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Abstract

Spinocerebellar ataxia type 3 or Machado-Joseph disease (SCA3/MJD) is the most prevalent autosomal
dominant hereditary type of ataxia worldwide, causing motor incoordination by progressive neurodegeneration.
The disease is due to a CAG trinucleotide expansion at the gene ATXN3 that is inversely correlated to the disease
age of onset (AO). This correlation explains about 60% of variation in AO, suggesting that genetic and/or
environmental factors may act as modifiers of the disease manifestations. Neuronal intranuclear inclusions (NII)
were reported to directly affect the disease progression. Genetic variations in the gene coding for Ran (ras-
related nuclear protein), an essential component of the nucleocytoplasmic transport system, can interfere with
NII formation and potentially modify the AO. In this study, variants rs14035 and rs7132224 were genotyped in
patients of a SCA3/MJD from South Brazil. In addition, linkage disequilibrium (LD) and haplotype
reconstruction were assessed, and combined haplotypes correlated to AO. No statistical differences were found
between patients and control groups in allelic and genotypic distributions. However, minor allele frequencies
were shown to be less represented in SCA3/MJD group for rs14035 and rs7132224 (p=0.081 and p=0.058
respectively, for genotypic distributions). The most frequent haplotype found was AC, followed by GT,
corroborating with the LD found. Patients carrying GT/GT combined haplotype have, on average, a delay of 1.8
years in AO (p=0.089). Therefore, our data suggests that the studied RAN variants are involved in genetic
modulation of AO in SCA3/MJD, enhancing the requirement for further studies evaluating the relationship

between nucleocytoplasmic transport and polyglutaminopathies neurotoxicity.
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1. Introduction

Spinocerebellar ataxia type 3, also known as Machado-Joseph disease (SCA3/MJD), is an inherited
autosomal dominant disorder caused by a CAG expansion (CAG,,) at the ATXN3 gene, which is responsible for
ataxin-3 expression (Kawaguchi et al. 1994). SCA3/MJD is the most common autosomal dominant ataxia
worldwide, with a frequency of 1.5 in 100,000 inhabitants in the general population (Ruano et al. 2014). The
disease leads to neurodegeneration of cerebellar, motor neuron, pyramidal and extrapyramidal areas, which
comprise mainly motor and coordination function, reflecting on several movement disorders (Paulson 2012).

SCA3/MJD is a polyglutaminopathy, since CAG, leads to the expression of an abnormally long
polyglutamine (polyQ) tract in the protein ataxin-3. Unaffected individuals carry 14-40 CAG repeats, while in
SCA3/MJD patients stretches are expanded ranging from 51 up to more than 87 repeats (Souza et al. 2016). In
general, age at onset (AO) in SCA3/MJD is inversely correlated to CAGe,,, but the causal mutation explains just
50-65% of the interpatient variability in AO (Kuiper et al. 2017). Hence, disease modifiers, such as genetic
and/or environmental factors, might change the clinical history of patients, perhaps by modulating AO and other
phenotypes, such as severity of symptoms and velocity of disease progression. Some genetic and molecular
modifiers of AO have been described for SCA3/MJD, such as single nucleotide polymorphisms (SNPs) in genes
including GRIK2, IL1B, NEDDS8, and NEDD9 (Emmel et al. 2010), APOE (Bettencourt and Lima 2011), FAN1
(Mergener et al. 2020), CAG repeat length of the non-expanded ATXN3 allele (Tezenas du Montcel et al. 2014;
Chen et al. 2016), length of CAG repeats at the ATXN2 gene (du Montcel et al. 2014), degree of methylation of
the ATXN3 promoter (Emmel et al. 2011) and HSP40 expression levels (Zijlstra et al. 2010). However, most of
these findings were not replicated by other studies. Furthermore, none of these genetic modifiers resulted in
treatment possibilities so far.

PolyQ expanded stretches facilitate the aggregation and intraneuronal accumulation of ataxin-3.
Accordingly, the biological hallmark of SCA3/MJD is the presence of polyQ neuronal intranuclear inclusions
(NII) (N6brega et al. 2018). Although the complete mechanism of SCA3/MJD has not been fully elucidated, the
presence of polyQ NII is seen as a harmful event, related to gain of toxic function by mutant ataxin-3, which is
required for disease-related neurodegeneration (Bichelmeier et al. 2007; Ramani et al. 2017; Sowa et al. 2018).
Nevertheless, NIl have also been described as less toxic than cytoplasmic inclusions in neurodegeneration
(Seidel et al., 2017). Albeit there are dissonant views on the effect of NII in the onset and/or progression of in
neurodegenerative diseases (Arrasate et al. 2004; Woerner et al. 2016), modulation of aggregate formation and
cellular localization might be critical in SCA3/MJD and other polyQ diseases.

Mutant ataxin-3 is subjected to caspase and calpain cleavage into peptides as a cellular protective
attempt, although this process is directly associated with disease severity (Hiibener et al. 2013). The Ras-Related
Nuclear Protein (Ran) is a GTP-binding nuclear protein essential for the import and export of different
molecules through the nuclear pore complex (NPC) (Sazer and Dasso 2000; Macara 2001). Although molecules
with less than 40 kDa can freely pass through the NPC via passive transport (Grima et al. 2017), larger peptides
depend on active transport by Ran gradient between the nucleus and the cytoplasm. In cellular, mouse and
Drosophila models, both full-length and truncated mutant ataxin-3 are transported to the nucleus via nuclear
localization signals (NLS) in a Ran-GTPase dependent manner (Sowa et al. 2018; Wang et al. 2019). Therefore,

considering Ran-mediated nucleocytoplasmic shuttling of mutant ataxin-3 and the straight relationship between
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NII and neurodegeneration, it is tempting to speculate that biological differences in this system might contribute
to AO variability in SCA3/MJD. Specifically, variable levels/activity of Ran due to rare genetic variants might
predispose neurons to accumulate variable cytoplasmic ataxin-3 aggregates, thus hastening or retarding the
disease onset.

In this work, we aimed to investigate the potential influence of genetic variability in RAN on age at
onset of SCA3/MJD. We addressed whether RAN polymorphisms rs14035 and rs7132224 correlate with AO in a
South Brazilian group of SCA3/MJD patients. Furthermore, haplotype reconstruction and linkage disequilibrium

between variants were also assessed.



2. Materials and Methods

Patients and samples

Two hundred and eight SCA3/MJD patients from the Rio Grande do Sul, Brazil, were investigated in
this study. DNA samples from study participants were obtained from the Servigo de Genética Médica (SGM)
biorepository and were analysed at the Translational Neurogenetics Laboratory, both from Hospital de Clinicas
de Porto Alegre (HCPA). As inclusion criteria, individuals had to be clinically symptomatic, with a confirmed
molecular diagnosis of SCA3/MJD and known AO. AO was defined as the age when the patient or a close
relative first noticed any symptoms (usually gait ataxia). The anonymized use of DNA samples from these
patients for research purposes only was assessed and approved by the HCPA institutional ethics committee.
Eighty-three unrelated healthy individuals from the same region were analysed as controls, in order to establish
allelic and genotypic frequencies of the selected SNPs among the local population. Expected AO were estimated
by generalized linear models described by de Mattos et al. (2019) specific for patients from the Rio Grande do

Sul biorepository, taking into account the CAG,y, length of each patient included in this study.

DNA isolation and determination of ATXN3 CAG length

DNA samples were obtained from peripheral blood leukocyte fraction as previously described by
standard protocol. DNA concentration was quantified using a NanoDrop device (ThermoFisher) and samples
were diluted to either 2 ng/pl for SNPs genotyping or 50 ng/ul for determining CAG length. Length of CAG
tract of both ATXN3 alleles was evaluated by PCR amplification with fluorescently-labelled primers flanking the
CAG repeat-containing region in exon 10. Amplification products were then mixed with formamide (HiDye
formamide, Applied Biosystems) and GeneScanTM 500 LIZ (Applied Biosystems), and analysed by capillary
electrophoresis in an ABI3130xl Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Amplicon
lengths were then determined by GeneMapper® ID v 3.2 software (Applied Biosystems, Foster City, CA, USA),
as described previously (Franca et al. 2012).

RAN polymorphisms and genotyping

The selection of RAN SNPs was based on the following criteria: minor allele frequency (MAF) higher
than 0.10; gene location (preferably in exons and/or regulatory regions); clinical significance; influence on gene
expression. As filters, the platforms Ensembl Genome Browser, GTEX portal and VarSome were accessed.
Based on that, rs14035 and rs7132224 were chosen to be evaluated in this study.

rs14035 and rs7132224 were analysed by Tagman® SNP Genotyping Assay (ThermoFisher) with
probes C 11351340 10 and C_189223196 10, respectively. Reactions were performed in a final volume of 8
pl, containing 4 ng DNA, 0.2 pl Tagman® probe and 4 pl 2X PCR Genotyping Master Mix, according to the
assay protocol (Applied Biosystems, Foster City, CA, USA). For amplification, an initial step of 2 minutes at
50°C was performed to guarantee uracil-N-glycosylase (UNG) activation, followed by AmpliTaq Gold™

activation at 95°C for 10 minutes and 40 cycles of denaturation at 95°C for 15 seconds followed by annealing
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and extension at 60°C for 1 minute. Amplification and analysis of PCR products were performed in an ABI
Prism 7500 Fast Real-Time PCR System® equipment (Applied Biosystems, Foster City, CA, USA).

In silico analysis

Reconstruction of RAN haplotypes from SCA3/MJD and control groups was performed using PHASE
software version 2.1.1. Linkage disequilibrium (LD) for the predicted haplotypes data was analysed by Arlequin
version 3.5.2.2, considering the LD coefficient (D’) and r” (which also takes into account allele frequency) as
factors to define strong or weak LD. Allelic and genotypic frequencies were compared between data from the
present study and different populations using publicly available genetic databases from the 1000 Genomes
Project (Zerbino et al. 2018) and GnomAD (Lek et al. 2016).

Statistical analysis

The Predictive Analytics Software (PASW) Statistics program 18.0 (SPSS Inc., Chicago, IL, USA)
was used to perform all statistical analysis. Allelic and genotypic frequencies between SCA3/MJD and control
groups as well as Hardy-Weinberg equilibrium (HWE) were analysed by the Pearson Chi-Square test. In order to
test the influence of RAN variants on AO, mean residual age at onset (RAO), defined as the difference between
the observed and expected AOs, was compared between genotypes (using both co-dominant and recessive
models) and combined haplotypes using one-way analysis of variance (ANOVA) or Student’s t test.
Kolmogorov-Smirnov test was used to test conformity of RAO to a normal distribution. Levene’s test and
residual diagnostics were used to check sample homoscedasticity for ANOVA and regression tests, respectively.
Both the degree of variability in AO explained by CAG,,, as well as the potential improvement in explanation
afforded by inclusion of RAN genotypes were predicted by generalized linear models, and reported as changes in
the R? coefficient. ANOVA, Student’s test and regression analyses considered a mixed model to avoid bias
regarding the inclusion of more than one SCA3/MJD individual from the same family (Sainani 2010). Results

were considered statistically significant when p<0.05.
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3. Results

Among 208 SCA3/MJD patients samples (56% females), CAG,, length ranged from 68 to 84 (mean +
SD: 75.3 * 3.3), while CAG length of the non-expanded ATXN3 alleles ranged from 13 to 37 repeats (mean +
SD: 22.1 + 4.7). In 141 cases, more than one patient from the same family was included in the study (mean: 1.8
individuals per family; range 1 to 8 individuals; 112 families) (Table 1). To avoid family bias, a statistical mixed
model was adopted in our analysis. In the present sample group, CAG, alone explained about 62% of the
variability in AO (r=-0.791, R?=0.620, p<0.001).

Table 1 Sample characterization

Sample features Total (n=208)

Women 117 (56.2%)

AO (years) 34.32 (10-56)

AO predicted at birth (years) 35.07 (12-53)
Patients per family 1.86 (1-8)

Normal allele (CAG), 22.13 (13-37)

Expanded allele (CAG)exp 75.32 (68-84)

AO stands for age of onset. Data are given as n (absolute value) and mean (range from minimum to maximum value)

Two SNPs in the RAN gene were selected for genotyping analyses using the criteria described above.
rs14035 is located at 3' UTR region, while rs7132224 is located at 5 UTR region, at a transcription factor (TF)
binding site. Allelic and genotypic frequencies from both rs14035 and rs7132224 were in Hardy-Weinberg
equilibrium for SCA3 (p=0.171; p=0.086, respectively) and control groups (p=0.163; p=0.258, respectively).

Global MAFs for both variants were closer to the patients’ group distribution than to the control group (Table 2).

Table 2 Variants information and HWE

Variant MAF  Frequency of variant HWE Chromosomal Gene Location
Location
SCA3/ Local SCA3/ Local
MJD controls MJD controls
rs14035 0.271 0.281 0.339 p=0.171 p=0.163  12:130876696 3’ UTR variant
rs7132224 0.303 0.286 0.357 p=0.086 p=0.258  12:130871501 5'UTR variant

MAF global minor allele frequency. HWE Hardy-Weinberg Equilibrium. Location according to Ensembl. Data are given in frequency

No difference was found between SCA3/MJD and control groups when comparing allelic and
genotypic frequencies for rs14035 (p=0.165; p=0.081, respectively) and rs7132224 (p=0.092; p=0.058,
respectively), although data suggests higher frequency of heterozygotes in the control group (Table 3).
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Table 3 Allelic and genotypic frequencies found in MJD/SCA3 and local groups

SCA3/MJD Local controls
p value
n=208 n=84
rs14035
299 (0.719) 111 (0.661)
0.165
Alleles T 117 (0.281) 57 (0.339)
CcC 111 (0.534) 34 (0.405)
Genotypes CT 77 (0.370) 43 (0.512) 0.081
TT 20 (0.096) 7 (0.083)
rs7132224
Alleles A 297 (0.714) 108 (0.643)
0.092
G 119 (0.286) 60 (0.357)
AA 112 (0.538) 33 (0.393)
Genotypes AG 74 (0.356) 42 (0.500) 0.058
GG 22 (0.106) 9 (0.107)

Data are given as n (absolute value) and frequency. Statistical analysis using Pearson Chi-square test. p< 0.05

In addition, allelic and genotypic frequencies of both SNPs from patient and control groups were
compared to frequencies among different populations from the GnomAD and 1000 Genomes project databases.
For both variants, while the SCA3/MJD group had allelic and genotypic frequencies closer to American and East

Asian populations, frequencies in the control group were more similar to those of European populations (Fig. 1).
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Fig. 1 Allele and genotype frequencies of RAN single nucleotide polymorphisms rs7132224 and rs14035 in different ethnic

groups. a Allele frequencies for rs7132224. b Genotype frequencies for rs7132224. ¢ Allele frequencies for rs14035. d

Genotype frequencies for rs14035. Total: average frequency in all populations combined. 1K stands for 1000Gnomes and

GAD stands for GnhomAD

Haplotype reconstruction for variants rs14035 and rs713222 was performed by PHASE and the

resulting distribution is shown in Table 4. LD was calculated using the predicted haplotypes. Both SCA3/MJD

and control groups presented LD coefficient (D*) and r? closer or equal to 1.0 (Table 4). Therefore, the two

variants are in strong LD.

Table 4 Variants’ haplotypes distribution and linkage disequilibrium

SCA3/MJD Local controls
n=208 n=284
Variant Haplotype r’ D' n r? D'
GC 5(0.012) 3(0.018)
rs14035
GT 114 (0.274) 57 (0.339)
0.9077 ]0.9641| 0.9243 01000
AC 294 (0.707) 108 (0.643)
rs7132224
AT 3(0.007) 0

Data are given as n (absolute value) and frequency. r2 and D’ are coefficients of linkage disequilibrium. Values range from 0 to 1, where

values closer to 1 indicate LD association.
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We then combined the different haplotypes found in the same patient to investigate the effect of both

variants on AO. Strangely, the most prevalent combined haplotypes were AC/AC for the SCA3/MJD group and

AC/GT for the control group (Table 5).

Table 5 Distribution of combined haplotypes

] SCA3/MJD Local controls
Combined Haplotype p value
n =208 n=284
AC/AC 108 (0.519) 33(0.393)
GT/GT 20 (0.096) 7 (0.083)
AC/GT 72 (0.334) 41 (0.488) 017
AC/GC 3(0.014) 1(0.012) '
AC/IAT 3(0.014) 0 (0.000)
GCIGT 2 (0.010) 2 (0.024)

Data are given as n (absolute value) and frequency. Statistical analysis using Fisher’s Exact Test. p< 0.05

Since both variants rs14035 and rs7132224 are in high LD, the investigation regarding their influence

in SCA3/MJD AO was performed using reconstructed haplotypes. Based on the hypothesis that homozygous

individuals for rare variants (GT/GT) might show variability of the expected AO, we compared this combined

haplotype (GT/GT) against the other 5 combined haplotypes found (non-GT/GT group) through mixed model

and linear regression. A high inverse correlation between CAG,, repeat length at ATXN3 and AO was found
(adjusted R?=0.620; p <0.001). For the non-GT/GT group the inverse correlation showed an R* = 0.621, while
GT/GT group had R?= 0.769, enhancing the AO variability explication (Fig. 2).
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Fig. 2 Correlation between age of onset (AO) and CAG,,, repeat length at ATXN3. a Correlation between age of onset (AO)

and CAGg,, repeat length at ATXN3. Circles represent AO of subjects (n=208). Line represents the linear regression model of
AO (R?=0.620). b Linear regression between AO and CAG4,, considering the minor allele of rs14035 and rs7132224 in
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homozygosis (combined haplotype GT/GT). (m) represents GT/GT combined haplotype individuals. (O) represents non-

GT/GT group. Dashed line represents the linear regression model of AO for GT/GT combined haplotype (n = 20; R? =

0.769). Filled line represents the linear regression model of AO for the non-GT/GT group (n = 188; R?= 0.621)

When looking at RAO, patients presenting the combined haplotype GT/GT have, on average, the AO

potentially delayed by 1.8 years from the AO expected, while patients within non-GT/GT group presented, on

average, an advancing on AO by 0.9 years (p=0.089), suggesting that GT/GT combined haplotype is a

potentially protective SCA3/MJD genetic modifier (Table 6).

Table 6 Influence of GT/GT combined haplotype on RAO of SCA3/MJD patients

Combined Haplotype's'132224/1s14035 Mean RAO s p value
RANHOH-GT/GT
-0.88 (-22.13 t0 -9.79) 6.726
=188
! 0.089
RANGT/GT
1.85(-9.78 t0 9.58) 5.980
n=20

RAO stands for residual age at onset, defined as the difference between the AO observed and the AO expected; s Standard deviation. Values

obtained through statistical mixed model. p< 0.05
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4, Discussion

In this work genetic variants rs14035 and rs7132224 were genotyped in a group of SCA3/MJD patients
and influence of these SNPs on AO was assessed. We have also described the frequency of these variants in a
local control group, which is the first reported Brazilian sample. About 62% of the cases have the AO explained
by the CAG expanded length in our sample, percentage among the range of values already described for this
biorepository (Saute and Jardim 2015; Mergener et al. 2020). When comparing variants distribution in patients
and control groups, there were no statistical differences on allelic or genotypic frequencies (0.10>p>0.05).
Nevertheless, whilst SCA3/MJD group showed a higher genotypic frequency for the wild allele in homozygosis,
control group presented in majority a heterozygous pattern (Table 3).

According to the 1000 Genomes Project and GnomAD databases, looking at the both variants
population distribution, the minor allele T at rs14035 has a frequency estimated in 33% in Europeans, 35-36% in
Africans, 19-23% in East Asians, and 28-32% in Americans. This same variant has shown a frequency
distribution of 28% for SCA3/MJD, which is similar to the frequency described in Americans, while the control
group frequency was estimated to be 34%, placing between Europeans and Africans. The frequency of the minor
allele G at rs7132224 was estimated to be 35-36% in Europeans, 35-36% in Africans, 27-32% in East Asian, and
29-33% in Americans. Frequency of this allele in SCA3/MJD patients was estimated in 28%, being between
East Asians and Americans, differently from the control group (Fig. 1). The finding on similarity of the control
group to the European population for both variants might be related to the fact that more than 80% of the
population from South Brazil is descended from Europeans (Ruiz-Linares et al., 2014). However, the similarity
of SCA3/MJD group distributions to American and East Asian populations cannot be addressed by founding
effect, once there are no evidences on migration of these population groups to south Brazil. Hence, our data
suggests that the inferred different allelic distribution for the studied variants between SCA3/MJD and control
groups might be related to the CAG expansion at the ATXN3 gene. Therefore, further studies are required.

PolyQ neuronal intranuclear inclusions (NII) are the SCA3/MJD hallmark, and its nuclear localization
has been considered a neurotoxic factor, which modulates the disease progression (No6brega et al. 2018).
Nevertheless, the complete mechanism on how PolyQ neuronal inclusions might turn into NII remains unclear.
Although research groups have shown some nucleocytoplasmic system components relation with
poliglutaminopathies (Grima et al. 2017; Sowa et al. 2018), related genetic factors were still not completely
explored. Hence, in this work we addressed the effect of two variants in RAN on AO of SCA3/MJD patients, in
order to understand a possible influence of Ran-GTPase system on the disease onset. Following genotyping
assays, LD was found between variants in both patients and control groups, corroborating with other population
research findings (Yates et al. 2020). We then performed haplotype reconstruction in order to analyse both
variants distribution and investigated the influence of combined haplotypes on SCA3/MJD AO, taking into
account CAG,.,. Remarkably, while CAG,,, explains 62% of the cases” AO, considering the potential effect of
GT/GT combined haplotype, the percentage increases to 76%. Moreover, our results suggest GT/GT combined
haplotype as a protective modifier of the disease onset, with a delay of 1.8 years. Given that only 20 individuals
of our sample group had this genetic profile, further survey with larger sample size is required for conclusive
data (Table 5).  Additionally, taking into account the disease frequency, the effect of this rare combined

haplotype in SCA3/MJD patients cannot be ruled out.
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Genetic modifications can interfere in protein function in many ways. rs14035 is located in the
regulatory 3> UTR region of RAN and has being studied as a miRNA biogenesis variant (Horikawa et al. 2008;
Mullany et al. 2016). Some rs14035 genotypes have been related to vascular complications (Kim et al. 2018; Ko
et al. 2019; Wen et al. 2019), recurrent pregnancy loss risk (Jung et al. 2014), and cancer (Li et al. 2020). On the
other hand, variant rs7132224 is located in a TF binding site, and had been related to neuroblastoma (J. Wang et
al. 2018) and Wilms tumor (Huang et al. 2020), despite studies regarding the variant remain scarce. Although
variants are located in different gene regions, both are associated with variability of Ran expression. While
rs14035 is located in a miRNAs binding region and, therefore, may cause changes in gene suppression (Esquela-
Kerscher and Slack 2006), variant rs7132224 is located in an essential gene expression regulation site,
modulating TF bindings. In cases of neurodegenerative diseases such as SCA3/MJD, the presence of
homeostasis disruption (Da Silva et al. 2019) and increased demand on nucleocytoplasmic transport (Seidel et al.
2017) might turn slight variations in Ran expression determinant on the disease progression by variability of NI
formation.

Despite Ran relation to nucleocytoplasmic transport, the protein is also an androgen receptor (AR)
coactivator, known as ARA24 (Bischoff and Ponstingl 1991). Interestingly, ARA24 interaction with PolyQ
chains within AR is variable, lying on the extension of PolyQ length (Hsiao et al. 1999). Therefore, Ran relation
to CAGe,, within the cell in polyglutaminopathies might also vary. Moreover, different frequency on NII
presence relying on huntingtin CAG tract length was demonstrated previously, evidencing a relation between
nucleocytoplasmic transport machinery and PolyQ length (Martindale et al. 1998).

Remarkably, there are still no effective treatments to prevent or to delay neurodegeneration onset in
SCA3/MJD (Da Silva et al. 2019). Although the increasing data regarding SCA3 pathophysiology, few is known
about NII influence in disease severity and, accordingly, no related molecule has been targeted as a therapeutic
compound to date. The complete cellular mechanisms and the key factors that lead to neurodegeneration in
SCA3/MJD need to be elucidated in order to offer novel and effective treatment approaches.

In summary, we have firstly described rs14035 and rs7132224 allelic and genotypic frequencies in a
SCA3/MJID group as well as shown LD between variants in this specific population through haplotype
reconstruction. Our data suggests different variant genotypic distributions among patients and control groups,
which require further investigation for enlightenment. Finally, a delay of 1.8 years in AO was observed in
SCA3/MJD patients carrying the combined haplotype GT/GT, suggesting a protective effect. Therefore, our data
strengths the hypothesis that nucleocytoplasmic transport processes might affect the onset of SCA3/MJD,

suggesting that variants in RAN might play a role as genetic modifiers in this disease.
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® 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
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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.
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,"Al, A2, A3,
etc." Figures in online appendices (Electronic Supplementary Material) 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.
® [or 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.
® [or 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
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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

Electronic Supplementary Material

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 electronic supplementary material, 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

® |tis 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

(T

(Online Resource 3)", “... additional data are given in Online Resource 4”.

® Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.
Captions
® [or each supplementary material, please supply a concise caption describing the content of
the file.
Processing of supplementary files

® Electronic supplementary material 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)

English Language Editing

For editors and reviewers to accurately assess the work presented in your manuscript you need to
ensure the English language is of sufficient quality to be understood. If you need help with writing in
English you should consider:

® Asking a colleague who is a native English speaker to review your manuscript for clarity.

® Visiting the English language tutorial which covers the common mistakes when writing in
English.

® Using a professional language editing service where editors will improve the English to

ensure that your meaning is clear and identify problems that require your review. Two such
services are provided by our affiliates Nature Research Editing Service and American
Journal Experts. Springer authors are entitled to a 10% discount on their first submission to
either of these services, simply follow the links below.

English language tutorial

Nature Research Editing Service

American Journal Experts

Please note that the use of a language editing service is not a requirement for publication in this

journal and does not imply or guarantee that the article will be selected for peer review or accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal style

before publication.

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.
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® 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’).

® 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.
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.
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® 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
a link 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.

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.
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* Based on/adapted from:
ICMJE, Defining the Role of Authors and Contributors,
Transparency in authors’ contributions and responsibilities to promote integrity in scientific

publication, McNultt 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 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.
Example: CRediT taxonomy:
* Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis and
investigation: [full name], ...; Writing - original draft preparation: [full name, ...]; Writing - review
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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

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
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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

® [nformed 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.

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
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(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.

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
No[...].
® 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.

® 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 0.
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.

38



® 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.

Research involving human participants, their data or biological material

Ethics approval

When reporting a study that involved human participants, their data or biological material, authors
should include a statement that confirms that the study was approved (or granted exemption) by the
appropriate institutional and/or national research ethics committee (including the name of the ethics
committee) and certify that the study was performed in accordance with the ethical standards as laid
down in the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards.
If doubt exists whether the research was conducted in accordance with the 1964 Helsinki Declaration
or comparable standards, the authors must explain the reasons for their approach, and demonstrate
that an independent ethics committee or institutional review board explicitly approved the doubtful
aspects of the study. If a study was granted exemption from requiring ethics approval, this should
also be detailed in the manuscript (including the reasons for the exemption).

Retrospective ethics approval

If a study has not been granted ethics committee approval prior to commencing, retrospective ethics
approval usually cannot be obtained and it may not be possible to consider the manuscript for peer
review. The decision on whether to proceed to peer review in such cases is at the Editor's discretion.

Ethics approval for retrospective studies

Although retrospective studies are conducted on already available data or biological material (for
which formal consent may not be needed or is difficult to obtain) ethics approval may be required
dependent on the law and the national ethical guidelines of a country. Authors should check with
their institution to make sure they are complying with the specific requirements of their country.

Ethics approval for case studies

Case reports require ethics approval. Most institutions will have specific policies on this subject.
Authors should check with their institution to make sure they are complying with the specific
requirements of their institution and seek ethics approval where needed. Authors should be aware to
secure informed consent from the individual (or parent or guardian if the participant is a minor or
incapable) See also section on Informed Consent.

Cell lines

If human cells are used, authors must declare in the manuscript: what cell lines were used by
describing the source of the cell line, including when and from where it was obtained, whether the
cell line has recently been authenticated and by what method. If cells were bought from a life science
company the following need to be given in the manuscript: name of company (that provided the
cells), cell type, number of cell line, and batch of cells.

It is recommended that authors check the NCBI database for misidentification and contamination of
human cell lines. This step will alert authors to possible problems with the cell line and may save
considerable time and effort.

Further information is available from the International Cell Line Authentication Committee
(ICLAC).
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Authors should include a statement that confirms that an institutional or independent ethics
committee (including the name of the ethics committee) approved the study and that informed
consent was obtained from the donor or next of kin.

Research Resource Identifiers (RRID)

Research Resource Identifiers (RRID) are persistent unique identifiers (effectively similar to a DOI)
for research resources. This journal encourages authors to adopt RRIDs when reporting key
biological resources (antibodies, cell lines, model organisms and tools) in their manuscripts.
Examples:

Organism: Filipltmla(KOMP)Wtsi RRID:MMRRC_055641-UCD

Cell Line: RST307 cell line RRID:CVCL_C321

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109

Plasmid: mRuby3 plasmid RRID:Addgene 104005

Software: ImageJ Version 1.2.4 RRID:SCR_003070

RRIDs are provided by the Resource Identification Portal. Many commonly used research resources
already have designated RRIDs. The portal also provides authors links so that they can quickly
register a new resource and obtain an RRID.

Clinical Trial Registration

The World Health Organization (WHO) definition of a clinical trial is "any research study that
prospectively assigns human participants or groups of humans to one or more health-related
interventions to evaluate the effects on health outcomes™. The WHO defines health interventions as
“A health intervention is an act performed for, with or on behalf of a person or population whose
purpose is to assess, improve, maintain, promote or modify health, functioning or health conditions”
and a health-related outcome is generally defined as a change in the health of a person or population
as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors must register prospective
clinical trials (phase Il to IV trials) in suitable publicly available repositories. For example
www.clinicaltrials.gov or any of the primary registries that participate in the WHO International
Clinical Trials Registry Platform.

The trial registration number (TRN) and date of registration should be included as the last line of the
manuscript abstract.

For clinical trials that have not been registered prospectively, authors are encouraged to register
retrospectively to ensure the complete publication of all results. The trial registration number (TRN),
date of registration and the words 'retrospectively registered’ should be included as the last line of
the manuscript abstract.

Purely observational trials will not require registration.

Standards of reporting

Springer Nature advocates complete and transparent reporting of biomedical and biological research
and research with biological applications. Authors are recommended to adhere to the minimum
reporting guidelines hosted by the EQUATOR Network when preparing their manuscript.

Exact requirements may vary depending on the journal; please refer to the journal’s Instructions for
Authors.

Checklists are available for a number of study designs, including:

Randomised trials (CONSORT) and Study protocols (SPIRIT)

Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)

Diagnostic/prognostic studies (STARD) and (TRIPOD)

Case reports (CARE)

Clinical practice guidelines (AGREE) and (RIGHT)

Qualitative research (SRQR) and (COREQ)

Animal pre-clinical studies (ARRIVE)



https://scicrunch.org/resources
https://scicrunch.org/resources/about/resource
http://www.clinicaltrials.gov/
http://www.who.int/ictrp/network/primary/en/
http://www.who.int/ictrp/network/primary/en/
http://www.equator-network.org/
http://www.equator-network.org/reporting-guidelines/consort/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/strobe/
http://www.equator-network.org/reporting-guidelines/prisma/
http://www.equator-network.org/reporting-guidelines/prisma-protocols/
http://www.equator-network.org/reporting-guidelines/stard/
http://www.equator-network.org/reporting-guidelines/tripod-statement/
http://www.equator-network.org/reporting-guidelines/care/
http://www.equator-network.org/reporting-guidelines/the-agree-reporting-checklist-a-tool-to-improve-reporting-of-clinical-practice-guidelines/
http://www.equator-network.org/reporting-guidelines/right-statement/
http://www.equator-network.org/reporting-guidelines/srqr/
http://www.equator-network.org/reporting-guidelines/coreq/
http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-reporting-the-arrive-guidelines-for-reporting-animal-research/

Quality improvement studies (SQUIRE)
Economic evaluations (CHEERS)

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 ‘Ethics approval’.

Examples of statements to be used when ethics approval has been obtained:

 All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards. The study was approved by
the Bioethics Committee of the Medical University of A (No. ...).

* This study was performed in line with the principles of the Declaration of Helsinki. Approval was
granted by the Ethics Committee of University B (Date.../No. ...).

» Approval was obtained from the ethics committee of University C. The procedures used in this
study adhere to the tenets of the Declaration of Helsinki.

* The questionnaire and methodology for this study was approved by the Human Research Ethics
committee of the University of D (Ethics approval number: ...).

Examples of statements to be used for a retrospective study:

* Ethical approval was waived by the local Ethics Committee of University A in view of the
retrospective nature of the study and all the procedures being performed were part of the routine
care.

* This research study was conducted retrospectively from data obtained for clinical purposes. We
consulted extensively with the IRB of XYZ who determined that our study did not need ethical
approval. An IRB official waiver of ethical approval was granted from the IRB of XYZ.

» This retrospective chart review study involving human participants was in accordance with the
ethical standards of the institutional and national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards. The Human Investigation
Committee (IRB) of University B approved this study.

Examples of statements to be used when no ethical approval is required/exemption granted:

* This is an observational study. The XYZ Research Ethics Committee has confirmed that no ethical
approval is required.

* The data reproduced from Article X utilized human tissue that was procured via our Biobank AB,
which provides de-identified samples. This study was reviewed and deemed exempt by our XYZ
Institutional Review Board. The BioBank protocols are in accordance with the ethical standards of
our institution and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards.

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.

Informed consent

All individuals have individual rights that are not to be infringed. Individual participants in studies
have, for example, the right to decide what happens to the (identifiable) personal data gathered, to
what they have said during a study or an interview, as well as to any photograph that was taken. This
is especially true concerning images of vulnerable people (e.g. minors, patients, refugees, etc) or the
use of images in sensitive contexts. In many instances authors will need to secure written consent
before including images.

Identifying details (names, dates of birth, identity numbers, biometrical characteristics (such as facial
features, fingerprint, writing style, voice pattern, DNA or other distinguishing characteristic) and
other information) of the participants that were studied should not be published in written
descriptions, photographs, and genetic profiles unless the information is essential for scholarly
purposes and the participant (or parent/guardian if the participant is a minor or incapable or legal
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representative) gave written informed consent for publication. Complete anonymity is difficult to
achieve in some cases. Detailed descriptions of individual participants, whether of their whole
bodies or of body sections, may lead to disclosure of their identity. Under certain circumstances
consent is not required as long as information is anonymized and the submission does not include
images that may identify the person.

Informed consent for publication should be obtained if there is any doubt. For example, masking the
eye region in photographs of participants is inadequate protection of anonymity. If identifying
characteristics are altered to protect anonymity, such as in genetic profiles, authors should provide
assurance that alterations do not distort meaning.

Exceptions where it is not necessary to obtain consent:

* Images such as x rays, laparoscopic images, ultrasound images, brain scans, pathology slides unless
there is a concern about identifying information in which case, authors should ensure that consent is
obtained.

* Reuse of images: If images are being reused from prior publications, the Publisher will assume that
the prior publication obtained the relevant information regarding consent. Authors should provide
the appropriate attribution for republished images.

Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients, they (family or guardian if
the deceased has not made a pre-mortem decision) must have given prior written consent. The aspect
of confidentiality as well as any wishes from the deceased should be respected.

Data protection, confidentiality and privacy

When biological material is donated for or data is generated as part of a research project authors
should ensure, as part of the informed consent procedure, that the participants are made aware what
kind of (personal) data will be processed, how it will be used and for what purpose. In case of data
acquired via a biobank/biorepository, it is possible they apply a broad consent which allows research
participants to consent to a broad range of uses of their data and samples which is regarded by
research ethics committees as specific enough to be considered “informed”. However, authors
should always check the specific biobank/biorepository policies or any other type of data provider
policies (in case of non-bio research) to be sure that this is the case.

Consent to Participate

For all research involving human subjects, freely-given, informed consent to participate in the study
must be obtained from participants (or their parent or legal guardian in the case of children under 16)
and a statement to this effect should appear in the manuscript. In the case of articles describing
human transplantation studies, authors must include a statement declaring that no organs/tissues
were obtained from prisoners and must also hame the institution(s)/clinic(s)/department(s) via which
organs/tissues were obtained. For manuscripts reporting studies involving vulnerable groups where
there is the potential for coercion or where consent may not have been fully informed, extra care will
be taken by the editor and may be referred to the Springer Nature Research Integrity Group.

Consent to Publish

Individuals may consent to participate in a study, but object to having their data published in a
journal article. Authors should make sure to also seek consent from individuals to publish their data
prior to submitting their paper to a journal. This is in particular applicable to case studies. A consent
to publish form can be found here. (Download docx, 36 kB)

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 ‘Consent to participate’ and/or ‘Consent to publish’. Other
declarations include Funding, Conflicts of interest/competing interests, Ethics approval, Consent,
Data and/or Code availability and Authors’ contribution statements.
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Please see the various examples of wording below and revise/customize the sample statements
according to your own needs.

Sample statements for "Consent to participate™:

Informed consent was obtained from all individual participants included in the study.

Informed consent was obtained from legal guardians.

Written informed consent was obtained from the parents.

Verbal informed consent was obtained prior to the interview.

Sample statements for “Consent to publish”:

The authors affirm that human research participants provided informed consent for publication of the
images in Figure(s) 1a, 1b and 1c.

The participant has consented to the submission of the case report to the journal.

Patients signed informed consent regarding publishing their data and photographs.

Sample statements if identifying information about participants is available in the article:

Additional informed consent was obtained from all individual participants for whom identifying
information is included 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.

Images will be removed from publication if authors have not obtained informed consent or the paper
may be removed and replaced with a notice explaining the reason for removal.

After acceptance

Upon acceptance of your article you will receive a link to the special Author Query Application at
Springer’s web page where you can sign the Copyright Transfer Statement online and indicate
whether you wish to order OpenChoice, offprints, or printing of figures in color.

Once the Author Query Application has been completed, your article will be processed and you will
receive the proofs.

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher
exclusive publication and dissemination rights). This will ensure the widest possible protection and
dissemination of information under copyright laws.

Offprints
Offprints can be ordered by the corresponding author.

Color illustrations
Online publication of color illustrations is free of charge. For color in the print version, authors will
be expected to make a contribution towards the extra costs.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness and
accuracy of the text, tables and figures. Substantial changes in content, e.g., new results, corrected
values, title and authorship, are not allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will be
hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first
publication citable with the DOI. After release of the printed version, the paper can also be cited by
issue and page numbers.
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Open Choice
Open Choice allows you to publish open access in more than 1850 Springer Nature journals, making
your research more visible and accessible immediately on publication.
Article processing charges (APCs) vary by journal — view the full list
Benefits:
® Increased researcher engagement: Open Choice enables access by anyone with an internet
connection, immediately on publication.
® Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4 times
more often on average, and cited 1.7 more times on average*.

® FEasy compliance with funder and institutional mandates: Many funders require open access
publishing, and some take compliance into account when assessing future grant
applications.
It is easy to find funding to support open access — please see our funding and support pages for more
information.
*) Within the first three years of publication. Springer Nature hybrid journal OA impact analysis,
2018.
Open Choice
Funding and Support pages
Copyright and license term — CC BY
Open Choice articles do not require transfer of copyright as the copyright remains with the author. In
opting for open access, the author(s) agree to publish the article under the Creative Commons
Attribution License.
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