




28 

 

pp. 1671–1678. 

Hauser, R. M., Henshall, D. C. and Lubin, F. D. (2018) ‘The Epigenetics of Epilepsy and Its 

Progression’, The Neuroscientist, 24(2), pp. 186–200. 

Heisler, J. et al. (2014) ‘Morphological Effects of Natural Products on Schizosaccharomyces 

pombe Measured by Imaging Flow Cytometry’, Natural Products Bioprosp, 4(1), pp. 27–35. 

Hillenmeyer, M. E. et al. (2008) ‘The Chemical Genomic Portrait of Yeast: Uncovering a 

Phenotype for All Genes’, Science, pp. 362–365. doi: 10.1126/science.1150021. 

Hirota, K. et al. (2008) ‘Stepwise chromatin remodelling by a cascade of transcription initiation of 

non-coding RNAs’, Nature, 456(7218), pp. 130–134. 

Hoffman, C. S. and Winston, F. (1990) ‘Isolation and characterization of mutants constitutive for 

expression of the fbp1 gene of Schizosaccharomyces pombe’, Genetics, 124(4), pp. 807–

816. 

Hon, C.-C. et al. (2017) ‘An atlas of human long non-coding RNAs with accurate 5’ ends’, 

Nature, 543(7644), pp. 199–204. 

Jeffares, D. C. et al. (2015) ‘The genomic and phenotypic diversity of Schizosaccharomyces 

pombe’, Nat Genet, 47(3), pp. 235–241. 

Joung, J. et al. (2017) ‘Genome-scale activation screen identifies a lncRNA locus regulating a 

gene neighbourhood’, Nature, 548(7667), pp. 343–346. 

Kamrad, S., Rodríguez-López, M., et al. (2020) ‘, a python toolbox for assessing microbial 

growth and cell viability in high-throughput colony screens’, eLife, 9. doi: 

10.7554/eLife.55160. 

Kamrad, S., Grossbach, J., et al. (2020) ‘Pyruvate kinase variant of fission yeast tunes carbon 

metabolism, cell regulation, growth and stress resistance’, Mol Syst Biol, 16(4), p. e9270. 

Kamrad, S., Bähler, J. and Ralser, M. (2021) ‘High-throughput, high-precision colony 

phenotyping with pyphe’, Research Square. doi: 10.21203/rs.3.rs-401914/v1. 

Kim, D.-U. et al. (2010) ‘Analysis of a genome-wide set of gene deletions in the fission yeast 

Schizosaccharomyces pombe’, Nat Biotechnol, 28(6), pp. 617–623. 

Kim, J. et al. (2016) ‘Long noncoding RNAs in diseases of aging’, Biochimica Biophysica Acta, 

1859(1), pp. 209–221. 

Knutsen, J. H. J. et al. (2011) ‘Cell-cycle analysis of fission yeast cells by flow cytometry’, PLoS 

ONE, 6(2), p. e17175. 

Kopp, F. and Mendell, J. T. (2018) ‘Functional Classification and Experimental Dissection of 

Long Noncoding RNAs’, Cell, 172(3), pp. 393–407. 

Kumar, V. et al. (2013) ‘Human disease-associated genetic variation impacts large intergenic 

.CC-BY 4.0 International licenseavailable under a 
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 1, 2021. ; https://doi.org/10.1101/2021.06.30.450572doi: bioRxiv preprint 

https://doi.org/10.1101/2021.06.30.450572
http://creativecommons.org/licenses/by/4.0/


29 

 

non-coding RNA expression’, PLoS Genet, 9(1), p. e1003201. 

Leong, H. S. et al. (2014) ‘A global non-coding RNA system modulates fission yeast protein 

levels in response to stress’, Nat Commun, 5, p. 3947. 

Lie, S. et al. (2018) ‘The contribution of non-essential Schizosaccharomyces pombe genes to 

fitness in response to altered nutrient supply and target of rapamycin activity’, Open Biol , p. 

180015. doi: 10.1098/rsob.180015. 

Lin, N. et al. (2014) ‘An evolutionarily conserved long noncoding RNA TUNA controls 

pluripotency and neural lineage commitment’, Mol Cell, 53(6), pp. 1005–1019. 

Liu, S. J. et al. (2017) ‘CRISPRi-based genome-scale identification of functional long noncoding 

RNA loci in human cells’, Science, 355(6320). doi: 10.1126/science.aah7111. 

Lock, A. et al. (2019) ‘PomBase 2018: user-driven reimplementation of the fission yeast 

database provides rapid and intuitive access to diverse, interconnected information’, 

Nucleic Acids Res, 47(D1), pp. D821–D827. 

López-Maury, L., Marguerat, S. and Bähler, J. (2008) ‘Tuning gene expression to changing 

environments: from rapid responses to evolutionary adaptation’, Nature Rev Genet, 9(8), 

pp. 583–593. 

Malecki, M. and Bähler, J. (2016) ‘Identifying genes required for respiratory growth of fission 

yeast’, Wellcome Open Res, 1, p. 12. 

Marguerat, S. et al. (2012) ‘Quantitative analysis of fission yeast transcriptomes and proteomes 

in proliferating and quiescent cells’, Cell, 151(3), pp. 671–683. 

Maundrell, K. (1993) ‘Thiamine-repressible expression vectors pREP and pRIP for fission 

yeast’, Gene, pp. 127–130. doi: 10.1016/0378-1119(93)90551-d. 

Moreno, M. B., Durán, A. and Ribas, J. C. (2000) ‘A family of multifunctional thiamine-

repressible expression vectors for fission yeast’, Yeast , 16(9), pp. 861–872. 

Moriya, H. (2015) ‘Quantitative nature of overexpression experiments’, Mol Biol Cell, 26(22), pp. 

3932–3939. 

Morris, J. H. et al. (2011) ‘clusterMaker: a multi-algorithm clustering plugin for Cytoscape’, BMC 

Bioinformatics, 12, p. 436. 

Nurse, P. and Hayles, J. (2019) ‘Using genetics to understand biology’, Heredity, pp. 4–13. doi: 

10.1038/s41437-019-0209-z. 

Oda, A. et al. (2015) ‘Dynamic transition of transcription and chromatin landscape during fission 

yeast adaptation to glucose starvation’, Genes Cells, 20(5), pp. 392–407. 

Parker, S. et al. (2018) ‘Large-scale profiling of noncoding RNA function in yeast’, PLoS Genet, 

14(3), p. e1007253. 

.CC-BY 4.0 International licenseavailable under a 
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 1, 2021. ; https://doi.org/10.1101/2021.06.30.450572doi: bioRxiv preprint 

https://doi.org/10.1101/2021.06.30.450572
http://creativecommons.org/licenses/by/4.0/


30 

 

Pauli, A. et al. (2012) ‘Systematic identification of long noncoding RNAs expressed during 

zebrafish embryogenesis’, Genome Res, 22(3), pp. 577–591. 

Popadin, K. et al. (2013) ‘Genetic and epigenetic regulation of human lincRNA gene 

expression’, Amer J Human Genet, 93(6), pp. 1015–1026. 

Prelich, G. (2012) ‘Gene overexpression: uses, mechanisms, and interpretation’, Genetics, 

190(3), pp. 841–854. 

Rallis, C. et al. (2014) ‘Systematic screen for mutants resistant to TORC1 inhibition in fission 

yeast reveals genes involved in cellular ageing and growth’, Biol Open, 3(2), pp. 161–171. 

Rallis, C. and Bähler, J. (2016) ‘Cell-based screens and phenomics with fission yeast’, Critical 

Rev Biochem Mol Biol, pp. 86–95. doi: 10.3109/10409238.2015.1103205. 

Rallis, C., Codlin, S. and Bähler, J. (2013) ‘TORC1 signaling inhibition by rapamycin and 

caffeine affect lifespan, global gene expression, and cell proliferation of fission yeast’, Aging 

Cell, pp. 563–573. doi: 10.1111/acel.12080. 

Rhind, N. et al. (2011) ‘Comparative functional genomics of the fission yeasts’, Science, 

332(6032), pp. 930–936. 

Rinn, J. L. and Chang, H. Y. (2012) ‘Genome Regulation by Long Noncoding RNAs’, Annu Rev 

Biochem, pp. 145–166. doi: 10.1146/annurev-biochem-051410-092902. 

Rodríguez-López, M. et al. (2016) ‘A CRISPR/Cas9-based method and primer design tool for 

seamless genome editing in fission yeast’, Wellcome Open Res, 1, p. 19. 

Rodríguez-López, M. et al. (2020) ‘The GATA Transcription Factor Gaf1 Represses tRNAs, 

Inhibits Growth, and Extends Chronological Lifespan Downstream of Fission Yeast 

TORC1’, Cell Rep, 30(10), pp. 3240–3249.e4. 

Schlackow, M. et al. (2017) ‘Distinctive Patterns of Transcription and RNA Processing for 

Human lincRNAs’, Mol Cell, 65(1), pp. 25–38. 

Schwer, B. et al. (2017) ‘Defining the DNA Binding Site Recognized by the Fission Yeast Zn 2 

Cys 6 Transcription Factor Pho7 and Its Role in Phosphate Homeostasis’, mBio. doi: 

10.1128/mbio.01218-17. 

Shah, S. et al. (2014) ‘lncRNA recruits RNAi and the exosome to dynamically regulate pho1 

expression in response to phosphate levels in fission yeast’, Genes & Dev, 28(3), pp. 231–

244. 

Shannon, P. et al. (2003) ‘Cytoscape: a software environment for integrated models of 

biomolecular interaction networks’, Genome research, 13(11), pp. 2498–2504. 

Siam, R., Dolan, W. P. and Forsburg, S. L. (2004) ‘Choosing and using Schizosaccharomyces 

pombe plasmids’, Methods , 33(3), pp. 189–198. 

.CC-BY 4.0 International licenseavailable under a 
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 1, 2021. ; https://doi.org/10.1101/2021.06.30.450572doi: bioRxiv preprint 

https://doi.org/10.1101/2021.06.30.450572
http://creativecommons.org/licenses/by/4.0/


31 

 

Sideri, T. et al. (2014) ‘Parallel profiling of fission yeast deletion mutants for proliferation and for 

lifespan during long-term quiescence’, G3, 5(1), pp. 145–155. 

Tanaka, N. et al. (1998) ‘Isolation and characterization of an invertase and its repressor genes 

from Schizosaccharomyces pombe’, Biochem Biophys Res Commun, 245(1), pp. 246–253. 

Touat-Todeschini, L. et al. (2017) ‘Selective termination of lncRNA transcription promotes 

heterochromatin silencing and cell differentiation’, EMBO J, 36(17), pp. 2626–2641. 

Tuck, A. C. et al. (2018) ‘Distinctive features of lincRNA gene expression suggest widespread 

RNA-independent functions’, Life Sci Alliance, 1(4), p. e201800124. 

Ulitsky, I. (2016) ‘Evolution to the rescue: using comparative genomics to understand long non-

coding RNAs’, Nature Rev Genet, 17(10), pp. 601–614. 

Ulitsky, I. and Bartel, D. P. (2013) ‘lincRNAs: genomics, evolution, and mechanisms’, Cell, 

154(1), pp. 26–46. 

Vachon, L. et al. (2013) ‘Functional characterization of fission yeast transcription factors by 

overexpression analysis’, Genetics, 194(4), pp. 873–884. 

Van Treeck, B. et al. (2018) ‘RNA self-assembly contributes to stress granule formation and 

defining the stress granule transcriptome’, Proc Natl Acad Sci, 115(11), pp. 2734–2739. 

Vassiliadis, D. et al. (2019) ‘A genome-wide analysis of carbon catabolite repression in 

Schizosaccharomyces pombe’, BMC Genom, 20(1), p. 251. 

Virtanen, P. et al. (2020) ‘SciPy 1.0: fundamental algorithms for scientific computing in Python’, 

Nature Methods, 17(3), pp. 261–272. 

Wagih, O. and Parts, L. (2014) ‘gitter: a robust and accurate method for quantification of colony 

sizes from plate images’, G3, 4(3), pp. 547–552. 

Watanabe, Y. and Yamamoto, M. (1994) ‘S. pombe mei2+ encodes an RNA-binding protein 

essential for premeiotic DNA synthesis and meiosis I, which cooperates with a novel RNA 

species meiRNA’, Cell, 78(3), pp. 487–498. 

Wei, S. et al. (2019) ‘Systematic evaluation of C. elegans lincRNAs with CRISPR knockout 

mutants’, Genome Biol, 20(1), p. 7. 

Wilhelm, B. T. et al. (2008) ‘Dynamic repertoire of a eukaryotic transcriptome surveyed at 

single-nucleotide resolution’, Nature, 453(7199), pp. 1239–1243. 

Wood, V. et al. (2019) ‘Hidden in plain sight: what remains to be discovered in the eukaryotic 

proteome?’, Open Biol, 9(2), p. 180241. 

Yague-Sanz, C. et al. (2020) ‘Nutrient-dependent control of RNA polymerase II elongation rate 

regulates specific gene expression programs by alternative polyadenylation’, Genes & Dev, 

34(13-14). doi: 10.1101/gad.337212.120. 

.CC-BY 4.0 International licenseavailable under a 
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 1, 2021. ; https://doi.org/10.1101/2021.06.30.450572doi: bioRxiv preprint 

https://doi.org/10.1101/2021.06.30.450572
http://creativecommons.org/licenses/by/4.0/


32 

 

Yamashita, A. (2019) ‘meiRNA, A Polyvalent Player in Fission Yeast Meiosis’, Non-coding RNA, 

5(3). doi: 10.3390/ncrna5030045. 

Yamashita, A., Shichino, Y. and Yamamoto, M. (2016) ‘The long non-coding RNA world in 

yeasts’, Biochim Biophys Acta, 1859(1), pp. 147–154. 

Yildirim, E. et al. (2013) ‘Xist RNA is a potent suppressor of hematologic cancer in mice’, Cell, 

152(4), pp. 727–742. 

Yoshikawa, K. et al. (2011) ‘Comprehensive phenotypic analysis of single-gene deletion and 

overexpression strains of Saccharomyces cerevisiae’, Yeast , 28(5), pp. 349–361. 

Zhou, Y. et al. (2015) ‘The fission yeast MTREC complex targets CUTs and unspliced pre-

mRNAs to the nuclear exosome’, Nat Commun, 6, p. 7050. 

  

.CC-BY 4.0 International licenseavailable under a 
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 1, 2021. ; https://doi.org/10.1101/2021.06.30.450572doi: bioRxiv preprint 

https://doi.org/10.1101/2021.06.30.450572
http://creativecommons.org/licenses/by/4.0/


33 

 

FIGURE LEGENDS 

 

Figure 1: Phenomics assays of lincRNA mutants.   

(A) Representation of all non-coding RNAs across the three S. pombe chromosomes (Atkinson 

et al., 2018). LincRNAs analysed in this study are coloured in red (if they showed no 

phenotypes) or purple (if they showed phenotypes in at least one condition when deleted).   

(B) Schematic overview of experimental design and workflow for phenotyping and data 

analyses.  

(C) Colony size (growth) and redness (viability) provide orthogonal readouts with strong 

biological signals. These two readouts are not correlated (rPearson= -0.022). Both methods are 

highly reproducible with overall coefficients of variation of 0.050 and 0.007 for size and redness, 

respectively (based on 3514 wild-type control colonies across all plates). The lower relative 

distribution spreads of control values (wild-type vs entire dataset) indicates a strong biological 

signal. Fractions of unexplained variance were 0.56 for size and 0.40 for redness. 

 

Figure 2.  Colony growth and viability of deletion mutants in benign conditions.           

(A) Volcano plot for colony size of lincRNA mutants (green) and coding-gene mutants (grey) 

growing in rich medium (top graph) and minimal medium (bottom graph). The dashed lines 

show the significance thresholds. Strains with lower fitness (smaller colonies) are <0 on the x-

axis, and those with higher fitness are >0. We applied a significance threshold of 0.05 after 

Benjamini-Hochberg correction for multiple testing and a difference in fitness of 

abs(log2(mutant/wild type))>log2(0.05) to call hits based on colony size; this difference is similar 

to the median coefficient of variation (CV).                 

(B) Volcano plot for colony viability (phloxine B redness score) of lincRNA mutants (green) and 

coding-gene mutants (grey) growing in rich medium (top graph) and minimal medium (bottom 

graph). The dashed lines show the significance thresholds. Strains showing lower fitness 

(redder colonies) are above zero on the x-axis, and those with higher fitness are below zero. We 

determined quantitative redness scores and applied a significance threshold of 0.05 after 

Benjamini-Hochberg correction for multiple testing and an effect size threshold of 

abs(log2(mutant/wild-type))>log2(0.015) to identify colonies that are more or less red than wild-

type colonies. The labels indicate the identity of the significant lincRNA genes. 
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Figure 3. Cell-size and cell-cycle traits of lincRNA mutants.   

(A) LincRNA deletion mutants showing ≥5% difference in median cell size (pWilcoxon <0.05), 

compared to wild-type (wt) cells and the conditional cell-size mutants wee1-50 and cdc10-129, 

captured at 60 min after release to permissive temperature. The sizes of bi-nucleated cells were 

measured in 63 microscope fields using high-throughput microscopy.   

(B) Representative cells from (A), with bi-nucleated cells in red.   

(C) Plot of cell growth vs cell length of bi-nucleated cells for all lincRNA mutants analyzed here. 

The data on log2 growth of mutant relative to wild-type cells in rich medium are from the colony-

based screen (Figure 2A). The length data of bi-nucleated cells grown in rich medium are from 

the high-throughput microscopy (A).   

(D) lincRNA deletion mutants showing ≥20% difference in percentage of bi-nucleated cells 

(pWilcoxon <0.05) compared to wt cells as in (A). The median proportion of bi-nucleated cells was 

quantified from the proportion of bi-nucleated cells in each microscope field, captured for each 

lincRNA mutant using high-throughput microscopy.   

 

Figure 4. Colony growth and viability of deletion mutants in diverse conditions.           

(A) Distributions of significant hits per mutant (left) or per condition (right) for lincRNA mutants 

with altered colony growth (blue) or viability (orange).   

(B) Plot showing the number of growth-phenotype hits agreeing or disagreeing between 

independently generated lincRNA mutants.   

(C) Distributions of significant hits per mutant (left) or per condition (right) for coding-gene 

mutants with altered colony growth (blue) or viability (orange).   

(D) Top Venn diagram: numbers of lincRNA mutants that showed a phenotype for both colony 

growth (big or small) and viability (red or white, with red colonies having lower viability) in 67 

conditions. Bottom Venn diagram: numbers of coding-gene mutants showing a phenotype for 

both colony growth and viability in 67 conditions.   
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Figure 5. Functional signatures in lincRNA phenotype profiles.   

(A)  Hierarchical clustering of discretized data for 16 lincRNA mutants (green) and 178 coding-

gene mutants (grey), as indicated above the columns. Clustering was limited to the core 

conditions where phenotypes for all mutants were available, including growth phenotypes 

(brown) and viability phenotypes (purple), as indicated to the right of rows. Only mutants with at 

least five hits across the 41 conditions are shown. Resistant (dark red) and sensitive (dark blue) 

phenotypes are indicated for corresponding mutant-condition combinations. Hierarchical 

clustering of both mutants and conditions was performed with the Ward method using Euclidean 

distances. Based on the dendrogram, the genes were divided into 3 clusters indicated in 

different colours (top row). A detailed version of this cluster specifying the conditions and 

mutants is provided in Supplemental Figure 6C.   

(B) Cytoscape gene network representing phenotype correlations between lincRNA and coding-

gene mutants. Yellow and blue edges show positive and negative phenotype correlations, 

respectively. The lincRNAs are shown in green and the protein-coding genes in grey, including 

a pink border if their function is unknown. Clusters discussed in the main text are highlighted in 

color. 

 

Figure 6. Growth phenotypes of lincRNA overexpression mutants in different conditions. 

(A) Distributions of significant phenotype hits per strain (left) and condition (right) for lincRNA 

overexpression strains with altered growth under benign and stress conditions. Overall, 113 

overexpression strains were phenotyped under 47 different conditions, based on 31 distinct 

environmental factors. We applied a significance threshold of p ≤0.01, after correction for 

multiple testing, and a difference in fitness of ≥5% to call hits based on colony size.   

(B) Hierarchical clustering of discretized relative log2 median effect sizes for lincRNA 

overexpression strains (rows), using only the strains and conditions with at least 5 hits (59 

mutants, 29 conditions). Resistant (red) and sensitive (blue) phenotypes are indicated for strain-

condition combinations. The sub-cluster highlighted in red is discussed in the main text.   

(C) Comparison of phenotype data from lincRNA deletion vs overexpression mutants. Plot 

showing maximum median effect sizes for 104 lincRNA mutants represented in both deletion 

and overexpression libraries, phenotyped under 22 shared conditions. The pairwise Pearson 

correlation coefficient is indicated. To aid visualization, ten extreme outliers were removed out of 

2288 data points.   
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Media Heavy metals 

YES Cobalt(II) chloride 

EMM Cadmium chloride 

Temperature Protein damage/stress/ synthesis/ protease inhibition 

32°C Tunicamycin 

25°C Cycloheximide 

Ageing Brefeldin A 

1 day Benzamidine 

7 days Bortezomib 

Nutrients DNA damage 

Canavanine A (arginine starvation) Bleomycin 

3-Amino-1,2,4-triazole (3-AT) for histidine starvation UV light 

Proline as nitrogen source Methyl methanesulfonate (MMS) 

Arginine as nitrogen source Nucleic acid metabolism 

glutamine as nitrogen source Hydroxyurea (HU) 

Glycerol as carbon source Formamide 

Galactose as carbon source HDAC inhibitors 

Xylose as carbon source Valproic Acid 

Sorbitol as carbon source Dihydrocoumarin 

0.1% glucose as carbon source Trichostatin A 

0.5% glucose as carbon source TOR-signalling 

1% glucose as carbon source Torin1 

3% glucose as carbon source Rapamycin 

Chelating Agents Other drugs 

EDTA Caffeine 

EGTA Cysteine 

2.,2'-dipyridyl (iron chelator) Methionine 

Osmotic Stress Sodium orthovanadate 

Sodium Chloride Ethanol 

Potassium Chloride Tea tree oil 

Lithium Chloride Phloxine B 

Cell wall/ membrane integrity Stress Antimycin A 

SDS Combinations of chemicals 

Calcofluor KCl + SDS 

Oxidative stress NaCl +MMS 

Tert-Butyl hydroperoxide KCl + calcofluor 

Hydrogen peroxide Glycerol + MMS 

Diamide HU +MMS 

 

Supplemental Figure 1:  Overview of conditions used for phenotyping of lincRNA knock-out library.
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Supplemental Figure 2:  
(A) Grid corrections reduce noise in the data. Shown are distributions of coefficients of variation of 
internal wild-type controls for 1906 plates across the data set (coding and non-coding deletion 
mutants) before and after correction. The median CV before and after correction are 0.098 and 0.027, 
respectively. So our normalisation approach typically reduces the noise by about 4-fold.
(B) Plot of the statistical power (1 - chance of non-rejection of wrong null-hypothesis) vs standardised 
effect size (difference in means divided by standard deviation) using median number of replicates per 
lincRNA gene and condition (n = 9) and number of replicates for control conditions (rich medium, 
median = 173.5). The large number of replicates enables statistical detection of differential growth with 
low false negative rate (type II error rate). The two curves show the statistical power before correction 
for multiple testing and after Bonferroni correction (which represents a worst case scenario). A 5% 
difference in fitness, which is a very subtle effect and approximates the standard deviation of our 
method, is detected with a chance of 83% (no correction) or 24% (Bonferroni correction) (left dashed 
line). A stronger 10% difference in fitness is detected with ~100% power (no correction) or 98.5% 
power (Bonferroni) (right dashed line). Two-sided Student’s t-tests and a standard deviation of 5% 
were used throughput with a significance threshold of 0.05.  
(C) Four control conditions (rich and minimal media, with or without phloxine B each) were included in 
most of the ~30 batches acquired over 2 years. Boxplots of Pearson correlations for technical repeats 
within one batch (orange) vs repeats of the same condition across all batches (blue). While correlation 
within the same batch is consistently higher, this effect is small considering the biological signal as 
illustrated by the distribution of pairwise correlations across all conditions (green). 
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Strain

Supplemental Figure 3: 
(A) Lengths of bi-nucleated cells growing exponentially in rich medium for different lincRNA deletion mutants. 
(B) Proportion of bi-nucleated cells in the population under the same conditions as A.
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Supplemental Figure 4:  
(A) Procedure to identify cell-cycle stages using 
high-throughput flow cytometry data. Cell doublets are 
first excluded (top left) and different stages assigned 
according to the DNA amount (DNA-A) and duration of 
pulse (DNA-W). 
(B) Percentage of cells in different cell-cycle stages 
according to high-throughput flow cytometry. These data 
are only semi-quantitative, however, and the proportions 
of cell-cycle phases are only approximate.  
(C) Comparison of percentage of binucleated cells 
calculated using high-throuput flow cytometry or 
high-thoughput microscopy. The Pearson correlation 
coefficient is indiated.  
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Supplemental Figure 5:  
(A) Expression patterns of lincRNAs in 
this study (data from Atkinson et al, 
2018). LincRNA that display any 
phenotype when deleted are marked 
in purple.  
(B) Comparison of GC content (left) 
and length (right) for linRNAs that 
display phenotype when deleted 
(aquamarine) vs those that do not 
(coral). The p-values for significance of 
difference are indicated (Wilcoxon 
test).
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Supplemental Figure 6: 
(A) Absolute log2 effect sizes for viability and growth data 
of lincRNA and coding-gene mutants.  
(B) Distributions of growth and viability scores with 
discretisation thresholds. Scores reflect the effect size 
scaled by the standard deviation of the wild type control in 
that condition. Thresholds were set at +/-1.5 which resulted 
in ~23% of data being non-zero (blue and red bars for 
sensitive and resistant phenotypes, respectively).  
(C) Hierarchical clustering as in Figure 5A with row and 
column labes. Discretized data for 16 lincRNA mutants 
(orange) and 178 coding-gene mutants (blue). Resistant 
(dark red) and sensitive (dark blue) phenotypes are 
indicated for corresponding mutant-condition combinations. 
Hierarchical clustering of both mutants and conditions was 
performed with the Ward method using Euclidean 
distances. Based on the dendrogram, the genes were 
divided into 3 clusters indicated in different colours.
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Supplemental Figure 7:  Genome browser view of the chomosomal regions surrounding SPNCRNA.1343 
(left) and SPNCRNA.989 (right). The Pho7 binding sites as described by Schwer et al. 2017, the 
transcription start sites (TSS) as described by Thodberg et al. 2018, and the nucleosome positioning data 
as described by Atkinson et al. 2018. RNA-sequencing normalised coverage is separeted in forward (Fw) 
and reverese (Rv) strands (Maria Rodriguez-Lopez, unpublished data).
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Supplemental Figure 8:  
Spot assays with 5-fold serial dilutions to validate selected lincRNA deletion phenotypes from the screen. 
Deletion mutants of lincRNAs (black) and neighbouring protein-coding genes (grey) grown in YES were 
serially diluted and plated onto YES (top) or EMM (bottom) plates containing the drugs indicated. Single 
asterisks indicate validated lincRNA phenotypes, while double asterisks indicate subtle phenotypes in the 
higher doses of formamide and VPA not detected in the doses used for the screen, suggesting dosage 
effects in the serial dilution assays. 
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Supplemental Figure 9: Hit counts per strain (A) or per condition (B) for lincRNA overexpression strains 
with altered colony growth separated by faster and slower colony growth phenotypes relative to empty 
vector control (evc). Data for slower and faster growth are stacked. Adjusted p. value ≤0.01 and difference 
in fitness ≥5% were used as significant thresholds to call hits. Only genes or conditions which produced 
≥5 hits are shown.
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