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Results
We tested the performance of superyised methods in the classifcat¡on of immune cell types We

downloaded scRNA-seq data from 10X genom¡cs webpage, choos¡ng only the datasets
comprised of a known æll type (enriched from fresh PBIVCS by FACS) From a total number of
I datasets (thus, I ce¡l types) we reta¡ned 2500 cells per dataset (random sample without

replacement), to have an evenly distributed ground truth population The analysis was
peÍormed using the R package Seurat (Eutler et al.)

Then, we considered a more comprehensive list

of markers, choosing the set ¡dent¡fed by

Danaher et a¿ (60 markers, 14 immune cell

types) ln this case, as shown jn Figure C, the

algorithm could identify a small cluster of NK

cells (4% of the initial cluster) but could not

separate different T cell types ¡n the central

clusteL

These results show that the ¡dentification of
d¡fferent cell types in a single-cell transcriptome
analysis is mostly not trivial The task is

complicated by the same nature of cells, whose
boundar¡es to other cell types are sometimes

c

not clearly defìned, as po¡nted out in the article 'What ¡s your conceplual def¡n¡t¡on of "Cetl

Type" in the context of a malure orqan¡sm?" bv Clevers et al
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Figure A shows the I-SNE plot ofthe dataset labelled by the or¡g¡nal cell types Figure B shows

the same population of cells classified us¡ng a manually curated ljst of markers from literature

(29 markers, 9 cell types) The classification ¡s performed considering the mean value of
express¡on of each set of markers present in our data (ass¡gned cell type has the h¡ghest mean

I value) Although correctly classifying 97% of B cells cluster, the class¡flcation failed at retrieving

natural killer cells (CD56-NK) and achieved only 4% of accuracy for memory T cells and 5% for
regulatory T cells
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Methods
We collected 16 papers by searching in literature for "cell type classiÍcâtion", "cell type d¡scovery" and by manual selection of related papers (see Table 1, attached)

Emp¡rical methods - supervised
These methods are generally the most widely

used Ìn single-cell studies \ þ could delineate
rwo main complementary approaches:

1 For known or expected cell types, the

method cons¡sts in defining a set ol marker
genes and manually class¡fy¡ng the clusters of
cells (Írcsl] el a/, Zheng et al.) At this purpose,

Danaher et al identified a list of 60 markers for
14 immune cell types

2 Starting with the ¡dentification of cell clusters

and the calculation of d¡fferent¡ally expressed
genes as markers of each cluster, the
classif¡ætion rel¡es on a funct¡onal annotation of
those markers (Usoskin ef ¿/, Canpbeil et al.\

Semi-supervised methods
ln this case the classifiæt¡on is still based on

markers of subpopulai¡ons, but there is an

attempt of automating the process Scl,e/ker ef
al identifed a set of 45 markers divided in 3

categories (AND/OR/NOT genes) and then
perfomed the classifl€t¡on using a decision

tree Sclâ/dore et â/ compared 5 established
machine learning methods and a custom-build
predictor for the classif¡€tion of cells based on

the¡r cell-cycle phase Aevernann el a¿ used

random forests to identify a set of necessary and
suffic¡ent markers to be used in the deflnitìon of
consistent and reproducìble cell types in the
context of the Cell Ontology (CL) (Bard el al)

Unsupervised methods
To this ætegory belong those approaches that,
instead of relying on sets of markers, gather an
elitensive ællect¡on of datasets and use them to
train a machine learnlng algorithm (i e neural
networks (NN)) IJh el al collected 33 datasets,
tested various NN arch¡tectures and built a web
interface where it ¡s possible to upload a dataset
(TPl\¡ values, max size = 200 MB) and receive
an email with the classification in terms of 100
nearest neighbors per cell Alav¡ et al. appl¡ed a
similar approach to over 500 different stud¡es
w¡th more than 300 un¡que cell types The
analys¡s ¡s however limited to mouse data and
the class¡f¡cation can only be visual¡zed in the
web seryer Kselev et al aimed at ident¡fy¡ng cell
populat¡ons by projecting them on a reference
dataset where the cell ¡dentity ¡s known
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Authors Year DOI Short Description

Empirical methods - supervised

campbell et al. 2077 10.1038/nn.4495
scRNA seq of "20,000 cells from adult mouse hypothalam¡c arcuate-median eminence complex (us¡nt Drop-seq). lndent¡f¡cat¡on of 5O d¡stinct cell populations by expression of
known markers.

Chen et al. 2077 10.1038/srep45656
scRNA seq of mouse embryon¡c med¡al ganglionic eminence (MGE) (225 cells at d¡fferent t¡me po¡nts) and MGEiike cells differentiated from embryonic stem cells (113 cells)
PCA, DE analysìs of d¡st¡nct subpopulations and annotation by Gene Ontoloty.

Puram et al 2078 10.7076/j.ce11.2017.10,044

scRNA seq of "6,000 cells from 18 head and neck squamous cell carcinoma patients and 5 matched pairs of primary tumors and lymph node metastases. ldentificat¡on of
mal¡gnant vs. non-malitnant cells, annotatìon of clusters by the expression of known marker genes as T cells, B/plasma cells, macrophages, dendritic cells, mast cells,

endothel¡al cells, fibroblasts and myocytes.

Tirosh et al. 2076 10.1126lscience.aad0501
scRNA seq -4,600

and cancer-associated fibroblasts).

19 melanoma patients. ldentif¡cation of vs. non-mal¡tnant cell types (B-cells, T-cells, macrophages, endotel¡al cells, natural killer cells

Usoskin et al. 2014 10.1038/nn.3881
scRNAseqof622sintlemouseneurons ldentificationoflld¡stinctcelltypes.PCAandexam¡nationofknownmarkers,togetherwithDEanalys¡s,toclassifycell
subpopulations

Zheng et al. 2OI7 10.1038/ncomms14049 scRNA seq of 68,000 peripheral blood mononuclear cells and annotat¡on of dìst¡nct ¡mmune cell types by the express¡on of known markers.

Semi-superv¡sed methods

Aevermann et al. 2018 10.1093/hmg/ddy100
Method based on random forest machine learning for identifying sets of necessary and suffc¡ent marker genes, which can be used to assemble consistent and reproducible cell

type.defin¡tions for incorporat¡on into the Cell ontology. (method: NSforest, code not publicly available)

Guo et al 2015 \0.737l/journal.pcb¡.1004575
S¡NCERA, p¡pel¡ne to analyse scRNA seq Module "Cell type ìdentification" performs clusters optimization, DE analysis and funct¡onal annotat¡on (ToppGene Su¡te, DAVID,

MS¡tDB and Genecards).

schelker et al. 2or7 7o.7038/s47467-077-02289-3
MultÈstepapproachtoclassifyscRNA-seqdata Useofasetof45markergenesdividedinAND(allrequired),OR(onlyonerequired),NOT(notexpressed) lnitialcelltype

val¡dat¡on. (code available, Matlab)

Scialdoneetal. 2015 10.1016/j.ymeth.2075.06.027
Supervised machine learning approach to evaluate the ability of 6 algor¡thms to pred¡ct the unobsered cell cycle stage of a cell. Methods compared are: random forest, logistic

regress¡on and lasso, support vector mach¡nes, PCA-based classification and a custom-built predictor (based on top scorìng pa¡rs classifiers). (code available)

Suffiotti et al. 2OI7 10.1007/s00251-OIl-IOO2-x
Approach to ¡dentify ¡nnate lymphoid cells (lLCs) using scRNA seq data. Logist¡c regression-based classifier trained on mouse ILC and NK gene expression data and val¡dated ¡n

scRNA seq data of human lLCs and NK. (code not publicly available)

Unsupervised methods

Alavi et al. 2078 70.7707/323238
Automated p¡pel¡ne to download, process and annotate publ¡cly available scRNA seq datasets (processed: 500 different studies with over 300 unique cell types, only mouse).

Superu¡sed neural network models to learn reduced dimension representations for each of the input profiles. Th¡s reduced dimens¡on profiles are stored ¡n a web server that

allows users to perform queries to compare new data tothe data collected. (Supporting website: http://scquery.cs.cmu edu)

Klselev et al 2018 10.1038/nmeth.4644
onto known populat¡ons. (R package)

Lin et al 2077 10.1093/narlgkx681
Neura¡ networks on a tra¡ning set of 33 different available datasets, implementat¡on of a web server for cell type retr¡eval. Requ¡red data type ¡s TPM, maximum upload file size

is 200 MB. Results sent by ema¡l (Supporting webs¡te: http://sb.cs.cmu.edu/scnn/)

Others

Clevers et al 2Of7 10.1016/j,ce|s.2017.03.006 collect¡on of opin¡ons from 13 authors on the top¡c "def¡n¡tion of cell type" in a mature organism

Danaheret al. ZO77 7O.7786/s40425-017-0215-8
macrophages, mast cells, neutrophilis, NK CD56dim cells, NK cells, T-cells, Th1 cells, Treg, CD8 T cells


