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Abstract
Single molecule FISH \(smFISH) has been the gold standard in quantifying individual transcripts
abundances. We recently demonstrate the scaling up of smFISH to the transcriptome level by pro�ling of
10,212 different mRNAs from mouse �broblast and embryonic stem cells. This method, called RNA
SPOTs \(Sequential Probing of Targets), provides an accurate and low-cost alternative to sequencing in
pro�ling transcriptomes. This protocol contains the steps to carry out RNA SPOTs. It accompanies Eng et
al, Nature Methods \(published online Nov 13, 2017, 10.1038/nmeth.4500).

Reagents
100% ethanol \(Koptec), #1.5 coverslips \(3421; Thermo Scienti�c), trimethoxysilane aldehyde \
(PSX1050; UCT Specialties), 5’-aminated LNA-oligo\(dT) \(300100-02; Exiqon), cyanoborohydride
coupling buffer \(C4187; Sigma), sodium chloride \(AM9759; Thermo Fischer), pH7.5 Tris-HCl \
(15567027; Thermo Fischer), RNeasy Mini Kit \(74104; Qiagen), LiCl \(L9650; Sigma), EDTA \
(15575020;Thermo Fischer), Triton X-100 \(93443; Sigma), SUPERase IN RNase Inhibitor \(AM2694,
Ambion), \(F9037; Sigma), 20X SSC \(15557036; Thermo Fischer), Dextran Sulfate \(D8906 and D4911;
Sigma), Tris-HCl pH 8 \(15568025; Thermo Fischer), Trolox \(238813; Sigma), glucose \( G7528; Sigma),
pyranose oxidase \(P4234; Sigma), glucose oxidase \(G2133; Sigma), mineral oil \(M5904; Sigma), TCEP
\(646547; Sigma).

Procedure
1. Coverslips functionalization a) Clean coverslips by sonicating the coverslips in 100% ethanol for
20minutes and dry the coverslips with compressed air. b) During the cleaning time, prepare an acidic
ethanol solution by �rst diluting 2N acetic acid in water \(�nal pH is around 3.5). Then, generate a 10% \
(v/v) solution of the pH 3.5 acetic acid solution in 100% ethanol \(Koptec). This solution can be stored at
room temperature for a long period of time. c) Next, prepare the 2% \(v/v) silanization reaction solution
with the acidic ethanol solution. Note: we usually keep trimethoxysilane aldehyde solution in a desiccated
container at 4°C and replace with a fresh one every few months. d) Plasma clean the dried coverslips with
a plasma sterilizer \(Harrick Plasma Sterilizer) for 5 minutes with the option HIGH. Alternatively, it might
be possible to replace this step by soaking in 1M sodium hydroxide for 20minutes. e) The coverslips were
immediately immersed in the silanization reaction solution for 15minutes at room temperature. f) After
triple rinsing of the coverslips with ethanol, the coverslips were heat-cured at 90°C for 10 minutes. g)
During this time, prepare an oligonucleotide reaction mixture containing 2.5 μM 5’-aminated LNA-oligo\
(dT) \(300100-02; Exiqon), cyanoborohydride coupling buffer \(C4187; Sigma), and 1M sodium chloride \
(AM9759; Thermo Fischer). h) After heat-cured, the oligonucleotide solution was sandwiched between
two coverslips at room temperature in a humid hybridization chamber \(made from pipette tips box) for 3
hours. i) The coverslips were then rinsed with Millipore water and dried with compressed air. j) A
quenching reaction mixture made from 10%\(v/v) 100mM pH7.5 Tris-HCl \(15567027; Thermo Fischer)
buffer in cyanoborohydride coupling buffer was added to the entire silanized surface of the coverslips for
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30 minutes at room temperature. k) Finally, the coverslips were rinsed with water and dried with
compressed air. l) We usually use the functionalized coverslips as soon as possible, or store them in a
desiccated container at 4°C for no more than 2 days. 2. RNA preparation a) Perform RNeasy Mini Kit
puri�cation according to Qiagen’s instructions. b) Do the DNase step. c) Once the RNA is suspended in
water, determine the concentration using Nanodrop. d) Use the RNA immediately or for storage, aliquot
them and keep at -80°C. Avoid freeze-thawing the RNA multiple times. 3. RNA capture a) We use
customized Secure Seal Flowcell \(Grace Bio-labs) with the following parameter: 2 x 28mm 3mm ID, 35 x
15 OD, 0.25mm thick. b) Apply the �ow cell on the freshly made functionalized poly\(dT) coverslips.
Make sure the adhesive is tightly sealed without air bubbles. c) Prepare RNA Binding Buffer \(1M LiCl \
(L9650; Sigma), 40mM pH7.5 Tris-HCl, 2mM EDTA, 0.1% Triton X-100 \(93443; Sigma), and 20U of
SUPERase IN RNase Inhibitor \(AM2694, Ambion). d) Pre-incubate the �ow cell with the RNA Binding
Buffer for 5 minutes at room temperature. e) In the meantime, prepare the desired RNA amount in RNA
Binding Buffer. For example, 50ng of total RNA in RNA Binding Buffer. f) Remove the pre-incubated RNA
Binding Buffer, and �ow in the RNA solution. Place the coverslip on the shaker for 2 hours at room
temperature to allow RNA capture. 4. Primary probe hybridization a) Prepare a fresh primary probes
hybridization buffer containing 30% formamide \(F9037; Sigma), 2x SSC \(15557036; Thermo Fischer),
and 10% \(w/v) Dextran Sulfate \(D8906; Sigma). Note that it takes a while for the Dextran Sulfate to
fully dissolve in the solution. b) Resuspend the primary probes in this hybridization buffer and heat at
65°C brie�y to ensure the primary probes completely dissolve. c) Remove the RNA solution and wash the
�ow cell three times with 2x SSC. d) Flow in the primary probes solution. e) Seal the inlet of the �ow cell
with a piece of para�lm to prevent evaporation over time. f) Place the �ow cell in a humid chamber made
from pipette tip box containing some water. g) Place the humid chamber at the 37°C incubator for 16-
24hours. 5. Primary probe wash a) Prepare a 40% wash buffer solution containing 40% formamide, 2x
SSC, and 0.1% Triton X-100. b) After primary probe hybridization, remove the primary probe solution
completely and wash the �ow cell with 40% wash buffer solution for 3 times. c) Then incubate the
sample at room temperature in this 40% wash buffer solution for 30minutes. d) Remove the wash buffer
and rinse the sample 3 times with 2x SSC and keep the sample in 2x SSC until the next step. 6. Imaging
and automation set-up a) We use Nikon Ti Eclipse with PFS autofocus microscope. Ideally, any wide �eld
�uorescence microscope with the right set-up should work. b) For automated �uidics delivery, we
assemble two multichannel �uidics valves \(EZ1213-820-4; IDEX Health & Science) and a peristaltic
pump \(NE-9000G-UP, New Era Pump Systems Inc). We use Tygon Microbore tubing for all connections \
(06419-01, Cole-Parmer). c) Calibrate the amount of volume needed to �ow from each loading tubes to
the �ow cells before the experiment using mocked solutions such as water. 7. SPOTs Imaging a) Prepare
the following solutions before SPOTs imaging. \(i) 10% hybridization buffer containing 10% formamide,
2x SSC, and 10% \(w/v) Dextran Sulfate \(D4911; Sigma). \(ii) 20% wash buffer solution comprising of
20% formamide, 2x SSC and 0.1% Triton X-100 \(iii) 2x SSC supplemented with 20 U/mL SUPERase IN
RNase Inhibitor \(iv) Reduction buffer containing 50mM TCEP in 2x SSC with 0.1% Triton X-100. \(v)
Unmixed anti-bleaching buffer base \[�nal concentration: 20mM Tris-HCl pH 8 \(15568025; Thermo
Fischer), 50mM NaCl, 3mM Trolox \(238813; Sigma), 0.8% glucose \(G7528; Sigma) and 20 U/mL
SUPERase IN RNase Inhibitor.] \(vi) Unmixed enzymes \[�nal concentration: 3U/mL pyranose oxidase \
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(P4234; Sigma) or 50U/mL of glucose oxidase \(G2133; Sigma)] b) Prepare secondary readout probes
hybridization mixture which contains 10nM for each unique readout probes in the 10% hybridization
buffer. c) Pre-load all the secondary readout probes hybridization mixtures to the loading tubes. d) Pre-
load the 20% wash buffer, 2x SSC, and reduction buffer to its own loading tubes. e) Mix the anti-
bleaching buffer base with the enzymes, load to the loading tube, and seal the solution with a layer of
mineral oil. f) Hybridize primer readout probe in 10% hybridization buffer which is coupled to Alexa 488
by itself or together with serial hybridization 1 readout probes to the washed sample at room temperature
for 15minutes. g) Wash the sample with 20% wash buffer brie�y at room temperature for few minutes,
followed by 3 times rinsing with 2x SSC, and keep the solution in mixed anti bleaching buffer. h) Connect
the �ow cell’s inlet to the �uidic valves where the solutions will �ow in, and the outlet to the waste. Epoxy
the tubing around the inlet and outlet to ensure complete sealing. i) If the �rst serial hybridization is done
manually, SPOTs begins with imaging the sample after multiple FOVs are selected. Otherwise, SPOTs
begins with �owing in the �rst serial hybridization buffer after multiple FOVs are selected with the signals
from 488 channels. All the automated delivery system and imaging are controlled by custom written
script in Micromanager. j) The delivery of solution basically proceeds as \(i) serial hybridization \(ii) 20%
wash \(iii) 2x SSC wash \(iv) Anti-bleaching buffer \(Imaging) \(v) TCEP reduction buffer \(post-imaging)
\(vi) 2x SSC wash \(pre-hybridization of next round). k) After 20 rounds of serial hybridizations,
multispectral beads images are manually taken for image analysis usage.

Troubleshooting
a) All the preparation and experiment require RNase free environment. Make sure you use RNase-free
reagents. b) After the experiment is done, it is a good practice to �ow in RNase-zap water to clean the
automation. c) If the target is too dense such that dots are overlapping each other as visualizing from
488 channel, dilute the RNA amount used, and vice versa. d) Ensure auto-focus is turned on throughout
imaging.


