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RESUMO
O extrato natural de baunilha tem grande importancia econdémica, sendo a vanilina um de
seus principais componentes. A producdo desse extrato € cara, laboriosa e demorada para
a demanda mundial. Atualmente, existe uma grande perda de variabilidade genética das
espécies de Vanilla. Fatores como o desmatamento, mudancas climaticas, doencas e
extrativismo predatorio impactam na sobrevivéncia das espécies de Vanilla. Com isso, a
caracterizacdo bioquimica dessas espécies tem se mostrado uma alternativa para a
conservagao, producdo e desenvolvimento de individuos mais resistentes. Sendo assim, o
objetivo desse trabalho foi caracterizar a expressdo proteica dos frutos maduros de Vanilla
bahiana, avaliando a melhor metodologia de extracdo. Seis solucbes foram selecionadas:
Vb1 -Tris-HCI; Vb2 — solugdo Vbl + 0,5% de pB-mercaptoetanol (B-MT); Vb3 -Vb2 + 1%
de dodecil sulfato de sédio (SDS); Vb4 — Vb2 + 0,1% de SDS; Vb5 - Vb1l + 1% de SDS e
Vb6 -Vbl + 0,1% de SDS. Apos a extracdo, as proteinas digeridas foram analisadas por
cromatografia liquida acoplada a espectrometro de massas. O software Progenesis QI foi
utilizado resultando na identificacdo de 2326 proteinas, sendo 135 relacionadas a floracéo
e frutificacdo e 65 a biossintese de metabdlitos ligados ao aroma e sabor de baunilha. A
maior diversidade de proteinas foi obtida nas extragdes com 1% de SDS. As proteinas
identificadas nos frutos de V. bahiana confirmam o potencial enzimatico dessa espécie na
producdo de compostos, ja descritos na literatura, como responsaveis pelo aroma e sabor
do extrato natural de baunilha, potencial esse validado pela quantificagdo de vanilina nos

frutos da espécie estudada.

Palavras-chave: Vanilla bahiana Hoehne; compostos fenélicos; Bottom-up; Vanilina;
Dodecil sulfato de sédio, s-mercaptoetanol



ABSTRACT

The natural extract of vanilla has great economic importance, being vanillin one of its main
components. The production of this extract is expensive, laborious and time consuming for
world demand. Currently there is a countless loss of genetic variability of the producer
species. Factors such as deforestation, climatic changes, diseases and predatory extractivism
impact the survival of Vanilla spp. Thus, the biochemical characterization of these species
has shown to be an alternative for the conservation, production and development of more
resistant individuals. Therefore, the objective of this work is to characterize the protein
expression of mature fruits of Vanilla bahiana, evaluating the best extraction methodology.
Six solutions were selected: Vb1-Tris-HCI; Vb2 - Vbl + 0.5% B-mercaptoethanol solution
(B-MT); Vb3 -Vb2 + 1% sodium dodecyl sulfate (SDS); Vb4 - Vb2 + 0.1% SDS; Vb5-Vbl
+ 1% SDS and Vb6 -Vb1 + 0.1% SDS. After extraction, the digested proteins were analyzed
by liquid chromatography coupled to a mass spectrometer. The Progenesis QI software was
used resulting in the identification of 2326 proteins, 135 related to flowering and fruiting,
and to the biosynthesis of metabolites linked to the aroma and flavor of vanilla. The highest
protein diversity was obtained in extractions with 1% SDS. The proteins identified in the
fruits of V. bahiana point to the enzymatic potential of this species in the production of
compounds, already described in the literature, as responsible for the aroma and flavor of
the natural extract of vanilla, potential validated by the quantification of vanillin in fruits of
the studied species.

Key-words: Vanilla bahiana Hoehne; Bottom up; Vanillin; phenolic compounds; sodium

dodecyl sulfate; f-mercaptoethanol
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Introducéo
Cultivo e producao de baunilha

A tribo Vanilleae pertence a familia Orchidaceae e contém 10 géneros, incluindo o
género pantropical Vanilla Miller, popularmente conhecida como baunilha (Pansarin,
Aguiar, and Ferreira 2012). As espécies de Vanilla sdo monofiléticas e representadas por
aproximadamente 120 espécies, até entdo descritas (Ormerod and Cootes 2013). A maior
diversidade dessas espécies estd concentrada em regides tropicais, principalmente nos
biomas brasileiros (Chase et al. 2015; Pansarin, Aguiar, and Ferreira 2012). Muitas espécies
deste género sdo consideradas raras ou ameacadas devido ao: desmatamento de seu habitat
original (tipicamente subcosmopolita), mudancas climaticas, exploracdo predatoria e
agentes patogénicos pandémicos (Divakaran et al. 2015; Divakaran, Babu, and Peter 2006).
No entanto, esse género € economicamente importante devido a presenca de vanilina
produzida nos frutos das Vanilla spp. (Rain and Group 2004).

A vanilina é o principal componente do sabor e aroma da baunilha, que por sua vez é
um dos sabores naturais mais populares do mundo, devido a sua importancia na inddstria de
alimentos, farmacéutica, perfumaria e cosmeticos (Pansarin, Aguiar, and Ferreira 2012).
Estudos vém mostrando a eficiéncia da vanilina, e outros compostos derivados do extrato de
baunilha, contra diversas doencas devido a suas caracteristicas antioxidantes,
anticancerigenas, antimutagénica, dentre outras (Anuradha, Shyamala, and Naidu 2013). A
vanilina (4-hydroxy-3-methoxybenzal- dehyde) é um aldeido aromético, que pertencente ao
grupo de compostos fendlicos simples (C6-C1) (Figura 1) e € encontrada em uma

concentracdo mais elevada nos frutos maduros de V. planifolia (Palama 2014).

Figura 1. Estrutura quimica da Vanilina. Fonte:

https://pubchem.ncbi.nlm.nih.gov/compound/vanillin#section=2D-structure


https://pubchem.ncbi.nlm.nih.gov/compound/vanillin#section=2D-structure

Baunilha é o condimento cultivado mais valioso e o terceiro mais caro do mundo ap6s
0 acafrdo e o cardamomo (Hrazdina 2006). Devido a sua alta demanda, a producéo global
chega a 5600 toneladas de frutos curados e o extrato natural de vanilina custa cerca de US$
1.200 a US$ 4.000/kg (Rubert et al. 2016). A producdo natural de baunilha é cara, laboriosa
e demorada (Divakaran et al. 2015) (Figura 2). A polinizacdo das flores de Vanilla €
realizada a mao, onde para se obter 1 Kg de vanilina sdo necessarios aproximadamente 500
kg do fruto, correspondente a 40.000 flores de V. planifolia polinizadas (Gallage and Mgller
2018). O cultivo clonal é geralmente aplicado a duas espécies: Vanilla planifolia G. Jackson
(syn. Vanilla fragrans Andrews) e Vanilla tahitensis Moore, com V. planifolia fornecendo
95% da produgdo mundial (Kahane et al. 2008). Apesar da grande importancia, a producao
clonal de V. planifolia provocou uma reducéo na variabilidade genética e deixou as espécies
vulnerdveis a doencas, que atualmente afetam negativamente a producdo mundial de
baunilha em 50-90% (Gallage and Mgller 2018; Pinaria, Liew, and Burgess 2010). O preco
do extrato natural vem sendo elevado devido a alta demanda e fontes naturais limitadas
(Greule et al. 2015). Atualmente, o extrato natural de baunilha chega a custar em média
US$600/Kg, preco que vem aumentando devido ao desmatamento e as catéstrofes naturais,
como ciclones, que destroem milhares de hectares de cultivos de V. planifolia no principal
pais produtor, Madagascar (Strong 2017).

Uma alternativa mais barata ao extrato natural € o uso da vanilina sintética, que usa o
guaiacol e a lignina como compostos de partida para a producdo de vanilina sintética
(Gallage and Mgller 2018). Sendo mais barata, essa é usada por cerca de 50% do mercado
mundial para as mais diversas finalidades, como na indudstria alimenticia (Walton, Mayer,
and Narbad 2003). A sintese quimica da vanilina tem suas desvantagens, que atualmente ndo
se encaixam na demanda consciente do uso de recursos e preservacdo ambiental. A sintese
qguimica da vanilina via lignina gera 160 Kg de residuos por 1 Kg de vanilina obtida,
consequentemente provocando um impacto ambiental negativo (Hocking 1997). O extrato
natural de baunilha possui uma qualidade de sabor e aroma superior ao sintético, relacionado
a uma mistura de diversos compostos. Até entdo, 200 compostos aromaticos foram
identificados nos frutos curados de Vanilla spp. (Medina, Rodriguez Jiménes, and Garcia
2009). Vinte e seis compostos fenolicos, com concentracdes acima de 1 mg/Kg, foram
identificados como responsaveis pelo aroma e sabor caracteristico da baunilha, dentre os
quais os mais frequentemente citados pela literatura sdo: vanilina (4-hidroxi-3-

metoxibenzaldeido), alcool de vanilina, &cido vanilico, alcool 4-hidroxibenzilo, 4-



hidroxibenzaldeido, &cido 4-hidroxibenzdico, alcool anisilico, anisaldeido e &cido anisico
(Sharma et al. 2007; Pérez-Silva et al. 2006).

Os frutos fermentados, ou curados, de V. planifolia contém aproximadamente 2% de
vanilina, dependendo do seu local de origem: México com cerca de 1,75%, Sri Lanka 1,5%
e Indonésia 2,75% (Parthasarathy, Chempakam, and Zachariah 2008). Foi possivel constatar
que além da espécie, outros fatores podem interferir com a qualidade do extrato de baunilha
natural como: o processo de cura, estagio de maturacdo do fruto, os nutrientes do solo, calor,
incidéncia luminosa, regime de chuvas, microrganismos presentes no processo de cura dos
frutos, dentre outros (Palama 2014; Gu et al. 2017; Baqueiro-Pefia and Guerrero-Beltran
2016). A maior concentracdo de vanilina e outros compostos fendlicos ligados ao sabor e
aroma de baunilha podem ser usados como indicadores de sua qualidade para fins comerciais
ou até mesmo marcadores de estagio de desenvolvimento (Sharma et al. 2007; Pérez-Silva
et al. 2006; Greule et al. 2015).

Frutos maduros produzem uma concentracdo superior de compostos fenodlicos
(Medina, Rodriguez Jiménes, and Garcia 2009). O processo de verificacdo da maturacdo dos
frutos de V. planifolia deve ser feito de duas a trés vezes por semana, uma vez gque os frutos
imaturos e maduros apresentam praticamente a mesma coloracdo e nao apresentam nem
tamanho, nem aroma distintos (Medina, Rodriguez Jiménes, and Garcia 2009).

Com base nos argumentos acima relacionados a dificil producdo, a susceptibilidade
das espécies, a alta demanda e ao aumento dos precgos, existe um esforco mundial para
procurar novas espécies de Vanilla. Essas espécies poderiam melhorar a cultura, o sabor e o
aroma de baunilha, visando aumentar a producéo de ingredientes ativos e ampliar os recursos
genéticos (Virol et al. 2016; Anuradha, Shyamala, and Naidu 2013). Para isso, é necessaria

uma caracterizacdo quimica dos frutos das Vanilla spp.
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Figura 2. Processo de produgdo e cura dos frutos de baunilha natural. Fonte:

http://www.provagourmet.us/the-vanilla-process

A espécie brasileira: Vanilla bahiana

Vanilla bahiana Hoehne é uma espécie endémica da Floresta de Mata Atlantica
brasileira, e ainda cientificamente e economicamente inexplorada (Figura 3). Existem
poucos trabalhos publicado com V. bahiana, em geral estes estudos descrevem sua
reproducdo, filogenia e localizagdo (de Fraga, Couto, and Pansarin 2017; Villanueva-
Viramontes, Hernandez-Apolinar, Fernandez-Concha, et al. 2017; Sambin and Chiron 2015;
Moreira, Barberena, and Lopes 2014; Odoux 2011). Esta espécie é filogeneticamente
préxima a V. planifolia e ocorre nas regides do Para, Pernambuco, Bahia, Espirito Santo e
Rio de Janeiro, especialmente em restingas, em areas de caatinga, cerrado e na borda da
Floresta Atlantica (Villanueva-Viramontes, Hernandez-Apolinar, Carnevali Fernandez-
Concha, et al. 2017; Gigant et al. 2011; Bouetard et al. 2010).

A V. bahiana é autogamica, como a maioria das Vanilla spp., mas depende de
polinizadores para a reproducédo. A V. bahiana, assim como grande parte das Vanilla spp., é
hemiepifita (herbaceas). Essa apresenta flores com sépalas verdes e pétalas brancas
levemente amareladas e oblanceoladas de apice agudo (Figura 3). A floracdo dessa espécie


http://www.provagourmet.us/the-vanilla-process

se estende por oito meses (de novembro a junho), com um pico em abril (Anjos, Barbarena,
and Pigozzo 2016).

Como outras espécies do género, a V. bahiana enfrenta problemas quanto a reducéo
da populacdo, o que enfatiza a urgéncia de sua caracterizacdo quimica, ainda ndo publicada
(Moreira, Barberena, and Lopes 2014).

\ " e A

]

Figura 3. Flor e fruto de Vanilla bahiana no Monumento Natural do P&o de Acucar e Urca,
cidade do Rio de Janeiro (RJ, Brasil). Foto por: Ellen Lopes e Roberta Linhares.

Estudos protedmicos de Vanilla spp.

Recentes avancos em biotecnologia permitiram uma alternativa ao método de sintese
quimica da vanilina, a bioengenharia de vanilina natural (Gallage and Mgller 2015; Busconi
et al. 2017; Gallage and Mgller 2018; Chee et al. 2017). Embora, existam muitos esfor¢os
para estudar as Vanilla spp. e desenvolver a bioengenharia de vanilina, de acordo com
Gallage e Mgller (2018), ainda persiste a necessidade de se caracterizar e conhecer as vias
de biossintese, ndo apenas de vanilina, mas dos demais compostos caracteristicos do aroma
e sabor de baunilha (Gallage and Mgller 2018). De acordo com o mesmo, as Vanilla spp.
produzem em seus frutos vanilina em concentracfes elevadas e até entdo, ndo existe outro
organismo biologico conhecido na natureza, que consiga produzir vanilina nessa
concentracédo (Gallage and Mgller 2018, 2015).

A protedmica colabora no entendimento do funcionamento celular, permitindo a
compreensdo da fungdo das proteinas nas células, fornecendo as informacbes das
modificagdes pds-transducionais dos genes. O objetivo final da protedmica é identificar

todas as proteinas em uma celula e determinar a funcao de cada uma, assim desvendando as
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vias de biosintese de compostos de interesse de um organismo em um determinado momento
(Wilson and Walker 2010).

No presente trabalho, foi utilizado o método “bottom-up” que identifica proteinas
digeridas por processo enzimatico ou quimico antes da analise por LC-MS. As proteinas
foram digeridas diretamente em uma mistura complexa, e 0s peptideos resultantes foram
analisados (Martins Ferreira, Guest, and Martins-de-souza 2017; Bond et al. 2013).

Até entdo, os estudos protedmicos sobre o género Vanilla estdo restritos ao
desenvolvimento de calos através da cultura de tecidos, revelando o ineditismo e a
importancia do presente trabalho (Guerrero et al. 2011; Tan et al. 2013; Tan et al. 2014
Palama et al. 2010;). Especificamente, o estudo de Gallage et al. (2014) utilizou uma analise
combinada de transcriptdmica e protedmica em frutos de V. planifolia, com foco em algumas
enzimas sugeridas pela literatura, com o intuito de propor uma via de biossintese de vanilina
mais completa (Gallage et al. 2014). De acordo com esse estudo, existe uma enzima chave,
a vanilina sintase, responsavel por catalisar a clivagem da dupla ligacdo de carbono do &cido
fertlico e de seu glicosideo em vanilina e seu glicosideo, respectivamente (Figura 4). A
vanilina sintase, de acordo com o estudo, pertence a familia de proteases de cisteinas, que
sdo conhecidas por possuirem funcdes fisioldgicas versateis (Gallage et al. 2014). Apesar de
trabalhos mais recentes terem sidos publicados, de acordo com Kundu (2017), a via
biosintética proposta por Gallage et al (2014) continua sendo a mais aceita (Kundu 2017).
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Figura 4. Parte final da via de biossintese de vanilina nos frutos de V. planifolia proposta por
Gallage et al. (Gallage et al. 2014).

Solucdes de extracdo de proteinas

A necessidade de entender melhor a producéo de composto do aroma e sabor dos frutos
de Vanilla spp. é possivel através do estudo das suas vias bissintéticas (Palama 2014). O
perfil protebmico de uma espécie identifica os componentes reguladores que medeiam as
diversas vias de biossintese sendo assim, as proteinas podem servir como marcadores para
melhorar a qualidade nutricional, sabor, resisténcia/tolerancia a doenca e a vida util das
moléculas de interesse (Kilambi et al. 2016).

Contudo, estudos do perfil protedmico tem um grande desafio, a variada amplitude
dindmica das proteinas que constituem o complexo proteico (Kilambi et al. 2016). Embora
varios protocolos de extracdo de proteinas de tecidos de frutos estejam disponiveis como:
tomate (Kilambi et al. 2016), pimenta (Choi and Hwang 2011), morango (Bianco et al.
2009), uva (Negri et al. 2015), banana (Toledo et al. 2012), macéd e péra (Kiemer and
Cesareni 2007), a maioria deles ndo esta relacionado a extracdo tipo shotgun. Atualmente,
esse método é o mais indicado para analise de perfis proteémicos apresentando grande
amplitude dindmica de proteinas (Garrido et al. 2016). A extracdo de proteinas t&o diversas

em concentracdes tambeém variadas, presentes nos frutos ou em outros tecidos vegetais,



apresenta substancias interferentes como o0s pigmentos, carboidratos, polifendis,
polissacarideos e amido, que podem levar a desnaturacdo, inativacdo de proteinas e
atrapalhar a extracdo das mesmas (Song and Braun 2008).

Entre os tampdes de extracdo de proteina mais comuns estdo: os reguladores de pH
(por exemplo, o Tris), agentes redutores (por exemplo, ditiotreitol - DDT, B-mercaptoetanol)
e 0s desnaturantes (por exemplo, uréia, dodecil sulfato de s6dio, CHAPS) (Song and Braun
2008). No presente estudo, foi sugerido o uso de um agente regulador de pH (Tris-HCI), um
agente redutor (B-mercaptoetanol) e um detergente iénico (dodecil sulfato de sédio — SDS)
com o intuito de aumentar a capacidade extratora das proteinas do fruto de V. bahiana. De
acordo com Wilson & Walker (2010), o B-mercaptoetanol reduz as pontes de dissulfeto, que
mantém a estrutura terciaria das proteinas, e 0 SDS se liga fortemente as proteinas auxiliando
na solubilizacdo das mesmas.

Protocolos de extracdo de proteinas que utilizam solucdes de fenol também foram
relatados como adequados para a extracdo de baixas concentracdes de proteinas em frutas
(Vincent, Wheatley, and Cramer 2006). Contudo, protocolos de extracdo de proteinas de
membrana baseados no uso de fenol também precisam dos detergentes (como o SDS) para
otimizar a extracdo de proteinas (Sun, Wang, and Li 2012; Lin et al. 2012; Hurkman and
Tanaka 1986; Botelho et al. 2010; Wu and Wang 1984). O uso de SDS em anélise de
espectrometria de massas pode ser problematico, pois sua presenca nas amostras pode
ocasionar supressdo de ions, assim reduzindo significativamente o numero proteinas
identificadas. Porém alguns estudos apontam, que apds a retirada do SDS das amostras, esse
desnaturante pode auxiliar e melhorar a extracéo de proteinas (Hurkman and Tanaka 1986;
Sun, Wang, and Li 2012; Liu et al. 2012; Lin et al. 2012; Botelho et al. 2010; Song and
Braun 2008).

Método HDMSE

Para as andlises protebmicas de diferentes condi¢Ges de extracdo realizadas no
presente estudo, e para alcancar a confiabilidade e reprodutibilidade dos resultados,
utilizamos uma abordagem 2D nano-UPLC-HDMSE (de alta definigo), livre de marcadores
com Aquisicio de Dados Independentes (ADI). Os formatos multiplex de alta resolugdo MSE
e HDMSE sdo métodos recomendados para protedmica de amostras complexas. No método
HDMSE os ions sdo separados com base na onda de voltagem da mobilidade i6nica, e sdo

submetidos a fragmentagdo, onde serdo analisados os ions precursores e seus ions filhos,



garantindo maior confiabilidade nas identificagdes (Martins Ferreira, Guest, and Martins-
de-souza 2017; Bond et al. 2013).

Objetivo Geral

Segundo a nossa hipdtese de que V. bahiana pode apresentar potencial para produzir
vanilina e outros fendis relacionados ao aroma e sabor da baunilha, o objetivo desse trabalho
¢ caracterizar a expressao proteica dos frutos maduros de Vanilla bahiana da Mata Atlantica

do Rio de Janeiro.

Obijetivos especificos

Avaliar qual solucdo é capaz de extrair: A) maior conteddo de proteinas totais; B)
maior diversidade de proteinas; C) maior nimero de proteinas ligadas a biossintese de
vanilina e outros fendis encontrados no extrato natural de baunilha. Identificar, de acordo
com a literatura, quais proteinas estdo relacionadas a floracdo, amadurecimento do fruto,
aroma e sabor de baunilha. E, finalmente, validar os dados proteémicos quantificando trés

compostos de interesse: vanilina, acido p-coumarico e pirogalol.
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Abstract

Vanilla spp. presented few cultivated species applied to vanilla production, despite the great demand,
predatory exploitation and poor genetic variability threatening the natural vanilla production. Vanilla
bahiana pods from the Atlantic Forest may be an alternative source for natural vanilla. This study
applied bottom-up and shotgun proteomics analysis to identify proteins related to flowering, fruitening
and vanilla flavor production processes. Extraction solutions combining Tris-HCI buffer, B-
mercaptoethanol and SDS were assayed. Progenesis QI software loaded with an Orchidaceae
database was able to identify 2326 proteins in our samples. Amongst them, 75 were highlighted as
relevant to the synthesis of compounds related to vanilla flavor compounds, such as vanillin synthase,
which was successfully extracted with 1% of SDS, a condition that also improved the diversity of
extracted protein. The proteins identified in V. bahiana’s pods point to the enzymatic potential of this

species, validated by the quantification of vanillin in the samples.

Keywords: Bottom up proteomics; nano-LC-HDMSE; vanillin; sodium dodecyl sulfate; B-

mercaptoethanol; vanillin synthase; Vanilla bahiana
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Introduction

Vanilla spp. (Orchidaceae) are monophyletic species with the highest concentrated diversity in
tropical regions, mainly in the Brazilian biomes'. Many species of this genus are considered rare or
endangered due to deforestation of their subcosmopolitan habitat, climate change, predatory
exploitation and pandemic pathogenic agents2. This is an economically relevant genus due to the
synthesis of vanillin, a phenolic compound present in the cured pods3. This compound is considered
to be amongst the most valuable cultivated spices in the world4, with further applications in health
industry due to its antioxidant, anticarcinogenic, antimutagenic activities*.

The global production of Vanilla spp. weights around 5600 tons and the natural vanillin extract costs
around U$1,200 - U$4,000/kg. Today, natural vanilla production is expensive, time-consuming and
depends on clonal cultivation of two species: Vanilla planifolia G. Jackson (syn. Vanilla fragrans
Andrews) and Vanilla tahitensis Moore, with the former providing 95% of world’s production of natural
extract2®. Despite the great economic relevance, clonal production of V. planifolia has depleted the
genetic variability and left the species vulnerable to diseases, which jeopardizes the world's supply®.
The cheap synthetic vanillin compound has been widely commercialized since the 19t century,
however, the demand for the natural extract has been increasing. This is due to the consumers
demand for products free of artificial additives, in addition to the natural product providing superior
flavor quality, as a result of a mixture of several different compounds’.

The difficult production, the susceptibility of species, the high demand and increasing prices created
a worldwide effort to search for new Vanilla species as alternative sources for the purpose of crop and
flavor improvement, aiming to enhance the production of active ingredients and to amplify the genetic
resources8. In the Brazilian Atlantic Forest, an endemic species is still scientifically and economically
unexplored, the Vanilla bahiana Hoehne® and the hypothesis of this study was that this species may
present potential to produce vanillin and other compounds related to vanilla flavor. To test this

hypothesis, we applied a untargeted proteomics’ strategy based on nanoUPLC and High Definition
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Mass Spectrometry (HDMSE) label-free quantitative approach was applied to characterize the protein
expression of Vanilla bahiana from the Atlantic Forest of Rio de Janeiro, focusing on the proteins
related to vanilla flavor production, flowering and fruit ripening.

Material and Methods

Plant material. Three mature V. bahiana pods, from three different individuals, were harvested from
the Natural Monument of P&o de Acucar and Urca, Rio de Janeiro city (RJ, Brazil). The plant material
was identified by the Botanic Garden of Rio de Janeiro (catalog number: RB 646438, bar code number:
01111538, http://jabot.jbrj.gov.br/v2/consulta.php#).

Chemicals. All reagents were purchased from Sigma-Aldrich (St Louis, MO, USA) and were of LC-
MS grade, unless otherwise stated. Ultrapure water (resistivity > 18.2 MQ-cm) (Barnstead™
Smart2Pure™, Thermo Fisher Scientific, MA, USA) was also used.

Protein extraction and digestion. The pods were freeze-dried, powdered and pooled (Figure S1).
Two hundred milligrams of this material were further pulverized in liquid nitrogen and extracted with 3
mL of different protein extraction solutions. Six different extraction solutions were assayed: 1 — TRIS-
hydrochloride (HCI) buffer (pH 6.8; 125 nmol/L) (Vb1); 2 — solution 1 + 0.5% (v/v) B-mercaptoethanol
(B-MT) (10 mmol/L) (Vb2); 3 - solution 2 + 1% of sodium dodecy! sulfate (SDS) (Vb3); 4 — solution 2
+ 0.1% of SDS (Vb4); 5 — solution 1 + 1% of SDS (Vb5) and 6 — solution 1 + 0.1% of SDS (Vb6)
(Figure S1). The samples were homogenized using an ultrasonic probe in 250W/10 min (Eco-
sonic,Ultronique) and centrifuged (Thermo scientific, Sorvall Legend X1R) at 14,000xg, for 60 min, at
4 °C. The supernatants were transferred to an Amicon Ultra 3 KDa (Merck Millipore, Billerica, MA) in
which the samples were washed and concentrated. Three washing steps were performed using 2 mL
of ammonium bicarbonate buffer (pH 8.5, 50 mM). The protein concentration in each extracted sample
was determined by the Bradford method? using a flat plate reader (FlexStation 3; Molecular Devices,
CA). Each sample was diluted to a final concentration of 1 ug.uL-! of protein. Protein digestion was

performed according to Lobo et al.™".
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NanoUPLC and Label-Free Data-Independent Mass spectrometric analysis - HDMSE analysis. The
nanoUPLC-RP SYNAPT G2-S HDMS mass spectrometer instrument (Waters, Manchester, UK) was
used with an orthogonal effective resolution from the ion mobility separation (nanoESI-Qqg-0aTOF).
The analytical reversed-phase column nanoACQUITY HSS T3 1.8-pum (100um x 100 mm) (Waters,
Manchester, UK) was used to separate the tryptic peptides. Prior to proteomic analysis, stoichiometric
measurements based on scouting runs of the integrated total ion account (TIC), were conducted for
each sample, to ensure standardized molar values across all conditions and normalize the injections
on the column.

For the HDMSE acquisitions, specific volumes were injected for each technical injection sample at
a rate of 350 nL min-'/ 90 min. All the parameters were set according to Victorio et al.’2 study. The
separation gradient of phase A (ultra-pure water with 0.1 % formic acid) and B (acetonitrile with 0.1%
formic acid) was performed according to following schedule: 0 min - 97 % A, 1.0 min - 86.9 % A, 5.0
min - 97 % A (flux 2000 pL min-).

The mass spectrometer was operated as described in Victorio et al. 2, in resolution mode (35,000
FWHM), using a nano-electrospray ionization in the positive ion mode and a NanoLockSpray (Waters,
Manchester, UK) ionization source. lons with mass between 50 and 2.000 Da were acquired within
0.5 second scanning time, with a transfer ramp and collision energy of 19 V to 55 V.

Proteomic data analysis. The Progenesis QI for Proteomics (v 2.1, Nonlinear Dynamics; Waters,
Newcastle, UK) software was used to process and search proteins, using a label-free methodology,
with an Orchidaceae database proteins, noted in UniProt online program (UniProt -

http://www.uniprot.org) in FASTA form. The Uniprot Orchidaceae database released in 2017_03, with

26,899 reviewed entries was used. The parameters for database searching were: one missed
cleavage, minimum fragment ion/ peptide equal to one, minimum fragment ion/ protein equal to three,
minimum peptide/ protein equal to one, fixed modifications of carbamidomethyl C, variable

modifications of oxidation M and phosphoryl STY, and a default false discovery rate (FDR) maximum
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of 4%. The parameters set as default were peptide mass error of tolerance greater than 10 ppm,
maximum protein mass of 600 KDa, fragment mass error tolerance of 20 ppm and score less than 4.
Relative quantification was determined from the absolute intensities with the use of ion accounting Hi3
based quantification methods. The homologies were processed and homology filters quantification
were performed by the software according to Li et al.’3.

Proteomics data processing and statistical analysis. The multiple sample test (ANOVA) with Tukey
test (p < 0.05) was used in Bradford quantification data and protein relative quantitative analyses.
Proteins that were present in, at least, two of the three technical replicates, and with a coefficient of
variation (CV) < 0.4 were considered as successfully identified. The cellular component and biological
process annotation were performed using UniProtKB taxonomic.

Vanillin, pyrogallol and p-coumaric acid extraction and absolute quantification. One hundred
milligrams of dry fruit were extracted with 15 mL of methanol (MeOH) in ultrasonic cleaner bath for 30
min, and evaporated. The samples were resuspended with 4 mL of MeOH. The experiments were
performed in duplicate. The extracts were passed through a 25 mm PTFE 0.45 uL syringe filter prior
to injection (20 pL) into the HPLC system, in technical triplicate.

The samples were analyzed on an HPLC-DAD Shimadzu Prominence system fitted with a LC-
20AT pump module, a SPD- M20A diode array detector, a CBM-20A control center, a SIL-10A
Autosampler injector, and a CTO-20A oven (Shimadzu, Japan). Data analysis were performed using
LC Solution software (Shimadzu, Japan). The column used was a Betasil RP — 18 (250 x 4.6 mm, 5
pm, Thermo Fisher Scientific, Runcorn, UK), and the mobile phase was water—acetic acid (99: 1,
solvent A) and B (acetonitrile). Elution was performed at a flow rate of 1 ml min-' using a gradient
starting with 35% B increasing to levels of 80% B at 7 min and 35% B at 11 min to re-equilibrate the
column. The compounds were monitored at: 270 nm for vanillin and pyrogallol and 310nm for p-

coumaric acid. The identification of the compounds was performed through the comparison of retention

21



146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

time and ultraviolet spectrum between the samples and the controls (standard), and quantification was
performed using external calibration data for the same compounds.
Results and Discussion

Selection of the extraction solution. Proteomics remains a challenge in recalcitrant plant tissues,
like in fruits, and the stages of protein extraction and sample preparation are critical to eliminate
interfering substances and to achieve high protein content. Protein protocols applying phenol solutions
have been reported to be suitable for the extraction of low concentrations of protein in fruits14-16. Some
of the limitations of phenol-based protocols are the lack of detergents in the extraction buffer, the need
of many steps with too much sample manipulation and the high toxicicity'®. On the other hand, the
SDS containing procedures have been reported to be a viable alternative when a secondary clean-up
step is applied'. In this study, six different non-phenol-based extraction conditions were tested (Figure
$1).

According to our results, samples Vb5 (1% SDS) and Vb3 (B-MT + 1% SDS) contained significantly
more total protein extracted and higher protein diversity than the other samples (Figure 1A, B), thus
the addition of B-MT and 1% of SDS in the extraction solution was successful to obtain better protein
solubilization when compared to other extraction solutions (Figure 1A). However, the presence of -
MT interfered with the SDS, resulting in the loss of proteins (Figure 1A, B). On the other hand, no
SDS signal was found in the mass spectrum, meaning that the washing procedure with ammonium
bicarbonate removed the detergent, as suggested by Garrido'8. Samples Vb4 and Vb6 (0.1% of SDS)
were able to extract only little concentrations of proteins (Figure 1A) and were not used in further

evaluations of the extracted protein diversity (Figure 1B).
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Figure 1. A — Total protein in ug uL-' (mean £ SD). The data were analyzed using Statistics software
v 7.0. The ANOVA with p < 0.05 was used, followed by the Tukey test. The same letters mean no
statistical significance. B- Venn diagram compares the number of unique and common proteins
identified in the dataset between extraction solutions. It shows the overlaps between proteins identified
in each of the extraction condition.

The use of chemical reducers and detergents usually causes the opening of the protein’s structure
facilitating the protein elution and leading to greater amount and variety of proteins in solution .20,
However, according to Anand et al.2!, the presence of a reducing agent may interfere with the anionic
surfactant. Although SDS is known to cause a better solubilization of proteins improving phase
separations and protein recovery, it was also reported as a problem for ESI-based analytical methods,
as its presence in the samples can lead to ion suppression and significantly reduce the number of
peptides identifications'822, Usually, methods applying SDS depend on different tactics to remove the
detergent prior to ionization. The present strategy seemed to be less time consuming and less
damaging to proteins than the most common methods (precipitation with organic solvents, column
based approaches, dialysis)23.

A total of 2326 proteins were collectively identified (Table S1) and the presence of SDS allowed
the extraction of more diverse proteins, with 1704 identified in Vb5 and 1290 in Vb3 (Figure 1B). It

was also possible to observe a similarity between Vb5 and Vb3 (with 829 proteins in common) both
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conditions with 1% SDS (Figure 1B). Regarding biological process, most of the proteins were related
to the biosynthetic process of organic substance. Vb5 was the extraction condition with highest
biological process diversity. The Vb1 condition extracted proteins with less biological process diversity
(Figure 2). Usually, SDS shows the ability to extract hydrophobic membrane proteins not readily
soluble in water, resulting in a more complete protein sampling24.25, However, according to the cellular
localization, a similar profile was observed among all conditions: most proteins extracted were located
in the plastids, followed by proteins located in the intrinsic component of the membrane. In this case
the use of SDS did not significantly improve the extraction of membrane proteins (Figure S2).
According to Gallage et al.26 the vanillin synthase location, an important enzyme for vanillin

biosynthesis, was restricted to plastids.
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To date, proteomics data of the Vanilla genus are restricted to in vitro development of V. planifolia

which focused on apical buds and calluses, identifying proteins related to embryogenesis?7-30, The

extraction protocols followed by these authors, without SDS or any other detergent, lead to the

identification of roughly ten times less proteins than the present study. In Gallage et al.’s3 study, only

proteins related to five major enzymes families involved in the vanillin biosynthesis were identified.

The larger the identified proteome is, the greater the chances of identifying proteins that can serve as

markers for molecules of interest. This would enable the improvement of nutritional quality, taste and

resistance or tolerance to diseases'. In the present work it was possible to identify a wide diversity of

proteins related to vanilla flavor production, and to flowering and fruitening, therefore our extraction

method can also be a good alternative to Vanilla’s protein extraction.

Identified proteins and classification. The taxonomic data obtained from UniprotKb showed that

88% of the identified proteins belong to the Vanilleae group and from this, 67% were related to V.

planifolia (Figure 3).

Figure 3. Taxonomy information from UniProt annotation results from identified proteins of Vanilla

spp.

Vanilleae
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Pogonieae
12%

0 Vanilla planifolia

& Galeola falconeri

0 Cyrtosia septentrionalis
Erythrorchis altissima
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= Vanilla sp. G241
Epistephium lucidum

m Epistephium sclerophyllum
@ Epistephium sp. 950031
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O Erythrorchis cassythoides
@ Galeola faberi

@ Galeola lindleyana

B [ ecanorchis nigricans

@ Vanilla pilifera

m Vanilla siamensis
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223 The group of identified proteins related to flowering and fruitening presented the highest protein
224  diversity (Figure 4) in which 103 proteins were related to the development of flowers and 32 were
225  related to fruit development (Table S2 and S3). Most of these proteins were present in Vb3 and Vb5

226  rather than in Vb1 and Vb2 (Figure 5).
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227

228  Figure 4. Identification results from nanoUPLC-MS/MS analysis showing the number of proteins
229 identified in the dataset between extraction solutions that are involved in phenols, terpenes, flowering

230  and fruiting.

231 Amongst the identified proteins, were found the following mads-box group proteins, previously
232 reported in Vanilloideae3? and peach®3: 1 protein from agamous (AG), 13 deficiens (DEF), 1 pistillata
233 (PIl), 2 apetala (AP), 1 domads1 (DOM1), 1 sepallata (SEP) and 5 squamosa (SQUA). These proteins
234  have diverse functions: encoded transcription factors that controls the development of the floral
235  reproductive organ® and in the regulation of fruit development3® (AG), mainly in V. planifolia32 (DOM1);
236  controls the growth and development of petals and stamens from A, B and C of floral ABCDE, and
237  contribute to floral identity 3637 (DEF, PI, AP and AG); determines the flower and floral meristem38 (the

238  SEP group proteins, like sepallata-like mads-box protein 4); regulates transition phase, flower and fruit
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development, plant structure, gibberellin signaling and sporogenesis3® (SQUA proteins and
transcription factor TCP4) and regulates the onset of flowering through photoperiodism and the
circadian cycle in response to long days*0 (7 CO-like proteins) (Table S2).

Specifically LFY is a master regulator, controlling the entire floral network, like mads-box group*'.
LFY proteins were not previously identified in the Vanilla genus, however the 12 LFY-like protein
OrcLFY was identified in this experiment (Table S2).

Maturation and abscission processes in Orchidaceae are still unknown. Valadares et al.42 showed
an accumulation of ACC synthase and other ethylene biosynthesis related proteins in green
protocorms of Oncidium sphacelatum in response to stress. The following ethylene pathway#3 related
proteins were identified in the samples of V. bahiana: aminocyclopropane-1-carboxylic acid (ACC)
synthase, ACC oxidase, ethylene insensitive 3 and ethylene response sensor 2. The putative ethylene
response factor was observed in Oncidium*, this protein presents an important role in fruit ripening,
flower senescence and abscission*> (Tables S3).

In this present study, 24 proteins intrinsically related to phenolic biosynthesis*6 were found:14
proteins of chalcone synthase, 2 chalcone-flavonone isomerase, 1 flavanone-3-hydroxylase (f3h), 1
flavonoid-3-hydroxylase, 4 flavonoid 3'5'hydroxylase, 1 flavonol synthase and 1 o-methyltransferase-
2 (Table S4). These proteins had higher abundance in Vb5 or Vb3 with a wider dynamic range than
in Vb1 e Vb2 (Figura 5, Figure 6C, Table S4, Figure S3C, Figure S4C, Figure S5C). Most of the
previously mentioned proteins are enzymes related to the biosynthesis of compounds that belong to
the vanilla flavor, like: chalcone synthase involved on naringenin biosynthesis#6 and dihydroflavonol 4-
reductases related to the biosynthesis of dihydroflanols®” and of v-myb myeloblastosis (MYB),

transcription factors key protein regulator of the synthesis of phenylpropanoid-derived compounds3233,
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Proteins involved in:  * phenols biosynthesis + terpene biosynthesis ¢ flowering © flowering
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Isoflavone reductase-like protein (AOAOGBERY8) *

Chalcone synthase (Fragment) (AOAOAGZ8PY) *

MADS box transcription factor SEP1 (AOAOABZ8D3) +

Chalcone synthase (Fragment) (AOADABZ8F3) »

MADS-box protein 4 (MADS4) (X2FD75) ¢

DEF-like protein (U3U9X3) +

MYB transcription factor 3 (AOA096ZX72) *

LEAFY-like protein (Fragment) (AOAO88BJDS) ¢

MADS-box protein 2 (MADS2) (X2F442) +

AG-like MADS box protein (AOAQ76N468) ¢

Class C MADS-domain transcription factor (Fragment) (AOAOAOR219) ¢
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Coumarate 3-hydroxylase (AOAOPODLNS) *

Cinammate 4-hydroxylase (RSUNPG) *

MYB transcription factor 16 (AOA096Z2X44) *
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MYB transcription factor 14 (AOAQ96ZX73) *

Vanillin synthase (AOAOF7G352) *
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4-hydroxy-3-methylbut-2-en-1-yl diphosphate synthase (X2KWX1) +
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According to the literature, some enzymes families are involved specifically in vanillin biosynthesis?.
In the preset study, most of these proteins were identified: 12 phenylalanine ammonia lyase (PAL) and
MYB, 7 related to cytochrome p450s family and 4 related to o-methyltransferases (OMTs) (Figura 5,
Figure 6C, Table S4, Figure S3, Figure S4C, Figure S5C).

MYB transcription factor family regulates various stages of phenol production pathway and are
necessary for the activation of the gene that produces the chalcone synthase enzyme, as well as the
activation of the gene that produces PAL*. A recent study verified the direct action of MYB
transcription factor on the metabolism of flavonoids and phenylpropanoids#®.

The OMT and PAL enzymes were characterized in cured and uncured fruits of V. planifolia and
were responsible for transforming caffeic acid directly into ferulic acid3. The caffeic acid o-
methyltransferase, found in Vb1 and Vb3 extraction (Figure 5, Table S4, Figure S3C, S5C),
participates in the biosynthesis of caffeic acid3.50.51,

Eugenol synthase was also identified (Figure 5, Figure 6C, Table S4, Figure S3C, S4C, S5C), a
protein responsible for the biosynthesis of eugenol described in vanilla flavor and in vanillin pathway.
This compound is bioconverted into ferulic acid by microorganisms in the curing process of vanilla
beans®2,

One of the most important findings of the current work was the identification of vanillin synthase,
significantly more abundant in Vb3 extraction than in Vb5 and better positioned in the dynamic range
(Figure 5, Figure 6C, Table S4, Figure S5C).This enzyme, described by Gallage et al.® as the most
relevant enzyme for vanillin biosynthesis, belong to the non-CoA-dependent non-B-oxidation
transformation of ferulic acid into vanillin. This pathway is still one of the more accepted via for vanillin
biosynthesis®' with vanillin synthase being the only enzyme that converts ferulic acid and its glycoside

into vanillin and its glycoside3.50.
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Figure 5. Dynamic range of proteins identified in the dataset of the V. bahiana’s bean for Vb5
extraction condition. A- flowering; B- fruitening; C-phenolic and D- terpene pathway. The median
absolute expression value of each protein revealing the typical S-shaped distribution over the mean

abundance orders of dynamic range. The most abundant proteins (left) and the lowest abundance

(right).

Some terpenes have been described as part of the vanilla essential oil and flavor present in Vanilla
spp., such as: limonene, linalool, terpinen-4-ol, a-pinene, a-terpineol and B-pinene’*3. In our work, we
were able to find some proteins related to these compounds’ biosynthesis®*, such as: terpene
synthase, 1-deoxy-D-xylulose-5-phosphate synthase (Fragment), allene oxide synthase, 3-hydroxy-3-
methylglutaryl coenzyme A reductase and 2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase
(Figure 5, Figure 6D, Figure S3D, S4D, S5D). All of them were present and/or had higher abundance
in Vb5 (Figure 5, Figure 6D, Table S5).

The mevalonate kinase, statistically more abundant in Vb3 than Vb5 (Figure 5, Figure 6D , Figure
$5D, Table S5), is the first enzyme to act right after HMG-CoA in the mevalonate pathway 5% and it is
related to the same pathway of 4-hydroxy-3-methoxyphenyl-8-hydroxypropionyl compound, that can
be cleaved into vanillin and acetyl-CoA%®.

Quantification of key vanilla flavor compounds. To validate the presence of some phenolic
compounds in V. bahiana samples, vanillin, p-coumaric acid and pyrogallol were extracted and
quantified (Table 1). According to Perez-Silva et al.5’, acids and phenolic compounds were
characteristic predominates in V. planifolia cured fruit extracts, being vanillin the main phenolic
compound. Was quantified 1.55 mg/g of dried extract of vanillin (Table 1). The vanillin and related
phenolic compounds in cured Vanilla spp. pods can be an important indicators of fruit and extract
quality and origin8. According to Gallage and Mgller®® vanillin in the mature fruit has high
concentrations, 1kg of vanillin per 500kg of vanilla fruit, and cannot be compared to any other known

organism in nature. The comparison of the amount of vanillin per g of dried fruit obtained in our study
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was compared to the other studies already published and the results are in Table 2. We observed that
the differences between the vanillin content in the present work and those cited in the literature were
at most approximately 0.02g/g of dry fruit. The p-coumaric acid is an important precursor of vanillin in
fruit and cell cultures of V. planifolia and in V. tahitensis pod2947.60, The following proteins, identified in
the samples, are supposed to take partin its biosynthetic pathway3: PAL and cytochrome p450s family
proteins like Flavonoid 3'-hydroxylase (Figure 5, 6D e material suplementar). Other phenolic
compound quantified was pyrogallol, the most abundant, that was previously identified in the flavor of

V. planifolia®3 and in V. tahitensis pod*’ (Table 1).

Table 1. Mean quantification of vanillin, p-coumaric acid and pyrogallol.

Compound Mean concentration
(mg/g)*
Vanillin 1.55 £ 0.00**
p-coumaric acid 0.18 £0.00
Pyrogallol 29742 +7.72
**Mean £ Standard deviations
* Dry extract

Table 2. Comparation of vanillin content in fruit of Vanilla spp. according to literature.

Vanillin Content

Literature Species (glg of dry Vanillin content

extract) (g/g of dry fruit)

Present study V. bahiana 0.0015 0.0155
Calva-Estrada et al, 2017 -* 0.0161 -

Wongsheree et al. 2013 V. planifolia - 0.0368
Kumar et al. 2010 V. planifolia - 0.0266
Gassenmeier et al, 2008 V. planifolia** - 0.0245
Gassenmeier et al, 2008 V. planifolia*** - 0.0086
Sagrero-Nives & Schwartz, 1988 V. planifolia 0.0113 -

33



331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

*natural Vanilla extract/ **V. planifolia extract from Madagascar, Red non-Split color type/ *** V.

planifolia extract from Madagascar, cuts shape type

The V. bahiana pod seems to be an alternative source of the natural vanilla extract since it proved
to express some of the most important enzymes in the biosynthesis of the vanilla flavor compounds
and produces vanillin. The extraction, digestion, acquisition and identification methods in MS used
were adequate (Figure S6 — S9). The use of 1% of SDS was important, not only for the extraction of
the most abundant proteins, in a wide dynamic range, but also for the extraction of a great protein
diversity indicating that this could be used in protein studies of other Vanilla spp. pods.
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Supplementary Figure 1. Workflow of the protein extraction and peptide and protein identification
preparation of V. bahiana’s fruit using bottom-up and LC-MS/MS analysis. (A) Fruit collection in the
Natural Monument of Pao de Agucar and Urca, with a transversal cut of the fruit. (B) Six different
extraction solutions. (C) The proteins samples were quantified. (D) The proteins were digested using
trypsin. (E) The peptides were analyzed by a nanoUPLC-HDMSE system using a nanoUPLC-RP
SYNAPT G2-S HDMS instrument (Waters, Manchester, UK). (F) The raw MS data were processed,

statistical analysis and graphics with the results were created.
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Supplementary Figure 2.
Cellular component
annotated from UniProtkKB
for the identified protein. (A)
proteins from Vb1
extraction condition. (B)
Vb2 extraction condition.
(®) Vb3 extraction
condition. (D) Vb5

extraction condition.
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Supplementary Figure 3. Dynamic range of proteins identified in the dataset of the V. bahiana’s bean
for Vb1 extraction condition. A- flowering; B- fruitening; C-phenolic and D- terpene pathway. The
median absolute expression value of each protein revealing the typical S-shaped distribution over the
mean abundance orders of dynamic range. Proteins with higher abundance are located in the left side

of the graph and the ones with the lowest abundance are located in the right side.
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Supplementary Figure 4. Dynamic range of proteins identified in the dataset of the V. bahiana’s bean
for Vb2 extraction conditionA- flowering; B- fruitening; C-phenolic and D- terpene pathway. The median
absolute expression value of each protein revealing the typical S-shaped distribution over the mean
abundance orders of dynamic range. Proteins with higher abundance are located in the left side of the

graph and the ones with the lowest abundance are located in the right side.
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Supplementary Figure 5. Dynamic range of proteins identified in the dataset of the V. bahiana’s bean
for Vb3 extraction condition. A- flowering; B- fruitening; C-phenolic and D- terpene pathway. The
median absolute expression value of each protein revealing the typical S-shaped distribution over the
mean abundance orders of dynamic range. Proteins with higher abundance are located in the left side

of the graph and the ones with the lowest abundance are located in the right side.
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Supplementary Figure 6. Number of proteins identified present in two of the three and three of the
three technical replicates, with FDR calculated. Most of the proteins were identified in the three

technical replicates.
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566  Supplementary Figure 7. Mass error distribution of V. bahiana. The normal distribution of mass

567  errors obeyed a normal curve.

551

45

Proportion (%)
g &

g

25+

154

1+

[ 1 2 2
Missed Cleavages

568  Supplementary Figure 8. Missed cleavages of V. bahiana data. Approximately 60% of the missed

569  cleavages were around zero.
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Supplementary Figure 9. Mean number of peptides/protein of V. bahiana data, with an average 6

peptides/ protein.
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573

Supplementary Table 1. Proteins identified involved in Flowering.

. Extract Pepts. Unique ANOVA Highest Highest . .
Accession mean Protein names Organism
condA count peptl p-valueP s mean*SDE
condition
AOA076N468 \\//%% 8 2 0.00* Vb3 27257.2+1549.9 AG-like MADS box protein Oncidium hybrid cultivar
AOA088BJDS \\//%% 3 1 0.00* Vb3 2958.2+251.5  LEAFY-like protein (Fragment)  Dendrobium tosaense
Vb1,
AOA088BJT1 Vb3, 4 1 0.53 Vb1 3976.64£223.9  LEAFY-like protein (Fragment) ~ Dendrobium lindleyi
Vb5
AOAOBSBK18 '3 g 4 000* Vb5  3987.7+10825 LEAFY-like protein (Fragment)  Dendrobum
Vb5 hercoglossum
AO0A097PAKO \\//?)?é 2 1 0.08 Vb5 506.8425.1  TFL1 Oncidium hybrid cultivar
Vb3, Class A MADS-domain
AOAOADQXJ4 Vb5 8 4 0.18 Vb5 1092.8+157.5 transcription factor (Fragment) Gongora galeata
Vb3, . 128033.5+10450. Class E MADS-domain Vanilla planifolia
AURUUAE Vb5 > ! U o 7 transcription factor (Fragment)  (Vanilla)
AOAGAOR219  ALL 12 2 000° Vb3  270079+g44  C1ass CMADS-domain Gongora galeata
transcription factor (Fragment)
Vb1, -
AOAOAGZ8D3 Vb2, 9 4 000+ Vb  S8765.1469634. MADS box transcription factor oo i sdiiim concolor
Vb3 4 SEP1
AOAOD3QNZ5 \\//téeé 7 4 0.85 Vb5 14354.5£2841.6 MADS-box protein 28 (MADS28)  Erycina pusilla
AOAOD3RIEZ O3 73 000t Vb3 32932411292 Early flowering 4-like 2 DO i
Vb5 cultivar
Vb3, . DEFICIENS-like MADS-box Paphiopedilum sp. 2
AOAOF6PVI7 Vb5 4 L 001 Vb3 931.3x152.2 transcription factor (Fragment) ~ XQW-2015
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Supplementary Table 1. Proteins identified involved in Flowering (continue).

Accession

AOAOF6PVV9

AOAON7AL13

AOAOU1VD58

A0A142L043

AOATLIWKW
6

AOA1LTWKX4

AOA1LTWKY1

AOA1LTWKY3

AOATLTWKYS

AOA1LTWKZ4

AOA1LTWKZ5

AOA1TLTWKZ7

Extract
cond.A

Vb2,
Vb3,
Vb5
Vb3,
Vb5
Vb1,
Vb5
Vb1,
Vb2
Vb2,
Vb3,
Vb5
Vb1,
Vb5
Vb3,
Vb5
Vb2,
Vb3,
Vb5
Vb2,
Vb5
Vb3,
Vb5
Vb3,
Vb5
Vb2,
Vb5

15

1

PeptB. Unique ANOVA

count pept.C p-valueP

0.00*

0.00*

0.00*

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

Highest
mean
condition

Vb5

Vb5

Vb5

Vb1

Vb3

Vb5

Vb5

Vb3

Vb5

Vb3

Vb5

Vb2

Highest
meanxSDE

1099.9+183.3

5076.7+659.6
9791.1+430.7

1288+425.1

3617.9+1311.9

20417.2+1862

1744.7+£321.1

5900.8+1729.9

4674.9+1642.2
6243.8+1130.5
3668.6+1305.2

3666.6+1131.8

Protein names

DEFICIENS-like MADS-box
transcription factor (Fragment)

FD protein
MADS14

APETALAZ2-like protein

MADS38

MADS41

MADS40

MADS3

MADS1
MADS14
MADS16

MADS13

Organism

Paphiopedilum
hangianum

Phalaenopsis aphrodite
subsp. formosana

Erycina pusilla

Cattleya trianae
Erycina pusilla
Erycina pusilla
Erycina pusilla
Apostasia odorata

Apostasia odorata
Apostasia odorata
Apostasia odorata

Apostasia odorata
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Supplementary Table 1. Proteins identified involved in Flowering (continue).

. Extract PeptB. Unique ANOVA Highest Highest . .
Accession mean Protein names Organism
condA count peptl p-valueP yy mean*SDE
condition
AOA1L1WLO6 \\//té% 9 7 1.00 Vb2 2553.7£364.7 MADS9 Apostasia odorata
Vb2,
AOATLTWLO8 Vb3, 5 2 1.00 Vb3 8221.4£2983.4 MADS20 Apostasia odorata
Vb5
AOATL1WL12 \\//i?é 9 2 1.00 Vb5 1056.1£72.9  MADS31 Apostasia odorata
AOA1L1WL16 \\//%35 3 1 1.00 Vb5 4704.5+1289.3 MADS33 Apostasia odorata
AOATLIWL19 \\’/%12 5 2 100 Vb2 17151.1#6587.2 MADS36 Apostasia odorata
AOA1L1WL24 \\//E% 7 4 1.00 Vb5 40581.2+7565.8 MADS30 Apostasia odorata
AOA1L1WL26 \\//%25 2 2 1.00 Vb5 14416.7£1726.4 MADS41 Apostasia odorata
AOA1L1WP45 \\//i% 1 1 1.00 Vb3 882.6+1944  MADS32 Apostasia odorata
AOA1LIWSBH \\//tt’)% 4 1.00 Vb5 3103229  MADS27 Apostasia odorata
Vb1, Leafy-floricaula protein .
A51851 Vb5 3 1 1.00 Vb1 1404.7+£242 (Fragment) Ophrys creticola
Vb2, : :
BIWAN2 Vb3, 12 1 100 Vb5  125289+1070.5 LEAFY AEIEEGIES ]
cultivar
Vb5
Vb2,
B6ZDS5 Vb3, 9 1 1.00 Vb5 10901.9+£1999.8 MADS-box transcription factor Habenaria radiata

Vb5



Supplementary Table 1. Proteins identified involved in Flowering (continue).
Extract PeptB. Unique ANOVA

Accession

B7T4F3

BOWO016

C5I9R2

C51981

C519S6

C519S8

D4N890

DIIFM4

DIIFM5

EGY7M5

E7BUGS

cond.A

Vb2,
Vb5
Vb2,
Vb5
Vb2,
Vb3,
Vb5
Vb1,
Vb2,
Vb5
Vb3,
Vb5
Vb2,
Vb3

Vb3,
Vb5

Vb3,
Vb5
Vb3,
Vb5
Vb1,
Vb3,
Vb5
Vb1,
Vb3,Vb5

count pept.C

16

5

N

2

1

p-valueP
1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

Highest
mean
condition

Vb2

Vb5

Vb5

Vb5

Vb3

Vb2

Vb3

Vb5

Vb5

Vb3

Vb5

Highest
meanxSDE

9576.7+1498.2

20750.2+5824.2

5991.5+£1035.8

3932.8+164.3

14495.1+2651.6

33261.1£12474.6

2451.1+887.5

963.3+156

28379.1+4195.5

13624.3+2111.2

1305.7+410.7

Protein names

MADS box AP3-like protein 1
LEAFY (Fragment)

DEFICIENS-like MADS-box
transcription factor

DEFICIENS-like MADS-box
transcription factor

DEFICIENS-like MADS-box
transcription factor
GLOBOSA-like MADS-box
transcription factor

AP3-related protein 4

MADS box transcription factor 10

MADS box transcription factor 11

CONSTANS-like protein

CONSTANS-like protein

Organism
Dendrobium hybrid
cultivar

Oncidium hybrid cultivar

Gongora galeata

Phragmipedium
longifolium

Spiranthes odorata

Spiranthes odorata

Dendrobium
moniliforme

(Epidendrum
moniliforme)

Oncidium hybrid cultivar
Oncidium hybrid cultivar

Phalaenopsis hybrid
cultivar

Dendrobium loddigesii
(Callista loddigesii)
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Supplementary Table 1. Proteins identified involved in Flowering (continue).
Extract PeptB. Unique ANOVA

Accession

FS5ANW4

G2XK84
G2XK93
G2XKAS8
G2XKB0
G2XKB2
H2ERP3

H6U642
I6QOH7
I6Q0K8

16Q108
16Q436

16Q4J0

cond.A

Vb2,
Vb3,
Vb5
Vb3,
Vb5
Vb3,
Vb5
Vb2,
Vb5
Vb3,
Vb5
Vb3,
Vb5
Vb3,
Vb5
Vb1,
Vb5
ALL
Vb3,
Vb5
Vb3,
Vb5
Vb3,
Vb5
Vb3,
Vb5

count pept.C
5 2
12 1
7 3
8 4
9 2
9 5
4 2
8 2
6 1
5 1
6 1
4 1
3 1

p-valueP

1.00

1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00

1.00

Highest
mean
condition

Vb5

Vb3
Vb3
Vb2
Vb5
Vb3
Vb5

Vb5
Vb3
Vb5

Vb3
Vb5

Vb3

Highest
meanxSDE

4192.8+1482.2

3873.9+870.8
27545.4+84.7
3790.1+1477.3
282+62.1
5207.7+787.2
1746.3+239.7

4952.8+1323.9
3498.3+543.3
540.1+£159.7

4934.8+1617.6
5715.1+408.6

9538.5+923.9

Protein names

Candidate developmental
transcription factor TCP4
(Fragment)

B-class MADS-box protein PI-2
(Fragment)

B-class MADS-box protein AP3-1
(Fragment)

B-class MADS-box protein AP3-4
(Fragment)

B-class MADS-box protein AP3-1
(Fragment)

B-class MADS-box protein AP3-3
(Fragment)

AP1-like protein

APETALA3-like MADS-box
protein
LEAFY (Fragment)

LEAFY (Fragment)
LEAFY (Fragment)
LEAFY (Fragment)

LEAFY (Fragment)

Organism

Phalaenopsis hybrid
cultivar

Anoectochilus
formosanus

Galeola falconeri

Oncidium hybrid cultivar

Paphiopedilum hybrid
cultivar
Paphiopedilum hybrid
cultivar

Cymbidium faberi

Cymbidium ensifolium
(Epidendrum ensifolium)
Apostasia sp. G244
Cypripedium
margaritaceum

Paphiopedilum wardii

Neuwiedia zollingeri var.
singapureana
Cypripedium
margaritaceum
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Supplementary Table 1. Proteins identified involved in Flowering (continue).
Extract PeptB. Unique ANOVA

Accession

JOZANT

K4JB92

MOQR13
MOQR29
MOQR34

MOQS80
MOQS85
MOQSA7
MOQSB4
MOQTP3
MOQTQ4
MOQTR6

MOQXL3
M9QZ49

cond.A

Vb1,
Vb3
Vb1,
Vb2,
Vb3
Vb1,
Vb5
ALL
Vb3,
Vb5
Vb2,
Vb5
Vb3,
Vb5
Vb2,
Vb5
Vb3,
Vb5
Vb2,
Vb3
Vb2,
Vb3

ALL

Vb1,
Vb3
Vb3,Vb5

count pept.C

2 2
8 1
4 2
11 7
17 6
1 1
1 1
7 5
13 10
2 1
3 2
5 4

—_
—

p-valueP

1.00

1.00

1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00

Highest
mean
condition

Vb3

Vb2

Vb5
Vb1
Vb5

Vb2
Vb5
Vb5
Vbs
Vb3
Vb2
Vb1

Vb3
Vb3

Highest
meanxSDE

378.3+50.7

6070+1393.7

194+60.9
34051.4+1674.5
15803.4+1174.5

186.6+20.3
6283.9+349.6
1358+401.7
16606.8+1171.5
4014.8+413.1
11502.9+4200.5
3941.2+506.1

2767.3+962.6
5059+561

Protein names

AP-1 complex subunit sigma-2-

like protein
C-class MADS-box-like protein
CONSTANS-like 3

AP2-6
AP2-11

CONSTANS-like 1

CONSTANS-like 6

SQUAMOSA promoter-binding-

like 2

SQUAMOSA promoter-binding-

like 7
CONSTANS-like 7

AP2-5

SQUAMOSA promoter-binding-

like 3

SQUAMOSA promoter-binding-

like 1
CONSTANS-like 4

Organism

Dendrobium catenatum

Orchis italic

Erycina pusilla
Erycina pusilla

Erycina pusilla
Erycina pusilla
Erycina pusilla
Erycina pusilla
Erycina pusilla
Erycina pusilla
Erycina pusilla
Erycina pusilla

Erycina pusilla

Erycina pusilla
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Supplementary Table 1. Proteins identified involved in Flowering (continue).
Extract PeptB. Unique ANOVA

Accession

M9QZ62

M9QZ67

MOQZ71

QOKKF5

Q2IA03

Q539E6
Q5XM80
Q84KZ6
Q84KZ9
Q84L00

Q84L02

Q84L04
Q84L07

cond.A

Vb1,
Vb2
Vb1,
Vb3,
Vb5
Vb3,
Vb5
Vb3,
Vb5

Vb3,
Vb5

Vb3,
Vb5
Vb3,
Vb5
Vb2,
Vb3
Vb3,
Vbs
Vb2,
Vb5
Vb3,
Vb5
ALL

Vb2,Vb3

count pept.C

7

12

13

~l

oo

3

p-valueP

1.00

1.00

1.00

1.00

1.00

1.00
1.00
1.00
1.00
1.00

1.00

1.00
1.00

Highest
mean
condition

Vb1

Vb3

Vb5

Vb3

Vb3

Vb5
Vb3
Vb3
Vb3
Vb5

Vb3

Vb5
Vb3

Highest
meanxSDE

2305.4+608.4

5806.2+1736.5

1702.4+£172.8

575.2+195.6

420.9+107.7

53113.6£18262.4
1013+75.7
4629.4+1028.9
231.7%47.9
10913.3+2153 .4

11878.1+£1830.8

12064.5+3322.7
1955.4+340.4

Protein names
AP2-7

AP2-12

SQUAMOSA promoter-binding-
like 5

Pistillata-like protein (Fragment)

AGAMOUS-like transcription
factor

Class 1 knox

MADS box PI-like protein 9
LFY-like protein OrcLFY
LFY-like protein OrcLFY
LFY-like protein OrcLFY

LFY-like protein OrcLFY

LFY-like protein OrcLFY
LFY-like protein OrcLFY

Organism

Erycina pusilla

Erycina pusilla

Erycina pusilla

Anacamptis morio

Dendrobium
crumenatum (Tropical
pigeon orchid)

Dendrobium nobile

Phalaenopsis hybrid
cultivar

Dactylorhiza romana
(Orchis romana)

Anacamptis laxiflora
Anacamptis pyramidalis

Neotinea maculate

Ophrys tenthredinifera
Orchis anthropophora
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Supplementary Table 1. Proteins identified involved in Flowering (continue).

: Extract Pept8. Unique ANOVA Highest Highest : :
Accession mean Protein names Organism
condA count peptl p-valueP yy mean*SDE
condition
Vb1,
Q8RVW5 Vb3, 11 4 1.00 Vb3 3733.84534.5  MADS-box transcription factor Phalaenopsis equestris
Vb5
Vb1, . MADS box protein DOMADS1 Dendrobium grex
QENEL Vb3 i 5 — o SRRSO (MADS-box transcription factor) ~ Madame Thong-In
U3uU8P9 \\//%13 7 6 0.02* Vb3 2134.5+807.1  DEF-like protein Orchis italic
Vb1,
U3U9x3 Vb2, 11 2 0.00* Vb1 3413.3£916.1  DEF-like protein Orchis italic
Vb3
Vb2,
X2F442 Vb3, 10 9 0.00* Vb3 9552.742651.2 MADS-box protein 2 (MADS2)  Erycina pusilla
Vb5
X2F450 \\//?% 6 1 0.06 Vb3 3000.64618  MADS-box protein 12 (MADS12)  Erycina pusilla
X2F460 \\//%?é 2 1 0.00* Vb3 5941+1554.8  MADS-box protein 27 (MADS27)  Erycina pusilla
Vb2,
X2F5E8 Vb3, 4 1 0.00* Vb5 1266.3+260.2  MADS-box protein 23 (MADS23) Erycina pusilla
Vb5
X2F 977 \\//%% 9 2 02 Vb5  1910.745033 MADS-box protein 1 (MADST)  Erycina pusila
Vb1,
X2F984 Vb3, 6 3 0.00* Vb5 523.6+1384  MADS-box protein 11 (MADS11)  Erycina pusilla
Vb5
X2F988 Vb3, 9 1 0.97 Vb3 1343.5+£471.7  MADS-box protein 16 (MADS16) Erycina pusilla

Vb5



574
575

576
577

Supplementary Table 1. Proteins identified involved in Flowering (continue).

Accession

X2FB19

X2FB33

X2FD75

X2FD86

X5DD29

Extract
cond.A

Vb3,
Vb5
Vb3,
Vb5
Vb1,
Vb3,
Vb5
Vb2,
Vb5
Vb2,
Vb5

PeptE. Unique ANOVA
count pept.C

7

5

5

4

2

3

6

1

1

Highest

mean Highest Protein names
p-valueP s mean*SDE
condition
0.00* Vb5 847.3+1924  MADS-box protein 5 (MADS5)
0.00* Vb5 22438.5+4680 MADS-box protein 25
0.00* Vb1 172074£2413.2  MADS-box protein 4 (MADS4)
0.32 Vb2 451.1+86.6 MADS-box protein 19 (MADS19)
0.01* Vb5 1913.6+118.5 SEPALLATA-like MADS-box

protein 4

Organism

Erycina pusilla

Erycina pusilla
Erycina pusilla

Erycina pusilla

Phalaenopsis equestris

A extraction condition/B peptide count/C unique peptide/D data analyzes was performed using ANOVA (p < 0.05) followed by the Tukey significance test, were asterisk (*) denote

statistical significance difference. /E mean value of the highest condition + Standard deviation value.

Supplementary Table 2. Proteins identified involved in Fruiting.

Extract PeptB. Unique

ANOVA Highest

Highest

Accession condA count peptS p- mean mean+SDE Protein names Organism
value? condition

AOAOBBFJKE VO34 3 051 Vb5 44155415065 -aminocyclopropane-t-carboxylate o m pobrid cultivar
Vb5 synthase 7 (Fragment)

AOAGAOR219  ALL 12 2 000* Vb3  270079+g4s 1SS CMADS-domain transcription o0 oaieats

factor (Fragment)

ACAOATKLEE O 2 4 000* Vb5  5530.8+10254 Pectinesterase (Fragment) DAl o
Vb5 cultivar
Vb1, |

AOAOF6PURO Vb3, 2 1 000 Vb5 1841946112 1"i‘é“'”ocgc"’pmpa”e'1'CarbOXV'ate Paphiopedilum helenae
Vb5 oxidase (Fragment)
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Supplementary Table 2. Proteins identified involved in Fruiting (continuge)
ANOVA Highest

Accession

AOAOF6PUT3
AOAOF6PVY2
AOAOF6PXG1
AOAOQU1TTFS
AOA1D8DGS6

A0JBY6

A4UTQ8

A8DC72
BOFYC7

COKXG8

E2I9R2

G0Y289

Extract PeptB. Unique
condA count pept.C

Vb3,
Vb5
Vb3,
Vb5
Vb3,
Vb5
Vb3,
Vb5
Vb1,
Vb2
Vb2,
Vb5
Vb2,
Vb3, 9 1
Vb5
Vb1,
Vb2
Vb3,
Vb5
Vb2,
Vb3
Vb2,
Vb3, 6 1
Vb5

Vb2,

Vb3, 14 4
Vb5

6 2

6 1

12 1

14 1

11 1

p-
valueP
0.00*
0.15
0.57
0.26
1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

mean
condition

Vb5

Vb5

Vb5

Vb3

Vb1

Vb5

Vb3

Vb2

Vb5

Vb3

Vb2

Vb2

Highest
meanxSDE

4138.8+442.4
3903.6+1365
2070.5+194.8
1651.2+323.8
3981.3+1367.1

716.9+190.4

4833.5+482

4054.3+795.3
3113.3+309.6

1271.8+483.9

5880.1+1578.9

12136.8+3913

Protein names

1-aminocyclopropane-1-carboxylate
oxidase (Fragment)
1-aminocyclopropane-1-carboxylate
oxidase (Fragment)
1-aminocyclopropane-1-carboxylate
oxidase (Fragment)

Aureusidin synthase-like protein
(Fragment)

Ethylene insensitive 3-like 1
ACC synthase (Fragment)
1-aminocyclopropane-1-carboxylate

synthase

1-aminocyclopropane-1-carboxylic
acid oxidase (Fragment)
1-aminocyclopropane-1-carboxylate
oxidase (Fragment)

Ethylene response sensor 1

1-aminocyclopropane-1-carboxylate
synthase 3 (Fragment)

Ethylene insensitive 3-like protein

Organism

Paphiopedilum
sugiyamanum
Paphiopedilum victoria-
mariae

Paphiopedilum
dayanum

Oncidium hybrid cultivar

Phalaenopsis aphrodite
subsp. formosana
Cymbidium hybrid
cultivar

Dendrobium hybrid
cultivar

Dendrobium hybrid
cultivar

X Brassolaeliocattleya
'Sung Ya Green'
Dendrobium hybrid
cultivar

Dendrobium hybrid
cultivar

Oncidium hybrid cultivar
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Supplementary Table 2. Proteins identified involved in Fruiting (continuge)
ANOVA Highest

Accession

|ODHHO

I6QONO

16Q2U8

16Q2V1

Q6RCS3

Q96413

Q9ZSD2
QIXGG3
UsXI27

AOAOF6PVI7

AOAOF6PVV9

Extract PeptB. Unique
condA count pept.C

Vb2,
Vb3, 16 7
Vb5

Vb2,
Vb5

Vb3,
Vb5
Vb3,
Vb5
Vb1,
Vb3, 3 1
Vb5

Vb2,

Vb3, 6 2
Vb5
Vb2,

e 63
Vb1,
vh2 O 5
Vb3,
wvs © 4
Vb3,
vbs  ° 1
Vb2,
Vb3 9 1
Vb5

p-
valueP

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.00*

0.00*

0.01*

0.00*

mean
condition

Vb2

Vb5

Vb5

Vb5

Vb3

Vb2

Vb2

Vb2

Vb5

Vb3

Vb5

Highest
meanxSDE

9944.2+2500.3

253.4+94.3

1623.5+£393.4

253.9+86.9

4695.7+468.5

8882.4+2734.8

2202.6+874
1893.5+388.6
17341.8+5800.3

931.3+152.2

1099.9+183.3

Protein names

Allene oxide synthase

1-aminocyclopropane-1-carboxylate
oxidase (Fragment)

1-aminocyclopropane-1-carboxylate
oxidase (Fragment)
1-aminocyclopropane-1-carboxylate
oxidase (Fragment)

1-aminocyclopropane-1-carboxylate
synthase

ACC synthase

Putative ethylene response sensor

1-aminocyclopropane-carboxylate
synthase homologue
1-aminocyclopropane-1-carboxylate
synthase 3 (Fragment)
DEFICIENS-like MADS-box
transcription factor (Fragment)

DEFICIENS-like MADS-box
transcription factor (Fragment)

Organism

Cymbidium ensifolium
(Epidendrum
ensifolium)
Cypripedium acaule
(Pink lady's slipper
orchid)

Cypripedium japonicum

Vanilla sp. G241

Cattleya bicolor

Dendrobium
crumenatum (Tropical
pigeon orchid)
Phalaenopsis hybrid
cultivar

Phalaenopsis hybrid
cultivar

Oncidium hybrid cultivar

Paphiopedilum sp. 2
XQW-2015

Paphiopedilum
hangianum
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578
579

580
581

Supplementary Table 2. Proteins identified involved in Fruiting (continuge)
ANOVA Highest

Accession

C5I9R2

C51951

C519S6

U3U8P9

U3U9X3

Extract PeptB. Unique
condA count pept.C

Vb2,
Vb3,
Vb5
Vb1,
Vb2,
Vb5
Vb3,
Vb5
Vb1,
Vb3
Vb1,
Vb2,
Vb3

11

2

p-

mean

value? condition

1.00

1.00

1.00

0.02*

0.00*

Vb5 5991.5+1035.8

Vb5 3932.8+164.3

Vb3 14495.1+2651.6

Highest

meantSDE [ rotein names Organism

DEFICIENS-like MADS-box

transcription factor Gongora galeata

DEFICIENS-like MADS-box Phragmipedium
transcription factor longifolium

DEFICIENS-like MADS-box

transcription factor Spiranthes odorata

Vb3 2134.5£807.1  DEF-like protein Orchis italica

Vb1 3413.3£916.1  DEF-like protein Orchis italica

A extraction condition/B peptide count/C unique peptide/D data analyzes was performed using ANOVA (p < 0.05) followed by the Tukey significance test, were asterisk (*) denote
statistical significance difference. /E mean value of the highest condition + Standard deviation value.

Supplementary Table 3. Proteins identified involved in phenols biosynthesis.

. Extract PeptE. Unique ANOVA Highest Highest . .
Accession mean Protein names Organism
condA count pept.C p-valueP y mean*SDE
condition
AOAO68ERY8  ALL 3 3 0.00* Vb2 7072.7£2028.3  Isoflavone reductase-like protein  Dendrobium catenatum
AOAO075E375 \\//%% 12 10 0.00* Vb3 2234.8+62.8  Orcinol O-methyltransferase Vanda hybrid cultivar
AOAOTSESNA VD3 g 5 0.05* Vb5 e e e e e Vanda hybrid cultivar
Vb5 carboxyl methyltransferase
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Supplementary Table 34. Proteins identified involved in phenols biosynthesis (continue)

Highest

Accession Extract PeptB. Unique ANOVA mean Highest Protein names
condA count pept.C p-valueP i meantSDE
condition
AOA08BG538 \\//tt’% 7 1 000 Vb5 8631247395 Chaloone synthase

AOAO88G4R1 Vb5 13 11 0.77 Vb5 1604.6+212.9  Flavonol synthase

Vb1,
AOA096ZX30 Vb3, 1 1 0.00* Vb5 3775.8+458.5  MYB transcription factor 1
Vb5

Vb1,
AOAQ096ZX41 Vb3, 8 1 0.00* Vb1 888+250.8 Dihydroflavonol 4-reductase
Vb6

Vb2,
Vb5

Vb3,
Vb5

Vb2,
Vb5

Vb2,
Vb3

Vb3,
Vb5

Vb3,
Vb5

AQA096ZX44 5 2 0.00* Vb2 2911.24794.2  MYB transcription factor 16

AOA096ZX46 4 1 0.03* Vb3 7696.8+£916.1  MYB transcription factor 2
AOAQ0962X55 11 7 0.48 Vb5 3635.1£595.6  MYB transcription factor 12
AOA096ZX66 7 1 0.09 Vb3 789.3£246.8  Chalcone synthase
A0A096Z2X69 9 4 0.00* Vb3 1809+287.4  MYB transcription factor 9

AOA096ZXT71 16 13 0.38 Vb5 3295.2+757.8  Flavonoid 3'-hydroxylase

Organism

Cymbidium hybrid
cultivar
Cymbidium hybrid
cultivar

Phalaenopsis equestris

Phalaenopsis equestris

Phalaenopsis equestris
Phalaenopsis equestris
Phalaenopsis equestris
Phalaenopsis equestris
Phalaenopsis equestris

Phalaenopsis equestris
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A0A096ZX72

Vb2,
Vb3

2

0.00*

Vb2

8324.9+1929.2 MYB transcription factor 3

Supplementary Table 35. Proteins identified involved in phenols biosynthesis (continue)

Accession

AO0A096ZX73

AOA096ZX74

AQA096ZXT77

AOAOAGZ8F0

AOAOAGZ8F3

AOAOAGZ8K1

AOAOAGZ8P9

AOAOE3NBNO

AOAOF7G352

Vb3,
Vb5

Vb3,
Vb5

Vb3,
Vb5

Vb1,
Vb2,
Vb5

Vb1,
Vb5

Vb3,
Vb5

ALL

Vb3,
Vb5

Vb3,
Vb5

2

10

pept.C

1

10

Extract PeptE. Unique ANOVA

cond.A count p-valueP

0.00*

0.00*

0.00*

0.00*

0.02*

0.00*

0.00*

0.04*

0.00*

Highest
mean
condition

Vb3

Vb3

Vb3

Vb5

Vb1

Vb5

Vb1

Vb3

Vb3

Highest

mean+SDE Protein names

251.9196.9  MYB transcription factor 14
3618.3£123.2  MYB transcription factor 8

71531£883.6  MYB transcription factor 10

4485.6+£315.9  Chalcone synthase (Fragment)

3134.6£1108.6  Chalcone synthase (Fragment)

2158.1£813.3  Chalcone synthase (Fragment)

29404.1£9770.7 Chalcone synthase (Fragment)

14543.7£5572.9 Eugenol synthase 2

1344.9+£177.9  Vanillin synthase

Phalaenopsis equestris

Organism

Phalaenopsis equestris
Phalaenopsis equestris

Phalaenopsis equestris

Paphiopedilum
armeniacum (Golden
slipper orchid)

Paphiopedilum
purpuratum

Paphiopedilum
micranthum

Paphiopedilum x
areeanum
Gymnadenia
odoratissima (Orchis
odoratissima)

Vanilla planifolia (Vanilla)

65



Supplementary Table 3. Proteins identified involved in phenols biosynthesis (continue)

Highest
mean
condition

Accession

AOAOM3U4G0

AOAOPODLNS

AOAOQU1TTFS

AOAOU1VL99

AOAOU1VLBS

A0A126QG95

A0A142IGA4

A0A191XZNS
AOA1I9K5X5
ATKTI4

Vb1,
Vb2,

Vb5

Vb2,

Vb5

Vb3,

Vb5

Vb2,

Vb5

Vb1,

Vb5

Vb3,

Vb5

Vb1,

Vb5

Vb3,

Vb5
Vb5

Vb2,

Vb3

12

26

14

10

Extract PeptB. Unique ANOVA
cond.A count

p-valueP

0.00*

0.04*

0.26

0.021*

0.00*

1.00

1.00

1.00
1.00
1.00

Vb2

Vb2

Vb3

Vb5

Vb5

Vb5

Vb1

Vb5
Vb5
Vb2

meanxSDE

13956.5+3504

2345.8+785.5

1651.2+323.8

654.5+151.2

7764+1098.1

491.9+87.9

27916.9£6181.9

30827+3535
2386.7+447.9
1778.5£421.7

Protein names

Chalcone synthase

Coumarate 3-hydroxylase

Aureusidin synthase-like protein
(Fragment)

Flavanone-3-hydroxylase

Dihydroflavonol 4-reductase

Dihydroflavonol 4-reductase
(Fragment)

Glutamate-cysteine ligase
(Fragment)

Flavonoid 3'-5' hydroxylase
(Fragment)

4-coumarate.CoA ligase

Chalcone-flavonone isomerase
family protein

Organism

Dendrobium catenatum

Dendrobium catenatum

Oncidium hybrid cultivar

Phalaenopsis hybrid
cultivar

Phalaenopsis hybrid
cultivar

Dendrobium catenatum

Oncidium hybrid cultivar

Phalaenopsis
lueddemanniana

Dendrobium catenatum

Oncidium hybrid cultivar



Supplementary Table 36. Proteins identified involved in phenols biosynthesis (continue)

Accession

A7UCI5
A8QME9

A8QMI6

ABQMJ9

B2LUN8

B5MBV6

F2YP45

F2YP46

F5A635

Extract PeptE. Unique ANOVA

condA count

Vb3,
Vb5

ALL

Vb1,
Vb3,
Vb5

Vb2,
Vb5

Vb3,
Vb5

Vb2,
Vb3,
Vb5

Vb3,
Vb5

Vb3,
Vb5

Vb1,
Vb2,
Vb3

3
5

12

pept.C
1
1

p-valueP

1.00
1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

condition
Vb5
Vb2

Vb1

Vb5

Vb5

Vb3

Vb5

Vb3

Vb2

Highest
meanxSDE

2027.5+234.9
2502.3+556.8

2661.1+£1009.7

12221.1+306

3039.3+204.9

1109.3+80.5

10686.6+3023.3

38082.6+3676.6

8543.1+2144.9

Protein names

Chalcone synthase (Fragment)

Chalcone synthase (Fragment)

Chalcone synthase (Fragment)

Chalcone synthase (Fragment)

Flavonoid 3',5" hydroxylase-like
protein

Dihydroflavonol-4-reductase

OMT4

OMT5

Chalcone synthase

Organism

Cymbidium floribundum

Dactylorhiza viridis

Gymnadenia borealis

Traunsteinera globosa

Vanda coerulea

Dendrobium hybrid
cultivar

Vanilla planifolia (Vanilla)

Vanilla planifolia (Vanilla)
Dendrobium moniliforme

(Epidendrum
moniliforme)
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Supplementary Table 37. Proteins identified involved in phenols biosynthesis (continue)

Accession

F5A637

HITB32
L7SSS6

064902

P93482

Q27163

Q42609

Q43741

Q45RS8

Extract PeptB. Unique ANOVA
cond.A count

Vb1,
Vb3,
Vb5

Vb3,
Vb5

Vb5

Vb2,
Vb3,
Vb5

Vb5

Vb1,
Vb3,
Vb5

Vb2,
Vb5

Vb3,
Vb5

Vb3,
Vb5

21

25

20

10

pept.C

p-valueP

1.00

1.00
1.00

1.00

1.00

1.00

1.00

1.00

1.00

Highest
mean
condition

Vb3

Vb5
Vb5

Vb2

Vb5

Vb3

Vb2

Vb5

Vb5

Highest
meanxSDE

7118.7+1387.1

1161.9+£133.2
2354.1+370.6

3200+1047.3

2671.6+569.1

698+110.8

15520.4+5966.6
2148.7+609.4

20.3+1.4

Protein names

Flavonoid 3',5'-hydroxylase

F3H (Fragment)

Phenylalanine ammonia-lyase

Dihydroflavonol-4-reductase

Acyl-coenzyme A oxidase

O-methyltransferase -2

Phenylalanine ammonia-lyase

Naringenin 3-dioxygenase

Chalcone synthase

Organism

Dendrobium moniliforme
(Epidendrum
moniliforme)

Oncidium hybrid cultivar
Dendrobium candidum

Cymbidium hybrid
cultivar

Phalaenopsis hybrid
cultivar

Vanilla planifolia (Vanilla)

Bromheadia
finlaysoniana

Bromheadia
finlaysoniana

Oncidium hybrid cultivar
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Supplementary Table 3. Proteins identified involved in phenols biosynthesis (continue)

. Extract PeptB. Unique ANOVA Highest Highest . .
Accession mean Protein names Organism
condA count pept.C p-valueP s meantSDE
condition

Q4VFZ0 \\//%13 0 1 100 Vb3 423+129  Dihydroflavonol 4-reductase Oncidium hybrid cultivar
Q6Lces P2 a9 4 100 Vb2 320968488137 Acyl-coenzyme A oxidase IR ]

Vb5 cultivar
Q6Q796 \\//%13 12 7 1.00 Vb1 1887.1£519.4  Caffeic acid O-methyltransferase ~ Vanilla planifolia (Vanilla)

Vb3, Dendrobium sp. XMW-
Q84U50 Vb5 3 1 1.00 Vb3 17224.2+6062.4 MYB4 2000-4
ROUNPE  \2 9 8 000' Vb2  54306+13365 Cinammate d-hydroxylase Dendrobium catenatum
T1Q041 \\//?)?é 8 2 0.00* Vb3 10219.5+1670.8 Chalcone synthase Paphiopedilum concolor
VOPCW5 Vb3, 3 3 0.01* Vb3 9643.4+1388 Chglcone-ﬂgvonone isomerase Deqdrob/um hybrid

Vb5 family protein cultivar
vopcx2 VB3 45 7 0.00* Vb5 2547.6£329  Flavonoid 3',5-hydroxylase DA o

Vb5 cultivar

Vb2, . .
vopcxg Vb5 g 1 000° Vb5  3481.64950.8 Dihydrofiavonol 4-reductase fjg\‘j’; o hybrid

582 A extraction condition/B peptide count/C unique peptide/D data analyzes was performed using ANOVA (p < 0.05) followed by the Tukey significance test, were asterisk (*) denote
583 statistical significance difference. /E mean value of the highest condition + Standard deviation value.



584

585

Supplementary Table 4. Proteins identified involved in terpene biosynthesis.

ANOVA Highest

Accession Extract Pept®. Unique p- mean Highest Protein names Organism
condA count pept.C s mean*SDE
value? condition
AOAOF6YPAO \\//%% 2 1 0.00* Vb3 5290.5+127.8  Mevalonate kinase (MK) Netrvilia fordii
AOAOK1ZE17 P27 5 000 Vb2 557534152084 2 Cmethyi-Deenthritold-phosphate o, m catenatum
Vb5 cytidylyltransferase
AOAIS9BKQS P2 12 9 100 Vb2 557315637 | -ocoxy-D-xylulose-S-phosphate o porgi
Vb5 synthase (Fragment)
AQYCD2 Vb5 23 13 080 Vb5  7723.14212.9 Flavonol synthase gﬁ\gg’“m hybrid
Vb1, Jasmonic acid carboxyl Cymbidium ensifolium
L Vb5 U g L o e e methyltransferase (Epidendrum ensifolium)
Vo2, Cymbidium ensifolium
I0DHHO Vb3, 16 7 1.00 Vb2 9944.2+2500.3  Allene oxide synthase Ey dend ol
Vb5 (Epidendrum ensifolium)
JTEGE4 Vb5 19 10 0.76 Vb5 2084.8£398.5  Terpene synthase (Fragment) Phalaenopsis bellina
Phalaenopsis equestris
JTEGE9 Vb5 8 3 1.00 Vb5 372+85.2 Terpene synthase (Moth orchid)
[7FHQ2 \\//%% 12 3 1.00 Vb5 1134.8£205.4  Farnesyl pyrophosphate synthase Cymbidium goeringii
K7TWTR3 \\//tt))?é 11 1 1.00 Vb5 21842.8+2656.4 Farnesyl pyrophosphate synthase Dendrobium catenatum
VOMW47 Vb2 11 9 1.00 Vb2 37505.7+£3271.3 Mitogen-activated protein kinase Dendrobium catenatum
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586
587
588
589

590

Supplementary Table 4. Proteins identified involved in terpene biosynthesis (continue).

ANOVA Highest

Extract PeptE. Unique Highest

Accession condA count peptS p- mean mean+SDE Protein names Organism
valueP condition
Farnesyl pyrophosphate synthetase .
voamis VP 4o o 000* Vb5 1893.8+3498 1 (Famesyl pyrophosphate Dendrobium
Vb5 huoshanense
synthetase 2)
3-hydroxy-3-methylglutaryl ,
voTNze VB3 3 000° Vb5 1340473904 coenzyme A reductase (HMG-Con  Dendrobum
Vb5 huoshanense
reductase)
xokwx1 B o7 qg 002 vb3 57761139 nvaroxy-3-methybutzen-tyl o pon ki catenatum
Vb5 diphosphate synthase

A extraction condition/B peptide count/C unique peptide/D data analyzes was performed using ANOVA (p < 0.05) followed by the Tukey significance test, were asterisk (*) denote
statistical significance difference. /E mean value of the highest condition * Standard deviation value.

Supplementary Table 8. Identified proteins of V. bahiana fruit from Vb1, Vb2, Vb3 and Vb5 samples- not show
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Conclustes Gerais

As proteinas identificadas nos frutos de V. bahiana confirmam o potencial enzimatico
dessa espécie para a producao de compostos, j& descritos na literatura, como responsaveis
pelo aroma e sabor do extrato natural de baunilha.

Nos frutos de V. bahiana foram identificadas proteinas ligadas a floragéo, frutificagdo e
amadurecimento de frutos, proteinas essas que podem servir como indicadores de
amadurecimento dos frutos de Vanilla spp.

Foi possivel identificar proteinas relacionadas a biossintese de fendis de importancia
econdmica como: acido cafeico, acido coumarico, &cido ferulico e vanilina.

O uso de SDS na concentracdo de 1% foi essencial para extrair mais proteinas totais com
grande amplitude dindmica nos frutos maduros.

1% de SDS também se mostrou eficaz na extracdo de uma diversidade maior de proteinas,
principalmente das proteinas de interesse.

A metodologia desenvolvida neste trabalho se mostrou eficaz e fundamental para extrair
e identificar uma grande diversidade proteinas, reduzindo a interferéncia de
contaminantes como o SDS.

As analises de quantificacdo absoluta comprovaram a presenca da vanilina, pirogalol e
acido cumarico nos frutos maduros de V. bahiana, que ja forma encontrados nos extratos
de V. planifolia e V. tahitian ligados ao aroma e sabor de baunilha caracteristico.

Os resultados e a metodologia apresentados podem colaborar com a conservacdo das
Vanilla spp. e na caracterizacdo quimicas de seus frutos, podendo o perfil proteico
identificado servir como um marcador de origem do extrato assegurando a qualidade do

produto ao consumidor.

Perspectivas Futuras

Uma vez que o extrato natural de baunilha possui uma qualidade de sabor e aroma superior

ao sintetico, e essa relacdo de qualidade estd ligada a mistura complexa de metabolitos

presentes no fruto, uma das perspectivas futuras desse trabalho é realizar estudo

metaboldmico dos frutos de V. bahiana coletados.

Outra perspectiva desse trabalho é continuar os estudos dmicos das espécies de Vanilla

localizadas na cidade do Rio de Janeiro, principalmente de V. chamissonis, que ja foi

coletada. Futuras extragdes de proteinas serdo realizadas utilizando o SDS nas solugdes, com

0 intuito de obter uma maior diversidade de proteinas.
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