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RESUMO

A familia de transportadores ZIF-like (ZIFL) possui 13 membros em arroz, OsZIFL-1 a 13.
Alguns membros desse grupo ja foram caracterizados como transportadores de moléculas
quelantes de metais, como o acido desoximugineico (DMA) e nicotianamina (NA). Neste
trabalho, nds apresentamos um breve estudo com o mutante perda de fun¢do para ZIFL-2 em
arroz (oszifl2). Primeiro, foi analisado o ionoma de folhas de plantas selvagem (WT, cv.
Nipponbare) e mutantes oszifl2 cultivadas em condi¢des controle. As concentragdes de ferro
(Fe) e manganés (Mn) sao menores nas folhas de plantas oszifl2, indicando um possivel papel
de OsZIFL2 na homeostase desses metais. Apos, plantas WT e oszifl2 foram cultivadas sob
quatro condig¢des distintas, controle, deficiéncia de Fe, deficiéncia de Mn e excesso de Mn
durante 21 dias. Amostras de raizes e folhas foram coletadas para extracdo de RNA. Também
foram realizadas analises morfoldgicas. Nos quantificamos a expressao de genes relacionados
a homeostase de Fe por RT-qPCR. Além disso, pardmetros de crescimento, como
comprimento de raizes e parte aérea e nimero de folhas foram mensurados. Os resultados
morfologicos mostram que plantas oszifl2 apresentam menor comprimento de parte aérea, em
comparagdo com as plantas WT, em situacao controle e excesso de Mn. As plantas mutantes
também apresentam reducdo no numero de folhas em deficiéncia de Fe. Analises de
RT-gPCR confirmam a regulagdo de genes associados a estratégia Il de captacao de Fe em
plantas selvagem expostas a deficiéncia de Fe. Mutantes oszifI2 sinalizam a deficiéncia de Fe,
através da regulacao de /RO2, porém nao induzem a expressao de genes envolvidos com a

captagdo de Fe, mostrando que OsZIFL2 t€ém um papel importante neste processo.

Palavras-chave: Arroz. Homeostase de metais. Manganés. Ferro. ZIF-like.



ABSTRACT

The ZIF-like (ZIFL) family of transporters has 13 members in rice named OsZIFL-1 to 13.
Some members are involved in rice metal homeostasis transporting metal-chelating
molecules, such as deoxymugineic acid (DMA) and nicotianamine (NA). In this work, we
present a brief study with the rice ZIFL-2 knockout mutant (oszifl2). First, we analyzed the
ionome of leaves from wild-type (WT, cv. Nipponbare) and oszifl2 plants grown in control
conditions. Iron (Fe) and manganese (Mn) concentrations are lower in the leaves of oszifl2
plants, indicating a possible role of OsZIFL2 transporter in metal homeostasis. Next, WT and
oszifl2 plants were cultivated under control conditions, Fe and Mn deficiency, and Mn excess
for 21 days for shoot and root RNA extraction and for morphological analysis. We quantified
the expression of rice genes related to Fe homeostasis by RT-qPCR. Also, growth parameters
such as shoot and root length, and number of leaves were measured. The morphological
results show that oszifl2 plants have shorter shoot length compared to WT in control
conditions and Mn excess. The mutant plants also show a reduction in the number of leaves in
Fe deficiency. RT-qPCR analyses confirmed the up-regulation of genes associated with
strategy Il response to Fe deficiency in WT (Nipponbare) plants. The oszifl2 mutant
signalized Fe deficiency through the regulation of IRO2, although genes involved with Fe

uptake were not induced, indicating that OsZIFL2 plays a significant role in this process.

Keywords: Rice. Metal homeostasis. Manganese. Iron. ZIF-like.
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1 INTRODUCAO COMPREENSIVA

O arroz ¢ a principal fonte de carboidrato para mais de 50% da populagdo mundial, e
em determinadas regides, como na Asia, pode representar mais de 70% do consumo calérico
para mais de 3 bilhdes de pessoas (FAO, 2019). O Brasil ¢ o maior produtor fora do
continente asidtico (FAO, 2019), com producao de aproximadamente 12 milhdes de toneladas
durante a safra de 2018/2019 (CONAB, 2019), colocando-o em nono lugar entre os paises
produtores. No Brasil, o Rio Grande do Sul tem papel central na producdo, sendo o maior
produtor interno com 69.9% da produgdo nacional, responsavel por aproximadamente 8.5
milhdes de toneladas do grao (IRGA, 2019). Sendo uma das trés principais culturas do
mundo, o arroz (Oryza sativa) € também considerado uma planta-modelo em estudos com
monocotiledoneas, foi a segunda planta a ter seu genoma sequenciado (YU et al 2002).

O ferro (Fe) e o manganés (Mn) sdao elementos minerais essenciais para as plantas. O
Fe estd presente em quatro diferentes estados de oxidagdo, sob o pH fisioldgico, podemos
encontrar, ferroso (Fe?") e férrico (Fe*"), caracteristica que o torna um eficiente doador /
aceptor de elétrons. Por sua atividade redox, o Fe possui diversas fungdes durante o processo
de fotossintese e respiracdo em cloroplastos e mitocondrias respectivamente (BRIAT et al.
2010), além de atuar na fixacdo de nitrogénio, producdo de clorofila e sintese de DNA entre
tantos outros processos.

Apesar de ser o quarto elemento mais abundante na crosta terrestre, o Fe ¢ pouco
disponivel para absor¢do por plantas, devido a sua baixa disponibilidade em pH neutro a
basico, nessas condigdes o Fe possui baixa solubilidade por estar formando 6xidos-hidroxidos
a partir de Fe**. Devido a essas caracteristicas, estima-se que a concentra¢cdo disponivel de Fe
em solo esteja entre 107'* e 107" M, abaixo da concentragdo ideal para o crescimento de
plantas, que se encontra na faixa de 10™* ¢ 10°7 M (GUERINOT and YI 1994). Em solos
alagadicos, sistema empregado no cultivo de arroz no RS (CONAB, 2019), a concentragao de
O: no solo diminui favorecendo a agdo redutora microbiana que reduz Fe** a Fe?*, que por
ser mais soluvel, aumenta sua disponibilidade para absorcdo da planta. Por estar mais
disponivel a planta absorve mais Fe do solo, podendo apresentar estado de toxicidade por
excesso do mesmo, um dos estresses mais comuns observados em cultivares de arroz
(BECKER; ASCH, 2005).

As plantas apresentam duas estratégias para absorver Fe proveniente do solo, a mais
presente ¢ denominada estratégia I, ou estratégia de redugdo, descrita em modelos de

Arabidopsis thaliana. Esta estratégia consiste na indugdao de um conjunto de genes, dentre eles



uma proton ATPase, que faz a extrusdo de protons para a rhizosfera reduzindo seu pH, a fim
de aumentar a solubilidade de Fe**; uma redutase de membrana que reduz Fe** a Fe?"; e um
transportador chamado IRT1 que possui alta afinidade por Fe** e promove o influxo de Fe
para as células radiculares. Ja na estratégia Il ou de quelagdo, presente em plantas da familia
Poaceae, ocorre a sintese e liberagdo de aminoacidos de baixo peso molecular, o que ¢ feito
pelo transportador de efluxo codificado pelo gene OsZIFL4 em arroz (NOZOYE et al., 2011),
que podem ligar-se a diferentes metais, incluindo Fe**; e no transporte do complexo
fitossideroforo-Fe*" para o citoplasma pelo transportador OsYSLI5 (LEE et al., 2009);
(INOUE et al., 2009). O arroz por ser pertencente a familia Poaceae utiliza a estratégia II
para obtencao de Fe, mas diferentemente de outras plantas, foi observado que em situagdes de
deficiéncia de Fe ocorre a induc¢ao de Os/RT1. Foi sugerido que o arroz utiliza uma estratégia
combinada para absorcdo de Fe a partir da rizosfera, a qual ¢ composta pela estratégia II
completa e, parte da estratégia I, pois o genoma do arroz codifica duas proteinas relacionadas
com a estratégia [, IRT1 e IR-T2(RICACHENEVSKY and SPEROTTO, 2014).

O Mn ¢ um micronutriente essencial em plantas, age como cofator de enzimas que
atuam na fotossintese, biossintese de lipidios e possui importante papel na detoxificacdo de
espécies reativas de oxigénio (ROS) via Mn-superoxido dismutase, um sistema antioxidante
que converte radicais superoxido em H:0. (NICKELSEN and REGNSTL, 2013). Sua
disponibilidade estd intimamente relacionada ao pH do solo e a presenca de processos de
reducdo-oxidagdo presentes. Em solos com pH < 5.0 a disponibilidade de Mn aumenta,
podendo causar toxicidade em plantas, caracterizada por manchas marrons nas folhas
(WISSEMEIERet al. 1987) (FUHRS et al. 2009) e diminui¢do da biomassa e do crescimento
(LEIet al. 2007). A capacidade de certas plantas em tolerar o excesso de Mn no solo ¢
altamente varidvel, cultivares de Oryza sativa, que tipicamente sdo plantados em solos
inundados, possuem elevada resisténcia a toxicidade, visto que suas folhas podem acumular
um nivel 30x maior de Mn do que a cevada sem apresentar quaisquer sintomas (BARBER et
al, 1995).

Dois transportadores envolvidos na aquisicido de Mn foram identificados em arroz.
OsNramp5, que atua como transportador de influxo de Mn da rizosfera para as raizes,
OsMTPS e OsMTP9, que transporta Mn das cé€lulas radiculares para o estelo (SASAKI et al,
2012 UENO et al, 2015). O arroz possui dois MTPs de grupo 8 (OsMTP 8 e OsMTP 8.1) e
trés MTPs de grupo 9 (OsMTP 9, OsMTP 11 OsMTP 11.1), caracterizados como
transportadores de Mn (UENO et al, 2015, CHEN et al, 2013). Também conhecidas como

proteinas de tolerancia a metais as MTPs sdo descritas como facilitadores da difusdo de
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cations, essas proteinas promovem caminhos alternativos para efluxo de Mn das células
através da Membrana plasmatica (MIGOCKA et al, 2015), sequestro em vacuolos (Delhaize
et al, 2003) ou através do complexo de Golgi (PEDAS et al, 2014). A transcricdo de
OsNramp5 e OsMTP9 nao sofre alteracdo por aumento das concentragdes externas de Mn
(SASAKI et al, 2012) (UENO et al, 2015), o que poderia indicar uma fraca regulacao da
captacio de Mn (BARBERON et al, 2011). Outro gene proposto como atuante na
translocagdo distal de Mn em plantas ¢ o OsYSL2. Sendo primariamente expresso em folhas e
localizado em células companheiras do floema ¢ provavelmente envolvido no carregamento
de Mn-nicotianamina. Além disso, 0 aumento da expressao causa maior captacdo de Mn pelos
graos (ISHIMARU et al, 2010).

Sabendo da importancia de elementos como Fe e Mn para o desenvolvimento normal
das plantas, torna-se essencial a caracterizagdo dos genes envolvidos na homeostase desses
metais. Estudos indicam um grande niimero de genes que t€ém papel fundamental no controle
da homeostase de elementos como Fe, Mn, dentre outros, nos diversos compartimentos
presentes em plantas, muitos dos quais ainda ndao foram completamente caracterizados.
(RICACHENEVSKY et al, 2018).

As proteinas ZIF-like (ZIFL) fazem parte da Major Facilitator Superfamily (MFS).
Arroz possui 13 membros, OsZIFLI-13 e Arapidopsis 3, AtZIF1, AtZIFL] e AtZIFL2
(Haydon et al, 2007). Alguns dos membros estdo envolvidos com a homeostase de metais
através do transporte de moléculas que quelam metais, como acido desoximugineico (DMA) e
a NA(HAYDON et al, 2012).0s genes da familia OsZIFL sao alvos promissores para futuros
estudos de caracterizagcdo, ja que fazem parte da regulagdo da homeostase de metais em
plantas de arroz. Caracterizado anteriormente por Haydon e Cobbett em modelos Arabidopsis
thaliana o gene ZIFI pertencente a mesma familia do OsZIFL2 est4 claramente envolvido
com a homeostase de Zn, j& que um mutante com perda de fungdo apresentou alteracdes na
distribuicao de Zn na planta e o0 mesmo se encontra superexpresso em ambientes de excesso
de Zn (HAYDON COBBETT et al, 2007). Também j& descrevemos aqui a importancia de
OsZIFL4 na homeostase de Fe. Neste trabalho mostramos que o mutante perda de fungao
oszifl2 apresenta reducdo no acumulo de Fe e Mn na parte aérea; redugdo em parametros
morfoldgicos quando expostos a deficiéncia de Fe, Mn e excesso de Mn; e também uma

regulacdo diferencial de genes de captacao de Fe quando em deficiéncia desse metal.
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1.1 JUSTIFICATIVA

A caracterizagdo de genes relacionados com a homeostase de metais em plantas ¢
fundamental para o desenvolvimento de estratégias de biofortificacdo por melhoramento ou
engenharia genética. A biofortificagdo busca uma maior qualidade nutricional em partes
comestiveis de plantas visando o combate a deficiéncia de minerais como Fe ¢ Zn em

humanos.
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1.2 OBJETIVOS

1.2.1 Objetivo geral

Estudar o mutante oszifl2 em arroz.

1.2.2 Objetivos especificos

1. Analisar o perfil de acimulo de micronutrientes em folha de plantas WT e oszifl2;

2. Analisar parametros morfoldgicos de plantas oszifl2 expostas a tratamentos de

deficiéncia de Fe, Mn e excesso de Mn;

3. Analisar a expressdo de genes envolvidos na homeostase de Fe em raiz de plantas

oszifl2 expostas a deficiéncia de Fe.
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Abstract

The ZIF-like (ZIFL) family of transporters has 13 members in rice named OsZIFL-1 to 13.
Some members are involved in rice metal homeostasis transporting metal-chelating
molecules, such as deoxymugineic acid (DMA) and nicotianamine (NA). In this work, we
present a brief study with the rice ZIFL-2 knockout mutant (oszifl2). First, we analyzed the
ionome of leaves from wild-type (WT, cv. Nipponbare) and oszifl2 plants grown in control
conditions. Iron (Fe) and manganese (Mn) concentrations are lower in the leaves of oszifl2
plants, indicating a possible role of OsZIFL?2 transporter in metal homeostasis. Next, WT and
oszifl2 plants were cultivated under control conditions, Fe and Mn deficiency, and Mn excess
for 21 days for shoot and root RNA extraction and for morphological analysis. We quantified
the expression of rice genes related to Fe homeostasis by RT-qPCR. Also, growth parameters
such as shoot and root length, and number of leaves were measured. The morphological
results show that oszifl2 plants have shorter shoot length compared to WT in control
conditions and Mn excess. The mutant plants also show a reduction in the number of leaves in
Fe deficiency. RT-qPCR analyses confirmed the up-regulation of genes associated with
strategy Il response to Fe deficiency in WT (Nipponbare) plants. The oszifl2 mutant
signalized Fe deficiency through the regulation of /RO2, although genes involved with Fe

uptake were not induced, indicating that OsZIFL?2 plays a significant role in this process.

Keywords: Rice. Metal homeostasis. Manganese. Iron. ZIF-like.
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Introduction

Iron (Fe) and Manganese (Mn) are essential mineral elements to plants. Iron is present
in four oxidation states under physiologic pH, found in ferrous (Fe*?) and ferric (Fe*?) states,
which makes it an efficient electron donor/acceptor. Due to its redox activity, Fe possesses
many functions during photosynthesis and respiration (Briat et al. 2010). It also has many
roles during nitrogen fixation, chlorophyll production, and DNA synthesis.

Plants developed two strategies to absorb Fe from the soil. The most predominant is
called Strategy I, or reduction strategy, described in Arabidopsis thaliana. This strategy
consists of inducing a set of genes, among them a proton ATPase whose objective is reducing
rhizosphere pH in order to increase Fe** solubility, a membrane reductase which reduces Fe "3
to Fe™?; and a transporter called /RT! which possesses high affinity to Fe™? promoting Fe
influx into root cells. Strategy II, or chelation strategy, present in the Poaceae family, is based
on the synthesis and secretion mugineic acids part of the phytosiderophores (PS) family, the
last performed by ZIFL4 in rice (NOZOYE et al, 2011). In the rhizosphere,
phytosiderophores bind to different metals, including Fe*3. The PS-Fe** complex is
transported into the root cells by members of the Yellow Stripe family, in rice by YSL15 (LEE
et al., 2009; INOUE et al., 2009). Rice belongs to the Poaceae family and uses strategy II to
acquire Fe, but under Fe deficiency conditions, /R7/ induction occurs. So, it was suggested
that rice would utilize both strategies to acquire Fe (Ishimaru et al, 2006).

Manganese participates as an enzyme cofactor in photosynthesis, lipid biosynthesis,
and reactive oxygen species (ROS) detoxification (Nickelsen and Rengstl, 2013). Mn levels in
soil can suffer high variations due to its close relation to the pH levels. Acidic soil has a
higher disponibility of Mn, causing toxic reactions in plants, as shown by brown spots in
leaves and biomass reduction (Wissemeier et al. 1987, Fuhrs et al. 2009). The Oryza genus is
more resistant to Mn toxicity, accumulating 30x more Mn in its leaves without showing signs
of toxicity, which is highly beneficial since rice is cultivated in low land, where Mn is widely
available (Barber et al, 1995).

The ZIF-like (ZIFL) proteins are all part of the Major Facilitator Superfamily (MFS).
Rice has 13 members, OsZIFLI-13, and Arabidopsis 3, AtZIF1, AtZIFL1 and AtZIFL2
(Bughio et al, 2002). Some members are involved in metal homeostasis through the transport
of metal-chelating molecules, such as deoxymugineic acid (DMA) and nicotianamine (NA)
(Haydon, et. al. 2012). A¢ZIF'] transporter is a vacuolar membrane protein required for basal

Zn tolerance involved in the influx of nicotianamine into the vacuole (Haydon et al., 2012).
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As already mentioned, rice ZIFL4/TOMI transports phytosiderophores (derivatives of
mugineic acid) to the rhizosphere (Nozoye, T. et. al. 2011). In addition, the expression of
OsZIFL4, OsZIFLS5, OsZIFL7, and OsZIFL12 is upregulated in response to Zn-excess and
Fe-deficiency in roots, two stresses with partially overlapping responses (Ricachenevsky et
al., 2011). Arabidopsis ZIFL2 was recently characterized as a K* efflux transporter localized
in the plasma membrane (Remy et al., 2015). In this work, we show rice mutant plants for
ZIFL2 with a reduction in the accumulation of Fe and Mn in the shoot; reduction in
morphological parameters when exposed to Fe deficiency and excess Mn; moreover, a

differential regulation of Fe uptake genes when this metal is deficient.

Material and methods

Plant material and treatments

Rice seeds of the Nipponbare cultivar (WT) and oszifl2 loss-of-function mutant were
germinated for four days in petri dishes containing filter paper embedded with water at 28°C
(two days in the dark, and two days in the light). Past four days, seedlings were transferred to
a grow tray containing individual orifices to accommodate plants in contact with the nutritive
solution (ImL/L FeCls 10 mM, 1mL/L CaCl. 0.5 mM, Vitavax) where they were kept for 3
days. Plants were later cultivated in hydroponics at 500 mL plastic recipients with control
nutrient solution containing 700 uM K,SO,, 100 uM KCl, 100 uM KH,PO,, 2 mM Ca(NO,),,
500 uM MgSO,, 10 uM H,BO;, 0,5 uM MnSO,, 0,5 pM ZnSO,, 0,2 uM CuSO,, 0,01 uM
(NH4)Mo,0,,, ¢ 100 uM Fe(III)-EDTA (Ricachenevsky et al 2011), during seven days for
acclimatation, then treated with control solution, -Fe (no Fe added), -Mn (no Mn added) and
Mn excess (300uM Mn) for a period of 21 days for growth measurements and RT-qPCR
analysis. Growth parameters such as shoot and root length, and number of leaves were
measured. Also, plants were kept for 24 days with control nutrient solution for ICP analysis.

Past every 3 days the nutrient solutions were changed.
Mineral quantification
Samples from the 3rd expanded leaf were collected when WT and oszifl2 plants

reached five completely expanded leaves (21 days). The element quantification was

performed as previously described (Ricachenevsky et al 2018).



16

Gene expression analyses by RT-qPCR

RNA was extracted from RNA samples using Concert Plant RNA reagent
(Invitrogen®, Carlsbad, USA), following the manufacturer instructions. Quantification was
done using Nanodrop® (Thermo Fisher Scientific, Waltham, USA). Total RNA was treated
with DNAse I (Invitrogen®, Carlsbad, USA) and the first cDNA strand was synthesized using
OligodT and M-MLYV reverse transcriptase (Invitrogen®, Carlsbad, USA). Final RT-qPCRs
volume was adjusted to 20 puL, composed by 10 pL 50x cDNA diluted sample, 2 pL. 10x PCR
buffer, 1.2 uL 50 mM MgCl., 0.2 uL 10 mM dNTPs, 0.4 puL of each primer pair (10 uM),
3.82 uL water, 2 uL. SYBR green (1:10.000 Molecular Probe) and 0.05 pL of PLatinum Taq
DNA Polimerase (5 U uL.™!, Invitrogen, Carlsbad, CA, USA). Reactions were performed in a
StepOne Real-Time Cycler equipment (Applied Biosystems, Foster City, USA). Reaction
parameters were composed by a five minute initial denaturation period at 94°C, followed by
forty 10 s cycles at 94°C, 15 s at 72°C then 40 s 60°C, finally data were collected using
fluorescence. Samples were kept at 40°C for 2 min so annealing of the amplification products
could occur, then heat from 55 to 99°C ascending 0.1°C/s so a denaturation curve of the
amplified product would be produced. Expression data analyses were performed after
comparative quantification of the amplified products using the 2 method (Livak &

Schmittgen, 2001; Schmittgen & Livak, 2008). Primers used are listed in Table 1.

Table 1. Gene-specific PCR primers used for RT-qPCR

Locus Gene name Forward Primer §* — 3* Reverse Primer §° — 3°
0S01G0952800 IRO2 CGGATTTGGGAACAGGACA GTTCCTGACGACTTTCTCCA
0S03G0667500 IRTI1 ACTGGTGCCCATTCTGC GCGAGGATGGGGATGG
0OS03G0751100 OPT7 AGTGTGAAGGCGCCG ATCTTCTTCTTCGCGAGCTT
0S11G0134900  ZIFL4-TOMI1 TGTGATTGAATTAATTGGACTTGC GGGGTGCTATTCCAGCTTCT
0S03G0237100 DMAS CCTGGACATCGTCGGAT GTCGTCGAGCGACTTGTAG
0S12G0133100 ZIFL12 CCCAAACTGTTGAAGCTTTGG GGACATCAAGGGCCAATTTC
0S02G0650300 YSLIS GGTGCGGGGATGATTTG CCATACAAACTTGTCATGCTG
OS01G0323600 SAMS ACGCCACCTTGCTGTC GACGTTCCTCTTCACCTCC
0S01G0328400 UBQS5 ACCACTTCGACCGCCACTACT ACGCCTAAGCCTGCTGGTT

Statistical analysis

When appropriate, data was subject to ANOVA and means were compared by the
Tukey HSD or Student’s T test, graphical information was then plotted using Prism software

7.0 for windows.
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Results

Mineral quantification

The mineral quantification in leaves of WT and oszifl2 plants grown in control
conditions show the mutant with an increase of 30 % for Zn (Fig. 1A) and a decrease of 42
and 50 % for Mn (Fig. 1B) and Fe (Fig. 1C), respectively. These results show an alteration in
Zn, Mn, and Fe translocation to the shoot with the loss-of-function of ZIFL2. As Mn and Fe
have their concentration diminished, we hypothesized that ZIFL2 could have a role in the

homeostasis of these two elements in rice plants.
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Fig 1. Zinc (Zn), manganese (Mn) and iron (Fe) concentration in leaves of WT cv.
Nipponbare and oszifl2 plants. Values are the averages of six samples = SE. Statistical
differences according to the Student’s T-test in comparison to control are shown by one (p =
0.05) or two asterisks (p =0.01).

Morphological analysis

We continued the work exposing WT and oszifI2 plants to control conditions, Fe and
Mn deficiency, and Mn excess, to perform some morphological analysis. The oszifl2 plants
showed reduced shoot length compared to WT in control conditions and Mn excess (Fig. 3A).
Root length did not show a statistical difference between plants (Fig. 3B). We could observe a
difference only in the oszifl2 plants during Fe deficiency (Fig. 3C) in the leaf count analysis.
In a visual examination, no signs of Mn toxicity in the Mn excess treatment were noticed. Iron

deficiency treatment resulted in plants with a yellowish color, as expected (Fig. 2A and 2B).
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Fig 2. Comparison of WT cv. Nipponbare (A) and osziff2 (B) plants exposed to control conditions
(cc), iron deficiency (-Fe), manganese deficiency (-Mn), and Mn excess (Mn).
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Fig 3. Shoot length (A), root length (B) and number of leaves (c), of WT cv. Nipponbare and
oszifl2 plants exposed to control conditions (cc), iron deficiency (-Fe), manganese deficiency
(-Mn), and Mn excess (Mn). Data was subjected to ANOVA and means were compared by the
TUKEY HSD using the PRISM software 7.0 for windows.

Expression analysis

We analyzed the expression of eight genes related to iron uptake and homeostasis in
WT and oszifl2 roots of plants exposed to control conditions and Fe deficiency. The YLSI5
gene responsible for iron's direct uptake from the rhizosphere (Murata et al., 2006) is
upregulated in Fe deficiency only in WT plants (Fig. 5B). Even though IRT/ is proposed to be
upregulated in Fe deficiency (Ishimaru et al,, 2006), this could not be statistically confirmed
in our tests for both WT and oszifl2 plants (Fig. 5SA). SAMS is involved in the synthesis of
nicotinamine (NA), a critical metal chelator (Inoue et al., 2003). This gene is upregulated in

both WT and oszifI2 plants, the latter in higher magnitude (Fig. 5C). DMAS, an enzyme
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accountable for the deoxymugineic acid (DMA) production, has been reported to be
up-regulated in Fe deficiency (Bashir et al., 2006). We confirmed this for WT and oszifl2
plants (Fig. 5D). IRO?2 is a transcription factor (TF) induced in root and shoot of rice plants
subjected to Fe deficiency (Ogo et al., 2006). This TF regulates the expression of genes
related to Fe*" uptake (Ogo et al., 2007). IRO? is upregulated in both WT and oszifl2 plants
under Fe deficiency, the latter in higher magnitude (Fig. SE). The OPT7 and ZIFL4-TOM1
genes, related to Strategy II, are induced in oszifl2 (Fig. 5F) and WT (Fig. 5G), respectively.
ZIFL12 was not regulated for both plants (Fig. SH).
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Fig 4. Relative expression of IRT1 (A), YSL5 (B), SAMS (C), DMAS (D), IRO2 (E), OPT7 (F),
ZIFL4-TOMI (G)e ZIFLI2 (H) in WT (Nipponbare) and oszifl2 plants exposed to control
conditions CC and iron deficiency (-Fe). When appropriate, data were subjected to ANOVA and
means were compared by the Tukey HSD using the Prism software 7.0 for windows.
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Discussion

Previous results show OsZIFL2 expression upregulated in the root of WT plants
exposed to Zn excess; this gene is also responsive to arsenate. Moreover, iron deficiency does
not regulate the expression of OsZIFL?2 in both root and leaves (Ricachevesky et al., 2011).
This work revealed that oszifl2 loss-of-function mutant shows reduced Fe and Mn
concentrations in leaves under control conditions (Fig. 1). The same happens under Zn, Fe,
and Mn excess (data not shown). In this way, oszifl2 presents a consistent alteration in Fe and
Mn homeostasis among treatments. The oszifl2 plants exposed to Fe and Mn deficiency, and
Mn excess, has reduced shoot length in Mn excess (Fig. 3A), and less number of leaves under
Fe deficiency (Fig. 3C). These results suggest that ZIFL2 is involved in Mn and Fe

homeostasis in rice plants.

We conducted an experiment to analyze genes related to Fe uptake and homeostasis in
WT and oszifl2 root of plants exposed to Fe deficiency. Iron uptake via Strategy Il was
signaled by /RO?2 in both plants under Fe deficiency, however, oszifl2 showed an upregulation
of 2 times in comparison to WT (Fig. 4E). We suggest that oszifl2 is responding to a most
severe Fe deficiency, which correlates with the lower Fe concentration found in these plants.
Interestingly, YSL15 and ZIFL4-TOM1 involved in Strategy II, and induced via IRO2 (Ogo et
al., 2007), are not regulated in oszifl2 (Fig. 4B and G). The upregulation of these two genes is
essential for Fe** uptake by the roots under Fe deficiency (Nozoye et al., 2011) (Lee et al.,
2009) (Inoue et al., 2009). The lack of induction in oszifl2 shows the importance of ZIFL2 in
Strategy II Fe*" uptake. The ZIFL genes are known to be part of metal homeostasis in plants,
several members are involved in the transport of metal-chelating molecules like DMA and
NA (Haydon, et. al. 2012). DMAS and SAMS expressions were upregulated in both plants, the
latter three times more in oszifl2 than WT (Fig 4C and D). The difference in SAMS regulation
between oszifl2 and WT plants under Fe deficiency could indicate the involvement of

OsZIFL2 in the transport of metal chelators.
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Use tab stops or other commands for indents, not the space bar.

Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).

Manuscripts with mathematical content can also be submitted in LaTeX.

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.
Footnotes

Footnotes can be used to give additional information, which may include the citation
of a reference included in the reference list. They should not consist solely of a
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reference citation, and they should never include the bibliographic details of a
reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated
by superscript lower-case letters (or asterisks for significance values and other
statistical data). Footnotes to the title or the authors of the article are not given
reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate
section on the title page. The names of funding organizations should be written in full.

References
Citation

Cite references in the text by name and year in parentheses. Some examples:
Negotiation research spans many disciplines (Thompson 1990).

This result was later contradicted by Becker and Seligman (1996).

This effect has been widely studied (Abbott 1991; Barakat et al. 1995a, b; Kelso and
Smith 1998; Medvec et al. 1999, 2000).

Reference list

The list of references should only include works that are cited in the text and that
have been published or accepted for publication. Personal communications and
unpublished works should only be mentioned in the text. Do not use footnotes or
endnotes as a substitute for a reference list.

Reference list entries should be alphabetized by the last names of the first author of
each work. Please alphabetize according to the following rules: 1) For one author, by
name of author, then chronologically; 2) For two authors, by name of author, then
name of coauthor, then chronologically; 3) For more than two authors, by name of
first author, then chronologically.

Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009)
Effect of high intensity intermittent training on heart rate variability in prepubescent
children. Eur J Appl Physiol 105:731-738. https://doi.org/10.1007/s00421-008-0955-8
Ideally, the names of all authors should be provided, but the usage of “et al” in long
author lists will also be accepted:

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J
Med 965:325-329

Article by DOI



33

Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production.
J Mol Med. https://doi.org/10.1007/s001090000086

Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London
Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern
genomics, 3rd edn. Wiley, New York, pp 230-257

Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

Dissertation
Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List
of Title Word Abbreviations, see

ISSN LTWA

If you are unsure, please use the full journal title.
For authors using EndNote, Springer provides an output style that supports the
formatting of in-text citations and reference list.

Tables

All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of the
table.

Identify any previously published material by giving the original source in the form of a
reference at the end of the table caption.

Artwork and lllustrations Guidelines

Electronic Figure Submission

Supply all figures electronically.

Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use TIFF
format. MSOffice files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.

Name your figure files with "Fig" and the figure number, e.g., Fig1.eps.
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Line Art

Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering within the
figures are legible at final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.

If any magnification is used in the photographs, indicate this by using scale bars
within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

Combination Art

Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.
Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one another
when converted to black and white. A simple way to check this is to make a
xerographic copy to see if the necessary distinctions between the different colors are
still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about
2-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt
type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.
Figures should always be cited in text in consecutive numerical order.
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Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue
the consecutive numbering of the main text. Do not number the appendix figures,"A1,
A2, A3, etc." Figures in online appendices [Supplementary Information (SI)] should,
however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure file.
Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be placed
at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible.

When preparing your figures, size figures to fit in the column width.

For large-sized journals the figures should be 84 mm (for double-column text areas),
or 174 mm (for single-column text areas) wide and not higher than 234 mm.

For small-sized journals, the figures should be 119 mm wide and not higher than 195
mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please be
aware that some publishers do not grant electronic rights for free and that Springer
will not be able to refund any costs that may have occurred to receive these
permissions. In such cases, material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
figures, please make sure that all figures have descriptive captions (blind users could
then use a text-to-speech software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1

Supplementary Information (Sl)
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Springer accepts electronic multimedia files (animations, movies, audio, etc.) and
other supplementary files to be published online along with an article or a book
chapter. This feature can add dimension to the author's article, as certain information
cannot be printed or is more convenient in electronic form.

Before submitting research datasets as Supplementary Information, authors should
read the journal's Research data policy. We encourage research data to be archived
in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author
names; affiliation and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other
problems during downloading.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3

Maximum file size: 25 GB

Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts,
m4v, 3gp

Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability.

A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be submitted as .csv or .xIsx files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.

Collecting Multiple Files
It is possible to collect multiple files in a .zip or .gz file.

Numbering
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If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.
Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the

animation (Online Resource 3)", “... additional data are given in Online Resource 4”.
Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf".

Captions

For each supplementary material, please supply a concise caption describing the
content of the file.

Processing of supplementary files

Supplementary Information (SI) will be published as received from the author without
any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that the manuscript contains a descriptive
caption for each supplementary material

Video files do not contain anything that flashes more than three times per second (so
that users prone to seizures caused by such effects are not put at risk)

Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific record. As a
member of the Committee on Publication Ethics (COPE) the journal will follow the
COPE guidelines on how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the
trust in the journal, the professionalism of scientific authorship, and ultimately the
entire scientific endeavour. Maintaining integrity of the research and its presentation
is helped by following the rules of good scientific practice, which include*:

The manuscript should not be submitted to more than one journal for simultaneous
consideration.

The submitted work should be original and should not have been published
elsewhere in any form or language (partially or in full), unless the new work concerns
an expansion of previous work. (Please provide transparency on the re-use of
material to avoid the concerns about text-recycling (‘self-plagiarism’).

A single study should not be split up into several parts to increase the quantity of
submissions and submitted to various journals or to one journal over time (i.e.
‘salami-slicing/publishing’).
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Concurrent or secondary publication is sometimes justifiable, provided certain
conditions are met. Examples include: translations or a manuscript that is intended for
a different group of readers.

Results should be presented clearly, honestly, and without fabrication, falsification or
inappropriate data manipulation (including image based manipulation). Authors
should adhere to discipline-specific rules for acquiring, selecting and processing data.

No data, text, or theories by others are presented as if they were the author's own
(‘plagiarism’). Proper acknowledgements to other works must be given (this includes
material that is closely copied (near verbatim), summarized and/or paraphrased),
quotation marks (to indicate words taken from another source) are used for verbatim
copying of material, and permissions secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

Authors should make sure they have permissions for the use of software,
questionnaires/(web) surveys and scales in their studies (if appropriate).

Research articles and non-research articles (e.g. Opinion, Review, and Commentary
articles) must cite appropriate and relevant literature in support of the claims made.
Excessive and inappropriate self-citation or coordinated efforts among several
authors to collectively self-cite is strongly discouraged.

Authors should avoid untrue statements about an entity (who can be an individual
person or a company) or descriptions of their behavior or actions that could potentially
be seen as personal attacks or allegations about that person.

Research that may be misapplied to pose a threat to public health or national security
should be clearly identified in the manuscript (e.g. dual use of research). Examples
include creation of harmful consequences of biological agents or toxins, disruption of
immunity of vaccines, unusual hazards in the use of chemicals, weaponization of
research/technology (amongst others).

Authors are strongly advised to ensure the author group, the Corresponding Author,
and the order of authors are all correct at submission. Adding and/or deleting authors
during the revision stages is generally not permitted, but in some cases may be
warranted. Reasons for changes in authorship should be explained in detail. Please
note that changes to authorship cannot be made after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third
parties rights such as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in
order to verify the validity of the results presented. This could be in the form of raw
data, samples, records, etc. Sensitive information in the form of confidential or
proprietary data is excluded.
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If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will
carry out an investigation following COPE guidelines. If, after investigation, there are
valid concerns, the author(s) concerned will be contacted under their given e-mail
address and given an opportunity to address the issue. Depending on the situation,
this may result in the Journal’s and/or Publisher’s implementation of the following
measures, including, but not limited to:

If the manuscript is still under consideration, it may be rejected and returned to the
author.

If the article has already been published online, depending on the nature and severity
of the infraction:

- an erratum/correction may be placed with the article

- an expression of concern may be placed with the article
- or in severe cases retraction of the article may occur.

The reason will be given in the published erratum/correction, expression of concern or
retraction note. Please note that retraction means that the article is maintained on the
platform, watermarked “retracted” and the explanation for the retraction is provided in
a note linked to the watermarked article.

The author’s institution may be informed
A notice of suspected transgression of ethical standards in the peer review system
may be included as part of the author’s and article’s bibliographic record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error
or inaccuracy in their published article. The author(s) is/are requested to contact the
journal and explain in what sense the error is impacting the article. A decision on how
to correct the literature will depend on the nature of the error. This may be a
correction or retraction. The retraction note should provide transparency which parts
of the article are impacted by the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of
certain individuals when they submit their manuscripts. When suggesting reviewers,
authors should make sure they are totally independent and not connected to the work
in any way. It is strongly recommended to suggest a mix of reviewers from different
countries and different institutions. When suggesting reviewers, the Corresponding
Author must provide an institutional email address for each suggested reviewer, or, if
this is not possible to include other means of verifying the identity such as alink to a
personal homepage, a link to the publication record or a researcher or author ID in
the submission letter. Please note that the Journal may not use the suggestions, but
suggestions are appreciated and may help facilitate the peer review process.
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Authorship principles

These guidelines describe authorship principles and good authorship practices to
which prospective authors should adhere to.

Authorship clarified

The Journal and Publisher assume all authors agreed with the content and that all
gave explicit consent to submit and that they obtained consent from the responsible
authorities at the institute/organization where the work has been carried out, before
the work is submitted.

The Publisher does not prescribe the kinds of contributions that warrant authorship. It
is recommended that authors adhere to the guidelines for authorship that are
applicable in their specific research field. In absence of specific guidelines it is
recommended to adhere to the following guidelines*:

All authors whose names appear on the submission

1) made substantial contributions to the conception or design of the work; or the
acquisition, analysis, or interpretation of data; or the creation of new software used in
the work;

2) drafted the work or revised it critically for important intellectual content;

3) approved the version to be published; and

4) agree to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately
investigated and resolved.

* Based on/adapted from:

ICMJE, Defining the Role of Authors and Contributors,

Transparency in authors’ contributions and responsibilities to promote integrity in
scientific publication, McNutt at all, PNAS February 27, 2018

Disclosures and declarations

All authors are requested to include information regarding sources of funding,
financial or non-financial interests, study-specific approval by the appropriate ethics
committee for research involving humans and/or animals, informed consent if the
research involved human participants, and a statement on welfare of animals if the
research involved animals (as appropriate).

The decision whether such information should be included is not only dependent on
the scope of the journal, but also the scope of the article. Work submitted for
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publication may have implications for public health or general welfare and in those
cases it is the responsibility of all authors to include the appropriate disclosures and
declarations.

Data transparency

All authors are requested to make sure that all data and materials as well as software
application or custom code support their published claims and comply with field
standards. Please note that journals may have individual policies on (sharing)
research data in concordance with disciplinary norms and expectations.

Role of the Corresponding Author

One author is assigned as Corresponding Author and acts on behalf of all co-authors
and ensures that questions related to the accuracy or integrity of any part of the work
are appropriately addressed.

The Corresponding Author is responsible for the following requirements:

ensuring that all listed authors have approved the manuscript before submission,
including the names and order of authors;

managing all communication between the Journal and all co-authors, before and after
publication;*

providing transparency on re-use of material and mention any unpublished material
(for example manuscripts in press) included in the manuscript in a cover letter to the
Editor;

making sure disclosures, declarations and transparency on data statements from all
authors are included in the manuscript as appropriate (see above).

* The requirement of managing all communication between the journal and all
co-authors during submission and proofing may be delegated to a Contact or
Submitting Author. In this case please make sure the Corresponding Author is clearly
indicated in the manuscript.

Author contributions

In absence of specific instructions and in research fields where it is possible to
describe discrete efforts, the Publisher recommends authors to include contribution
statements in the work that specifies the contribution of every author in order to
promote transparency. These contributions should be listed at the separate title page.

Examples of such statement(s) are shown below:
* Free text:

All authors contributed to the study conception and design. Material preparation, data
collection and analysis were performed by [full name], [full name] and [full name]. The
first draft of the manuscript was written by [full name] and all authors commented on
previous versions of the manuscript. All authors read and approved the final
manuscript.
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Example: CRediT taxonomy:

» Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis and
investigation: [full name], ...; Writing - original draft preparation: [full name, ...];
Writing - review and editing: [full name], ...; Funding acquisition: [full name], ...;
Resources: [full name], ...; Supervision: [full name],....

For review articles where discrete statements are less applicable a statement should
be included who had the idea for the article, who performed the literature search and
data analysis, and who drafted and/or critically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is
recommended that the student is usually listed as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order,
APA Science Student Council 2006

Affiliation

The primary affiliation for each author should be the institution where the majority of
their work was done. If an author has subsequently moved, the current address may
additionally be stated. Addresses will not be updated or changed after publication of
the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the Corresponding
Author, and the order of authors at submission. Changes of authorship by adding or
deleting authors, and/or changes in Corresponding Author, and/or changes in the
sequence of authors are not accepted after acceptance of a manuscript.

Please note that author names will be published exactly as they appear on the
accepted submission!

Please make sure that the names of all authors are present and correctly spelled, and
that addresses and affiliations are current.

Adding and/or deleting authors at revision stage are generally not permitted, but in
some cases it may be warranted. Reasons for these changes in authorship should be
explained. Approval of the change during revision is at the discretion of the
Editor-in-Chief. Please note that journals may have individual policies on adding
and/or deleting authors during revision stage.

Author identification

Authors are recommended to use their ORCID ID when submitting an article for
consideration or acquire an ORCID ID via the submission process.

Deceased or incapacitated authors
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For cases in which a co-author dies or is incapacitated during the writing, submission,
or peer-review process, and the co-authors feel it is appropriate to include the author,
co-authors should obtain approval from a (legal) representative which could be a
direct relative.

Authorship issues or disputes

In the case of an authorship dispute during peer review or after acceptance and
publication, the Journal will not be in a position to investigate or adjudicate. Authors
will be asked to resolve the dispute themselves. If they are unable the Journal
reserves the right to withdraw a manuscript from the editorial process or in case of a
published paper raise the issue with the authors’ institution(s) and abide by its
guidelines.

Confidentiality

Authors should treat all communication with the Journal as confidential which includes
correspondence with direct representatives from the Journal such as Editors-in-Chief
and/or Handling Editors and reviewers’ reports unless explicit consent has been
received to share information.

Compliance with Ethical Standards

To ensure objectivity and transparency in research and to ensure that accepted
principles of ethical and professional conduct have been followed, authors should
include information regarding sources of funding, potential conflicts of interest
(financial or non-financial), informed consent if the research involved human
participants, and a statement on welfare of animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section
entitled “Compliance with Ethical Standards” when submitting a paper:

Disclosure of potential conflicts of interest

Research involving Human Participants and/or Animals

Informed consent

Please note that standards could vary slightly per journal dependent on their peer
review policies (i.e. single or double blind peer review) as well as per journal subject
discipline. Before submitting your article check the instructions following this section
carefully.

The corresponding author should be prepared to collect documentation of compliance
with ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the
above-mentioned guidelines. The author will be held responsible for false statements
or failure to fulfill the above-mentioned guidelines.
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Conflicts of Interest / Competing Interests

Authors are requested to disclose interests that are directly or indirectly related to the
work submitted for publication. Interests within the last 3 years of beginning the work
(conducting the research and preparing the work for submission) should be reported.
Interests outside the 3-year time frame must be disclosed if they could reasonably be
perceived as influencing the submitted work. Disclosure of interests provides a
complete and transparent process and helps readers form their own judgments of
potential bias. This is not meant to imply that a financial relationship with an
organization that sponsored the research or compensation received for consultancy
work is inappropriate.

Interests that should be considered and disclosed but are not limited to the following:

Funding: Research grants from funding agencies (please give the research funder
and the grant number) and/or research support (including salaries, equipment,
supplies, reimbursement for attending symposia, and other expenses) by
organizations that may gain or lose financially through publication of this manuscript.

Employment: Recent (while engaged in the research project), present or anticipated
employment by any organization that may gain or lose financially through publication
of this manuscript. This includes multiple affiliations (if applicable).

Financial interests: Stocks or shares in companies (including holdings of spouse
and/or children) that may gain or lose financially through publication of this
manuscript; consultation fees or other forms of remuneration from organizations that
may gain or lose financially; patents or patent applications whose value may be
affected by publication of this manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant,
any such figure is necessarily arbitrary, so one possible practical guideline is the
following: "Any undeclared financial interest that could embarrass the author were it
to become publicly known after the work was published."

Non-financial interests: In addition, authors are requested to disclose interests that
go beyond financial interests that could impart bias on the work submitted for
publication such as professional interests, personal relationships or personal beliefs
(amongst others). Examples include, but are not limited to: position on editorial board,
advisory board or board of directors or other type of management relationships;
writing and/or consulting for educational purposes; expert witness; mentoring
relations; and so forth.

Primary research articles require a disclosure statement. Review articles present an
expert synthesis of evidence and may be treated as an authoritative work on a
subject. Review articles therefore require a disclosure statement.Other article types
such as editorials, book reviews, comments (amongst others) may, dependent on
their content, require a disclosure statement. If you are unclear whether your article
type requires a disclosure statement, please contact the Editor-in-Chief.
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Please note that, in addition to the above requirements, funding information (given
that funding is a potential conflict of interest (as mentioned above)) needs to be
disclosed upon submission of the manuscript in the peer review system. This
information will automatically be added to the Record of CrossMark, however it is not
added to the manuscript itself. Under ‘summary of requirements’ (see below) funding
information should be included in the ‘Declarations’ section.

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’
section before the reference list under a heading of ‘Funding’ and/or ‘Conflicts of
interests’/’Competing interests’. Other declarations include Ethics approval, Consent,
Data, Material and/or Code availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample
statements according to your own needs.

When all authors have the same (or no) conflicts and/or funding it is sufficient to use
one blanket statement.

Examples of statements to be used when funding has been received:

Partial financial support was received from [...]

The research leading to these results received funding from [...] under Grant
Agreement NoI...].

This study was funded by [...]

This work was supported by [...] (Grant numbers [...] and [...]

Examples of statements to be used when there is no funding:

The authors did not receive support from any organization for the submitted work.
No funding was received to assist with the preparation of this manuscript.

No funding was received for conducting this study.

No funds, grants, or other support was received.

Examples of statements to be used when there are interests to declare:
Financial interests: Author A has received research support from Company A.
Author B has received a speaker honorarium from Company Wand owns stock in
Company X. Author C is consultant to company Y.

Non-financial interests: Author C is an unpaid member of committee Z.

Financial interests: The authors declare they have no financial interests.

Non-financial interests: Author A is on the board of directors of Y and receives no
compensation as member of the board of directors.
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Financial interests: Author A received a speaking fee from Y for Z. Author B
receives a salary from association X. X where s/he is the Executive Director.
Non-financial interests: none.

Financial interests: Author A and B declare they have no financial interests. Author
C has received speaker and consultant honoraria from Company M and Company N.
Dr. C has received speaker honorarium and research funding from Company M and
Company O. Author D has received travel support from Company O.

Non-financial interests: Author D has served on advisory boards for Company M,
Company N and Company O.

Examples of statements to be used when authors have nothing to declare:

The authors have no relevant financial or non-financial interests to disclose.

The authors have no conflicts of interest to declare that are relevant to the content of
this article.

All authors certify that they have no affiliations with or involvement in any organization
or entity with any financial interest or non-financial interest in the subject matter or
materials discussed in this manuscript.

The authors have no financial or proprietary interests in any material discussed in this
article.

Authors are responsible for correctness of the statements provided in the manuscript.
See also Authorship Principles. The Editor-in-Chief reserves the right to reject
submissions that do not meet the guidelines described in this section.



