKVRYVKQGDLIAIPPGVPYWTYNYGNTPLVIVSLLDTSNKLNQLDQVPRRFYLGGNPE

VEHSVKQSGRKHGDEDTNNMFSGFDSRFLGEVLKVKESIIRKLQSPEDGQGKHQIIHVKGGLSLIRPPLEPEIRSEEEKTRRKREEKVVEEEEEEVV

EDEPGKREHREWRKETRKQKEGESEGEGEEAEVVKEKETKTKEHRRHHGERESSRHGERRQEEEEEDVKEEKQTRTTTKEREGQKGNFLEETVCTLK

LHEDLAGSSQADVFNPRAGRITSVNSLTLPVLKLLHLSAQWVKLYKDGIFMPHWNMNANSVMYVTRGRGRVQVVNSEGKSVFNGEVRRGKLLVVPQN

FAVAEQAGNEGLEYVVFKTNDRAEMNTLVGRDSAISATPAEVLGHVFGLSPQEVNELKNNRNEGVLATPDSRIQDDFIEMV 

>Leg4_2 

FLEETVCTLKLHEDLAGSSQADVFNPRAGRITSVNSLTLPVLKLLHLSAQWVKLYKNGIFMPHWNLNANS 

>Leg4_3 

RQLPRQPSELYECQLDTIHAREPDNRYDSEAGFTETWDXTXPDLRCAGVSVLKLTINP 

>Piss3_1* 

MARSMKLACVALVICMVVIAPMAEAALSCGTVSADMAPCVTYLQAPNNASPPPPCCAGVKKLLAAATTTPDRQAACNCLKSAAGSIPKLNTNNAAAL

PGKCGVSIPYKISTSTNCNTVRF 

>Piss3_2 

MARSMKLACVVLAMCMLVAPMAEAAFSCATVMTDLRPCLTYLEAANNASPSPPCCAGVKNLQAAAPTVADRQAACNCLKSTAGAISNLNANNAAALP

GKCGVNIPYKISASTNCNTI 

>Piss3_3 

MARSMKLACVVLVICMVVIAPMAEAALSCGAVTGDLAPCVTYLQAPNNASPPPPCCAGVKKLLGAATTTPDRQAACNCLKSAAGSISKLNTNNVAAL

PGNCGVSIPYKISTSTNCNTYVLLLLCFCHGSH 

>Piss3_4 

MCCFGDVHGSYCAYAEAALSCGAVTGDLAPCLTYLQAPNNASPPPPCCAGVKKLLGAATTTPDRQAACNCLKSAAGSISKLNTNNAAALPGKCGVSI

PYKISTSTNCNTVKF 

>Piss3_5 

MARSMKLACVVLVICMVVIAPMAEAALSCGTVSADMAPCVTYLQAPNNASPPPPCCAGVKKLLAAATTTPDRQAACNCLKSAAGSIPKLNTNNAAAL

PGKCGVSIPYKISTSTNCNTVRF 

>Piss3_6 

MARSMKLACVVLVICMVVIAPTAEAALSCGTVSGDLAPCLTYLEAPNNASPPPSCCAGVKKLLGAATTTPDRQAACNCLKSAAGSISKLNTNNAAAL

PGKCGVSIPYKISTSTNCNTIKF 

>Piss3_7 

MAEAALSCGTVSGDLAPCLTYLQAPNNASPPPPCCAGVKKLLAAATTTPDRQAACNCLKSAAGSISRLNTNNAAALPGKCGVSIPYKISTSTNCNTV

RF 

>Piss3_8 

MAEAALSCGTVSGDLAPCLTYLQAPNNASPPPPCCAGVKKLLGAATTTPDRQAACNCLKSAAGSISRLNTNNAAALPGKCGVSIPYKISTSTNCNTI

KF 
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