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Fig. S1 Simulation results with K = 3. Plots of the median Recall under (a) a balanced sample
distribution, and (b) an imbalanced sample distribution, as well as median Precision under (c) a
balanced sample distribution, and (d) an imbalanced sample distribution over 100 replicates.
Different colours represent different methods.
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Fig. S2 (a) Heatmaps of expressions of the 50 biologically informative genes and 20
non-informative genes, (b) boxplots of mean expressions of the 50 biologically informative genes,
and (c) boxplots of the proportions of zero observations, under the simulation settings with the
same biological difference across clusters and batch effects and different levels of dropout rates.
The three clusters and two types of genes (informative and non-informative) are separated by the
horizontal and vertical lines, respectively, and p value is computed from the Kruskal-Wallis test.
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Fig. S3 Simulation results with K = 4, 5, 8, and 10. Plots of the (a) median ARI, (b) median F1,
(c) median Recall, and (d) median Precision over 100 replicates. Different colours represent
different methods.
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Fig. S4 Two-dimensional t-SNE projection of cells for the mouse embryonic stem cell dataset.
The cells are coloured by (a) the annotated cell types, and clustering results identified using (b)
CIDR, (c) SC3, (d) Seurat, (e) scDeepCluster, (f) MNN-Graph, (g) MNN-Kmeans, (h) RZiMM,
(i) snbClust, and (j) sparseKmeans.
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Fig. S5 Two-dimensional t-SNE projection of cells for human lung cell dataset. The cells are
coloured by (a) the annotated cell types, and clustering results identified using (b) CIDR, (c) SC3,
(d) Seurat, (e) scDeepCluster, (f) MNN-Graph, (g) MNN-Kmeans, (h) RZiMM, (i) snbClust, and
(j) sparseKmeans.
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Fig. S6 Two-dimensional t-SNE projection of cells for mouse uterus cell dataset. The cells are
coloured by (a) the annotated cell types, and clustering results identified using (b) CIDR, (c)
SC3, (d) Seurat, (e) scDeepCluster, (f) MNN-Graph, (g) MNN-Kmeans, (h) RZiMM, (i)
snbClust, and (j) sparseKmeans.
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Fig. S7 Two-dimensional t-SNE projection of cells for mouse liver cell dataset. The cells are
coloured by (a) the annotated cell types, and clustering results identified using (b) CIDR, (c) SC3,
(d) Seurat, (e) scDeepCluster, (f) MNN-Graph, (g) MNN-Kmeans, (h) RZiMM, (i) snbClust, and
(j) sparseKmeans.
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Fig. S8 Two-dimensional t-SNE projection of cells for mouse mammary gland cell dataset. The
cells are coloured by (a) the annotated cell types, and clustering results identified using (b) CIDR,
(c) SC3, (d) Seurat, (e) scDeepCluster, (f) MNN-Graph, (g) MNN-Kmeans, (h) RZiMM, (i)
snbClust, and (j) sparseKmeans.
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Fig. S9 Log-transformed expressions of the identified genes among different true cell types for
mouse embryonic stem cell dataset: (a) RZiMM and (b) M3Drop.



Page 7 of 9

SEC61G

CDK4

CD74

SAA1

HLA−DRB1

AKR1C3

LCN2

HLA−DRA

CXCL1

ALDH3A1

IGFBP3

C15orf48

CXCL5

PLAAT4

S100A4

AGR2

CXCL2

CXCL3

ELF3

FN1

KYNU

HLA−DPA1

AKR1C2

HLA−DRB5

PLAT

S100A9

CXCL8

WFDC21P

ADIRF

IGFBP7

AKR1C1

MMP7

CXCL6

CLDN11

SERPINE2

HLA−DPB1

MEG3

SFTA2

GAL

PIP4K2C

UBE2C

C12orf75

TACSTD2

DDIT4

DHRS2

SERPINE1

HMOX1

PVT1

KRT81

VGF

H2228

HCC827
H1975

G
en

e

RZiMMa

CD74
IFI27L2

CYP1B1
ADIRF

IGFBP7
KYNU

COL1A1
UCHL1

HLA−DPA1
AKR1C2

HLA−DRB5
SLPI

WFDC21P
HLA−DMA

PLAT
S100A9
CXCL8
BIRC3

AKR1C1
MMP7

CXCL6
CLDN11

SAA1
HLA−DRB1

AKR1C3
LCN2

HLA−DRA
CXCL1

ALDH3A1
IGFBP3

C15orf48
PDZK1IP1

MT1E
BST2

MT2P1
RPL5P34

NNMT
UBE2S

ENSG00000242814
XAGE1B

ENSG00000230202
MT1P1
UBE2C

KRT18P10
EIF4A1P2

PRSS21
ZNF667−AS1

CFAP251
UCA1

AURKB
EREG
ASPM
HMMR

MT−ATP8
CENPE
MT−TD

CDK1
CLDN7

PIP4K2C
AREG
MAL2

GAL
LAD1
CDH1
BEX3

C12orf75
CDKN2A

GNG11
MT1L

LOX
CLIC3
KRT81
TAGLN

IL11
ZNF114

APCDD1L−DT
GSTO2
CALB2

WNT9A
ANPEP

ENSG00000258949
TNNI3
PLTP

ENSG00000266891
HMOX1
ZNF880
PEG10
TNNT1
DHRS2

SERPINE1
SELENOM

MEG3
HLA−DPB1
HLA−DQB1
SERPINE2

ADGRF1
WFDC2

CTSS
IDO1

HLA−DQA1
TNFSF10

EHF
C1S

C3
CXCL5

PLAAT4
IL32

IGFBP4
SLC7A11

BACE2
S100A4

GPX3
PYCARD
ANKRD1

CLDN1
FBN1
GPX2

ZBED2
CCL2

CXCL3
TSPAN8

TCIM
NMRAL2P

RBP1
TNIP3

ZG16B
GCNT3
IRAK3
AGR2

ENSG00000257732
MUC1

CXCL2
LIMCH1
BHMT2

CP
ABCC2

DNAJC15
AR

SPRR2F
CLEC2B

SPP1
HLA−DMB

HLA−DRB6
FEZ1

RSPO3
ENSG00000223829

MMP2
CDH11

SAA2
AKR1B10

TIMP3
CA9

SRGN
MEIOB

CACNG8
LINC01511

CCDC144NL−AS1
RGS4
DGKI
IL24

KRBOX1
H1−1
IL7R

ZNF841
ZNF432

SUN3
TDRD9

ZNF676
PRAME

VGF
TMEM158

SNAI1
CCN5

FILIP1L
CSF2

CCL20
MIR205HG

ABI3BP
FXYD3

IL13RA2
PIGR

S100A8
CEACAM6

CALB1
H1−5

MTND5P10
TENM2

RPL7P41
RPL7P60
CYP24A1

SCG5
DIO2

HAS2
TCN1
PSG4

COL1A2
SLITRK6

GDF15
PTGS2

EDN2
ADAMTS1

HHLA3−AS1
BRDT
XIST
NRK

MTND4P35
ENSG00000244086

RPL7P19
RRAD

CCT6P3
MTND5P11

ENSG00000225356
H1−4

ENSG00000238149
CALM2P2

MT−TL1
LRRC75A
FAM111B

ENSG00000243802
KIF14

ENSG00000249072
AHNAK

ENSG00000267458
H1−3

ENSG00000243777
LINC02582

SLAMF7
KRTAP2−3

BICC1
HPGD

RAB3B
PKIB

MICOS10P3
HOOK1

FLNC
SFTA2

PPP1R14A

H2228

HCC827
H1975

G
en

e

M3Dropb

RPL7P9
UBE2S

ENSG00000242814
XAGE1B

ENSG00000230202
MT1P1

H4C3
MT2P1

CST6
S100A2

NNMT
EPCAM
CDC20

CKB
RPL5P34

G0S2
RPL7P1

BEX3
C12orf75
CDKN2A

HLA−B
CD74

PTGR1
BST2

BLVRB
IFI27

KYNU
COL1A1

UCHL1
HLA−DPA1

AKR1C2
HLA−DRB5

BIRC3
HLA−DMA

PLAT
S100A9
CXCL8

AKR1C1
MMP7

CXCL6
CLDN11

SAA1
HLA−DRB1

AKR1C3
LCN2

HLA−DRA
CXCL1

ALDH3A1
IGFBP3

C15orf48
PDZK1IP1

MT1E
PEG10
TNNT1
DHRS2

SERPINE1
SELENOM

UBE2C
KRT18P10
EIF4A1P2

ISOC2
ENSG00000249072

CENPA
RPL29P11

CDK1
MT−ATP8

PLK1
PRSS21

ZNF667−AS1
CFAP251

UCA1
AURKB

FLNC
SFTA2

PPP1R14A
PKIB

AP1M2
MICOS10P3

KRTAP2−3
HPGD

RAB3B
LAD1
H1−3

KRTCAP3
VAMP5

ECH1
DDIT4

CLDN7
TACSTD2

AREG
MAL2

GAL
PIP4K2C
ANKRD1

ZG16B
NDN

DNAJC15
AR

SPRR2F
CLEC2B

SPP1
HLA−DMB

CCL2
CXCL3

TSPAN8
TCIM
RBP1
TNIP3
MEG3

HLA−DPB1
HLA−DQB1
SERPINE2

ADGRF1
BACE2

SLPI
WFDC21P

WFDC2
EHF

IDO1
HLA−DQA1

TNFSF10
C1S

C3
CXCL5

PLAAT4
IL32

CDH11
SAA2

AKR1B10
TIMP3
AGR2

ENSG00000257732
CP

BHMT2
HLA−DRB6

FEZ1
RSPO3

ENSG00000223829
MMP2

CXCL2
MUC1

S100A4
GPX3

PYCARD
CLIC3
KRT81
TAGLN
IFI27L2

CYP1B1
ADIRF

IGFBP7
ENSG00000266891

APCDD1L−DT
IL11

ZNF114
WNT9A
CALB2

ENSG00000258949
TNNI3

LINC02582
CASC9

HHLA3−AS1
KLK6
XIST
NRK

ERP27
BRDT

MACC1
ADAMTS1

EDN2
RAB25

IL6
PIF1

RRAD
MT−TL1

VGF
CCN5

FILIP1L
CA9

APOE
H1−1

LINC01511
MEIOB
RGS4
DGKI
IL24

KRBOX1
INHBA
CALB1
INHBB

S100A14
TENM2

ENSG00000237643
TCN1
CCK

MMP13
COL1A2

MGP
CSRP3
PTGS2

IFIT2
OASL

GDF15
ZBED2
GPX2

POU2F2
CSF2

LINC01133
CCL20

MIR205HG
SCG5
DIO2

KLK10
SPRR2D
SLC6A14

FXYD3
CST1

IL13RA2
PIGR

S100A8
CEACAM6

H2228

HCC827
H1975

G
en

e

NBDropc

2

4

6

log(Expression)

Fig. S10 Log-transformed expressions of the identified genes among different true cell types for
human lung cancer cell dataset: (a) RZiMM , (b) M3Drop, and (c) NBDrop.
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Fig. S11 Log-transformed expressions of the identified genes among different true cell types for
mouse uterus cell dataset: (a) RZiMM, (b) M3Drop, and (c) NBDrop.
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Fig. S12 Log-transformed expressions of the identified genes among different true cell types for
mouse liver cell dataset: (a) RZiMM, (b) sparseKmeans, (c) M3Drop, and (d) NBDrop.
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Fig. S13 Log-transformed expressions of the identified genes among different true cell types for
mouse mammary gland cell dataset: (a) RZiMM, (b) sparseKmeans, (c) M3Drop, and (d)
NBDrop.


