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RESUMO

Os estresses abidticos sao responsaveis pela indugdo de adaptagdes em
plantas. Estas quando submetidas ao estresse, respondem através de mecanismos
de sinalizagdo nas rotas fisioldgicas, desencadeando um processo de aclimatagéo.
Entretanto, nem sempre este potencial de adaptacéo € expresso, mas se persistir ao
longo do desenvolvimento da planta, torna-se uma adaptagdo oriunda de mudanca
genética. Consequentemente, essas alteragdes incipientes possam ser identificadas
em nivel transcricional, os precursores de algumas alteragcdes genéticas importantes
tais como splicing alternativo. Em ambientes polares a expressao de genes permitiu
a adaptacao das plantas a temperaturas de congelamento. Entre estas plantas estéo
0S musgos, presentes nos ambientes de climas contrastantes, isto sugere que estes
organismos tenham plasticidade fenotipica e genotipica. Ainda que haja poucos
estudos destes organismos em relagdo a diferentes agentes estressores, é
amplamente difundido que estes possuem potenciais de resisténcia aos estresses
ambientais. Para descobrir estes potenciais de resisténcias € necessario estudar os
genes relacionados especificamente com o fator estressor em questao, neste caso o
estresse ao frio. Para tanto é necessario um processo de sequenciamento dos
genes expressos quando a planta € submetida ao estresse. Neste estudo foram
realizados testes com explantes cultivados in vitro do musgo Physcomitrium
acutifolium Broth. em diferentes temperaturas, com 6 tratamentos variando de 0 a 25
°C, seguidos das analises fenotipicas e posteriormente gendmicas, incluindo
processo de sequenciamento e identificagdo de genes expressos. Os resultados
sugerem relac&do do estresse por baixas temperaturas e o potencial de expressao de
genes relacionados ao estresse por frio neste musgo, principalmente por uma
identificacdo de maiores ocorréncias de splicing alternativo nas plantas cultivadas a
temperatura mais baixa testada. Assim, o uso potencial de espécies de musgo em
estudos relacionados a resisténcia ao congelamento em plantas, torna-se como uma

alternativa interessante em processos de biotecnologia vegetal.

Palavras-chave: Estresse abidtico, potencial anticongelante, sequenciamento

gendmico.
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ABSTRACT

The abiotic stresses are responsible for inducing adaptations in plants. When
subjected to stress, plants respond by signaling mechanisms in physiological
pathways, starting a process of acclimatization. However, not every adaptation
potential is identified in phenotypic level, but if the selection pressure led by the
stress persist over plant development, there may be a change in genotypic level.
Consequently, these incipient changes can be identified in transcriptional level, the
precursors of some important genetic changes such as alternative splicing. In polar
environments are noted that the plants were adapted to survive at low temperatures,
this adjustment is related to the expression of genes, which confer them resistance to
freezing. Among these plants are mosses, present in the environments of contrasting
climates, this suggests that these organisms have phenotypic and genotypic
plasticity. Even if there are few studies of these organisms in relation to different
stressors, we know that these have the potential for resistance to environmental
stresses. To discover these potential resistance is necessary to study the genes
specifically related to the stressor in question, this study is the cold stress. Then you
need a sequencing process is necessary genes expressed when the plant is
subjected to stress. In this study were performed tests with cultured explants in vitro
moss Physcomitrium acutifolium Broth. at different temperatures, with 6 treatments
ranged from 0°C to 25°C, followed by phenotypic analysis and subsequently
transcriptome analysis based in RNA sequencing process aiming to identify a
differential gene expression. The results suggest stress relationship for low
temperatures and the potential for expression of genes related to cold stress in this
moss, mainly by an identification of a higher occurrences of alternative splicing in
plants growing at lowest temperature tested. Thus, the potential use of moss species
in studies related to plant resistance to freeze temperatures becomes as an

interesting alternative in plant biotechnology processes.

Keywords: Abiotic stress, antifreeze potential, genomic sequencing
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1. INTRODUGAO GERAL

Os estresses abidticos induzem os processos responsaveis pelas adaptacoes
nas plantas para garantir sobrevivéncia, estas podem gerar muta¢gdes no genoma.
Este mecanismo de adaptacdo para tolerancia ao estresse, acontece através das
rotas fisiolégicas e sinalizagdes celulares, que ocasionam prote¢do de membranas e
proteinas, controle de transcricdo, produgcdo de proteinas, regulagdo de
antioxidantes, radicais livres, acumulo de solutos, proteinas envolvidas na protegao
celular e nos fatores de transcrigdo. Estes dois ultimos controlam os conjuntos
especificos de genes regulados por estresse (BOHNERT; NELSON; JENSEN, 1995;
GUPTA; DESWAL, 2014; SHAO et al., 2007; WANG; VINOCUR; ALTMAN, 2003;
ZHANG, 2004; ZHU, 2001).

Assim ocorre a expressao génica, nela existe um grande numero de fatores
de transcrigdo no genoma da planta, a maioria pertencentes a algumas grandes
familias de multigenes que respondem diferentemente a varios estimulos de
estresse. Entretanto, alguns genes de resposta ao estresse podem partir do mesmo
fator de transcri¢cdo, indicando sobreposicédo dos perfis de expressao génica que sao
induzidos em resposta a diferentes estresses (MIURA; FURUMOTO, 2013; SEKI et
al., 2003; SEO; PARK; PARK, 2013; THOMASHOW, 1999, 2010; TRAPNELL et al.,
2012; VAN BUSKIRK; THOMASHOW, 2006).

As plantas que sobrevivem nas regides polares tiveram que se adaptar para
resistir as baixas temperaturas (BRAVO, 2005). A identificacdo de genes expressos
em diferentes temperaturas que respondem ao estresse pelo frio nas plantas, podem
ser reconhecidos pela técnica de sequenciamento genémico, juntamente com testes
em diferentes temperaturas e comparagao com outros organismos modelo (JAN; UL-
HUSSAIN; ANDRABI, 2009).

Os musgos sao organismos presentes tanto em regides tropicais como
polares, facilitando estes estudos de temperaturas contrastantes, entretanto, ainda

temos poucos resultados a nivel gendmico com testes em musgos sobre estresses

10



abidticos causados por temperatura (BEIKE et al., 2015; CHANG,; LIN; TU, 2014; LIU
et al., 2013).

Contudo, séo bastante difundidos estudos utilizando musgo como organismo
modelo, em geral a espécie modelo utilizada &€ Physcomitrella patens (Hedw.) Bruch
& Schimp, familia Funariaceae, cujo genoma ja sequenciado possibilita
comparagdes com demais musgos (RESKI et al., 1994; RESKI; FRANK, 2005).

A espécie de musgo Physcomitrium acutifolium Broth., também da familia
Funariaceae, € nativo do Rio Grande do Sul, presente em regides de Floresta
Atléntica do Brasil, abrangendo os estados do Rio de Janeiro até o Rio Grande do
Sul. Presente em ambientes de altitude de 0-200 m, que possuem clima Uumido, com
chuvas distribuidas quase uniformemente ao longo do ano, esta na lista de espécies
vulneraveis (VU). (COSTA et al.,, 2011; COSTA et al., 2005). Este possui rapido
desenvolvimento para realizagdo dos testes de cultivo in vitro em laboratorio e
possibilita a posterior comparagdo gendmica com o0 organismo modelo

Physcomitrella patens.

Considerando o fato de que os musgos apresentam desenvolvimento em
temperaturas adversas e a possibilidade destes expressarem respostas fenotipicas
ou genéticas com o estresse causado por estas flutuagdes de temperatura, realizou-
se este estudo. Para o qual foram utilizados explantes do musgo Physcomitrium
acutifolium cultivados in vitro, em diferentes temperaturas (0 a 25 °C) para analise
fenotipica e o sequenciamento de transcritos, buscando a identificacdo dos genes
expressos sobre estresse abidtico por frio. A espécie escolhida ainda nao foi
estudada sob o ponto de vista da biologia molecular, sendo o presente estudo
inédito para este modelo bioldgico.
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1.1 OBJETIVO

Investigar os efeitos causados pelo estresse abidtico pela variagdo de
temperatura de 0 a 25°C, a partir da plasticidade fenotipica e expressao génica na
espécie de musgo temperado Physcomitrium acutifolium Broth.

1.2 HIPOTESE

Plantas submetidas ao estresse abidtico por temperatura de congelamento
respondem com expressdes génicas de proteinas de resisténcia ao frio e

possivelmente de anticongelante.
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2. ARTIGO: ENHANCED ALTERNATIVE SPLICING UNDER FREEZING
TEMPERATURES AS SURVIVING STRATEGY IN
Physcomitrium acutifolium BROTH.

(Submetido para revista Nature Plants)
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Enhanced alternative splicing under freezing temperatures as surviving strategy in Physcomitrium
acutifolium Broth.

Monica M. Minozzo, Anthony D. M. Barboza, Luiz F. W. Roesch, Cristiane B. D’Oliveira, Antonio B. Pereira & Filipe C.
Victoria

Alternative splicing shows that plants present potential tolerance to abiotic stress factors, though these
potential is not always expressed. In plants from polar environments, studies have demonstrated that
successful survivals express genes conferring resistance to freezing. To discover potential alternative
splicing in a survival plant exposed to a particular type of abiotic stress, a sequencing strategy, based on
analysis of expressed genes, is necessary. Such approach allows discovering those plant strategies to
survive to a particular type of stress. Therefore, the present study aimed to identify the potential
alternative splicing of a basal plant species for surviving under different temperature treatments
(ranges from 0 to 25 2C), using the moss Physcomitrium acutifolium as a model for genomic analyses.
Phenotypic analysis were performed followed by a RNA-Seq in an ION PGM platform. The results suggest
a relationship with low temperatures and the protein kinase-like gene expression, mainly by a
identification of a higher occurrences of alternative splicing of genes related with these onthology, in

plant growing al lowest temperature tested.

Over time plants undergone abiotic changes often leding to genotypic and phenotypic level adjustments to ensure
survival. Temperature is one of these abiotic factors that cause changes. Many studies have been conducted on stress
factors in plants to evaluate the potential for resistance to freezing and describe the molecular mechanism related
(BRAVO, 2005; GUPTA; DESWAL, 2014; MIURA; FURUMOTO, 2013). The potential antifreeze resistance, also known
as cold stress resistance can be classified, as chilling (0 - 15 °C) and freezing (<0 °C) stresses(THOMASHOW, 1999).
Some plants from temperate regions exhibit a variable degree of chilling tolerance and can increase their freezing
tolerance during exposure to chilling and non-freezing temperatures, for example Arabidopsis thaliana (L.) Heynh,
known for exhibit a cold acclimation response(THOMASHOW, 1999). The plant growth and development are
influenced by temperature changes and in response to this, different levels of gene regulation are modulated in the

cell(CHANG; LIN; TU, 2014).

The genetic potential for responding to abiotic stresses in plants can be assessed by new techniques based
on genomics(BEIKE et al.,, 2015; SEO; PARK; PARK, 2013; VICTORIA; DA MAIA; DE OLIVEIRA, 2011). Among those
techniques, the genomic sequencing has been used to discover regions with potential response for cold stress
however; to found these regions it’s primarily necessary to know the transcription factor. The transcription factor is a
critical component of the gene regulatory networks that mediate virtually all aspects of plant growth and
developmental processes. The alternative splicing of primary transcripts evolved to overcome the limited coding
capacities of eukaryotic genomes by producing multiple proteins from a single gene and enhance the transcriptome
diversity and proteome plasticity(SEO; PARK; PARK, 2013). This alternative splicing is a widespread mechanism in
eukaryotes that generates two or more mRNAs from the same precursor mRNA (pre-mRNA) by using different splice
sites(CHANG; LIN; TU, 2014).

This work aims to increase the understanding of the mechanisms and plants potential for cold stress, based
in the transcriptional analysis of a basal plant species, such as mosses. Mosses represent the oldest living clade of land

plants, in this sense they are organisms with great potential for studies with plant biotechnology. Physcomitrium

14



acutifolium Broth. was chosen as a model because this moss presents fast growth in tropical and temperate
environments, allowing to test its adaptation to the cold environment. Furthermore, this species belongs to the same
family of the model species Physcomitrella patens (Hedw.) Bruch & Schimp (Funariaceae), it has been used for

advance in plant biotechnology as model organism and its genome was already sequenced.

Results

Phenotype analyses. Compared to the extreme treatments (0, 5 and 252C) biomass increments were observed in
treatments under 10, 15 and 20 2C (Table 1). The gametophyte developed better at 15, 20 and 252C respectively.
Under the cold temperatures (0 and 52C) the gametophyte did not developed and under 10 ©C, just 8 gametophytes
were developed. The green color is related with a better photosynthesis status. The data on Table 1 showed that
under extreme temperatures oxidation were observed on the explants, while treatments under 10, 15 and 20 @

presented homogeneous green color indicating a better photosynthesis status in less extreme temperatures.

Differential expression analysis. To estimate the number of genes that were differentially expressed in the moss
protonemata, we first normalized the gene expression values using a variation of the FPKM method (Fragments Per
Kilo-base of mRNA length per Million mapped reads), using the Cufflink tool(TRAPNELL et al, 2012). The
transcriptome data showed a large number of unique reads at 0 2C and 20 2C (Figure 1). Such expression level
contrasted with the other treatments, suggesting that extreme temperatures applied in this experiment were suitable
to find responsive genes to temperature stress factors.

The molecule Phpat.013G040900 presented high levels of expression within 0, 10 and 15 2C (Figure 2). This
molecule encodes to Phenylalanine and histidine ammonia-lyase (PAL), a protein related to abiotic and biotic stress in
plants?0. The ontology of the differentially expressed genes found in lower and higher temperatures were related with
biological process components. The most expresses genes in our treatments presented semantic similarity with genes
involved with phosphorylation proteins with kinase activity.

The genes differentially expressed under 0, 10 and 20 ¢C, have mutual promoters, however at 20 2C less
promoters were observed when compared with lower temperatures. High numbers of splicings were also observed at
the lower temperatures (Figure 4). The differential expression analysis suggested that moss species presented

potential for supporting cold temperatures.

Discussion

The phenotypic analysis indicated that the temperatures variation applied in our experiment caused stress
and in some freezing temperatures the genetic mechanisms for cold stress resistance were not enough to guarantee
the explant survival. On the other hand, considering the use of a tropical moss as model, the stress caused at room
temperature (25 2C) was not expected. Such result indicated that temperatures around 10 at 20 °C could be
considered appropriated for better plant development.

The transcriptome analysis showed that the moss tested within this experiment presented genotypic
potential for cold stress resistance however, such resistance did not present large plasticity since some explants died
at freezing temperatures and did not developed well at room temperatures. Perhaps, this fact should have been
developed due the needs for maintenance of living cells in extreme temperatures. This moss species is adapted to the
temperate climate so the results only suggest the action of these genes in the cold adaptation process in

plants(THOMASHOW, 1999).
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The expression of the molecules Phenylalanine and histidine ammonia-lyase (PAL) was higher in cold
temperatures (0, 10 and 15 ©°C) suggesting potential resistance to cold!%, but lack of resistance to freezing
temperatures. The results also showed a relationship with a molecule involved in phosphoryation of proteins, such as
kinase activity, suggesting a connection between cold temperatures and photosynthesis. Such connection was already
verified with concentration of sucrose in your freezing resistance in Polytrichum juneperinum Hedw and others plant
species!2-14, The phosphorylation of proteins in response to cold and the suppression of proteins with phosphatase
activity may also provide a means for the plant to sense low temperature. Although most alternative splicing events
have not been characterized in plants, several genes encoding protein kinases, transcription factors and splicing
regulators have demonstrated the centrality of alternative splicing in the fine-tuning for abiotic stress responses?s.
These results suggests an existence of a mechanism for the differential response to cold resistance since the earliest
days of colonization of plants to terrestrial environment, based in the phosphorylation of protein Kinase-like
molecules.

The higher number of promoters and splicings found in plants growing in lower temperatures confirms
other results that suggest the cold resistance potential in moss species, but up to date none of those studies provided
information about antifreeze potential in mosses. Alternative splicing provides proteome diversity and, thus, expands
the repertoire of gene/protein activities in response to developmental and environmental cues6-17. An interesting
observation is that alternative splicing is often responsive to cold stress in plants, being cold-responsive gene
regulation and alternative splicing frequently associated with each other in plants!8-19. For mosses, these relationship
were not established yet, since only splicing of heat-sensitive genes were studied in mosses(CHANG; LIN; TU, 2014).
Therefore, the occurrences of kinase-like putative proteins were identified in Pohlia nutans (hedw) Lindb.
transcriptome profiling from plants sampled at Antartic region, showing that molecules also plays an important role
in the cold stress tolerance in mossesé. 20,

Alternative splicing can be explored as means of elaborate control of transcription factor activities in crop
plants based in biotechnological processes. The alternative splicing patterns through mutations in splice sites can be
applied for modifying plant development and responses to environmental stresses. Knowing how this gene machine
tool works on basal plant species may be useful for proposing genetic engineering strategies in a more simple way and
can be applied to different groups of terrestrial plants, since they derived from the mosses lineage. Modulations of
splicing factor activities would be an alternative approach to precisely control plant functions for improved stress

tolerance.

Methods
The experiment was conducted in the Antarctic Plants Studies Core laboratory and Center for

Interdisciplinary Research in Biotechnology (CIPBiotec) at Federal University of Pampa - Campus Sdo Gabriel.

Plants materials and Growth Conditions. Fully developed Physcomitrium acutifolium plants were indentified and
collected in Sao Gabriel municipality 302 20’ 5.11” S, 542 19’ 6.90” W) during the winter. Plants that possessed well
developed sporophytes were selected the for the experimental procedures. Entire plant samples were deposited in
the Bruno Edgar Irgang herbarium (HBEI), under the voucher number 47 (Bryophyte collection).

Fresh unopened sporophytes were surface sterilized by dipping in 25% commercial bleach (8% active
NaOCl) for 3 minutes, and thoroughly rinsed in sterile distilled water?!. The cap was then removed and the spores
released on the nutrient medium. To obtain a minimal biomass necessary for further procedures, the spores were
cultivated in the MS culture medium (Sigma-Aldrich), with pH adjusted for 5.8 and solidified in 7.0 g/L-! of agar-agar
(Vetec). Cultures were grown until showing the primary protonema in a photoperiod chamber at 25+1°C under long-

day conditions (16 h light/ 8 h dark) supplied by cool-white fluorescent tubes at a photon flow rate of 40-50 mol m-2
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sl. Three protonemata explants were transferred to Petri’s dishes, with three repetitions for each one (Figure 5). The
transference of explants were carried in a laminar flow hood to the maintenance of the axenic conditions of the
experiment. The temperatures tested were: 0, 5, 10, 15, 20 and 25 2C. The explants were cultivated during 30 days.
After this period, the explants were evaluated based on the increment of biomass, number and development of
gametophytes regenerated and oxidation. The biomass increment and the number of gamethophytes regenerated
where evaluated in each treatment proposed, and a test of comparison of means was performed using the Tukey test

(5% of probability) with the Statistix 9.0 for Windows software.

RNA Extraction. The protonemata obtained in each treatment were used for the total RNA extraction. One RNA
extraction was performed for each treatment with three replicates (N = 18) using the Plant/Fungi RNA Purification
Kit (Norgen Biotek, USA) according to the manufacturer instructions. The amount and quality of total RNA was

measured by spectrophotometry using a NanoVue™ Plus Spectrophotometer (GE Healthcare).

mRNA Enrichment. Total RNA samples were subjected to enzymatic digestion of DNA using the TURBO DNA-free™
Kit (Ambion, USA) according to the manufacturer instructions. The depletion of cytoplasmic (5S, 5.8S, 18S, and 28S)
and mitochondrial (12S and 16S) ribosomal RNA (rRNA) was performed with the RiboMinus ™ Eukaryote System v2
(Ambion, USA) following the manufacturer instructions and the mRNA recovered was was quantified by fluorometry

using a Qubit - RNA Assay Kit (Invitrogen, USA).

Library preparation and Sequencing. Eighteen libraries were generated by using the Ion Total RNA-Seq Kit v2 kit
(Ambion, USA). Ion OneTouch™ 2 System and Ion PGM™ Template OT2 400 Kit Template were used for library
preparation and the sequencing was performed using lon PGM™ Sequencing 400 on lon PGM™ System using two lon

318™ Chip v2 (nine samples loaded per chip). A total of 12.378,84 reads were generated for the 18 samples.

Assembly and mapping of transcripts. RNA-seq reads for each library were mapped independently using TopHat2
against the Physcomitrella patens genome build v3.0. Gene and isoform expression levels were calculated by running
the Cufflinks tools (Cufflinks2, CuffMerge and Cuffdiff2) on the alignments from TopHat and the P. patens coding
genes v3.1. All analysis was performed in Galaxy platform from Galaxy Ratsch Lab (galaxy.cbio.mskcc.org/). The P.
patens genome and gene annotation were downloaded from Phytozome V10.1 (phytozome.jgi.doe.gov).

The statistics and graphical analysis of the results were held with R Program (version 3.1.1) with

CummeRbund extension?2.
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Table 1. Average biomass obtained in moss cultivation after 30 days.

Treatment 0°C 5°C 10 °C 15°C 20 °C 25°C
Biomass (mg) 9.0° 12.38 71174 62.1 " 63.2 " 27.2°
Gametophyte

Py 0° 0° 8¢ 1338 336" 50 BC
regenerated

Oxidation Yes No No No No Yes

* Averages followed by the same letter in the same row do not differ by Tukey test (a=0,05).

Figura 1. Gene expression (total) in different treatments.
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3
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0

Figure 2. Genes expressions a,b. (a) Gene expression of 6 genes significant (0.05) in different treatments. (b)
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Heatmap of 6 genes differentially expressed (0.05) in different treatments.
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GO terms similarity.
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Figure 3. Biological process components in Gene Ontology.

oc 10C 5C 15C

20C

Figure 4. Venn Diagram a,b. The promoters found in treatment of 0, 10 and 20 2C (a) and splicing significant number

for each treatment (b).
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Figure 5. The explants at the completion of the experiment, in the all treatments after 30 days.

(Bars: 02C=18,70mm, 5 2C = 17mm, 10 C = 27mm, 15 2C = 27,87mm, 20 2C = 20,23mm, 25 2C = 22,09mm.)
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3. CONSIDERAGOES FINAIS

O presente estudo corrobora a hipotese que Physcomitrium acutifolium,
submetido a temperaturas contrastantes, reage com alternativas de expressdes
génicas de acordo com as mudancgas de temperatura.

Apesar da comprovagdo de potenciais génicos para adaptagdes de
resisténcia ao estresse por temperaturas proximas ao congelamento, ndo obteve-se
certeza do potencial de resisténcia ao congelamento, o que necessita estudos mais
direcionados que sO serdo possiveis a partir de maior conjunto de dados e
posteriores testes em laboratorios.

Da mesma maneira que este potencial de adaptagdes que conferem
resisténcia nas baixas temperaturas testadas, ndo ha garantia que estas plantas
aclimatadas irdo sobreviver por longos periodos a estas temperaturas, pois ainda
nao é comprovado que esta esteja totalmente adaptada a esta nova condigdo antes
estressora.

Como perspectivas futuras deste projeto, pretendemos realizar este mesmo
estudo com uma espécie de musgo da Antartica, por ser espécie glacial e ja
proveniente do frio. Mas que também esteja presente em outros climas e possua
proximidade genética com a espécie modelo, assim colaborando com a comparagao
da ac&o dos genes neste processo de adaptagao. E a partir dos resultados obtidos,
comecgar os experimentos de manipulagao e transformagao génica para entender o

processo fisiologico de resposta a este estresse abidtico.
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5. ANEXOS

5.1NORMAS DE SUBMISSAO NA REVISTA NATURE PLANTS

Author Instructions

Navigating the System

When you first access our tracking system, you will be taken to your 'Home' page, where different

categories of 'tasks' are listed. If you are required to perform a task, there will be a red arrow ¥ next
to a 'Manuscript' link.

If there are no red arrow ¥ visible on your 'Home' page, then you have no outstanding tasks to
complete.

Submission Process

The manuscript submission process is broken down into a series of 4 primary tasks that
gather detailed information about your manuscript and allow you to upload the pertinent text
and figure/image files. The sequence of screens is as follows:

1.

The ‘Files’ primary task allows you to select the actual file locations (via an open file dialogue).
You will be able to 'Browse' for the relevant files on your computer. Please include the figure
number in the title line for each figure.On the completion screen, you will be asked to
specify the order in which you want the individual files to appear in the merged document.
Editors and/or reviewers will also be able to look at the individual PDF files if necessary.

The ‘Manuscript Information’ primary task which asks for author details, the manuscript title,
abstract, other associated manuscript information and types/number of files to be submitted.
Please note, if you are the corresponding author please submit your details in the
corresponding author fields; DO NOT re-enter the same details in the contributing author
fields.

The ‘Validate’ primary task gives you the opportunity to check and verify the manuscript files
and manuscript information uploaded. If you are submitting manuscript files separately, we
create a merged PDF containing your manuscript text, figures and tables to simplify the
handling of your paper. You will need to approve the merged PDF file, and a PDF or any other
file not included in the merge, to submit your manuscript. You may also update and/or change
manuscript files and manuscript information by clicking on the ‘Change’ or ‘Fix’ links
respectively.

The ‘Submit’ primary task is the last step in the manuscript submission process. At this stage
the Manuscript Tracking System will perform a final check to ensure that all mandatory fields
have been completed. Any incomplete fields will be flagged by a red arrow and highlighted by
a red box. Click on the ‘Fix’ link to return to relevant section for completion. Once your
manuscript has been finalised, click on the ‘Approve Submission’ button to submit your
manuscript for consideration. A ‘Manuscript Approved’ message will display on your author
desktop to confirm the submission.

The submission process is not complete and your manuscript will not be received
by Nature Plants editors until you have approved the converted files.

Before submitting a manuscript, please gather the following information:
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* For all authors:
o First name, middle initial and last name

Postal address

E-mail address

Work Telephone number (corresponding author only)

Fax number (corresponding author only)

Title (can be cut and pasted from your manuscript)

Abstract (can be cut and pasted from your manuscript)

Cover letter file (note: this will not be accessible to the reviewers)

Manuscript files in PDF, Word, WordPerfect, EPS, PostScript, RTF format, TeX (for formatting

guidelines, see ourGuide to Authors).

* Figures/images embedded in the manuscript file or in external files in TIFF, JPEG, PDF,
PostScript, EPS format and Gif (for formatting guidelines, see our Guide to Authors).

e Contact information (name, e-mail address and institution) of suggested and/or excluded
reviewers (if any)

o 0O O O

Submitting Figures

Production-quality figures are not required at this stage.

It is recommended that you convert all your figures to medium-resolution JPEG before
uploading them. This is to reduce the amount of time that it takes the files to upload to our
submission site, as JPEG files are quite small in size compared to other formats. (This will also
give you a closer approximation to the way your figures will appear on our site.) More
information on preparing JPEGS can be found below.

To avoid reviewers having to download large files, please note that relatively low-resolution
figures are usually sufficient for the peer-review process (but bear in mind that each figure
must still convey the information necessary for accurate review, such as legible text, symbols,
etc). If any of your figure files are larger than 8 MB, please contact theNPG Applications

Helpdesk.

If you choose to submit your files in PowerPoint format, please do not make a JPEG of these within
PowerPoint. The conversion is more successful when a raw PowerPoint file is submitted.

Please follow these guidelines carefully to produce medium-resolution artwork, which will be suitable
for reviewing purposes. Should your manuscript be accepted you might be asked to provide better
quality figures/images, at which time more extensive submission instructions for final submission will
be detailed to you. To save duplicating workloads, however, between these stages, you may wish to
note some of those 'final submission' guidelines even at this initial submission stage, to save making
changes to your original files later on. They are:

e Use the same typeface for all figures

* Do not make rules thinner than 1pt (0.36mm), especially if the figure image is likely to be
reduced in size to fit one or two column-widths

* Use a coarse hatching pattern rather than shading or tints in graphs

* Figures divided into parts should be labelled with a lower case, bold 'a', 'b’, et cetera, in the
top left hand corner. Labelling of axes, keys and so on should be in 'title case' with no full stop.
Units must have a space between the number and the unit, and follow the nomenclature
common to your field

* Commas should not be used to separate thousands

* Unusual units or abbreviations should be spelled out in full, or defined in the legend

In addition, please take the following points into consideration for submission at this stage:

* Acceptable formats for figures are JPEG (.jpg or .jpeg), GIF (.gif), EPS, PostScript (.ps or
.prn), TIFF (.tif or .tiff), PowerPoint (.ppt) or ChemDraw (.cdx).
* Figures should be prepared at the size you would expect them to appear in Nature Plants.
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*  We prefer figures to be 300 dpi (dots per inch). However, the general guide is that you should
be happy with what you see on your printer and/or monitor and adjust the resolution
appropriately. Most referees will print your figures on common laser or inkjet printers, using
ordinary copy paper, and view them on a monitor set to 256 colours. If you are using high-
specification hardware please take this into account.

*  Colour, when used as an identifying tool, should be distinct.

Please note: Nature Publishing Group make use of conversion engines to standardise all figure
and article files into PDF format. There are certain files which our production department are
able to accept but the engines cannot convert, these include: Al, FHX, Corel, PICT and PRS
files. We do however operate a procedure whereby authors are able to upload a PDF version of
their original source file after the conversion engines attempt to convert the file 3 times. If you
wish to use these file types or are experiencing problems with any other files, please wait until
the conversion engines have attempted to process the files, (this may take up to 1 hour) then
use the ‘UPLOAD PDF’ link on the submission page.

Preparing JPEGs

Many applications have options to save files as JPEGs. This can be a useful option but it is worthwhile
to note that sometimes they are only saved at 72dpi, whereas we recommend that 150dpi is
advisable. If this is the case or you are unable to save as JPEG at all, the best option is to prepare a
PostScript file and submit that.

Adobe Photoshop is an ideal tool for producing JPEGs.
Adobe Acrobat

When reading PDF files, best results are achieved with Adobe Acrobat Reader 4.0 or above. To install
this, go tohttp://www.adobe.com/products/acrobat/readstep.html. and follow the on-screen
instructions. (We recommend that on completion of installation, you amend one of the default settings.
Select: File - Preferences - General, and UNCHECK Web Browser Integration).

Please note that we ask you NOT to duplicate your submission with a paper-based copy.
Please also refrain from submitting by e-mail and attachment. The system will send you an
acknowledgement email once your paper has been successfully submitted.

Please allow time for the uploading process to complete: in the case of large text files, or
complex graphic files, this may take some time, and so we ask you for your patience. If you
wish you can leave the site and come back to it later to approve. However, please remember
that the submission process is not complete and your manuscript will not be received
by Nature Plants editors until you have approved the converted files.

Encrypted Files

Please note that our system cannot convert encrypted files. If any of your files are encrypted you
should therefore recreate the file without encryption before submission. You can check to see if a file
is encrypted by looking at the file properties. If you are unable to recreate your file without encryption,
you will get an error message. In this case you should e-mail the file to our editorial staff, who will print
out the file and scan it in manually. If your file was a pdf then this will not result in any loss of
resolution; however, if your file was an image then there is likely to be a loss of resolution and image
clarity.

Unwanted Characters

Occasionally you may notice that unwanted characters appear in your text in place of the intended
text. This is caused by not having the optimal browser character settings. To prevent this from
happening, you should make your character settings as broad as possible by choosing a Unicode or
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ISO character setting. To check or amend your current character settings, you should choose 'View'
on your browser and then 'Encoding'.

Getting Help

If you need additional help, you can click on the help signs spread throughout the system. A help
dialogue will pop up with context sensitive help.

If you experience any problems, please contact http://platformsupport.nature.com.

Check Manuscript Status

After submission you will receive an acknowledgement email.

You can check the status of your manuscript at any time in the review process by:
1. Accgssing the system with your password or link sent to you in the acknowledgement
2. gl?c?li:ng on the link represented by your manuscript tracking number and abbreviated
3. g‘tllii-king on the 'Check Status' link at the bottom of the displayed page.

This procedure will display detailed tracking information about where your manuscript is in the
submission/peer review process.

Starting

The manuscript submission process starts by pressing the 'Submit Manuscript' link on the online
submission system 'Home' page. Please make sure you have gathered all the required manuscript
information listed above before starting the submission process.

Please click on HOME to continue.
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