
Supplementary discussion 
Unlike other tools which identify cell type specific markers, e.g. e.g. Seurat v3, Comet and 
Panglao, scfind is distinct in five ways: 1) it adopts a novel compression algorithm for fast data 
retrieval in very large datasets. 2) it adopts a novel gene set optimisation routine. 3) it has the 
ability to conduct searches of cell type specific markers in a multi-omic manner involving 
different omes simultaneously. 4) it retains single cell resolution for in silico cell gating with 
logical operators. 5) It is the first single cell analysis tool that adapts natural language technique 
word2vec combined with resources such as the gene ontology annotation, the GWAS catalog 
and the entire collection of PubMed abstracts for biologically and clinically relevant free text 
searches.  

One of the important features compared to existing interactive scRNAseq databases is that 
scfind retains information about individual cells and not just pre-defined clusters. Since scfind is 
freely available as an R package as part of Bioconductor with source code available under the 
MIT licence at ​https://github.com/hemberg-lab/scfind ​, it is easy for users to build their own 
references and carry out searches based on groupings other than the ones provided by the 
original authors. Because of its performance, scfind can be used for tasks that otherwise would 
have been prohibitive, e.g. running searches of all genes to be able to identify marker genes, 
similar genes, housekeeping genes, and cell type specific genes. These global evaluations can 
be carried out in seconds, making it possible to continuously update information on expression 
profiles, even for very large collections of data.  

Apart from the demonstrated use cases, scfind’s free text search feature provides a possibility 
of enhancing biomedical research. For instance, the immunosuppressant dexamethasone has 
recently been discovered to be effective for treating COVID-19 patients who are under critical 
conditions ​59​. With the recently published Lung Cell Atlas ​60​ as well as the single cell datasets 
generated from the healthy and patient donors on the COVID-19 Cell Atlas 
(​https://www.covid19cellatlas.org/ ​) ​61​, one could easily identify the cells in the lung that are 
response to pathways triggered by dexamethasone in both datasets simultaneously. With the 
function ​findSimilarGenes() ​, researchers are allowed to identify not only genes but also 
the corresponding transcription factors that share similar expression patterns with the genes of 
interest. 

https://github.com/hemberg-lab/scfind
http://sciwheel.com/work/citation?ids=10061473&pre=&suf=&sa=0
http://sciwheel.com/work/citation?ids=10054525&pre=&suf=&sa=0
https://www.covid19cellatlas.org/
http://sciwheel.com/work/citation?ids=8758245&pre=&suf=&sa=0


Supplementary tables 
These are large and provided as separate files. 

Supplementary Table​ 1: ​Precision, recall and F1 scores for all cell types in the atlases 
considered. 
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S1.tsv 

Supplementary Table​ 2: ​Information about the total number of marker genes and the 
precision and F1 scores that they provide for each cell type. 
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S2.tsv 

Supplementary Table​ 3: ​Cell type specificity for the genes found in the MCA and the two 
Tabula Muris datasets. 
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S3.tsv 

Supplementary Table​ 4: ​Number of maximal marker genes for each cell type in the MCA and 
the two Tabula Muris datasets. 
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S4.tsv 

Supplementary Table​ 5: ​Number of cell type specific genes for each cell type in the MCA and 
the two Tabula Muris datasets. 
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S5.tsv 

Supplementary Table 6: ​Best matches of the TM, FACS dataset from queries generated by 
sample variants from the index created from PubTator. 
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S6.xlsx 

Supplementary Table 7: ​Best matches of the TM, FACS dataset from queries generated by 
sample diseases names/MeSH/OMIM IDs 
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S7.xlsx 

Supplementary Table 8: ​Best matches of the TM, FACS dataset from queries generated by 
sample chemical names and their corresponding IDs 
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S8.xlsx 

Supplementary Table 9: ​Best matches of the TM, FACS dataset from queries generated by 
sample phrases from the dictionary from the PubMed 
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S9.xlsx 

Supplementary Table​ ​10​: ​Cell type specificity of super enhancers 

https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S1.tsv
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S2.tsv
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S3.tsv
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S4.tsv
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S5.tsv
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S6.xlsx
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S7.xlsx
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S8.xlsx
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S9.xlsx


https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S10.tsv 

Supplementary Table​ ​11​:​ Cell type specific enhancer-gene pairs 
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S11.tsv 

Supplementary Table​ ​12​:​ Top 20 and 30 marker genes in the 3 batch correction 
methods https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/
S12.tsv 

https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S10.tsv
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S11.tsv
https://raw.githubusercontent.com/hemberg-lab/scfind-paper-figures/master/data/S12.tsv


Supplementary figures 

Supplementary Figure​ 1:​  Relative contribution to compression from Elias-Fano coding 
and quantization. 



Supplementary Figure​ 2: ​Compression ratios for different file formats, the violin plots 
represent the density of folds relative to the uncompressed expression matrix for all tissues​ 
(n=132 tissues)​ in the six atlases in figure 1. ​Violin plots show the density (width), median 
(center line), interquartile range (hinges) and 1.5 times the interquartile range (adjacent lines); 
outlier data beyond this range are plotted as individual points. 



Supplementary Figure​ 3: ​Build times for scfind indexes and other file formats, the violin plots 
represent the indexing time for the six atlases​ (n=132 tissues)​ with different file formats in figure 
1. ​Violin plots show the density (width), median (center line), interquartile range (hinges) and 1.5 
times the interquartile range (adjacent lines); outlier data beyond this range are plotted as 
individual points.



Supplementary Figure​ 4: ​(a) Number of cells found for subsets of T-cells in the thymus based 
on combinations of ​Il2ra​ , ​Ptprc​ , ​Il7r​ and ​Ctla4​ (top)​ and PCA projection of the T cells from the 
thymus shows good separation between naive T cells and resting T regulatory cells for both TM 
FACS (bottom, left) and 10X (bottom, right). (b-c) Percentage of T cell subtypes in thymus 
tissue of the Tabula Muris datasets 



Supplementary Figure​ 5: ​Precision and recall for the five best cardiomyocyte surface markers 



Supplementary Figure​ 6: ​Distribution of F1 scores (harmonic mean of the precision and 
recall scores from Figure 2B) of marker genes identified by Seurat and scfind for the Tabula 
Muris FACS dataset 



Supplementary Figure​ 7:​ A comprehensive comparison of all matched cell types in the 
CellMarkers database and cell type specific markers identified by Seurat against all five atlases 



Supplementary Figure​ 8: ​Times to calculate cell type specificity for the genes found in the 
MCA and the two Tabula Muris datasets​ (MCA n=774, TM, 10X n=75 and TM, FACS n=110 
cell types)​.​ Box plots show the median (center line), interquartile range (hinges) and 1.5 times 
the interquartile range (whiskers); outlier data beyond this range are plotted as individual points. 



Supplementary Figure​ 9: ​(a) Search times for marker genes/peaks and (b) evaluation of 
number of cell types where a gene is found. ​Box plots show the median (center line), 
interquartile range (hinges) and 1.5 times the interquartile range (whiskers); outlier data 
beyond this range are plotted as individual points. 



Supplementary Figure​ 10: ​Run times for subquery optimization with FP-growth or brute-force 
algorithms for gene sets containing between 5 and 20 genes. The mean run time (n=10) are 
presented by boxplots and the difference is assessed using a Wilcoxon test. ​Box plots show 
the median (center line), interquartile range (hinges) and 1.5 times the interquartile range 



(whiskers); outlier data beyond this range are plotted as individual points. Unpaired 
Wilcoxon Test was used. 



Supplementary Figure​ 11: ​Heatmap showing the enrichment of cell types from the TM 
10X data for GO terms with between 5 and 25 genes. ​For the result of each gene set, one-
tailed hypergeometric test with Holm adjustment for multiple comparison was used. 



Supplementary Figure​ 12: ​Heatmap showing the enrichment of cell types from the MOCA 
data for GO terms with between 5 and 25 genes. ​For the result of each gene set, one-tailed 
hypergeometric test with Holm adjustment for multiple comparison was used. 



Supplementary Figure​ 13: ​Comparison of TF-IDF score between queries based on the top 20 
(Real) and top 100 (Random) marker genes for the Mouse Brain Atlas, Mouse Cell Atlas, 
Tabula Muris (FACS and 10X), sciATACseq and MOCA datasets . Fifty sets of real gene 
queries and random gene queries with up to 5 genes from each dataset were generated. The 
highest TF-IDF scores from the best queries are presented by boxplots and the difference is 
assessed using a Wilcoxon test​ (n=50 gene sets)​.​ Box plots show the median (center line), 
interquartile range (hinges) and 1.5 times the interquartile range (whiskers); outlier data beyond 
this range are plotted as individual points. Paired Wilcoxon Test was used. 



Supplementary Figure​ 14: ​Comparison of TF-IDF score between queries with 10 gene 
names sampled from each of the top 20 (Real) marker genes, top 1000 (Random) marker 
genes and phrases to gene names dictionaries (Dictionary) for the Mouse Brain Atlas, Mouse 
Cell Atlas, Tabula Muris (FACS and 10X), sciATACseq, MOCA. 1000 sets of gene queries per 
each group were generated. The highest TF-IDF scores from the best queries are presented 
by boxplots and the difference is assessed using a Wilcoxon test​ (n=1000 gene sets)​.​ Box 
plots show the median (center line), interquartile range (hinges) and 1.5 times the interquartile 
range (whiskers); outlier data beyond this range are plotted as individual points. Paired 
Wilcoxon Test was used. 



Supplementary Figure​ 15: ​Fraction of searches using the top query from ​
Supplementary Figure​ ​8 resulting in the desired cell type as the top query. 



Supplementary Figure​ 16: ​Precision, recall and F1 values for cells of each cell type identified 
with multimodal, transcriptomic and epigenomic queries (a). A heatmap illustrating the result 
of precision values (b).  



Supplementary Figure​ 17:​ Motif enrichment in putative distal enhancers that are specific to 
(a) neonatal Cajal-Retzius and (b) endothelial cells in the SNARE-seq dataset. ​ Two-tailed 
Fisher’s exact test with Benjamini and Hochberg adjustment for multiple comparison was used. 
(***p < 0.001; **p < 0.01; *p < 0.05). 



Supplementary Figure​ 18: Effect of batch correction on scfind marker gene search​ 

A) Upset plot showing the overlap of top 20 marker genes from all 6 cell types in the 

Muscle 



dataset after batch correction against TM, 10X and TM, FACS. B) Upset plot showing the 

overlap of top 30 marker genes from all 6 cell types in the Muscle dataset after batch correction 

against TM, 10X and TM, FACS. Plot of shared top 20 after batch correction against TM, 10X 

and TM, FACS. C-G) Contour plots of F1 scores of top 20-500 marker genes after Seurat v3 

batch correction against TM, 10X and TM, FACS with percentage of change against TM, FACS 

by <0.1 F1 scores. The curves show the density of genes and points close to the diagonal 

indicate that there is little difference in F1 scores between the two datasets. 
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