DECIPHERING THE GENETIC EFFECTS AND PROTEOMIC
CHANGES UNDERLYING NITROGEN USE EFFICIENCY IN
POPCORN PLANTS

TALLES DE OLIVEIRA SANTOS

UNIVERSIDADE ESTADUAL DO NORTE FLUMINENSE
DARCY RIBEIRO — UENF

CAMPOS DOS GOYTACAZES - RJ
JULY —-2023



DECIPHERING THE GENETIC EFFECTS AND PROTEOMIC
CHANGES UNDERLYING NITROGEN USE EFFICIENCY IN
POPCORN PLANTS

TALLES DE OLIVEIRA SANTOS

“Thesis presented to the Centro de Ciéncias e
Tecnologias Agropecuarias (CCTA) of the
Universidade Estadual do Norte Fluminense
Darcy Ribeiro as part of the requirements for
obtaining the title of Doctor of Science in
Genetics and Plant Breeding.”

Advisor: Prof. Dr. Antbnio Teixeira do Amaral Junior

CAMPOS DOS GOYTACAZES - RJ
JULY —-2023



FICHA CATALOGRAFICA
UENF - Bibliotecas
Elaborada com os dados fornecidos pelo autor.

S237 Santos, Talles de Oliveira.

Deciphering the genetic effects and proteomic changes underlying nitrogen use efficiency
in popcorn plants / Talles de Oliveira Santos. - Campos dos Goytacazes, RJ, 2023.

190 f. :il.
Bibliografia: 67 - 90.

Tese (Doutorado em Genética e Melhoramento de Plantas) - Universidade Estadual do

Norte Fluminense Darcy Ribeiro, Centro de Ciéncias e Tecnologias Agropecuarias, 2023.
Orientador: Antonio Teixeira do Amaral Junior.

1. NUE. 2. Diallel Analysis. 3. Sustainable agriculture. 4. Zea mays everta. |. Universidade
Estadual do Norte Fluminense Darcy Ribeiro. Il. Titulo.

CDD - 631.5233




b

DECIPHERING THE GENETIC EFFECTS AND PROTEOMIC
CHANGES UNDERLYING NITROGEN USE EFFICIENCY IN
POPCORN PLANTS

TALLES DE OLIVEIRA SANTOS

“Thesis presented to the Centro de Ciéncias e
Tecnologias Agropecuarias (CCTA) of the
Universidade Estadual do Norte Fluminense
Darcy Ribeiro as part of the requirements for
obtaining the title of Doctor of Science in
Genetics and Plant Breeding.”

Approved on July 26th, 2023.

Examining committee:

Prof. Dr. Ale@dé/%i‘}iana (D.Sc. Génetics and Plant Breeding) - UENF

Prof. Dr. Geraldo de Amaral Gravina (D.Sc. Plant Science) - UENF

4 -
£ e
AR -

S em Y r2eleqd S AeDoerd en
Prof. Dr. Katarzyna Glewacka (Ph.D. Agricultural Sciences) - University of
Nebraska - Lincoln

_/
Prof. Dr. Anténio Teixeira do Amaral Junior (D.Sc. Genetics and Breeding) - UENF
(Advisor)




DEDICATION

To my parents Alessandro and Rosinei, to my siblings

Arthur, Thalita and Marianna.

| DEDICATE THIS THESIS!



ACKNOWLEDGMENTS

To the Universidade Estadual do Norte Fluminense Darcy Ribeiro and the
Graduate Program in Genetics and Plant Breeding for providing me with suitable
conditions to complete my Ph.D.

To CAPES, FAPERJ, and CNPq for granting the scholarships that ensured
the development of my research.

To my advisor Prof. Dr. Anténio Teixeira do Amaral Junior, for all the
teachings, guidance, and valuable contributions that have shaped my education, as
well as for the friendship.

| thank the professors of the Genetics and Plant Breeding Program for the
companionship and learning.

To Secretary José Daniel for the support throughout the years.

To the Popcorn Breeding group for the support, especially to Rosimeire
Barboza Bispo, a research and travel partner, for being so pleasant during our time
together.

To my laboratory colleagues at the University of Nebraska — Lincoln for
sharing with me the experiences and teachings that significantly contributed to my
Ph.D. Sandwich.

To my friends in Lincoln, Nebraska, especially Denny and Roy, for giving me
the opportunity to have them as family.

To my parents, for their incomparable support and understanding during all
this time that | have been away, and for being my biggest cheerleaders.



To my partner Paulo, for being the best friend, family, and companion on this
journey, always being there for me through the ups and downs, and with whom |
hope to share infinite other moments.

To my friends, for being an extension of my home.

To my thesis committee for their valuable contributions to this work: Professor
Alexandre Pio Viana, Professor Gravina, Professor Kasia Glowacka, for their
contributions to the improvement of this work and the knowledge gained throughout
my Ph.D. program.

This study was financed in part by the Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior - Brasil (CAPES) — Finance Code 001.



SUMMARY

7Y = 2 I Y O TP viii
RESUMO......ooiii ettt e e e e e e e e e e s s sae e e e e e s s annsaneeeeeeeannes iX
1. INTRODUCTION. ... .ot e e e e e e e e e e e e nnnneees 1
2. 0BUECTIVES ..ottt e e e e e e e e e e e e e e e e eaaes 3

2.1 General ODJECHIVE ... 3

2.3 SPECIfiC ODJECHIVES. ..o 3
B.CHAPTERS ...t e e e e e e e e e e neeeeeaeeeeaannne 4
3.1 EXPLORING THE POTENTIAL OF HETEROSIS TO IMPROVE NITROGEN
USE EFFICIENCY IN POPCORN PLANTS.........ceeeee e 4
31T INTRODUCTION. ...ttt e e e e e e e e e e e e e e e e annes 4
3.1.2 LITERATURE REVIEW ...ttt 7

3.1.2.1 General aspects Of POPCOIN ... 7

3.1.2.2 The physiological and morphological shoot responses of maize under low

al1igeToT=1 g WeTe] alo [1{ o] o I T EPT PP 9
3.1.2.3 The root adaptation of maize under low N conditions ............ccccevvevennnne. 12
3.1.2.4 Maize improvement for low N conditions...........ccoooeiiiiiiiiiiee, 14

3.1.3 MATERIAL AND METHODS ..........oooeee e 20
3.1.3.1 Plant material and growth conditions ... 20
3.1.3.2 Leal pigments. ... 21
3.1.3.3 Chlorophyll fluorescence measurements ...........ccccceeeeeeeeeiieeeeeeeeeeeeeeeee, 22
3.1.3.4 Measurements of leaf gas exchange ... 22



3.1.3.5 MorphologiCal traitS ........cooeeiiiiiie e 22

3.1.3.6 ROOt SYStem @nalYSiS ....cceeeiiiiiiiiiieiie e 23
3.1.3.7 Concentration Of N ........ooiiiiiiii e 23
3.1.3.8 Efficiency in the use of nitrogen and components...........cccceeeeeeiiiiiiennnn. 23
3.1.3.9 ROOt SYStem @nalYSiS ....cceeeiiiiiiiiiiieie e 23
3.1.3.10 Statistical aNalySIS.......ccuuiiiiiiiiiie e 24
B4 RESULTS ... e e e e e e e eaaaeeas 25
3.1.4.1 Traits of plant architecture and nitrogen use efficiency ..........cccccceeeee. 25

3.1.4.2 Gas exchange, photochemical efficiency of chlorophyll and leaf pigments
MEASUIEIMENTS ...ttt e e et e et e e e e e ea e e e e eeaa e e e e eann e e eeennnnnns 31
S5 DISCUSSION ...t e e e e e e e e e e e annnneeeeeeaeeeas 35
3.1.5.1 The effect of nitrogen deprivation on photosynthesis, maximum efficiency
of PSII, leaf pigments, and its impact on the growth of popcorn genotypes.......... 35
3.1.5.2 The mechanisms underlying the efficient use of N in popcorn

[0 T=T 0 047 o L= T J PP PURRPPPRPIN 38

3.5.1.3 What is the best strategy for conducting popcorn breeding to increase the
NItrogen USe effiCIBNCY? .. .. e 39
B.1.6 CONCLUSION ... e e e e e e e e e e as 40

3.2 PROTEOMIC CHANGES IN BIOENERGETIC METABOLISM AND
ANTIOXIDANT SYSTEM ENHANCE NITROGEN USE EFFICIENCY IN

POPCORN LINES UNDER NITROGEN STARVATION...........cooiiiiiieieeee 42
3.2.1 INTRODUCTION. ... e e e e e aeaaeeas 42
3.2.2 LITERATURE REVIEW ...ttt 44
3.2.2.1 The molecular mechanisms involved in nitrogen-use efficiency in
NIIZE e 44
Nitrogen reduction and assimilation ... 47
Nitrogen translocation and remobilization ...............eeeeiiiiiiii e, 47
3.2.3 MATERIAL AND METHODS ... 48
3.2.3.1 Plant material ... 48
3.2.3.2 Growing conditions and experimental design........ccccccoviiiiiiiiiiieeiienies 49
3.2.3.3 Evaluted traitS........uuueeieeiieieiiiieieeee e 49
Plant growth and development...........oooo s 49
Physiological traitS. .......ouii e 49
3.2.3.4 Leaf ProteOMICS. .......uueiiiiieie e 51

vi



Protin @XIrACHON. . e e 51

Protein digesStion ... e 51
Mass spectrometry and data analySiS..........cceeeeriiiiiiiiiiiiiiee e 52
3.2.3.5 Statical @nalySis .....cuvieiiiiii i 52
B.2. 4 RESULTS ... e e e e e e e e e e e e e as 53
3.2.4.1 Plant growth, development and physiological responses........................ 53
3.2.4.2 Leal PrOtEOMICS .. uuuuueeieieieietieettteteeeaaaeeeaasasssseaassssaesssssssssssssssssssnnssnnsnsnnnnes 57
B.2.5 DISCUSSION ...t e e e e e e e e e e e nnnnneaeeeaaeeeas 60
3.2.5.1 The effects of N starvation on plant growth, development, and physiological
L= L1 SRR 60
3.2.5.2 Regulation of proteins associated with photosynthesis in conditions of N
(o= o1V 7= 1o o SRR 62
3.2.5.3 N affects the pathways of energy generation and secondary metabolites
(o] oTe (U1 o] o [P PRSP PPPRPPR 63
3.2.5.4 Antioxidant system to reduce the effects of ROS due to N deprivation ..64
3.2.6 CONCLUSION ... e e e e e eaaeeeas 66
REFERENCES............ooo e e e e e e e e e e e 67
APPENDIX ... e e e e e aaaaaaan 91

Vi



ABSTRACT

SANTOS, Talles de Oliveira; D.Sc.; Universidade Estadual do Norte Fluminense
Darcy Ribeiro. July, 2023. Deciphering the genetic effects and proteomic changes
underlying nitrogen use efficiency in popcorn plants. Advisor: Anténio Teixeira do
Amaral Junior. Advising Committee: Alexandre Pio Viana and Gongalo Apolinario
de Souza Filho.

Nitrogen (N) is essential for sustaining life on Earth and plays a vital role in plant
growth and agricultural production. The excessive use of N fertilizers not only harms
the economy but also the environment. In the context of the environmental impacts
caused by agriculture, global maize improvement programs aim to develop cultivars
with high N-use efficiency (NUE) to reduce the use of N fertilizers, which is the most
viable strategy from a sustainable perspective. N is highly mobile in plants, therefore
NUE is related to several morphophysiological, and molecular mechanisms and
despite being well explored in plants, the genetic effects and molecular mechanisms
underlying NUE in popcorn plants still represent a gap in knowledge. In this sense,
the objective of this study is to investigate the genetic effects controlling growth and
physiological traits in four popcorn lines (P2 and P7 being N-efficient and N-
responsive; L75 and L80 being N-inefficient and non-responsive to N) and their 12
hybrids combinations under two contrasting nitrogen conditions: high N (100% —
224.09 mg NOs3 L") and low N (10% — 22.41 mg NOs L"), in a greenhouse
experiment. Additionally, the study aims to investigate the proteomic profile involved
in the molecular responses underlying NUE in two NUE-contrasting popcorn lines

(P2 and L80). The first chapter consisted of estimating the genetic effects involved

viii



in controlling morphoagronomic, physiological, and NUE-associated traits in four
popcorn lines and 12 diallel maize-popping hybrids subjected to contrasting N
conditions. By using diallel analysis proposed by Griffing (1956), the additive, non-
additive genetic effects, and reciprocal genetic effects controlling these traits were
estimated. In both N conditions, the non-additive genetic effects were more
pronounced, indicating that exploiting heterosis is the most viable strategy for the
development of cultivars with enhanced NUE. The second chapter aimed to
evaluate the impact of nitrogen deficiency on the growth and physiological traits in
two NUE-contrasting popcorn inbred lines, P2 and L80, under low and high N
conditions, as described on the first chapter. Subsequently, the study aimed to
investigate the proteomic profile involved in the molecular responses underlying
NUE. Despite the limiting N supply significantly affected the growth and
development of the lines, as well as physiological traits (such as photochemical and
non-photochemical quenching and quantum yield of photosystem Il), the N-efficient
P2 line exhibited higher averages under both N conditions. A comparative proteomic
analysis of leaves detected a total of 215 differentially accumulated proteins (DAPS)
in the low/high N comparison for P2, and 168 DAPs in the low/high N comparison
for L80. Among the identified DAPs, the N-efficient line showed 18 unique DAPs —
five for high N and three for low N — while the N-inefficient line presented 12 unique
DAPs, with five under high N and seven under low N. The pathways involved in
oxidative stress response, energy metabolism (such as carbon fixation and
carbohydrate metabolism), and photosynthesis represented the main differences
between P2 and L80. The results shed light on the proteomic changes underlying
NUE in popcorn and provide new insights for popcorn improvement programs in the
face of negative effects caused by climate change, contributing to the development
of a sustainable agriculture model.

Key words: NUE, Diallel Analysis, Sustainable agriculture, Zea mays everta.



RESUMO

SANTOS, Talles de Oliveira; D.Sc.; Universidade Estadual do Norte Fluminense
Darcy Ribeiro. Julho, 2023. Deciphering the genetic effects and proteomic changes
underlying nitrogen use efficiency in popcorn plants. Orientador: Antdnio Teixeira
do Amaral Junior. Conselheiros: Alexandre Pio Viana e Gongalo Apolinario de
Souza Filho.

O nitrogénio (N) é essencial para sustentar a vida na Terra e desempenha um papel
vital no crescimento das plantas e na producédo agricola. O uso excessivo de
fertilizantes nitrogenados ndo apenas prejudica a economia, mas também o meio
ambiente. No contexto dos impactos ambientais causados pela agricultura, os
programas globais de melhoramento de milho visam desenvolver cultivares com
alta eficiéncia no uso de nitrogénio (NUE) para reduzir o uso de fertilizantes
nitrogenados, o que é a estratégia mais viavel do ponto de vista sustentavel. O
nitrogénio é altamente mével nas plantas, portanto, a NUE esta relacionada a varios
mecanismos morfofisiologicos e moleculares, e apesar de ter sido bem explorada
em nas plantas, os efeitos genéticos e os mecanismos moleculares subjacentes a
NUE em plantas de milho-pipoca ainda representam uma lacuna no conhecimento.
Nesse sentido, o objetivo deste estudo € investigar os efeitos genéticos que
controlam o crescimento e caracteristicas fisiolégicos em quatro linhagens de
pipoca (P2 e P7 com eficiéncia no uso de N e responsivas ao N; L75 e L80 com
ineficiéncia no uso de N e nao responsivas ao N) e suas 12 combinacdes hibridas,
sob duas condigdes contrastantes de nitrogénio: alto N (100% - 224,09 mg NOs™ L
) e baixo N (10% - 22,41 mg NOs™ L"), em um experimento em casa de vegetagao.
Além disso, o estudo visa investigar o perfil protedbmico envolvido nas respostas
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moleculares subjacentes a NUE em duas linhagens de milho-pipoca contrastantes
para NUE (P2 e L80). O primeiro capitulo consistiu em estimar os efeitos genéticos
envolvidos no controle de caracteristicas morfofisiol6gicas e associadas a NUE em
quatro linhagens de pipoca e 12 hibridos dialélicos de milho-pipoca submetidos a
condigdes contrastantes de N. Por meio da analise dialélica proposta por Griffing
(1956), foram estimados os efeitos genéticos aditivos, efeitos genéticos néo-
aditivos e efeitos genéticos reciprocos que controlam essas caracteristicas. Em
ambas as condicdes de N, os efeitos genéticos nao-aditivos foram mais
pronunciados, indicando que explorar a heterose é a estratégia mais viavel para o
desenvolvimento de cultivares com maior eficiéncia de NUE. O segundo capitulo
teve como objetivo avaliar o impacto da deficiéncia de nitrogénio no crescimento e
nos tracos fisiolégicos em duas linhagens de pipoca com caracteristicas
contrastantes de NUE, P2 e L80, sob baixo e alto N, conforme descrito no primeiro
capitulo. Posteriormente, o estudo buscou investigar o perfil protedmico envolvido
nas respostas moleculares subjacentes a NUE. Apesar de o suprimento limitado de
N afetar significativamente o crescimento e desenvolvimento das linhagens, bem
como as caracteristicas fisiologicas (como quenching fotoquimico e néo
fotoquimico e rendimento quantico do fotossistema 1), a linhagem P2, eficiente no
uso de N, apresentou médias mais altas em ambas as condi¢cdes de N. Uma analise
protebmica comparativa das folhas detectou um total de 215 proteinas acumuladas
diferencialmente (DAPs) na comparacao de baixo/alto N para P2 e 168 DAPs na
comparacao de baixo/alto N para L80. Entre as DAPs identificadas, a linhagem
eficiente no uso de N apresentou 18 DAPs exclusivas — cinco para alto N e trés
para baixo N — enquanto a linhagem ineficiente no uso de N apresentou 12 DAPs
exclusivas, sendo cinco para alto N e sete para baixo N. As vias envolvidas na
resposta ao estresse oxidativo, no metabolismo energético (como fixacdo de
carbono e metabolismo de carboidratos) e na fotossintese representaram as
principais diferengas entre P2 e L80. Os resultados lan¢gam luz sobre as mudancgas
protebmicas subjacentes a NUE em milho-pipoca e fornecem novas perspectivas
para programas de melhoramento de pipoca diante dos efeitos negativos causados
pelas mudancas climéticas, contribuindo para o desenvolvimento de um modelo
agricola sustentavel.

Palavras-chave: NUE, Andlise dialélica, Agricultura sustentavel, Zea mays everta.
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1. INTRODUCTION

With the growing demand for increased food production and the demand for
more economically sustainable agriculture, there is a pressing need to use efficient
genotypes in the use of nitrogen (N) in crop fields (Zhang et al., 2015). From the
economic point of view, only 33% of the N applied to the soil is used by wheat, rice,
and maize plants (Almeida et al., 2018a), resulting in a significant increase in
expenditure (Tilman et al., 2001; Mascia et al., 2019). The excessive use of nitrogen
fertilizers causes not only economic damage, but also environmental, with soil
acidification and water and air pollution (Wang et al., 2019; Khan et al., 2020b; Ren
et al., 2021). Damage caused by excessive N use in Europe has been estimated at
between US$91 and US$466 billion annually. The annual cost of nitrogen fertilizer
could be reduced by about $2.3 billion if nitrogen uptake efficiency was improved by
only 1% (Andrews e Lea, 2013).

Worldwide, maize (Zea mays L.) alone consumes almost a fifth of the
nitrogen produced in the world. According to the United States Department of
Agriculture (USDA, 2021), in 2020, corn production in the United States (US), China
and Brazil — the three largest grain producers in the world, respectively —
corresponded to 64.63% of global production. And, according to data from the
Assessment of Fertilizer Use by Crop at the Global Level (Heffer et al., 2017), of all
the N used in agriculture (102.50 million metric tonnes - Mt), the three countries
consumed about 39.8% in the cultivation of wheat, rice, soybean, and corn. In terms
of N consumption in agriculture, China ranks first, consuming about 24.5% of global
N, followed by the United States, with a consumption of 11.5%, and Brazil with a
consumption of 3.8%. In China, the highest consumption of N occurs in corn



cultivation, with 4.65 Mt of N applied in crop fields, followed by rice (3.90 Mt), wheat
(3.40 Mt) and soybean (201 thousand metric tonnes). In the United States, corn also
accounts for the highest consumption of N in agriculture, with a use of approximately
5.58 Mt, followed by wheat (1.56 Mt), rice (201 Mt), and soybean (178 thousand
metric tonnes). In Brazil, similarly, the highest consumption of N in agriculture occurs
in corn (1.06 Mt), followed by soybean (266 thousand metric tons), rice (182
thousand metric tons) and wheat (179 thousand metric tonnes).

Since 1960, the global application of nitrogen fertilizers has increased by 9
times and, in the next forty years, it is expected that there will be an increase of 40
to 60% (Sheoran et al., 2021). Therefore, reducing the consumption of nitrogen
fertilizers and the environmental impacts resulting from them, through the cultivation
of more efficient N-use genotypes (NUE) is an effective strategy to make agriculture
more sustainable from an economic and environmental point of view (Han et al.,
2016; Pampana e Mariotti, 2021). Nitrogen use efficiency is a complex characteristic
consisting of two main components: N uptake efficiency (NUpE) and N utilization
efficiency (NUtE), which involve biochemistry, phenology, root architecture and
responses to the environment (Hawkesford, 2017; Hawkesford and Giriffiths, 2019;
Congreves et al., 2021).

Although nitrogen use efficiency has been extensively studied in maize, little
is known about the genetic effects controlling morphological, physiological and root
traits on popcorn subjected to nitrogen starvation. In addition, the molecular
mechanisms underlying the plant response to this stress still represents a
knowledge gap (Quan et al., 2019). Such information is important not only for
improving plant yields under insufficient nitrogen supply, but also for the
development of potential molecular tools for the selection of genotypes with
enhanced NUE.

Given the complexity of the processes involved in NUE and the diversity of
metabolic pathways involved, it is necessary to fill the gap in knowledge regarding
the genetic effects controlling morphological and physiological traits and molecular
mechanisms underlying the NUE response of maize under low N supply. In this
sense, it was deemed necessary to the development of this thesis, which was
divided into two chapters. CHAPTER 1 consists of studying the genetic control of
morphophysiological and NUE-related traits in four inbred lines and 12 diallel
popcorn hybrids. CHAPTER 2 describes the physiological and proteomic changes
caused by nitrogen deprivation in two contrasting popcorn inbred lines.



2. OBJECTIVES

2.1 General objective

To analyze the genetic effects that control morphological, physiological and
root traits through a diallel crossing of four popcorn inbred lines and to analyze the
effect of heterosis on their respective hybrids. From the selection of two NUE-
contrasting inbred lines, the objective is to analyze the differential accumulation of
proteins on the leaves to identify the molecular mechanisms underlying the NUE

response.

2.3 Specific objectives

1) To study the morphological, physiological and root architecture responses of
popcorn lines and hybrids under different N availability;

2) To estimate the control parameters of morphological, physiological and root
architecture characteristics in contrasting environments of N availability;

3) To evaluate the expression of heterosis for traits related to growth, development
and plant physiology in addition to NUE-related traits in popcorn hybrids;

4) To analyze the metabolic pattern involved in the mechanism of nitrogen use and
efficiency through comparative proteomics of two NUE-contrasting inbred lines.



3. CHAPTERS

3.1 EXPLORING THE POTENTIAL OF HETEROSIS TO IMPROVE NITROGEN
USE EFFICIENCY IN POPCORN PLANTS

3.1.1 INTRODUCTION

In recent decades, world corn production has grown exponentially, and about
50% of this growth can be attributed to plant breeding and 50% to management
practices, including nitrogen fertilization (Li et al., 2022). Regarding plant breeding,
the exploitation of the heterosis effect has played a vital role in the extraordinary
increase in corn yield around the world, especially in the United States of America,
where grain yield has increased by 120% since the advent of the first hybrid, in 1930
(Duvick, 2015), being today the largest producer of the grain. According to FAO
(FAO, 2020), Brazil is the third largest corn producer in the world and, in 2019,
became the largest exporter. In the 2019/2020 harvest, Brazilian production was
around 103 million tons, of which approximately 23 million tons were exported (Kist
et al., 2021).

In the last 20 years, despite the Brazilian corn yield has grown about 120%,
this value remains low (5.72 t ha'') compared to the United States of America (11.07
t ha') and Argentina (8.36 t ha''), countries where corn is grown in temperate and/or



subtropical conditions and with a large amount of N application. In Brazil, even corn
is grown in temperate and/or tropical conditions, about 75% of production comes
from regions with a tropical climate, where the grain yield potential of cultivated
areas is significantly reduced due to the occurrence of abiotic stresses (Fahad et
al., 2017; Yadav et al., 2020; Santos et al., 2021b). Among the abiotic stresses, the
low availability of nitrogen in the soil (Anas et al., 2020; Zuffo et al., 2021) is one of
the main factors contributing to the grain yield reduction of several crops, including
popcorn (Zea mays var. everta).

As an essential component of critical macromolecules, nitrogen is vital for
plants (Quan et al., 2019), and in corn, it is an essential nutrient. N represents up to
5% of total dry matter (Mascia et al., 2019) and is a constituent of leaf pigments,
such as chlorophyll, amino acids, nucleic acids, proteins, and plant hormones (Gan
et al., 2016; Taiz and Zeiger, 2016). The low availability of nitrogen in the soil directly
impacts corn yield, with adverse effects on the weight and length of ears (Abubakar
et al., 2019), 100-grain weight, prolificacy (D’andrea et al., 2022; Ludemann et al.,
2022), as well as plant height (Hammad et al., 2022). These compromises in the
agronomic components of production result from the effects of N limitation on
photosynthetic capacity (Wu et al., 2019). This is because N supply has an important
impact on carbon assimilation, considering that in a scenario of abiotic stresses,
such N deprivation, as first response plants tend to promote the stomata closure,
inhibiting the assimilation of COx.

Given its great importance in several physiological processes, nitrogen is the
nutrient required in greater quantity to produce corn and is considered the second
limiting factor for the increase in crop yield (Zuffo et al., 2021). However, despite the
high demand for N in corn production, only half of the applied N is used (Jiang et
al., 2018). The remaining N is responsible for increasingly severe environmental
pollution (Li et al., 2017). Therefore, given the scenario of increased adverse effects
on agricultural sustainability, there is a need to develop a more sustainable
agriculture model with genotypes efficient in the use of nitrogen (Hammad et al.,
2022) since the excessive use of this nutrient causes damage not only to the
economy but also to the environment. It must be considered that by 2050,
agriculture will need to feed a growing world population, reaching the 10 billion mark
(Springmann et al., 2018).



For the popcorn plants, which is highly appreciated in Brazil — and which
moved around US$10 billion worldwide in 2020 (Serna-Saldivar, 2022) — there are
still few studies aimed at obtaining efficient genotypes in the use of N (NUE), as well
as the exploration of heterosis for the release of more efficient hybrids in the use of
the nutrient. This is because NUE is a complex trait controlled by several genes and
highly influences the environment (Getahun et al., 2022). Therefore, understanding
complex traits such as NUE requires a better understanding of the
morphophysiological mechanisms underlying its expression, which is an arduous
task from the point of view of plant breeding, mainly because it has already been
reported that the components of NUE (N uptake efficiency — NUpE, and N utilization
efficiency — NUtE) are inherited independently (Torres et al., 2018).

Aiming to understand the mechanism of genetic control of NUE in popcorn,
Santos et al. (2017) evaluated the efficiency of nitrogen use in lines evaluated in
two environments under adequate and infra-optimal conditions of nutrient
availability in the soil. Subsequently, Santos et al. (2019) evaluated the genetic
effects involved in nitrogen use efficiency through the characterization of ten lines
and 90 popcorn hybrids obtained in a complete diallel scheme for the two variables
of interest for the crop — grain yield (GY) and popping expansion (PE). The authors'
conclusion is that both additive and non-additive effects contribute to the expression
of NUE, along with the influence of the female parent, which is evident from the
reciprocal effect's significance. More recently, to understand the physiological
mechanisms and proteomic profile of popcorn genotypes grown under different N
availability conditions, Khan et al. (2020b) and Khan et al. (2022) evaluated two
contrasting lines for NUE together with their hybrid. According to the authors, the
interaction between proteins related to the synthesis of L-ascorbate peroxidase and
ferredoxin-nitrite reductase showed great importance in the expression of NUE for
the species Zea mays everta.

However, studies on the morpho-physiological mechanisms associated with
heterosis still represent a knowledge gap. Having access to additional knowledge
about the genetic regulation of traits related to NUE expression, such as
photosynthetic mechanisms, leaf pigments, and photochemical efficiency, would
significantly assist in guiding breeding programs. This information would facilitate
the reliable selection of parents and the production of superior hybrids, thereby
playing a crucial role in the advancement of breeding programs. In this sense,
evaluating lines and their hybrid combinations can provide relevant information for
the popcorn breeding program (Lima et al., 2019). Through these targeted crosses,
estimates of general and specific combining abilities are obtained, which are



associated with the additive and non-additive genetic effects involved in the control
of traits (Cruz et al., 2014; Hallauer et al., 2010). In addition, through complete
diallel, information can be obtained about reciprocal effects, which may be
associated with the expression of extrachromosomal genes (Santos et al., 2019).

Although previous studies have shown that much of the nitrogen supply
destined for the grain in maize is absorbed in the reproductive growth stage (Gallais
et al., 2007; Ning et al., 2017), the various negative effects of climate changes that
intensified abiotic stresses caused a disruption in N assimilation and remobilization
patterns (De Oliveira Silva et al., 2017). In this sense, the assimilation of N in the
vegetative stage is crucial to compensate for a possible deprivation of N in the grain-
filling stage, mainly because between 45 and 65% of the N destined for the grains
is provided by N remobilization with the advance of leaf senescence. Therefore,
considering a scenario of water scarcity — common in countries with tropical and
subtropical climates such as Brazil — genotypes that are more efficient in the use of
N may present lower losses in productivity caused by N deprivation. In this
perspective, Nasielski et al. (2019) showed that a luxury N accumulation in the pre-
anthesis period may be beneficial for plants since it is able to mitigate low N stress
and act as an N reserve that buffers grain yield and maintains plant function.

Therefore, given the above, it was considered suitable to develop this study
in which the goal is to evaluate the differences in growth, efficiencies of use, uptake,
and utilization of nitrogen and the impacts of N starvation in the traits associated
with photosynthetic efficiency. In addition, under contrasting conditions of nitrogen
availability in the soil, the study aimed to understand the mechanisms involved in
the expression of heterosis in popcorn genotypes and the genetic control of these
traits under different N availability in plants in the vegetative stage.

3.1.2 LITERATURE REVIEW

3.1.2.1 General aspects of popcorn

Popcorn belongs to the Poaceae family (Goodman and Smith, 1987),
Panicoide subfamily, Maydeae tribe, Zea genus, Zea mays var. everta species
(Sturtev) L.H. Bailey (Galinat, 1979; Paterniani and Campos, 2005). Popcorn has

smaller grains, higher prolificacy, smaller size, thinner and more fragile stalks, fewer



leaves, and higher susceptibility to diseases compared to common corn. The main
difference between the two types of corn lies in the popcorn's ability to expand its
grains (Larish and Brewbaker, 1999). This process, called popping, is described as
an explosion caused by the expansion when the grains are subjected to
temperatures above 180 °C, which leads to the loss of moisture contained in the
starch granules and the destruction of the entire cellular structure of the endosperm
(Weatherwax, 1922).

Regarding the shape, size, and color of the grain, there is great variability
within the species. The types that are most accepted by the consumer market are
round grains, pearl type, with orange endosperm (Ziegler and Ashman, 1994). As
for its commercialization, popcorn can be classified as extra American popcorn,
special American popcorn, extra yellow popcorn, and special yellow popcorn (Zinsly
and Machado, 1987).

Although popcorn is exclusively intended for human consumption, it is
considered a highly profitable crop and has gained great popular acceptance. For
these reasons, there has been an increased interest in grain production in various
regions, positioning Brazil as the second-largest popcorn producer in the world. In
the agricultural year of 2018, the state of Mato Grosso alone produced 268,402
thousand tons of popcorn (Kist, 2019).

In Brazil, commercial cultivation of popcorn was limited during the 1990s,
requiring a large quantity of importation, mainly from the United States, the largest
producer of the crop (Galvao et al., 2000). However, many changes have been
occurring in the market, and according to Rangel et al. (2008), with the widespread
use of Brazilian and American hybrids, grain imports have significantly reduced. In
addition to this, the release of the hybrids IAC-112 in 1988 and IAC-125 in 2006 by
the Agronomic Institute of Campinas had an immediate effect on the popcorn grain
market in Brazil (Scapim et al., 2006). However, even with the increase in the
number of available cultivars in Brazil, the commercially available planting area is
insufficient to meet the national demand (Vittorazi et al., 2013; Kist, 2019).

There are 166 registered popcorn cultivars in the National Cultivar Registry
of the Ministry of Agriculture, Livestock, and Supply (MAPA), with 22 of them
developed by the Darcy Ribeiro State University of Northern Rio de Janeiro (UENF)
(Brasil, 2023). Among the registered cultivars, only three have indications for

tolerance to environments with low nitrogen availability.



3.1.2.2 The physiological and morphological shoot responses of maize under

low nitrogen conditions

As an essential component of key macromolecules, nitrogen is of great
importance to plants (Quan et al., 2019) and, in maize, it is an extremely important
nutrient. N represents up to 5% of the total dry matter (Mascia et al., 2019), and is
a constituent of leaf pigments, such as chlorophyll, amino acids, nucleic acids,
proteins, and plant hormones (Gan et al., 2016; Taiz and Zeiger, 2016) and plays
an important role in photosynthesis. The nitrogen used in all photosynthetic
apparatus can be divided into two categories: i) N associated with enzymes related
to CO:2 assimilation; and ii) N present in thylakoids and associated with
photochemical efficiency.

Regarding the association with enzymes, N is present in the structure of
ribulose-1,5-bisphosphate carboxylase (Rubisco), phosphoenolpyruvate
carboxylase (PEPC) and pyruvate orthophosphate dikinase (PPDK), which are
directly involved in carbon reduction reactions, and are the most abundant enzymes
in the assimilation of CO2 (Mu and Chen, 2021).

Regarding the N associated with thylakoids, the nutrient can be distributed
between two types of proteins, which are related to bioenergetics - including Cyt b6f
and CF1/CFO0, involved in electron transport and phosphorylation (Buchert et a
2022; Urban et al., 2021) — and those involved in the photosystem | (PSI) and
photosystem Il (PSII) [light-harvesting complex Il (LHCIl) and | (LHCI)] (Li et al.,
2021). In plants with C4 metabolism about 45% of nitrogen is allocated to soluble
proteins (20% of which is Rubisco) and 28% to thylakoids. Of this total present in
thylakoids, about 75% of N is associated with light-harvesting proteins and the
remainder is allocated to bioenergetics (Mu and Chen, 2021).

Therefore, the reduced supply of nitrogen negatively affects many aspects of
plant growth and development in diverse morphophysiological stages (Figure 1),
such as germination, seedling emergence, tillering, flowering, pollination and
ultimately in yield and grain quality (Thi Nong et al., 2020; Liu et al., 2021; Sanagi
et al., 2021; Santos et al., 2019). The impact of low N stress depends upon the
magnitude and duration of exposure, on the genotype response, soil moisture and
status and other environmental aspects. In maize, these negative effects impact
plant growth and development in many aspects (Hammad et al., 2022). At early

seedling stage it causes poor seedling establishment. At the beginning of the
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vegetative development, it affects root and shoot growth, impacting on the
acquisition of mineral and water supply, resulting in reduction of leaf area. The
prolonged exposure causes reduction in photosynthesis, which directly affects the
grain yield by reducing the weight and length of ears (Abubakar et al., 2019), the
weight of the grains, the prolificity (D’andrea et al., 2022; Ludemann et al., 2022).

However, plants have numerous morphophysiological mechanisms to
respond to the different stresses to which they are subjected, that were obtained
through natural or artificial selection (Liu and Qin, 2021), and grant them tolerance
to unfavorable environments, as is the case of low nutritional availability. In terms of
low nitrogen availability, as a positive response, corn — which is a C4 plant — can
increase the amount of CO2 available to Rubisco, investing much less N for the
synthesis of this protein, which makes the crop more efficient at assimilating carbon
per unit of N when compared to rice, for example, a Cs plant (Makino et al., 1997).
In addition, the low amount of Rubisco in corn allows for greater investment in
thylakoid components (Mu et al., 2016a), allowing the crop to perform well in
scenarios where N demand is not met. Another important mechanism of low N
tolerance is the reduction in the relative content of chlorophyll in leaves for the
protection of the photosynthetic apparatus, which, according to Khamis et al.
(Khamis et al., 1990) and Lu et al. (Lu et al., 2001), means an important strategy for
the protection of PSII, since the reduction in the content of this pigment reduces the
amount of excitation energy in the system that, in a stressful scenario, could
generate oxidative damage due to the presence of reactive oxygen species (ROS)
— resulting in low values of stay-green.

Regarding the stay-green, the damage caused by ROS in the plant cells
directly affects this trait — which was the most important phenotype for breeding
selection, particularly for maize — resulting in early leaf senescence (Fu et al., 2020).
Stay-green is a term used to describe genotypes with a delay in leaf senescence
when compared other genotypes. Stay-green has a strong correlation with
productivity because higher values for this trait translates into greater photosynthetic
activity after the flowering period and, therefore, greater production of
photoassimilates, positively impacting productivity (Lee and Tollenaar, 2007).



11

PRy —
L LY

Physiological responses \
Reduced chlorophyll content

Stomata closure
Decline in transpiration
Reduced CO, fixation
Decline in photosynthesis
Increase in oxidative stress
Decrease in photochemical

\ effi}czitecncy /

Morphological responses
Decreased plant height
Reduced leaf longevity

Reduced leaf area
Reduced plant biomass
Increased root/shoot ratio
Etc

\ 9 »

Yield and yield-related traits
Reduced in grain filling, grain weight and size,
reduced number of grains per row and rows of

grains, and even early death of maize, etc.

Figure 1. Schematic diagram showing impacts of plants to low nitrogen stress.

In a scenario of adequate N supply, plants use different mechanisms to
distribute N among the various metabolic processes in which the nutrient is involved.
Among these processes, the remobilization and recycling of N stands out, which,
during the reproductive growth, supplies 35 to 55% of the N destined to grains (Hirel
et al., 2007; Chen et al., 2014). However, in an infra-optimal condition of N supply,
this mechanism is disrupted and the N that should be destined to filling the grain will
increasingly depend on remobilized N, since the availability of soil N to be absorbed
is low. Therefore, yield is reduced to the extent that, at the expense of N
remobilization from leaves — as a component of photosynthetic pigments, nucleic
acids, etc. — several cell functions are affected, causing damage to the leaves,
through reductions in chlorophyll content, Fv/Fm, and photosynthesis activity
(measured as CO:2 interchange) (Mu et al., 2018) and to the roots — which has
reduced its supply of photoassimilates. All these effects ultimately significantly affect
productivity. Therefore, more N-use efficient genotypes with higher values of stay-
green have been the focus of improvement programs for the low N condition, since

these plants have, as one of the tolerance mechanisms, a more effective absorption
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of N in an environment of limiting N, reducing the need to activate remobilization
mechanisms that would damage photosynthetic processes (Nasielski et al., 2019).

Another existing hypothesis about the tolerance mechanisms of maize plants
under low N conditions — proposed by Plénet and Lemaire (1999) and by Ciampitti
and Vyn (2012) — is that some genotypes would be able to accumulate luxury N,
that is, N which is absorbed during vegetative growth and is stored into storage
pools, instead of being used in the increment of biomass. According to the authors,
this luxury N would then be used later in a scenario of nutritional deprivation during
grain filling, a critical phase for the occurrence of stress in corn. Although later
studies have found a strong association between high levels of productivity and the
accumulation of luxury N, the mechanisms underlying this response of luxury N
uptake and better shoot longevity have remained unstudied. In order to clarify this
response, subsequent studies with SN isotope tracking sought to quantify the
response of maize to the stress of low N availability during grain filling.

Paponov and Engels (2005), De Oliveira Silva et al. (2017) and, more
recently Nasielski et al. (2019), in greenhouse and field experiments showed that
during post-silking N stress, maize metabolism adapts to ensure that the necessary
N is allocated to the grain at the expense of the N accumulated during the vegetative
stage. Therefore, more efficient genotypes with a positive tolerance response to low
amounts of N in the soil are more effective in accumulating luxury N in the vegetative
stages. In view of the urgent issues related to climate change and the environmental
damage caused by agriculture, breeding programs aimed at selecting superior
materials for this condition can be highly successful when aimed at evaluating
materials that are more efficient for these conditions, so that to reduce the
consumption of N.

3.1.2.3 The root adaptation of maize under low N conditions

Roots play a crucial role from the initial development of seedlings to harvest,
whether under stress conditions or optimal growth conditions, in addition, root
plasticity plays a vital role in the adaptation of plants to stressful environments,
whether in the acquisition or transport of nutrients (Gao et al., 2015). For this, root
systems have developed anatomical and physiological strategies to exploit
resources in complex environments (Lynch, 2015; Schneider et al., 2021). Corn has
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an embryonic root system — which includes the primary root/radicle and seminal
roots — and a post-embryonic one, which comprises shoot-borne roots, including
crown roots (formed below ground) and brace roots (formed at aboveground nodes)
(Hochholdinger et al., 2004). Primary, seminal, crown and brace roots are also
called axial roots, while roots arising from axial roots are called lateral roots (LRs)
(Figure 2).

Primary Root

Figure 2. Maize embryonic (a), early post-embryonic (b) and adult post-embryonic
(c) root systems are represented. (a) The primary root and seminal roots initiate
from the embryo. (b) Lateral roots initiate from primary root and seminal root, while
crown roots initiate from the stem. (c) The root system of adult maize is comprised
of numerous crown roots and their lateral roots, which goes through several
branching orders. The different root organs are terminated by root hairs. The
scheme also demonstrates structural brace roots that start above-ground.

Some corn root system responses have been documented. Lynch et al.
(Lynch, 2013) proposed a root ideotype called “steep, cheap and deep” to optimize
water and N capture in maize. This ideotype consists of a set of architectural,
anatomical, and physiological attributes that promote a quick exploration of more
distant soil profiles and better acquisition of nitrate — the predominant form of N
acquired by plants, highly mobile and soluble. In this more efficient root phenotype
proposed by Lynch et al. (2013), regarding architectural attributes, more
accentuated angles (in relation to the ground) of root growth favor the exploration of
more distant profiles in the soil and, therefore, better acquisition of nitrogen — which,
due to its greater mobility when compared to other nutrients, tends to be

concentrated on deeper soil layers.
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Therefore, a bigger depth of the root system, that is, a smaller root angle, has
a direct effect on the accumulation of plant biomass. Another feature associated
with the root architecture proposed by Lynch (2013) is the presence de few nodal
roots and sparser LR branching which contributes to the reduction of competition
between root axes for resources such as carbohydrates (since a greater number of
ramifications would require redistribution of carbohydrate between these structures
— which represents greater energy expenditure) and available nitrate. This root
phenotype has been corroborated by other studies, such as the one developed by
Wang et al. (2005) who sought to evaluate the influence of nitrate supply availability
on root morphology and N uptake efficiency in five corn lines.

According to the authors, under N deficient situation, a larger root system
with a great root length allowed the plants to explore the deep strata of soil,
contributed to the efficient N accumulation. Trachsel et al. (2013), evaluating 108
inbred lines of maize in grown in high and low nitrogen under field conditions in the
USA and South Africa found that the angles of crown roots were significantly
associated with rooting depth — calculated as the depth containing 95% of the root
mass, which means that the biggest portion of the crown roots were in the deep soil
strata, contributing to a better N acquisition. The study confirms that more
accentuated root angles allowed more adapted genotypes, under conditions of N
limitation, to potentially explore soil volumes like those genotypes under optimal
conditions of N availability, thus avoiding the reduction in grain yield.

Given the large number of characteristics and root phenotypes that affect the
search for water and mineral resources in the soil, and the diversity of genetic and
molecular mechanisms, it is quite unlikely that genotypes with maximum productive
capacity will be reached in breeding programs based on up only on components
such as productivity and other secondary characteristics. Despite being rare,
breeding programs that employ these characteristics in the search for more adapted

root phenotypes are successful (Burridge et al., 2019; Santos et al., 2021).

3.1.2.4 Maize improvement for low N conditions

The development of genotypes tolerant to low N conditions along with the
adoption of improved agronomic practices — as reduction of nitrogen fertilizers
applied in crop fields — are required to sustain corn productivity under the negative

effects of climate changes.
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The development of superior varieties for N use is the most viable and
efficient strategy to mitigate the negative effects of climate change — which
increasingly requires the development of a sustainable agricultural model.
Therefore, one of the initial steps in breeding for N-use efficiency involves testing
candidate environments and genotypes, then selecting superior varieties. The
selection process can be effective for traits that are highly heritable and positively
correlated with high productivity under conditions of N limitation (Banziger et al.,
1997; Banziger and Lafitte, 1997). However, for the most part, the traits that
contribute to grain yield and productivity are of a polygenic nature and have
relatively low heritability, making direct selection difficult (Caixeta et al., 2015; Ertiro
et al., 2020b). In these cases, the use of secondary traits with positive correlation
with productivity can serve to assess gains in the selection process. As we
mentioned in Topic 2.2, different are the responses of plants under infra-optimal
conditions of N availability and, given the advances achieved in plant phenotyping
in recent years, evaluating a greater number of secondary characteristics has been
less challenging.

Therefore, several breeding programs have sought to evaluate secondary
characters that are shown to be associated with higher productivity in maize under
low N conditions (Ertiro et al., 2020a), such as photosynthetic rate, relative content
of pigments (such as chlorophyll, flavonoids, and anthocyanins), chlorophyll
fluorescence, stay-green duration and other traits associated with plant growth.
Regarding foliar pigments, several studies with abiotic stresses have pointed to the
effectiveness and speed of the evaluation of these parameters), which can be
carried out with the aid of portable meters that use non-destructive methods for
evaluation (Leite et al., 2021; Santos et al., 2021). Portable chlorophyll meters have
been applied in the diagnosis of N status in maize and the significant relationship
between chlorophyll meter readings and N status as well as productivity of maize
plants has been well documented (Blackmer and Schepers, 1994; Rashid et al.,
2005; Scharf et al., 2006; Hawkins et al., 2007; Zhang et al., 2008; Yang et al.,
2012). Parameters associated with leaf gas exchange and chlorophyll fluorescence
have also proven to be powerful tools to monitor the photochemical efficiency of
leaves because they are reliable, non-destructive and can be obtained in vivo to
assess important physiological phenomena that have a high correlation with maize
productivity under optimal conditions and deprivation of N in the soil, according to
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results demonstrated in some studies (Jin et al., 2015; Khamis et al., 1990; Zhang
et al., 2021).

Once the stages of selection of superior genotypes for limiting N conditions
have been advanced, defining the strategy that will guide the breeding program is
crucial for obtaining adapted varieties. In this sense, studies aimed at understanding
the genetic control of target traits (and correlated with productivity, as we discussed)
are important to understand how to increase the frequency of favorable alleles
associated with these traits, as well as assist in the selection of the best genotypes
parental. In this sense, several key traits have been studied to understand genetic
control, tolerance and nitrogen use efficiency in maize (Table 1), to guide crop
improvement programs regarding the most appropriate improvement methods for
gains in productivity (Santos et al., 2022).



Table 1. Genetic parameters for NUE-associated traits in maize under limiting nitrogen conditions.

. . Type of . Number of
Species Traits Inheritance Population Environments Method Authors
Grain yield and two NUE indices (Harmonic "
£ Mean of the Relative Performance and Additive _a_nd 90 . 2 environments and 2 Classical (SCA  Santos et al.
[} . o . non-additive temperate/tropical "
> Agronomic Efficiency under Low Nitrogen : N conditions and GCA) (2019)
o e effects hybrids
@ Availability)
(EU Daily growth, shoot, root and total dry weight,
© root shoot ratio, NUpE, NUtE and NtrE Non-additive 2 F hybrids, F2 and 1 environment and 2 NGeneration Mean Almeida et al.
N efficiencies, lateral and axial root length, root  effects backcross conditions Analysis (2018a)
surface area and root volume
ﬁ;?}'?hyé?li’t ag;??zis ﬁ?;engndoz:![ﬁ?]g ér::asrve:al; Polvaenic 411 testcrosses 9 high N and 13 low N Genomics Ertiro et al.
P gnt. 9 P ’ P y9 tropical hybrids sites (GWAS and GP)  (2020a)
plant and senescence
89 ex-PVP

Grain yield, harvest index, nitrogen harvest
index, grain protein concentration, NUE, Polygenic

11 environments from Classical (GCA

(location - year, 2011 SCA) and ’ Mastrodomenico

germplasm and 2

NUpE, NULE and genetic utilization pug':d“&%i ;E)S?S to 2016) genomics (GP) etal. (2019)
Grain yield and yield related traits (ear length, Non-additive 55 tropical hvbrids 2 environments and 2 Classical (SCA Guedes et al.
3 ear diameter, cob diameter, and grain size) effects P y N conditions and GCA) (2014)
@  Shoot dry weight, lateral and axial root length,  Additive 41 hvbrids 1 environment and 2 N Classical (SCA DoVale et al.
r\Ej NUE and its components (NUpE and NUtE) effects y conditions and GCA) (2012)
" . Two trials under high . :
o Non-additive 105 tropical/ " Classical (SCA Makumbi et al.
Grain yield effects subtropical hybrids and IOW;\;;? nditions and GCA) (2011)
Grain yield, NUE and its components (NUpE ﬁ\gr?-lg\é?jiatlicg 58 hvbrids 1 environment and 2 N Classical (SCA  Souza et al.
and NUtE) offects y conditions and GCA) (2008)
Partial factor productivity, agronomic nitrogen Additive and " . Riache et al.
use efficiency, grain nutrient utilization  non-additive 15 hybrids 2V Condét;gs and 2 C'aaf]ﬂcg'éi)c/* (RIACHE et al.,
efficiency and protein content effects y 2022)

SCA: Specific combining ability; GCA: General combining ability; GP: Genomic prediction; PVP: Plant variety protection.
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Studies conducted in recent years on common corn and popcorn (Zea mays
everta), using classical and molecular genetic approaches, have shown that the
inheritance of traits linked to tolerance to low N and efficiency in the use of nitrogen
can be additive or non-additive — linked to dominance and/or epistasis effects.
Through classical approaches, such as diallel analysis or generation mean analysis,
authors show that grain yield and yield-related traits — such as length and diameter
of the ear, number of grains per row, number of rows of grain and one hundred
grains weight, protein content, etc. — are controlled mostly by non-additive effects,
either under optimal or nitrogen-limiting conditions (Almeida et al., 2018a; Dovale et
al., 2012; Guedes et al., 2014; Makumbi et al., 2011; Riache et al., 2022; Santos et
al., 2019; Souza et al., 2008).

In a recent study, for example, Amegbor et al. (2022) valuated 100 corn
hybrids under optimum and limiting nitrogen conditions and, through combinatorial
analysis, obtained estimates of the general (GCA) and specific (SCA) combining
abilities for traits associated with phenology (days for male and female flowering
and interval between flowering) and plant architecture as well as productivity and
secondary characters. According to the authors, GCA e SCA varied for grain yield
demonstrating the importance of additive and non-additive genetic effects for the
hybrids evaluated under contrasting N conditions. Even though significant variations
were detected for GCA and SCA, GCA which is the additive gene action component
mainly controlled the heritage of grain yield under both conditions (Amegbor et al.,
2022).

In terms of efficiency indices in the use of nitrogen and its secondary
components — NUpE and NUtE — DoVale et al. (2012) and Mastrodomenico et al.
(2019) report a greater contribution of additive effects on these characteristics with
the others reporting a greater contribution of additive non-additive effects in
common corn (Riache et al., 2022; Souza et al., 2008) and in popcorn (Almeida et
al., 2018c; Santos et al., 2019), for example. In a work developed by Souza et al.
(2008), thirty-one corn genotypes (28 crosses between commercial hybrids and
three controls) were evaluated in soils with high and low N application rates. The
authors found that in corn grown in soil with high N content, the GCA and SCA were
significant for grain yield, NUE and NUpE. In corn from soils with low N content, only
GCA, in NUpE, was significant. As for NUte, GCA and SCA were not significant in
any of the environments. Thus, the authors concluded that for the conditions
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studied, the additive and non-additive genetic effects are responsible for the genetic
control of NUE and grain yield in maize cultivated in soils with high availability of N.
Riache et al. (2021), evaluating diallel hybrids of Alegrian varieties of corn under
two contrasting N conditions — optimal and infraoptimal — proposed that for the
evaluated characteristics (plant height, interval between flowering, productivity, etc.)
the best method to assess significant gains would be by exploring the
interpopulation recurrent selection method (or reciprocal recurrent selection), since
additive and non-additive effects contributed to the expression of genotypic variation
in the studied material.

For popcorn, a crop of significant commercial importance (Santos et al.,
2021b), although studies aimed at elucidating the inheritance and genetic control of
important traits are less expressive (Dofing et al., 1991; Silva et al., 2010;
Schwantes et al., 2018; Coan et al., 2019; Gerhardt et al., 2019; Lima et al., 2019;
Peterlini et al., 2020; Santos et al., 2022), especially when it comes to abiotic
stresses — as it is the case of low N availability. In this perspective, Santos et al.
(2019) evaluating 90 hybrids from a complete diallel, under contrasting N availability
conditions, for two indices of N use efficiency, grain yield and popping expansion,
concluded that both additive and non-additive gene effects were important for
selection for NUE. Moreover, the authors also concluded that there was allelic
complementarity between the lines and a reciprocal effect for NUE, indicating the
importance of the choice of the parents used as male or female. Considering the
mentioned studies, the exploitation of heterosis is still the most viable alternative
from an economic and sustainable point of view to obtain more tolerant and efficient
genotypes in the use of N and, consequently, more productive.

However, not departing from the quantitative nature of the inheritance of
essential traits related to low N tolerance, such as those mentioned above, genomic
prediction (GP) has been applied to explore the additive effects to improve the
response of maize to environments with low N availability (Table 1). Ertiro et al.
(2020a), using GP to explore these effects on traits such as grain yield, flowering,
plant height, ear height and number of ears per plant, found prediction accuracies
ranging between 0.24 and 0.67.
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3.1.3 MATERIAL AND METHODS

3.1.3.1 Plant material and growth conditions

Four popcorn lines (S7) — P2 (derived from the compound CMS-42, adapted
to temperate/tropical climates), P7 (derived from the hybrid IAC112, adapted to
temperate/tropical climates), L75 and L80 (derived from the open pollination variety
Vicosa, adapted to temperate/tropical climates) — and the hybrids, including
reciprocal combinations, were evaluated under contrasting conditions of N
availability. The lines were selected based on previous studies under contrasting N
conditions in the soil and classified as efficient (P2 and P7) and inefficient (L75 and
L80) in nitrogen use (Santos et al., 2017, 2019). Following the order of female and
male parents, the hybrids P2xP7, P2xL75, P2xL80, P7xP2, P7xL75, P7xL80,
L75xP2, L75xP7, L75xL80, L80xP2, L80xP7, and L80xL75 were used.

The experiment took place in a protected cultivation environment within a
greenhouse at the Experimental Support Unit of the Universidade Estadual do Norte
Fluminense Darcy Ribeiro (2199'S; 41°10'W, 14 m altitude) from March 10 to April
20, 2021. A lysimetric system, following the description by Elazab et al. (2016), was
utilized for the experiment. The system consisted of polyvinyl chloride (PVC) tubes
with a diameter of 15 cm and a length of 150 cm, which were cut in half lengthwise.
The two halves of the tubes were securely fixed together with adhesive tape. The
lower parts of the tubes were sealed with pots of the same diameter, enabling proper
drainage. The tubes, known as lysimeters, were filled with sand that had been
washed using deionized water. Before commencing the experiment, samples of the
substrate were collected and subjected to chemical analysis to evaluate the nutrient
availability. The results of the chemical analysis can be found in Supplementary
Table 1.

The experiment was arranged in complete randomized blocks, under two
nitrogen availability conditions, with three replications per genotype for each nutrient
availability in a factorial arrangement. Three seeds per lysimeter were sown, and
after thinning (10 days after germination), only one plant per tube was maintained
for each genotype (one plant per biological replicate). The spacing between plants
was 25 cm and between rows was 1 m (40,000 plants ha'). The temperature,

humidity, and photosynthetically active radiation data followed the seasonal pattern
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and were obtained using the WatchDog 2000 Series Experimental Station

(Spectrum Technologies Inc., Aurora, IL, USA) (Figure 3).
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Figure 3 - Means of minimum and maximum temperatures (°C), relative humidity
(RH, %), and photosynthetically active radiation (PAR, umol m-2 s-') along the dates
and phenological stages (V) of popcorn plant growth under two N availability
conditions (March to April 2021).

The two nitrogen (N) availability conditions were based on 100% N (control
condition, 224.09 mg L-") and 10% N (treatment, 22.41 mg L"), as established by
Khan et al. (2020b), as being the ideal contrasting N levels to better discriminate
popcorn genotypes for NUE and other morphophysiological traits. The solutions
used were based on the modified Hoagland and Arnon (1950). The plants were
irrigated daily with deionized water, and nutrients were supplied from the V2 stage
(two fully expanded leaves), applying 200 mL of the nutrient solution with a pH
between 5.5 and 5.8. Two contrasting dosages of N were used: 100% N requirement
and 10% N requirement (22.41 mg L-") (90% reduction in soil N availability).

3.1.3.2 Leaf pigments

The measurements of chlorophyll, flavonoids, anthocyanins, and nitrogen

balance index were conducted on the middle third of the sixth fully expanded leaf
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(V6) one day prior to the conclusion of the experiment, which was 30 days after
sowing. A portable meter called Dualex® (manufactured by FORCE-A, Orsay,
France) was used for these measurements. The analysis was performed at the
specific location on the leaf where chlorophyll fluorescence emission and gas

exchange were evaluated.

3.1.3.3 Chlorophyll fluorescence measurements

Chlorophyll fluorescence was evaluated one day before the end of the
experiment (V6 stage), in the middle third of the last fully expanded leaf of each
plant from 9:00 to 11:00 h, using the Pocket PEA fluorimeter (Hansatech, King's
Lynn, UK). The leaf was adapted in the dark for 20 minutes before using the leaf
clip. Then, the leaf samples were exposed to a saturating light pulse (3,500 yumol m-
2 571) to evaluate the maximum quantum efficiency of PSII (Fv/Fm).

3.1.3.4 Measurements of leaf gas exchange

Gas exchange [net photosynthetic rate (A), stomatal conductance (gs), and
transpiration rate (E)] were evaluated one day before the end of the experiment, in
the middle third of the sixth fully expanded leaf of each plant (V6), between 09:00
and 11:00 h, and an infrared gas analyzer, model LI-6400 (LI-COR, Lincoln, NE,
USA), equipped with a 6 cm2 leaf chamber and external light source (6400—40 LCF,
LI-COR). During the evaluations, the PPFD was set at 1500 umol m=2 s=', the CO2
concentration was 400 pmol mol-', the relative humidity was between 55% and
60%, and the temperature was situated at 25 °C.

3.1.3.5 Morphological traits

At the end of the experiment, the plant height (cm) was measured with a ruler
from the tube surface to the last developed leaf (visible ligule). The stem diameter,
quantified in mm, was measured at the height of the middle third of the plants. The
leaf area (cm?) was obtained through the product between the width (cm) and length
of the leaf (cm) with a tape measure. Then, the leaves were separated from the
stems and placed in paper bags for drying in a circulation oven at 65 "C for 72 h to
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determine the dry matter of the leaf (LDM — g) and stem (SDM — g) on a scale of
precision. The shoot dry matter (STDM — g) was obtained by adding the LDM and
SDM.

3.1.3.6 Root system analysis

At the end of the experiment, the tubes were opened to separate the
substrate from the roots. Then, the samples were gently shaken and washed with
running water, using a screen to remove the soil. Root samples were washed with
deionized water, lightly dried with paper towels, and placed in a paper envelope.
Then they were taken to drying in an oven at 65 °C for 72 h to determine the dry
matter (RDM — g) on a precision balance.

3.1.3.7 Concentration of N

The N analysis was determined using the Kjeldahl (1990) method, obtaining
the N content in the leaves (CNF: MSF x N content in the leaf — mg), in the stem
(CNC: MSC x N in the stem — mg), in the shoot (CNPA: MSPA x N content in the
shoot — mg), in the root (CNR: MSR x N content in the root — mg), and in the plant
(CNP: sum of CNPA and CNR — mg).

3.1.3.8 Efficiency in the use of nitrogen and components

With the information on N application in the soil and the dry matter produced,
the N use efficiency (NUE: MSPA/total applied N), the N uptake efficiency with the
root N content (NUpE_cR: CNP/N total applied), the N uptake efficiency without the
root N content (NUpE_sR: MSPA/total applied N), the N utilization efficiency with
the root N content (NUtE_cR: MSPA/N content in the plant), the N utilization
efficiency without the content of N of the root (NUtE_sR: MSPA/N content in the
shoot), and the N translocation efficiency (NTrE: N content in the shoot/N content in
the plant).

3.1.3.9 Root system analysis
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For each trait, heterosis (H) was calculated by the difference between the
average value obtained by the hybrid (F1) about the average values obtained by its

parents (MP), in absolute and percentage values, respectively, according to the

P1+P2
2

and H = (Fll\;gm

expressions: MP = )x 100; where P1 and P2 refer to the

averages of the parents and F1 refers to the average performance of the hybrid
(Hallauer et al., 2010).

3.1.3.10 Statistical analysis

For each trait studied, an individual analysis of variance was performed for
each nitrogen availability condition according to the following statistical model. Y;; =
u+ G; + B + ¢, on what Y;; is the observed value of the i-th genotype in the j-th
block, u is the general constant, G; is the effect attributed to the i-th genotype, B; is
the effect of block j, and ¢;; is the experimental error associated with the observation
Y.

Subsequently, a joint analysis of variance was performed based on the
following statistical model: Y;j, = u + By + G; + A; + GA;j + €;jx, on what Y;;, is the
observation of the i-th genotype in the j-th availability of N in the k-th block, u is the
general constant, G; is the fixed effect of the i-th genotype, By, is the random effect
of the k-th block, 4; is the fixed effect of the j-th condition of N, GA4;; is the fixed effect
of the interaction between the i-th genotype with the j-th condition of N, and ¢;, is
the average experimental random error associated with the observation Y;;, with

NID (0, a?). The differences between lines and hybrids were partitioned for each
trait, considered as contrast | (C1 — differences between lines), contrast 2 (C2 —
differences between lines and hybrids) and contrast 3 (C3 — differences between
hybrids). Statistical analyzes were performed using SAS 9.4 software (SAS Institute
Inc., Cary, NC, USA).

The combinatorial abilities were analyzed by the method | of diallel analysis
proposed by Griffing (1956), in which the parents, the hybrids, and the reciprocals
are evaluated, considering the effect of the fixed genotypes. The effects of the
genotypes for the general combining ability (GCA) and the specific combining ability
(SCA) were obtained considering the following model: ¥;; = u + g, + g; + s;; +

1ij €j, on whatY;; is the average value of the hybrid combination (i # j) or the parent
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(i=]), nis the overall average, g;, g; are the effects of the general combining ability
of the i-th or j-th parent (i, j = 1, 2, 3, and 4), s;; is the effect of the specific combining
ability for crosses between parents of order i and j, r;; is the reciprocal effect that
quantifies the differences resulting from parent i or j when used as a male or female
parent in the cross jj, and ¢;; is the average experimental error associated with the
observation of order j.

The quadratic components that express the genetic variability associated
with GCA (¢g), SCA (¢s), and reciprocal effects (¢rc) were estimated by: ¢pg =

QMG—-QMR
2p

QMRC—-QMR

, ¢s = QMS — QMR, and ¢rc = , where QMG is the mean

square of the general combining ability, QMS is the mean square of the specific
combining ability, QMRC is the mean square of the reciprocal effect, QMR is the
mean square of the residual, and p is the number of parents. To test the importance
(R?) of the Sources of Variation genotypes (G), N condition (N) and G by N
interaction (G x N) for each trait we estimated the ratio between sum of square (SQ)
of a given trait and its total SQ (SQT). Therefore, we obtained the following
parameters: R2G (proportional contribution of G) RN (proportional contribution of
N) and R2axN (proportional contribution of G x N).

The effects of the quadratic components were expressed as percentages
concerning the sum of the total effects. Statistical-genetic analyzes were performed
using the Genes software (Cruz, 2013). Finally, the PCA was performed on RStudio
(R Core Team, 2023) using the packages FactoMineR (Lé et al., 2008).

3.1.4 RESULTS

3.1.4.1 Traits of plant architecture and nitrogen use efficiency

Plant architecture traits, nitrogen content, and N use efficiency differed
statistically between lines and hybrids, except stem diameter and root N content in
the high N condition. The Principal Component Analysis (PCA) showed that PC1
and PC2 accounted with more than 89% of the variance observed on the inbred
lines in both N conditions (Supplementary Table 2). It can be observed that the NUE
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related traits had the highest contributions for the two first PC’s in both N conditions
(Supplementary Figure 1). For all growth traits, soil N deficit affected all evaluated
traits, with significant interactions between genotypes and environments (G x N)
being found (Table 1). Out of the 18 evaluated traits, the major contribution to the
significant differences was given by the source of variation N (14 traits)
(Supplementary Table 3).

Plant height, stem diameter, and leaf area were reduced by 8.6%, 33.4%,
and 25.9%, respectively, by the reduction in soil N application. Regarding the dry
matter, reductions of 60.0% and 53.6% were observed for the dry matter traits of
the leaf and stem, respectively, and the reductions were 57.5% and 32.5% for the

dry matter of the shoot and root, respectively (Table 2).



Table 2. Summary of joint and individual ANOVA, means and standard deviations of morpho-physiological traits, nitrogen (N) content, and
N use efficiency of lines and diallel hybrids of popcorn cultivated under contrasting conditions of N availability.

Joint Analysis

High N condition

Low N condition

Tt =G N GxN Lines C1  Hybrids C2 C3 H% Lines C1 Hybrids c2 €3 H%
PH T 28.28+330 **  3148+460 * = 145 2480+301  *  2009+462 * *~ 188
) e 1042+157 *  1052+164 ™= * 69 642106  *  747+091  * = 125
LA o 0333742223 ** 2066244922 22 160.20+21.92  ** 1720242503 * 12

LbM & e e 427+100  *  377+123 = -89 1474053  *  157+053  * * 132

sDM v o ow 255+057  **  249+107 * * 09 0.96+034  *  121+044  * * 392

STDM v o 6.82+157  * 6294221  * 52 243+085  ** 2784092  * * 232

RDM = = = 1034042 * 1064035 * = 237 0544005  * 0774025  ** * 494

LNC  ~ = 2555139 ** 28514386 =  17. 1723+372  *  1815+264  * = 1.1

SNC o m 2275+151  ** 24624503 * * 150 1490+162  *  1319+142  *» = -113

RNC we e * 1323+026 s 1241+245 = = -14 10.26 + 0.68 ** 8.99 + 0.90 oo -18.1

SINC = = = 4830+230 *  5313+855 * *  16.1 3213+242  *  3134+340 67

PNC  » 61534239 * 655441079 ** 123 42394205  *  4033+401 96

NUE = = = 12415+2851 * 114504027 ** * 140  44845+156.98 ** 514.19+169.78 ** ** 23.2

NUpE cR * = = 1124004 *  119+020 * = 123 7844038  *  745+074 = 96
NUpE sR * = = 0.88+0.04 *  097+016 * * 161 5944045  *  579+063  * * 67
NUE cR * *  * 142.41+37.59 * 11871+4183 * * 1.1 755242639  *  8974+33.16 ** ** 334
NUEE SR * * = 111.53+28.56 * 96.43+3413 ** * 46 572842020 *  6959+2548  ** ** 363
NTPE = = = 0.78+0.01  * 081001 * * 34 0764002  *  078+002  * * 3.1

PH — plant height (cm); SD — stem diameter (mm); LA — leaf area (cm?2); LDM — leaf dry matter (g); SDM — stem dry matter (g); STDM — shoot dry matter (g); RDM —
root dry matter (g); LNC — leaf N content (mg of N kg''); SNC — stem N content (mg of N kg'); RNC — root N content (mg of N kg-'); STNC — shoot N content (mg of N
kg™"); PNC — plant N content (mg of N kg"); (NUE — N use efficiency; NUpE_cR — N uptake efficiency with root N content; NUpE_sR — N uptake efficiency without root
N content; NUtE_cR — N utilization efficiency with the content of N in the root; NUtE_sR — N utilization efficiency without the content of N in the root; NTrE — N
translocation efficiency. The values in the Lines and Hybrids columns represent the means + standard deviations of the respective 4 and 12 evaluated genotypes. C1
— statistical differences between strains; C2 — statistical differences between lines and hybrids according to the partition of the effects of lines and hybrids; and C3 —
statistical differences between the hybrids; H% — relative heterosis. Joint ANOVA: genotype (G), nitrogen availability condition (N), and genotype x N availability

condition (G x N). Significance levels: * p £ 0.05; ** p < 0.01; and ns = not significant.

L2
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N deprivation had the biggest impact on the popcorn lines for plant height,
stem diameter, and leaf area, which showed reductions of 12.3%, 38.4%, and
31.3%, respectively. In contrast, these reductions were 7.6%, 31.9%, and 24.5% for
the hybrids, respectively. The same can be observed for the dry matter of leaf, stem,
shoot, and root, which in the lines were reduced in the order of 65.6%, 62.4%,
64.4%, and 47.6%, while in the hybrids, the reductions were 58.6%, 51.4%, 55.8%,
and 27.2%, respectively.

In this sense, the means of these traits (plant height, stem diameter, leaf
area, dry matter of leaf, stem, shoot, and root) were higher in the hybrids, except for
stem diameter at high N, whose contrast between lines and hybrids (C2) was not
significant. The heterosis estimates for these traits were more marked in the limiting
N condition. Thus, plant height, stem diameter, leaf area, and stem dry matter under
N deficit presented estimates of 18.8%, 12.5%, 1.2%, 13.2%, and 39.2%,
respectively. The shoot and dry root matter showed 23.2% and 49.4%, respectively
(Table 2).

Regarding the N content in the plant, the joint analysis revealed a significant
effect of the limitation of this nutrient in the genotypes studied, which caused
decreases of 35.5%, 44.0%, 26.1%, 39.4%, and 36.8% in the N content in the leaf
(LNC), stem (SNC), roots (RNC), shoot (STNC), and plant (PNC), respectively.
Interestingly, for all these traits, the percentage decreases caused by the reduction
of N in the soil were higher in the hybrids than in the lines. In the lines, the adverse
effects of N reduction caused a decrease of 32.6%, 34.5%, 22.5%, 33.5%, and
31.1%, respectively, in LNC, SNC, RNC, STNC, and PNC. In the hybrids, the
reductions in these traits were in the order of 36.3%, 46.4%, 27.6%, 41.0%, and
38.5%. Except for RNC, the nutrient reduction resulted in higher heterosis estimates
in the high nitrogen supply environment for all traits, namely: 17.1% (LNC), 15.0%
(SNC), 16.1% (STNC), and 12.3% (PNC) (Table 2).

Regarding the estimates of N use efficiency, the interaction of genotypes with
the environment was also significant (Table 1). However, the reduction in the N
applied to the soil caused an increase in NUE, in the nitrogen uptake efficiency of
the root with the N content (NUpE_cR), and the nitrogen uptake efficiency without
the N content (NUpE_sR). For these three traits, the increases caused in the means
of lines and hybrids were 431.2%, 641.3%, and 614.9%, respectively. Considering
that there was a significant difference (p < 0.01) for contrast 2 — lines and hybrids —
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(Table 2), the increase in these traits was more pronounced in the hybrids only for
NUE (449.1% compared to 361.2% increase in lines). Furthermore, for NUpE_cR
and NUpE_sR, the most significant increases occurred in the lines, in the order of
699.2% and 675.2%, compared to 624.5% and 598.7%, respectively, in the hybrids.

Conversely, for the nitrogen utilization efficiency with N content in the root
(NULE_cR), as well as for the nitrogen utilization efficiency without N content in the
root (NUtE_sR) and the nitrogen translocation efficiency (NTrE), reductions were
observed caused by the reduced availability of the nutrient in the soil. For NUtE_cR
and NUtE_sR, the reductions were more accentuated than those observed in NTrE
(4.2%), with magnitudes of 29.8% and 32.7%, respectively, in the mean of the lines
and hybrids. It was detected a significant difference (p< 0.01) between the lines and
hybrids (C2). It appears that the reduction in these traits was more accentuated in
the lines so that NUtE_cR and NUtE_sR were reduced by 47.0% and 48.7%,
respectively, while in the hybrids this reduction was 24.4% and 27.8%, respectively.
NTrE was much less affected in the lines and the hybrids, with respective values of
3.5% and 4.3%, but with a greater reduction in the hybrids (Table 2).

Given the differences observed between the performance of lines and
hybrids for NUE in the N deficit conditions, the heterosis estimate was 23.2%, while
in high N, the value was 14.0%. As for NUpE_cR and NUpE_sR, in low N,
considering the inferior performance of the hybrids compared to the lines, the
heterosis estimates were -9.6% and -6.7%, respectively — while in high N, the values
were 12.3% and 16.1%, respectively —, which reflects, in this case, the superior
performance of the hybrids for these traits in this condition.

For NUtE_cR, NUtE_sR, and NTrE, the heterosis estimates were more
modest, with the limiting soil N supply environment being responsible for the highest
estimates, in percentages of 33.4%, 36.3%, and 3.1%, respectively. These values
were 1.1%, 4.6%, and 3.4% in the high N environment.

For the two N supply conditions, the importance (expressed in %) of the
quadratic components pertaining to the general combining ability (¢g), specific
combining abilities (¢s), and the reciprocal effects (¢rc) of the traits associated with
plant architecture, the status of N in the plant, and the efficiencies in the use, uptake,
and utilization of N. It was observed that the general (related to ¢g) and specific
combining ability (related to ¢s) differed in the two N supply conditions for all traits

(Supplementary Table 4).
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Although the mean squares related to the quadratic components ¢q were
significant at high N, the essential components to explain the observed genetic
variability for growth traits, N status, and nutrient use efficiency were those related
to the specific combining ability (¢s) and reciprocal effects (¢rc). Therefore, for the
traits PH, LDM, SDM, STDM, RDM, NUE, NUtE_cR, NUtE_sR, and NTrE, the
prevalence of non-additive genetic effects is evident. In the case of the LA, the
components ¢s and ¢ had values very close to the relative contribution, with
estimates of 49.01% and 49.02%, for ¢s and ¢r, respectively. These reciprocal
effects were more important for SD, LNC, SNC, RNC, STNC, PNC, NUpE_cR, and
NUpE_sR (Figure 4, Supplementary Table 4).
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Figure 4. Importance in % of quadratic components related to general (¢g) and
specific (¢ps) combining abilities and reciprocal effects (¢rc) for plant architecture
traits (PH — plant height; SD — stem diameter; LA — leaf area; LDM — leaf dry matter;
SDM — stem dry matter; STDM — shoot dry matter; RDM — root dry matter; LNC —
leaf N content; SNC — stem N content; RNC — root N content; STNC — shoot N
content; PNC — plant N content; NUE — nitrogen use efficiency with (cR) and without
(sR) root N content; NUpE — nitrogen uptake efficiency with (cR) and without (sR)
root N content; NUtE — nitrogen utilization efficiency with (cR) and without (sR) root
N content; and NUtrE — nitrogen translocation efficiency.

In soil N limiting condition, for most traits, there was a predominance of the
contribution of the quadratic component associated with non-additive effects (¢s) in
the expression of genetic variability (Figure 4, Supplementary Table 4). In this
sense, it can be observed that for 16 of the 18 traits related to growth, N status in
the plant and nutrient use efficiency - PH, SD, LDM, SDM, STDM, RDM, LNC, SNC,
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PNC, NUE, NUPE_cR, NUpE_sR, NUtE_cR, NUtE_sR, NTrE — the quadratic
component ¢s presented greater contributions. For LA and STNC, it is possible to
observe a greater contribution of the quadratic component associated with the
reciprocal effect (¢rc). It is important to highlight that for the two N availability in the
soil, the residual effects were not very expressive and, therefore, of minor
importance for the observed results, guaranteeing an unequivocal interpretation of
the observed effects (Figure 4, Supplementary Table 4).

3.1.4.2 Gas exchange, photochemical efficiency of chlorophyll and leaf
pigments measurements

The joint ANOVA revealed a significant effect of nitrogen limitation on the
genotypes — means of lines and hybrids —, with a decrease in the net CO:2
assimilation rate (A) of 28.4%, in addition to reductions in stomatal conductance (gs)
of 36.1%, in the intercellular concentration of CO2 (Ci), and in the ratio between the
intercellular and external concentration of CO2 (Ci/Ca) of 12.8% and 12.5%,
respectively, as well as the transpiration rate (E), of 18.7% (Table 2). In terms of the
contribution to significative differences observed, for the gas exchange and related
traits and chlorophyll fluorescence, the effect of genotype and N condition were
equally relevant, being the G x N interaction, on the other hand, relevant just for one
trait (Supplementary Table 2).

In addition to the effects between the genotypes, it can be noticed that the
lines presented smaller percentage reductions concerning the hybrids and that there
was an increase, even if not very expressive — of magnitude 0.3% - for the
transpiration rate. In this sense, for the lines, the reductions caused in A, gs, Ci, and
in the Ci/Ca ratio were 19.0%, 15.1%, 6.0%, and 0.6%, respectively. For the hybrids,
the reductions for the same traits were 31.4% (A), 41.5% (gs), 14.9% (Ci), and
14.0% (Ci/Ca). However, for the maximum photochemical efficiency of photosystem
Il (Fv/Fm), with the imposition of stress, there was an increase of 5.7% in the average
of the lines and hybrids; however, this increase was mainly due to the increase of
7.9 % in the average of the hybrids, while in the lines there was a negative impact
of 0.6% (Table 3).

In the two conditions of N availability in the soil and considering that there is
a significant difference (p < 0.01) for the contrast between lines and hybrids for A,
gs, E, Ci/Ca, the heterosis estimates in the high nitrogen condition environment
were higher for A, gs, E, and Ci/Ca, with estimates of 17.5%, 33.9%, 28.4%, and
21.9%, respectively. For Fv/Fm, under the condition of high N in the soil, there was
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a significant difference between lines and hybrids, which resulted in a reduced
heterosis value (-1.1%). For traits A, gs, E, Ci/Ca, and Fv/Fm, in N limiting condition,
heterosis estimates were 1.0% (A), -4.3% (gs), -9.7% (E), 20.3% (Ci/Ca), and 10.1%
(Fv/Fm). For Ci, a higher estimate for heterosis was obtained in the low N condition,
of 3.5%, while in the high N condition, the estimate was 2.6% (Table 3).

About leaf pigments, except for the relative content of anthocyanin (Anth) in
high N, a significant difference was found between the genotypes studied, in
addition to a significant interaction between genotype and N condition (G x N), and
N being the source of variation the one the most influenced the significant
differences observed. In this sense, it can be observed that nitrogen limitation had
an impact on the relative content of chlorophyll (Chl), flavonoids (Flav), and the
nitrogen balance index (NBI, Chl/Flav ratio). In the relative content of chlorophyll,
under N-limited conditions, there was a reduction of 24.1%. In comparison, it caused
an increase of 9.5% and 37.1% in the relative contents of the accessory pigments,
anthocyanins, and flavonoids, respectively. Regarding the nitrogen balance index,
there was a reduction of 31.1% based on the average performance of the lines and
hybrids (Table 3).

Considering the significant difference between lines and hybrids, it is
noteworthy that the reductions observed in the relative chlorophyll content and
nitrogen balance index were more prominent in the hybrids. Specifically, the
decrease in relative chlorophyll content caused by soil nitrogen limitation was 25.6%
in hybrids, while the reduction in the nitrogen balance index was 33.4%. In contrast,
the reductions in these traits for the lines were 18.8% (chlorophyll) and 23.6%
(nitrogen balance index). On the other hand, the hybrids exhibited more substantial
increases in accessory pigments. The estimated percentage increase was 10.6%
for the relative content of flavonoids and 44.0% for the relative content of
anthocyanins (Table 3).

In heterosis estimates, nitrogen limitation resulted in more expressive values.
At low N, the values for Chl, Flav, and NBI were -10.5%, 10.2%, and -18.4%,
respectively. Therefore, no significant difference was observed in contrast between
lines and hybrids in this condition. In high nitrogen conditions, a significant difference
(p < 0.01) was observed between lines and hybrids only for anthocyanin content,
whose heterosis estimate was -2.7% (Table 3).



Table 3. Summary of joint and individual ANOVA, means, and standard deviations of physiological traits associated with measurements of gas
exchange, photochemical efficiency of chlorophyll, and leaf pigments of lines and diallel hybrids of popcorn cultivated under contrasting conditions
of N availability.

Joint Analysis High N condition Low N condition
Trait ] ] H% . . H%
G N GxN Lines C1 Hybrids c2 C3 Lines C1 Hybrids C2 C3
Ao 2365+434 **  2615+355 * ** 175 1916+3.54  *  17.95+288 = = 14
gs o 0.18£0.05  *  023+0.05 * * 339 016001  *  013+004 * = 43
Ci = o 150.43+22.90 ** 158.20+17.77 * ** 26 14146 +15.64 ** 134.68+2405 * = 935
E* »  ow 210+039  * 2524056  ** * 284 2114018  *  191+047 = 97
CilCa * = = 0.36£0.09  *  043+0.05 * * 219 034+010  *  037+009  * =~ 203
FilFm ™ *  * 0.78+0.01  *  079+008 " ** 11 0794002 *  085+015  * = 101
Chl = = = 3065+1.84 *  3006+454 0 2§ 2490+247 *  2237+228 = 105
Flav ** =  *= 070£007 ™  071+043 5 * 99 074+007  *  078+008 * =~ 102
Anth ns = s 0174001 ™  016+002 * = 27 0.21 £0.01 *  023+047 s s 265
NBI 4450+568  *  43.07+694 41 33.994355  *  2867+300 ++ = 184

A — net CO2 assimilation rate; gs — stomatal conductance; Ci — intercellular concentration of COz; E — transpiration rate; Ci/Ca — ratio between the intercellular and
external concentration of CO2; Fv/Fm — photochemical efficiency of photosystem Il; Chl — relative chlorophyll content; Flav — relative content of flavonoids; Anth —
relative anthocyanin content; NBI — nitrogen balance index. The values in the Lines and Hybrids columns represent the means * standard deviations of the respective
4 and 12 evaluated genotypes. C1 — statistical differences between lines; C2 — statistical differences between lines and hybrids according to the partition of the
effects of lines and hybrids; and C3 — statistical differences between the hybrids; H% — relative heterosis. Joint ANOVA: genotype (G), nitrogen availability condition
(N), and genotype x N availability condition (G x N). Significance levels: * p £ 0.05; ** p £0.01; and ns = not significant.
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Despite the significance observed in the mean squares of general combining
ability, specific combining ability, and reciprocal effects for gas exchange measures,
photochemical efficiency of chlorophyll, and leaf pigments in both nitrogen supply
conditions, the ¢s component associated with non-additive genetic effects was
predominant (Figure 5, Supplementary Table 4). Notably, a substantial contribution
of residual effect was observed for the relative content of anthocyanin in low N
conditions, indicating great environmental influence. Consequently, negative
estimates for the quadratic components ¢g and ¢s were obtained. In this context,
these negative values are interpreted as estimates with a true magnitude equal to
zero. Therefore, the quadratic component was not considered further, as it

accounted for 0% of the variation and did not explain the genetic variability of the
trait.
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Figure 5 - Importance (expressed in %) of the quadratic components related to
general (¢g) and specific combining abilities (¢s) and of reciprocal effects (¢rc) for
traits related to photosynthesis, leaf pigments and photochemical efficiency of
chlorophyll (A — net CO2 assimilation rate; gs — stomatal conductance; Ci —
intercellular concentration of CO2; E — transpiration rate; Ci/Ca — ratio between the
intercellular and external concentration of CO2; Fv/Fm — maximum quantum
efficiency of photosystem Il; Chl — relative chlorophyll content; Flav —relative content
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3.1.5 DISCUSSION

3.1.5.1 The effect of nitrogen deprivation on photosynthesis, maximum
efficiency of PSII, leaf pigments, and its impact on the growth of popcorn
genotypes

Nitrogen plays a vital role in plants (Wu et al., 2019) and, in leaves, nitrogen
forms include soluble components such as nitrate, amino acids, and proteins, as
well as insoluble constituents in cell walls and membranes, among other structures
(Bhadmus et al., 2022). The nitrogen utilized by the photosynthetic apparatus can
be categorized into two main types: i) nitrogen associated with enzymes involved in
CO2 assimilation, and ii) nitrogen present in thylakoids and associated with
photochemical efficiency (Khan et al., 2020a). In terms of the nitrogen's association
with enzymes, it is found in the structure of key enzymes such as ribulose-1,5-
bisphosphate carboxylase (Rubisco), phosphoenolpyruvate carboxylase (PEPC),
and pyruvate orthophosphate dikinase (PPDK). These enzymes play a direct role in
the reduction reactions of carbon and are the most abundant enzymes involved in
the assimilation of CO2 (Mu and Chen, 2021).

In relation to nitrogen associated with thylakoids, this nutrient can be divided
between two types of proteins. The first type includes proteins involved in
bioenergetics, such as Cyt béf and CF1/CFO0, which play roles in electron transport
and phosphorylation (Urban et al., 2021; Buchert et al., 2022) The second type of
proteins is associated with the light-harvesting complexes Il (LHCII) and | (LHCI) (Li
et al., 2021).

In plants with C4 metabolisms, like popcorn, approximately 45% of the
nitrogen is allocated to soluble proteins, with 20% of this portion being attributed to
Rubisco. Another 28% of nitrogen is allocated to thylakoids. Within the thylakoids,
approximately 75% of the nitrogen is associated with light-harvesting proteins, while
the remaining portion is dedicated to bioenergetics (Mu and Chen, 2021).
Consequently, a low supply of nitrogen has a negative impact on the photosynthetic
process, ultimately affecting plant development.

Based on the results of the present work, during vegetative growth, N
limitation in popcorn plants caused significant reductions in plant height, stem

diameter, and leaf area (Table 2). These reductions may be mainly associated with
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the decrease observed in traits related to photosynthesis, such as net
photosynthetic rate (A), stomatal conductance (gs), intercellular CO2 concentration
(Ci), transpiration (E), and the ratio between the and external concentration of CO2
(Ci/Ca), which were reduced by the magnitudes of 28.4%, 36.1%, 12.8%, 18.7%,
and 12.5%, respectively (Table 3).

The reduction in the traits associated with photosynthesis caused by the N
limitation in the soil was more expressive in the hybrids than in the lines. However,
the hybrids presented higher values for plant height, stem diameter, and, mainly,
leaf area in this N limitation condition (Table 2). The larger leaf area is essential to
increase the photosynthetically active radiation (PAR) interception area and,
therefore, to increase CO:2 assimilation — under the condition of adequate stomatal
conductance values — and transpiration in the plant (Mu and Chen, 2021). Although
under soil N limiting conditions, the hybrids reduced the estimates of A, gs, E, and
chlorophyll contents by -1.4, -4.3, -9.7, and -10.5%, respectively, these decreases
were not enough to cause reductions in the growth variables (Table 3). On the
contrary, in the N-limiting condition, the hybrids increased the estimates related to
the growth traits (Table 2). In this way, the hybrids produced a greater amount of
plant dry matter with a smaller amount of assimilated COz2 (lines (07.9 g of shoot dry
matter per umol of CO2assimilated; hybrids (09 g of shoot dry matter per umol* CO2
assimilated), if we could consider a hypothetic scenario where the responses found
on the V6 leaf could be extrapolated to the photosynthesis of the whole plant.

In the condition of reduced CO:2 assimilation, the excitation energy surplus
due to the decrease in ATP and NADPH consumption promotes an increase in the
susceptibility of PSII to the action of photons on this photosystem (photoinhibition)
(Ramalho et al., 1997; Grassi et al., 2001; Lu et al., 2001) and PSIl damage can
compromise the biomass production of plants. However, this did not happen with
the hybrids since, in the condition of N limitation in the soil, the Fv/Fm ratio values
expressed an increase of 10% concerning the lines. This tolerance of the hybrids
may be associated with the reduction in the concentration of chlorophylls in the
leaves. The reduction in the relative chlorophyll content in the hybrids was higher
than in the lines, with an estimate of 25.6%, when compared to the value of 18.8%
in the lines. According to Khamis et al. (1990) and Lu et al. (2001), reducing the
relative chlorophyll content may be a strategy to protect the PSII function since it
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can avoid the excessive production of excitation energy, which could cause damage
to the PSII.

The Fv/Fm ratio, which makes it possible to verify whether there was damage
to the photosynthetic apparatus, is a variable that represents the maximum
photochemical efficiency of PSll in a condition in which all reaction centers are open
and receive a pulse of light saturating. Under stress conditions, such as the
reduction of N availability in the plant, there may be a decline in the values of this
trait, which indicates possible damage to the photochemical machinery (Lin et al.,
2022; Mattila et al., 2022). Therefore, genotypes that present tolerance mechanisms
to protect the PSIl may show insignificant reductions or even higher values for this
measure, even in stressful situations (White et al., 2011; Ramanna et al., 2014;
Farooq et al., 2022). As observed in the hybrids under N-limited conditions, it can
be suggested that the regulatory mechanisms associated with the reduction in the
total chlorophyll content favored the elevation of the Fv/Fm ratio in the hybrids. Based
on the results, it can be inferred that the hybrids were more efficient in the
assimilation of CO2 per unit of chlorophyll molecules (Table 3) than the lines, which
reflected in the greater capacity to allocate the photoassimilates produced in the
production of matter drought, generating positive impacts on the total dry matter of
the plant (Table 2).

Among the genotypes evaluated, the hybrids showed essential increases in
the relative content of flavonoids (Flav), which are phenolic compounds associated
with the adaptive responses of plants to various abiotic stresses, such as drought
(Li et al., 2021), the reduced availability of nutrients in the soil, and the excess of
solar radiation (Agati et al., 2013; Nascimento and Tattini, 2022). These compounds
act mainly as accessory pigments of chlorophyll molecules, protecting against
reactive oxygen species (ROS), which can have high rates in plants under
suboptimal N conditions. ROS can degrade plant cells through the oxidation of
membranes (Chen et al., 2019) and the degradation of molecules, such as DNA
(Tripathi et al., 2020). The production of these ROS is mainly associated with the
reduction of stomatal conductance, which is regulated by the action of ABA through
stress signaling from the roots (Kumari et al., 2022). Therefore, in the hybrids, when
compared to the lines, the notable increase in secondary metabolites such as
flavonoids (Flav) and anthocyanins (Anth) could potentially provide an adaptive
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advantage over the parent plants. This increase in secondary metabolites might
have contributed to an improved physiological and agronomic performance.

3.1.5.2 The mechanisms underlying the efficient use of N in popcorn

genotypes

Efficiency in the use of N and associated components (efficiency in uptake
and utilization) was proposed by Moll et al. (1982). These authors defined that N
use efficiency (NUE) as the ratio between the grain weight and the available N in
the soil or the product of the N uptake efficiency (NUpE: the ratio between the total
N in the plant and the available N in the soil) and the N utilization efficiency (NUtE:
the ratio between the weight of grains and the total N in the plant). Subsequently,
Good et al. (2004) proposed that NUE is the ratio between dry shoot matter and
applied N. NUpE is the ratio between the N content in the plant and the amount of
N applied to the rhizosphere, and NULE is the ratio between the shoot dry matter
and the N content in the plant. However, when assessing the efficiency in the uptake
and utilization of N, it remains uncertain whether the N content of roots should be
included since some authors only use the N content in the shoot (Rodrigues et al.,
2017; Menz et al., 2018) and others consider the N content of the plant, including
the N content of the roots (Moll et al., 1982; Mundim et al., 2014; Almeida et al.,
2018b; Khan et al., 2020b).

Given the significant differences between the genotypes for NUE and the
components associated with this variable (with and without the assessment of N
content in the root), under high and low N conditions, it can be noted that when
considering the N content in the roots, it is possible to obtain more reliable estimates
of N uptake and utilization since up to the V6 stage, the N content in the root has a
crucial role for the growth of the plants.

Regarding the effect of N reduction, a significant increase in NUE was
observed in popcorn genotypes under N-limiting conditions. This increase can also
be observed for NUpE_cR and NUpE_sR. For NUtE_cR, NUtE_sR, and NTrE,
reductions were observed when the soil had limited nitrogen. In this condition, corn
shows an increase in N use efficiency (NUE), either through increased uptake
(NUpE) or N utilization (NUtE) (Hirel et al., 2007; Mu et al., 2016). As N is quite
mobile and found in deeper soil profiles (Weitzman et al., 2022), the increase in
nitrogen uptake may be associated with an increase in area and a deepening of the
root system (Lynch, 2013). NUtE can be defined as the amount of dry matter
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produced per unit of N in the plant; the increase in the value of this variable is an
indicator of how efficiently the plant can use the available N in the photosynthetic
machinery (Hammad et al., 2022).

With the N limitation in the soil, the lines had more significant reductions in
NUE, while the hybrids stood out with higher values for this trait. However, in this
study, the most important mechanism to increase the NUE of the hybrids was the
use and transport of the nutrient since the hybrids presented more expressive
values compared to the lines. This becomes clear when the N contents in different
plant tissues are compared in the limiting N condition. In this condition, the hybrids
presented higher N content in the leaves, while the lines concentrated most N in the
stem and root (Table 2). Therefore, even with a higher net photosynthetic rate and
higher relative chlorophyll content, the lines were not efficient in using N to increase
their leaf area and dry matter; however, they were more efficient in the acquisition
of the nutrient, considering that in the condition limiting the values for N content in
the plant and NUpE were higher in the lines.

3.5.1.3 What is the best strategy for conducting popcorn breeding to increase
the nitrogen use efficiency?

In general, the N limitation in the soil caused greater discrimination between
the genotypes studied and resulted in higher heterosis estimates in this
environment. This is associated with the fact that in this condition, the genotypes
have greater differentiation for the traits studied, which is already reported by other
studies with common corn (Worku et al., 2007; Granato et al., 2016) and popcorn
(Khan et al., 2020b). Therefore, the selection of genotypes in this condition may be
more effective in obtaining a high genetic variance. Furthermore, based on the
estimates of the mean squares and the quadratic components associated with the
general and specific abilities of combination and the reciprocal effect, it was
evidenced that there is no difference between the environments regarding the
quadratic component that most contributed to the genetic variance of the studied
traits. The genetic mode of action is the same for both conditions — high and low N,
which may allow the use of the same breeding strategies in both conditions.

For the traits associated with growth — plant height, dry matter of leaf, stem,
shoot, and root - in the two N conditions, the contribution of the quadratic component
associated with non-additive genetic effects (¢s) predominated. This fact indicates
that the exploitation of heterosis is recommended to achieve genetic gains (Hallauer
et al., 2010; Cruz et al., 2014). Although ¢s was essential for most traits, some
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showed a greater predominance of the quadratic component associated with
reciprocal effects, as is the case of stem diameter in high N and leaf area in both N
conditions. In addition, the genetic effects associated with the reciprocal effect
prevailed for the N contents in the leaf, stem, root, shoot, and mining plant. The
same could not be observed in low N conditions, prevailing for these traits — except
N content in the shoots — the genetic effects associated with ¢s. However, even with
the predominance of genetic effects associated with ¢s, the other components also
showed significance, indicating that there is, even to a lesser degree, the influence
of additive genetic effects (¢g) and the female parent (¢rc). This fact indicates that,
based on the selection of genotypes for NUE, the female parent should be the one
with the best values for the evaluated trait. This can be explained by the fact that
the mechanisms underlying better performance for NUE, such as the photosynthetic
response and the content of leaf pigments, are determined by the female parent
through chloroplasts located in the cytoplasm of the female gamete (Wang et al.,
2019).

For the variables evaluated for the general and specific combining ability, as
well as for the reciprocal effect on the two levels of N used, the significance of the
interactions allows us to confirm that the alleles that control the expression of traits
under low nutrient supply are partially different from those that control the same
traits under optimal nutrient supply (Santos et al., 2019). This implies that the
performance of genotypes under low N conditions availability involves genes
expressed under optimal N availability and that other genes are expressed or
silenced (Liu et al., 2012).

3.1.6 CONCLUSION

In popcorn, in the vegetative stage, the effects of heterosis related to plant
biomass resulted in higher production of shoot dry matter. Regarding the parents,
the better performance of the hybrids was even more evident in conditions of low N
availability in the soil, in which it is established that the adaptation of Zea mays
everta to environments with N deficiency requires the exploitation of hybrid vigor.

In the hybrids, under limiting conditions of N in the soil, contrary to what was

expected, there was a greater reduction in leaf gas exchange, which was not
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enough to reduce the growth of these genotypes, guaranteeing higher estimates for
NUE, promoted by better use of nitrogen available.

It is suggested that under limiting N condition, the adaptive mechanisms
developed by the hybrids were the reduction of the total chlorophyll content and the
increase in the levels of accessory pigments — anthocyanins and flavonoids — which
could improve the protection of the photosynthetic apparatus and higher maximum
photochemical efficiency of the PSII.

Future perspectives based on the results found point in two directions: i)
conducting comparative proteomics and mRNA-sequencing studies to comprehend
the molecular mechanisms underlying the NUE response in the most contrasting
inbred lines; and ii) examining the evaluated genotypes (lines and hybrids) under
field conditions throughout the crop development cycle to gain insights into the
impacts of N starvation on traits such as grain yield and popping expansion.
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3.2 PROTEOMIC CHANGES IN BIOENERGETIC METABOLISM AND
ANTIOXIDANT SYSTEM ENHANCE NITROGEN USE EFFICIENCY IN
POPCORN LINES UNDER NITROGEN STARVATION

3.2.1 INTRODUCTION

Given the global population is projected to reach 10 billion inhabitants by
2050, the development of a sustainable agricultural model is of a paramount
importance (Long et al., 2015). Considering that nitrogen (N) is one of the minerals
required in larger quantities in agriculture and directly impacts the yield of several
crops, such as maize, there is an urgent need to act through innovative plant
breeding strategies to develop cultivars that require reduced application of nitrogen
fertilizers.

Since 1960, global application of nitrogen fertilizers has increased
approximately ten-fold (from 11 million tons in 1961 to 113 millon tons in 2020)
(FAO, 2023), and it is expected to increase by 40 to 60% in the next 40 years. Maize
cultivation consumes about 20% of all N produced in the world, and according to
data from the Assessment of Fertilizer Use by Crop at the Global Level (Heffer et
al., 2017), the United States, China, and Brazil — the three largest producers of
maize — accounted for approximately 39.8% of worldwide nitrogen consumption
(globally 102.5 metric tons), with maize cultivation being nitrogen consumer.

Despite nitrogen being essential for plant growth and development, and its
application as a fertilizer leading to a significant increase in global food production
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since 1990 (Mu & Chen, 2021), its excessive use can cause several environmental
impacts such as global warming, and air and water pollution (Li et al., 2018b).
Furthermore, it is estimated that between 50 and 70% of the nitrogen utilized in
agriculture is used by plants, with the remaining being lost, most commonly as
ammonia or nitrous oxide through leaching, soil denitrification, surface runoff, and
volatilization (Raun e Johnson, 1999; Khan et al., 2022).

In this regard, the development of crops with enhanced nitrogen use
efficiency (NUE) is one of the most economically and environmentally viable
initiatives to meet global food demand and contribute to the development of a
sustainable agricultural model. However, improving NUE remains a complex task.
While NUE has been extensively studied in maize, little is known about the
underlying molecular mechanisms of plant responses under nitrogen deprivation
conditions. This information is crucial not only for improving plant yields under
conditions of inadequate nitrogen supply but also for the development of potential
molecular tools for selecting nitrogen-efficient genotypes.

NUE is a complex trait that consists of two main components: N-uptake
efficiency (NUpE) and N-utilization efficiency (NUtE), which both involve several
biological processes. To elucidate these mechanisms in corn, previous studies have
used proteomic approaches to understand the efficient response of genotypes
under limited N conditions (Liao et al., 2012; Prinsi & Espen, 2018; Wei et al., 2015).
However, there is currently a scarcity of research focused on unraveling the
molecular mechanisms involved in the expression of an efficient response to low N
in popcorn — a highly valued crop that was responsible for circulating US$10 billion
worldwide in 2020 (Serna-Saldivar, 2022) — under N deprivation conditions. For our
knowledge, only one study, conducted by Khan et al. (2022), has aimed to elucidate
the proteomic profiles exhibited by contrasting popcorn lines under different N
availability conditions. Furthermore, the physiological and molecular mechanisms
associated with NUE in popcorn still lack comprehensive studies.

With this context, the development of the study herein was deemed
necessary, where we evaluated plant growth, physiological traits, and proteomic
profiles of leaves from two contrasting NUE lines cultivated under high and low N
conditions. Our main objective was to study the physiological mechanisms and
identify key proteins that contribute to the expression of N use efficiency in popcorn.
These results provide new insight into the mechanisms involved in NUE and can be
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harnessed to develop novel breeding strategies aimed at developing popcorn
cultivars with enhanced NUE, ultimately promoting sustainable agriculture, reducing

adverse environmental impacts, and support to the growing global demand for food.

3.2.2 LITERATURE REVIEW

3.2.2.1 The molecular mechanisms involved in nitrogen-use efficiency in

maize

Below we highlight other important mechanisms for the tolerance response
and efficiency of plants in using available nitrogen in environments with nutrient
limitation — such as those related to the acquisition, transport and remobilization of
N.

Nitrogen is a nutrient that has great mobility in plants, so its metabolism
involves several processes, including absorption, reduction, assimilation,
translocation and remobilization. The genetic differences between nitrogen uptake
or productivity per unit of nitrogen applied to the soil have been studied for several
grasses, especially those of commercial importance, such as wheat, rice, oats and,
mainly, maize. The latter, in general, is one of the most produced cereals worldwide
and one that most requires nitrogen fertilizers to increase productivity (Bi et al.,
2014). However, little is known about the regulation of nitrate assimilation at the
molecular and genetic levels in this crop (Cao et al., 2017). In this perspective, each
process involved in the use of nitrogen has been widely explored, in order to
elucidate the routes by which efficient plants in the use of N can avoid the effects of
the lack of this nutrient in the soil. Below, each of these steps involved in the use of
nitrogen is highlighted, including the molecular mechanisms described in the
literature and how they influence plants in the efficient use of N.

Nitrogen uptake and transport

Nitrogen is a limiting macronutrient for plant growth and development (Kang
and Turano, 2003; Raddatz et al., 2020). Soil nitrogen availability is normally low
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and can be influenced by factors such as precipitation, temperature, pH and soll
type. The form of nitrogen preferred by plants is intrinsically related to their
adaptation and soil conditions (Zuluaga and Sonnante, 2019). Plants can use both
nitrate (NO3-) and ammonium (NH4* as sources of N (Andrews & Lea, 2013; Simons
et al., 2014; Plett et al., 2018). NOs~ is the main and most readily available source
of nitrogen for most higher plants (Engineer and Kranz, 2007; Ma et al., 2020),
however, NOs~ concentrations in soils can be very varied, depending on
environmental variations and, therefore, plants have developed several specific
adaptations for the uptake of available NOsz~ (Vidal et al., 2013; Zuluaga and
Sonnante, 2019).

Nitrate is actively transported into cells, mainly by the NOs™ transcarriers of
the NRT family, which depend on the energy supply and electrochemical gradient
and are divided into two systems existing in the cell membranes of the roots (Fan et
al., 2017; Vidal et al., 2013; Wang et al., 2020; Yang et al., 2019). One of them is
the high affinity transport system (HATS), which is activated when there is a high
concentration of nitrate available to the plant. The other, the low affinity transport
system (LATS), is activated under conditions of low nitrate concentration (Fan et al.,
2017; Zuluaga and Sonnante, 2019; Dechorgnat et al., 2019; Raddatz et al., 2020).

NRT transporters belong to three main families: the first, NRT1 — or NPF —
contains many genes, which can be divided into 8 to 10 subfamilies in Arabidopsis,
which are predominantly low-affinity transporters (Fan et al., 2017; Ohkubo et al.,
2021; Raddatz et al., 2020; Wang et al., 2020). The other families — NRT2/NRT3
(NAR2) — play an important role in the high-affinity transport of NOs™ (Zuluaga &
Sonnante, 2019; Wang et al., 2020). As in Arabidopsis, NRTs have been identified
in rice, sorghum and maize and show differences in gene numbers and family
structure. Studies show that in the corn genome there are four copies of genes of
the ZmMNRT2 family, namely: ZmNRT2.1, ZmNRT2.2, ZmNRT2.3 and ZmNRT2.5,
of which only two were studied: ZmNRTZ2.1 and ZmNRTZ2.2, that have about 98%
homology in their amino acid sequence (Dechorgnat et al., 2019). Both are inducible
to NOs™ in seedling roots, having been found transcripts of the former in the region
of the root cortex while, for the latter, in the cortex, stele and lateral primordia of the
roots (Trevisan et al., 2008).

For the NRT3 family, two copies of the NRT3.1 gene were described in the
maize genome: ZmNRT3.1A and ZmNRT3.1B, both never characterized in maize,
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but which are strong candidates in the NOs™ transport complex (Goel et al., 2018;
Sinha et al., 2018; Zuluaga & Sonnante, 2019) More recently, Wang et al. (Wang et
al., 2022), after analyzing the proteome of two contrasting hybrids for NUE, verified
the function of the ZmTGA gene and the study found that the gene has an important
role in maintaining the tolerance of plants in low conditions. N, giving greater length
and area of the root system, greater shoot/root ratio, in addition to lower leaf
senescence compared when comparing the mutant with the wild type. TGA
transcription factors are a very important group of the bZIP (basic leucine zipper)
family (Jakoby et al., 2002) and can bind to the -1 (as-1) activation sequence with
TGACG as the core and activate or inhibit the translation of downstream target
genes, having, therefore, an important role in the defense and response of plants to
various biotic and abiotic stresses, such as low nitrogen availability. Furthermore,
studies show that plants with overexpression of the TGA1 or TGA4 genes show a
significant increase in the nitrate transporter genes NRT2.1 and NRT2.2 (Alvarez et
al., 2014; Zhong et al., 2015), whose functions we discussed earlier.

Ammonium is also a direct source of nitrogen taken up by plant roots, but, in
general, the ammonium content in unfertilized soils is up to 1,000 times lower than
that of nitrate. (Marschner, 2012). However, efficient ammonium uptake is critical
for optimal plant growth and development, as it confers several beneficial effects,
such as root density and corn seedling length (Taylor & Bloom, 1998; Bloom et al.,
2002) or enhanced H+ proton extrusion, which subsequently acidifies the
rhizosphere and leads to increased bioavailability of poorly soluble nutrients such
as P or Fe (Gu et al., 2013). Therefore, this NH4™ absorption process is expected to
be highly regulated under adverse conditions of N availability in the soil.

Whenever the ammonium concentration in the soil solution is low, the
contribution of high-affinity transport systems (HATSs) becomes more relevant to
the overall ammonium uptake by roots (Gu et al., 2013). In general, high-affinity
ammonium transport is mediated by AMT1-type ammonium transporters: ZmAMTT,;
1a and ZmAMTT1;3, which belong to the ammonium/methylammonium
permease/rhesus transporters (AMT/MEP/Rh) (Gu et al., 2013; Zhao et al., 2018).

The two ZmAMTs confer high-affinity ammonium transport activities and are
localized in the plasma membrane of maize root epidermal cells. Furthermore, their
gene expressions are induced by ammonium, and one study revealed high
correlations with high-affinity ammonium and increased root influx rates (Gu et al.,
2013). Although ZmAMTT; 1a e ZmAMTT; 3 are likely to be the main components
for ammonium uptake in the root, not much is known about their physiological
contribution to N uptake and use efficiency (Zhao et al., 2018).
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Nitrogen reduction and assimilation

Once incorporated, nitrate is reduced to nitrite in plant cells in a reaction that
takes place in the cytosol and is catalyzed by a nitrate reductase (NR) (Wang et al.,
2018; Meyer and Stitt, 2001). The nitrite is then translocated to plastids and
chloroplasts, where it is reduced to ammonium by the enzyme nitrite reductase
(NiR). Nitrate-derived ammonium, or that produced by photorespiration or amino
acid recycling, is more assimilated in plastids by the GS/GOGAT cycle (Masclaux-
Daubresse et al., 2010; Asibi et al., 2019).

Ammonium is attached to glutamate to form glutamine by glutamine synthase
(GS; family of GIn genes), of which there is a plastid isoform (GS2) and a cytosolic
isoform (GS1). In maize, a single gene encodes GS2 (GIn2), while at least 5 genes
encode GS1 (GIn1-1 to GIn1-5), which are differentially expressed during
development (Sakakibara et al., 1992; Martin et al., 2006; Liseron-Monfils et al.,
2013; Vidal et al., 2013).

Glutamate can serve as an amino acid donor to other amino acids and
nitrogen-requiring compounds, or act as an amine acceptor in the GS-GOGAT cycle
to regenerate glutamine. Plants have two types of GOGAT enzymes — NADH-
GOGAT and Fd-GOGAT — which use NADH and ferredoxin as electron donors,
respectively (Suzuki and Knaff, 2005). Different parallels of GOGAT show
constitutive or tissue-specific activity in plants, including maize (Sakakibara et al.,
1992). Ferridoxine-GOGAT is localized in leaf chloroplasts, while NADH-GOGAT is
expressed in non-photosynthetic tissues, including root plastids (Masclaux-
Daubresse et al., 2010). After nitrogen assimilation, glutamine, glutamate, and other
amino acids, including asparagine and aspartate, are transported by vascular
tissues to growing organs (Masclaux-Daubresse et al., 2010). Nitrate and
ammonium can also be stored in vacuoles before or after long-distance transport.

Nitrogen translocation and remobilization

During senescence, leaf proteins and photosynthetic proteins are extensively
degraded, becoming a huge source of nitrogen, which plants can exploit to
supplement the nutrition of growing organs (Masclaux-Daubresse et al., 2010).

During the grain filling period, the absorption and assimilation of nitrogen are
often insufficient for the high demand required at this stage, making re-mobilization
in the different organs of the plant necessary to direct nitrogen to the seeds (Asibi
et al., 2019). The contribution of this process to supplying N in cereals such as rice,
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wheat and corn varies according to the cultivar, at rates of 50 to 90% (Masclaux-
Daubresse et al., 2010). N remobilization also depends on the environment and is
favored under conditions of nitrate limitation (Lemaitre et al., 2008).

In this sense, glutamine (Gin) is the main amino acid translocated in cereals
as a source of N. Therefore, in senescence, glutamine concentrations increase in
the phloem sap, being remobilized to the reproductive organs. In this process, GS
and GOGAT enzymes are important for the remobilization and reuse of N in
senescent and developing organs, respectively (Tabuchi et al., 2007; Wang et al.,
2020). Some studies have shown that GS1-1 is responsible for this process and that
NADH-GOGAT1 plays a key role in the reuse of GiIn transported in the developing
organs of rice (Uauy et al., 2006; Tabuchi et al., 2007). In maize, wheat, and barley,
grain N content is correlated with senescence of flag leaves and appears to play a
significant role in N availability for grain filling (Martin et al., 2006; Uauy et al., 2006;
Zuluaga & Sonnante, 2019).

3.2.3 MATERIAL AND METHODS

3.2.3.1 Plant material

Two popcorn Sz inbred lines contrasting for NUE, P2 e L80, developed by
the Popcorn Breeding Program of Universidade Estadual do Norte Fluminense
Darcy Ribeiro (UENF, Campos dos Goytacazes, RJ, Brazil), were used in this work.
These inbred lines were developed after seven cycles of self-pollination and belong
to the Germplasm Bank of UENF. P2 is classified as early, temperate/tropical and
was derived from Composto CMS-42 (open pollinated variety, OPV), while L80 is
classified as late, temperate/tropical and derived from the OPV Vigosa: UFV.
Subsequently, these lines were evaluated for NUE by Santos et al. (2017) and
(Santos et al., 2019) under field conditions and, later, by Santos et al. (2023) under
controlled conditions with contrasting N availability conditions (100% of the N
required by corn and 10% of the N needed, i.e., 224.09 mg NO3" L-" and 22.41 mg
NOs  L"). Based on these previous works, the line P2 was selected as N-efficient
and N-responsive and the line L80 classified as N-inefficient and non-responsive to
N.
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3.2.3.2 Growing conditions and experimental design

The experiment was carried out in the greenhouse (40% of light interception)
at UENF from April 29" to June 17, 2022 (49 days, 21° 9' 23" S; 41° 10' 40" W;
altitude: 14 m; temperature: 25-38 °C; relative air humidity: 70-76%). The nutritive
solution for the N source was prepared according to Hoagland and Arnon (1950),
with modifications. Two contrasting N doses were used: N100% (224.09 mg NOs-
L-") and N10% (22.41 mg NOs~ L"), as described in previous work (Khan et al.,
2020b, 2022; Santos et al., 2023).

Seeds were grown in plastic pots (35 L) containing sand washed with
deionized water. The plants were irrigated daily with deionized water, and nutrients
were provided at the V2 stage (7 days after sowing) every day. A randomized
complete block design was used with two factorial treatment arrangements (2
genotypes x 2 N levels) with seven blocks, one pot per plot and one plant per pot.
Seven blocks were used to evaluate morphological and physiological traits. Out of
seven, three blocks were used to obtain the leaf samples to proteomics analysis —
each of them considered one biological replicate.

3.2.3.3 Evaluated traits

Plant growth and development

At six fully developed leaves stage (V6) plants were evaluated regarding
plant height (PH—cm), leaf area (LA —cm?, as described by Guimaraes et al., 2002),
stem diameter (SD — mm), shoot dry weight (SDW — g), root dry weight (RDW - g)
and relative water content (RWC — %). To obtain RWC, five discs were collected
from the sixth fully developed leaf, weighted to obtain the fresh disc weight (FDW —
g) and then soaked in distilled water in 4 °C for 24h to obtain the turgid disc weight
(TDW — ). Finally, the discs were dried at 65 °C for 72h in an oven to assess the
disc dry weight (DDW - g). The RWC was obtained as follows: RWC =
(FDW — DDW/TDW — DDW) x 100.

Physiological traits

The measurements of total chlorophyll, flavonoids and anthocyanins indexes
were evaluated on the middle of the sixth fully expanded leaf (V6) one day prior to
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the end of the experiment (30 days after sowing). A portable leaf pigments meter
Dualex® (FORCE-A, Orsay, France) was used to measure the indexes.

To obtain the chlorophyll fluorescence parameters, one leaf disk (10 cm?)
was collected from each plant in the middle of V6 leaf. Each leaf was previously
adapted in the dark for 30 minutes, to ensure the complete oxidation of the
photosystem Il (PSII) reaction centers. The discs were placed inside a chlorophyll
fluorescence imaging system (CFIS) model FluorCam 800MF (Photon System
Instruments, Drasov, Czech Republic) previously configured with the protocol "Light
Curve 2", which relates the photochemical efficiency in response to photosynthetic
photon flux densities (PFFD) incident on the leaf (Serédio et al., 2007). Then,
fluorescence levels Fo and Fm were determined. Samples were then exposed to 6
increasing irradiance levels, from 145 to 1057 ymol m—2 s,

This protocol allows obtaining curves of rapid response to light, from a few
adjustments to the proper fluorescence measurement procedure. Thus, the
measurement flash was defined, which is used to determine the minimum
fluorescence (Fo) of the dark-adapted leaf disc, without it inducing the
photochemical reaction. The saturation flash (4,000 umol m2 s-') was defined, which
pulse intensity is related to the ability to completely reduce all open PSII reaction
centers, enabling the determination of maximum fluorescence (Fm) leaf discs
adapted to dark and light (Fm'). After measuring the variables related to dark
adaptation (Fo and Fm), increasing amounts of actinic radiation (interspersed by
measurement flashes and saturation flashes) were applied to determine the basic
variables (Fo', Fm', Fr and Fq). Based on the dark and light adaptation variables, for
each actinic light intensity, the other variables related to fluorescence emission were
determined: effective quantum yield of PSII ($PSlI), photochemical quenching (qP)
and non-photochemical quenching (NPQ), according to the equations 1, 2 and 3,
respectively.

¢PSIl = (E,, — F,') / E, Egn. 1
qP:(Fm,_ F;)/Fm, Eagn. 2
NPQ = (E,— E,) /E, Egn. 3

To assess the photosynthetic Oz evolution (potential photosynthesis, Apot —
umol O2 m=2 s, a leaf disc (10 cm?) was used for each replicate (n = 3). Each disc
was placed inside a Clark type oxygen electrode (LD2/2; Hansatech, Pentney,
King's Lynn, UK), under CO2 saturation conditions (1%, supplied by 500 yL 1M
NaHCOs), constant temperature (35 °C) and variation in PPFD supplied by a
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Bjorkman type lamp (Han- satech) and filters coupled to a light source (Rodrigues
et al., 2018). The Apot was determined under 10 decreasing PPFDs: 1720, 1400,
1010, 749, 458, 233, 179, 139, 96 and 0 ymol m? s™'. Each point in the Oz light
curve was obtained after a 3 min exposure to the respective PPFD, totaling 30 min
for each leaf disc. To obtain the parameters associated to Apot kinetics such as Amax
(maximum value of Oz release during the light response curve) and Ka (light intensity
in which Apot reaches 63.2% of the maximum values) the hyperbola equation was
fitted on Prism GraphPad. Goodness of the fit (R?) was used to define the
discrepancy between measured values and the values expected under the
hyperbola equation fits.

3.2.3.4 Leaf proteomics

Protein extraction

Total protein extraction was performed according to Damerval et al. (1986),
with modifications. The leaf from each treatment was sampled at V6 stage. Samples
(300 mg of fresh material each, three biological replicates per treatment) were first
macerated to a fine powder with liquid nitrogen, resuspended in 1 mL of extraction
buffer containing 10% (w/v) trichloroacetic acid (TCA; Sigma-Aldrich, St. Louis, MO,
USA) in acetone (Merck, Darmstadt, Germany) with 20 mM dithiothreitol (DTT; GE
Healthcare, Piscataway, NJ, USA), vortexed for 5 min at 4 °C, kept at -20 °C for
1 h, and then centrifuged at 16,0009 for 30 min at 4 °C. The resulting pellets were
washed three times with cold acetone containing 20 mM DTT and subsequently air
dried. The pellets were resuspended in buffer containing 7 M urea (GE Healthcare),
2 M thiourea (GE Healthcare), 1% DTT, 1 mM phenylmethylsulfonide (PMSF;
Sigma-Aldrich), and 2% Triton X-100 (Sigma-Aldrich), vortexed for 30 min, and then
centrifuged at 16,0009 for 20 min at 4 °C. The supernatants were collected, and the
protein concentrations were determined using a 2D-Quant Kit (Cytiva, Marlborough,
MA, USA).

Protein digestion

The proteins samples were precipitated using a methanol/chloroform
extraction method to remove any interfering compounds from the samples (Nanjo
et al., 2012). The samples were then resuspended in a solution consisting of 7 M
urea and 2 M thiourea after which tryptic protein digestion (1:100 enzyme: protein,
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V5111, Promega, Madison, WI, USA) was performed using Microcon-30 kDa filter
units (Merck Millipore, Burlington, MA, USA) with the filter-aided sample preparation
(FASP) methodology (Reis et al., 2021). The resulting peptides were quantified with
the A205nm protein and peptide method using a NanoDrop 2000c
spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA).

Mass spectrometry and data analysis

The samples were then injected into a nanoAcquity ultra-pure liquid
chromatography (UPLC) mass spectrometer connected to a Q-TOF SYNAPT G2-
Si instrument (Waters, Manchester, UK). The runs consisted of three biological
replicates of 1 pg of peptide samples. The spectra processing and database search
were performed using the ProteinLynx Global SERVER (PLGS) software v.3.02
(Waters) and the Zea mays protein databank (ID: UP000007305) available on
UniProtKB (www.uniprot.org). The label-free quantification analyses were

performed using ISOQuant software v.1.7 (Distler et al., 2014). To ensure the quality
of the results after data processing, only proteins present in the three runs were
accepted for differential abundance analysis.

Proteins were deemed up-accumulated if the log2 value of the foldchange
(FC) was > 0.60 and down-accumulated if the log2value of the FC was < 0.60,
according to Student’s t test (two-tailed, P < 0.05). The functional enrichment
analysis was performed using PlantRegMap (Tian et al, 2019;
http://plantregmap.gao-lab.org) and KOBAS (Bu et al., 2021;
http://kobas.cbi.pku.edu.cn).

3.2.3.5 Statistical analysis

For all the morphological and physiological data, at least three biological
replicates were accessed. We used Prism GraphPad (https://www.graphpad.com)

and RStudio (R Core Team, 2023) to perform statistical analysis and to create the
graphs. In all cases, the error bars show SEM, and the letters indicate significant
differences (Tukey test, P <0.05).
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3.2.4 RESULTS

3.2.4.1 Plant growth, development and physiological responses

The NUE-contrasting inbred lines presented clear phenotypic differences on
high and low N conditions (Figure 6).

P2 N100% L80 N100% P2 N10%  L80 N10%

Figure 6. Phenotype of two NUE-contrasting inbred lines (P2: N-efficient; L80: N-
inefficient) under high (100% of required N) and low (10% of required N) N
conditions.

N limitation in the soil caused significant differences (P < 0.001) in the NUE-
contrasting inbred lines for growth and development evaluated traits, except for
relative water content and root dry weight, the latter tending to decrease when in N-
limiting condition (Figure 7).
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Figure 7 - Growth-related traits measured in popcorn plants grown under high
(100% N) and low (10%) nitrogen conditions. Error bars indicate standard error of
the mean (n = 7 biological replicates, except for root dry weight and relative water
content which n = 3 biological replicates). *, **, *** indicate P-values < 0.05, <0.01
and < 0.001, respectively (Student's t-test).

The N-efficient inbred line P2 showed higher means for all traits in both N
conditions compared to the N-inefficient inbred line L80. The reductions caused on
P2 due to low N supply in plant height, leaf area, stem diameter and shoot dry matter
were 24.2, 24.8, 13.0 and 47.3%, respectively. For L80, losses were more
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pronounced for all traits (except for leaf area), in the order of 27.2, 23.4, 56.0 and
17.7%, respectively (Figure 7).

Regarding the Oz evolution rate (Apot, Figure 8), on the high N condition, both
inbred lines showed a similar behavior, mainly at low (below 233 pmol m2 s) and
saturating (above 1200 ymol m s') light conditions. According to the hyperbola
fitting of Apot, under high N P2 presented 30% less Amaxthan L80 (P < 0.01) but with
a faster response to light, once it reached 63.2% of the maximum value of the curve
(Ka) at 727 PPFD, whereas L80 reached K4 same response at 1360 PPFD (Figure
8a).
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Figure 8 - Light-response curves for net Oz evolution (umol m=2 s'') estimated at 35
°C and = 1% [COg], using 10 decreasing photosynthetic photons flux density
(PPFD) levels in popcorn plants grown under high (100% N —a) and low (10% N —
b) nitrogen conditions. Error bars indicate standard error of the mean (n= 3 biological
replicates). Letters above each light point indicate the difference between means by
Tukey test (P < 0.05).

However, under low N condition, P2 and L80 showed significant differences
(P < 0.001) for all points on the light response curve, and even more pronounced
under light saturation conditions. This becomes more evident from the light point
where the light intensity was higher than the average supply during the growing
conditions of the inbred lines (= 600 umol m2 s*). The N-efficient inbred line P2
showed Amax 14.2% higher than the N-inefficient inbred line L80 in addition to a more
efficient response to light supply (Figure 8b). The N condition caused significant
reductions in the rate of Ozevolution (P < 0.001) in both lines, however this decrease
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was more pronounced in L80, with an average reduction of 39.8% in Apot coOmpared
to an average reduction of 29.8% in P2.

The limited N supply markedly reduced the chlorophyll content in both lines
(Figure 9). Compared with the condition of adequate N supply, the reduction in
chlorophyll content under low N was 46.9% for P2 and 33.6% for L80 (Figure 9a).
The flavonol content, however, was positively impacted by the stress condition, with
increases of 28.6% on P2 and 27.7% on L80 (Figure 4b). The same was observed
in the anthocyanin content, with increases of 46.5 and 25% in P2 and L80,
respectively (Figure 4c).
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Figure 9 - Leaf pigments measured in popcorn plants grown under high (100% N)
and low (10%) nitrogen conditions. Error bars indicate standard error of the mean
(n= 7 biological replicates and 5 technical replicates). * and ** indicate P-values <
0.05 and <0.01, respectively (Tukey test).

Regarding chlorophyll fluorescence-related traits, under both nitrogen
conditions, the lines showed significant differences in effective quantum yield of
photosystem |l (¢PSll), photochemical quenching (gP), and non-photochemical
quenching (NPQ). The N-efficient line P2 showed higher values for all three traits
under both conditions (P < 0.001, Figure 10). Nitrogen deprivation impacted the
performance of all lines for ¢PSII, gP, and NPQ (P < 0.001), with NPQ being the
most impacted trait. NPQ increased in both nitrogen-deprived lines, but the largest
increase was observed in the N-efficient line P2, with significantly higher averages
after 300 PPFD (Figure 10f). Although significant differences between lines were
observed for some points on the light response curve for $PSIl and gP (Figure 10a-
d), the difference between P2 and L80 for these variables was not as noticeable as
for NPQ.
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Figure 10 - Light-response curves of effective quantum yield of PSII ($PSll — a, b),
photochemical quenching (gP — ¢, d) and non-photochemical quenching (NPQ —e,
f) measured in popcorn plants grown under high (100%) and low (10%) nitrogen
conditions. Error bars indicate standard error of the mean (n= 3 biological
replicates). Letters above each light point indicate the difference between means by

Tukey Test (p<0.05).

3.2.4.2 Leaf proteomics

We identified a total of 1276 proteins in maize leaves under high and low N

levels (Supplementary Table 5). Among them, 215 different accumulated proteins

(DAPs) were observed in P2 inbred line e 168 DAPs were observed in L80 inbred line,
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both considering the contrast between low N level and high N level (N10/N100) (Figure

11a, Supplementary Table 5). In P2, 78 DAPs were up-regulated and 119 were down-

accumulated, while in L80, 36 DAPs were up-accumulated and 120 were down-

accumulated. In P2 inbred line we observed 13 unique proteins in high N level and 5

unique proteins in low N level, while in L80 only 5 and 7 unique proteins were identified

in high and low N levels, respectively. In both comparisons we identified 79 shared
DAPs between inbred lines (Figure 11b, Supplementary Table 5).
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Figure 11 - Leaf proteomic analysis of two popcorn inbred lines grown under contrasting
conditions of N in soil (N 100% and N10%). a Venn diagram shows the overlap of
differentially accumulated proteins. b Heatmap of 79 co-regulated proteins between P2 (N-
efficient line) and L80 (N-inefficient inbred line). ¢ GO enrichment of top 26 GO terms of
DAPs using PlantRegMap database with Zea mays genome as reference.
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The Gene Ontology (GO) enrichment analysis categorized the DAPs into
three categories. The most significant terms (P <0.05) were the functional groups
organonitrogen compound metabolic process (GO: 1901564) and organonitrogen
compound biosynthetic process (GO: 1901566), shared by both lines, structural
constituent of ribosome (GO : 0003735) and structural molecule activity (GO:
0005198) in the N-efficient line P2 and chloroplast (GO: 0009507), plastid (GO:
0009536) in the N-inefficient line L80 (Figure 11c).

We performed the Kyoto Encyclopedia of Genes and Genomes (KEGGQ)
analysis to investigate the biological functions of DAPs. P2 and L80 sequences were
mapped in several pathways. A total of 103 sequences were mapped on the P2 line
while 118 sequences mapped on L80 (P < 0.05). The most enriched pathway was
metabolic pathways, followed by ribosome and biosynthesis of secondary
metabolites (Figure 12).
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Figure 12 - KEGG pathway analysis of DAPs in P2 and L80 inbred lines under
contrasting conditions of N in soil (x axis represents the number of proteins involved
in each KEGG pathway represented by y axis).
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3.2.5 DISCUSSION

3.2.5.1 The effects of N starvation on plant growth, development, and

physiological traits

Plant growth and development, as well as the regulation of various
physiological mechanisms, directly depend on an adequate supply of nutrients. In
this sense, N plays a fundamental role in plants, being an essential component of
important macromolecules. In maize, N is one of the most used essential nutrients,
and represents up to 5% of the total dry weight of the plant (Hawkesford et al., 2012;
Mascia et al., 2019). In addition, N is involved in several essential plant functions,
including the formation of leaf pigments, synthesis of amino acids, nucleic acids,
proteins, and plant hormones.

Our results show that the 90% reduction of nitrogen supply significantly
affected the growth of NUE-contrasting inbred lines. This effect was more
pronounced in the N-inefficient inbred line L80 for some traits such as plant height,
stem diameter, and shoot dry matter (Figure 6). These reductions are likely due to
the reduced CO:2 assimilation rate and shoot dry mass, already reported in previous
studies for cotton (Zhu et al., 2022), rice (Zhong et al., 2019; Tantray et al., 2020),
maize (Wu et al., 2019) and popcorn (Santos et al., 2017; Khan et al., 2020b, 2022;
2019; Santos et al., 2023).

Nitrogen also plays a vital role in photosynthesis. In C4 plants, about 45% of
available N is allocated to soluble proteins (20% of which is ribulose-1,5-
bisphosphate carboxylase — Rubisco) and 25% to thylakoids. Out of the total N
allocated to thylakoids, about 75% is associated with proteins from light-harvesting
complexes and the remainder allocated to bioenergetics (Mu and Chen, 2021).
Thus, N limitation can drastically affect the photosynthetic and bioenergetic
processes of plants. To assess these effects on NUE-contrasting inbred lines in this
study, we used parameters related to chlorophyll fluorescence that have been used
in several studies to understand the physiological mechanisms impacted by N
limitation.

In this sense, the light response curve of chlorophyll fluorescence is a fast
and sensitive method to detect the impacts of abiotic stresses (such as low N
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availability) on the photosynthetic processes of plants under different conditions of
light availability. The ¢PSIl measures the efficiency of PSIlI photochemistry and
represents the proportion of light that, after being absorbed by PSll-associated
chlorophyll, will be used in photochemistry. The qP gives an indication of the
proportion of PSII reaction centers that are open and ready to function dissipating
the light energy absorbed as electron transport (Maxwell and Johnson, 2000).
Alternatively, NPQ refers to the photoprotective dissipation mechanism that
dissipates excess absorbed light energy in the form of heat, preventing damage to
the photosynthetic apparatus (Maxwell and Johnson, 2000). Thus, based on the
content of leaf pigments and on the light response curves of chlorophyll
fluorescence parameters and photosynthetic Oz evolution rate, our hypothesis is
that the two lines showed different mechanisms to deal with the low N supply.

Under low N, the N-inefficient inbred line L80 had higher chlorophyll and
anthocyanin content than the N-efficient inbred line P2 (and less reduction between
the two conditions) while the N-efficient line showed higher values for flavonoid
content (Figure 9). Anthocyanins and flavonoids are plant pigments that belong to
the phenylpropanoid subclass of secondary metabolites and act as non-enzymatic
antioxidants protecting plants against the reactive oxygen species (ROS), playing
an important role in photoprotection (Hughes et al., 2014; Zhang et al., 2022). In this
case, each line used different accessory pigments to mitigate photoinhibition
damage. Additionally, in terms of photoprotection, P2 showed higher values of NPQ
under low N condition (Figure 10f).

However, these physiological adaptations showed in two inbred lines did not
translate into higher $PSII, once P2 and L80 both showed a significant reduction for
this trait, with a negligible difference in saturating light condition (starting from 600
PPFDs). However, P2 showed significantly higher Apot values. Thus, our hypothesis
is that this difference in the performance of the two lines and the superiority of P2 in
N-limiting conditions might not directly be associated with light harvesting process,
but potentially in the amount and/or regeneration of Rubisco, which could lead to a
decrease in photosynthetic activity, as previously described in a study conducted by
Tazoe et al., (2006) in Amaranthus cruentus, a Ca4 plant. In that study, it was
observed that the N content in soluble proteins such as Rubisco was reduced by
24% due to N deprivation.
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Subsequently, Mu et al. (2016) revealed that, compared to the control
treatment (HN — 180 kg N ha™'), N deprivation (0 kg N ha') reduced the percentage
of N allocated to Rubisco by 24% in maize plants, as well as other light harvesting
proteins. On the other hand, there was a 65% increase in the N content allocated to
bioenergetics. Therefore, based on previous studies, it can be inferred that C4 plants
tend to invest more N in bioenergetics to support electron transport, in addition to
preferably reducing the content of Rubisco, in response to N deprivation. However,
in the present study, this could not be verified. Future work will help us understand
whether the difference in the photosynthetic efficiency of the two lines is associated
with the synthesis or regeneration of this enzyme.

3.2.5.2 Regulation of proteins associated with photosynthesis in conditions
of N deprivation

Abiotic stresses significantly affect the productivity of important crops such
as popcorn. As one of the first responses of plants to these stresses, stomatal
closure occurs, reducing the availability of CO2 for Rubisco and triggering the
generation of ROS (Bai et al., 2023). At a molecular level, these stresses cause a
reduction in the activity of photosystem Il (PSII) or | (PSI), generating a deficit in the
electron transport chain, and consequently, damage by photoinhibition (Ozaki et al.,
2022).

In this work, a PSII D2 protein (PsbD — P48184) was up-accumulated in P2
and down-accumulated in L80, while PSI reaction center subunit IV A (PsakE —
B6TH55) and Rieske domain-containing protein (PetC — AOA804LDL1) were up-
accumulated in P2 and unchanged in L80 (Supplementary Table 5). Among the
intrinsic proteins of PSIl, PsbD is required for phototropic growth and oxygen
evolution, and the lack of this protein can cause severe damage to the functions of
PSII.

PsaE and PetC are both involved on the electron tranport chain and are
determinants of the rate of electron transport on PSIl and PSI. PsaE is involved in
electron transfer in PSI, which occurs through its association with ferredoxin (Fd)
and previous studies (Varotto et al., 2000; Ihnatowicz et al., 2007) showed that psae
mutants had significant reductions in electron flow, growth rate and a reduction of
up to 50% in the total chlorophyll content. PetC is a component of cytochrome bsf
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complex wich is involved in both linear and cyclic electron transport, and it is
considered a limiting step in the photosynthetic electron transport chain (Ermakova
et al., 2019) and its overexpression resulted in substancial impact on quantum yield
of PSI and PSII, biomass and seed yield on A. thaliana (Simkin et al., 2017).
Therefore, our results suggest that the increase in the expression of PsbD, PsaE
ans PetC likely contributed to an improvement in N utilization and resulted in
significantly higher values of photossynthetic Oz evolution rate in the N-efficient
inbred line (Figure 8).

The L80 showed down-accumulation of oxygen-evolving enhancer protein 3
(OOE3 - B4FT19) and plastocyanin (PC — B6SSB9) (Supplementary Table 5). OEE
proteins consist of three subunits that are bounded to PSII on the luminal side of the
thylakoid membrane and are crucial members of the oxygen-evolving complex
(OEC), which is involved in the photo-oxidation of water during the light reactions of
photosynthesis and providing protons to PSI (Thornton et al., 2004; Chen et al.,
2022). This protein complex is sensitive to abiotic stresses, and alteration in its
regulation have been reported in plants under abiotic stresses such as drought (Lu
and Zhang, 1999; Hajheidari et al., 2005; Li et al., 2018a; Zadraznik et al., 2019)
and salinity (Murota et al., 1994; Sugihara et al., 2000). PC, in turn, shuttles
electrons from PSII to PSI, binding to cytocrom f and PSI (CASPY et al., 2021).

Thus, the downregulation of OOES3 and PC in the L80 inbred line may have
contributed to the reduction in electron flow in the electron transport chain, which
could have led to less pronounced values of Apotin L80 (Figure 8b), impacting its

growth and development.

3.25.3 N affects the pathways of energy generation and secondary
metabolites production

We identified proteins related to energy generation and involved in carbon
fixation in both lines. Phosphoenolpyruvate carboxykinase (PEPCK — COP3W9) was
up-accumulated in P2 and unchanged in L80 whereas phosphoenolpyruvate
carboxylase (PEPC — K7VCJ9) was down-accumulated in L80 and unchanged in
P2 (Supplementary Table 5).

PEPC catalyzes the conversion of CO2 and phosphoenolpyruvate (PEP) to
oxaloacetate (OAA), which is then converted into malate or aspartate and



64

transported to bundle sheath cells in C4 plants where CO: is released for the Calvin
cycle (Carmo-Silva et al., 2008; Torresi et al., 2023). PEPCK is found in the cytosol
and mitochondria of plant cells and catalyzes the conversion of OOA to PEP, which
is then used in the process of gluconeogenesis to produce glucose (Behera et al.,
2023). This conversion is critical for plants when they are experiencing conditions
of reduced COz2 fixation caused by abiotic stresses. Under these conditions, PEPCK
helps the plant to conserve energy by using alternative carbon sources allowing
them to maintain their metabolic processes even when photosynthesis is limited
(Carmo-Silva et al., 2008; Walker et al., 2021).

Glycine cleavage system P (GCS-P — K7TIN2) was up accumulated in P2
line while presented unchanged accumulation in L80 (Supplementary Table 5). The
GCS-P is a component of the glycine cleavage system (GCS), a metabolic pathway
that is responsible for the breakdown of glycine into serine and one-carbon units
during photorespiration. Studies have shown that overexpression of GCS system
proteins led to substantial increments in photosynthesis and growth of plants such
as A. thaliana (Kebeish et al., 2007; Maier et al., 2012) and tobacco (Lopez-
Calcagno et al., 2019).

Together, these results suggest that N deficiency regulated the up
accumulation of PEPCK and GCS-P in the P2 inbred line and the down
accumulation of PEPC in L80, which may have substantially contributed to the
difference in energy balance between the two inbred lines, highlighting that P2 is
more efficient in regulating key enzymes for alternative carbon metabolism
pathways to compensate for the energy deficit. Our findings are consistent with
Khan et al. (2022), suggesting that in popcorn, N may regulate enzymes involved in
the glycolysis pathway to overcome energy shortage.

3.2.5.4 Antioxidant system to reduce the effects of ROS due to N deprivation

The stress caused by N deprivation increases the amount of excitation
energy resulting on damage to the photosynthetic apparatus caused by ROS
(Zhang et al., 2012). To deal with these imbalances, plants use a series of enzymes
and antioxidant molecules to scavenge ROS and other free radicals. Generally,
ROS-scavenging systems in plants are comprised of non-enzymatic and/or
enzymatic antioxidants (Soares et al., 2019; Machado et al., 2023).
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Ascorbate peroxidase (APX) is a central enzyme for ROS scavenging in
plants and can be induced under several biotic and abiotic stresses (Kuo et al.
2020). APX, which is the first step of the ascorbate-glutathione cycle, uses
ascorbate as its specific electron donor to reduce H202 to water (Xiao et al., 2021).
The regeneration of the ascorbate involved in this cycle is performed by
monodehydroascorbate reductase (MDAR) (Leterrier et al., 2005). In P2, both
proteins were up-accumulated on the ascorbate metabolism (peroxidase — K7V8K5;
and MDAR — COP4MO) (Supplementary Table 5).

Cytochrome P450 (CYP 450), RAB-related protein (RAB7 — AOA804QRTS),
malic enzyme (ME - AOA804PAES3), aspartate aminotransferase (AST -
AOA804ND31) and phytoene dehydrogenase (AOA804LEU1) were up-accumulated
on P2 inbred line (Supplementary Table 5). CYP 450 and phytoene dehydrogenase
are essential enzymes involved in the ROS-scavenging system. CYP 450 play
significant role in various biosynthetic reactions during abiotic stresses (Pandian et
al., 2020) and contribute also to the production of carotenoids and flavonoids, which
serve as defense mechanisms against ROS (Xu et al., 2015). In popcorn and maize,
they have been linked to tolerance to several abiotic stresses such as heavy metal
(Pinto et al., 2021), drought stress (Li and Wei, 2020), salinity (Z&érb et al., 2005) but
their specific role in low N stress is not yet well understood. Phytoene
dehydrogenase acts on the production of carotenoids catalyzing the first step in the
carotenoid biosynthesis pathway, which is the conversion of colorless phytoene to
colored phytofluene (Welsch et al., 2008).

The proteins of the RAB family (GTPases) are involved in the vesicle
trafficking system and recent studies have shown that the overexpression of Rab7
gene have enhanced tolerance to several abiotic stresses on A. thaliana (Mazel et
al., 2004), tobacco (Agarwal et al., 2008), Prosopis julifiora (George and Parida,
2011) and rice (Tripathy et al., 2017). More recently, El-Esawi and Alayafi (2019)
demonstrated that the overexpression of Rab7 in rice promotes drought and heat
tolerance by modulating different antioxidants. ME is also described as an important
ROS-scavenging protein acting not only balancing the malic acid concentration in
cells, but reducing oxidative damage caused by ROS and enhancing plants’ abiotic
stress tolerance (Zhou et al., 2011). The mechanism by which AST, up accumulated
in the inbred line P2, may reduce ROS levels in plant is not yet fully understood.
Indirectly, this enzyme acts through the transamination of glutamate with the final
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process resulting in the formation of aspartate (Asp). Asp can then be used for
several metabolic processes and be converted again to glutamate, a precursor or
glutathione (Han et al., 2021) — a powerful ROS-scavenging metabolite (Dorion et
al., 2021).

Our hypothesis is that the low N supply triggered the activation of
mechanisms that positively regulate both enzymatic and non-enzymatic
antioxidants. This is supported by the observed increase in accessory pigments in
P2 (Figure 9) and the enhanced accumulation of key ROS-scavenging enzymes.
These mechanisms likely played a role in minimizing ROS-induced damage.
Consequently, these findings may explain the higher Apot rates observed in P2,
which, despite being subjected to N limitation, experienced less reductions and
maintained higher values compared to the N-inefficient line L80.

3.2.6 CONCLUSION

In conclusion, both physiological and proteomic analyses contribute to the
understanding of the physiological and molecular mechanisms underlying the
efficient response of contrasting popcorn genotypes to nitrogen use efficiency
(NUE). The increased regulation of proteins involved in plant photochemistry and
bioenergetic metabolism in the efficient inbred line plays a crucial role in maintaining
photosynthesis and utilizing an alternative pathway to manage the energy
imbalance resulting from nitrogen deprivation. Additionally, the abundance of
proteins associated with the enzymatic antioxidant system and the increase in
accessory pigments constituting the non-enzymatic antioxidant system contribute
significantly to a more efficient utilization of nitrogen in the efficient lineage.

Our results provide valuable insights into the adaptive responses of popcorn
plants to limited nitrogen availability. Ultimately, this knowledge can be utilized to
develop novel breeding strategies aimed at producing popcorn cultivars with
enhanced NUE, ultimately promoting sustainable agriculture, reducing
environmental impacts, and meeting the growing global demand for food.
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Supplementary Table 1 Chemical and particle-size analysis of the substrate used to evaluate four lines and 12 diallel popcorn hybrids

under contrasting nitrogen conditions

pH SSO; P K Ca Mg Al Na H+Al C OM CEC SB BS m NaSi Fe Cu 2Zn Mn B N
Sample
H.0 mg/dm3 mmol./dm? g/dm? mmols/dm® % % % mg/dm3 %
1 6.7 2 8 06 79 19 0 04 33 13 224 141 108 77 0 3 2172 0142 23 336 033 0.18
2 6.7 2 8 05 73 19 0 07 4.1 1.3 224 155 104 74 O 5 2450 004 26 340 037 017
3 6.7 2 8 06 76 19 0 05 4 1.3 224 15 106 75 O 5 230.0 010 25 33.0 0.38 0.17

Extractors: P, Na, K, Fe, Zn, Mn, Cu — Mehlich-1 Extractor; Ca, Mg, Al — KCI Extractor (1 mol/L); H + Al — Calcium Acetate Extractor (0.5 mol/L and pH 7.0); B —
Hot water extractor; S — Monocalcium Phosphate Extractor. Abbreviations: SB — Sum of Exchangeable Bases; CEC — Cation Exchange Capacity at pH 7.0; BS
— Base Saturation Index; m — Aluminum saturation index; NaS| — Sodium saturation index; and OM — Organic matter (C Org x 1,724, Walkley-Black

c6
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Supplementary Table 2 Principal component analysis (PCA) for 28 morpho-
agronomic and physiological traits evaluated in popcorn genotypes under

contrasting nitrogen (N) availability

Principal Eigenvalue Variance (%) Cu_mulatl\;e
component variance (%)
High N

1 14.78 52.80 52.80
2 9.04 32.30 85.10
3 417 14.90 100.00

Low N
1 12.50 44.64 44.64
2 10.10 36.06 80.70
3 5.40 19.30 100.00
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Supplementary Table 3 R2 statistics to test the proportional contribution of each
source of variation in 28 morpho-agronomic and physiological traits evaluated in
popcorn genotypes under contrasting nitrogen (N) availability

Sum of Squares R? statistics

Trait
G N GxN Total R2a R2n  R%g«n
PH 1351.56 166.35 610.74 2128.64 0.635 0.078 0.287
SD 112.27 294.39 54.76 461.41 0.243 0.638 0.119
LA 46743.95 83920.25 28458.37 159122.57  0.294 0.527 0.179
LDM 51.28 131.37 27.61 210.26 0.244 0.625 0.131
SDM 33.27 42.75 19.42 95.44 0.349 0.448 0.203
STDM 158.28 324.06 81.33 563.67 0.281 0.575 0.144
RDM 5.51 2.84 3.46 11.82 0.467 0.241 0.293
LNC 582.17 2322.93 432.16 3337.27 0.174 0.696 0.129
SNC 585.31 2722.78 471.36 3779.45 0.155 0.720 0.125
RNC 126.22 258.19 136.31 520.72 0.242 0.496 0.262
STNC 1776.81 10075.55 1512.41 13364.76 0.133 0.754 0.113
PNC 2530.05 13559.60 2383.28 18472.93 0.137 0.734 0.129
NUE 825099.01  3563988.70  565939.84  4955027.55 0.167 0.719 0.114
NUpE_cR 11.84 972.43 11.34 995.61 0.012 0.977 0.011
NUpE_sR 8.82 570.26 7.92 587.00 0.015 0.971 0.014
NUtE_ cR  91009.80 32707.18 39096.94 162813.93  0.559 0.201 0.240
NUtE_sR  57696.23 25439.84 22885.31 106021.37  0.544 0.240 0.216
NTrE 0.018 0.028 0.015 0.060 0.301 0.458 0.241
A 646.64 1250.61 466.58 2363.83 0.274 0529 0.197
gs 0.087 0.149 0.078 0.314 0.277 0.474 0.249
Ci 21125.85 9564.15 16386.92 47076.93  0.449 0.203 0.348
E 8.79 4.91 13.31 27.02 0.326 0.182 0.493
Ci/Ca 0.281 0.065 0.233 0.579 0.485 0.112 0.403
Fv/Fm 0.784 0.048 0.294 1.126 0.696 0.043 0.261
Chl 628.85 1273.00 364.44 2266.29 0.277 0.562 0.161
Flav 0.489 0.107 0.364 0.961 0.509 0.111 0.379
Anth 0.172 0.091 0.148 0.411 0.418 0.221 0.361
NBI 1118.23 4388.86 1208.65 6715.75 0.167 0.654 0.180

Values in bold represents the ones with biggest contribution to their respective Sum of Square. R% —
Genotypic contribution to the observed variation in genotypes; R?% — Nitrogen condition contribution to the
observed variation in genotypes; R%.n— Genotype by N interaction contribution to the observed variation in
genotypes; PH — plant height (cm); SD — stem diameter (mm); LA — leaf area (cm?); LDM — leaf dry matter
(9); SDM — stem dry matter (g); STDM — shoot dry matter (g); RDM — root dry matter (g); LNC — leaf N
content (mg of N kg'); SNC — stem N content (mg of N kg''); RNC —root N content (mg of N kg'); STNC —
shoot N content (mg of N kg'); PNC — plant N content (mg of N kg™'); (NUE — N use efficiency; NUpE_cR —
N uptake efficiency with root N content; NUpE_sR — N uptake efficiency without root N content; NUtE_cR —
N utilization efficiency with the content of N in the root; NUtE_sR — N utilization efficiency without the content
of N in the root; NTrE — N translocation efficiency; A — net CO2 assimilation rate; gs — stomatal conductance;
Ci — intercellular concentration of COz; E — transpiration rate; Ci/Ca — ratio between the intercellular and
external concentration of CO2; Fv/Fm — photochemical efficiency of photosystem II; Chl — relative chlorophyll
content; Flav — relative content of flavonoids; Anth — relative anthocyanin content; NBI — nitrogen balance
index



Supplementary Table 4 Analysis of variance and quadratic components for 28 characters evaluated in 16 popcorn genotypes under
contrasting nitrogen conditions, according to the model proposed by Griffing (1956) for a diallel involving four lines, their F1s, and

reciprocal hybrids.

High N condition

Low N condition

General

Trait co;r;)t;liirtl;ng comt?ifl?r?gi]ﬁ:bility Reciprocal effect Residual Effect Genera;lbtilciptr; bining comt?ifl?r?gi]ﬁ:bility Reciprocal effect Rgffig:tal
MS g % MS ®s % MS @rc % Value % MS ®g % MS ®s % MS @rc % Value %
PH * 12 31 * 2957 74 * 8655 22 0.571 1.4 * 5.65 1539 * 2796 76 ** 3.077 84 0.04 0.1
SD * 04 110 1.3¢ 37 * 1871 51 0.029 08 * 0.24 1431 ** 129 73 ™ 0208 13 0.005 0.3
LA * 62 19 ** 1594 49 ** 1594 49  1.521 0.1 b 73.67 8.17 ** 368 41 **  458.8 51 0.505 0.1
LDM * 01 51 * 1428 59 ** 0868 36 0.008 03 * 0.05 1219 ** 026 59 * 0124 29 0.001 0.1
SDM * 01 3 ** 1.08 63 * 0578 34 0.002 0.1 b 0.05 15.74 ™ 022 71 * 0.039 13 4E-04 0.1
STDM * 03 39 * 4813 63 * 2578 34 0.006 0.1 b 0.20 1482 ** 0.87 66 ** 0.25 19  0.001 0.1
RDM ** 0 83 * 0.095 46 ** 0.093 45 0 0.1 * 0.01 6.25 ** 0.07 69 * 0024 22 0.002 2
LNC * 06 3 * 7141 36 ** 122 61 0.15 08 * 1.06 6.79 ** 1112 71 * 3409 22 0.076 05
SNC * 06 21 ** 792 27 * 2105 T 0.041 0.1 * 0.15 2.72 ** 441 81 * 0391 72 0509 93
RNC * 01 08 * 1417 21 *™ 5144 77 0.081 1.2 ™ 0.07 3.43 ** 1.3 70 * 0484 25 0.037 1.9
STNC ** 2 22 * 2353 27 ™ 6272 71 0.213 02 * 1.11 16.42 ** 1.11 16 ™ 4057 60 0479 7.1
PNC * 27 21 * 2483 19 ** 1009 78 0.286 02 * 1.07 4.16 ** 1750 68 ** 6.618 26 0.454 1.8
NUE * 98 39 * 1597 63 ** 8549 34 1.857 0.1 b 6671.84 1482 * 29796 66 ** 8535 19 30.08 0.1
NUPE_cR * o 21 ™= 0.008 19 *™ 0.033 78 0 02 * 0.04 4.16 ** 060 68 *™ 0226 26 0.016 1.8
NUpE_sR ** 0 22 *= 0.008 27 * 0.021 71 0 02 * 0.04 6.03 ** 044 69 * 0139 22 0.016 26
NULE_cR * 105 32 ** 28321 70 ** 9082 27 4.047 0.1 * 212.35 13.36 ** 926 58 ** 4416 28 9129 0.6
NUtE_sR * 68 33 ** 1365 66 ** 6222 30 2.267 0.1 b 132.65 14.06 ** 555 59 ** 2522 27 3.09 0.3
NTrE ** o 02 * 0001 78 * 0 20 0 24 0.00 9.56 ** 0.00 71 * 0 14 0 55

G6



Supplementary Table 4 — Cont.

High N condition

Low N condition

General - - - .

Trait co;)ﬁ:r;ng comt?iz?r?glgﬂ:bility Reciprocal effect Residual Effect Generzlb‘;ﬁtr;bmmg coml?i?\?:;ﬂ:bility Reciprocal effect R%ﬁ;:gfl
MS ®g % MS ®s % MS orc %  Value % MS o9 % MS ®s % MS orc % Value %

A * 3.5 15 * 1425 62 * 4691 20 0.528 2.3 * 0.88 6.09 ** 6.32 44 ** 6.799 47 0426 3

gs * 0 13 * 0002 62 * 0.001 18 0 71 * 0.00 0.62 ** 0.00 37 ** 0.001 55 0 75

Ci = 31 5.5 3172 56 ** 149 26 70.71 12 = 37.47 429 ** 530 61 ** 2994 34 7.109 0.8

E = 0 9.8 * 0252 53 * 0.161 34 0.015 3.1 = 0.02 7.03 ** 0.14 50 ** 0.115 41 0.006 2.1

Ci/Ca * 0 6 * 0.004 58 * 0.001 12 0.002 24 * 0.00 9.4 ** 0.01 58 ** 0.004 29 4E-04 3.2
Fv/IFm o 0 4.3 * 0.004 49 * 0.003 41 0 5.9 o 0.00 528 ** 0.01 50 ** 0.013 43 4E-04 1.2
Chli = 0.4 1.3 * 1501 54 * 1073 39 1.716 6.2 = 0.30 2.3 * . 10.08 77 ** 1938 15 0.802 6.1

Flav ** 0 11 * 0.01 49 ** 0.006 29 0.002 11 * 0.00 572  ** 0.01 74 * 0.002 20 1E-04 0.6
Anth *x 0 24 * 0 60 ** 0 37 3E-06 08 ns 0.00 0 ns  0.00 0 ns 0002 73 0.02 93
NBI o 3.4 4.9 * 3861 56 ** 1439 21 12,99 19 o 1.61 6.1 * 16.80 64 ** 6,519 25 1.468 5.6

MS — Mean Square; @g, ¢s and @rc — quadratic component associated with general and specific combining abilities and reciprocal effects, respectively; PH — plant
height (cm); SD — stem diameter (mm); LA — leaf area (cm2); LDM — leaf dry matter (g); SDM — stem dry matter (g); STDM — shoot dry matter (g); RDM — root dry
matter (g); LNC — leaf N content (mg of N kg™'); SNC — stem N content (mg of N kg''); RNC — root N content (mg of N kg''); STNC — shoot N content (mg of N kg-
1); PNC — plant N content (mg of N kg -*); NUE — N use efficiency; NUpE_cR — N uptake efficiency with root N content; NUpE_sR — N uptake efficiency without root
N content; NUtE_cR — N utilization efficiency with the N content of the root; NUtE_sR — N utilization efficiency without the N content of the root; NTrE — N translocation
efficiency; A —net CO:z assimilation rate; gs — stomatal conductance; Ci — intercelullar concentration of CO2; E — transpiration rate; Ci/Ca — ratio between the internal
and external concentration of CO2; Fv/Fm — photochemical efficiency of photosystem IlI; Chl — relative chlorophyll content; Flav — relative flavonoid content; Anth —

relative anthocyanin content; NBI — nitrogen balance index. Significance levels: * p 0.05; ** p < 0.01; and ns = not significant.
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Supplementary Table 5 Complete list of proteins identified in the leaves of two lines of popcorn lines (Zea mays everta) contrasting
for NUE grown under high (HN) and low (LN) N conditions.

Average

Average

Average

Average

; : ; : t-test t-test Log.FC Log.FC Differential Differential

Accession Description F;Zf,fi::g '\:8:2;:'::? ":g;"gghz:f '\:8:2;:'::? ":g;"gghz:f P2 L80 P2 Accumulation Accumulation

A N o NCON™ LNHN LNHN LNHN  LNHN  LBOLNHN P2 LNHN

QO6XS3  Lipoxygenase 57 475809 283195 553731 294038  0.00114 0.00301 -0.74858 -0.91318  DOWN DOWN

P17788 c?ﬁfréngcmal protein L2, 9 108055 54609 111118 48360  0.00807 0.00587 -0.98454 -1.20020  DOWN DOWN

B8A367  Cysteine synthase 16 135992 70337 44312 26013 0.00173 0.00248 -0.95115 -0.76848  DOWN DOWN

COHHC4  Nucleoside diphosphate kinase 8 101335 35323 98094 21844  0.00292 0.00290 -1.52045 -2.16689  DOWN DOWN

COP530 C%T;gg[ggt'g 60 subunit beta 2 32 163319 104358 129833 68136  0.00125 0.00034 -0.64615 -0.93017  DOWN DOWN

B4FRR1 Inorganic diphosphatase 15 154301 90899 148622 78890  0.01427 0.02085 -0.76340 -0.91373  DOWN DOWN

BaFN24 ~ Clutaredoxin-dependent 5 79708 45416 174154 56628  0.01188 0.02258 -0.81153 -1.62079  DOWN DOWN

peroxiredoxin
Electron carrier/ electron transporter/

BAFVPE e i 4 48131 25229 49951 20852  0.00641 0.04445 -0.93188 -1.12817  DOWN DOWN
AOADSEXF1  PDK regulatory proteint 20 107673 64133 133011 55514  0.00952 0.00199 -0.74751 -1.26062  DOWN DOWN
AOA1DBKKS1  peptidylprolyl isomerase 8 66821 21595 65741 18429 0.00090 0.03342 -1.62959 -1.83479  DOWN DOWN
AOABO4RFC1  Mg-protoporphyrin IX chelatase 18 81203 33931 42506 12519 0.00162 0.00504 -1.25891 -1.76351  DOWN DOWN
AOA1DBFNK4  60S ribosomal protein L11-1 3 36789 23431 24669 14862  0.03102 0.04994 -0.65085 -0.73108  DOWN DOWN

pogag7 °US ribosomal protein L23, 3 25836 13195 19808 6077  0.01329 0.00899 -0.96938 -1.70468  DOWN DOWN

chloroplastic

P08528 C?](I’fréngcma' protein L16, 2 56356 35119 64701 21289  0.00849 0.00002 -0.68230 -1.60369  DOWN DOWN

BessT7  0US ribosomal protein L5, 12 67340 35907 70379 24412 001226 0.00938 -0.90719 -1.52757  DOWN DOWN

chloroplastic

L6
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2LN
AOA1DEGVMS3 d%ﬁ';gg?:;‘g'ev“'i”ic acid 17 105965 49966 42421 19545  0.00018 0.00047 -1.08458 -1.11796  DOWN DOWN
B6T9SO  Thioredoxin X 6 34206 15833 42463 10878  0.01949 0.04712 -1.11134 -1.96478  DOWN DOWN
B6SLK4  Elongation factor 1-beta 9 88790 36431 74173 20263 0.00218 0.00323 -1.28525 -1.87205  DOWN DOWN
AOA804Q7A5  RRM domain-containing protein 10 55605 31760 44928 16901  0.01180 0.04495 -0.80803 -1.41047  DOWN DOWN
AOABO4LFM1  40S ribosomal protein S3a 9 47367 31099 35332 19573 0.02035 0.01734 -0.60701 -0.85209  DOWN DOWN
Q8W1C9  60S ribosomal protein L33-B 3 34155 20010 26630 13129 0.00658 0.04705 -0.77135 -1.02032  DOWN DOWN
AOATDEFKVE  Ketol-acid reductoisomerase 16 97546 58611 75625 36736  0.02457 0.02573 -0.73490 -1.04168  DOWN DOWN
BAFK84 glutathione transferase 4 34652 10501 40563 6056  0.00671 0.01357 -1.72249 -2.74369  DOWN DOWN
AOAB04N6G2  PsbP domain-containing protein 9 35410 11792 41947 14052 0.00410 0.04330 -1.58639 -1.57781  DOWN DOWN
AOAB04P2H5  50S ribosomal protein L21 4 57555 30077 12680 5039  0.03975 0.00353 -0.93630 -1.09421  DOWN DOWN
B4FOR4 608 ribosomal protein L2 5 71220 43015 75335 41294  0.00464 0.01516 -0.72744 -0.86736  DOWN DOWN
AOA1DEM323  Ribosomal protein 7 43049 20756 30566 16234  0.00828 0.00820 -1.05242 -0.91287  DOWN DOWN
BAFWR7  60S ribosomal protein L13 4 22134 11868 20736 10048 0.04765 0.00449 -0.89920 -1.04527  DOWN DOWN
AOA804Q317  Isocitrate dehydrogenase [NADP] 9 155518 90070 169908 80473  0.00232 0.04421 -0.78796 -1.07818  DOWN DOWN
AOA1D61J76 di'g’;j:gg’;}?{s‘fi"ph°Sphate 4 38701 16568 42362 15040  0.01435 0.01283 -1.22394 -1.49400  DOWN DOWN
B6U1J2  50S ribosomal protein L11 2 20043 10505 13886 6518 001358 0.01842 -0.93211 -1.09122  DOWN DOWN
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
B4FT31 Dehydroascorbate reductase 5 31665 12324 34548 12354 0.00641 0.04140 -1.36142 -1.48356 DOWN DOWN
B4FH99 CLTg:igf;‘S’t:gme“a' protein TL20.3 8 19439 10970 19022 6927  0.01701 0.04900 -0.82540 -1.45740  DOWN DOWN
AOAS04UKB5 A TP-dependent Clp protease 3 12959 6189 11942 4699  0.00715 0.01989 -1.06614 -1.34551 DOWN DOWN
proteolytic subunit
coparg  Multiple organellar RNA editing 4 30749 14994 36643 15020  0.00169 0.00686 -1.03611 -1.28665  DOWN DOWN
factor 9 chloroplastic ’ ’ ’ ’
AOAB04p437  Clyceraldehyde-3-phosphate 6 7623 4170 8475 4031 0.00032 0.00336 -0.87049 -1.07223  DOWN DOWN
dehydrogenase
B6T504 Proteasome subunit alpha type 6 18407 10036 17530 8028 0.01823 0.03311 -0.87497 -1.12677 DOWN DOWN
AOABOALIP7 408 ribosomal protein S7 3 17851 7796 11990 5860  0.00014 0.03594 -1.19519 -1.03301  DOWN DOWN
AOA804MA4PO Ci?fr;ﬁgzgcma' protein S9, 4 46710 16757 32695 9602  0.00233 0.01575 -1.47898 -1.76770  DOWN DOWN
B4FJH1 RNA-binding (RRM/RBD/RNP 2 19000 9723 15587 6080  0.03672 0.02685 -0.96663 -1.35816  DOWN DOWN
motifs) family protein
AOATDBJIA9  K(+) efflux antiporter 2 chloroplastic 6 7792 4657 11340 6952  0.03164 0.01337 -0.74252 -0.70582  DOWN DOWN
B6SLQ7  60S ribosomal protein L23a 2 24721 13380 40204 12303 0.00733 0.01329 -0.88568 -1.70837  DOWN DOWN
Single-stranded DNA-binding protein . i
B2LXST e S et 2 11463 6720 5559 2452  0.02087 0.03003 -0.77042 -1.18067  DOWN DOWN
B4FHAOQ CLTg’li';f;‘S’t:gme”a'”'“ kDa protein 3 26644 15990 27618 14386 0.00772 0.00003 -0.73668 -0.94096  DOWN DOWN
1-deoxy-D-xylulose-5-phosphate ) )
AOA1DEMNJO  [-9e0xyDxylulo 4 14875 8480 8161 4955  0.03870 0.01339 -0.81073 -0.71975  DOWN DOWN
AOA1D6KAB4  LrgB-like family protein 2 2907 1598 4777 2374  0.04355 0.00255 -0.86295 -1.00859  DOWN DOWN
AOA1DBK5Y7 ~Chaperone protein ClpB3 5 8568 4544 7107 3814  0.00560 0.03733 -0.91496 -0.89787  DOWN DOWN

chloroplastic
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
o N oo LN oy PAoN™ LNHN  LNHN  LNHN  LNHN  LBOLN/HN P2 LNHN
A0A804NgUs ABC transporter B family member 4 7711 4809 9342 5354  0.00694 0.02892 -0.68105 -0.80324  DOWN DOWN
26, chloroplastic ' ’ ’ '
6-phosphofructo-2-kinase/fructose- ) )
BAFBNS o e 6 13092 6142 19596 4390 0.00004 0.00014 -1.09201 -2.15813  DOWN DOWN
Possgs  SUS ribosomal protein S3, 2 20198 10153 17766 8304  0.00062 0.00232 -0.99225 -1.09720  DOWN DOWN
chloroplastic
AOA1DBPAOD c?ﬁfrc:ngcmal protein L6 2 17256 10125 12128 4619 001329 0.00931 -0.76925 -1.39253  DOWN DOWN
K7THO0O  Polyamine oxidasef 3 8147 3523 14957 3321 0.00189 0.00076 -1.20938 -2.17102  DOWN DOWN
AOA804N2Z6  Protein translocase subunit SecA 8 18143 9508 20259 9344 0.04620 0.01192 -0.93216 -1.11647 DOWN DOWN
AOAB04NPP8  Nitrate reductase 2 28876 13951 17430 7694  0.00154 0.01390 -1.04950 -1.17975  DOWN DOWN
AOA804NIPY p?c')‘:;?rzedox'” domain-containing 2 10813 6669 11235 7237 0.00799 0.03744 -0.69738 -0.63455 DOWN DOWN
AOA1DBPF61  Translocase of chloroplast 2 4768 1303 3703 1644  0.01300 0.03378 -1.87108 -1.17166  DOWN DOWN
Ribulose bisphosphate carboxylase ] ]
POs348 o e e st 16 922790 652013 955409 620884  0.00451 0.01209 -0.50110 -0.62180  UNCH. DOWN
B4FSD8  plastoquinol--plastocyanin reductase 11 232957 168029 271080 141613 013845 0.04787 -0.47135 -0.93676  UNCH. DOWN
Q41864  Thioredoxin M-type, chloroplastic 8 37877 28828 230375 22508  0.00630 0.00398 -0.39386 -3.35546  UNCH. DOWN
B4FR47  Fructose-bisphosphate aldolase 23 239294 177041 204165 93814  0.00098 0.00149 -0.43470 -1.25668  UNCH. DOWN
B4FRC8  FAD/NAD(P)-binding oxidoreductase 16 428582 326086 560986 317527  0.03863 0.01120 -0.39432 -0.82109  UNCH. DOWN
B6UICH 50S ribosomal protein L12-1 9 181388 128432 207540 83337  0.04169 0.00149 -0.49807 -1.31636  UNCH. DOWN
AOA804QQG4  Heat shock cognate 70 kDa protein 29 17308 14300 16135 1348 025612 0.00000 -0.27541 -3.58179  UNCH. DOWN

00}



Supplementary Table 5 - Cont

Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
AOAB04NSA7 rSé{J%’t‘;fetﬁ/succmic semialdehyde 15 314785 254776 334804 199559  0.10286 0.03187 -0.30513 -0.74650  UNCH. DOWN
B6SRI4  14-3-3-like protein 12 35689 22117 30142 12417 024734 0.04644 -0.69034 -1.27947  UNCH. DOWN
K7TYJ1 Ribonucleoprotein 8 135024 108036 109594 64340  0.15220 0.00949 -0.32170 -0.76839  UNCH. DOWN
AOA804Q2W1 14 3_3 domain-containing protein 10 71631 20543 61414 31266  0.20883 0.01174 -1.66789 -0.97396  UNCH. DOWN
5_
AOAB04M1R0  methyltetrahydropteroyltriglutamate-- 18 8356 7942 6592 2483 075699 0.00207 -0.07335 -1.40865  UNCH. DOWN
homocysteine S-methyltransferase
Q768R3  Dicarboxylic acid transporter2 5 268588 201315 282285 172262 0.00113 0.00127 -0.41594 -0.71255  UNCH. DOWN
AOABO4PF87  hydroxymethylbilane synthase 11 74510 70114 38264 18364 072237 0.04422 -0.08772 -1.05913  UNCH. DOWN
AOAB04LW73  40S ribosomal protein S8 4 10252 11775 14698 7333 0.11260 0.00509 0.19981 -1.00316  UNCH. DOWN
QOFQB2  glutathione transferase 8 50110 34721 101518 44326  0.08687 0.04817 -0.52929 -1.19550  UNCH. DOWN
COPEC4 Ci?fréﬁgzgcma' protein S5 10 132760 89658 103253 62577  0.09790 0.01005 -0.56632 -0.72247  UNCH. DOWN
B6TN4t i aroXy-4-methyl-2-oxoglutarate 8 97590 68521 94802 39534  0.49253 0.00187 -0.51017 -1.26185  UNCH. DOWN
6,7-dimethyl-8-ribityllumazine
BeTGS8 e 5 43032 32976 43264 18663  0.41644 0.00719 -0.38401 -1.21300  UNCH. DOWN
AOA1DBKL30  Sorbitol dehydrogenase 15 56407 50728 83275 33721 0.31343 0.00137 -0.15309 -1.30423  UNCH. DOWN
A0A804QZ28 Fﬁgfetﬁ]midase/F°rmamidase family 6 60105 40695 77920 34357  0.48366 0.00763 -0.56263 -1.18141  UNCH. DOWN
Nascent polypeptide-associated ) )
BOSUBY e e ot e protein 6 25894 19654 31326 16203  0.27614 0.01307 -0.39774 -0.95104  UNCH. DOWN
BesQMmo  Major pollen allergen Car b 1 3 27099 19037 31678 12058 0.17045 0.01167 -0.50946 -1.39356  UNCH. DOWN

isoforms 1A and 1B
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;nggl:ﬁg ":g;nggl:ﬁg ":g;nggl:ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
oo o o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
AOA1DBEEW2  Natterin-4 7 40082 8815 24212 3728 021242 0.02023 -2.18493 -2.69937  UNCH. DOWN
BagiQs 20S ribosomal protein L10 4 54105 36144 42372 16858  0.09372 0.03746 -0.58202 -1.32970  UNCH. DOWN
chloroplastic
P31927  Sucrose-phosphate synthase 29 98670 69157 115768 53297  0.00018 0.00188 -0.51273 -1.11910  UNCH. DOWN
B4FRJ7  Fumarylacetoacetate (FAA) 3 7666 7828 6006 3219 0.89674 0.03669 0.03008 -0.89997  UNCH. DOWN
hydrolase family
AOAO96UAZ3 Sﬁ)su"nﬁtr%py'ma'ate dehydratase small 6 30565 32931 32553 10398 0.89838 0.01359 0.10756 -1.64649  UNCH. DOWN
Nascent polypeptide-associated ) )
KTVIAT o o n The arovein 5 39324 35561 35966 23035  0.47994 0.01466 -0.14514 -0.64280  UNCH. DOWN
B6T8U7  Chaperonin 8 42107 28513 39641 20810  0.01631 0.02013 -0.56241 -0.79734  UNCH. DOWN
COPK59  60S ribosomal protein L11 3 20628 15593 17917 7970 020296 0.01152 -0.40369 -1.16877  UNCH. DOWN
AOABO4LCL8  PsbP domain-containing protein 5 24513 10882 17268 7335  0.06815 0.01044 -1.17164 -1.23535  UNCH. DOWN
NAD(P)H-quinone oxidoreductase ] ]
P25706 o o 5 140305 109077 176005 113197 017790 0.00006 -0.36321 -0.63679  UNCH. DOWN
B4FQD7  60S ribosomal protein L27a-2 3 32946 23651 31478 17755  0.04378 0.00517 -0.47820 -0.82610  UNCH. DOWN
AOA1DBG1EQ ' utative ubiquitin-conjugating 5 35211 22991 30046 18181  0.12416 0.01070 -0.61494 -0.72477  UNCH. DOWN
enzyme family
COP7X7 Ci?frgg’lgzgrcna' protein 56 alpha 4 53950 38780 50114 21068  0.00359 0.00983 -0.47632 -1.25016  UNCH. DOWN
B6SZK3  NAD(P)H-dependent oxidoreductase 11 77049 59529 67435 31201  0.09309 0.00001 -0.37220 -1.10777  UNCH. DOWN
024415 608 acidic ribosomal protein P2B 2 21555 11581 24944 9303 0.09015 0.01654 -0.89635 -1.42291  UNCH. DOWN
B4FBY5 408 ribosomal protein S23 4 20700 15449 20672 12499 0.05332 0.01173 -0.42214 -0.85918  UNCH. DOWN
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Average Average Average Average

Reported Normalized Normalized Normalized Normalized t-test ttest Log.FC Log,FC Differential Differential

Accession Description . L80 P2 L80 P2 Accumulation Accumulation
peptides lon Count lon Count lon Count lon Count
oo o o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
B6SNW4  glutaminase 4 21356 18122 27283 17993  0.36735 0.00724 -0.23694 -0.60051  UNCH. DOWN
AOA804M812 pf;;r']\"term'”a' domain-containing 14 46423 33936 37894 18741 0.04363 0.00392 -0.45203 -1.01575  UNCH. DOWN
P11647 NAD(P)H-quinone oxidoreductase 4 27694 20561 38469 22441 0.01004 0.01413 -0.42967 -0.77755  UNCH. DOWN
chain 4, chloroplastic
K7U7K6 Nine-cis-epoxycarotenoid 12 52879 40466 75202 24792  0.05884 0.02111 -0.38599 -1.60092 UNCH. DOWN
dioxygenase6
B4FUS2  40S ribosomal protein S18 3 18952 14976 21788 11189 0.29550 0.01209 -0.33971 -0.96151  UNCH. DOWN
Haloacid dehalogenase-like
B4FN43  hydrolase domain-containing protein 4 18033 11578 21297 7209 0.17130 0.00367 -0.63933 -1.56280  UNCH. DOWN
Sgpp
AOA1DBHG23 ;EtEEREG'ON domain-containing 3 9331 5508 16308 6243 016823 0.01340 -0.76058 -1.38522  UNCH. DOWN
BeT7B2  S0S ribosomal protein S4, 3 27261 20123 24712 14829  0.04379 0.01014 -0.43795 -0.73679  UNCH. DOWN
chloroplastic
AOAB04NJ56 Ca'li’r‘g'glgg't’ize'ate decarboxylase 2, 6 92165 88809 95006 32615  0.95934 0.00009 -0.05351 -1.54247  UNCH. DOWN
AOAB04UA89  60S ribosomal protein L9 4 30384 21776 22490 13021 0.00219 0.04505 -0.57253 -0.78840  UNCH. DOWN
B4FRL3 ﬁg{‘e{gro'aseﬁ domain-containing 4 15426 14376 19303 10953  0.78470 0.00008 -0.10165 -0.81752  UNCH. DOWN
B4GOI5  Chlorophyll synthase chloroplastic 2 20780 16411 35341 20891  0.03205 0.03491 -0.34051 -0.75846  UNCH. DOWN
AOA804QSM4  GTP cyclohydrolase Ii 5 16497 12934 14361 8770  0.03651 0.01653 -0.35106 -0.71149  UNCH. DOWN
AOAB04PCP6  KOW domain-containing protein 3 208126 210694 205791 11388 0.70927 0.00001 0.01769 -4.17566  UNCH. DOWN
AOAB04RMVO  Protein TIC 40, chloroplastic 6 13814 15532 18461 4412 011503 0.00346 0.16911 -2.06513  UNCH. DOWN
B4FIM3  Uroporphyrinogen decarboxylase 3 23208 14717 12321 5465  0.25265 0.03011 -0.66274 -1.17284  UNCH. DOWN
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
AOATDBLPF3  40S ribosomal protein S14 3 11184 8084 9798 5826  0.03657 0.01118 -0.46833 -0.74983  UNCH. DOWN
RNA-binding (RRM/RBD/RNP ] ]
BAFDGT e retoin 3 12773 10770 10033 6439  0.21073 0.03342 -0.24617 -0.64001  UNCH. DOWN
AOA804M7H7  STH domain-containing protein 5 20572 13888 23937 7474 0.07492 0.01170 -0.70070 -1.67935  UNCH. DOWN
B4FYR9 C“ﬂﬁ)’:‘ot;‘;gﬁcmeta"°pr°tease ARASP 3 7796 5164 10455 6690  0.01528 0.02327 -0.59416 -0.64415  UNCH. DOWN
AOABO4NLI{  B-Phosphogluconate dehydrogenase, 4 14830 6664 5516 3320  0.05535 0.03106 -1.15403 -0.72875  UNCH. DOWN
decarboxylating
AOA804QYS3  glycine—tRNA ligase 3 21369 15253 25991 15695  0.04184 0.01254 -0.48645 -0.72768  UNCH. DOWN
non-reducing end alpha-L- ) )
AOABO4NYNg  Doprreducing end al 3 7481 4895 7848 3666  0.24877 0.03309 -0.61177 -1.09812  UNCH. DOWN
50S ribosomal protein L21
AOATDEHSBS o1 ThO%] 4 0 0 41387 16114 - 000509 #DIV/O! -1.36089 ; DOWN
AOABD4UN22  60S ribosomal protein L12 7 14019 9162 7023 0 0.04775 0.00084 -0.61364 - DOWN ﬂ}‘é%uﬁ
AOABO4LCX8  Plasma membrane ATPase 7 3136 1542 1167 0 0.00157 0.00421 -1.02395 - DOWN ﬂ}‘é%uﬁ
AOAB04PZP9  Stem 28 kDa glycoprotein 3 12308 6389 20872 0 0.00765 0.07889 -0.94588 - DOWN ﬂ}'é%uﬁ
, UNIQUE UNIQUE
AOAB04UF37  Ribonuclease T(2) 4 26836 0 64996 0 0.00536 0.03631 - - e e
Ribulose bisphosphate carboxylase ) UNIQUE LOW UNIQUE
AOABOANUMT  FPIo8e ¢ 6 0 94299 18935 0 0.02380 0.00001 X e
. UNIQUE
AOAB04LQRO  Actin 7 2375 1721 1914 0 0.01840 0.00041 -0.46466 - UNCH. o
. . UNIQUE
B4FAV5  Germin-like protein 4 37792 38992 15893 0 0.91531 0.00002 0.04509 - UNCH. v
5> UNIQUE
A0A804LS47 methyltetrahydropteroyltriglutamate-- 25 0 0 15437 0 - 0.00014 - - - HIGH N

homocysteine S-methyltransferase
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;nggl:ﬁg ":g;nggl:ﬁg ":g;nggl:ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
QOATM8  Aquaporin PIP2-2 3 0 0 2459 0 - 000291 - - ; UNIQUE
HIGH N
AOAB04PMF6  Uncharacterized protein 9 0 0 1265 0 - 000031 - - . L,’JI'}‘C'E?_'UE
glutaredoxin-dependent 3 3 3 ; UNIQUE
Aoagosqew4  JaredON 2 0 0 22301 0 0.00102 v
Glucose-1-phosphate UNIQUE
AOATDBHWJS  Fu00sE T PSR! 4 0 0 3114 0 - 000002 - - ; Ty
AOAB04R2I0  Plasma membrane ATPase 6 0 0 2717 0 - 003132 - - ; ﬂ}'é%uﬁ
P48184  Photosystem Il D2 protein 12 220678 124887 19959 218416  0.00010 0.00001 -0.83433 3.45196  DOWN uP
AOABO4PEW7  Eukaryotic initiation factor 4A-11 22 51781 33173 47243 109458  0.00654 0.01335 -0.64242 1.21221 DOWN uP
AOA1DBNBH1  Actin-7 28 77298 123867 48712 144382 0.00841 0.02005 0.68030 1.56755 uP uP
Q3sAE4  Glucose-1-phosphate 22 28002 55417 26808 75819 0.00045 0.00478 0.98479 1.49988 uP uP
adenylyltransferase
Putative plastid-lipid-associated
KTUIXG e B omlate 7 24469 41117 18742 46151  0.02720 0.00106 0.74875 1.30012 uP uP
B6T9S6 Sﬁgtcrg;";‘”smsm protein SINE 6 19922 35228 10436 29478  0.01031 0.00193 0.82238 1.49801 uP uP
AOAB04NT91  GrpE protein homolog 7 14771 29420 17167 36178  0.03968 0.00900 0.99403 1.07549 uP uP
A0A804QS10  Subtilisin-like protease SBT1.9 13 15989 37330 21430 62730  0.00389 0.00308 1.22324 1.54954 uP uP
S-adenosyl-L-methionine-dependent
BAFFaS e raee s ratem 7 28619 49253 24832 41336 0.02277 0.04326 0.78323 0.73519 uP uP
B6SUQ7  Violaxanthin de-epoxidase 8 20054 32941 28260 53165  0.00789 0.02274 0.71600 0.91171 uP uP
AOA804PC{7  Saposin B-type domain-containing 2 7240 12214 9038 21308  0.00841 0.02170 0.75445 1.23740 uP uP

protein

GO
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Average

Average Average Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
o N oo LN oy PAoN™ LNHN  LNHN  LNHN  LNHN  LBOLN/HN P2 LNHN
B4AFMX6  Thioredoxin reductase 2 14578 22913 8317 18479 0.00256 0.00326 0.65235 1.15182 uP uP
Gamma aminobutyrate transaminase
AOABOANMD2  3ME STNOTY 4 4149 6991 2784 4715 0.00796 0.04200 0.75287 0.76006 uP uP
AOA804QKD5  Glutathione hydrolase 2 4464 8374 3418 11311 0.02812 0.00591 0.90769 1.72671 UP UP
A0A804QJ31  Actin-related protein 8 6 0 1711 1775 3606 0.00012 001379 - 102273 UNIAGELOW uP
COP3W9 ‘z\h°5ph°e”°'pyr“"ate carboxykinase 4, 246271 306147 202328 345333  0.16502 0.01280 0.31398 0.63530  UNCH. uP
B6TH55 Szgztrﬁ’if{stf\m”eam°” center 8 231391 279280 158324 306719  0.20945 0.02310 0.27138 0.95404 UNGH. uP
K7uBuo  Clyceraldehyde-3-phosphate 21 116242 77378 74155 130226 0.06039 0.02269 -0.58714 0.81239  UNCH uP
dehydrogenase ’ ’ ’ ’ ’
AOAB04QN37  ATP synthase subunit beta 20 27946 38609 30996 54775  0.01280 0.00340 046630 0.82144  UNCH. uP
AOA804NGB7  Carbonic anhydrase 10 6040 6563 2520 4048 0.04481 0.01817 011985 0.68341 UNCH. uP
AOA1DGHN61 Cﬁgf&gf}a:ﬂgimpepﬁdasez 28 85931 92242 60730 105751 0.40524 0.02228 0.10224 0.80019  UNCH. uP
B4FRP8 Plastid-lipid-associated protein 2 15 116226 153386 141768 287626  0.11522 0.00033 0.40023 1.02066  UNCH. UP
AOA1DEHY75 S'fj';)‘l’]‘;’if{@tim”e““°” center 6 179827 204869 130629 242818  0.08511 0.00243 0.32247 0.89440  UNCH. uP
COP2C3  Glycine-rich protein 2-like 4 91278 97264 44369 79292 047935 0.01975 0.09163 0.83763  UNCH. uP
phosphoglucomutase (alpha-D-
AOA804UNU3  glucose-1,6-bisphosphate- 24 5856 5235 4788 8752  0.20599 0.00034 -0.16192 0.87019  UNCH. UP
dependent)
AOA804LIS3 Fﬁg:'e’;g”a”ftz domain-containing 13 2892 2937 1958 5951 0.66458 0.04314 0.02240 1.60390 UNCH. upP
AOA1D6LJS9 ~ Chaperonin 60 subunit beta 2 32 62227 65533 31578 53988  0.55607 0.00903 0.07468 0.77369  UNCH. uP

chloroplastic
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential

Accession Description '::ggg:g ":g;nggl:ﬁg ":g;nggl:ﬁg ":g;nggl:ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation

50 N 180 LN P2 HIN PoLN LNHN LNHN LNHN LNHN  L80LNHN P2 LN/HN
cop4og ~ UTP--glucose-1-phosphate 14 25068 25332 19720 38235  0.83804 0.03374 0.01512 095529  UNCH uP
uridylyltransferase : : : : :

K7TIN2 Glycine cleavage system P protein 34 166764 200269 120650 229441  0.19910 0.00189 0.26413 0.92730 UNCH. upP

B6TVL4 C%fgf;‘gg:tfcnsmg receptor, 18 131396 139557 158528 258006  0.80206 0.02748 0.08693 0.70267 UNCH. upP

S-adenosyl-L-methionine-dependent ]

K7VBLa e raneferase superfamily protein 8 17106 15360 15686 24245  0.64939 0.00405 -0.15536 0.62816 UNCH. uP
AOA1DEMIP4 J)(‘igrgsig°cyc'°pr°pa”e'1'Carb‘”‘y'ate 11 38352 65883 13040 51522  0.12568 0.00257 0.78062 1.98220  UNCH. uP
AOAO96PRE6  Fibrillint 9 55317 72194 48861 110327  0.16144 0.03244 0.38415 1.17502 UNCH. upP
AOA804R918  Pept_C1 domain-containing protein 3 43574 48104 16478 51120  0.42481 0.01857 0.14271 1.63334 UNCH. upP

PLASMODESMATA CALLOSE-
AOADBIKK1 g o e TEIN 5 4 13974 24241 12672 39068  0.14039 0.01005 0.79471 1.62431 UNCH. upP
AOA1DBPOE7 | 10se phosphate/phosphate 4 97524 124952 53455 116258  0.36894 0.00019 0.35754 1.12093 UNCH. uP
translocator TPT chloroplastic
AOA1DBNUP6  Thiol protease SEN102 11 154512 183332 79868 122114  0.36056 0.00059 0.24673 0.61254 UNCH. uP

Q9ZQX9  408S ribosomal protein S27 4 32300 41551 12453 31349  0.16273 0.04075 0.36335 1.33199 UNCH. uP

B4FU15 Extensin-like protein 4 35958 47780 37528 74675  0.45767 0.00453 0.41012 0.99265 UNCH. upP
AOATDBPJLO  Aconitate hydratase 34 62337 81273 36193 62063  0.10511 0.00995 0.38269 0.77802 UNCH. upP
AOA804QPX6  fructose-bisphosphatase 7 3150 4132 4807 11419 0.00151 0.00043 0.39134 1.24816 UNCH. upP
AOA804LD80  Aconitate hydratase 34 27379 26136 22523 36406  0.55387 0.01840 -0.06704 0.69280 UNCH. uP

Q41782 Tubulin beta-4 chain 8 4265 6134 2855 5766  0.05276 0.00060 0.52407 1.01413 UNCH. uP

L0}
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Average Average Average Average

Reported Normalized Normalized Normalized Normalized t-test ttest Log.FC Log,FC Differential Differential

Aecession peseripien peptides lon Count lon Count lon Count  1onCount | i\ |\kN  LNHN LN L8O LNHN P2 LNHN |
AOAB04M3X9  Lysosomal beta glucosidase-like 13 63392 64775 35177 54693  0.89612 0.00562 0.03114 0.63672  UNCH. UP
AOAIDSHW78 ABC2 homolog 13 7 5288 7382 5279 13821 0.20371 0.03519 048140 1.38857  UNCH. uP
AOA804PNY3  Subtilisin-like protease SBT1.7 13 30917 42237 25850 41112 0.07106 0.00061 0.45011 0.66938  UNCH. UP
AOAB04QRT8  Ras-related protein Rab7 7 37706 50997 28822 53697  0.00627 0.00416 0.43562 0.89767  UNCH. UP
COPH69 Sg;*r']dr°'ase'1 domain-containing 8 31498 45592 41807 68024  0.08143 0.04053 053354 070232  UNCH. UP
B4FIVO siléicr:Rf&?ﬂilgﬁcﬁn@gworming] 8 76479 95181 58806 105561  0.18288 0.01133 0.31562 0.84403  UNCH. uP
B4FF4g  Haloacid dehalogenase-like 6 42883 58083 37677 71486  0.01856 0.04647 043773 092396  UNCH. uP

hydrolase domain-containing protein

B4FR11 1'Zr°ct§|'gr§$f;"‘s\t/ié\TURE THYLAKOID 2 20396 25539 23015 43053  0.07571 0.00304 0.32443 090357  UNCH. uP

AOA1D6I1V3  phosphoenolpyruvate carboxylase 18 10107 14447 11445 19024 0.03097 0.01746 0.51539 0.73314 UNCH. upP

COPGN4 Obg-like ATPase 1 10 19101 20267 17001 28290 0.45768 0.02194 0.08550 0.73470 UNCH. upP
AOA1DEHFC3 tripeptidyl-peptidase Il 25 20764 23215 27334 41731 0.54116 0.01180 0.16097 0.61045 UNCH. upP
AOA804LEU1  Phytoene dehydrogenase 8 27446 22063 24658 40862 0.29145 0.02007 -0.31497 0.72870 UNCH. up
AOA804P187  Aldehyde dehydrogenase 6 23199 31426 19631 43496 0.00104 0.00320 0.43791 1.14775 UNCH. up

FAD/NAD(P)-binding oxidoreductase

noatpeigvt  cAOTARE) 8 9670 13675 14585 29763  0.15474 0.04132 0.49999 1.02902  UNCH. uP

AOA1DBHQF7 EPimerase family protein SDR39U1 7 15559 21044 17058 34438 0.01925 0.01925 043561 1.01353  UNCH. uP
homolog chloroplastic

B5AK47  Dhurrinase-like B-glucosidase 14 29020 34103 13989 35031 026813 002441 023285 1.36093  UNCH. uP
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Average Average Average Average g g . . . .
Reported Normalized Normalized Normalized Normalized tLtggt ttest Log:FC Log.FC Differential Differential

Aecession peseripien peptides lon Count lon Count lon Count  1onCount | i\ |\kN  LNHN LN L8O LNHN P2 LNHN |
AOAB04PAE3  Malic enzyme 3 9140 13705 5417 10558 0.02771 0.02019 058439 096277  UNCH. UP
AOATDBEIW1  12-oxo-phytodienoic acid reductases 3 17904 18033 14819 20027 097553 0.03101 0.01032 096995  UNCH. UP
AOAS04Q2F8 (?esrfgzic';tiﬁ;ys“'“te reductase 5 22911 19781 10356 15866  0.41997 0.00989 -0.21192 0.61551  UNCH. UP
K7V8K5  Peroxidase 4 8498 8576 8972 19211 0.96871 0.01960 0.01316 1.09843  UNCH. UP
AOA1D6I540 pﬁ‘é‘ga{sygftgirg"}ia”°” factor 4F subunit 4 6607 8835 14023 23445  0.23840 0.00704 0.41919 074142  UNCH. UP
B6USU2  Hexose transporter 6 14386 22923 16041 33074  0.06092 0.00324 0.67209 1.04398  UNCH. UP
COP4MO p'\gfg‘)g‘sjgm;‘fr°a5°°rbate reductase 1 5 7784 10274 3963 9730  0.19570 0.00911 0.40041 1.29600  UNCH. uP
AOATDEMOI9  Carboxypeptidase 5 23287 32981 13676 30784  0.25990 0.04888 0.50211 1.17054  UNCH. UP
AOAB04NQX3  Aldedh domain-containing protein 4 5445 4448 4670 10472 0.53207 0.00637 -0.29160 1.16521  UNCH. UP
AOA804PZZ8  Patellin-3-like 3 10225 13724 6496 13773 0.07215 0.01463 0.42464 1.08425  UNCH. UP
AOA1D6GQ46  Glycosyltransferase 4 14495 19790 3442 9109  0.00542 0.03448 0.44922 1.40412  UNCH. UP
AOAS04ND31  Aspartate aminotransferase 3 14086 12356 7750 12509 0.31937 0.02643 -0.18906 0.70103  UNCH. UP
B6SYG2  Carboxypeptidase 2 11270 16145 9888 15548 0.00126 0.01064 051857 0.65290  UNCH. UP
AOA804LDL1  Rieske domain-containing protein 4 10574 10211 7544 12963 0.90284 0.04201 -0.05040 0.78093 UNCH. UpP
AOAO96PQR7  Cytochrome P450 CYP74A19 3 4788 6177 8080 14613 0.54278 0.02734 036726 0.85494  UNCH. UP
AOAB04RQW4  S-methyl-5-thioribose kinase 2 11650 17563 5779 10678  0.00377 0.00421 0.59135 0.88583  UNCH. UP
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
56 AN 150 LN B2 HIN BotN  LMHN LNHN LNHN LNHN  L8OLNHN  P2LNHN
AOA1DBN309  Dynamin-related protein 3A 3 5995 6949 4054 6512 0.33864 0.03337 0.21308 0.68367 UNCH. uP
Enoyl-CoA hydratase/3-2-trans-
AOA804PHH9  enoyl-CoA isomerase/3- 2 2685 2370 2464 3959 0.06011 0.01284 -0.17998 0.68450 UNCH. uP
hydroxybutyryl-CoA epimerase
COPFF5 Proteasome subunit beta 7 0 0 6633 15675 - 0.00037 - 1.24074 - UpP
AOAS04LIG8  Iso_dh domain-containing protein 2 0 15924 0 18110 0.00061 0.00343 - UNIQUE LOW - UNIQLE LOW
AOA1D6JKV4  Actin-related protein 4 3 0 3591 0 3487  0.00002 0.00017 - UNIQUE LOW - UNIQtE LOW
COP6C5  threonine synthase 5 0 9827 0 8020  0.00004 0.00038 - UNIQUE LOW - URIQUE LOW
AOAS04MWUS3 Aldo_ket_red domain-containing 4 0 0 0 1172 ) 0.00011 ) ) } UNIQUE LOW
protein N
Heat shock 70 kDa protein, UNIQUE LOW
B4FBQ2  oa SO0 13 0 0 0 10411 - 0.00001 - - - N
Q7SIC9  Transketolase, chloroplastic 37 500234 292812 177527 180707  0.00081 0.57083 -0.77263 0.02561 DOWN UNCH.
B6SSBY9  Plastocyanin 4 376552 168270 202337 122589  0.04222 0.14560 -1.16207 -0.85892  DOWN UNCH.
AOATD6KCZ2  alanine transaminase 30 357961 230961 266686 189633  0.04027 0.03809 -0.63215 -0.49193  DOWN UNCH.
AOAB04LIC6  L-ascorbate peroxidase 10 126798 47854 81815 41682  0.00257 0.07322 -1.40582 -0.97294  DOWN UNCH.
UTP--glucose-1-phosphate ) )
ADABD4QCBO o ep 25 135902 86892 121404 99535  0.01337 0.07162 -0.64528 -0.28654  DOWN UNCH.
NAD(P)H-quinone oxidoreductase i -
P19124 b init. ohioroplastio 12 150799 86876 142635 75432 0.00549 0.07065 -0.79560 -0.91907  DOWN UNCH.
B6TSNO fg"catg;"phage migration inhibitory 4 144355 85645 168607 83625  0.01115 0.07005 -0.75318 -1.01165  DOWN UNCH.
AOA804RPLO  Hibulose bisphosphate carboxylase 6 285331 85890 238703 151051  0.00086 0.16153 -1.73207 -0.66018  DOWN UNCH.

large chain
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
B4FWJ8  Binding protein homolog2 23 28778 17176 15668 16185  0.00225 0.80483 -0.74459 0.04691  DOWN UNCH.
K7UKK5  Elongation factor G, chloroplastic 37 40296 24306 26913 20534  0.00395 0.07615 -0.72930 -0.39025  DOWN UNCH.
BeTo27  VAD(P)H-quinone oxidoreductase 13 148204 97623 174043 107192 0.03131 0.05620 -0.60228 -0.69925  DOWN UNCH.
subunit S chloroplastic
Oxygen evolving enhancer protein 3 ) )
BAFTIO e oo, 9 68351 31553 76817 24291 0.03319 0.08504 -1.11521 -1.66101  DOWN UNCH.
B4FU98 CLTg:i'gggt:gme”a”&s kDa protein 6 28279 13336 41744 14709 0.03174 0.11063 -1.08446 -1.50484  DOWN UNCH.
pogs2g ~00S ribosomal protein L14, 6 116483 57390 70662 32632  0.00786 0.06636 -1.02125 -1.11464  DOWN UNCH.
chloroplastic
AOABOALIE2  PsbP domain-containing protein 11 117426 59498 111449 57615  0.00799 0.10994 -0.98085 -0.95186  DOWN UNCH.
COP9RS5 Cﬂ:gfgp?g;’t‘?cbpe pore protein 24A 11 53339 33340 47030 40301 0.02205 059619 -0.67795 -0.22279  DOWN UNCH.
AOA1DBMIA3 CZT;%%T:;?CF“SGA“'gammm 20 109345 52392 100780 50534  0.00122 0.27599 -1.06147 -0.99589  DOWN UNGH.
Putative alcohol dehydrogenase ] ]
KTUXKS e e ein 10 89950 54480 28233 28132 0.02348 0.98860 -0.72339 -0.00518  DOWN UNCH.
COPGO7  Dehydroascorbate reductase 11 83678 45111 68441 29628  0.02715 0.16542 -0.89135 -1.20787  DOWN UNCH.
B4FWPO Fructose-bisphosphate aldolase 18 54676 33088 21586 24530 0.01951 0.21779 -0.72457 0.18443 DOWN UNCH.
AOABO4MRMS zoéﬁ?jrg;‘;‘;'t‘i’cmg enhancer protein 3- ¢ 92686 49868 76147 50782  0.02068 0.11691 -0.89424 -0.58447  DOWN UNCH.
AOABO4REQ4  EFP domain-containing protein 8 64340 36022 57995 35771 0.02941 031721 -0.83682 -0.69716  DOWN UNCH.
B4GOR1  Nucleoside diphosphate kinase 5 62441 29543 25034 12014  0.00474 0.12082 -1.07968 -1.05917  DOWN UNCH.
BAFTF8  glutathione transferase 6 58129 37320 19944 20377 0.01992 0.93971 -0.63932 0.03103  DOWN UNCH.
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

. . Reported Normalized Normalized Normalized Normalized N -

Accession Description peptides lon Count lon Count lon Count lon Count LII\-I?I-(:N Ll\llD/I%IN LII\]/BI(-:N Ll\llD/IZ-IN A‘I:_%l(j)T_llfll/al-tlﬁn Ac;;rll_'n;:/lﬁt';on

L80 HN L8O LN P2 HN P2 LN

AOA1DENIEQ Cifg’rzsggf‘cm'°°”tai”i”9 protein 6 5 75215 43850 99430 53014  0.02992 0.10787 -0.77845 -0.90729  DOWN UNCH.
K7VCJ9  phosphoenolpyruvate carboxylase 13 63920 38134 47891 40066  0.00406 0.06219 -0.74521 -0.25736  DOWN UNCH.
P18025  Tubulin beta-1 chain 10 9630 4209 2845 3028 0.00583 0.82671 -1.19404 0.08986  DOWN UNCH.

AOA804NMS4  KH type-2 domain-containing protein 9 41604 25391 23299 19516 0.04613 0.08203 -0.71240 -0.25564  DOWN UNCH.

NAD(P)H-quinone oxidoreductase - -

AoagoaNawo i K 9 57063 28287 47651 29822  0.03852 0.31149 -1.01243 -0.67614  DOWN UNCH.
B6SSG5  Structural molecule 4 19247 6283 30797 9918  0.02214 0.11997 -1.61513 -1.63466  DOWN UNCH.
B4FQet 930S ribosomal protein S8, 5 54417 21141 32902 16696  0.00179 0.06521 -1.36402 -0.97867  DOWN UNCH.

chloroplastic

AOA1D6GDM6E DPP6 N-terminal domain-like protein 12 53984 19378 42101 6241  0.02635 0.06049 -1.47810 -2.75393  DOWN UNCH.

AOA1DGIDVg " Yruvate phosphate dikinase 8 46209 27101 51518 34140  0.00126 0.02698 -0.76982 -0.59362  DOWN UNCH.

regulatory protein 2
B6SUJ3 p'jﬁg}f;pec”ic 308 ribosomal 4 22192 11966 18845 9997  0.04185 0.09073 -0.89113 -0.91455  DOWN UNCH.

AOA8O4MIFO  CBS domain-containing protein 6 37503 23678 40157 23768  0.03154 0.07268 -0.66346 -0.75662  DOWN UNCH.
B4F9GO  60S ribosomal protein L4-1 7 9854 5461 5701 4655  0.04144 026509 -0.85168 -0.29256  DOWN UNCH.
pogs30  SUS ribosomal protein S8, 3 46207 27518 11006 13353 0.00564 0.07876 -0.74775 0.27878  DOWN UNCH.

chloroplastic
COPBS1  Lipase-like 7 66650 40585 23060 19126 0.04465 0.52638 -0.71566 -0.26982  DOWN UNCH.
B6THZ8 threonine synthase 9 34479 21002 26499 11741 0.00040 0.06960 -0.71520 -1.17435  DOWN UNCH.
AOAB04R572  peptidylprolyl isomerase 2 29453 15177 30971 20978  0.01583 0.43004 -0.95647 -0.43067  DOWN UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2 LN
AOATDEKKC?  Purple acid phosphatase 7 24625 7458 27837 4211 0.00080 0.09335 -1.72328 -2.72475  DOWN UNCH.
BAFZN6  40S ribosomal protein S7 3 8739 5556 2591 1601  0.00127 0.18856 -0.65348 -0.69468  DOWN UNCH.
AOAB04P3L6  Citrate synthase 8 23870 12708 8938 8844  0.01868 0.97163 -0.90949 -0.01521  DOWN UNCH.
B4F938  coproporphyrinogen oxidase 5 53113 32180 23285 16457  0.02182 0.18270 -0.72288 -0.50068  DOWN UNCH.
BAFTT2 Ciﬁg:ﬁ‘;g;iggghmm"sc’me 6 48414 29800 53036 24601  0.04646 0.08192 -0.70012 -1.10825 DOWN UNCH.
AOA1DBNNV ;Lﬁgfxbeta""ydm'ases superfamily 4 26095 14537 16407 7392 0.01463 0.12810 -0.84407 -1.15026  DOWN UNCH.
P52588  Protein disulfide-isomerase 3 20853 10623 12223 7664  0.03409 0.24544 -0.97308 -0.67343  DOWN UNCH.
B4FKB3  50S ribosomal protein L31 2 19648 8547 15552 6546  0.04911 0.13036 -1.20092 -1.24848  DOWN UNCH.
P49727 F%gtsj’(‘;hr%rl't‘gcﬁcﬂ | complex subunit 4 25827 16714 19379 12028 0.01145 0.10225 -0.62781 -0.68810  DOWN UNCH.
AOAB04PJSO  HMA domain-containing protein 3 23917 8533 27461 15977  0.01075 0.16131 -1.48685 -0.78142  DOWN UNCH.
AOAB04QFQQ  4-alpha-glucanotransferase 7 19560 12824 12967 10899  0.00277 0.24079 -0.60907 -0.25062  DOWN UNCH.
AOA804Q6H8 S5 DRBM domain-containing protein 2 46968 29065 26269 19510 0.01826 0.16141 -0.69239 -0.42915  DOWN UNCH.
COPEH3 ;gg‘:mc‘a‘ed domain-containing 5 22770 12207 20400 12789 0.00795 0.05965 -0.89946 -0.67370  DOWN UNCH.
B4FQ98 fgcc?pt'o‘t‘:i?]yf’“r’g‘fgfhs:nE;Jr?;?“i”°”e] 3 12462 7273 6602 6557  0.01595 0.97822 -0.77687 -0.00987  DOWN UNCH.
AOAB04UGGO  Uncharacterized protein 2 9834 5501 7050 3405  0.00646 0.18689 -0.83808 -1.04983  DOWN UNCH.
B7ZZM8  argininosuccinate synthase 2 32753 20875 20317 14126 0.01556 0.08694 -0.64984 -0.52432  DOWN UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2 LN
BAFN21  Proteasome subunit beta 2 7675 4711 5279 4821 0.03806 0.65638 -0.70402 -0.13090  DOWN UNCH.
AOAB0AMIK3  Cysteine synthase 3 14200 6373 7255 5160  0.00398 0.40112 -1.15583 -0.49138  DOWN UNCH.
AOAB04R1I4  transketolase 36 128593 285566 374079 353671  0.00012 0.45106 1.15102 -0.08094 uP UNCH.
AOAB04RQH4  Phosphoenolpyruvate carboxylase 9 13878 21178 28096 21596  0.00046 0.01666 0.60977 -0.37958 uP UNCH.
AOATDBHZEO  Actin-7 11 2462 4443 4068 3044  0.00047 0.14273 0.85176 -0.41805 uP UNCH.
Q43247 di'ﬁ’;g:ggg?;‘é%sf;tgzgﬂgte 18 25003 42277 24392 34766  0.01839 0.11229 0.75777 0.51129 uP UNCH.
AOABOAMWC7  Actin 7 58176 100294 88944 67666  0.03077 0.45313 0.78574 -0.39448 uP UNCH.
AOA804P2X2  Uncharacterized protein 21 36752 63869 68353 70063  0.00087 0.92563 0.79729 0.03566 uP UNCH.
AOA804Q7P8  PGR5:-like protein 1A, chloroplastic 8 12591 25294 12229 27529 0.01381 0.20415 1.00643 1.17058 uP UNCH.
B4Fk4s  Metallo-hydrolase/oxidoreductase 10 54005 83719 36018 49170 0.02247 0.04472 0.63246 0.44905 uP UNCH.
superfamily protein
AOA804P3D7  40S ribosomal protein S8 6 2819 5676 5640 4230 0.00420 0.01791 1.00974 -0.41497 uP UNCH.
BAF9GE  Pyruvate kinase 21 64384 99736 63407 99468  0.01246 0.05472 0.63142 0.64959 uP UNCH.
AOA1DEEBV6  Uncharacterized protein 6 10178 19003 21403 37710 0.00055 0.16149 0.90072 0.81712 uP UNCH.
AOABO4MAHS fg;”zi”ri'i?c’;wgﬁé‘:igate fransaminase 47 7505 13141 16752 16858  0.00387 0.95564 0.80806 0.00913 uP UNCH.
AOATD6F1Q8 alanine transaminase 4 67510 104580 68592 80802  0.00333 0.32817 0.63143 0.23635 uP UNCH.
COP6T2  FHA transcription factor 3 21057 33960 37919 53110 0.04640 0.33482 0.68955 0.48606 uP UNCH.
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Average Average Average Average

Reported Normalized Normalized Normalized Normalized t-test ttest Log.FC Log,FC Differential Differential

Aecession peseripien peptides lon Count lon Count lon Count  1onCount | i\ |\kN  LNHN LN L8O LNHN P2 LNHN |
COPDH2  Plasma membrane ATPase 10 4786 22181 18834 19538 0.00388 0.90558 221233 0.05290 uP UNCH.
AOAB04PFK1  Proteasome subunit beta 5 32984 59239 52380 80103  0.03878 0.18609 0.84479 0.61282 uP UNCH.
B4G233  Dirigent protein 3 7195 12469 7104 14196  0.01439 0.07748 0.79333 0.99878 uP UNCH.
AOA1D6Q3U2  Ypt homolog3 4 9416 16882 13516 10860  0.01355 0.57310 0.84226 -0.31572 uP UNCH.
AOAB04MF56  Protease Do-like 8, chloroplastic 2 25776 39448 13799 18896  0.00451 0.09149 0.61393 0.45350 uP UNCH.
AOA804PBC5 ACT domain-containing protein ACR 4 47240 75025 57622 78344 0.03655 0.00274 0.66737 0.44320 upP UNCH.
Chloroplast post-illumination
AOATDBGM23  chlorophyll fluorescence increase 4 29260 47638 32230 34298 0.00316 0.54628 0.70319 0.08974 uP UNCH.
protein
AOA1DEJ2J3  Beta-glucosidase 17 6 26895 41032 27758 33212 0.00257 0.00287 0.60941 0.25882 uP UNCH.
AOAB04PYT1  Heat shock 70 kDa protein 14 7 10942 16964 13619 14485  0.00773 0.36114 0.63269 0.08900 uP UNCH.
A0A804QUS1 p'\r"g’t‘éfri]” motor domain-containing 2 65894 103787 88692 82026  0.04232 0.68241 0.65542 -0.09698 uP UNCH.
B4FZG6 h*;gt%?:g%%ﬁ;gecﬁ;m rotein 5 0 4632 11291 6461 000872 025334 - -080s40 UNAGELOW T ynoh,
P00874 lﬂg:'gﬁ;ﬁis"h"sr’hateCarb°xy'ase 42 1855898 1724437 1424036 1606595 0.50041 0.13188 -0.10599 0.17402  UNCH. UNCH.
P00827 CﬁLF;OSgIgg;;SE subunit beta, 40 1464184 1720208 1675083 1752548 0.00162 0.11490 0.23249 0.06522  UNCH. UNCH.
AOAO96RZN2  carbonic anhydrase 37 500206 755027 653734 788546  0.00673 0.03033 0.35531 027049  UNCH. UNCH.
Q43267 phosphoenolpyruvate carboxylase 78 1262040 1164578 1219025 1190802 0.02936 0.52866 -0.11595 -0.03379  UNCH. UNCH.
P46617  Cytochrome f 23 716585 774549 639692 707288  0.44621 0.23141 0.11222 0.14492  UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2 LN
024574 Sﬁ‘;";‘ﬁ'gﬁgf;ﬁ?gﬁfgg;ﬁgsct?crb°xy'ase 16 955562 810815 1051292 736998  0.21472 0.03548 -0.23698 -0.51243  UNCH. UNCH.
BoTagz  Oxygenevolving complex 33kDa 20 1126548 1285342 935506 1211508 0.04812 0.05773 0.19024 037295  UNCH. UNCH.
P06671 c%?cl?c:g?;s{:La-b binding protein, 10 747073 763720 674570 757450  0.05380 0.14986 0.03180 0.16718  UNCH. UNCH.
P12329 C%E(r’ggf;s{'i'ca'b binding protein 1, 12 734250 859351 847004 804775 0.04577 055927 0.22698 -0.07378  UNCH. UNCH.
AOATDBM7C2  Phosphoglycerate kinase 32 802283 879301 849040 869582  0.10246 0.42315 0.13225 003449  UNCH. UNCH.
AOA804PCP1 Cﬂfg’%%ﬁ;g;g"’i”g enhancer protein 1, 19 477892 510057 327616 382568  0.36784 0.25062 0.09397 0.22371 UNCH. UNCH.
B4FgLy Clyceraldehyde-3-phosphate 29 938961 989525 1080843 948609  0.43073 0.40621 0.07567 -0.18827  UNCH. UNCH.
dehydrogenase
P11155 Ci}';‘(‘)’;faes’t?chos"hate dikinase 1, 82 936955 936110 1063943 987744  0.99072 0.12387 -0.00130 -0.10721  UNCH. UNCH.
COP441  Carbonic anhydrase 19 202734 215598 103527 129577  0.05795 0.04568 0.08875 0.32380  UNCH. UNCH.
B4FUA1 C%E(r’ggf;s{'i'ca'b binding protein, 13 737032 796065 747704 760867  0.29105 0.90122 0.11116 0.02518  UNCH. UNCH.
BAFRH8  Actin-7 27 283365 267965 271319 348663  0.65207 0.01690 -0.08062 0.36184  UNCH. UNCH.
B4G143 C?}E‘r’égf;;'i'ca‘b binding protein, 12 691082 663164 677236 540852  0.70024 0.01130 -0.05949 -0.32442  UNCH. UNCH.
P05022 CﬁLF:OSg’IgtS':;S““b“”” alpha, 34 1131489 1129754 1061334 1151121  0.97502 0.24547 -0.00221 0.11716  UNCH. UNCH.
B6USI1  peptidylprolyl isomerase 24 488537 601142 438985 621251  0.08401 0.00642 0.29924 050101  UNCH. UNCH.
B4FL55 c%?cl?c:g?;s{:La-b binding protein, 16 660445 636895 654554 741401 057945 0.00852 -0.05238 0.17974  UNCH. UNCH.
A0AB04MUG2 ~ Chlorophyll a-b binding protein, 13 262206 332727 281661 335783  0.01097 0.00253 0.34314 025357  UNCH. UNCH.

chloroplastic
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

. . Reported Normalized Normalized Normalized Normalized N -
Accession Description peptides lon Count lon Count lon Count lon Count LII\-I?IEI)N Ll\llD/IZ-IN LII\]/SI(-:N Ll\llD/IZ-IN A‘I:_%l(l)T_llfll/al-tlllflm Ac;;rll_'ﬁ/l;t';on
LS8OHN  L8OLN P2 HN P2 LN
AOAB04LCX5 ~Clyceraldehyde-3-phosphate 23 43066 47996 53025 45900  0.15520 0.35059 0.15635 -0.20817  UNCH UNCH
dehydrogenase ’ ’ ’ ’ ’ ’
AOA1DEM438  pyruvate, phosphate dikinase 64 1049143 993326 1097432 1001534 0.33738 0.37619 -0.07887 -0.13192  UNCH. UNCH.
AOA096QRW c%?cl?c:g?;s{:La-b binding protein, 11 595985 616284 550946 605994  0.61274 020947 004832 0.13739  UNCH. UNCH.
P48183  Photosystem Il protein D1 13 715235 740448 715305 679323  0.34030 0.28510 0.04998 -0.07446  UNCH. UNCH.
Q9SLP5 Ci?;ggf;;‘i;’\‘wp reductase, 33 507518 484450 551796 490692  0.65778 0.15117 -0.06711 -0.16932  UNCH. UNCH.
AOAB04M304  Actin 24 86007 84121 81839 86839  0.80891 0.37001 -0.03198 0.08556  UNCH. UNCH.
BAFTJO  Triosephosphate isomerase 21 593101 629566 640257 711377  0.08677 0.25080 0.08608 0.15196  UNCH. UNCH.
B4F989  Actin-7 27 303897 298310 208262 276702  0.87967 0.03619 -0.02677 0.27765  UNCH. UNCH.
Ribulose bisphosphate
Q9ZT00  carboxylase/oxygenase activase, 29 807408 609021 678020 522789  0.00541 0.05282 -0.40681 -0.37510  UNCH. UNCH.
chloroplastic
P26301 Enolase 1 29 426184 405111 453360 852506  0.08820 0.02251 -0.07316 -0.36301  UNCH. UNCH.
K7TXI5 Cmfggf’;sﬁ'i'ca'b binding protein, 11 761120 819986 688416 737528  0.01458 0.07091 0.10747 0.09942  UNCH. UNCH.
pogais ~ Clyceraldehyde-3-phosphate 23 1126113 1126432 1026512 1140474 0.99465 0.12575 0.00041 0.15188  UNCH UNCH
dehydrogenase A, chloroplastic ’ ’ : : ’ ’
B4FTI5S  Fructose-bisphosphate aldolase 20 994243 854678 973851 830317  0.14356 0.13108 -0.21822 -0.23004  UNCH. UNCH.
AOA804MOC2 c%hé?é?ﬁ!t!'ca‘b binding protein, 12 1025688 978602 1067277 1105842 0.70147 0.60938 -0.06780 0.05121 UNCH. UNCH.
Q6TM44  Germin-like protein 7 1352061 1404895 1437573 1193957 0.67966 0.05842 0.05530 -0.26788  UNCH. UNCH.
B4F8P6  Malic enzyme 41 782590 790981 792510 860179  0.89710 0.38654 0.01539 0.11821 UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2 LN
AOAB04MQ93  Triose-phosphate isomerase 17 132332 108594 97328 93413 0.01428 0.54988 -0.28522 -0.05923  UNCH. UNCH.
AOAB04QTN9  Phosphoglycerate kinase 26 430556 450783 356985 399718  0.40546 0.06028 0.06623 0.16312  UNCH. UNCH.
COHIK4  Carbonic anhydrase 15 362042 359685 302289 292672  0.95505 0.72447 -0.00943 -0.04664  UNCH. UNCH.
B4FV94 C‘f}ﬂ%gf:sﬁ'i'ca'b binding protein, 9 237591 207832 220669 237074  0.08375 0.19936 -0.19306 0.10345  UNCH. UNCH.
P00835 cﬁLF:osglgts?iE::se epsilon chain, 6 128249 77098 103684 42003  0.06266 0.14492 -0.73419 -1.30363  UNCH. UNCH.
AOA804U716 C?fg’r%%rl‘z;gg"””g enhancer protein 1, 19 245852 236890 171884 185521  0.74581 0.48406 -0.05357 0.11015 UNCH. UNCH.
AOA1DBF9C2 105%%32;‘1’;:?”9 enhancer protein 2- 16 760899 836237 783679 888040  0.19593 0.05893 0.13621 0.18036 UNCH. UNCH.
B4FUM2 Ci?érrizfgsi;‘i'c'NADP reductase, 30 356871 318993 274789 220028  0.22592 0.34710 -0.16188 -0.32064  UNCH. UNCH.
AOABO4NHQ4 c%?cl?égf;s{:La-b binding protein, 9 51802 46025 128805 149453  0.19879 0.27591 -0.17057 0.21451  UNCH. UNCH.
AOAB04NRE6 C‘f}ﬂ%gf:sﬁ'i'ca'b binding protein, 7 074254 315786 302804 245683  0.04511 0.00743 0.20343 -0.30159  UNCH. UNCH.
BAFON4  plastoquinol-plastocyanin reductase 13 204936 226112 258984 205538  0.19935 0.36940 -0.38336 -0.33345  UNCH. UNCH.
Q08062 Malate dehydrogenase, cytoplasmic 17 505737 464831 377204 344574 0.07488 0.11416 -0.12168 -0.13053 UNCH. UNCH.
P90z 1" Synihase subunit beta, 26 301861 322802 267661 400063  0.08254 0.04012 0.09677 057982  UNCH. UNCH.
P11601  Photosystem I iron-sulfur center 4 372714 271925 254903 342658  0.12362 0.16702 -0.45486 0.42682  UNCH. UNCH.
AOA804Q515  PsbP domain-containing protein 14 782809 834569 606068 558574  0.63845 0.51441 0.09237 -0.11773  UNCH. UNCH.
po4gey ~Photosystem ll reaction center 4 520314 492222 376036 463619  0.44922 0.05883 -0.08007 0.30207  UNCH. UNCH.

protein H
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

Accession Description pentides lon Gount lon Count lon Count lon Count L8 P2 L8 P2 Accumulation Accumulation
LBOHN  LSOLN P2 HN P2LN
K7TXW7  Thioredoxin M-type, chloroplastic 10 499205 437615 421003 478620  0.07350 0.06259 -0.18997 0.18505  UNCH. UNCH.
B4FMO7 thioredoxin-dependent peroxiredoxin 17 509277 505305 470983 535888  0.77085 0.08629 -0.01130 0.18626  UNCH. UNCH.
B4FQW6 di'g’;j:gg’;}?{s‘f*“'ph°Sphate 20 404613 381743 267150 260266  0.12451 0.80120 -0.08394 -0.03766  UNCH. UNCH.
B6TPGO  Elongation factor Tu 33 496315 422823 391543 435520  0.00205 0.35509 -0.23120 0.15357  UNCH. UNCH.
P08735 di'ﬁ';j:gggggeﬁf;gzgﬂgte 23 194787 257951 256524 201197  0.04085 0.11097 0.40520 -0.35048  UNCH. UNCH.
AOA09BRAVO Szgzt;’if{ﬁtem”emb” center 10 680627 735174 564558 749264  0.31823 0.03203 0.11122 0.40835 UNCH. UNCH.
B4FCL1  Plastocyanin 5 3637 3810 307278 228873  0.88865 0.32601 0.06696 -0.42500  UNCH. UNCH.
P48187 p'?g‘t"eti(r’lsysmm Il CP43 reaction center 45 258265 301254 269334 317480  0.09053 0.08171 0.22213 023727  UNCH. UNCH.
BAFZU8  Malate dehydrogenase 14 145442 151967 154605 169085  0.64202 0.58066 0.06332 0.12917  UNCH. UNCH.
B6T2L2  Sedoheptulose-1,7-bisphosphatase 21 235546 208497 390083 527141  0.01364 0.09974 0.34171 043441  UNCH. UNCH.
AOA804PNJ3  Phosphoribulokinase 19 481019 443284 408923 327444  0.56836 0.28703 -0.11786 -0.32058  UNCH. UNCH.
P05641 p'jgt‘gi‘r’fy“em Il CP47 reaction center 922581 1070860 1023108 1021564 0.13319 0.97694 0.21502 -0.00218  UNCH. UNCH.
B7Zz42  Heat shock 70 kDa protein 3 34 90947 82187 52534 75248 0.06407 0.00419 -0.14611 051841  UNCH. UNCH.
COP699  Elongation factor Tu 32 247205 201592 176066 211894  0.13593 0.34506 -0.29427 0.26723  UNCH. UNCH.
AOATDBKE29  Heat shock protein 70 35 209106 195607 206702 194562  0.28567 0.17252 -0.09627 -0.08733  UNCH. UNCH.
B4GOK4  Phosphoglycerate kinase 23 348722 325850 261399 251696  0.17969 0.53516 -0.09787 -0.05457  UNCH. UNCH.
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

. . Reported Normalized Normalized Normalized Normalized N -
Accession Description peptides lon Count lon Count lon Count lon Count LII\-I?I-(:N Ll\llD/I%IN LII\]/BI(-:N Ll\llD/IZ-IN A‘I:_%l(j)T_llfll/al-tlﬁn Ac;;rll_'n;:/lﬁt';on
L80 HN L80 LN P2 HN P2 LN
Q9SLP6 Ci?grrigfgsi;‘i'c'NADP reductase, 29 226293 221601 171791 206417 075625 0.00606 -0.03023 0.39832  UNCH. UNCH.
B4FVH1  Malate dehydrogenase 13 84996 71448 82803 92768  0.03310 0.47147 -0.25050 0.16395  UNCH. UNCH.
B6SKI1 Photosystem | reaction center 15 492260 429716 534856 440824  0.20537 0.02920 -0.19604 -0.27895 UNCH. UNCH.
subunit II, chloroplastic
AOAB04LV69  malate dehydrogenase (NADP(+)) 25 715198 724173 673279 736458  0.86059 0.06977 0.01799 0.12940  UNCH. UNCH.
AOATDBJXJ7  fructose-bisphosphatase 18 568715 462542 451239 411641  0.00160 0.46867 -0.29812 -0.13251  UNCH. UNCH.
AOATX7YHF7  Photosystem Il D2 protein 15 942825 909746 1083923 881397  0.40040 0.05706 -0.05153 -0.29840  UNCH. UNCH.
K7very7 ~ Glutaredoxin-dependent 14 376363 350968 369082 281386  0.58162 0.04811 -0.10078 -0.39139  UNCH. UNCH.
peroxiredoxin
AOAB04PAT4  Malate dehydrogenase 14 5175 4281 203885 191515  0.02253 0.54137 -0.27386 -0.09030  UNCH. UNCH.
B4FJp7 Photosynthetic NDH subunit of 23 237558 249869 226600 262183  0.22206 0.35154 0.07289 0.21043  UNCH. UNCH.
subcomplex B 2 chloroplastic
AOAB04QNL6  Malate dehydrogenase 13 4947 5869 4810 4815  0.03253 0.99302 0.24666 0.00144  UNCH. UNCH.
AOAB04RTY6  FAD dependent oxidoreductase 6 525049 418376 373703 395692  0.00306 0.63293 -0.32765 0.08248  UNCH. UNCH.
B6SZ69  Heat shock cognate 70 kDa protein 2 36 175058 146823 117521 90441 052320 0.23209 -0.25376 -0.37787  UNCH. UNCH.
Q42368 Pyruvate, phosphate dikinase 2 62 390385 456478 437096 431318  0.33755 0.84987 0.22565 -0.01920  UNCH. UNCH.
P62787 Histone H4 8 280416 300607 289884 338241  0.41318 0.10014 0.10031 0.22258  UNCH. UNCH.
P15719 C“}ffgfgglgst?gdmge”ase [NADP], 27 324383 279817 306414 302878  0.03398 079621 -0.21321 -0.01674  UNCH. UNCH.
AOA804RQCY  Glutamine synthetase 18 278354 219989 151548 148197  0.10314 0.88062 -0.33949 -0.03226  UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2 LN
AOA5PSKLV9 a';g‘ggstgfée/g'woo chiorophyll a 15 727293 695734 815732 724180  0.31817 0.15959 -0.06400 -0.17175  UNCH. UNCH.
B4FRJ1  Malate dehydrogenase 13 16261 16776 15864 23307 073769 0.15425 0.04504 055499  UNCH. UNCH.
AOATDBN672  Photosystem Il subunit PsbS1 11 758769 818591 850982 911262  0.02002 0.37992 0.10948 0.09874  UNCH. UNCH.
P38561  Glutamine synthetase root isozyme 3 17 233523 261624 156072 195223  0.22993 0.31507 0.16393 0.32291  UNCH. UNCH.
POCTMO C’;Eosg’lgglises“b“”“ gamma, 19 431422 461865 360113 388493  0.59880 0.45833 0.09837 0.10944  UNCH. UNCH.
B6SSU6 fructose-bisphosphate aldolase 22 307406 350801 289657 337123  0.04064 0.05527 0.19051 0.21893  UNCH. UNCH.
AOA804PPF4 Fﬁg:ier;r‘]’”a”—tz domain-containing 33 644169 567219 630542 575032  0.13746 0.24615 -0.18353 -0.13295  UNCH. UNCH.
PO5642  Cytochrome b6 5 651762 694003 790838 767388  0.53779 0.60945 0.09060 -0.04343  UNCH. UNCH.
B6T2W9  Thylakoid lumenal 19 kDa protein 14 107088 74149 106514 69817  0.17325 0.22145 -0.53029 -0.60940  UNCH. UNCH.
P25462  Glutamine synthetase, chloroplastic 18 32132 38742 46862 43857  0.30421 0.37530 0.26985 -0.09559  UNCH. UNCH.
024561 C?}E‘r’égf:;'i'ca'b binding protein, 14 726975 815880 628665 732897  0.09550 0.17365 0.16645 022132  UNCH. UNCH.
AOAB04NRX6  thioredoxin-dependent peroxiredoxin 16 174816 182007 144628 186210  0.27309 0.02550 0.06528 0.36458  UNCH. UNCH.
080420  Ferredoxin-2, chloroplastic 2 9615 6812 10941 8695  0.13845 0.37547 -0.49716 -0.33137  UNCH. UNCH.
AOA804QDB7 c%?cl?égf;s{:La-b binding protein, 8 533306 597174 464010 461209  0.10508 0.96508 0.16319 -0.00873  UNCH. UNCH.
AOAB04MBX3  Actin 12 6806 8286 7551 9980  0.00646 0.03330 0.28375 0.40240  UNCH. UNCH.
Q41834  Nucleic acid-binding protein 14 292055 297327 269279 246825  0.76155 0.38677 0.02581 -0.12561  UNCH. UNCH.
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

Accession Description pentides lon Gount lon Count lon Count lon Count L8 P2 L8 P2 Accumulation Accumulation
LBOHN  LSOLN P2 HN P2 LN
AOA1DBIATO u%;;ﬁr':ﬁgf:rgs'gh°sr’hate 30 196315 186368 183072 153461 041983 0.08728 -0.07502 -0.25454  UNCH. UNCH.
B4FXBO c%?g?ég?;s{:La-b binding protein, 13 348485 354518 304701 397151  0.93680 0.05561 0.02476 0.38229  UNCH. UNCH.
AOATDBL6A9  Malate dehydrogenase 18 190203 236266 165533 157211  0.01623 0.76326 0.31219 -0.07442  UNCH. UNCH.
P11143  Heat shock 70 kDa protein 35 55373 74492 76615 65489  0.10778 0.37338 0.42790 -0.22638  UNCH. UNCH.
K7VNO8  ATP synthase B chain 11 269358 259234 244627 200522  0.79660 0.73619 -0.05527 -0.09195  UNCH. UNCH.
AOAO96R6Z8 C':”eoartof)'l‘:;‘i‘Jo kDa protein 6 34 197098 180796 204492 223927  0.05821 0.15835 -0.12456 0.13099  UNCH. UNCH.
AOAB04UKE7  L-ascorbate peroxidase 8 86871 60578 85262 67822  0.08610 0.41258 -0.52008 -0.33016  UNCH. UNCH.
B4FJG] c%?cl?c:g?;s{:La-b binding protein, 14 276058 252546 255601 216997  0.20005 0.12742 -0.12843 -0.23622  UNCH. UNCH.
AOA804QVR5  Tr-type G domain-containing protein 42 170836 162948 171061 134509 0.60972 0.02408 -0.06820 -0.34585  UNCH. UNCH.
B6T171  alanine—glyoxylate transaminase 16 280791 180187 412308 356507  0.11911 0.58516 -0.64000 -0.20979  UNCH. UNCH.
K7UUB7  Elongation factor 1-alpha 22 345672 229513 228330 204807  0.01314 0.17778 -0.59083 -0.15685  UNCH. UNCH.
Q947B9 a%gﬁ;iﬁ;;;}g’;gfaﬂate 25 91752 92823 98788 106606  0.77182 0.63662 0.01674 0.10988 UNCH. UNCH.
P93804  Phosphoglucomutase, cytoplasmic 1 35 163093 129714 147834 121708  0.04087 0.00966 -0.33036 -0.28056  UNCH. UNCH.
AOATDBLIKI  Peptidyl-prolyl cis-trans isomerase 14 085882 239895 221500 221212 0.13666 0.99428 -0.25301 -0.00246  UNCH. UNCH.
AOASLG6EOR4  Glycolate oxidase 1 21 225833 330420 171315 130910  0.01236 0.04146 0.54905 -0.38807  UNCH. UNCH.
AOATDBLAWO  Elongation factor 2 44 72064 47666 46449 47103 0.00368 0.90251 -0.59630 0.02014  UNCH. UNCH.
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential

Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
P38559 Glutamine synthetase root isozyme 1 13 80474 107155 79475 108871 0.05476 0.02254 0.41310 0.45405 UNCH. UNCH.
B6T4R3  UTP--glucose-1-phosphate 26 17303 12078 11642 13954  0.01257 0.06859 -0.51868 0.26127  UNCH UNCH
uridylyltransferase ’ ’ ’ : ’ ’
K7VJF3  Heat shock 70 kDa protein 5 26 33186 34260 25675 30816 046845 0.07492 004597 026332  UNCH. UNCH.
022655  Profilin-4 6 176593 202015 161536 176448 051030 0.40295 0.19404 0.12738  UNCH. UNCH.
AOA1D6LZ57  USP family protein 8 120555 114356 116521 86266 070116 0.12422 -0.07616 -0.43372  UNCH. UNCH.
AOA1DSE4MO  Elongation factor G, chloroplastic 38 121760 102095 106008 83402  0.18965 0.00776 -0.25414 -0.34601  UNCH. UNCH.
P69388  Cytochrome b559 subunit alpha 3 240096 179139 237162 243351  0.37147 093910 -0.42254 0.03716  UNCH. UNCH.
AOAB04PQT3 p?;;%so'-fp domain-containing 21 204499 229450 206943 267987  0.02413 0.04950 0.16608 0.23983  UNCH. UNCH.
AOA1DBGK64 Cm'f;toﬂ':s‘i‘i‘c7° kDa protein 32 59660 48479 67925 73967  0.00370 0.09886 -0.29943 0.12293  UNCH. UNCH.
B4FFK3  ADP-ribosylation factor 11 104559 104155 84150 107143 0.97108 0.09542 -0.00559 0.34851 UNCH. UNCH.
P93805  Phosphoglucomutase, cytoplasmic 2 33 76740 69070 66314 50744  0.27077 000312 -0.15193 -0.38608  UNCH. UNCH.
B6SSN3 C?}E‘r’égf:;'i'ca'b binding protein, 7 322594 347641 309011 331556  0.17082 057293 0.10788 0.10159  UNCH. UNCH.
AOA804PQ35  Ferredoxin 4 96299 103044 136238 104490 070341 0.28883 0.09767 -0.38276  UNCH. UNCH.

Beta-propeller domain of methanol ) )

BOUAGS o o 8 239232 171581 190711 141047  0.03000 0.08479 -0.47952 -0.43521  UNCH. UNCH.
B4FUZ3 fructose-bisphosphatase 19 279572 281837 292799 268965 0.88243 051953 0.01164 -0.12249  UNCH. UNCH.
B6TCE9  Peptidyl-prolyl cis-trans isomerase 11 139024 108339 100739 95951  0.06159 0.85014 -0.35978 -0.07024  UNCH. UNCH.
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: : : : t-test t-test Log>FC Log.FC Differential Differential

Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
AOA804PDW7  Luminal-binding protein 5 23 46356 45525 16436 20605  0.83746 0.16613 -0.02609 0.32615  UNCH. UNCH.
AOAB04UKA2 Ci?fr;ﬁgzgcma' protein S1, 17 170283 173186 151585 121854  0.78307 0.11332 0.02438 -0.31498  UNCH. UNCH.
P12863 CTyfgs;ﬁ:hOSphate isomerase, 13 146227 188890 140799 177387 0.04095 0.06964 0.36934 0.33326  UNCH. UNCH.
AOABO4RH33 ;gg[ﬁdo"i” domain-containing 7 134343 101534 129976 91081  0.04661 0.03559 -0.40395 -0.51302  UNCH. UNCH.
AOAB04MS63 C?}E‘r’égf;sﬁ'i'ca'b binding protein, 8 39199 45894 63538 63509  0.19171 0.99669 0.22748 -0.00066  UNCH. UNCH.
CoP6Z6 C’;Eosg’gg;;seS“b“”“de'ta 9 189557 254028 178326 203010  0.01251 0.34473 042235 0.18703  UNCH. UNCH.
K7TGE!  Beta-glucosidase2 28 358036 250022 212685 236285 0.01393 048931 -0.51805 0.15181 UNCH. UNCH.
AOA1DEMUES Cﬂf;;;ﬁ':gi‘c7° kDa protein 6 35 297621 369935 330681 343084  0.20982 0.64828 0.31379 005312  UNCH. UNCH.
K7TWV7  Peptidyl-prolyl cis-trans isomerase 9 166141 115273 110936 91958  0.09905 0.12223 -0.52735 -0.27069  UNCH. UNCH.
AOABD4PCR6  Eukaryotic initiation factor 4A-11 24 141907 146222 135932 107335  0.75210 0.29346 0.04321 -0.34077  UNCH. UNCH.
AOAS04LRW1 SAM_MPBQ_MSBQ_MT domain- 12 259032 264170 236066 266422  0.80355 0.46844 0.02834 0.17452  UNCH. UNCH.

containing protein
AOA1D6IKI2  RNA binding protein 1 6 75697 64924 62148 52065  0.43262 020290 -0.22148 -0.24986  UNCH. UNCH.
AOAB04NUX3  Phosphoribulokinase 12 21844 25511 24153 25499  0.25148 0.61025 0.22383 007826  UNCH. UNCH.
BAFAD1  S-adenosylmethionine synthase 14 94881 93151 37967 52030  0.87133 0.05237 -0.02655 047935  UNCH. UNCH.
A0A804Q076  1uBisCO large subunit-binding 29 244124 208578 239670 202799  0.14220 0.19672 -0.09493 -0.24099  UNCH. UNCH.
protein subunit alpha, chloroplastic

065101 Photosystem | reaction center 3 209792 165880 248668 164441  0.02063 0.12451 -0.33881 -0.59665 UNCH. UNCH.

subunit VI, chloroplastic
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Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2 LN
A5GZ73 a%gﬁ;?ﬁ;;;]ps?gfaﬁate 32 101315 101873 139914 154407  0.95277 0.31881 0.00791 0.14220 UNCH. UNCH.
AOATDBH2R4  H(+)-exporting diphosphatase 19 313340 314208 246202 178514  0.95936 0.39779 0.00399 -0.46381  UNCH. UNCH.
AOAB04RMT2 a';g‘ggﬁgfgem Il CP43 chlorophyll 6 336895 352321 323485 312104  0.60304 0.83301 0.06459 -0.05167  UNCH. UNCH.
AOA804RHB6  S-adenosylmethionine synthase 11 79406 96095 56984 59780  0.12149 0.63350 0.27520 0.06912  UNCH. UNCH.
AOAB04R8A0  AAA domain-containing protein 35 175070 197638 202461 164402 0.10003 0.08625 0.17492 -0.30042  UNCH. UNCH.
AOAS04UATS  Trype G domain-containing protein 21 54267 53953 60577 65937  0.95623 0.46951 -0.00835 0.12231  UNCH. UNCH.
AOA804P2X3  Uncharacterized protein 26 123262 112575 76441 93462 045228 0.06857 -0.13084 0.29004  UNCH. UNCH.
K7TLO5 General regulatory factor2 17 126524 77889 101452 45094 0.24440 0.07143 -0.69991 -1.16978 UNCH. UNCH.
AOAB04RB13 SZEZ?;Q:}TQCZf\‘gﬂof;;ggti}co‘( 19 179541 160833 206106 164354 011116 0.11992 -0.15875 -0.32658  UNCH. UNCH.
BAFRG1  14-3-3-like protein 15 45414 37791 50503 32067  0.34885 0.12197 -0.26509 -0.61535  UNCH. UNCH.
AOAS04RDPO psrgtc;ri?fl«;?olr?p?a}gg shock-related 25 19871 16163 19363 19236 0.02660 0.94833 -0.29796 -0.00943  UNCH. UNCH.
BIPEY4  Superoxide dismutase [Cu-Zn] 6 188801 155704 96085 60882  0.28882 0.21979 -0.27806 -0.65830  UNCH. UNCH.
AOATDBI3L1  Elongation factor 2 14 196675 133829 232574 195221  0.14324 017873 -0.55542 -0.25258  UNCH. UNCH.
BBA306 dﬁgﬁi‘s’gﬁggsﬁﬁﬁeﬂr‘jffespee%g;ﬂ) 30 82830 104112 130930 89896  0.03652 0.14208 0.32991 -0.54248  UNCH. UNCH.
A0A804QZU4  Aldedh domain-containing protein 24 239867 211655 163557 170191 0.25012 0.78844 -0.18052 0.05736  UNCH. UNCH.
B6TR16  PSI-K 5 702385 595078 777589 711431  0.04273 0.32344 -0.27751 -0.12829  UNCH. UNCH.
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Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2LN
AOAB04UANS  AAA domain-containing protein 36 236187 211735 264955 292057  0.13156 0.36889 -0.15767 0.14050  UNCH. UNCH.
AOAB04NE5T  Malic enzyme 15 431572 388166 361055 361890  0.09155 0.98154 -0.15293 0.00333  UNCH. UNCH.
AOAB04RET3 SZEZ?;Q:}TQ‘?f\‘gﬂof;;ggti}co‘( 19 247183 224164 266039 252055  0.10560 0.18062 -0.14102 -0.07790  UNCH. UNCH.
COPFV4 C?}Toﬁgg[ggﬁcpmtei” ClpC1 43 132190 134856 137385 138878  0.78357 0.88197 0.02881 0.01559  UNCH. UNCH.
B7ZYV4  Arginine decarboxylase 29 102317 101863 222154 167382 0.97080 0.32137 -0.00641 -0.40842  UNCH. UNCH.
C3UZ63  HSP protein 34 211586 172485 174657 150483  0.06853 0.28256 -0.29477 -0.13112  UNCH. UNCH.
K7UUBO  Triose phosphate isomerase3 14 65902 86898 62212 90391  0.05145 0.04136 0.39899 053898  UNCH. UNCH.
K7VHS8  Peroxidase 19 166508 187673 150977 175764  0.27668 0.47875 0.17263 0.21931  UNCH. UNCH.
K7UGM3  Catalase 18 426279 356725 353020 315717  0.06179 0.37537 -0.25699 -0.16112  UNCH. UNCH.
B6TVGI  Malic enzyme 13 13449 22314 9390 11186 0.06160 0.02796 073039 0.25261  UNCH. UNCH.
AOATD6FQNS  Malic enzyme 12 10730 7953 14007 9605  0.06870 0.05152 -0.43217 -0.54423  UNCH. UNCH.
A0Ag04Q2es  Jutamale-1-semialdehyde 2,1- 19 162513 130915 136670 97326 0.11581 0.02679 -0.31193 -0.48980  UNCH. UNCH.
P43188  Adenylate kinase, chloroplastic 16 230644 172030 172439 112350  0.15987 0.18602 -0.42301 -0.61808  UNCH. UNCH.
AOAB04R153  Malic enzyme 6 66374 82835 121989 114458  0.18401 077599 0.31963 -0.09193  UNCH. UNCH.
Pgoso7  Frobable UDP-arabinopyranose 19 77907 64067 25326 37384  0.24809 0.41382 -0.28216 056182  UNCH. UNCH.
AOA804PZ34  Tr-type G domain-containing protein 15 84373 85876 62724 45463  0.83457 0.24092 0.02549 -0.46433  UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2 LN
B4G1K9 Smﬁtrﬁ’lfﬁtimgrgﬁg;'ﬁg center 4 326970 289079 305809 309827  0.25678 0.91797 -0.17770 0.01883 UNCH. UNCH.
AOAB04ROD4  H(+)-exporting diphosphatase 17 12404 11781 18339 20804  0.36408 0.49592 -0.07445 0.18196  UNCH. UNCH.
Q5QJA2  Harpin binding protein 1 15 258355 289228 217336 313460  0.29333 0.00838 0.16285 052836  UNCH. UNCH.
AOA1DGNOR5 C':;]rlgtrgip”laiﬁg'cuLATA'RE'—ATED4 18 303962 331453 304861 312144  0.20877 0.62076 0.12491 0.03406  UNCH. UNCH.
A0A09652Q4 Qgpﬁdggﬁ[;ﬂgg}aﬂgg metalloprotease 4, 217481 198483 239598 220527  0.37852 0.50706 -0.13188 -0.11966  UNCH. UNCH.
AOA804PFG1 Sﬁgﬁﬁ'ftf\mw” ATPase catalytic 32 138146 133755 154212 138007  0.71536 0.04281 -0.04661 -0.16017  UNCH. UNCH.
B6SR38 S’:‘J’SeDr(fzzﬁ'iilgkggt"e’i‘:}d"red“Ctase 3 38243 39480 37312 46713 0.82875 0.28638 0.04591 032417  UNCH. UNCH.
BAFIE9  S-adenosylmethionine synthase 17 54600 55632 23349 32743 0.86607 0.06667 0.02702 0.48780  UNCH. UNCH.
AOAB04NLS4  Adenosylhomocysteinase 15 121769 108140 89437 64117  0.15290 0.13177 -0.17125 -0.48017  UNCH. UNCH.
Q51BC6  DANA2 15 91805 79054 82451 93516  0.30420 059292 -0.21574 0.18168  UNCH. UNCH.
AOA1D6GD70 C'\k’]'%?g:ﬂ;‘;'t%“tared°’“”'814 4 61591 55885 57020 44757  0.46641 0.07662 -0.14025 -0.34937  UNCH. UNCH.
AOABO4LEC3 ribulose-phosphate 3-epimerase 7 41019 30101 12320 16395  0.01343 0.00182 -0.44646 0.41228  UNCH. UNCH.
AOAS04LEC6  Ribulose-phosphate 3-epimerase 7 305825 282889 302305 264569  0.34532 0.03936 -0.11247 -0.19236  UNCH. UNCH.
AOAB04RA4K2  Vacuolar proton pump subunit B 21 145044 166257 152848 182067 0.11417 0.02439 019693 0.25237  UNCH. UNCH.
AOATD6QaE2 2 1War0Xy-3-oxopropionate 12 6075 7707 6889 9293  0.19599 0.03060 0.34324 0.43177  UNCH. UNCH.
CoPB44 ‘L-diaminopimelate 14 46471 42601 44408 45170 0.14190 0.95517 -0.12543 0.02453  UNCH. UNCH.

aminotransferase chloroplastic
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
o N oo LN oy PAoN™ LNHN  LNHN  LNHN  LNHN  LBOLN/HN P2 LNHN
phosphoglycerate mutase (2,3- ) )
ADABOANBQO BT Eere e T o) 25 53998 46370 54310 49622  0.06162 0.49448 -0.21973 -0.13022  UNCH. UNCH.
AOA8B04PVH3  Vacuolar proton pump subunit B 19 50306 34473 42162 40806  0.00383 0.51521 -0.54524 -0.04716  UNCH. UNCH.
P42895  Enolase 2 23 204681 266941 257032 256490  0.13469 0.97905 0.24864 -0.00304  UNCH. UNCH.
Photosystem | reaction center
BOUS34 o e et 5 248087 265255 226779 234299  0.44091 0.61068 0.09654 0.04706  UNCH. UNCH.
P80608  Cysteine synthase 15 53437 51677 132311 99340  0.75687 0.11413 -0.04831 -0.41349  UNCH. UNCH.
coPEi2 [Protein plastid transcriptionally active 5 140323 99063 94569 72058  0.02842 0.12063 -0.50232 -0.39221  UNCH. UNCH.
16 chloroplastic
AOA804PTC6 f:ggtrosy“em Il stability/assembly 20 169662 182447 166415 178670  0.18913 0.55371 0.10481 0.10252 UNCH. UNCH.
pagog7 ~/-lype proton ATPase catalytic 32 192590 167865 208393 163238  0.15708 0.00337 -0.19823 -0.35233  UNCH UNCH
subunit A (Fragment) ’ : : ’ : .
AOAB04MZV7  Histone H2B 4 124303 114969 155711 108894  0.41834 0.07100 -0.11262 -0.51595  UNCH. UNCH.
B4FFH8  Adenosine kinase 15 105898 111199 76867 60757  0.69957 0.43821 0.07047 -0.33931  UNCH. UNCH.
AOAB04PS86 p'fgtig}ﬁrase domain-containing 19 147277 126269 89558 126238 0.50079 0.28060 -0.22203 0.49524  UNCH. UNCH.
Q6R987  ATP synthase subunit alpha 24 183098 210788 159161 217310 0.09735 0.06204 0.20318 0.44927  UNCH. UNCH.
AOA804QRg5 [ rotein plastid transcriptionally active  5g 45232 51386 65764 54696  0.31039 0.25018 0.18405 -0.26585  UNCH. UNCH.
16, chloroplastic
Protein containing PDZ domain a K-
AOAIDBHT78 e o Pt rogion 18 239472 194834 220290 193741 024393 0.23258 -0.29761 -0.18528  UNCH. UNCH.
B4FWDO  NAD(P)H dehydrogenase (quinone) 6 72319 95676 46709 57467  0.14181 0.13244 040378 029903  UNCH. UNCH.
AOA096RYWS  alanine transaminase 17 88321 114682 71354 86877  0.04802 0.28501 037682 028399  UNCH. UNCH.
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
L80 HN L8O LN P2 HN P2 LN LN/HN LN/HN LN/HN LN/HN L80 LN/HN P2 LN/HN
BaGo72  yoioOA UDP-glucosyliransterase 15 165135 133598 152423 137006  0.14418 0.48681 -0.30575 -0.15385  UNCH. UNCH.
K7TX67 Plasma membrane ATPase 38 105593 97310 65853 92430 0.37088 0.18546 -0.11785 0.48910 UNCH. UNCH.
AOA1DEFI91  H(+)-exporting diphosphatase 14 40647 10205 10617 12113 0.30446 0.66098 -1.99393 0.19013 UNCH. UNCH.
Photosynthetic NDH subunit of
AOA804NPT2 subcomplex B 1, chloroplastic 17 83717 100756 89885 112374  0.09199 0.02650 0.26726 0.32216 UNCH. UNCH.
AO0A804MP57  Carboxypeptidase 12 209808 159437 146225 173037  0.20003 0.18921 -0.39608 0.24289 UNCH. UNCH.
B4FR08 Cysteine synthase 18 68396 57140 83104 84417 0.08082 0.79024 -0.25943 0.02261 UNCH. UNCH.
AO0A804M915  Plasma membrane ATPase 35 73430 74994 55471 58924 0.66293 0.71683 0.03042 0.08713 UNCH. UNCH.
Ribulose bisphosphate
COP5X6 carboxylase/oxygenase activase, 11 16461 22881 23592 19509 0.00460 0.03872 0.47510 -0.27420 UNCH. UNCH.
chloroplastic
AOA804QPC1  Actin 22 39536 47204 24629 33040 0.26719 0.20242 0.25575 0.42387 UNCH. UNCH.
B6STG2 PSI subunit V 6 323087 329890 368774 362864  0.84414 0.67456 0.03006 -0.02331 UNCH. UNCH.
P21569 Peptidyl-prolyl cis-trans isomerase 7 157331 123207 89990 121643  0.16740 0.13031 -0.35272 0.43482 UNCH. UNCH.
AOA1D6GRB4 alanine transaminase 21 10806 9986 15210 11488 0.43932 0.39367 -0.11383 -0.40497 UNCH. UNCH.
P02582 Actin-1 21 17457 22291 23574 26315 0.27508 0.69870 0.35269 0.15864 UNCH. UNCH.
AOA1D6LZ61  H(+)-exporting diphosphatase 9 100288 107924 128349 136823  0.74279 0.81356 0.10587 0.09224 UNCH. UNCH.
NAD(P)H-quinone oxidoreductase ) )
P06670 subunit K, chloroplastic 6 160835 157531 188727 183540  0.78268 0.70783 -0.02995 -0.04021 UNCH. UNCH.
AO0A804Q8Y9 PGR5-like protein 1A, chloroplastic 10 63974 71523 95677 95303 0.51786 0.97552 0.16092 -0.00566 UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2 LN
AIXCH  Lipoxygenase 25 2160 2906 95401 25913  0.38632 0.11038 0.42817 -1.88035  UNCH. UNCH.
049010  Herbicide safener binding protein 10 3905 3724 88895 52157  0.34788 0.31544 -0.06858 -0.76925  UNCH. UNCH.
C4J4E4 h“gfn”cﬁgg:‘ydroascorbate reductase 19 152545 145258 155656 143743  0.64682 0.54482 -0.07061 -0.11395  UNCH. UNCH.
PB0B3Y . anotic ranslation initiation factor 4 107219 105822 84824 85542  0.88565 0.94206 -0.01892 0.01216  UNCH. UNCH.
AOA804PH50 pfgt%?:”esed°mai”'°°”tai”i”9 15 276813 295306 286997 353908  0.30746 0.05857 0.09330 0.30234  UNCH. UNCH.
AOA804NCD4 NAD(P)H dehydrogenase (quinone) 7 34110 30440 33824 34071 0.52188 0.95022 -0.16421 0.01049 UNCH. UNCH.
P46722 S’:‘Jﬁl'frgE{ﬂéﬂfgfggisﬁi’gmred“mase 9 174715 177567 167693 196304  0.83909 0.40766 0.02336 0.22726  UNCH. UNCH.
AOAB04NLS3  Adenosylhomocysteinase 17 9542 8305 8026 7425 038784 0.30326 -0.20024 -0.11230  UNCH. UNCH.
AOA804QXX4 UBC core domain-containing protein 3 40726 26072 18274 23944 010077 0.27232 -0.64346 0.38985  UNCH. UNCH.
AOAB04PN54  peptidylprolyl isomerase 8 90427 50588 67316 56807  0.06671 0.50085 -0.83794 -0.24488  UNCH. UNCH.
AOAB04PES0 pcg'r’éf(?giﬁ;ehydr°ge”ase HPR, 23 98673 105132 86449 71210 0.73244 0.11201 0.09147 -0.27977  UNCH. UNCH.
K7VNEO (‘2\'}";)ph°e”°'pyr“"a‘e carboxykinase 55 34528 37599 46547 33501  0.52204 0.08702 0.12293 -0.47062  UNCH. UNCH.
B6T398 p':gttgitri]"fsp::ahslg‘:égﬁ’;‘i'tisS°°iated 17 47987 53643 39710 52508  0.41220 0.10627 0.16073 040305  UNCH. UNCH.
B4FU39 C%ﬂ?;'nﬁﬁg“:rtgfe?n(ER) domain- 17 100947 117939 109997 96419  0.31653 052228 0.10123 -0.19008  UNCH. UNCH.
QU6509  Caffeic acid 3-O-methyltransferase 13 89397 118470 12778 19753 0.39284 0.36285 040622 0.62843  UNCH. UNCH.
A0A804NPYV4  9lucose-1-phosphate 14 99546 126471 67815 100664  0.04130 0.15234 0.34537 0.56987 UNCH. UNCH.

adenylyltransferase
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
50 N 180 LN P2 HIN PoLN LNHN LNHN LNHN LNHN  L80LNHN P2 LN/HN
AOA804N5Z9  Acyl carrier protein 3 61200 29169 48057 37916 0.16784 0.35886 -1.06909 -0.34194 UNCH. UNCH.
AOA804MHD2  Isocitrate lyase 12 107147 108286 89891 91746 0.82461 0.90263 0.01526 0.02948 UNCH. UNCH.
B6SZ37 c%?cl?c:g?;s{:La-b binding protein, 8 54353 58755 50810 48338 049753 076800 0.11236 -0.07195  UNCH. UNCH.
AOA804UGZ9  Usp domain-containing protein 5 16198 14374 21937 8377  0.02519 0.13543 -0.17242 -1.38896 UNCH. UNCH.
Pyruvate dehydrogenase E1 ]
Qozavz Nt bta 11 58317 46006 39406 58180  0.40351 0.04310 -0.34211 0.56210 UNCH. UNCH.
Post-illumination chlorophyll .
BAFRB0 O e s 10 128203 108588 95136 99932  0.31790 0.60772 -0.23957 0.07097 UNCH. UNCH.
Double Clp-N motif-containing P-loop
AOA1DBEC46  nucleoside triphosphate hydrolase 38 86799 86499 82592 85331  0.93342 0.77222 -0.00499 0.04707 UNCH. UNCH.
superfamily protein
AOAB04UMX9 p'jc’jtgi—nf'br”“” domain-containing 14 28552 25493 19296 23970  0.57287 0.29617 -0.16347 0.31290  UNCH. UNCH.
5_
AOA804LS44 methyltetrahydropteroyltriglutamate-- 27 170327 132228 87461 70488  0.16906 0.15179 -0.36529 -0.31127 UNCH. UNCH.
homocysteine S-methyltransferase
AOATDBES19  Heat shock protein 90-2 34 45623 56501 38967 38100  0.08380 0.77327 0.30852 -0.03245 UNCH. UNCH.
A0A804QI52 LD phosphodiesterase domain- 2 130963 132448 128767 127978  0.85832 0.97705 0.01627 -0.00886 UNCH. UNCH.
containing protein
BAFGC8  40S ribosomal protein S12 3 67411 49108 49431 34957  0.28667 0.23866 -0.45702 -0.49984 UNCH. UNCH.
AOA804ML65  Cytosol aminopeptidase 9 5230 5029 4942 7695  0.70390 0.05177 -0.05658 0.63891 UNCH. UNCH.
B6TRzs  /\TP-dependent Clp protease 12 130402 91267 130171 99523  0.01302 0.25434 -0.51480 -0.38730  UNCH. UNCH.
proteolytic subunit
Photosynthetic NDH subunit of . .
B4GOS4 (o e B 5 chioroplasic 6 98203 95556 107332 106834  0.76041 0.95511 -0.03942 -0.00671 UNCH. UNCH.
COP439 UDP-arabinopyranose mutase 11 44927 34602 29025 29194  0.04378 0.98140 -0.37676 0.00841 UNCH. UNCH.
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

Accession Description pentides lon Gount lon Count lon Count lon Count L8 P2 L8 P2 Accumulation Accumulation
LBOHN  LSOLN P2 HN P2LN
AOAS04NYY2  DUF3700 domain-containing protein 6 70750 89024 50360 56475  0.25766 0.27341 0.33147 0.16533  UNCH. UNCH.
B6SKAO  glutathione transferase 9 74650 71636 46400 48985  0.76454 0.82537 -0.05945 0.07822  UNCH. UNCH.
AOA804MHDO  Isocitrate lyase 13 22136 26498 20562 22608  0.06667 0.56885 0.25948 0.13690  UNCH. UNCH.
AOA1DEKKPO  Putative 14-3-3 protein 13 169823 226875 167902 204062  0.04087 0.11907 0.41787 0.28139  UNCH. UNCH.
B4G031  L-ascorbate peroxidase 13 72602 49816 33099 26824  0.09257 0.48527 -0.54339 -0.30327  UNCH. UNCH.
P12653  Glutathione S-transferase 1 9 14677 11754 13658 11852 0.14569 0.55247 -0.32043 -0.20466  UNCH. UNCH.
B4FS77 p'\r";te'}fl'”a”“—”d°mai”'°°”ta‘”‘”9 8 96423 90824 112617 109094  0.77644 0.77311 -0.08631 -0.04585  UNCH. UNCH.
AOATDBM250  Malic enzyme 15 17146 24104 19913 27234 0.02295 0.07100 0.49141 045173  UNCH. UNCH.
AOA804RCZ7 pF:g‘t%rif]d"Xi”"ikedomai”'“’”tai”i”g 4 45407 45367 171233 179185  0.99633 0.84166 -0.00128 0.06549  UNCH. UNCH.
AOAB04LUS4 C'Zﬁ:;‘(’)f:n‘fitﬁrﬁ?ﬁgije Ei 8 39742 34189 41703 34617  0.10154 0.08530 -0.21712 -0.26867  UNCH. UNCH.
Q8H6AS5 ;gﬁgﬁ:agg’nr;i'lgg"°°”tr°"edt“m°r 12 114733 125155 109021 96523  0.23695 0.28182 0.12543 -0.17566  UNCH. UNCH.
Q41738 CLT&?;";{;Z;T“"WSymhase1’ 11 58491 43461 61307 92092  0.14590 0.09468 -0.42851 058701  UNCH. UNCH.
P49133 J;;f’jgcg't‘gfF’Cﬁé%%'}g:tﬁ’g‘ate 7 350606 300330 438376 306200  0.40912 0.03881 -0.22330 -0.51769  UNCH. UNCH.
P48186 CﬁLF;osgﬁgtsﬁiiseS“b“”” b, 8 100100 63691 69597 35580  0.08912 0.08237 -0.65229 -0.96758  UNCH. UNCH.
AOAS04QAJ3 pﬂcﬁlﬁ] ase_c domain-containing 34 41682 51308 55535 61983  0.09322 0.25880 0.29977 0.15847  UNCH. UNCH.
B6T3B4  Succinate dehydrogenase10 8 31246 41545 32808 35920  0.13406 0.62817 0.41101 0.13074  UNCH. UNCH.
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

Accession Description pentides lon Gount lon Count lon Count lon Count L8 P2 L8 P2 Accumulation Accumulation
LBOHN  LSOLN P2 HN P2LN
P04966 a';';‘ggstgfrfe/m'woo chiorophyll a 15 677441 568950 757819 676783  0.18607 0.12674 -0.25179 -0.16316  UNCH. UNCH.
A0AS04PZMS5  Feat shock protein family A (Hsp70) 4 2021 3112 3705 3275  0.00633 0.26185 0.48641 -0.17770  UNCH. UNCH.
AOA1DBJPH3  Glutathione reductase 21 127369 111042 82390 81328  0.23439 0.94746 -0.19791 -0.01873  UNCH. UNCH.
AOA1DBLSP5  Elongation factor gammaf 14 89973 71426 53889 44780  0.04136 0.08907 -0.33304 -0.26714  UNCH. UNCH.
B4FY73  Germin-like protein 6 116448 97976 113437 122266  0.53694 0.30465 -0.24918 0.10813  UNCH. UNCH.
B4FKMA bi;‘:g‘;‘tfugﬁj'iﬁg‘gg‘tgmd‘”9 protein 20 57947 49935 53881 48977  0.10832 0.65182 -0.21466 -0.13767  UNCH. UNCH.
COPDS1 tﬂﬁg}gﬁtgLyﬁcgﬁfggggggtﬁte 8 173691 202957 205710 209041  0.12834 0.80245 0.36024 0.02318  UNCH. UNCH.
B4F836  Lactoylglutathione lyase 13 104229 86795 74886 60986  0.38546 0.38345 -0.26408 -0.29622  UNCH. UNCH.
Pargg3  Gouiin-40S ribosomal protein 6 253938 216760 184800 207847  0.06155 0.31190 -0.22838 0.16956  UNCH. UNCH.
P12gs7 ~ MDPATF carrier protein, 15 155281 156483 107504 147312 0.90512 0.04356 0.01113 0.45448  UNCH. UNCH.
B4FK49  Nucleoside diphosphate kinase 1 7 102786 90810 109986 85756  0.44882 0.02052 -0.17873 -0.35901  UNCH. UNCH.
BAFALO  Fructose-bisphosphate aldolase 20 60671 60505 42516 42117 098396 0.91993 -0.00395 -0.01361  UNCH. UNCH.
B6SJ21 b%;‘:gg‘suﬂﬁj'iﬁgtgg'tgiiﬂdi”9 protein 19 103028 109839 62127 80904 059703 0.07699 0.09235 0.38099  UNCH. UNCH.
Q41739 CLT&?EE{;’ZET‘“ZO'G synthase 2, 15 106362 76920 160852 92581  0.12794 0.15205 -0.46755 -0.79694  UNCH. UNCH.
AOA804QCX5  Elongation factor 1-alpha 11 175648 194956 156094 170913  0.06414 0.30745 0.15046 0.13085  UNCH. UNCH.
B6TIS6 ribose-5-phosphate isomerase 9 223037 206500 219512 179672  0.89452 0.24686 0.01700 -0.28893  UNCH. UNCH.
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

. . Reported Normalized Normalized Normalized Normalized N -

Accession Description peptides lon Count lon Count lon Count lon Count LII\-I?IEI)N Ll\llD/IZ-IN LII\]/SI(-:N Ll\llD/IZ-IN A‘I:_%l(l)T_llfll/al-tlllflm Ac;;rll_'ﬁ/l;t';on

LBOHN  L8OLN P2 HN P2 LN
B4FZ35 Igg‘;ﬁﬁa mays Chloroplastic 11 50625 51582 51998 67666  0.92507 0.29395 0.02699 0.37998  UNCH. UNCH.

A0A804Q738 pF:Qtoe?:”esedomai”'c"”tai”i”g 14 77579 86048 65216 91821  0.30365 0.00989 0.14948 049360  UNCH. UNCH.
K7TP58  Cysteine protease 1 10 167096 187696 156663 187409  0.44060 0.13106 0.16772 025852  UNCH. UNCH.

AOAB04NG48  GTP-binding nuclear protein 10 93745 83053 68042 65113  0.35949 0.80737 -0.17471 -0.06350  UNCH. UNCH.

phosphoglycerate mutase (2,3- ] ]

AOABOAMZRT B T e ot 9 16532 15915 16699 12193 0.75398 0.03580 -0.05481 -0.45366  UNCH. UNCH.
B4FPG CET;Z%T:SQt'i)éco'ate phosphatase 1A 12 77476 70402 72737 55939  0.31207 0.00418 -0.13815 -0.37883  UNCH. UNCH.
B4FBC2  GDP-mannose 35-epimerase 14 97323 80196 50325 40798  0.01714 0.07976 -0.27926 -0.30279  UNCH. UNCH.

NAD(P)H-quinone oxidoreductase ) )
P25709 o e opraati 18 153744 141162 177778 149867  0.49562 0.11011 -0.12317 -0.24639  UNCH. UNCH.
BSATHO  glucose-6-phosphate 1-epimerase 11 73265 56259 52338 42287 023968 0.38856 -0.38105 -0.30767  UNCH. UNCH.
B6SQV5 C';Tgrtgsgﬁé“ 1110 kDa polypeptide, 3 338721 346888 354950 289482 091429 0.14039 0.03437 -0.29414  UNCH. UNCH.
B6TQ06  Aminomethyltransferase 19 143204 106473 101693 121600 017758 0.35025 -0.42758 0.25792  UNCH. UNCH.
5_
BSATR8  methyltetrahydropteroyltriglutamate-- 18 38495 44882 40550 49577 024628 049410 022147 028997  UNCH. UNCH.
homocysteine S-methyltransferase
B4AFRM7  60S ribosomal protein L12 9 52455 46071 24475 33982  0.55396 0.17180 -0.18722 0.47346  UNCH. UNCH.
ATP-dependent Clp protease

AOABDANTNG e 8 52367 64483 37343 39214  0.09499 0.84583 0.30025 0.07053  UNCH. UNCH.

AOA1DBEGN6  adenosylhomocysteinase 4 17098 17130 21350 14453 0.98579 0.00829 0.00273 -0.56284  UNCH. UNCH.
Q43260  Glutamate dehydrogenase 15 158772 202692 156775 226738  0.13933 0.06650 0.35233 053233  UNCH. UNCH.
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Average
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Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
o N oo LN oy PAoN™ LNHN  LNHN  LNHN  LNHN  LBOLN/HN P2 LNHN
AOA1D6FA18  alanine transaminase 19 399207 383375 258230 367747  0.38759 0.33090 -0.05838 0.51006  UNCH. UNCH.
AOAB04LD34  40S ribosomal protein SA 12 96845 101821 81067 76603  0.81240 071648 0.07229 -0.08171  UNCH. UNCH.
K7TFI4 NAD(P)H-quinone oxidoreductase 11 127525 118781 149790 125592  0.38047 0.31710 -0.10247 -0.25420  UNCH. UNCH.
subunit U chloroplastic
AOAB04RJL5  Aconitate hydratase 21 29918 26385 20575 24595  0.31029 0.34672 -0.18132 025747  UNCH. UNCH.
AOAB04RONS  Proteasome subunit alpha type 7 28307 33039 43342 57311  0.24892 0.00111 022300 040303  UNCH. UNCH.
B4FA32  Peroxidase 11 59717 27200 20573 11003 0.09762 0.45303 -1.13455 -0.90289  UNCH. UNCH.
Q6XZ78  Fructokinase-2 14 53075 59069 51991 36328  0.10845 0.29099 0.15436 -0.51718  UNCH. UNCH.
AOA1D6F3N9  Elongation factor Ts, mitochondial 29 62647 59383 30696 31458  0.63970 0.89357 -0.07719 0.03542  UNCH. UNCH.
COPCV2  40S ribosomal protein S8 8 68933 64244 62647 47763 051463 0.02381 -0.10163 -0.39135  UNCH. UNCH.
BarkMo  VADPH-protochlorophyliide 16 173274 139390 139286 110483  0.04456 0.02665 -0.31393 -0.33423  UNCH. UNCH.
oxidoreductase
B4FNM4  60S acidic ribosomal protein PO 10 113786 121966 89147 102502  0.26858 0.32518 0.10015 0.20140  UNCH. UNCH.
AOA1DBPUK8  Aconitate hydratase 34 131433 146461 124428 123138 0.17012 0.91385 0.15619 -0.01503  UNCH. UNCH.
Phosphoenolpyruvate/phosphate )
COP317 e oromraatic 5 177395 173171 158994 161005  0.78876 0.90892 -0.03477 0.01813  UNCH. UNCH.
AOA804Q189  Lactoylglutathione lyase 13 12684 14750 27279 24244 023492 011690 021779 -0.17021  UNCH. UNCH.
Qo4ipp  Clucose-1-phosphate 10 11831 14490 12691 8416  0.00422 0.00363 029242 -0.59252  UNCH. UNCH.
adenylyltransferase
B4FRJ3  Proteasome subunit beta 11 16935 22080 10875 14107 0.02759 0.04287 0.38271 0.37539  UNCH. UNCH.
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: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
o N oo LN oy PAoN™ LNHN  LNHN  LNHN  LNHN  LBOLN/HN P2 LNHN
K7TM64  Pyruvate kinase 21 61432 64208 70510 53859  0.63384 0.03003 0.06375 -0.38863  UNCH. UNCH.
CAJ6E4  Peroxidase 42 5 68237 53546 41015 12262 0.47348 0.18758 -0.34978 -1.74198  UNCH. UNCH.
B6TTPO  Histone H3 4 140654 109894 157971 153046  0.09997 0.71133 -0.35603 -0.04569  UNCH. UNCH.
AOA804P454  hydroxymethylbilane synthase 16 45688 32504 52204 40550  0.10060 0.19254 -0.49117 -0.36447  UNCH. UNCH.
AOAB04MAX7 pf;ZﬁX'DASE—“ domain-containing 12 267749 219106 333045 273588  0.34852 0.30045 -0.28926 -0.28371  UNCH. UNCH.
B6TXY3 Quinone oxidoreductase-like protein 15 93150 76852 83059 76153 0.43324 0.30124 -0.27748 -0.12523 UNCH. UNCH.
Photosynthetic NDH subunit of . .
AOAIDBHKO7 e replaetic 6 72041 71466 90708 60589  0.91324 0.09873 -0.01156 -0.58219  UNCH. UNCH.
Heavy metal transport/detoxification )
AOADBMWS  (EE1 e TR 6 137413 126295 95921 99206  0.61257 0.87369 -0.12172 0.04859  UNCH. UNCH.
B4G1J8 Ci?fréﬁgzgcma' protein L3-1 8 68754 73370 22405 33521  0.53559 048858 0.09376 058123  UNCH. UNCH.
Glucose-1-phosphate
P55240  adenylyltransferase small subunit 7 24844 24060 23814 19136 0.76953 0.31992 -0.04626 -0.31548  UNCH. UNCH.
(Fragment)
AOA1DBEEB5 transketolase 9 168240 171854 132362 88949  0.84028 0.00368 0.03066 -0.57345  UNCH. UNCH.
B4FRze  Fyridoxal S-phosphate synthase-ike 44 124964 133420 99823 95281  0.23715 0.64277 0.09446 -0.06718  UNCH. UNCH.
subunit PDX1.2
AOABO4REY1  Beta-glucosidase 13 140689 211726 225024 212098  0.00682 0.45275 0.58969 -0.08535  UNCH. UNCH.
AOA1DBEGA9  Aconitate hydratase 20 50314 36126 33970 45328  0.03899 0.12417 -0.47794 0.41615  UNCH. UNCH.
B4AFMY6  V-type proton ATPase subunit C 11 49215 42274 44709 48824 021531 0.36062 -0.21933 0.12703  UNCH. UNCH.
AOA1DBQNZ7  DUF3119 family protein 7 50039 67038 62780 99143  0.01923 0.11662 042192 065920  UNCH. UNCH.
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: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;nggl:ﬁg ":g;nggl:ﬁg ":g;nggl:ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
o N oo LN oy PAoN™ LNHN  LNHN  LNHN  LNHN  LBOLN/HN P2 LNHN
C4J4Q0  NTF2 domain-containing protein 6 65048 67863 69034 47389  0.56268 0.07096 0.06112 -0.54277  UNCH. UNCH.
Q9SAZ6  phosphoenolpyruvate carboxylase 26 42418 41048 46200 46587  0.78865 0.97490 -0.04739 0.01203  UNCH. UNCH.
AOAS04MRo4  2Fe-2S ferredoxin-type domain- 4 4517 3644 3458 2275  0.30713 0.13636 -0.30972 -0.60428 UNCH. UNCH.
containing protein
COP455 608 ribosomal protein L4-1 13 96447 103724 134864 113707 048442 0.44135 0.10493 -0.24618  UNCH. UNCH.
phosphoglycerate mutase (2,3- ]
AOABOALING B e amerdont) 7 7965 10992 9216 8427  0.05661 0.53397 0.46473 -0.12920  UNCH. UNCH.
AOA804QVR8  Clp R domain-containing protein 6 7360 10878 7247 10293 0.00514 0.07726 0.56357 0.50611 UNCH. UNCH.
AOA804MBT6 pFrgt’;—nhyd“"ase domain-containing 4 58239 73662 41433 63640  0.39648 0.30011 033893 061915  UNCH. UNCH.
Putative TCP-1/cpn60 chaperonin
KTUGR2 e e oo 16 11981 13008 9338 11255  0.36598 0.22010 0.11866 0.26931 UNCH. UNCH.
B4Gotp | utative inactive linolenate 20 70480 52221 101450 82815  0.01040 0.29991 -0.43258 -0.29281  UNCH. UNCH.
hydroperoxide lyase
AOA3L6EVGS  inorganic diphosphatase 4 5588 3012 3822 2949  0.10231 0.56036 -0.89147 -0.37412  UNCH. UNCH.
B4FT85  Isochorismate synthase 1 12 98844 95527 83599 103297  0.72556 0.34115 -0.04925 0.30524  UNCH. UNCH.
BAFMF7  Aldose 1-epimerase 8 40022 25379 17047 12334 0.12598 0.40493 -0.65718 -0.46684  UNCH. UNCH.
AOAB04NQB4  Uncharacterized protein 7 55305 40675 37990 24729 014215 016715 -0.44327 -0.61940  UNCH. UNCH.
AOA1DBEJCO  Clathrin heavy chain 41 83279 82724 82906 108207  0.96346 0.12887 -0.00964 0.38425  UNCH. UNCH.
AOA1DBGEX5 ~ Short chain alcohol dehydrogenaset 11 77458 69809 29428 47092  0.21462 0.06105 -0.15000 0.67830  UNCH. UNCH.
BarzL4  Chlorophyll a-b binding protein, 6 139187 140637 176359 126557  0.84816 0.02810 0.01495 -0.47872  UNCH. UNCH.

chloroplastic
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: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
56 AN 150 LN B2 HIN BotN  LMHN LNHN LNHN LNHN  L80 LN/HN P2 LN/HN
AOABO4MWG4 Hibos_L4_asso_C domain- 14 41808 37807 38582 30884  0.53639 0.02690 -0.14511 -0.32106  UNCH UNCH
containing protein ' ’ ’ ' ’ ’
Q9FQ11 Sucrose-phosphatase 1 11 44417 44167 53388 48633 0.94282 0.43245 -0.00817 -0.13458 UNCH. UNCH.
AOA804M720  Mevalonate kinase 6 9596 12837 8317 11329 0.05956 0.00094 0.41993 0.44581 UNCH. UNCH.
B6SUH9 Cifg’rzsggfci”'comai”ing protein 3 9 46317 55934 50148 41072 0.21021 024325 0.27218 -0.28804  UNCH. UNCH.
AOA804LI35 porg’féﬁjnseé”"h repeat secretory 7 49956 35954 17604 19963  0.29118 0.77106 -0.47449 0.18149 UNCH. UNCH.
AOA804LJR2 Sggi;ranswterdomai”'comai”ing 8 159130 146189 155371 142795  0.13834 0.42089 -0.12237 -0.12178 UNCH. UNCH.
Stress-response A/B barrel domain-
COHHHO e rotein UP3 5 75384 94710 46215 58558  0.13866 0.51821 0.32926 0.34150 UNCH. UNCH.
AOATD6HIF8  ADP/ATP translocase 6 12252 12436 10716 17838 0.93182 0.11231 0.02142 0.73514 UNCH. UNCH.
CaJekg ~Guanosine nucleotide diphosphate 14 26336 24209 24989 17710 0.03210 0.07482 -0.12146 -0.49677  UNCH. UNCH.
dissociation inhibitor
AOAB04NC60  Phosphoglycerate kinase 10 164705 167008 135276 183248  0.73245 0.02621 0.02003 0.43789 UNCH. UNCH.
AOA804NJL3  Heat shock protein 70 family 9 18668 19808 35438 51208  0.66016 0.44799 0.08556 0.53106 UNCH. UNCH.
B4FR32 di'ﬁ;i;a,\'l‘iehyde‘s'ph°Sphate 23 69623 78322 81102 75101  0.22817 0.52566 0.16986 -0.11090  UNCH. UNCH.
P41040 Calmodulin 7 66664 43120 55897 24516  0.09283 0.09599 -0.62854 -1.18904  UNCH. UNCH.
B4FTR5 p’\r'c/;gi(np)'bdfdom domain-containing 8 57671 69992 79347 111491 0.25888 0.02001 0.27933 0.49068  UNCH. UNCH.
AOAS04M241  Succinate dehydrogenase assembly 3 13994 12142 13853 9649  0.49227 0.28410 -0.20483 -0.52171 UNCH. UNCH.
factor 4, mitochondrial
AOA317Y708  Chitin elicitor-binding protein 3 39308 30320 20447 15725  0.24071 0.32677 -0.37455 -0.51349  UNCH. UNCH.
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: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
B6TCN7  Threonine endopeptidase 4 70613 79836 68792 97906  0.13534 0.01810 017710 050915  UNCH. UNCH.
Q84RL7  Aquaporin PIP2-1 5 97065 106320 62279 89378  0.56420 0.24372 013138 052116  UNCH. UNCH.
AOA1DBLOI4 Cﬁ?;’;‘ggssfi?i”ateSy”thetase’ 15 79362 85847 52485 70375  0.65102 040864 011332 042315  UNCH. UNCH.
AOAB04LQPO  Shikimate kinase 7 60095 51217 32538 33336 040212 089117 -0.23061 0.03493  UNCH. UNCH.
AOATD6EZ36  peptidylprolyl isomerase 12 61374 70722 63622 71518 001888 0.35410 0.20453 0.16878  UNCH. UNCH.
AOAO96RGO4  SOUL heme-binding family protein 8 114839 149423 191427 137353 0.47753 0.00500 0.37979 -0.47890  UNCH. UNCH.
AOA804LUS4 p’\r‘c’;gi(np)'bd—d"m domain-containing 8 4879 5523 33171 54018  0.15538 0.25340 0.17883 0.70351 UNCH. UNCH.
Isocitrate dehydrogenase [NAD]
BAFADS o ot 5 ortashonciial 8 30953 36976 20212 38012 0.18652 0.10134 025649 0.77514  UNCH. UNCH.
P05643  Cytochrome b6-f complex subunit 4 3 227576 231472 270644 222055  0.84037 0.19070 0.02449 -0.28548  UNCH. UNCH.
Ribosomal_L18e/L15P domain-
AOABO4PXMS  [THOSOTELISS 7 185743 186446 185035 175500 0.96093 0.47944 0.00546 -0.07632  UNCH. UNCH.
AOA1D6H1Jg Clyceraldehyde-3-phosphate 6 6295 6490 7589 8186 070911 051168 0.04406 0.10926  UNCH UNCH
dehydrogenase ’ ’ ’ ’ ’ ’
AOA1DBIJP9  alanine transaminase 18 49037 50841 34539 37836  0.83633 0.63521 0.05212 0.13153  UNCH. UNCH.
Putative mitochondrial-processing
B4FSZ7  peptidase subunit alpha-2 17 45675 44335 51112 66456 073280 021130 -0.04297 0.37873  UNCH. UNCH.
chloroplastic/mitochondrial
A0A804PZZ1  DLH domain-containing protein 6 33704 35027 20592 35465  0.89210 0.16096 0.05554 0.65057  UNCH. UNCH.
AOAB04MNZ3  Glucose-6-phosphate isomerase 15 32097 37216 30954 47032 0.17873 0.17868 0.21349 0.60351 UNCH. UNCH.
AOA804P3H7  Fumarylacetoacetase 6 23582 20832 48443 27319 053034 0.10208 -0.04664 -0.82640  UNCH. UNCH.
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Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2 LN
AOA3LGE7C1  Proteasome subunit beta 9 33503 37185 31699 37460  0.06238 0.05580 0.15043 0.24090  UNCH. UNCH.
AOAB04PG82  lactoylglutathione lyase 14 51395 61523 52560 70396  0.42243 0.36347 0.25949 0.42154  UNCH. UNCH.
AOATDBMSE3  Dihydrolipoyl dehydrogenase 21 58062 53466 49541 56344  0.35814 0.19257 -0.11897 0.18564  UNCH. UNCH.
AOATDBFI07  Dihydrolipoyl dehydrogenase 19 40049 40729 40905 42955 079751 0.58064 0.02430 0.07054  UNCH. UNCH.
AOAB04MNLO  aldehyde dehydrogenase (NAD(+)) 15 62367 69881 65927 71001 0.42502 0.38349 0.16412 0.10695  UNCH. UNCH.
Q43272 p’\r‘]’ggpﬁ]'gtipggﬁfgfo‘gé’ﬁggde"yde‘s' 22 49085 47465 53278 63810 077611 040739 -0.04841 0.26024  UNCH. UNCH.
AOA804QUO8  Uncharacterized protein 2 29835 13695 52107 20580  0.13231 0.09758 -1.12339 -1.34026  UNCH. UNCH.
AOA1D6JS28 p?&ﬁ;”;gﬂf}hc’”d”a' membrane 11 68620 70174 64398 112814 077303 0.13470 0.03232 0.80885  UNCH. UNCH.
AOA804Q3TO  PDZ domain-containing protein 10 34345 39960 70733 87498  0.18077 0.16262 0.21846 0.30686  UNCH. UNCH.
AOAB04MOB1 pfé?gﬁ]oma'fUGdomai”'contai”ing 5 46027 32969 40526 29397  0.06405 0.12479 -0.48136 -0.46321  UNCH. UNCH.
AOA1DBI644  Glucose-6-phosphate isomerase 15 17531 25805 22686 20390  0.01162 0.65034 0.55774 -0.15395  UNCH. UNCH.
AOA1DBI2X6 p\:gt'f:i‘g%depe”de”t anion channel 7 51270 46915 31474 43307  0.42066 0.10025 -0.12809 0.46047  UNCH. UNCH.
COPA91 Iso_dh domain-containing protein 9 40076 42516 43145 49985 0.53146 0.04161 0.08527 0.21228 UNCH. UNCH.
COPC61 transaldolase 12 52933 50371 37846 48550  0.60563 0.16212 -0.07157 0.35933  UNCH. UNCH.
C4JBJ3  Calmodulin-7 2 41048 24134 36149 26556  0.09144 0.64209 -0.76625 -0.44490  UNCH. UNCH.
AOA804QY51 transaldolase 14 27620 31992 19595 23518 0.24141 0.13416 021196 026327  UNCH. UNCH.
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Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2LN
AOABO4LV96 Ci‘ffrgg’lgzgrcna' protein S4, 8 39557 28884 39031 29785  0.01849 0.15602 -0.45365 -0.39005  UNCH. UNCH.
ASH454  Peroxidase 66 3 39980 31939 30912 23120 0.36113 0.21792 -0.32397 -0.41905  UNCH. UNCH.
P49105 Cit'gggﬁg'ﬁ'ph"s"hate isomerase, 22 158781 143316 204300 171578  0.08335 0.29397 -0.14784 -0.25183  UNCH. UNCH.
AOASLGE5Y7  Plasma membrane ATPase 20 37183 42455 41019 55494  0.49733 0.14464 0.19131 043604  UNCH. UNCH.
B4FLJ3 lIsocitrate dehydrogenase [NADP] 13 23455 21275 23458 19741 0.65037 0.63282 -0.14074 -0.24886  UNCH. UNCH.
AOATDBMV33  Plasma membrane ATPase 20 32938 32625 30913 36199 092715 0.14459 -0.01375 022770  UNCH. UNCH.
AOAB04MFU1  Protein TIC 40 chloroplastic 14 53790 49020 48604 45344  0.42439 0.67427 -0.13394 -0.10015  UNCH. UNCH.
B6SXWS p?g‘g:fg%i;ﬁ’teaslgﬁg””'bi”ding 21 73119 67714 59059 76085  0.65160 0.21257 -0.11079 0.36546  UNCH. UNCH.
AOAB04NIZ3  V-type proton ATPase subunit C 9 60531 76720 65535 67267  0.23698 0.85809 0.34194 0.03765  UNCH. UNCH.
AOATDBHAE3  L-ascorbate peroxidase 15 160931 142901 129380 179298  0.68319 0.35179 -0.17142 0.47074  UNCH. UNCH.
AOAB0AMAH4  Myosin-11-like 61 80624 88639 87657 81373 0.21155 0.55536 0.13674 -0.10733  UNCH. UNCH.
B4FOVI  Ferredoxin 2 13651 8717 3823 5439 0.17401 0.38160 -0.64722 050867  UNCH. UNCH.
K7TK74 S'{’J‘;‘:r‘fzaﬁ‘)'lcgrho‘i'e‘ijnehydr°ge”ase 13 26317 33312 47635 50484  0.04383 0.50065 0.34004 0.08380  UNCH. UNCH.
COPKO5  Lactoylglutathione lyase 9 84238 82977 59381 50305  0.92673 0.99584 -0.02176 -0.00185  UNCH. UNCH.
AOA1D6GQ42  Cell division cycle protein 48 29 43913 47982 33337 42572 0.13204 0.04485 0.12786 0.35278  UNCH. UNCH.
AOATD6N1zg ~G-Phosphogluconate dehydrogenase, ¢ 46081 39712 32809 34874  0.28413 0.69786 -0.21461 0.08804  UNCH. UNCH.

decarboxylating
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: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
Protein CHLORORESPIRATORY
BAFZI4 A e ohreropracte 5 31415 31644 24079 19332 095719 0.12107 0.01045 -0.31680  UNCH. UNCH.
AOAB04MLUS Fﬁﬁgmketfred domain-containing 10 47927 43229 43968 49545  0.17882 0.56000 -0.14882 017228  UNCH. UNCH.
COHHM6  Thioredoxin family protein 4 40065 37329 24983 16101 0.61129 0.26934 -0.10203 -0.63378  UNCH. UNCH.
K7U9F9 ifo'?opr;]“?””"se 3,5-epimerase 2 8 22170 19642 18847 23112 0.37698 0.18667 -0.17466 0.29430  UNCH. UNCH.
AOAS04LVL8  NmrA domain-containing protein 10 49283 56463 68761 54945  0.38539 0.09773 019622 -0.32360  UNCH. UNCH.
022453 408 ribosomal protein S4 10 66407 49811 62234 49174 0.03999 020091 -0.41488 -0.33980  UNCH. UNCH.
Mitochondrial
B4FBF6 dicarboxylate/tricarboxylate 13 75853 94499 57320 79800  0.23037 0.12878 031710 047733  UNCH. UNCH.
transporter DTC
AOA1DEKZT2  Plasma membrane ATPase 16 69765 57056 64352 64759  0.13261 098071 -0.29014 000910  UNCH. UNCH.
B6SRJ5  sulfate adenylyltransferase 16 50026 44891 33653 21177 0.14657 0.09386 -0.15626 -0.66824  UNCH. UNCH.
AOA1DBI845  Proteasome subunit beta 8 27335 26319 24799 24697 079462 0.98437 -0.05463 -0.00594  UNCH. UNCH.
AOA804PNL1 p'\r"gfe%assocmed domain-containing ;g 76517 85018 74133 75690  0.13643 090219 015199 0.02998  UNCH. UNCH.
Q41785  Tubulin beta-8 chain 11 21301 26081 37857 32773 011251 056532 0.29207 -0.20806  UNCH. UNCH.
COPGG5  Pyruvate kinase 15 58027 58351 63772 50395  0.93838 021365 0.00803 -0.10258  UNCH. UNCH.
B6TGL3  Proteasome subunit beta 10 219714 262229 232307 276331  0.00237 0.05604 0.25520 0.25036  UNCH. UNCH.
B4F891  Tyrosine aminotransferase 16 54863 40208 28020 32342 0.01977 0.60561 -0.44837 0.20694  UNCH. UNCH.
B4FTEO  Protein TIC 21, chioroplastic 4 56705 53449 70474 68550  0.49045 0.61067 -0.08532 -0.08031  UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2LN
AOAS04QBE8  CAAD domain-containing protein 2 77109 102508 69034 64540  0.05926 0.71296 0.41078 -0.09711  UNCH. UNCH.
AOAB04R6CO p?gt’gi‘r’]'exwomadomai”'comai”ing 4 16239 10052 9894 7458 0.12381 0.29543 -0.69192 -0.40768  UNCH. UNCH.
AOA804QKB5 p'jg{‘etﬁ‘]pep“de repeat-containing 6 15353 10199 31803 17934  0.01278 0.06199 -0.59009 -0.82641  UNCH. UNCH.
K7URV3  Inositol-1-monophosphatase 7 53752 64714 85620 86698  0.52562 0.95993 0.26776 0.01805  UNCH. UNCH.
Q41784 Tubulin beta-7 chain 11 19018 15434 11936 16024  0.27977 047987 -0.30122 0.42490  UNCH. UNCH.
AOA804P8Y0  Proteasome subunit beta 8 38041 44003 33569 23744  0.16092 0.02177 0.21004 -0.49955  UNCH. UNCH.
B6UBS2  Cysteine synthase 7 25955 26930 21167 24939 054271 0.31833 0.05324 0.23660  UNCH. UNCH.
C4IlYM7 p“r";tt‘;ic:gg‘:iﬂaéomer membrane 10 22679 24846 18549 28358  0.44655 0.15204 0.13164 0.61245  UNCH. UNCH.
COPBY7  Nucleoside diphosphate kinase 6 45161 34429 33971 23072 0.08179 0.13048 -0.39146 -0.55816  UNCH. UNCH.
B4FSV6 dGégg%%%’gt'i‘;ZO“ate dehydrogenase, g 35984 33764 33979 38864  0.48528 0.35515 -0.09189 0.19377  UNCH. UNCH.
AOAB04P3H8  Fumarylacetoacetase 9 10110 10670 15177 8643 057734 0.07797 007774 -0.81221  UNCH. UNCH.
AOAB04NQS2  adenylate kinase 20 64391 49379 45375 53816  0.06662 0.30739 -0.38297 0.24615  UNCH. UNCH.
AOAB04M7NO  PGRS-like protein 1A, chloroplastic 9 35888 31278 54462 42196 020863 0.14222 -0.19833 -0.36814  UNCH. UNCH.
B6SS42  Reticulon-like protein 6 50401 45743 48221 39056  0.10958 0.17828 -0.13989 -0.30413  UNCH. UNCH.
B6T207  Cytochrome P450 71A26 6 4949 5491 6382 9260  0.23625 0.05135 0.15008 053699  UNCH. UNCH.
BeTDRs  9eranylgeranyl diphosphate 11 40607 31192 36307 29526  0.09531 0.25869 -0.38056 -0.29829  UNCH. UNCH.
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
B4GIT3  chitinase 2 112956 82557 67576 42134 031072 0.32274 -0.45229 -0.68152  UNCH. UNCH.
AOA1D6N2M7  Rieske domain containing protein 5 24644 31044 66788 84678 0.28406 0.13254 0.33307 0.34239 UNCH. UNCH.
B6TGG7 Ss;r?t’;f;ascey"[acy"ca"ier'p“’tei”] 14 25835 31693 16125 15970 0.07981 0.97134 0.29484 -0.01392  UNCH. UNCH.
Starch synthase,
AOABOAR0S3  DIBTONSYNASS: esic 10 190726 208773 167554 202233  0.04264 0.35814 0.13043 027139  UNCH. UNCH.
AOAB04QZ77 53;;’;‘;2‘2"'[a"y"ca”ie“p“’tei”] 11 43903 46151 20517 21782  0.63784 074620 0.07206 0.08636  UNCH. UNCH.
A0A804Q121 C'\g'rtr‘l’:rhg%‘gf‘n' 2-oxoglutarate/malate 11 32047 35121 32111 53070  0.69442 0.13407 0.13218 0.72483 UNCH. UNCH.
Rhodanese/Cell cycle control
CaBT e e ot 15 44076 53401 69457 81012 0.04430 0.02318 0.27689 022202  UNCH. UNCH.
Peroxisomal nicotinamide adenine
AOA1DBJX93  ;STOxisomal oot 8 82503 62939 60722 46129  0.07672 0.01397 -0.39049 -0.39653  UNCH. UNCH.
AOA1DBGYN4 spéﬁtlgir’;;g:t\{cps”ACCUMU'—AT'ON 11 19498 16320 30979 29168  0.12920 0.18792 -0.25674 -0.08689  UNCH. UNCH.
Mitochondrial phosphate carrier
AOABO4USAS  TOCNONOTE Brosene 14 151523 182697 114223 158846  0.06908 0.01212 0.26992 0.47577  UNCH. UNCH.
AOA1D6J0SO n':’i't‘i)”ccﬁl‘ifé{?;°a5°°rbate reductase 5 16 86076 77393 84198 94158  0.53909 0.66336 -0.15340 0.16129  UNCH. UNCH.
BAFNT1  Elongation factor 1-beta 8 79391 86566 75849 61656  0.37541 040370 012482 -0.29890  UNCH. UNCH.
Ferredoxin-dependent glutamate R R
P2322s e e 50 103413 80488 88551 70266  0.03755 0.26861 -0.36156 -0.33368  UNCH. UNCH.
BAFSA7  ADP/ATP translocase 8 35879 31650 35064 31728 0.00309 0.40002 -0.18093 -0.14425  UNCH. UNCH.
AOA804p|p4 ~ Guanosine nucleotide diphosphate 5 6740 5061 4172 5731 002486 0.19861 -0.41339 045820  UNCH. UNCH.
dissociation inhibitor
B4FsBo ~ Guanosine nucleotide diphosphate 7 22802 28808 33733 07246  0.06714 020457 033731 -0.30811  UNCH. UNCH.

dissociation inhibitor
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

Accession Description pentides lon Gount lon Count lon Count lon Count L8 P2 L8 P2 Accumulation Accumulation
LBOHN  LSOLN P2 HN P2LN
K7VKM2  Peptidase beta subunit 17 56570 52362 39860 41618  0.66674 0.77282 -0.11152 0.06227  UNCH. UNCH.
Q6XZ79  Fructokinase-1 8 23902 23985 16310 20349 097482 0.56277 0.00502 0.31918  UNCH. UNCH.
AOAO9BRWW7 c%?g?ég?;s{:La-b binding protein, 5 127769 140916 130084 154812  0.30612 0.42879 0.14129 025108  UNCH. UNCH.
A0A804UDCI [ﬁg%’maccg’lgfjgge;ﬁg“’tei”] reductase g 46182 51858 44264 45081  0.29899 0.91968 0.16721 0.02639  UNCH. UNCH.
Q41764 Actin-depolymerizing factor 3 6 20308 21128 23311 16536  0.85552 0.30888 0.05713 -0.49537  UNCH. UNCH.
COP7Q1  lIso_dh domain-containing protein 5 14300 20080 15316 18308 0.04205 0.20704 0.48977 0.25745  UNCH. UNCH.
AOATD6L3US  Auminum induced protein with YGL 5 41016 53915 22737 22477 0.00643 0.93502 0.39451 -0.01658  UNCH. UNCH.
AOA1DBGN34 p':gtt:itri]"fop::ahﬁg‘:c;"i)‘l’;ds'&ss°Ciated 5 3051 4405 10018 18527  0.13221 0.06406 052980 0.88701  UNCH. UNCH.
AOA1DEESZ5  Adenosine kinase 7 3310 3225 2848 3078 077803 0.63021 -0.03740 0.11229  UNCH. UNCH.
AOA1D6L8H4  Rubredoxin-like superfamily protein 4 22803 30566 27938 37919 0.00405 0.36151 042270 0.44072  UNCH. UNCH.
BAFL79 C’\;ﬁfgleer;tS"fgﬁf}ﬁ";}gﬁ:ﬁﬁgcri)";‘éfgi . 7 10042 11192 7250 11457 045966 0.15845 0.15646 0.66013  UNGH. UNCH.
B4F9Q7  Ascorbate transporter chloroplastic 6 60302 63515 58089 54682  0.63023 0.71663 0.07489 -0.08720  UNCH. UNCH.
BAFVT1  Peroxidase 11 50908 34372 28089 20033 0.17794 0.89941 -0.56665 0.04767  UNCH. UNCH.
K7TSD2 Serine hydroxymethyltransferase 10 44051 49770 38708 41797 0.26952 0.56868 0.17610 0.11080 UNCH. UNCH.
Kruqry ~ Futative elongation factor 1-gamma 8 25741 19342 26809 26018  0.08016 0.83039 -0.41231 -0.04320  UNCH. UNCH.
AOA804LX79  Uncharacterized protein 9 64075 74705 84832 74963 017336 0.45162 0.22143 -0.17843  UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2LN
AOAS04QTBO isocitrate dehydrogenase (NADP(+)) 10 12456 21377 13311 22850  0.07038 0.12275 0.77925 0.77959  UNCH. UNCH.
AOAB04PCL4  Peroxidase 9 55036 45773 34247 19343 0.26111 0.12264 -0.26587 -0.82416  UNCH. UNCH.
AOAS04LCC3 p'fggﬁ:%’gfgﬁol'Z‘ﬁgﬁggg@?}?se"ike 7 36973 39952 17428 28116  0.77586 0.09807 0.11180 0.68994  UNCH. UNCH.
AOA1DBIKD2 f;ﬁ\]ﬁ;}\:ﬁgéﬂ'bi”dmg oxidoreductase 4 25472 30420 33394 41034  0.14958 0.11067 0.25609 0.29723  UNCH. UNCH.
AOATDBEBS5  1,4-alpha-glucan branching enzyme 20 55480 54869 44423 62836  0.90475 0.08916 -0.01598 0.50030  UNCH. UNCH.
AOA804Q5A4  GTP-binding nuclear protein 5 14508 11506 7447 7547 010224 0.93791 -0.34338 0.01926  UNCH. UNCH.
A0A804QU06  uroporphyrinogen decarboxylase 4 27767 22115 19070 16800 0.44547 0.11839 -0.32836 -0.18281 UNCH. UNCH.
BAFEA2 C'\girtr‘i’grr_‘l‘i’;edgfc')t%?;”i“”e/acy'cami“”e 11 29191 38700 55419 52069  0.21936 0.70493 0.40679 -0.08994  UNCH. UNCH.
AOAB04NPM9  Uncharacterized protein 6 20510 23712 15542 19954  0.25380 0.02153 0.20928 0.36056  UNCH. UNCH.
AOATDBMN18  Fructose-bisphosphate aldolase 4 4448 3166 3964 3612 0.24641 052680 -0.49022 -0.13397  UNCH. UNCH.
COPF34 C':”eo"r‘:‘;g;‘t‘i’éng‘”ke protein 7 7728 7621 19052 25165  0.93993 0.40978 -0.02003 0.40149  UNCH. UNCH.
Q08277 Heat shock protein 82 13 108454 99459 114719 89275  0.35563 0.19027 -0.12490 -0.36176  UNCH. UNCH.
K7UY19  Fructose-bisphosphate aldolase 4 1723 1476 2109 1877 0.46079 0.61333 -0.22328 -0.16818  UNCH. UNCH.
AOA1DEDW28  UDP-glycosyltransferase 89B1 10 25814 34568 29701 33764  0.11266 0.55967 0.42127 0.18500  UNCH. UNCH.
AOATDBE3E9  Prolyl endopeptidase 14 208388 140282 152044 296686  0.36035 0.28163 -0.57094 095593  UNCH. UNCH.
A0A804MRe2  ATP-synt DE_N domain-containing 5 47694 47346 44046 43256  0.96802 0.94860 -0.01055 -0.02610  UNCH. UNCH.

protein
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
o N 50 LN BN noUn LNHN LNHN LNHN LNHN  LSOLNHN P2 LN/HN
B4FL64  Ribosomal protein L19 3 54077 40401 50633 38504  0.28754 0.08130 -0.42063 -0.39509  UNCH. UNCH.
Gamma-aminobutyrate transaminase
AOABOAMAHB  SETTTErtnobe 17 61617 74149 57311 73666  0.11587 0.11721 026710 036220  UNCH. UNCH.
P17847 Ferredoxin--nitrite reductase, 17 34419 25362 31445 25515  0.00363 0.64454 -0.44053 -0.30149  UNCH. UNCH.
chloroplastic (Fragment)
AOAB04PF16  3-isopropylmalate dehydratase 10 65021 75305 51588 41724 0.63029 0.26454 021184 -0.30616  UNCH. UNCH.
B6TIP7 Peptidyl-prolyl cis-trans isomerase 4 30361 28012 14030 30415  0.45624 0.08596 -0.11620 1.20814  UNCH. UNCH.
Mitochondrial import inner
AOA1DBHIK5 membrane translocase subunit 9 17657 21645 16215 20575  0.13319 0.06738 0.29378 047740  UNCH. UNCH.
Tim17/Tim22/Tim23 family protein
AOA804M7G3  Elongation factor Tu 12 16600 14166 19118 19790  0.03090 0.71872 -0.22877 0.04983  UNCH. UNCH.
B4FzBg Signal recognition particle 54 kDa 10 51770 46878 39620 33176  0.54260 0.10040 -0.14322 -025611  UNCH UNCH
protein chloroplastic ’ ’ ’ ' ’ ’
AOA804UIM1  DUF1995 domain-containing protein 5 28885 39206 23009 31456  0.01468 0.01033 044077 045114  UNCH. UNCH.
B6TLW3  Fiber protein Fb19 4 36787 30752 18248 23458 074146 0.38975 -0.16763 036234  UNCH. UNCH.
AOAB04LY89  TIC110 26 65891 56317 65351 61090  0.13759 0.75330 -0.22651 -0.09729  UNCH. UNCH.
AOABO4N6LY  Alpha-galactosidase 9 41429 35995 40935 29686  0.16583 0.04013 -0.20284 -0.46355  UNCH. UNCH.
Pyruvate dehydrogenase E1 R i
AOATDBHUST (V70 e HeNTragotess 11 39385 24905 28277 25058  0.05612 0.58355 -0.66121 -0.16291  UNCH. UNCH.
Q84TL7  Legumin-like protein 6 25007 19524 10403 11243 029051 0.45731 -0.35705 0.11203  UNCH. UNCH.
Q8W2B7 BD)g"BOA UDP-glucosyltransferase 10 25586 25722 19731 23629  0.94224 0.30508 0.00769 0.26011 UNCH. UNCH.
B4FH57  Elongation factor Tu 16 13387 16630 10081 10089  0.08983 0.99577 0.31291 0.00119  UNCH. UNCH.

A"



Supplementary Table 5 - Cont

Average Average Average Average

Reported Normalized Normalized Normalized Normalized t-test ttest Log.FC Log,FC Differential Differential

Aecession peseripien peptides lon Count lon Count lon Count  1onCount | i\ |\kN  LNHN LN L8O LNHN P2 LNHN |
B4FH62 S’:‘J’SEr(fZ%ﬁ;”girﬁeﬁf’ssman”'f°'d 7 53321 35165 32711 27978  0.12999 0.64553 -0.60056 -0.22550  UNCH. UNCH.
B4FR28 uracil phosphoribosyltransferase 5 44548 57525 52444 71677 0.43633 0.43869 0.36884 0.45073 UNCH. UNCH.
BAFAE!  Ras-related protein RABD2c 5 48281 48065 34711 48760  0.96006 0.01878 -0.00646 0.49030  UNCH. UNCH.
B6SGQ2  SAM domain family protein 6 12795 14665 11710 14064  0.28176 0.09605 0.19673 0.26433  UNCH. UNCH.

AOATD6JSL7 inositol-3-phosphate synthase 5 8208 12411 5852 12601 0.01057 0.07272 0.58080 1.10655  UNCH. UNCH.

AOA1DBN4X3 aeos ribosomal protein L5-1 homolog 5 47226 31794 33192 26590  0.01593 0.03837 -0.57082 -0.31994  UNCH. UNCH.

A0AB04PQ98 Cﬁilg‘r’gglr:;;gecyc"”g factor, 4 40631 29590 29858 25279 0.18409 0.62115 -0.45747 -0.24016  UNCH. UNCH.

phosphoglucomutase (alpha-D-

AOABO4NGW1  glucose-1,6-bisphosphate- 19 67360 60923 65687 71816 0.25617 051816 -0.14491 0.12870  UNCH. UNCH.

dependent)

AOA1D6J5V6 Fﬁg:ie‘fr?hydro're' domain-containing 7 26109 22701 34764 27456 0.27313 0.28794 -0.20177 -0.34048 UNCH. UNCH.
B6T7Q7  Serine hydroxymethyltransferase 14 44873 37509 40811 33446 0.33771 0.13699 -0.25863 -0.28711  UNCH. UNCH.
B4FS55  thioredoxin-dependent peroxiredoxin 5 22432 34751 22260 43107  0.09485 0.23215 0.63152 095346  UNCH. UNCH.

AOABO4NMP5  fructose-bisphosphate aldolase 4 8024 7606 7499 8952  0.89124 0.46729 -0.07706 0.25566  UNCH. UNCH.
COPHG6  Dicarboxylic acid transportert 3 84808 71916 99840 102331 0.02128 0.85801 -0.23789 0.03555  UNCH. UNCH.
B4FRM5 Cﬁleodrg;fsrgghy” catabolite reductase 10 42388 53669 47757 49606  0.17778 071100 0.34044 0.05478  UNCH. UNCH.
B6TAJ3  Proteasome subunit alpha type 9 36109 34128 33545 42519 0.67690 0.02841 -0.08137 0.34201  UNCH. UNCH.
Q05737  GTP-binding protein YPTM2 4 36345 33272 22881 27902  0.41254 0.12735 -0.12745 028625  UNCH. UNCH.
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Average Average Average Average

Reported Normalized Normalized Normalized Normalized t-test ttest Log.FC Log,FC Differential Differential

Accession Description . L80 P2 L80 P2 Accumulation Accumulation
peptides lon Count lon Count lon Count lon Count
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
CoP618 f:r';‘i’lf,p;%fe”iﬂ'pyr“vate carboxylase 10 30218 33521 18505 33723 069821 0.25389 0.14963 0.86578  UNCH. UNCH.
P18122  Catalase isozyme 1 4 12253 8444 5382 6334  0.04207 056874 -0.53715 0.23482  UNCH. UNCH.
AOABO4LV58 p'?gfetiigasef'\’” domain-containing 22 70570 87981 67491 82398  0.12330 0.05575 031813 028792  UNCH. UNCH.
B4F9Z6  Enzyme of the cupin superfamily 4 20764 16535 44258 40654 012879 074214 -0.46127 -0.12255  UNCH. UNCH.
B4FKD5 GE“"arymic”a”S'a“"” initiation factor 2 27602 21062 17712 19396 0.17175 0.60721 -0.39015 0.13101 UNCH. UNCH.
Chloroplast stem-loop binding ) )
AOATRIQF4T o O omlacti 14 244307 226076 074457 233356  0.28775 0.04763 -0.11188 -0.23405  UNCH. UNCH.
NAD(P)H-quinone oxidoreductase i -
PAB620 e e 13 171223 165485 214473 172113 0.78838 0.04974 -0.04918 -0.31744  UNCH. UNCH.
BAFRJ4  Photosystem Il 11 kD protein 2 17100 13391 20003 15101 0.05512 0.07370 -0.35273 -0.40560  UNCH. UNCH.
COHFQO  Thioredoxin superfamily protein 6 20088 20263 29823 35150  0.95699 0.53243 0.01255 023713  UNCH. UNCH.
Gamma-tocopherol
QiPBHE o 3 5709 8058 4858 13793 0.03753 0.07964 0.49733 1.50559  UNCH. UNCH.
B4FTJ9  PBA1 homologf 2 86479 87756 40820 43357  0.89161 0.86552 0.02115 0.08697  UNCH. UNCH.
B4FBMO  60S ribosomal protein L3-1 14 73007 57385 61951 51664  0.22793 0.36122 -0.34735 -0.26199  UNCH. UNCH.
Succinate dehydrogenase
AOA804Q3T4  [ubiquinone] flavoprotein subunit, 12 405656 418509 409497 381293  0.74723 0.27884 0.04500 -0.10296  UNCH. UNCH.
mitochondrial
B6SPL7  Copper chaperone 2 14492 17380 10489 16891  0.18945 0.10694 0.26215 0.68736  UNCH. UNCH.
Glyceraldehyde-3-phosphate ) )
COPBB2 3 e ety ratein 11 46723 44678 26300 24988  0.66534 0.89040 -0.06457 -0.07382  UNCH. UNCH.
AOA804P234  Aminotran_1_2 domain-containing 10 227061 210829 273760 257002  0.48830 0.69069 -0.10701 -0.09113  UNCH. UNCH.

protein
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;nggl:ﬁg ":g;nggl:ﬁg ":g;nggl:ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
Late embryogenesis abundant R
BAFOKO 2o 5 27333 21402 17541 19420 016983 0.77062 -0.35293 0.14675  UNCH. UNCH.
AOAB04MBN9  H15 domain-containing protein 2 149991 142996 96168 157660  0.74907 0.05495 -0.06890 0.71318  UNCH. UNCH.
AOA1DBGMBS C'\é'g’:‘o%rg;:cmeta"°pr°teaseARASP 5 9275 11309 11430 11211 0.17231 0.87569 0.28607 -0.02786  UNCH. UNCH.
AOATD6QK75  Heat shock protein 90-5 chloroplastic 18 168997 154325 240292 195074 012725 0.39557 -0.13103 -0.29929  UNCH. UNCH.
B4F871 Protein DJ-1 homolog D 10 101125 93429 108355 89300  0.27607 0.12809 -0.11420 -0.27904  UNCH. UNCH.
K7VKH1  Tubulin alpha chain 10 19360 17857 10767 17309  0.69413 0.15525 -0.11655 0.68486  UNCH. UNCH.
AOAB04PP22  Uncharacterized protein 4 18917 20169 21718 10854 054747 0.56623 009241 -0.12947  UNCH. UNCH.
BSAOF3 S*;f}fgg?g}“ethy'b“te”y' diphosphate 16 285418 320462 343637 303868  0.34032 0.16568 0.16708 -0.17744  UNCH. UNCH.
B4FHgg  Mmethenyltetrahydrofolate 8 38439 27778 26736 18064  0.03094 0.11038 -0.46863 -0.56565  UNCH. UNCH.
cyclohydrolase
A0A804Q433 S'\Sgﬁfﬂoar;gﬁg"p“’cessmg peptidase 11 30767 37105 27480 33179 0.14525 050093 0.27027 027190  UNCH. UNCH.
AOA1DEHKAS  Arsenical pump-driving ATPase 9 25088 25687 23889 33278 071788 0.16158 0.03405 047822  UNCH. UNCH.
AOADBLCQ2  SLH domain-containing protein 21 84139 63193 114075 91590  0.12305 0.20748 -0.41302 -0.31673  UNCH. UNCH.
B4GIP2  NADH dehydrogenase2 2 15713 16734 11316 14414 079900 0.46940 0.09082 0.34908  UNCH. UNCH.
B6SUD1  Alcohol dehydrogenase 2 8 15328 18453 42851 48008  0.14589 0.66907 0.26770 0.16394  UNCH. UNCH.
AOA1DBGGLY aspartate-semialdehyde 11 29792 30882 33876 41082 020252 031107 014237 027825  UNCH. UNCH.
dehydrogenase
AOAB04NGO4  Kaetol-acid reductoisomerase 7 39440 28968 19260 15875  0.03116 0.30321 -0.44518 -0.27888  UNCH. UNCH.
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

Accession Description pentides lon Gount lon Count lon Count lon Count L8 P2 L8 P2 Accumulation Accumulation
LBOHN  LSOLN P2 HN P2LN
AOA1DENVS3  Proteasome subunit beta 8 24901 30237 19065 26599  0.05935 0.09976 0.28013 0.48044  UNCH. UNCH.
AOA804PQO6 se'foe;iosicr%’gf:"mhio'asez’ 9 35406 55049 39922 53978  0.06350 0.32579 0.63671 043517  UNCH. UNCH.
004014 408 ribosomal protein S6 5 45018 41143 51364 50999 051147 0.97134 -0.12985 -0.01019  UNCH. UNCH.
AOA804PS72 p?gf;ﬁ:”seémh repeat secretory 5 15806 21756 15560 19153 0.04723 0.37382 0.46088 0.29971 UNCH. UNCH.
BAFJKO  Histone H2A 2 30632 21200 30219 35649  0.00293 0.24149 -0.53102 023839  UNCH. UNCH.
AOA804QHI6  MPN domain-containing protein 4 20938 18915 11830 12335 0.43940 0.78403 -0.14664 0.06039  UNCH. UNCH.
AOA804UCH1 a%gﬁ;?ﬁ;;h"sﬁgfaigate 6 24395 20234 16985 16829  0.00746 0.94845 -0.26983 -0.01328 UNCH. UNCH.
B6SS34 Cifg’rzsggf‘ci”'comai”ing protein 1 6 19647 10239 45578 14090  0.07659 0.31595 -0.94021 -1.69365  UNCH. UNCH.
BAFAL8  Methanethiol oxidase 10 43130 38625 10865 11845  0.32745 0.74138 -0.15915 0.12457  UNCH. UNCH.
COPC75  Thioredoxin 2 20005 13710 26598 20502  0.25595 0.67166 -0.54516 -0.23549  UNCH. UNCH.
B4FTK9 ;Lﬁgﬁ]/beta‘”ydm'ases superfamily 3 9752 7695 3975 5126 058111 0.32027 -0.34171 036700  UNCH. UNCH.
B6SRY5  Glycosyltransferase 16 39155 34250 56599 42260 031552 0.27837 -0.19308 -0.42149  UNCH. UNCH.
AOAB04QPM5 Fﬁggfxbeta‘HVdm'aS% superfamily 5 26336 26021 19594 20008  0.87772 092961 -0.01735 0.03017  UNCH. UNCH.
AOA804UCT7  tryptophan synthase 4 12869 8500 11920 10479 0.00485 0.02585 -0.59837 -0.18584  UNCH. UNCH.
B6U2F2  Protein phosphatase 7 41252 43551 26428 32453 0.86109 0.27352 0.07824 029630  UNCH. UNCH.
B4FNN8  Soluble epoxide hydrolase 4 19016 15268 10363 10482 013822 0.96541 -0.31668 0.01643  UNCH. UNCH.
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

Accession Description pentides lon Gount lon Count lon Count lon Count L8 P2 L8 P2 Accumulation Accumulation
LBOHN  LSOLN P2 HN P2 LN
COP9S6  Thioredoxin Y1 chloroplastic 2 14568 11205 13765 6847  0.34094 0.37500 -0.37862 -1.00755  UNCH. UNCH.
AOATDBLHK9  Histone H2A 2 30972 30643 33792 35564  0.84657 0.77581 -0.01537 0.07376  UNCH. UNCH.
AOAB04RJTE  Zeaxanthin epoxidase, chloroplastic 8 29110 27177 37030 49884  0.40861 0.00622 -0.09914 0.42988  UNCH. UNCH.
AOAB0AMFG4  Zeaxanthin epoxidase, chloroplastic 12 11607 9857 25561 27668  0.10696 0.49957 -0.23585 0.11425  UNCH. UNCH.
B6SRX9 fructose-bisphosphatase 10 32206 38242 24322 30597  0.04200 0.25931 0.24782 033114  UNCH. UNCH.
AOA804UIB7 p':g{girfd“—zd°mai”'°°”tai”i”9 7 7701 6372 12924 24820  0.54588 0.13238 -0.27336 0.94142  UNCH. UNCH.
B4Fgeg o (hydroxymethylglutathione 9 52776 46092 37825 38642  0.10213 0.88591 -0.19538 0.03083  UNCH. UNCH.
dehydrogenase
B4FDTO  40S ribosomal protein S20 2 28238 26858 14302 27540  0.79777 0.10873 -0.07232 0.94535  UNCH. UNCH.
AOAB04PL55 p'\r"cigifndimerdomai”'contai“ing 13 41838 43017 29133 29853  0.60289 0.88721 0.04008 0.03520  UNCH. UNCH.
B6TS21 SsuléffrjEak}:{;!omé?ﬁjﬁd[ﬁp'formingl 11 38795 40377 29515 34692 076925 0.37938 0.05765 0.23315  UNCH. UNCH.
BAFKWO  Thioredoxin superfamily protein 2 29582 34605 27597 35398  0.38549 0.38183 0.22628 0.35918  UNCH. UNCH.
B4FS03  adenine phosphoribosyltransferase 6 20233 25387 19417 22397  0.02415 055599 0.32737 0.20600  UNCH. UNCH.
B4FPA4  f\onspecilic ipid transfer protein-ike 17783 12589 12309 21541  0.02977 0.05391 -0.49827 0.80738  UNCH. UNCH.
B6TAE7  Tropinone reductase 3 11012 10622 14125 14278 0.76911 0.98277 -0.05204 0.01561  UNCH. UNCH.
AOAB04PVRO pﬂcﬁlﬁ] ase_c domain-containing 19 55902 40895 16066 17400 0.09936 0.74643 -0.45097 0.11504  UNCH. UNCH.
AOATDBHTL7 ~ Germin-like protein 3 14062 23329 19201 22174  0.06584 0.73088 073029 0.20765  UNCH. UNCH.
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
L80 HN L8O LN P2 HN P2 LN LN/HN LN/HN LN/HN LN/HN L80 LN/HN P2 LN/HN
AOAB04PIC6  Aspartate aminotransferase 10 28791 21235 24768 16962 0.22684 0.09663 -0.43917 -0.54619 UNCH. UNCH.
B6U666 Fructokinase-1 6 8455 12414 7068 8832 0.04470 0.28724 0.55413 0.32142 UNCH. UNCH.
AOA804QJT3  Sodium/calcium exchanger NCL2 6 31959 21964 26773 15786 0.10064 0.21210 -0.54105 -0.76211 UNCH. UNCH.
B4FA06 L-ascorbate peroxidase 6 22136 20617 33811 28160 0.49450 0.54831 -0.10251 -0.26388 UNCH. UNCH.
Myelin-associated oligodendrocyte ) i}
AOA1D6L096 basic protein isoform 1 6 21911 20780 31173 28029 0.40563 0.46313 -0.07644 -0.15336 UNCH. UNCH.
Serine/threonine-protein
AOA1D6LKF6 phosphatase 2A 65 kDa regulatory 13 24712 33022 26917 31537 0.28321 0.14593 0.41818 0.22857 UNCH. UNCH.
subunit A beta isoform
AoA1DeKgP1  Peptide-methionine (S)-S-oxide 6 14887 20980 23067 43115 0.13496 0.12259 0.49499 0.90235  UNCH. UNCH.
Dihydrolipoamide acetyltransferase
B4FUZz2 component of pyruvate 4 29463 30397 17208 17506 0.93359 0.97112 0.04501 0.02478 UNCH. UNCH.
dehydrogenase complex
K7UDG5 proline--tRNA ligase 6 9627 7798 8863 6237 0.22550 0.01654 -0.30400 -0.50691 UNCH. UNCH.
methenyltetrahydrofolate
AOA1D6QTB3 cyclohydrolase 7 11866 13355 9624 11758 0.49519 0.62597 0.17054 0.28899 UNCH. UNCH.
AOAB04Qowg Starch synthase, , 9 30188 35798 29123 43721 0.74216 0.44320 0.24591 0.58617 UNCH. UNCH.
chloroplastic/amyloplastic
B4FIVA DUF1338 domain-containing protein 2 17555 19480 13778 12010 0.73985 0.74868 0.15012 -0.19816 UNCH. UNCH.
AOA804QEI0  Usp domain-containing protein 4 31579 25811 22713 23834 0.33391 0.78607 -0.29096 0.06950 UNCH. UNCH.
AOA1DBJE77 p'?;{gﬁfg domain containing family 4 7797 6535 8658 7967  0.54899 0.60270 -0.25482 -0.11989  UNCH. UNCH.
P52580 Isoflavone reductase homolog IRL 8 110978 125862 140381 123603 0.41211 0.47352 0.18157 -0.18364 UNCH. UNCH.
AOAB04QAX6  Cysteine proteinase 2 2 31096 21302 34901 13487 0.23028 0.11349 -0.54575 -1.37175 UNCH. UNCH.
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
oo o o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
B5SAMJS  Alpha-1,4 glucan phosphorylase 20 27686 31479 37326 40079  0.38483 0.67392 0.18524 0.10267  UNCH. UNCH.
AOA1DBJJKE  Plasma membrane ATPase 7 650 1125 1713 1610 0.30817 0.88463 0.79065 -0.08932  UNCH. UNCH.
AOABO4UF95 Fl%gi‘:ffhyd“’domai”'w”tai”i”g 6 22408 24750 18533 20171 052715 072597 014339 0.12220  UNCH. UNCH.
COP848 Formate dehydrogenase, 2 5979 4544 4080 2765  0.23681 0.01600 -0.39576 -0.56141 UNCH. UNCH.
mitochondrial
Plastid
AOA1DBENR2  phosphate/phosphoenolpyruvate 3 333891 305001 380850 308687  0.00235 0.21597 -0.13056 -0.21251  UNCH. UNCH.
translocator1
COPFK3  Proteasome subunit alpha type 5 35212 39963 30040 37537 048953 023613 018260 0.32143  UNCH. UNCH.
B4FOM9 Isocitrate dehydrogenase [NADP] 9 21022 21807 12327 15448 0.49368 0.31868 0.05289 0.32558  UNCH. UNCH.
COP472  Protein TIC 55 chloroplastic 7 30049 28411 21847 34765  0.81343 0.08986 -0.08087 0.67019  UNCH. UNCH.
AOA1DBH5M1 fgr:ﬁ';grr‘;g'ii‘“’”c’“e isomerase 7 26201 23663 20443 16758  0.66315 0.15187 -0.14697 -0.42139  UNCH. UNCH.
AOAID6GIQ0  Proteasome subunit alpha type 6 30647 36123 34204 34042 025295 098320 0.14596 -0.00683  UNCH. UNCH.
B6TO9PO  UDP-glucose 6-dehydrogenase 12 25954 24411 10136 20787 053541 021928 -0.08841 1.16874  UNCH. UNCH.
AOAB04LDO7  Catalase 11 52677 47606 52259 51886  0.61992 0.97858 -0.14605 -0.01032  UNCH. UNCH.
AOA1DBE225  proline--tRNA ligase 5 10417 9279 6049 4849 022836 033591 -0.16678 -0.31896  UNCH. UNCH.
AOABO4LR56  Serine hydroxymethyltransferase 7 23310 19945 14045 8202  0.44800 0.08420 -0.22494 -0.77598  UNCH. UNCH.
AOABO4RAP5  Carotenoid 9,10(3',10)-cleavage 10 50489 45229 35422 51202  0.24157 0.24534 -0.15870 0.53408  UNCH. UNCH.
dioxygenase 1
AOAIDEGWE1T  Shepherd-like1 19 20122 15777 13914 14312 0.02283 0.91005 -0.35094 0.04069  UNCH. UNCH.
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Average Average Average Average . . . .
A A A ; t-test ttest Log.FC Log.FC Differential Differential
Reported Normalized Normalized Normalized Normalized L80 P2 L80 P2 Accumulation Accumulation

peptides lon Count lon Count lon Count lon Count
L80 HN L80 LN P2 HN P2 LN LN/HN LN/HN LN/HN  LN/HN L80 LN/HN P2 LN/HN

Accession Description

Glutamyl-tRNA(GIn)
B6U151 amidotransferase subunit A, 8 20988 19487 20689 17713 0.64332 0.54867 -0.10706 -0.22410 UNCH. UNCH.
chloroplastic/mitochondrial

B4F848 20 kDa chaperonin chloroplastic 4 45248 37439 35425 27404  0.09731 0.27192 -0.27334 -0.37037  UNCH. UNCH.
BAFG53  Malate dehydrogenase 5 43392 58442 58903 66242  0.01564 0.59982 0.42956 0.16940  UNCH. UNCH.
B4FOM7 1'g°ctﬁlt‘r§$f:s\t/ié\TURE THYLAKOID 3 14320 13658 21557 17096 0.86427 0.47248 -0.06834 -0.33445  UNCH. UNCH.
AOAO4MEHs  PePtidemethionine (5)-S-oxide 3 9604 3475 10712 9084  0.08324 0.60425 -1.46669 -0.23769  UNCH. UNCH.
B4FRI1 Phosphoserine aminotransferase 7 27878 24705 19636 15401 0.47580 0.27503 -0.17433 -0.35055 UNCH. UNCH.
B6THR9 3-isopropylmalate dehydrogenase 7 18868 16711 11330 12707 0.50218 0.75211 -0.17516 0.16548 UNCH. UNCH.
BAFWUS  Glutathione reductase 8 27680 27563 23208 26777  0.98163 0.46963 -0.00611 0.20513  UNCH. UNCH.
COHEH4  O-methyltransferase family protein 5 37150 40792 29820 30075  0.18209 0.90543 0.13490 0.01228  UNCH. UNCH.
P46252  60S acidic ribosomal protein P2A 2 14412 13591 8125 11562 0.76765 0.28750 -0.08458 0.50893  UNCH. UNCH.
B4GO66 d“;ﬁ%ﬁggﬁ:j‘;‘iéﬁ?':'Cdy?:t{r?g) 10 30278 29096 18201 15211 0.85260 0.29462 -0.05742 -0.25891  UNCH. UNCH.
BAFFV3  Malate dehydrogenase 5 1344 1180 2329 1860  0.81523 0.44403 -0.18758 -0.32422  UNCH. UNCH.
P29185  Chaperonin CPN60-1, mitochondrial 14 62455 72214 54394 78451  0.10788 0.02462 0.20948 052833  UNCH. UNCH.
B7ZWY9  Citrate synthase 10 20247 18309 24679 19878 0.68963 0.26649 -0.14515 -0.31215  UNCH. UNCH.
B6T969  Proteasome subunit alpha type 4 46777 41092 37358 26647  0.53675 0.13369 -0.18692 -0.48747  UNCH. UNCH.
AOA804Ms535 ~Amino_oxidase domain-containing 4 12833 17543 10688 13555  0.15690 0.50121 0.45110 0.34290  UNCH. UNCH.

protein
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Average Average Average Average

Reported Normalized Normalized Normalized Normalized t-test ttest Log.FC Log,FC Differential Differential

Accession Description . L80 P2 L80 P2 Accumulation Accumulation
peptides lon Count lon Count lon Count lon Count
o N oo LN oy PAoN™ LNHN  LNHN  LNHN  LNHN  LBOLN/HN P2 LNHN
AOA804PPC5 pCrgtt;‘i’x C-terminal domain-containing 8 36894 37735 32440 27209  0.88719 0.03907 0.03252 -0.25367  UNCH. UNCH.
B6TVM? 4-methyl-5-thiazole monophosphate 6 31475 27846 17894 27438  0.67244 0.17883 -0.17674 0.61672 UNCH UNCH
biosynthesis protein ' ’ ’ ’ ' ’
Q9SPD7 p?&ﬁ;”;gﬂf}hc’”d”a' membrane 4 30368 37086 21362 30581  0.33832 020871 028833 051755  UNCH. UNCH.
AOA1DBE501  3-isopropylmalate dehydrogenase 6 9335 6576 7911 6519  0.01745 0.50837 -0.50548 -0.27919  UNCH. UNCH.
carbamoyl-phosphate synthase ] ]
K7v2z8 o) 22 48743 34095 40466 30193  0.09754 0.27004 -0.51563 -0.42253  UNCH. UNCH.
Q768R5 Oxo-glutarate/malate transporter1 2 214247 204652 235364 210230 0.47116 0.26202 -0.06610 -0.16293 UNCH. UNCH.
E1AFV5  Beta-1,3-glucanase 4 19783 15115 10006 8843  0.23407 0.54133 -0.38836 -0.17828  UNCH. UNCH.
B6T2Y5  S-formylglutathione hydrolase 4 20179 17779 13719 11967  0.31176 0.66083 -0.18269 -0.19703  UNCH. UNCH.
AOA804MIU2 [&:S cluster assembly factor 8 20847 19691 17803 14694 023617 0.14809 -0.21442 -0.27691  UNCH. UNCH.
HCF101, chloroplastic
AOA1DBLES4  60S ribosomal protein L13a-1 2 28611 26734 18334 20581  0.58507 0.39320 -0.09792 0.16679  UNCH. UNCH.
COP4T5  aspartate-tRNA ligase 9 48337 51846 58515 46715  0.22327 0.20439 010110 -0.32492  UNCH. UNCH.
Preprotein translocase subunit ) )
083086 g on enloromiasie 5 26547 20454 19443 12855  0.06287 0.03143 -0.37619 -0.59688  UNCH. UNCH.
3-hydroxyisobutyrate i i
BOTVIS o eaka 1. mitochondrial 5 22990 20970 20594 16468 047833 0.25720 -0.13267 -0.32257  UNCH. UNCH.
B8A270  Protease Do-like 2 chloroplastic 5 24535 21189 13206 14459 033977 057237 -0.21152 0.13084  UNCH. UNCH.
K7VUUO  Protein DJ-1 homolog B 7 27171 21876 14225 20842  0.13770 0.07540 -0.31274 055109  UNCH. UNCH.
A0A317YCE2 | hylakoid soluble phosphoprotein 3 10233 10981 18752 14129 0.44476 0.05004 0.10180 -0.40839  UNCH. UNCH.
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Average Average Average Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2LN
B72z56  Glycosyltransferase 7 18377 16091 11529 12491 0.48036 0.65361 -0.19170 0.11570  UNCH. UNCH.
AOA804Q213  Calreticulin 3 23790 19435 15479 11715 0.04740 0.35276 -0.29169 -0.40191  UNCH. UNCH.
B4Falr  [racelygammargluamyl-phosphate g 31445 37421 21245 35238 052945 0.05256 0.25102 0.73003  UNCH. UNCH.
B4FJY5  Proteasome subunit beta 2 26422 23632 20856 24188  0.45536 0.48839 -0.16102 021380  UNCH. UNCH.
AOAB04MH53 S‘fjgé’%ﬁf&?}’g}lﬁ;gzreSid“e 7 57411 54469 46990 52249 077131 0.58908 -0.07588 0.15307  UNCH. UNCH.
AOA804R1M2  PALP domain-containing protein 3 4453 4612 4808 3729 0.71106 0.17775 0.05063 -0.36635 UNCH. UNCH.
K7U4C2  Uncharacterized protein 3 18361 13123 14107 11159 0.11629 0.39454 -0.48457 -0.33819  UNCH. UNCH.
AOA804Q5M1  RNA-binding protein 3 22171 20433 17241 11780  0.65962 0.06502 -0.11779 -0.54955  UNCH. UNCH.
AOAB04LJE9 ;gigirﬁdc’xm domain-containing 10 14646 11757 17949 12812 0.03321 0.00545 -0.31702 -0.48637  UNCH. UNCH.
QIM582  Hypersensitive induced reaction3 9 23730 34019 5083 10145  0.15552 0.06511 051960 0.99686  UNCH. UNCH.
5'-methylthioadenosine/S-
AOATDBIUWS adenosyihomocysteine nucleosidase 4 15055 17187 14199 14756 0.08506 0.79056 0.19109 0.05555  UNCH. UNCH.
AOATDBICL3  Adenosine S-phosphosulfate 7 28336 33933 21038 24743 0.25833 0.37962 0.26008 0.23403  UNCH. UNCH.
C4J5P0  Aspartyl protease AED1 4 12504 13571 13206 22219 0.82734 0.09870 0.11815 075060  UNCH. UNCH.
B6TEK?2 d%ﬁ;%i;g’;;isr;";gm;,”grg{g?nh°' 4 14154 15012 13763 18275  0.75934 0.11051 0.08486 0.40909  UNCH. UNCH.
COHGN2 S’:‘J'ggr(fzzr;'ii{;ks&oe’i‘;d"red“Ctase 8 31195 25490 29770 29033 0.30981 0.94663 -0.29139 -0.03617  UNCH. UNCH.
AOA804LJ17 ~ Feptidase_S9 domain-containing 15 32685 29399 30935 28663  0.46971 0.78740 -0.15287 -0.11001  UNCH. UNCH.

protein
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  L8OLN P2 HN P2 LN
AOA804NQ44 SBBSX?‘,’?SQ;‘,’;QEE?”Q protein 3 95247 115425 102538 140386  0.11749 0.32190 0.27720 0.45324  UNCH. UNCH.
AOA804Q6Z7  Calreticulin 5 22834 20987 8665 12537 057197 0.16717 -0.12170 053301  UNCH. UNCH.
AOA804N4G2  Malate dehydrogenase 9 24175 33082 12160 17265  0.01727 0.30200 0.45251 0.50570  UNCH. UNCH.
K7WFV1  ATP synthase subunit gamma 7 207968 203555 264226 205735  0.24277 0.00278 -0.16341 -0.36099  UNCH. UNCH.
AOA1DBMY43  Beta-glucosidase 17 10 18755 15185 16130 21296  0.22471 0.12975 -0.30458 0.40087  UNCH. UNCH.
B4FLRO  GrpE protein homolog 4 7913 6939 8626 11401 0.50233 0.30052 -0.18957 0.40247  UNCH. UNCH.
B4GO11 d%ﬁ);g:‘o‘gsepnhg’sgéycerate 5 22203 16090 18178 12061 0.00569 0.16780 -0.47043 -0.59180  UNCH. UNCH.
AOA1DBHP95 p%;;%’;‘syé'tzercrﬂIigf;g’l;‘;‘,[’;sgng 8 20483 25517 18595 24528  0.36824 0.08488 0.31701 0.39954 UNCH. UNCH.
AOATDBE3W6  Acetylglutamate kinase 4 15088 13641 14358 14629 0.57797 0.94289 -0.14539 0.02698  UNCH. UNCH.
AOAB04MS97  Glycosyliransferase 2 23302 23933 22548 23057  0.85244 0.96633 0.03854 0.03222  UNCH. UNCH.
AOAB04PZWO  Tr-type G domain-containing protein 9 21697 15500 20750 18495  0.01582 0.52011 -0.48518 -0.16599  UNCH. UNCH.
AOA804UDX0 pt'glﬁ] ase_c domain-containing 17 23364 18299 16457 17013 0.04269 0.83463 -0.35251 0.04793  UNCH. UNCH.
AOA804UBX1  Uncharacterized protein 2 16154 11741 13832 6212 0.21306 0.09205 -0.46037 -1.15479  UNCH. UNCH.
B6U038 thioredoxin-dependent peroxiredoxin 4 21918 17207 17002 13517 0.24530 0.38375 -0.34912 -0.33091  UNCH. UNCH.
COHGT?2 Fﬁggﬁl/beta"*ydro'ases superfamily 4 20116 15672 17794 19884  0.03564 0.37561 -0.36011 0.16017  UNCH. UNCH.
B6T6S5  glucose-6-phosphate 1-epimerase 3 13176 14723 11548 11162 0.45854 0.84936 0.16016 -0.04903  UNCH. UNCH.
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
50 N 180 LN P2 HIN PoLN LNHN LNHN LNHN LNHN  L80LNHN P2 LN/HN
Nascent polypeptide-associated
BAFIES o subunit bota 2 6845 7315 3776 5835  0.62073 0.13570 0.09577 0.62788 UNCH. UNCH.
AOA804NQN6  PHB domain-containing protein 7 11220 16294 8552 8488  0.16913 0.97046 0.53820 -0.01069 UNGH. UNCH.
AOA804QNP8  DLH domain-containing protein 4 11026 11528 11414 6880  0.58506 0.25654 0.06422 -0.73028 UNCH. UNCH.
AOA1D6H703  Aminopeptidase 11 31921 26248 33437 24788  0.11794 0.01374 -0.28228 -0.43178 UNCH. UNCH.
AOAB04MNC3 Sg;*r']dr°'ase'1 domain-containing 6 26037 32434 21696 15678  0.31267 0.33371 0.31691 -0.46868  UNCH. UNCH.
AOA804QHI8  Thioredoxin reductase 6 23106 30001 26206 34068  0.08367 0.34950 0.37677 0.37853 UNCH. UNCH.
B4FWX5  dihydroxy-acid dehydratase 7 25502 26589 11742 15912 0.76919 0.17832 0.06022 0.43850 UNCH. UNCH.
AOA1DBK5D2  Nucleoredoxint 6 7524 7856 13478 15801  0.61052 0.40336 0.06226 0.22939 UNCH. UNCH.
AOA1D6LKGg Magnesium protoporphyrin X 4 20329 19358 13790 11624  0.82399 0.49848 -0.07058 -0.24658 UNCH. UNCH.
methyltransferase chloroplastic
AOA804PIC7  ADP,ATP carrier protein 8 20140 22331 24954 36938  0.41521 0.16679 0.14898 0.56584 UNCH. UNCH.
K7TMN5  4-coumarate--CoA ligase 9 15730 11206 19030 13191 0.00697 0.10520 -0.48919 -0.52869 UNCH. UNCH.
Q6R9J5 ATP synthase protein MI25 2 20278 20369 17420 23829  0.92486 0.09951 0.00645 0.45202 UNCH. UNCH.
B6T671 Uncharacterized protein 3 14120 15895 13727 12732 0.22813 0.52795 0.17079 -0.10860 UNCH. UNCH.
B4GOV9 Seed gene 3 2 5312 5962 6694 7891 0.46157 0.58433 0.16647 0.23726 UNCH. UNCH.
K7voLo  Futative peptidyl-prolyl cis-trans 5 28898 32060 34033 39593  0.47525 0.51000 0.14978 0.21830 UNCH. UNCH.
isomerase family protein
B6UAC7 Cortical cell-delineating protein 3 15637 19908 14986 22672 0.01800 0.02029 0.34842 0.59729 UNCH. UNCH.
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Average Average Average Average

Reported Normalized Normalized Normalized Normalized t-test ttest Log.FC Log,FC Differential Differential

Aecession peseripien peptides lon Count lon Count lon Count  1onCount | i\ |\kN  LNHN LN L8O LNHN P2 LNHN |
B6T484  Mitogen-activated protein kinase 3 20310 14835 11096 12636 0.17935 0.61714 -0.45314 0.18761  UNCH. UNCH.
AOA804UD50  PABS domain-containing protein 4 22094 30407 20727 23610 0.10381 0.06930 0.46077 0.18794  UNCH. UNCH.
AOA1DBKINS p'j;‘;gi}']ikecarbor‘ydrate kinase family 2 11625 12584 8564 15716  0.22699 0.05712 0.11432 0.87588  UNCH. UNCH.
B6SNAT p'jgtt:itri]"ethioredoxm superfamily 2 10478 7706 13480 10030 0.35694 0.20739 -0.44321 -0.42660  UNCH. UNCH.
COPSE7 p"rg;‘:i‘r’f”e”e’*'”' hydrolase-like 4 8307 11483 9954 9855  0.09716 0.96856 0.46717 -0.01453  UNCH. UNCH.
AOABO4LIH8 pfgt%?:”esed°mai”'°°”tai”i”9 2 9349 8731 9870 5080  0.81275 0.22855 -0.09864 -0.72280  UNCH. UNCH.
Q9AQUS  Aquaporin PIP1-3/PIP1-4 3 16430 15443 12718 16727  0.67205 0.20861 -0.08936 0.39533  UNCH. UNCH.
AOAB04NAJ7  chitinase 2 15122 19108 4594 4517 0.6951 094522 0.33754 -0.02438  UNCH. UNCH.
BAFFP2  Glutamate dehydrogenase 5 7028 5736 6072 11037 0.30380 0.29978 -0.29308 0.86207  UNCH. UNCH.
AOAB04PP02  Thioredoxin-disulfide reductase 3 14437 15487 11267 15010 0.62549 0.05816 0.10127 0.41372  UNCH. UNCH.
AOAS04MTMS  Carboxypeptidase 4 19428 12567 5967 10203 0.20872 0.44105 -0.62850 0.78658  UNCH. UNCH.
COHEE6  Peroxidase 5 22403 16590 10164 15705 050520 0.44038 -0.43332 0.62772  UNCH. UNCH.
AOAB04N7B9  SRP54 domain-containing protein 4 12216 10921 11519 10342 027416 0.52275 -0.16168 -0.15544  UNCH. UNCH.
COP5U0  Protoporphyrinogen oxidase 8 25964 22711 14826 14355  0.44058 0.86681 -0.19314 -0.04654  UNCH. UNCH.

AOA1DEM324 Cirlgtrigaiﬁg'cuLATA'RE'—ATED4 5 17566 17217 24386 39444  0.89852 0.14477 -0.02893 0.69372  UNCH. UNCH.

AOASO4NV14 AB hydrolase-1 domain-containing 4

protein 11038 11686 5091 5994 0.75616 0.45777 0.08226 0.23552 UNCH. UNCH.
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Average Average Average Average

Reported Normalized Normalized Normalized Normalized t-test ttest Log.FC Log,FC Differential Differential

Accession Description . L80 P2 L80 P2 Accumulation Accumulation
peptides lon Count lon Count lon Count lon Count
o N oo LN oy PAoN™ LNHN  LNHN  LNHN  LNHN  LBOLN/HN P2 LNHN
Photosystem | reaction center . .

085107 & o rontotc (raomen) 3 13327 13287 18688 10497  0.99164 0.10314 -0.00430 -0.83221  UNCH. UNCH.
A0A804QIX8 p'fytgfy”thasedOma'”'CO”ta'”'”g 6 19295 18324 16861 16204  0.68237 0.68581 -0.07446 -0.05736  UNCH. UNCH.
AOA1DBI600  Gibberellin receptor GID1L2 4 11767 15320 18701 19679  0.12049 0.79744 0.38065 0.07353  UNCH. UNCH.

C4J9R0O  PLAT domain-containing protein 3 2 11946 16024 17663 25377  0.08670 0.33784 042371 052278  UNCH. UNCH.

B6TEP3 T'\gt,\‘/’|%°”d”a' import receptor subunit 4 10658 12003 10222 13156 0.28076 0.06800 0.17157 0.36403  UNCH. UNCH.

BGUAKQ  robable 6- 4 26376 20687 36777 20194  0.43255 0.12337 -0.21735 -0.86486  UNCH UNCH

phosphogluconolactonase ’ ’ ’ ’ ’ ’
AOA1DBGMN4  Heat shock 70 kDa protein 14 21257 25706 17391 16690  0.03327 0.66770 0.27422 -0.05941  UNCH. UNCH.
AOA1DBNACY  Glycosyl hydrolase family protein 2 3417 5503 7926 5145  0.13877 0.08402 0.68749 -0.62345  UNCH. UNCH.
AOA1DSHBAO ATATH13 3 19271 22501 19793 21522  0.05052 0.27398 022358 0.12080  UNCH. UNCH.
AOAB04R4D4  homogentisate 1,2-dioxygenase 2 3124 3417 8846 14086  0.84080 0.06085 0.12963 0.67123  UNCH. UNCH.
AOABO4NCX6 ;gte;ﬁ]midase/F°rmamidasefam”y 3 39509 30832 27465 14338 0.19691 0.15417 -0.35777 -0.93781  UNCH. UNCH.
AOAB04QHI7  Carboxypeptidase 3 10360 13835 6106 10898  0.16832 0.39876 0.41736 0.83562  UNCH. UNCH.
AOA1DBMK41  Alba DNA/RNA-binding protein 2 10440 7492 5912 6401 003125 072639 -0.47872 0.11469  UNCH. UNCH.
Q84VGY  Lycopene beta cyclase chloroplastic 5 10462 8275 3113 3735  0.08888 0.30747 -0.33830 0.26267  UNCH. UNCH.
COPC84 Starch synthase, . 12 17300 20144 14718 16219 0.02814 0.75360 0.21957 0.14014 UNCH. UNCH.
chloroplastic/amyloplastic
AOA1DBH558  Chloroplast processing peptidase 3 18276 12938 15994 9050  0.13814 0.07704 -0.49837 -0.82161  UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2LN
AOATDBMVNG  Glycosyltransferase 5 18097 17797 16277 15205  0.89809 0.79666 -0.02416 -0.08974  UNCH. UNCH.
B4FBT1 (+)-neomenthol dehydrogenase 3 17351 15056 16434 12970 0.14357 0.28008 -0.20474 -0.34154 UNCH. UNCH.
B6TBSS Séf;’tt;]dr'l;‘; > diphospho)-2-C-methyl- ¢ 19133 18217 17677 26431 023231 0.24093 -0.07076 058036  UNCH. UNGH.
AOATDEHSWY  proline—tRNA ligase 4 15732 12195 8523 7698  0.19261 0.67596 -0.36740 -0.14699  UNCH. UNCH.
A0A1DEDWO7 d':;ﬁ;grho"gsgnh;’sge'ycerate 8 23062 17957 19808 19418 0.11129 0.93710 -0.36093 -0.02867  UNCH. UNCH.
AOATDEF5U0  Alpha-mannosidase 9 44991 36978 28937 24723 031105 0.24858 -0.28298 -0.22708  UNCH. UNCH.
AOA804QD56  formate-tetrahydrofolate ligase 10 38967 38112 38632 30948  0.87671 0.81906 -0.03201 0.04834  UNCH. UNCH.
AOA804R296  Ras-related protein RABE1c 3 14789 11589 14145 12345  0.04342 0.40005 -0.35177 -0.19632  UNCH. UNCH.
A0AB04M974 S@:{ﬁggghy"&”b”w'“maz"‘e 3 9886 14114 16262 15454  0.18526 0.80754 0.51368 -0.07356  UNCH. UNCH.
AOAB04MLLY  Polyadenylate-binding protein 9 33329 36833 22939 25612 0.61046 0.56595 0.14424 0.15899  UNCH. UNCH.
B6TKC8  Gibberellin receptor GID1L2 4 13519 14453 11544 12010 073002 0.78199 0.09645 0.05711  UNCH. UNCH.
AOATDBQNT3  3-hydroxybutyryl-CoA epimerase 8 17431 19969 11736 23215  0.09597 0.07336 0.19609 0.98410  UNCH. UNCH.
Q6RI85  Cytochrome c oxidase subunit 2 2 50385 58724 40402 50126  0.09355 0.33938 0.22096 0.31114  UNCH. UNCH.
B4FBJ7 hzosrfoﬁ’ggtiase regulatory subunit 6A 4 20472 18574 16008 19192 0.32861 0.66357 -0.14035 026171  UNCH. UNCH.
A0A804QBDO p'jgirr]fibri”i” domain-containing 2 6020 5539 7228 11297 0.67061 0.14492 -0.12023 0.64421  UNCH. UNCH.
AOATDBDQH1  Acetyl-coenzyme A synthetase 11 12869 13013 13089 18438 0.89475 0.14083 0.01603 049437  UNCH. UNCH.
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
B6USL3  UDP-glucose 6-dehydrogenase 4 23533 28878 19567 20755  0.01104 044643 029529 021776  UNCH. UNCH.
AOA804QMDO  AAA domain-containing protein 3 8538 7959 13057 11791 0.69089 0.65974 -0.10132 -0.14704  UNCH. UNCH.
AOABO4PIGY  Citrate synthase 2 6784 8560 10848 14513 0.18153 0.11790 0.33532 041997  UNCH. UNCH.
AOAB04P4D4  CCT-eta 5 14700 11056 9415 8720  0.12480 0.69340 -0.41102 -0.11074  UNCH. UNCH.
AOABO4UFI5 ;g;g;;’”a”—tz domain-containing 5 10940 10606 9186 11298 0.81922 0.18190 -0.04473 0.29851 UNCH. UNCH.
AOABO4LY71  Alpha-galactosidase 4 18623 10872 12032 10274  0.05440 0.53716 -0.77656 -0.22785  UNCH. UNCH.
B4FFM6  Tropinone reductase-like protein 4 54300 41940 32307 30002 0.14409 0.70910 -0.37262 -0.10677  UNCH. UNCH.
AOA1DBEU26 S dehydroquinate synthase 6 7068 6534 3635 4857 060331 019151 -0.11323 0.41789  UNCH. UNCH.
chloroplastic
K7VQG5  Phospholipase D 9 122871 137909 116455 123606  0.01657 0.45693 0.16657 0.08598  UNCH. UNCH.
AOAS04UBH4 S;Z;gra“’pdomai”'””tai”ing 4 16214 18365 14386 15692 0.40050 0.81501 017971 0.12542  UNCH. UNCH.
Branched-chain-amino-acid
AOA1DBKg36  ranched chain 4 15054 12142 12434 11802 0.03286 0.43011 -0.31015 -0.07522  UNCH. UNCH.
B4GID2  CBS domain protein 2 7899 4563 10419 4343 012648 014452 -0.79182 -1.26242  UNCH. UNCH.
oxoglutarate dehydrogenase )
KTTIVG e taring) 13 51584 61054 79513 66237  0.01389 0.18676 0.24316 -0.26355  UNCH. UNCH.
NAD(P)-binding Rossmann-fold )
CoHHB e eaein 2 14197 14935 11324 10444 076991 0.59478 0.07313 -0.11673  UNCH. UNCH.
AOAB04PF81  Clp R domain-containing protein 3 84233 93220 78494 69658  0.05108 0.33679 0.14627 -0.17229  UNCH. UNCH.
AOA1DBMURg  Quter envelope pore protein 37 3 29337 34475 26726 28799  0.04242 0.51548 0.23285 0.10777 UNCH. UNCH.

chloroplastic
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;nggl:ﬁg ":g;nggl:ﬁg ":g;nggl:ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation

oo o o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN

AOA1DBKVM4  Serine/threonine-protein 4 13817 17491 10236 13499  0.04344 024042 0.34022 0.39924 UNCH. UNCH.
phosphatase

AOA1DEND62  phenylalanine--tRNA ligase 6 21436 15648 13304 10591 0.00528 0.38699 -0.45403 -0.32905  UNCH. UNCH.

AOABDALTH4  L-ascorbate peroxidase 5 10554 12388 17859 20990 041462 029765 023125 0.36438  UNCH. UNCH.

Beszwo  Divinyl chlorophyliide a 8-vinyl- 2 17023 15357 14713 13342 0.61423 0.56750 -0.14860 -0.14112  UNCH UNCH

reductase, chloroplastic ’ ’ ’ ’ ’ :

AOABO4LWM9  Aldedh domain-containing protein 5 9389 9573 8106 10118 0.92731 0.24065 0.02791 031983  UNCH. UNCH.

K7U311 Uncharacterized protein 2 15030 21474 23268 30856  0.14214 028624 0.51470 0.40721 UNCH. UNCH.

B4FBF2  Carboxypeptidase 5 30764 20627 21601 25403 040193 0.56255 -0.44322 0.23389  UNCH. UNCH.

B4G1C1 LPE”EZ"GdeSicca“O”'re'ated protein 2 19324 17571 19019 15608  0.65331 0.26504 -0.13721 -0.28517  UNCH. UNCH.

AOA1DBFIVO  Amidase 1 2 9118 8576 9021 10009  0.50853 0.34562 -0.08830 0.14986  UNCH. UNCH.

AOABD4U9ED  AAA domain-containing protein 4 11534 8884 6966 7461 028773 0.69778 -0.37668 0.09901 UNCH. UNCH.

AOATDEP7V2  hydroxyisourate hydrolase 2 6856 7103 5952 6116 058303 0.89088 0.05116 0.03925  UNCH. UNCH.

Beszs2  30S ribosomal protein S4, 3 5787 5350 4867 5110 051278 0.59251 -0.11319 0.07046  UNCH. UNCH.
chloroplastic

AOAB04U748 p’\r‘c’;gi(np)'bd—d"m domain-containing 2 15104 10549 21632 11074 0.04203 0.21077 -0.51780 -0.96595  UNCH. UNCH.

B4F8Z3  Adenylosuccinate lyase 3 10323 9434 8045 7498 025512 070286 -0.12997 -0.10156  UNCH. UNCH.

AOA1D6IKH4  malate dehydrogenase 2 11515 13201 6559 4437 020392 022810 0.19714 -056380  UNCH. UNCH.

BeTNMo [acyl-carrier-protein] S- 4 25453 17122 12402 13414 0.10254 0.83917 -057201 011314  UNCH. UNCH.

malonyltransferase
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
o N oo LN oy PAoN™ LNHN  LNHN  LNHN  LNHN  LBOLN/HN P2 LNHN
copep ~ Gamma carbonic anhydrase 2 4 21449 26646 15150 22681  0.25831 0.04035 0.31304 058215  UNCH. UNCH.
mitochondrial
B4AFAM1  Protein HHL1, chloroplastic 2 17691 16204 15502 11544 053123 0.22557 -0.12664 -0.42529  UNCH. UNCH.
AOABOALEJ9 p?c’:{ermd“"ase domain-containing 3 17114 16498 14785 10388 0.78171 0.20142 -0.05293 -0.50919  UNCH. UNCH.
AOA804LX34  LOV domain-containing protein 6 13980 12106 12289 10199 011759 0.21146 -0.20767 -0.26892  UNCH. UNCH.
B4FRN6  Methionyl-tRNA formyltransferase 2 9340 8372 9426 9933  0.58204 0.60183 -0.15780 0.07558  UNCH. UNCH.
AOA804QPC7  Importin subunit alpha 4 17276 16731 11527 16532 0.78500 0.25341 -0.04617 052022  UNCH. UNCH.
AOA1DBN4Z9 C'\é'ﬁ;:‘otglaagﬁ‘cass°°‘awd protein VIPP1 2 14841 8108 9784 6940  0.11450 0.32613 -0.87209 -0.49562  UNCH. UNCH.
Bifunctional D-cysteine
desulfhydrase/1-aminocyclopropane- ]
AOAIDBHLOT  {SailVCIanelaminocy 4 17100 17109 28829 28109  0.99669 0.78828 0.00071 -0.03647  UNCH. UNCH.
mitochondrial
COPM63  DUF1995 domain-containing protein 3 14987 13973 9016 17207 0.61681 0.17849 -0.10109 0.93251 UNCH. UNCH.
3-oxoacyl-[acyl-carrier-protein]
BOSKSS o e ey 2 6910 9645 6188 8927  0.02050 0.00949 048105 052874  UNCH. UNCH.
ABC-type transport system ) )
AOATDENOB4  ESPE ETeO” o) 4 13457 13011 13893 12515 0.72902 0.61724 -0.04867 -0.15078  UNCH. UNCH.
BeSMC4 'cfd-interacting protein 1, 2 11593 15858 10970 15711 0.06249 0.04706 0.45197 051822  UNCH. UNCH.
chloroplastic
AOA804MZX{ Shikimate O- 5 14408 14613 7412 10996 0.93062 0.05560 0.02034 0.56905  UNCH UNCH
hydroxycinnamoyltransferase ’ ’ ’ ’ ’ ’
AOA804LQM2  diaminopimelate epimerase 5 15862 14693 15970 15000  0.20944 0.60118 -0.11047 -0.09038  UNCH. UNCH.
BAFWY6  Tyrosine—tRNA ligase 2 7550 10283 6385 7420  0.02974 013079 0.44571 0.21691 UNCH. UNCH.
AOABO4LHA1  Beta-galactosidase 5 22291 24056 11318 17957 051703 0.32141 0.10992 0.66591 UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2 LN
A0A804QU15 Fﬁggm“et—red domain-containing 2 13662 11617 10356 9789  0.58801 0.87219 -0.23397 -0.08126  UNCH. UNCH.
AOA1DEEJ39  E1 ubiquitin-activating enzyme 8 32713 30985 28686 27225  0.66365 0.69242 -0.07832 -0.07540  UNCH. UNCH.
AOAB04LBV9 C%ﬂ?;'nﬁﬁg“:rtgtse?n(ER) domain- 2 7351 7498 5768 6731  0.85354 0.14270 0.02863 022295  UNCH. UNCH.
AOATDENMWS ppr:g;‘;i;]‘;:gge/threoni”e 4 26788 25733 28192 20812  0.74605 0.69244 -0.05792 0.08060  UNCH. UNCH.
COPFI3  Sulfurtransferase 3 8057 9428 4397 4091 0.16535 0.87246 0.22668 -0.10380  UNCH. UNCH.
AOA1D6JW6E9  V-type proton ATPase subunit a 8 21124 22250 22418 24394 0.82053 0.52325 0.07492 0.12183 UNCH. UNCH.
COPDB6 pﬁ'é)e(i);'}type acyl-transferase family 7 15183 17029 10305 17386 0.14100 0.31369 0.16554 0.75465  UNCH. UNCH.
AOAB04MVEO  CCT-theta 2 15720 18781 17007 13018 0.14889 0.43309 0.25663 -0.38557  UNCH. UNCH.
AOA804PM63  Plasma membrane intrinsic protein 1 2 29791 36376 18853 26648  0.14778 0.22227 0.28812 0.49926  UNCH. UNCH.
AOATDBICGE  Glycosyltransferase 2 15047 21415 20994 25682  0.14200 0.43157 050914 029081  UNCH. UNCH.
AOATD6L8DY  Pheophorbide a oxygenase 4 8129 9053 9100 6108  0.42985 0.44100 0.15523 -057522  UNCH. UNCH.
B4G1Q6  SERPIN domain-containing protein 5 8959 11508 16139 16830  0.29810 0.87712 0.36136 0.06046  UNCH. UNCH.
P17344 CﬁITOF;OSg’IgtST;S““b“”“ 3, 2 42513 58179 55429 59516  0.35500 0.87363 0.45260 0.10265  UNCH. UNCH.
AOA804ME66  Mitochondrial Rho GTPase 5 15714 15925 11480 15728 0.93492 0.01701 0.01922 0.45420  UNCH. UNCH.
C4JAI3  Cyclase family protein 2 21875 18333 7891 10176 0.41546 0.37406 -0.25479 0.36688  UNCH. UNCH.
AOAB04PKE2  WPP domain-containing protein 6 25234 27810 24352 27680  0.04151 0.07428 0.14028 0.18480  UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2LN
AOAB04P7H7  ribose-5-phosphate isomerase 2 5810 5390 8289 8486  0.69539 0.95182 -0.10821 0.03392  UNCH. UNCH.
AOAB04M883  Pyruvate kinase 5 25775 28111 19611 27597  0.11665 0.12118 0.12519 049285  UNCH. UNCH.
AOAB04ULF4  Obg-like ATPase 1 4 18524 15738 13935 12442 017030 0.44519 -0.23520 -0.16350  UNCH. UNCH.
AOA1DBENTS  leucine—tRNA ligase 7 17851 17870 16299 17055  0.99418 0.74913 0.00153 0.06539  UNCH. UNCH.
COPDA6  fumarate hydratase 5 25242 23467 26814 24749 055268 0.71979 -0.10516 -0.11564  UNCH. UNCH.
AOATDBICF2  UDP-glycosyltransferase 71B1 5 16715 13577 5788 8628  0.63458 0.23845 -0.29995 057601  UNCH. UNCH.
AOA804Q2Y4  Nucleosome assembly protein 1 3 21303 23036 17424 17951  0.51377 0.74171 0.11286 0.04293  UNCH. UNCH.
Haloacid dehalogenase-like
AOABO4LNKS g;g:)rglase domain-containing protein 2 4874 9189 6243 10376 0.05865 0.28718 091485 0.73205  UNCH. UNCH.
AOA1DBKA4Z5 a'zlét;tli‘r’:nz‘?eeggggﬁosolic2 2 6886 8500 6365 8223  0.12531 0.11246 0.30367 036968  UNCH. UNCH.
AOA804M793 Ci?fréﬁgzgcma' protein S1, 4 16946 19482 16252 15856 0.50710 0.74338 0.20118 -0.03555  UNCH. UNCH.
AOAB04USGO lEr:‘]gtr?;ﬁ’l’::;ﬂfn'\‘z'??hfgg;)rl‘:s?ifc 2 10646 9454 9823 6379 058723 0.17564 -0.17141 -0.62296  UNCH. UNCH.
Q9SE94 ('\,\’l'f\tgﬂ)e?emahyd“’f"'ate reductase 2 25111 24442 15049 18094  0.81270 0.53726 -0.03897 0.26585  UNCH. UNCH.
B4GOY4  Translocase of chloroplast 2 41384 43246 49751 34872 071432 0.02833 0.06349 -051263  UNCH. UNCH.
AOA804R2U0  Ubiquitin receptor RAD23 4 9508 7866 6292 5257  0.44657 0.53977 -0.27356 -0.25935  UNCH. UNCH.
AOATDBKE41 50X Delta(4d)-steroid S-beta- 4 11981 13003 9296 14536 0.50574 0.05552 0.12800 0.64503  UNCH. UNCH.
AOAB04Q1C9  Pept C1 domain-containing protein 3 10865 12620 10897 13688 0.19728 0.26523 021612 0.32900  UNCH. UNCH.
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g b:g;“gg':ﬁg b:g;“gg':ﬁg b:g;“gg':ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
o N oo LN oy PAoN™ LNHN  LNHN  LNHN  LNHN  LBOLN/HN P2 LNHN
AOA804R1NG p'fgtig}rfrased°mai”'°°”tai”i”9 2 16043 11345 8135 6915  0.00397 0.18546 -0.49983 -0.23428  UNCH. UNCH.
Succinate--CoA ligase [ADP-forming]
ROABOAPKC2 e e wral 6 5657 6878 4728 5515 012121 032680 0.28195 0.22208  UNCH. UNCH.
Q4TZJ2  Pyrroline-5-carboxylate reductase 2 11914 10450 12283 15366 0.75121 0.30326 -0.18911 0.32305  UNCH. UNCH.
AOABO4NKA7  serine—tRNA ligase 2 7734 9684 7364 9589  0.34047 017723 0.32442 0.38083  UNCH. UNCH.
B4FTp2  Ihioredoxin-like protein CDSP32 2 11249 10501 8931 13787 051811 0.18965 -0.09938 0.62638  UNCH. UNCH.
chloroplastic
C41Z62 hzﬁgz;ebg’émp'depe”de”t RNA 5 17520 16146 12189 16650  0.55493 0.11402 -0.11790 0.44992  UNCH. UNCH.
AOA1DBQLG5  4-coumarate—CoA ligase 2 58244 46716 44139 27621 030531 0.13891 -0.31819 -0.67626  UNCH. UNCH.
AOA096S9C5  Ribonuclease 2 31566 27407 15682 20174  0.14650 0.25156 -0.20381 0.36338  UNCH. UNCH.
AOAB04NLJ5 Probable methylthioribulose-1- 4 14342 11374 9836 9360  0.06826 0.80519 -0.33447 -0.07153  UNCH. UNCH.
phosphate dehydratase
K7V686 3E§E§L¥1?tﬂﬁ translation initiation factor 2 11884 13393 9402 12046 0.27338 0.02044 0.17252 046153  UNCH. UNCH.
Enoyl reductase (ER) domain-
AOABO4POMO 0¥ TECUEASE 2 11485 11939 9166 11751 0.81689 0.33854 0.05587 0.35840  UNCH. UNCH.
NAD(P)H-quinone oxidoreductase i -
Aoagosawa1 - e 2 27211 25620 29048 20809  0.50640 0.52102 -0.08691 -0.34887  UNCH. UNCH.
non-reducing end alpha-L- )
Copaps  Nom-reducing end a 10 9933 11619 10158 9310 024352 067395 022613 -0.12569  UNCH. UNCH.
CaJax7 ~ UDP-sulfoquinovose synthase 4 11265 8354 13783 7261 0.07638 0.06879 -0.43130 -0.92461  UNCH. UNCH.
chloroplastic
AOAB04QM97  asparagine—tRNA ligase 2 22503 25317 21339 19110 0.56287 0.30306 0.16994 -0.15917  UNCH. UNCH.
AOA1DEN617  Amidophosphoribosyltransferase 2 7391 6656 10250 11454  0.75681 0.26169 -0.15122 0.16020  UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2LN
K7V1I3 E1 ubiquitin-activating enzyme 11 10587 10387 8418 11338 0.94599 0.09002 -0.02744 0.42962 UNCH. UNCH.
B6TCZ1  Spermidine synthase 1 3 205192 193486 226986 163094  0.39290 0.03586 -0.08474 -0.47690  UNCH. UNCH.
C4J473  oligopeptidase A 6 26662 25267 25611 23446  0.67659 0.49558 -0.07752 -0.12739  UNCH. UNCH.
COPFAT C’?}‘I’;’gggﬂf:i”ateSy”thetase’ 2 14082 13752 13253 14001  0.52387 0.67779 -0.03412 0.07922  UNCH. UNCH.
AOATDBHT50 npu"c'?gi)tim‘l‘frfn‘gigfase 2 32997 26116 32249 20518  0.08308 0.07073 -0.33740 -0.65234  UNCH. UNCH.
AOAB04RE32  Tr-type G domain-containing protein 2 14925 10103 9188 7165  0.00328 0.30679 -0.56293 -0.35878  UNCH. UNCH.
AOAB04UFYO  ATP citrate synthase 6 15017 17189 13006 17391  0.24596 0.37387 0.19491 0.41917  UNCH. UNCH.
K7TSU4  Beta-D-xylosidase 4 5 21441 20254 16536 17976 079132 0.70369 0.05373 0.12045  UNCH. UNCH.
AOA804N3D8 frcogle;’r‘o;%‘g{ifs”ACCUMU'—AT'ON 2 4977 5254 5770 6892  0.62176 0.55887 0.07833 025634  UNCH. UNCH.
COHJ53 diﬁ;grrgt’gsa:y"[acy"ca"ier'pr"tei”] 2 20266 19668 12223 19196  0.80256 0.11554 -0.04321 0.65117  UNCH. UNCH.
AOAB04P4U4 ‘ﬁg‘igﬁ:‘et—red domain-containing 4 32693 26599 14826 11922 011569 0.44881 -0.29758 -0.31455  UNCH. UNCH.
AOAB04PGI5  AAA domain-containing protein 2 20760 14849 15472 12087  0.20937 0.09931 -0.48339 -0.35623  UNCH. UNCH.
B6TFE4  Ribokinase 3 12955 9868 11639 14811 0.33232 0.44576 -0.39263 0.34771  UNCH. UNCH.
AOA3LGER98 pErgtigﬁrasedomai”'c"”tai”ing 2 20262 20535 23307 20230  0.20975 0.61713 0.15336 -0.20428  UNCH. UNCH.
AOA1DEGDI4  Carotene isomerase3 2 5934 8522 10530 12906 0.17908 0.35146 052225 0.29357  UNCH. UNCH.
BAFE28  E2F transcription factor-like E2FE 2 8280 9076 6187 8658  0.19203 0.34078 0.13249 048475  UNCH. UNCH.
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Average

Average

Average

Average

Repertd Nomalized Normalized tomalzed Nomalized 30 Tm o " P " accumuaton Accumuatn
LBOHN  LSOLN P2 HN P2LN
AOATDENSX5  Cytochrome b5 reductase 2 10015 9701 6163 9241 073415 0.08722 -0.04598 058426  UNCH. UNCH.
AOABOALE35  lon channel POLLUX-like 2 7 25012 33931 25379 32603  0.02422 0.09804 0.43996 0.36138  UNCH. UNCH.
AOAB04PRS4  PRK domain-containing protein 3 18677 20751 18644 13887  0.32534 0.33883 0.15191 -0.42491  UNCH. UNCH.
AOAB04UGF5  Heat shock 70 kDa protein 14 6 15510 15487 9641 14308 0.98977 0.02777 -0.00217 0.56960  UNCH. UNCH.
AOAB04Q0CT  arginine—tRNA ligase 2 8820 7091 6407 5830  0.02900 0.36320 -0.31474 -0.13624  UNCH. UNCH.
AOA804NSM1 Sg‘t':i{]dm'ase‘1 domain-containing 2 19191 18623 14169 25503  0.74967 0.12841 -0.04332 0.85302  UNCH. UNCH.
AOAB04QUX5  3-hydroxybutyryl-CoA epimerase 3 35510 24633 24775 23783 0.01019 0.81492 -0.52761 -0.05892  UNCH. UNCH.
B7ZZM5  Cell wall invertase 2 22009 15118 5796 4782 047952 050128 -0.54180 -0.27740  UNCH. UNCH.
AOAS04LHB7 S'ymr:fhfsc’e'e glycerol-phosphate 2 11248 8466 9003 10435 019532 0.34583 -0.40987 0.21288  UNCH. UNCH.
AOAB04MJ52  DUF6598 domain-containing protein 2 7323 9104 9334 10411 0.00703 0.57565 0.31407 0.15746  UNCH. UNCH.
AOAB04UHS5  UBP1-associated protein 2C 2 11010 14686 9106 13493 0.09382 0.00593 0.41556 0.56729  UNCH. UNCH.
AOA1DEHV45  Coatomer subunit gamma 4 13064 11569 9395 10851  0.22387 0.41801 -0.17540 0.20784  UNCH. UNCH.
AOA1D6L245 S@':]‘t’ﬁggg”b"sy'f"rmV'g'VC‘”am‘d‘”e 6 20957 19144 19215 13701 0.05940 0.04570 -0.26201 -0.48791  UNCH. UNCH.
AOAB04PUYS Fﬁc'fe}:ypeGdomai”'“mai”ing 4 16505 16688 16030 17549 0.90758 0.45348 0.01598 0.13060  UNCH. UNCH.
AOATDGEDQ6  acetyl-CoA carboxylase 6 23716 15275 16072 10885  0.07982 0.07827 -0.63471 -0.56212  UNCH. UNCH.
AOA1DEL2Q2  Adenylyl cyclase-associated protein 3 18436 22685 20447 19139 0.08633 0.42939 0.29920 -0.23003  UNCH. UNCH.
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Average ~ Average = Average ~ Average . tiest Log, FC Log;FC Differential Differential

Accession Description pentides lon Gount lon Count lon Count lon Count L8 P2 L8 P2 Accumulation Accumulation
LBOHN  LSOLN P2 HN P2 LN
B6ST57  DNA photolyase 4 8471 8501 12500 12515 097936 0.99348 0.00521 0.00174  UNCH. UNCH.
C4J6R6  V-type proton ATPase subunit 2 16502 15577 18127 19114  0.85424 071192 -0.08322 0.07644  UNCH. UNCH.
AOAB04R1S6 pﬁqzﬁ:” motor domain-containing 8 30575 28324 34705 24340  0.22647 0.24922 -0.11032 -051185  UNCH. UNCH.
AOATDBLWIO  4-coumarate--CoA ligase 2 6597 4953 5406 4869  0.13138 0.63056 -0.41351 -0.15098  UNCH. UNCH.
AOA804MU73  T-complex protein 1 subunit zeta 2 8245 6970 6217 6213 0.05946 0.99659 -0.24246 -0.00093  UNCH. UNCH.
AOA096R382  Alpha-1,4 glucan phosphorylase 2 6168 6332 8587 11491 0.89714 0.24168 0.03767 0.42018 UNCH. UNCH.
Q8S532  Aldehyde dehydrogenase3 2 14518 17357 10268 20785 045283 0.45105 0.25769 1.01733  UNCH. UNCH.
B4F917  WPP domain-containing protein 4 12604 14484 11502 9352 021732 0.20491 0.20054 -0.29854  UNCH. UNCH.
AOATDBKV33  acylaminoacyl-peptidase 3 14268 14228 9540 12626 0.94743 0.11355 -0.00402 0.40443  UNCH. UNCH.
AOAB04MIMS  Uncharacterized protein 2 8257 7902 8760 10438 0.53479 0.50723 -0.06337 0.25292  UNCH. UNCH.
B4F8V5 ig’;g’:”‘fﬁlﬁ‘g{g?ﬂe;‘a;ﬁggﬁgﬂ]ﬂﬂgre] 4 12794 11368 8660 11265  0.56885 0.13461 -0.17057 0.37930  UNCH. UNCH.
AOAB04NVGO  SET domain-containing protein 2 7245 6861 6029 5247 071673 0.51453 -0.07857 -0.20064  UNCH. UNCH.
caJ164 Ciﬁﬁ:g&:’;‘fg}gfne);loplasﬁc 3 26497 35948 25034 28431  0.13096 0.42286 0.44011 0.18357 UNCH. UNCH.
BAFAT6  Glycosyltransferase 2 14027 13284 5090 4556 0.81369 0.81296 -0.07853 -0.15979  UNCH. UNCH.
B4FQ24 S?J‘gf‘;f:ﬁ;”xep';@?)%gﬁg’g706 4 14294 11131 20378 16046 010248 0.07246 -0.36076 -0.34483  UNCH. UNCH.
K7TFH9  Prolyl endopeptidase 5 14216 14696 8954 12829 0.61777 0.00494 0.04786 051876  UNCH. UNCH.
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
L80 HN L8O LN P2 HN P2 LN LN/HN LN/HN LN/HN LN/HN L80 LN/HN P2 LN/HN
AOAB04LRN9  Sulfurtransferase 2 8539 9316 7726 7087 0.58030 0.70294 0.12559 -0.12461 UNCH. UNCH.
Glutamyl-tRNA(GIn)
AOA804NZC5 amidotransferase subunit B, 3 9971 7565 7733 5544 0.15961 0.09112 -0.39841 -0.48014 UNCH. UNCH.
chloroplastic/mitochondrial
AOA1D6PRY2  Protein kinase superfamily protein 4 6665 6663 7567 10730 0.99924 0.06767 -0.00031 0.50394 UNCH. UNCH.
AO0A804QJZ5  Dihydrolipoyl dehydrogenase 2 17118 11571 10027 11415 0.13260 0.47320 -0.56499 0.18708 UNCH. UNCH.
AOA804ML74  Uncharacterized protein 2 16593 18617 11714 16246 0.18405 0.21543 0.16607 0.47182 UNCH. UNCH.
Acetyltransferase component of
QISWR9 pyruvate dehydrogenase complex 3 15090 14042 12585 13200 0.76498 0.72523 -0.10390 0.06889 UNCH. UNCH.
AOA1D6MID5  glutamine--tRNA ligase 2 13132 12468 7610 10066 0.58736 0.02858 -0.07493 0.40359 UNCH. UNCH.
AOA804R5C9 Omp85 domain-containing protein 2 12955 17448 12830 14100 0.13077 0.43447 0.42950 0.13623 UNCH. UNCH.
AOA1D6KEO2 Thaumatin-like protein 2 11897 12155 10445 11758 0.85827 0.07159 0.03093 0.17083 UNCH. UNCH.
K7TLJ6 valine--tRNA ligase 2 13228 10526 10076 9496 0.00838 0.71513 -0.32968 -0.08543 UNCH. UNCH.
K7TYO03 Alanine--tRNA ligase 2 14602 11066 7688 9099 0.14980 0.30632 -0.40003 0.24301 UNCH. UNCH.
AOA804UC68  Chaperonin Cpn 2 3986 3632 4604 6316 0.61157 0.04936 -0.13422 0.45602 UNCH. UNCH.
AOA1D6JDWE 285 proteasome non-ATPase 2 14149 13561 11105 15322 0.77780 0.01182 -0.06117 0.46441  UNCH UNCH
regulatory subunit 1 homolog ’ ’ ’ ’ ’ ’
AOA1D6IHP1  ARM repeat superfamily protein 3 8454 8310 7576 8309 0.86558 0.61714 -0.02483 0.13324 UNCH. UNCH.
glycerophosphodiester
AO0A804NSQ8 phosphodiesterase 2 10877 12982 7402 10605 0.15000 0.14162 0.25517 0.51869 UNCH. UNCH.
AOABX5E9J0  Uncharacterized protein 21 0 0 141252 200797 - 0.00767 - 0.50746 - UNCH.
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
L80 HN L8O LN P2 HN P2 LN LN/HN LN/HN LN/HN LN/HN L80 LN/HN P2 LN/HN
AOA804NB58  Heat shock cognate 70 kDa protein 28 0 0 1971 1350 - 0.11671 - -0.54608 - UNCH.
B4FB80 Thioredoxin F2 chloroplastic 8 0 0 46671 24948 - 0.17108 - -0.90364 - UNCH.
AOAB04RMW6  ATP synthase subunit alpha 24 0 0 2563 3804 - 0.01639 - 0.56946 - UNCH.
AOABO4MWUS Sﬁgﬁketﬁd domain-containing 4 0 0 19827 37739 - 019756 - 0.92861 - UNCH.
AO0A804QY97  Fruit bromelain 7 0 0 99930 93769 - 0.25048 - -0.09180 - UNCH.
AOA804MUN7  Subtilisin-like protease SBT3.9 9 0 0 20788 10381 - 0.35841 - -1.00183 - UNCH.
Chloroplastic quinone- ) ) }
AOA1D617Z1 oxidoreductase 3 0 0 7963 8058 0.96161 0.01709 UNCH.
AOABO4MsCe  Haloacid dehalogenase-like 5 13913 4632 0 0 0.00793 -  -1.58676 - DOWN .
hydrolase domain-containing protein : :
Q41803 Elongation factor 1-alpha 23 9767 0 0 0 0.00019 - - - ﬂ}‘éﬁuﬁ -
Fructose-bisphosphate aldolase, 3 3 3 UNIQUE 3
P08440 cytoplasmic isozyme 20 3112 0 0 0 0.00030 HIGH N
. - . UNIQUE
AO0A804RIH1  Clp R domain-containing protein 13 1634 0 0 0 0.00001 - - - HIGH N -
Putative mitochondrial-processing UNIQUE
AOA1D6MAI5  peptidase subunit alpha-2 10 1745 0 0 0 0.00064 - - - -
S h HIGH N
chloroplastic/mitochondrial
Ribulose bisphosphate
AOAB04M8Z4  carboxylase/oxygenase activase, 3 0 3054 0 0 0.00021 - - UNIQUE LOW
chloroplastic
AOA804PN57  Phosphoribulokinase 16 5335 6812 0 0 0.18272 - 0.35262 - UNCH. -
31 kDa ribonucleoprotein, ) ) ) )
AOAB04NPL3 chloroplastic 7 5434 4407 0 0 0.07791 0.30224 UNCH.
B4FARS8 Proteasome subunit alpha type 6 22908 19535 0 0 0.19043 - -0.22983 - UNCH. -
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Average Average Average Average

Reported Normalized Normalized Normalized Normalized t-test ttest Log.FC Log,FC Differential Differential

Accession Description . L80 P2 L80 P2 Accumulation Accumulation
peptides lon Count lon Count lon Count lon Count
50 HN 180 LN P2 HN poLN LNWHN LNHN LNHN LNHN  L80LNHN P2 LN/HN
B7ZXK9 Thioredoxin family protein 2 11342 8022 0 0 0.07769 - -0.49966 - UNCH. -
AOAB04P3S4  Kynurenine formamidase 5 45896 46792 16001 10067 - - 0.02791 -0.66857 - -
AOA804MIE1  Agglutinin domain-containing protein 7 55363 7143 26198 8266 - - -2.95428 -1.66416 - -
COPK04 inorganic diphosphatase 3 24687 13974 24073 8262 - - -0.82099 -1.54277 - -
B4FV96 Uncharacterized protein 4 58514 53503 52788 58966 - - -0.12917 0.15966 - -
AOA1DBFOW9  Putative carboxylesterase 15 6 35309 33673 34119 11325 - - -0.06843 -1.59099 - -
AOAB04QG64  Peroxidase 5 4278 10138 7757 19816 - - 1.24472 1.35313 - -
B4FWN1 NAD(P)H dehydrogenase (quinone) 4 17086 7529 5105 0 - - -1.18216  #NUM! - -
Q84TL6 Legumin-like protein 7 17157 21816 3922 14354 - - 0.34659 1.87194 - -
AOA1DBMUQ1  Beta-glucosidase 17 4 2110 2316 986 1415 - - 0.13447 0.52145 - -
B4FUN3 pcfost;r’]\"termi”a' domain-containing 2 30892 23634 6496 3125 - - -0.38633 -1.05575 ; -
B4FHM1  Cytochrome c1 1 heme protein 2 8353 2965 7736 3654 - - -1.49456 -1.08211 ; -
mitochondrial ’ ’
B6T391 Lichenase-2 4 21562 8772 22522 7495 - - -1.29746 -1.58733 - -
BeSvly Nascent polypeptide-associated 2 9406 5432 5089 5925 - - 079195 0.21966 ; -
complex subunit beta ’ ’
AOAS04ULR4 1Yrosinase_Cu-bd domain- 5 2811 1284 11862 10380 - - -1.13048 -0.19252 - -
containing protein
pagpg7 ~Clucan endo-1,3-beta-glucosidase, 3 58472 21488 28707 24336 - - 1.44423 -0.23833 ; -

acidic isoform
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;nggl:ﬁg ":g;nggl:ﬁg ":g;nggl:ﬁg l\:g:;ng:a:)lluz::i L80 P2 L80 P2 Accumulation Accumulation
A o NCOM™ LNHN LNHN LNHN LNHN  LBOLNHN P2 LNHN
B4FJV4  Putative carboxylesterase 15 2 22498 20920 9519 11018 - - 010494 0.21099 ; -
B4FI53 60S ribosomal protein L32 2 39156 7849 34414 34971 - . 231874 0.02317 . -
B4Fckg  rotein LOW PSII ACCUMULATION 2 7848 9096 15795 11879 - - 021292 -0.41104 ; -
1 chloroplastic
P27324 Photosystem | assembly protein Ycf3 2 14474 10097 11404 7444 - - -0.51953 -0.61542 - -
Putative quinone-oxidoreductase
BOATET e st 3 3470 8637 2390 13624 - - 131587 251111 ; -
AOA804MDQ3 ‘ﬁg‘igﬁ:‘et—red domain-containing 2 2024 2612 20635 16572 - - 0.36830 -0.31637 ; -
AOA1DBITY9 I%‘;‘S’gy'tetrahydr°f°'ate cyclo- 2 5208 0 9544 5533 - - - 078653 ; -
AOAB04NP34  Threonylcarbamoyl-AMP synthase 3 6757 6135 6072 5000 - - 013928 -0.28012 ; -
B4FTKO  Early nodulin-like protein 9 2 15332 11140 6619 17514 - - -0.46080 1.40390 ; -
AOABO4UNF4 p’\r‘ggﬁ]hy“ro'ase domain-containing 2 14106 3280 8593 1364 - - 210458 -2.65529 ; -
K7VI25  AAA-ATPase ASD mitochondrial 4 31137 19890 5564 6337 - - -0.64663 0.18756 ; -
AOA1DSEBE5  NDR1/HINA-like 1 2 5156 8131 6089 11120 - - 065732 0.86880 ; -
FAD-binding PCMH-type domain- ) ) ) ) ) )
AOABD4QBE3 o BT T 3 13359 13268 4903 2667 0.00985 -0.87845
BAFQB3 p'\r"cigi;]d'mer domain-containing 2 10436 5374 6993 9845 - - -0.95763 0.49358 . -
AOAB04QKF6  phosphoribosylamine--glycine ligase 2 8948 8307 7160 7794 - - -0.10723 0.12237 - -
AOAB04RFz5 Aldo_ket red domain-containing 2 11833 10315 0 4300 - - 019818 #DIV/O! ; -

protein
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Average

Average

Average

Average

: : : : t-test t-test Log>FC Log.FC Differential Differential
Accession Description '::ggg:g ":g;na:':ﬁg ":g;na:':ﬁg ":g;na:':ﬁg l‘:g:;néaolluz::i L80 P2 L80 P2 Accumulation Accumulation
L80 HN L8O LN P2 HN P2 LN LN/HN LN/HN LN/HN LN/HN L80 LN/HN P2 LN/HN
AOA1DBHSR3 Putative carboxylesterase 15 2 2821 2757 8103 15625 - - -0.03311  0.94737 - -
COPHF6 AAA-ATPase ASD mitochondrial 2 10365 9975 0 3225 - - -0.05545 #DIV/0! - -
B4F9X0 Alpha-galactosidase 3 6752 3020 3449 2378 - - -1.16070 -0.53662 - -
AOAB804NA49  Patellin-3-like 2 14463 23625 13733 25864 - - 0.70798 0.91328 - -
AOA804UF48  Peptidyl-prolyl cis-trans isomerase 2 5538 1557 20985 16441 - - -1.83068 -0.35202 - -
AOA804RGI3  shikimate dehydrogenase (NADP(+)) 2 7992 6317 7154 7166 - - -0.33939 0.00237 - -
NAD(P)-binding Rossmann-fold ) ) ) ) ) )
B4FBKS superfamily protein 2 0 0 35479 0
Phenolic glucoside
B6TWA5 malonyltransferase 1 3 5536 6367 1581 3780 - - 0.20185 1.25759 - -
CoHFsg ~ Solanesyl-diphosphate synthase 3, 2 12900 11560 10826 13555 - - -0.15817 0.32434 - -
chloroplastic
AOA804UD81  ABC transporter B family member 28 2 12656 13136 18067 9915 - - 0.05374 -0.86565 - -
AOA1DBK4gs ~ Cystathionine gamma-synthase f 2 7887 5226 2769 1938 : - 059388 -0.51504 - :
chloroplastic ’ ’
Putative 3-hydroxyisobutyrate ) ) ) ) ) )
AOA1D6FKDO dehydrogenase-like 3 mitochondrial 2 7542 7218 6039 5991 0.06331 -0.01157
K7Vv8I19 UvrB/uvrC motif-containing protein 2 8033 4825 10257 4982 - - -0.73551 -1.04188 - -

LN/HN: Comparison between proteins accumulated in the condition of low (LN) and high (HN) N; FC: Fold change; UNCh.: Unchanged.
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Supplementary Figure 1 — Relative contribution of 28 morpho-agronomic and physiological traits evaluated in popcorn genotypes under
contrasting nitrogen (N) availability to the first 2 Principal Components. The red line indicates the average contribution. PH — plant height
(cm); SD — stem diameter (mm); LA — leaf area (cm?); LDM — leaf dry matter (g); SDM — stem dry matter (g); STDM — shoot dry matter
(9); RDM — root dry matter (g); LNC — leaf N content (mg of N kg'); SNC — stem N content (mg of N kg'); RNC — root N content (mg of
N kg'); STNC — shoot N content (mg of N kg™'); PNC — plant N content (mg of N kg*); (NUE — N use efficiency; NUpE_cR — N uptake
efficiency with root N content; NUpE_sR — N uptake efficiency without root N content; NUtE_cR — N utilization efficiency with the content
of N in the root; NUtE_sR — N utilization efficiency without the content of N in the root; NTrE — N translocation efficiency; A — net COz
assimilation rate; gs — stomatal conductance; Ci — intercellular concentration of COz2; E — transpiration rate; Ci/Ca — ratio between the
intercellular and external concentration of CO2; Fv/Fm — photochemical efficiency of photosystem Il; Chl — relative chlorophyll content;
Flav — relative content of flavonoids; Anth — relative anthocyanin content; NBI — nitrogen balance index.

LL)



	29765a0f59b6e7455bb91473ea984e8539d79de7acc8534aabbdeaef0871dd64.pdf
	29765a0f59b6e7455bb91473ea984e8539d79de7acc8534aabbdeaef0871dd64.pdf
	29765a0f59b6e7455bb91473ea984e8539d79de7acc8534aabbdeaef0871dd64.pdf

