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Single cell transcriptomics (scRNAseq)
Cells are not identical – Instead of average gene expression of millions of cells you now can measure it from
1000’s of single cells individually

With single cell resolution:
-> Cell heterogeneity, rare cell types, cancer cells, drug responses, diagnostics, individualized therapies etc

DATA ANALYSIS,
CELL TYPE CLUSTERING

LIBRARY PREP & 
SEQUENCING

CELL/TISSUE 
DISSOCIATION

SINGLE CELL CAPTURE & 
TAGGING (BARCODING)

CellName

GTAAGC

AGCGCG

CTTGGC

AAGAAG

GCGAAT

TCCCCT

GTAAGC

AGTGGT

CGAGTC

GGCCGT

GGTACT

TGCTGG

GATTAC

CGTGGG

ATTTAG

GGAGCG

TCTACG

AGTCAA

HBB 19480 18 2 243 4 0 0 0 36

HBA2 3163 4 0 33 1 0 0 0 4

HBA1 1248 3 0 19 0 0 0 0 3

MT-RNR2 481 350 205 1739 21 1523 457 285 841

BRSK1 200 0 0 1 0 0 0 0 0

UBB 119 14 0 5 0 0 0 0 1

RP11-138I1.4 98 12 0 0 0 0 0 0 0

GUK1 91 79 0 1 0 0 0 0 0

VTI1B 81 0 0 3 0 0 0 0 0



Traditional way to study and isolate single cells:
Flow cytometry (FACS=fluorescense assisted cell
sorting)



Ortega et al, Clin Trans Med 2017



Traditional way to study and isolate single cells:
Flow cytometry (FACS=fluorescense assisted cell sorting)

Sorting to tubes or 1 cell per
Plate well



CellenONE single cell dispenser (at FIMM)



Non-Droplet systems: Fluidigm C1
(not very popular anymore)

http://www.google.fi/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://gecf.epfl.ch/page-112644-en.html&ei=fllsVJaaKeGGywPNo4LoCA&bvm=bv.80120444,d.bGQ&psig=AFQjCNEEco39ly7SiAGb94rS5U9uwK8MGA&ust=1416473430467643


Non-Droplet systems: 
Wafergen ICELL8 nanodispenser

Acquired by TakaraSmartChip:
72x72=5184 wells



Ortega et al, Clin Trans Med 2017



New level of throughput: 2 droplet papers 2015 in Cell

inDrop (indexing droplets) Drop-Seq: 10.000cells, 12h, 6.5cents/cell
44,808 cells -> 39 cell populations in the retina



Droplet cell / bead capture video (DropSeq)

• http://mccarrolllab.org/wp-content/uploads/2015/05/Substack-4455-4504.gif

http://mccarrolllab.org/wp-content/uploads/2015/05/Substack-4455-4504.gif


Commercial droplet based devices
10x Genomics Chromium
120.000/50.000eur device

Dolomite Nadia (NEW)
~50.000eur

Bio-Rad Illumina ddSEQ
~50.000eur



In our lab: the Harvard Drop-seq protocol & 
Dolomite Bio Single Cell RNAseq device









Droplet chips (Dolomite glass chip and in-house PDMS chip)

Cell migration/co-culture chip
modified from Businaro et al, 

Lab Chip 2013







SeqWell - DropSeq chemistry
but in microwells
instead droplets:

Portable, academic system
(MIT, Gierahn et al 2017)

Comparison to DropSeq:



5’TTTTTTTAAGCAGTGGTATCAACGCAGAGTACNJJJJJJJJJJJJNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-3’ 

5’TTTTTTTAAGCAGTGGTATCAACGCAGAGTACNJJJJJJJJJJJJNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-3’ 

5’TTTTTTTAAGCAGTGGTATCAACGCAGAGTACNJJJJJJJJJJJJNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-3’ 

5’TTTTTTTAAGCAGTGGTATCAACGCAGAGTACNJJJJJJJJJJJJNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-3’ 

3’AAAAAAAAAAAAAAAAAAAAAA----geneB-5’ 

12bp cell
Barcode
~17 mio

8bp mol
barcode
(UMI)

3’AAAAAAAAAAAAAAAAAAAAAA----geneA-5’ 

Collected droplets/emulsion
Library prep in bulk

Within droplets
Or Array wells

Reverse transcription (42°C), with template
switch oligo -> washes
ExoSap treatment (37°C) ->washes
Full lenght cDNA amplification PCR
AmpureXP purification of PCR product
Tagmentation (shortening+adapters) + PCR
AmpureXP purification
Illumina NextSeq/NovaSeq/MiSeq sequencing
(20bp+55bp, from 3’ end)
Data analyses (QC filtering/trimming, demultiplexing, UMI counting, 
alignments to reference genome/transcriptome, cell type clustering, 
differential expression etc)

polyA-RNA from
the lysing cell

DropSeq: 180.000 cells + 180.000 beads
->5% captured + bead loss ~4000 cells
SeqWell: 10.000 cells + 110.000 beads -> 50% captured

Template switching oligo

…gcatgacCCC (cDNA)
…cgtactg (RNA)

rGrGrGtgcatgctca (TSO)

…gcatgacCCC
…cgtactgGGGtgcatgctca

…gcatgacCCCacgtacgagt
…cgtactgGGGtgcatgctca



Single cell libraries -> Illumina sequencing



MiSeq NextSeq



Drop-seq protocols, analysis programs, example data sets, 
discussion forum etc:
http://mccarrolllab.com/dropseq/



Bioinformatics of Drop-seq data

http://satijalab.org/seurat/

http://www.tongji.edu.cn/~zhanglab/Drseq/

CellName

GTAAGC

AGCGCG

CTTGGC

AAGAAG

GCGAAT

TCCCCT

GTAAGC

AGTGGT

CGAGTC

GGCCGT

GGTACT

TGCTGG

GATTAC

CGTGGG

ATTTAG

GGAGCG

TCTACG

AGTCAA

HBB 19480 18 2 243 4 0 0 0 36

HBA2 3163 4 0 33 1 0 0 0 4

HBA1 1248 3 0 19 0 0 0 0 3

MT-RNR2 481 350 205 1739 21 1523 457 285 841

BRSK1 200 0 0 1 0 0 0 0 0

UBB 119 14 0 5 0 0 0 0 1

RP11-138I1.4 98 12 0 0 0 0 0 0 0

GUK1 91 79 0 1 0 0 0 0 0

VTI1B 81 0 0 3 0 0 0 0 0



CSC/Chipster: Drop-seq pipeline + Seurat



10x Genomics Chromium (droplet
based platform in FIMM) tools

Loupe Cell Browser:Cell Ranger:



10x Loupe Cell Browser (also nice public data sets!)



10x Loupe Cell Browser



10x Loupe Cell Browser



10x Loupe Cell Browser



10x Loupe Cell Browser



Spatial single cell transcriptomics, directly from tissues
-> original location of cells, cell-to-cell interactions…

Laser microdissection + 
sequencing

55um spot =
Average of 

multiple cells

Enzymatic/mechanic
dissociation-> 
suspension-> 
barcode in droplets
(e.g. 10x Genomics
Chromium)

Gene probing/in situ hybridization
(e.g. Merfish, NanoString)

Spatial microarrayed
barcode slides
(e.g. Spatial Transcriptomics
-> acquired by 10x Genomics
-> Visium system

Cell

Barcoded
bead



NanoString nCounter and GeoMx



https://en.wikipedia.org/wiki/Spatial_transcriptomics

Spatial Transcriptomics
(Lundeberg, Frisen, Sweden)

Acquired by 10x Genomics
-> Visium system
(at FIMM)
4 x 5000 spots
Diameter 55um each



MILO single cell Western blotting





Slide scanning
(2 colours)
at FuGU Agilent
microarray
scanner

Scout software 
for slide image 
analyses
(free at 
ProteinSimple
and also in UH 
software 
center)





Available single cell platforms in Helsinki area
Single cell omics core facilities in Helsinki
https://www.helsinki.fi/en/infrastructures/single-cell-omics
FIMM: 10x Chromium, index sorting. CellenOne dispenser
Saavalainen/Functional Genomics Unit (FuGU): 
Drop-seq, Seq-well, index sorting
Viikki: inDrops, Polaris, Helios CyTOF (mass cytometer)
FACS cores for single cell plate sorting

Other devices elsewhere:
Fluidigm C1: Anna Vähärautio/Biomedicum, Kristiina Iljin/VTT, 
Seppo Ylä-Herttuala/UEF
10x Chromiums in Helsinki: FIMM, Viikki, Aaltonen and Alitalo labs

https://www.helsinki.fi/en/infrastructures/single-cell-omics


Thank you for your attention!


