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Who we are?

Michael Gregory - Director
Maddy Adolf - Cytometry Technician
Olivia Finney - Cytometry Technician

Shelley Diamond - Emerita Director

Ellen Rothenberg - Faculty Supervisor

Main Contact —

Instrumentation

cellsort@caltech.edu Scheduling & Billing

Home

Policies

Office — x3998 Caltech Flow Cytometry and Ce Staff & Contact

Consultations

The Caltech Flow Cytometry and Cell Sorting Fz
for analyzing and separating various types of cel

Common

Mike — mikeg@caltech.edu |
Traditional applications include immunophenoty| RECﬂ'm mendatlons
Cell - 561-641-5185 R SN |1 & Resources

ways across various disciplines.

https://cellsort.caltech.edu
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Getting Started =0
S

— New Project Consultation

* Fill out our New Project form to schedule a consultation

* Provide as much information as possible (we can update it during the
meeting!)

* Meet with the staff to discuss your project before you begin

— BEFORE you order reagents, etc, as we may suggest changes!

— Sorts and trainings booked with staff (cellsort@caltech.edu!)

— Self-serve analysis booked directly on our scheduler

ashboard Reservations = Application Management ~ Reports ~ ; Aick
All Reservations
e October 2025 Morth Wesk Day
Sun Mon Tue Wed Thu Fri Sat
1 2 3

1la-12p 9:30a - 11:30a 10a - 12p 2p - 5p 10a - 10p 12a-3a
Cytoflex Analyzer - Laura Cytoflex Analyzer - Cytoflex Analyzer - Cytoflex SRT - Abdullah Cytoflex Analyzer - Cytoflex Analyzer -

1p-2p Honami (Mazmanian) 1:30p - 2:30p Anthony P (Training) (Rothenburg) Ishaan Shapiro Lab Ishaan
Cytoflex Analyzer - Jiamin ~ 12:30p - 2:30p Cytoflex SRT - Hao 1p-4p 3:30p - 5p (idev@caltech.edu)

reserve.cellsort.caltech.edu



’low Cytometry and Cell Sorting Facilit
Updates! -

New project form

BioSorter large particle sorter

— more on this later!

Self-serve sort training

-ACSFusion downtime
Retiring SY3200 and MACSQuant VYB




Flow Cytometry Project Form 3-

First and Last Name: *

Enter your ansmer

Caltech Email*

Please erter an emal

Phons Humber.

Enter your anser

5. Name of Principal Investigator.

Enter your anser

6. Emal of Principal Investigator: *
Aites submiting tis form, your Pl will eceive an email requesting their spgroval of your praject I arder o proceed with your
prosect. 1 approval i reiuied. Please ensure that the-email you enter fo this question s nd that your P1is
Yot project and i o spprove the form in a timely mannar

Please erter an emal

Item properties Comments v

@mention or commen

Project Description *
Immune profiling after T cell depleti
Mice are treated with anti-CD4, anti-CD8, or isotype Ig9G antibody for 5 weeks to deplete CD4 or
CD8T cells.
Immune cells will be profiled with flow cytometry to validate depletion of T cells.

Item Created

9/11/2025 1:26:53 AM

First and Last Name

Honami Tanaka

Caltech Email

htanaka@caltech.edu

Be the first one to add a comment

Name of Principal Investigator: *

Sarkis Mazmanian




ﬁ:‘ Updates!

Self-serve sort training
* Advantages
— More flexible scheduling — allows for afterhours and weekend sorting
with appropriate training

— Training customized to needs - ' 7S
— Less expensive/hour

 Disadvantages /
— On your own for troubleshooting

— Longer training period, with independent use only possible once
objective benchmarks are satisfied

e Possible on FACSFusion and Cytoflex SRT (requires additional
setup fee). BioSorter will be primarily self-serve!



Updates!

FACSFusion excessive downtime

* Previous service provider unable to repair instrument fully in ~2.5 months.
Returning to manufacturer (BD) service contract.

Retiring SY3200 sorter and MACSQuant VYB analyzer

* VYB coverage ended earlier this year. Still available, but may not be able to
repair if it breaks!

e SY3200 coverage will end in December. Still available, but most sorts will
need to be moved to Fusion and SRT

— Loss of capabilities —
e UV laser
* stream-in-air

— Let us know if these capabilities will

be require for your future projects!




Upgrades?

New analyzer? Spectral instruments?

* More colors (5 laser systems can get to ~40 colors!)
* Full spectrum means autofluorescence can be better characterized

— More possibility for label-free identification

e Aurora by Cytek, ID7000 from Sony, Mosaic add-on for Cytoflex
New Sorter? Stream-in-air? Spectral? Microfluidic? Imaging?

Let us know your needs for upcoming projects to help us decide
priorities!

Labs with their own instrument that would rather not have to
manage them? Happy to talk about mutually beneficial solutions!

Design/development groups on campus? Please connect us!



=R

Plate
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

I
=)
—
5
=

Source well Sorted status In Regions Extinction Green  Yellow
nfa aeeal 76.9 8.33 @8.22 9293 3z2@ nfa
nfa feeal 115 8.38 8.19 11125 408 n/a
nfa aeeal 20.1 8.88 8.84 5184 136 n/a
nfa le@al 4593 341 16.7 50863 3672 n/a
nfa le@al 5852 287 22.4 48981 4144 n/a
nfa 18@11 3889 178 411 43211 3648 n/a
nfa 1e@81 4877 725 31.6 47135 4168 n/a
nfa 18181 4445 158 13.2 49612 3456 n/a
nfa 18811 5872 228 7al 59586 36088 nia
nfa leeal 4684 274 19.8 53955 3568 nfa
nfa le@a1 4242 19.2 47295 3688 n/a
nfa le@a1 4185 15.8 47823 3832 n/a
nfa le@al 5068 23.5 58797 3736 n/a
le@al 4332 21.2 48395 3744

18@81 6558 25.2 53294 4896
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Flow Cytometry Analysis Software

* FlowJo — Caltech site license (currently $310/yr)
* FCSExpress & OMIQ — Dotmatics

e Modfit & Gemstone — VSH - specialty software
e Kaluza & Cytobank — Beckman Coulter

e CytoScribe - BioLegend — brand new!

FREE!
* Floreada.io — browser-based simple analysis tool
* R and Python analysis modules - these have gotten MUCH better

e Vendor acquisition software (ex CytExpert and FlowPilot)
— Not recommended for complex analysis! Available on our Sharepoint!



Marker 1

-
Low High
Intensity

Sample
@ Contaminant (including B) ®CD4T ®CD8T ®MAIT eNKILC 3T ®CB ®PBMC o Liver ~Spleen ~Tonsil ©Lung ®Gut ®Skin

C CD69 CD103 CD45RO CCR7




Preparing Properly

* Experimental Design
— Titrating ab/dye concentrations
— Including a viability dye

0 50K 100K 150K 200K 250K

— Debris reduction/removal
— Proper controls

Comp-UV B-A = Live_Dead

* Instrument Setup
— Choosing Log/Linear for FSC/SSC R
— Setting threshold
— Optimizing detector settings

FSC-A

— Screen for doublets




Alexa 700-A

SPLOG

#of = #Hcolors(#colors-1)
plots 2




Proper Controls Ensure Good Setup and Gating

Negative control — Cells without any staining

— Used to set the baseline voltages for all colors in an experiment based on the natural

autofluorescence of your cells

Isotype Controls — Isotype-matched irrelevant antibodies

— used to assess ‘non-specific’ binding of the non-antigen targeting regions of mAbs. Should

NOT be used to set gating. Can inform on sample preparation issues (ie.blocking)

Compensation Controls

— Controls each stained with a single color, minus all others. Used to compensate for spectral

overlap between fluorochromes

FMO Controls — Fluorescence Minus One

— Controls each stained with all colors, except one. Used to account for interactions between

fluorochromes. A powerful & recommended gating tool for multicolor experiments
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S5C-A

SSC - log versus linear
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Newer instruments/software allow you to change the scaling after

the fact, but if settings are optimized for one or the other you could
be stuck.



Finding your Cells of Interest

 FSCv SSC — backgating —
during acquisition AND/OR
analysis.

CDI AG4T

CD14 PE-ATSO

Data from Bio-Rad!
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Precision, most commonly expressed in coefficient of variation (CV) values, is defined by Shapiro* (2003) as “The
extent to which identical values are obtained from measurements of identical particles.” (pg. 214)

*50,000 live cells collected

| Cell Count| Precision |
10 | +-316% As the number of events

50 | +-14.1% collected increases, the
100 | +-10.0% variability in the precision of
1000 | +-3.2% your data decreases.

10000 +/-1.0%

N ——
w w0

Precision of data is determined on your gated cells of interest. *Samples from Library Screen

i.e. If you have 500 total events, but out of that number only 10% are your cells of interest (50 cells), your precision
decreases from +/-4.4% to +/- 14.1%.

Note: An equal number of your negative control should also be collected.

Standard is to collect at least 1,000 gated cells of interest for statistical significance.

Ll.




flowClean: Automated Identification and Removal of Fluorescence
Anomalies in Flow Cytometry Data

Kipper Fletez-Brant, 1.3 Josef Sii:ilesvn,2 Ryan R. Brinkman 2 Mario Roederer,? and Pratip K. Chatloadhygyaf



Date:15-NOV-2017 Compensation Matrix

Parameter
{$PnN)
FSC-A
FSC-H

. FSC-W
S5C-A
S5C-H
S5C-W

BV421-A
SETIM: 15:03:41

SFIL: Specimen_001_WT NDM Medians of Parameters vs. Time

$OP: lopezr09
SPAR: 12
§SRC: Specimen_001

Name Value
$BEGINANALYSIS  |573376

SBEGINSTEXT o |
l The time at the beginning of data collection, format hh:mm:ss.
SCYTSN veer0200 |
o owatema
-
SENDANA| S




Experiment Overview

Preparing a Minimum Information about a Flow Cytometry

Experiment (MIFlowCyt) Compliant Manuscript Using the

International Society for Advancement of Cytometry (ISAC) FCS | Fiow sample (specimen)
File Repository (FlowRepository.org)

Josef Spidlen, Karin Breuer, Ryan Brinkman Data Analysis

First published: 01 July 2012 | https://doi.org/10.1002/0471142956.cy1018s61 | Citations: 24

Instrument Details

Purpose/Goal/Hypothesis
Experiment Variables
Conclusions

Quality Control

Source/Organism/Location
Treatment
Reagent/Analyte/Detector/Reporter
List-mode Data

Compensation

Gating

Descriptive statistics

Instrument Identification

Fluidics Configuration

Optical Configuration

Electronic Configuration


http://flowrepository.org/

Methods Section

 Sample Preparation and Exp Design:
— Sample source and preparation
— Treatments
— Labeling (ab clones, conc, incubation times/conditions)
— Controls used,

* Instrument Setup:

— Describe instrument
 Manufacturer, model, software
* Optical configuration
* Fluidics setup (pressure, nozzle size, buffers used, etc)

— Sorting conditions



Methods Section

* Data Acquisition/Analysis:
— How compensation or unmixing was performed
* Antibodies, cells versus beads
* Justification of changes/modifications
— Number of events recorded

e Smaller populations might require more events

— Gating scheme —

* Gating decisions - what controls were used to set these
 Justification for adjustments, etc

— Statistics
* Which populations are included?
* MFI =mean? Median?

* Fold increase over control vs standardizing to a bead, etc



Comp-PE-Cy7-A

Results Section

* Figures — Dot plots

— Adjust axis labels to clearly convey what is being shown

* Change generic names to appropriate label — usually the marker/antigen,
fluorophore, detector name

— Ex. CD45-FITC B530
* Names can be changed using FCS editors or manually with image

editors
elar | Qz sy o
10 -242-83?3_. - L5116
~
) >
10 = O
7 L
. a-
00
()
Q
3
107 = o
= 00
: ~
>
0
Q4 g Q3. S '89?? Q3
10”4 5.4190 S ee.2321 (o T4e.23zl
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-10° 0 102 10? 10 10

Comp-FITC-A B530 CD4-FITC



Comp-APC-Cy7-A

Results Section

* Figures — Dot plots M

— Scaling of axis
* Scaling should be consistent between samples
* Same data, but visualized differently — confusing for readers

_m'r" = ] ,%E_-_TELFQE[‘ Events i
: _Target Events . 3.39?.2
j 3.3972
1134 _E .'F |
: S 107
| Y
- ]
] ; _
-c.lf. i
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E E J
= . : _
] g ‘.
] E
”II““I ' ! II“" T Il|l|.|l| T -

10° 10t o5

Comp-PE-Cy7-A e






Publication Summary

Aim to provide all information necessary to replicate
experiment

— MIFlowCyt guidelines are very comprehensive

QC your data well and explore in a variety of analysis pathways
— Backgate to make sure you are not missing populations
— Be mindful of the upper right corner, cells can hide there!
— Triple check your compensation before analyzing!

Include gating scheme and gating justifications

— Flow cytometry data can be presented as a generalized gating scheme,
but deviations/adjustments need to be justified

Plots
— Label with Detector name, Marker/Antigen, and Fluorophore

— Scale is arbitrary, but should be consistent. Be careful about over
adjusting the scale to the point that tic marks are hard to understand



Large Particle Sorter

BioSorter

Union Biometrica
Kerckhoff B133

Versatile instrument with 4 possible
flow cells or FOCA:

— FOCA 250

— FOCA 500

— FOCA 1000

— FOCA 2000
Large particle sorting - ~30um to

800um

Colinear lasers at 488nm and 561nm

3 Detectors:
— Bandpass Filters: 512/25, 543/22, 615/25

Sample deposition into a variety
of plates and tubes including:
— Culture plates (6, 12, 24, 48,
or 96-well + custom)
— PCR plates
— 384-well plates
— 1.5mL, 5mL, 15 mLand 50
mL tubes

Sorting droplet is dispensed
straight down for more precision
into smaller welled plates



Applications

Pancreatic islet Pancreatic islet
(mouse & rat) (mouse, rat & human)

Hepatocyte Embryoid body

Kidney duct cell Adipocyte
Pancreatic duct cell




BioSorter
Special Features

e Straight down dispensing
(only one population at a
time)

* Very gentle sorting
 Recovery of unsorted
‘waste’ to rerun
Plate/tray sorting
Profiler

Future?

— More colors? Sterile enclosure?
— Additional FOCA?

70000

60000

50000

40000

30000

20000

10000

04

/A

/ \\‘U"’ oo _/\:

1 52 103 154 205 256 307 358 400 460 511 562 613




User Projects

Sally Ireri, Ph.D.

Vera Beilinson

Helena Awad

Amy Chow, Ph.D.

Mengyi Cao Lab

Margaret McFall-Ngai/Pachter
Labs

Linda Hsieh-Wilson Lab

Mitchell Guttman Lab



Bacterial scRNA-seq isolated
from host

Vera Beilinson
McFall-Ngai/Pachter Labs
Flow Cytometry Facility Lab Meeting
Oct 27, 2025



Number of Cells (logl10)

14 -

12 4

10 4

Bacterial scRNA-seq methods

are increasing

Number of Cells by Year and Type

par-seqfISH

Human Guk

Rhvizosphere {gram)

Mouse Poop

MERFISH Squid Light Organ

M3-saq
Dy T BacDrop
microSPL

.i'tTItl S0q smFandom-seq

(4]
MATO-seq

BaSiC ANA-seq
2015 2020 2021 2023 2024 Sample
ear

Methods performed from liquid culture samples (no debris).

What about bacteria from a
Host debris is an issue

host?

@ NGS
sample
B maging

NGS

Untargeted

Captures tmRNAs

Not all methods are reproducible (BacDrop)

Imaging
Targeted (price T w/ # of genes, # of cells depe
on user)



Goal: perform MATQ-seq on bacteria isolated from a host

Liquid Culture: Published for 2 species Novel Method: Bacter;ia isolated from host

1. Cell sorting of bacteria

Flow cytometry (Method: Tijerina et al, 2025) -
-

2. MATQ-seq (Homberger, 2023) ocooceo

AN GRS

Single Cells celee
(70/80 87%) 035
Success of bacterial single cell sorting @ Caltech
l w/ our “unoptimized method”
3. Sequencing
4. Analysis Analysis

Improved @ Pachter Lab (Oakes et al, ?)



Goal: More accurate cells sorting

Previous sorting: size + presence of RFP plasmid — better to have counterstain to avoid debris in well
Goal: Identify a counterstain that is compatible for growth AND RNALater safe
— Current no information online!!
— RFP is RNALater safe (GFP and YFP is not)
Why:
— Sorting live onto agar plates is a good sorting control to know success
— For MATQ-seq it is ideal if the samples are fixed in RNALater prior to sorting since bacteria change transcription fast

Dye (1:250 and 0.2:250) Liquid culture low OD Liquid culture high OD Isolated from host (squid)

SYTO9 No/minor growth No/minor growth No/minor growth
Bactoview Green No growth No growth No growth
Calcein Violet Growth Growth Growth

Hoescht No growth No growth ?

— Calcein Violet is the only counterstain that allows for growth



Which dyes are RNALater compatible

LIVE RNALater

WT RFP + Dye

WT RFP

— Syto9 is present in live and RNALater but Syto9 obliterated RFP
— Some background in Syto9 channel



Which dyes are RNALater compatible

LIVE RNALater

WT RFP + Dye

WT RFP

— Bactoview is present in live and RNALater
— Some background in Bactoview (FITC) channel



Which dyes are RNALater compatible

LIVE RNALater

WT RFP + Dye

.
: . .

— Calcein Violet is present in live and RNALater (possibly brighter in RNALater)
- Little background in violet channel




Which dyes are RNALater compatible

LIVE RNALater

WT RFP + Dye

WT RFP

— Hoescht is present in live and RNALater but obliterates RFP signal
— Little background in Hoescht channel



Conclusion

— Calcein Violet is good counterstain allowing for growth
— SYTO9, BactiView Green, Calcein Violet are RNALater fixable

Next steps:
Try sorting with calcein violet



Most methods are similar-
just depends if in well or within cell

Various methods

Highly reproducible
A : : . ; :
' Plate-based ' Split-pool barcoding :
1 ' ey '
| FACS ' Bz :
' =N ' ; '
' 2 ]
' 0N ' :
' _’: 1 '
. X S |
Single-cell ; T ' .
g 2 +  Laser Detectors 1
isolation | am!- | Fomare : '
)
Strategy ' . Side scatter & 1 :
' Fluorescence 1 '
' =] ' ;
3 / & ' '
5 1
: = . '
< 1
: e, . :
' e v, ' '
' oo X '
' oo 1
. OO OOoOO0OT ' :
' ' [
s $ i BacDrop
J MATQ-seq : PETRI-seq : ProBac-seq
Method Improved MATQ-seq ' i M3-seq
microSPLIT '
: RamDA-seq : ' smRandom-seq
)
] 1 '
Design | Full length . UM ' UMI
1 1
Th h t: Low : High : High
roughpu / '
gl (10 cells) ! (10-10" cells) L (10%10° cells)
B Features
Single-cell sorting strategy CONA generation & rRNA depeletion Single-cell barcoding
Method Yoar
In situ Random Other
FACS Split-pool Dropilet ation JiSPlacement RNaseH Casg (Customed Splitpool Droplet Hybrid
SoNTTETO"_amplttication probe)
PETRI-seq 2020 . . .
MATQ-s8q 2020 .
microSPUT 2021 . . .
BacDrop 2023 . . . . .
ProBac-seq 2023 . . -
M3-seq 2023 . . . . .
Improved MATG-seq 2023 .
smRandom-seq 2023 . . . .

RamDA-seq 2023

Nishimura 2025

FACS sorting is vital regardless of method
— remove dead cells + debris
— ensures no bacteria sticking to each other*

*FACS sorter w/ “imager” is recommend to
visualize the single cell

Similar better method coming out soon!
Reproducible

Not reproducible

Reproducible
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Cell culture MATQ-seq Quality
& sorting control
= FACS = Lysis * Qubit
=RT-SSIV = Bioanalyzer

= Amplification

Sample 1: Sample 2: Sample 3: Sample 4: Sample 5: Sample 6: NC
RNA+ RNA+ RNA+ NC NC Lysozyme +
Lysozyme + | Lysozyme + | Lysozyme + | Lysozyme + | Lysozyme + | 2.64 ng/ul
16.2 ng/ul 9.64 ng/ul 11.6 ng/ul 3.76 ng/ul 2.04 ng/ul
Sample 7: Sample 8: Sample 9: Sample 10: | Sample 11: | Sample 12: NC
RNA+ RNA+ RNA+ NC NC Lysozyme —
Lysozyme Lysozyme Lysozyme Lysozyme — | Lysozyme —

2.04 ng/ul

= Nextera XT = lllumina = Quality control 24.4 ng/ul 23.2 ng/ 22.0 ng/ul 3.86 ng/ul 2.80 ng/ul
= DASH (rRNA platform = Quantification , m & S
depletion) . » st A |

Library Sequencing | | Bioinformatic
preparation analysis

= Enrichment

1.DOT

improved MATQ-seq

cell isolation and cDNA synthesis

H Bacterial culture

Single-cell isolation by
FACS and cell lysis

Multiple annealing
by random priming

—

SuperScript IV l Reverse transcription

.
v\\
l PolyC tailing
CCCCCC e~
<~
Minimal reaction Second strand synthesis
volume and PCR amplification
GGGGGC~——
CCCCCCne—rm——————
Clean-up

& quality control

- cDNA

library preparation including DASH

——————— rRNAderived cDNA
cDNA

—_—
—_

l Tagmentation

S
E—aSs
N

N Nt S~~~
= A=y Ne————

l Index PCR

"
B

1oai

Clean-up, quality control
& pooling

Cas9/ sgRNA DASH
complex formation

= ===
X_———  rRNAderived cDNA Vera —success @ Caltech. cDNA(no DASH). NC are low, PC
l Cloandip are within range w/ expected peak shape.

& quality control Critical to do in PCR/clean hood.
PCR amplification =
E——
_— ==
Clean-up
& quality control

ready pool for
sequencing

Homberger et al 2023



PrimeFlow RNA

Amy Chow, Ph.D.
Guttman Lab



Guttman lab research focus
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PrimeFlow RNA principle

PrimeFlow™ RNA Assay Kit workflow

Geoe 1
Geoe 1
Suspension cells with RNA
fixed

1. Label proteins with
antibody (optional).

2. Fixand
permeabilize cells in
suspension,

Sample Target
Preparation Hybridization

Signal

Amplification

@ @

Zz zz Gene-specific Target
Probes

1. Incubate cells
with gene-specific
Target Probes
(Type 1, 4, 6 or 10).

r 'Ampllﬁef

Pre-Ampilifier and
Amplifier DNA
(Type 1, 4, 6 or 10)

DS:. ermo er.co en/home/life-scien ce/gene-expressio -genotyping/q ge
https: //wwwthermoﬁsher com/us/en/home/life-scien ce/cell-analys s/cellular |mag|ng/|n situ-| hybndlzanon |sh/rna

fish/viewrna-assays.html
https://d ocuments.thermofisher.com/TFS-Assets/LSG/man uals /MAN0019788_P rimeFlowRNAAssay_UG.pdf

Det, v
Detection

gL
$5%

-0 -O Fluorescent Label
Probe

1. Add Label Probes to
cells.

2. Process cells using
a standard flow
cytometer.

N gamera protn
Wlux ' &0

BN Gamena mANA
Alsxs Fluoe® 750

Target \_ Signal amplification

and detection

PreAmplifier Mix
e K L L |
Type! Typed TypeS Type 10

Amplifier Mix
o P e g

hybridization

. 2
i T
i ZE
ERTT

Label Probe Mix

Label Probe 1
Aloxa Fluor 546/594

Label Probe 4
Alexa Fiuor 488

Label Probe 6
Alexa Fluor 647

Label Probe 10
Alexa Fluor 750

R 22 R 2

RNA-1 RNA2 RNAJ RNA4

o
( Label Probe

Amplifier ——s
/o

Pre-Amplifier

\ngﬁ?n?/\m‘/\/

+ A mix Of OBgOS DINGng 10 SPecEic RNA twged
* Each pair of ooy secures e DONA Trew”


https://www.thermofisher.com/us/en/home/life-science/gene-expression-analysis-genotyping/quantigene-rna-assays.html
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Please give us your Feedback!
F".: give usy

Feedback survey —2>

Future needs questions:

Spectral instruments?
Imaging instruments?

Booking sorting directly?

Other needs/questions?

Please scan the QR code to
rate your experience with
the Facility and give us some
feedback.
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