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A 5’-CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN TCTTGTGACTACAGCACCCTCGACTCTCGC TTTTTTTTTTTTTTTTTTTTTTTTTTT TTTAAA GACTTTCACCAGTCCATGAT GTGTAGATCTCGGTGGTCGCCGTATCATT-3’

P7 sequence TruSeq Read 1                 HDMI Filler 1                 Oligo-dT DraI Filler 2          P5 sequence

• Initial HDMI-oligo (HDMI-DraI) “seed” Library

P7 sequence TruSeq Read 1                 HDMI Filler 1                       Oligo-dT DraI Filler 2            P5 sequence

CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN TCTTGTGACTACAGCACCCTCGACTCTCGC TTTTTTTTTTTTTTTTTTTTTTTTTTT TTTAAA GACTTTCACCAGTCCATGAT GTGTAGATCTCGGTGGTCGCCGTATCATT-3’

     AGAACACTGATGTCGTGGGAGCTGAGAGCG AAAAAAAAAAAAAAAAAAAAAAAAAAA AAATTT CTGAAAGTGGTCAGGTACTA-5’

Read1-DraI

• DraI Cut
P7 sequence TruSeq Read 1                 HDMI Filler 1                       Oligo-dT DraI Filler 2            P5 sequence

CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN TCTTGTGACTACAGCACCCTCGACTCTCGC TTTTTTTTTTTTTTTTTTTTTTTTTTT TTTAAA GACTTTCACCAGTCCATGAT GTGTAGATCTCGGTGGTCGCCGTATCATT-3’

3’-CTAGA NNBNNBNNBNNBNNBNNNNN AGAACACTGATGTCGTGGGAGCTGAGAGCG AAAAAAAAAAAAAAAAAAAAAAAAAAA AAATTT CTGAAAGTGGTCAGGTACTA-5’

Read1-DraI

• Sequencing by Synthesis in MiSeq Instrument (SBS, single-end)

B

P7 sequence TruSeq Read 1                 HDMI Filler 1                Oligo-dT

CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN TCTTGTGACTACAGCACCCTCGACTCTCGC TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-3’

• NaOH Wash & Completion of HDMI-array

P7 sequence TruSeq Read 1                 HDMI Filler 1               Oligo-dT

CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN TCTTGTGACTACAGCACCCTCGACTCTCGC TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-5’ cDNA

                                                        NNNNNNNNN

UMI

• NaOH Wash & Secondary Strand Synthesis

P7 sequence TruSeq Read 1                 HDMI Filler 1              Oligo-dT

CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN TCTTGTGACTACAGCACCCTCGACTCTCGC TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT                       

3’-AAAAAAAAAAAAAA XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-5’ mRNA from Tissue

• Hybridization & Reverse Transcription

TruSeq Read 1                 HDMI Filler 1               Oligo-dT cDNA                  UMI           TruSeq Read 2

5’-TCTTTCCCTACACGACGCTC                                                             

3’-AGAAAGGGATGTGCTGCGAGAAGGCTAGA NNBNNBNNBNNBNNBNNNNN AGAACACTGATGTCGTGGGAGCTGAGAGCG AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX NNNNNNNNN TCTAGCCTTCTCGTGTGCAGACT-5’

                                                             AGCCTTCTCGTGTGCAGACT-5’

5’-TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN TCTTGTGACTACAGCACCCTCGACTCTCGC TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX NNNNNNNNN AGATCGGAAGAGCACACGTCTGA-3’

3’-AGAAAGGGATGTGCTGCGAGAAGGCTAGA NNBNNBNNBNNBNNBNNNNN AGAACACTGATGTCGTGGGAGCTGAGAGCG AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX NNNNNNNNN TCTAGCCTTCTCGTGTGCAGACT-5’

• NaOH Elution & 1st Library PCR

• Purification & 2nd Library PCR
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                                                                         AGCCTTCTCGTGTGCAGACTTGAGGTCAGTG NNNNNNNN TAGAGCATACGGCAGAAGACGAAC-5' 

P7 sequence

P5 sequence

Index

P5 sequence                  TruSeq Read 1                 HDMI Filler 1         Oligo-dT cDNA                  UMI           TruSeq Read 2                Index         P7 sequence

5’-AATGATACGGCGACCACCGAGATCTACAC TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN TCTTGTGACTACAGCACCCTCGACTCTCGC TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX NNNNNNNNN AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC NNNNNNNN ATCTCGTATGCCGTCTTCTGCTTG-3’

3’-TTACTATGCCGCTGGTGGCTCTAGATGTG AGAAAGGGATGTGCTGCGAGAAGGCTAGA NNBNNBNNBNNBNNBNNNNN AGAACACTGATGTCGTGGGAGCTGAGAGCG AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX NNNNNNNNN TCTAGCCTTCTCGTGTGCAGACTTGAGGTCAGTG NNNNNNNN TAGAGCATACGGCAGAAGACGAAC-5'

• Final Library Structure

2nd-Seq FASTQ

Extract HDMI, Tile# and 
XY coordinate info

1st-Seq FASTQ

Extract HDMI info

HDMI 
Discovery Plot
onto XY space

Tissue 
Boundary
Estimation

As FASTQ Input

C

Paired-end Sequencing in HiSeq instrument

D

Remove HDMI 
duplicates

2nd-Seq FASTQ

Extract HDMI, Tile# and 
XY coordinate info

1st-Seq FASTQ

StarSolo
Alignment
(GeneFull)

Remove HDMI 
duplicates

Alignment of boundaries

H&E Images

Barcodes as
Whitelist

Digital Gene Expression  
(DGE) Matrix

with Spatial Information

XY Coordinates as
Spatial Information

Gene Expression
Discovery Plot
onto XY space

Gene Query

Data Binning
in 5-10 μm Grid

Analysis in
Seurat v4

Gene 
Expression

Visualization

Clustering analysis
UMAP/tSNE plots

Spatial Plots

E

As FASTQ Input

2nd-Seq FASTQ

Extract HDMI, Tile# and 
XY coordinate info

1st-Seq FASTQ

StarSolo
Alignment
(Velocyto)

Remove HDMI 
duplicates

Barcodes as
Whitelist

Digital Gene Expression  
(DGE) Matrix

with Spatial Information
(Spliced & Unspliced)

XY Coordinates as
Spatial Information

Collapse all genes to get 
total counts of spliced & 

unspliced genes

Randomly divide genes Into three 
groups & collapse all spliced and 

unspliced genes in each group

Gene Expression
Discovery Plot
onto XY space

Nuclear & 
Cytoplasmic Area

Visualization

0 5

0.0

0.4

0.8

1.2

UMI Evaluation

Count per HDMI

R
e
la

ti
v
e
 A

b
u

n
d

a
n

c
e

UMI_Randomer

UMI_Array

Uncollapsed_Read

F 5`-CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT HNNBNBNBNBNBNBNBNNNN CCCGTTCGCAACATGTCTGGCGTCATA GAATTC CGCAGTCCAG GTGTAGATCTCGGTGGTCGCCGTATCATT-3’

P7 sequence TruSeq Read 1                 HDMI HDMI Read 1B         EcoRI P5 sequence

• Initial HDMI-TruEcoRI “seed” library

P7 sequence TruSeq Read 1                 HDMI HDMI Read 1B         EcoRI P5 sequence

CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN CCCGTTCGCAACATGTCTGGCGTCATA GAATTC CGCAGTCCAG GTGTAGATCTCGGTGGTCGCCGTATCATT-3’

        GGGCAAGCGTTGTACAGACCGCAGTAT CTTAAG GCGTCAGGTC-5’

Read1-EcoRI

• EcoRI Cut
P7 sequence TruSeq Read 1                 HDMI HDMI Read 1B      EcoRI P5 sequence

CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN CCCGTTCGCAACATGTCTGGCGTCATA GAATTC CGCAGTCCAG GTGTAGATCTCGGTGGTCGCCGTATCATT-3’

CTAGA NNBNNBNNBNNBNNBNNNNN GGGCAAGCGTTGTACAGACCGCAGTAT CTTAAG GCGTCAGGTC-5’

Read1-EcoRI

• Sequencing by Synthesis in MiSeq instrument (SBS, single-end)

P7 sequence TruSeq Read 1                 HDMI HDMI Read 1B              UMI Oligo-dT

CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN CCCGTTCGCAACATGTCTGGCGTCATAG NNNNNNNN TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-3’

• NaOH wash & completion of HDMI-array

• NaOH wash
P7 sequence TruSeq Read 1                 HDMI HDMI Read 1B       

CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN CCCGTTCGCAACATGTCTGGCGTCATAG-3’

P7 sequence TruSeq Read 1                 HDMI HDMI Read 1B       

CAAGCAGAAGACGGCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN CCCGTTCGCAACATGTCTGGCGTCATAG               

                     GGGCAAGCGTTGTACAGACCGCAGTATC NNNNNNNN AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA-5’

UMI-oligo

• UMI-oligo annealing and Phusion extension
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