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SUPPLEMENTAL FIGURE LEGENDS 
 

Figure S1: Lem2 controls repression of silent chromatin but not generally transcription 
(A) Growth assay on non-selective (N/S) and 5-FOA (5’-fluoroorotic acid) in absence of the ura4+ 

reporter. Five-fold dilutions of WT cells and strains as indicated. 

(B) Silencing reporter assay. Serial dilutions of WT and lem2∆ cells harboring empty vector or ex-

pressing full-length lem2+ from the moderate nmt41x promoter (ll) or weak nmt81x promoter (l). 

Note that suppression is only seen when lem2+ is expressed from the weak nmt81x promoter, sug-

gesting that high cellular levels of Lem2 might be deleterious for silencing. 

(C) Growth assay in the presence of 10 µg/ml thiabendazole (TBZ). 

(D) RT-qPCR analysis of subtelomeric genes from the left (tel1L) and right (tel2R) arm of telomere 1 

and 2, respectively. Top: Transcript levels relative to act1+ in WT and lem2∆ cells. Bottom: Transcript 

levels relative to WT after normalization to act1+ in lem2∆ cells. 

(E) RT-qPCR analysis. Top: Transcript levels relative to act1+ with error bars (SEM) in WT cells. Bot-

tom: Transcript levels relative to WT after normalization to act1+ in lem2∆ cells. 

For all quantitative experiments: Data are represented as mean ± SEM from n independent experi-

ments. 

 

Figure S2: Lem2 acts together with Nur1 but independently of Man1 and Ima1 
(A) Silencing reporter assay. Five-fold dilutions of WT cells and strains as indicated. 

(B) and (C) RT-qPCR analysis of indicated transcripts. Shown are transcript levels relative to WT 

after normalization to act1+. 

For all quantitative experiments: Data are represented as mean ± SEM from n independent experi-

ments; asterisks denote p < 0.05 (*), < 0.01 (**), and < 0.001 (***) from two-tailed Student’s t-test 

analysis. 

 

Figure S3: High-throughput analysis of genetic interactions based on silencing reporter as-
says 
(A) High throughput (HTP) silencing assay pipeline. � Cross of query mutant (x∆::natMX, containing 

a ura4+ marker inserted in the pericentromeric imr region) with the deletion library (y∆::kanMX, 8 

plates with ~ 384 mutants) and selection of haploid double mutants. � Silencing assay based on 

colony growth on non-selective media (N/S) and 5’-fluoroorotic acid (FOA) containing plates. � 

Quantification of growth on N/S and FOA media by determining colony sizes (area) of digitalized pic-

tures. The heat map indicates colonies with large (red) and small colonies (blue) or empty spaces 

(dark blue) and reveals common plate effects before normalization (larger colonies at the edges of 

the plates due to increased availability of nutrients; shown is plate 6 as an example). � Normaliza-

tion of individual mutants and elimination of plate effects by determining the ratio of colony sizes be-

tween growth on FOA and N/S. Shown are box plot distributions for each of the 16 rows of a repre-
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sentative 384 plate (plate 6). � Plate normalization. Each plate was normalized to the median of all 

FOA:N/S values derived from this plate. Shown are box plot distributions for all 8 plates. 

(B) Genetic interaction analysis. Left: Distribution of all plate median-normalized data for each query 

mutant (top) as well as heat maps of selected (middle) and all mutants (bottom) derived from cross-

es with WT strain and query mutants. Shown are log2 values from FOA:N/S-corrected growth data 

after plate median-normalization, W[MED]. Negative and positive values are represented in blue and 

yellow, respectively; grey indicates missing or N/A data. � To correct for the silencing phenotype of 

each query mutant (which is masked by the median-normalization), all median-normalized growth 

values of the double mutants, Wx,y[MED], are corrected by the phenotype of the single query strain, 

Wx[MED], resulting in the corrected FOA growth values, Wx,y[corr] (second from left). � To calculate the 

genetic interaction score ε, the deviation was determined between the corrected FOA growth values 

of the double mutant, Wx,y[corr], and the sum of the FOA growth values of the corresponding single 

mutants, Wx and Wy (second from right). � To select for robust genetic interactions, for each individ-

ual mutant (y) the standard deviation, SDy, was calculated for the ε values of all query strains (x), 

and a cut-off > 0.35 was applied, resulting in the selection of 211 mutants. Right: The top panel 

shows the correlation matrix of the genetic interaction profiles. The middle panel shows genetic in-

teraction scores for selected mutants. The bottom panel shows the hierarchical clustering of the ge-

netic interaction data using Euclidean distance as the similarity metric and complete linkage as the 

clustering method (Gene Cluster 3.0).  

 

Figure S4: Lem2 synergizes with nuclear membrane/ER and cytoskeletal factors in repress-
ing silent chromatin 
(A) Growth assay on non-selective media (EMM) and media containing 5’-fluoroorotic acid (EMM+5-

FOA) with single and double mutants of indicated strains. 

(B) and (C) RT-qPCR analysis of heterochromatic mRNAs of indicated strains. Transcript levels are 

normalized to act1+ and presented relative to WT. Data are represented as mean ± SEM from n in-

dependent experiments; asterisks denote p < 0.05 (*), 0.01 (**), and 0.001 (***) from two-tailed Stu-

dent’s t-test analysis. 

 

Figure S5: Lem2 is part of specific networks of redundant silencing pathways  
(A) ChIP-qPCR analysis of Chp1-FLAG. Shown are enrichments relative to the non-tag control at the 

cen-dg and tlh1/2+ loci. 

(B) and (C) RT-qPCR analysis of pericentromeric transcripts of indicated strains. 

(D) RT-qPCR analysis showing transcript levels of several euchromatic genes relative to WT (see 

also Fig. S1E). 

For all experiments: Data are represented as mean ± SEM from n independent experiments; aster-

isks denote p < 0.001 (***) and 0.0001 (****) from two-tailed Student’s t-test analysis. 
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(E) Scheme illustrating the main pathways controlling heterochromatin silencing at centromeres and 

telomeres. The strength of the contribution of each pathway is symbolized by the thickness of the 

arrow, whereas the strength of the silencing defects in various combinations of mutants is shown 

below by empty (de-repression) and filled circles (remaining silencing). 

 

 

Figure S6: H3K9me2 and H3K9me3 levels in lem2∆ mutants 

(A) ChIP-qPCR experiment showing pericentromeric and telomeric H3K9me2 and H3K9me3. 

(B) ChIP-qPCR analysis of H3K9me2 levels at indicated heterochromatic regions. Values are shown 

relative to WT after act1+ normalization. 

For (A) and (B) data are represented as mean ± SEM from n independent experiments. 

(C) ChIP-qPCR experiment showing subtelomeric H3K9me2 profiles. Values are shown as enrich-

ment relative to act1+. Shown is a representative experiment. 

 

Figure S7: Lem2 cooperates predominantly with Csi1 in centromere localization  
(A) Quantification of cells with distinct numbers of Mis6 foci. Shown is the percentage for a popula-

tion of n cells. (***) indicates p < 0.001 (chi-square test). Lack of Dsh1 has a subtle effect on centro-

mere clustering, which is slightly increased when Lem2 is additionally absent. 

(B) Quantification of cells displaying distinct degrees of co-localization of Mis6-GFP and Sad1-

mCherry. For each cell, the most proximal Mis6-GFP focus next to the SPB (Sad1-mCherry) is clas-

sified as overlapping, proximal or completely separated from the SPB. Shown is the percentage of n 

cells representing each type of localization. (****) indicates p < 0.0001 (chi-square test).  

(C) Quantification of Mis6-GFP distribution relative to the nuclear periphery as done in Figure 4D 

and E. Shown is the percentage of centromeres for each nuclear zone for a population of n cells. (**) 

indicates p < 0.01 (chi-square test). 

 

Figure S8: Lem2 binds to the central core domain of centromeres when localized at the nu-
clear periphery  
(A) Silencing reporter assay. Serial dilutions of WT and lem2∆ cells harboring empty vector (e/v) or 

expressing full-length lem2+ from the weak nmt81x promoter. 

(B) ChIP efficiency of Lem2-GFP. Enrichment is shown in percentage relative to input material. n 

Indicates the number of biological replicates. The asterisks (**) denotes a p < 0.01 from Mann-

Whitney test. 

(C) ChIP-qPCR experiments showing the binding profiles of Lem2-GFP nucleoplasmic fragments. 

Left y axis represents binding relative to act1+, right y axis represents H3K9me2 levels relative to the 

maximum of each domain in WT cells (H3K9me2 data taken from Figures 3C and 3D). 
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(D) Alignment of MSC domains of fission yeast Man1 and Lem2 and homologous domains from oth-

er species. Similarities are highlighted by orange and yellow shading. The stretch of six positively 

charged residues (highlighted in blue) is not conserved in the MSC domains of S. pombe.  

 

Figure S9: Plasmid copy number and lem2 transcript levels do not differ for full-length Lem2 
and the truncated fragment lacking the C-terminal domain, Related to Figure 6  
(A) Quantitative analysis of plasmid copy number in WT and dsh1∆ lem2∆ cells grown in minimal 

media without leucine (EMM-Leu) or in rich media (YES) for the last 4-5 generations. The relative 

plasmid copy number was determined by qPCR by probing the gene region of lem2+ that encodes 

the lumenal domain present in all plasmid-borne fragments of Lem2. For WT cells harboring the 

empty plasmid, the chromosomal copy of lem2+ was amplified. Values relative to act1+ are present-

ed. 

(B) lem2+ transcripts levels of cells grown in rich media (YES) were obtained by RT-qPCR. Shown 

are values relative to act1+.  

Error bars represent the standard error of mean of three biological replicates. 

 

Figure S10: Relationship of Lem2 with SHREC and Epe1 regarding the repression of pericen-
tromeric transcripts, Related to Figure 7 
(A) and (B) RT-qPCR analysis of pericentromeric transcripts in indicated mutants. Shown are mean 

values normalized to act1+ and relative to WT with error bars (SEM) from n independent experi-

ments. The asterisks denote p < 0.01 (**) and 0.0001 (****) from two-tailed Student’s t-test analyses.  
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