How to Get the Best
Performance out of your CyTOF

Carina Torres

CyTOF User Group Meeting
CYTO 2013

23 May 2013

ssssssssssssssssss



* History

 CyTOF Workflow
* Instrument Startup
* Optimization
 Running Samples
* Instrument Shutdown
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CyTOF at Lilly

A group of Lilly CyTOF installed, Experiments began

SeniorResearch placed in Flow Core
Scientists went to a

Garry Nolan talk

2010

2011 2012 2013
7

—

Bendall, S.C., et al. Single- September Panel Validation
cell mass cytometry of Purchased Phenotyping
differential immune and CyTOF (#9) Data analysis

drug responses across a
human hematopoietic
continuum. Science 332
(6030): 687-696, 2011.




Preparing your Lab




Daily Workflow: Instrument Startup

Make sure Argon is on
= 100 psi at wall
= 50 psi on instrument

2

Check lights on instrument

Start Syringe pump (HPLC)
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Start Plasma

Turn Heater on

Instrument setup > Card Cage Tab
— > Click Heater on2> 200°C

l

Prepare Nebulizer and
Syringe Pump




Instrument Startup




Instrument Startup

Check lights on instrument Turn Heater on
Instrument setup > Card Cage Tab

Make sure Argon is on
— > Click Heater on2> 200°C

= 100 psi at wall
= 50 psi on instrument

l

Start Syringe pump (HPLC) Start Plasma Prepare Nebulizer and
“ Syringe Pump
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Instrument Startup

R T o

Instrument Setup
CardCage | RFG Controller | DAC Channels Setup | Ports & Commands Setup | Sampler Setup |

Plasma Gases Gate Valve Interface Pump

Multi Turbo Vent Valve ToF Tubo High Voltage Heater

Log 013 9:34:29 AM : Liner {ramping up) = -4800

47812013 9:34:30 AM : D Bias (ramping up) =-5000
47812013 9:34:31 AM : Liner (ramping up) =-4999.9
4/8/2013 9:34:32 AM : Setting Mirror to the current value.

4/8/2013 9:34:32 AM : Plasma Start up Sequence has finished successfully.




Instrument Startup

Check lights on instrument Turn Heater on

Instrument setup > Card Cage Tab
— > Click Heater on2> 200°C

Make sure Argon is on

= 100 psi at wall
= 50 psi on instrument ’

l

Start Plasma Prepare Nebulizer and
Syringe Pump

Start Syringe pump (HPLC)
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Instrument Startup




Instrument Startup

Check lights on instrument Turn Heater on

Instrument setup > Card Cage Tab
— > Click Heater on2> 200°C

Make sure Argon is on

= 100 psi at wall
= 50 psi on instrument ’

l

Start Plasma Prepare Nebulizer and
Syringe Pump

Start Syringe pump (HPLC)
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Instrument Startup

CyToF 5 =13
H Instrument Setup  Acq. Settings PDA1000 Dual Calibration  Sample Introduction  Acquisition  Analysis Convert to FCS  Convert IMD  Fix FCS  About
araphs |2 [ ) I o/ o/so-=o 15300/ 3.000/ 0.060] 5P (Inj/Tot ) [ 2.08 / 3.000] Wi 009

Instrument Setup Q@

Card Cage | RFG Controller | DAC Channels Setup | Ports & Commands Setup | Sampler Setup |

Plasma Management

Plate current, &
RFG Status

[ WARMUPMODE(Z3an7iozs4s) Plate volage, V. [/
Factual Power Level, W

Set

RFG Warm up delay
[IIIIIIIIIIIIIIIIIII.IIIIllllllllllll ]

Start Plasma Stop Plasma

Log 013 10:22:12 AM : Nebulizer Gas On (0.45Liminute). ~
41712013 10:22:12 AM : Makeup Gas to 1 Liminute. e Chiller turns on

417/2013 10:22:12 AM : Waiting for 10 seconds. ° Start-up sequence

417/2013 10:22:22 AM : RFG PREPARE. * Plasma ignites

41702013 10:22:22 AM : Waiting for RFG to warm up (timeoutis 100 seconds).

3




nstrument Startup

[ cyTor [- [o]x
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£ Instrument Setup Acq. Settings PDA1000 Dual Calibration Sample Introduction Acquisition Analysis Convert to FCS5  Convert IMD  Fix FCS  About

S Graphs |2 | B _ DiafVol/Speed [ 9.300 ] 3.000  0.060 ] 5P (Inj/Tot )[ 2.088 { 3.000] i oo o

T —— 0 (=] 1]

Card Cage | RFG Controller | DAL Channels Setup | Ports & Commands Setup | Sampler Setup|

Plasma Management

Plate current, &
RFG Status

_ Plate voltage, V

Factual Power Level, W

Power 1300 Set

Plasma Start Up Sequence has been completed successfully.

Start Plasma Stop Plasma

OK

(>

Log 013 10:25:03 AM : Liner (ramping up) = -4800
41712013 10:25:04 AM : D Bias (ramping up) =-5000
4j7/2013 10:25:05 AM : Liner {ramping up) = -4999.9
4i712013 10:25:06 AM : Setting Mirror to the current value.

41712013 10:25:06 AM : Plasma Start up Sequence has finished successfully.

]




Instrument Startup

Check lights on instrument Turn Heater on

Instrument setup > Card Cage Tab
— > Click Heater on2> 200°C

Make sure Argon is on

= 100 psi at wall
= 50 psi on instrument ’

l

Start Plasma Prepare Nebulizer and
Syringe Pump

Start Syringe pump (HPLC)
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Instrument Startup

5]

yToF

Ll % X
: e & &
* Instrument Setup Acq. Settings PDA1000 Dual Calibration Sample Introduction Acquisition Analysis Convert to FCS  Convert IMD  Fix FCS  About

|
 Graphs |2 |1\ SPLIDLE] DiajVol/Speed [ 9.300 { 3.000 / 0,060 ] SP ( InjfTot ) [ 0,000/ 0.000 ] :] a E

nstrument Setup Q

Card Cage | RFG Controller | DAC Channels Setup | Ports & Commands Setup

Plasma Management

Plate current, &
Plate voltage, V¥ D
Factual Power Level, W

RFG Status

RFG Warm up delay

Start Plasma Stop Plasma

Log 013 10:22:12 AM : Nebulizer Gas On (0.45Liminute).
4/7/2013 10:22:12 AM : Makeup Gas to 1 Uiminute.
417/2013 10:22:12 AM : Waiting for 10 seconds.
41720131 AM: RFG PREPARE.

4/7/2013 10:22:22 AM : Waiting for RFG to warm up (timeout is 100 seconds).

Waiting for RFG to warm up (timeout is 100 seconds). STARTING PLASMA

B8 cyror sl 102380
¢ ® sunday
% 4f7/2013




Optimization: Performance Check and Tuning

| _Mass Resolution I » To get the best resolution between detection channels

!

| Mass Calibration | » Makes sure TOF values for CS and IR are <5% of peak height, calibration
l doesn’t typically need to be changed

| DetectorGain I » Optimize to ensure efficient detection of ions

!

» The dual count coefficient is calculated to generate the dual signal scale that is used
to quantify ion signals

!

I Dual Counts TesT_l » Measure sensitivity by doing a dual counts tests to ensure '5°Tb dual counts
' l are >100,000

| Oxidation | » Check Oxide ratio as an indication of plasma robustness. The ratio of
155Gd dual count /'5°Tb dual count should be less than 3%




Optimization: Performance Check and Tuning

Tuning
Solution

8 Data Acquisition Settings

Analytes | Parameter | Mass Calibration |

Mass has been PRECISELY DUAL-calibrated

Instrument Dual Calibration, colors legend

Mass has been DUAL-calbrated by EXTRAPOLATION

[ Open Templates

[ Create a New Template ]

Symbol Mass Antibody Label IntegrationTime Intercept [Instrument) Slope [Instrument)
7_& &y 21 0.0000 | 0.0408
Cs 133 21 0.0000 0.0409
La 139 22 0.0000 0.0417
Gd |155 23 0.0000 0.0440
Thb | 159 23 0.0000 0.0446
Tm 169 24 0.0000 0.0450
Os 189 25 0.0000 0.0488
Os [190 25 0.0000 0.0459
Ir 191 25 0.0000 0.0490
Ir 193 IE=R 00000 |0.0433

Periodic table ]

Reset Intergration Time ]

Save




Optimization: Performance Check and Tuning

Tuning \ Mass

Solution /’"‘Resolution/“)

= =1/t3

Sy ¥ Value =
Mass rrb ~ | Start ToF 10388 Start Mass & Intensity ) Liric ot & TofF
ToF [10413 |  EndToF [1043s8 End Mass < Loglo O Mass

[ Show: History Output File Name

Dump To File | E:\Daily QC%201 3% prils06&prill1 34tuning_spectra

[10a23.45

540000 -
o 1 Example: 10425/6(2)= 868 >400 XPeak height: x= 10425 (TOF)
y= 525,000 (intensity)

| 585445 | ToF

420000 —

260000 -

b ol 1t} nl B

200000

280000 === J--mmmmmmmmens . /2 max signal intensity

180000
120000

60000

o T T T T T T - T T T
10388 10393 103398 10403 10402 10413 10412 1 U42ﬁ 10428 10433 10




Optimization: Performance Check and Tuning

Tuning \ Mass \ Mass

Solution ~ Calibration

i -l e e XS

sInstvumen':Setup Acq. Settings PDA1000 Dual Calibration  Sample Introduction  Acquisition »ﬂﬁél?sis Convert ko FCS  Convert IMD  Fix FCS  About

i Graphs |2 |~ @

P ( InjjTot ) [ 1.532/3.000]

e

ToF Range Per Reading(Mass Peak)

%] ToF Range Per Reading(Mass Peak)

Y Value X < Tt Y Value x
Mass | StatToF ‘??]2_ Start Mass D @ Intensity ® Linear ® ToF Mass Ir v‘ Start ToF \l1432 Start Mass | 167 | @ Intensity ® Linear o
ToF | End ToF [9562 EndMass [0 | O Logl0 O Mass ToFI ;!a ag;l End ToF (11482 EndMass |15 | O Logl0 Ot
L] Show History Output File Name: Dutput File Name:
[] Dump To File ‘ ‘ C] [] Dump ToFile ‘

|ss13.01 | 359434 | ToF [11430.41 | 340588 | ToF
w000 | 120000 i

232500 -| 108000 -|
| 260000 ! 96000 4
n n
t t
e 227500 e 84000 o
n n
s s
i 195000 i 72000 4
t t
' 162500 Y o000 4

130000 -| 43000

97500 36000

65000 0, H 24000 4 .

<5% of peak height <5% of peak height
32500 \. l 12000
0 : : : : . : : : T | 0 : : : . : T . . T
9512 %517 9522 9527 9532 9 537 9542 9547 9552 9557 9562 1432 1437 11442 11447 11482 1 1 4 5711432 11467 11472 11477 11482




Optimization: Performance Check and Tuning

Solution

Mass(es) Per Reading

Tuning \ Mass \ Mass \Detector

~Calibration

gain 4
4

[:J@l@i £Bl ToF Range Per Reading(Mass Peak)

7 Y Value
Mass A" b O Intensity :
Output File Name @ Linear
(& Pulses Count
[EADaiy 0C\2013May\0May1vn| [ | [ Dump ToFie O Dual Count O Logi0
[100 | [134079 | Time Se B
Cs132.905
| 250000 | < La138.906
Gd154.922
250 1 Max signal intensity 629242 _ 4 o4 (4-5) Tb 158,925
. T 168.934
P oo { TD pulse counts 136495 0 188,958
u
I 05189.958
5 A7E000 1190.95
e
c 1 192.952
o 150000 o oy — s
5 |
n A S T o N
t 125000 =
100000 |
75000 4
50000
25000
0 T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20

Y Value
@ Linear
O Logl0

e
@ Intensity

Start Mass | 153 ‘
EndMass | 154

Mass IB | StatToF |10330

Tof [10415 | EndToF [10440 \
Show History

Output File Name

Dump To File ‘ E:\Daily OC\20134May\03May1 35tuning_spectra

[10385.14 | [404313 | ToF

om0 |

900000

800000

700000 +

600000 -

«~—uos0~>5—

500000

400000 +

300000 -

200000

100000 +

0
10330

T T T T T T T T T
10335 10400 10405 10410 10415 10420 10425 10430 10435 10440




Optimization: Performance Check and Tuning

Tuning \ Mass \ Mass \Detector \Dual C°““Nual T (e

Solution /,,/Resolution// Calibration // gain cahbrathVOmdatlon //

E=l Mass(es) Per Reading = B3]

Ty ¥ Value
Mass | Al St l O Intensity i
Output File Name i 5 & Linear
5 5 ] S <> Loglo
E:%Daily @C2013%Mapi 03k ay1 3htun | L. 1] Dump To File & Dual Count

|21 | [237500 | Time

= Xe 130.905
= Cs132.305
[250000 | = La133.906
4 = Gd154.922
228000 73 . = Tb158.925
i T — I e o — = Tm 162934
a 200000 1 = Os188.958
155 s
:; 175000 159Tb dual count >100.000 159Gd dual count =<3, = 0Os189.958
c | ’ Tb dual count = Ir130.95
= = Ir192.962
u 150000 -
j 2754 -1 26%
125000 . (\
218626
]
100000 -
75000 | .
soooo - e S e e e
25000 -
D T
o 2 4 & = 10 12 14 16 18 20

]

CYTOF Is Ready! &?

v
-




CyTOF Calculations for Instument Performance/Tuning

Date:

1. Ratio of Th: Intensity of Tb on mass peaks graph /Tb pulse counts = (3.0-5.0)
For troubleshooting, optimize detector voltage

2. Resolution of Th:
a. Recorded x value at peak height =
b. Record y value at peak height = /2=
c. x-intercept 1 (at ): peak height (y))= x-intercept 2= difference=
d. recorded x value at peak height/2/difference = (should be >400)

3. Mass Calibration Values for Cs and Ir2:
a. Cs: peak height= x .03= ; x value at .03 peak height =
(check against values in Calibration tab or Data Acq settings)

b. Ir2: peak height= x .03= ; x value at .03 peak height =
(check against values in Calibration tab or Data Acq settings)

4. Oxide Ratio:
a. Record level of Tb and Gd

b. Gd/Tbx100=<3 = / =




Automated QC at Lilly

H ,' start o & R[] ) CyTOF QC - Mozilla Fi, ..
::;EF\:-T file:/1{C:Program Files/El Lily/CyTOF QC/CyTOF_Daily_QC.html 77 -le] \.:] ——— 2 "
QC Table Pulse Dual Mass Mass PPM
- or2 Counts Counts Intensity Error Error
2013
Jan

o Feb

© dar : 159

e Ratio of "7 Thb 4.61 (4-3)
=1
-2
=3

el Resolution of 1*?Tb 708.10  (>400)
Oxide Ratio of 1> Tb 117%  (<3%)
Mass Calibration for 1**Cs 9537.40 (9538)
Mass Calibration for 12°Ir  11460.08 {11458)




Automated QC at Lilly

7 CyTOF Mozilla Firefox
File  Edit Vi History ~ Bookmarks Tools Help

|.',"):ch00= QC x l;’_\CyTOF QC X ] & CyTOF QC x |T| -
g \(-/: &t file:f}C: {Program Files/Eli Lily/CyTOF QC/CyTOF _Daily_QC.html % ||| 2~ Goog Pl i
QC Table Pulse Dual Mass Mass PPM
® 2011 .
. 2012 Counts Counts Intensity Error Error
® 2013
PPM E Plot
o Taii 2013 .‘L‘pr[?r?t.@ Zof-.lF‘M
o Feb 2,800
o Mar )
o Apr
w]
"2 2,600 @ Series 1
m3
LI
.5 2,400
L)
= 2013 Apr 6 1:02:29PM
2,200
5
": 2,000
z
£
1,800
1,600
1,400
1,200
Mass

—".’——Stgrt € R [[] B cyToF e CHAWINDOWSisyste. ..




Automated QC at Lilly

Ratio of **?Tb 461  4-5)

Resolution of 1**Tb 708.10  (=400)
Oxide Ratio of 1*?Tb 1.17%  (=3%)
Mass Calibration for 1**Cs 9537.40 (9538)
Mass Calibration for 122  11460.08 (11458)

Ratio of *7Tb 472 ¢4-5) .
Resolution of '**Tb 722771 (2400) e

Dual count
calibration

Dual counts plot

\
SILRLALY)

ual Counts

Oxide Ratio of *>?Tb 1.26% (<3%)
Mass Calibration for 133Cs 953770 (3538)
Mass Calibration for 1931, 11460.27 (11458)

\
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When Specs Are Not Met

Parameter Observation Possible Solution
| Mass Resolution I <400 Call for service
l ToF values for Cs and Ir Verify ToF values and
'I Mass Calibration I at beginning of peak are enter new values in the
l >5% of peak height mass calibration tab
| DetectorGain | 159TD ratio is<4 or >5 optimize detector voltage

!

- Check X-Y alignment

7 ptimize gas flows
159
| Dual Counts Test | Tb dual count <100,000 — Optimize current
l Swap nebulizer

1%°Gd dual count 5 30,

159Tb dual count Optimize gas flows

| Oxidation |




When Specs Are Not Met

Parameter Observation Possible Solution
| Mass Resolution I <400 Call for service
l ToF values for Cs and Ir Verify ToF values and
'I Mass Calibration I at beginning of peak are enter new values in the
l >5% of peak height mass calibration tab
| DetectorGain | 159TD ratio is<4 or >5 optimize detector voltage

!

- Check X-Y alignment

7 ptimize gas flows
159
| Dual Counts Test | Tb dual count <100,000 — Optimize current
l Swap nebulizer

1%°Gd dual count 5 30,

159Tb dual count Optimize gas flows

| Oxidation |




When Specs Are Not Met

Parameter Observation Possible Solution
| Mass Resolution I <400 Call for service
l ToF values for Cs and Ir Verify ToF values and
| Mass calibration | at beginning of peak are enter new values in the
l >5% of peak height mass calibration tab
| DetectorGain | 159TD ratio is<4 or >5 optimize detector voltage

!

- Check X-Y alignment

7 ptimize gas flows
159
| Dual Counts Test | Tb dual count <100,000 — Optimize current
l Swap nebulizer

1%°Gd dual count 5 30,

159Tb dual count Optimize gas flows

i Oxidation |




Verify Mass Calibration

8 Data Acquisition Settings

| Analytes | Parameter | Mass Calibration |

Mass | 132.905 TOF 95371 Graph is showing first 300 pushes per reading
Mass 2
Mass |192.962 TOF [114571 Stop

Mass 1

T |
Time OF Flight
8400 8800 5200 3600 10000 10400 10900 11200 11600
0— . e
100 ) S B, T
% -
z :
= .
=2
g ; R .
200 o Mo g S
300 2 = ' ) v
< i | 3




When Specs Are Not Met

Parameter Observation Possible Solution
| Mass Resolution I <400 Call for service
l ToF values for Cs and Ir Verify ToF values and
'I Mass Calibration I at beginning of peak are enter new values in the
l >5% of peak height mass calibration tab
| DetectorGain | 159Tb ratio is<4 or >5 optimize detector voltage

!

- Check X-Y alignment

7 ptimize gas flows
159
| Dual Counts Test | Tb dual count <100,000 — Optimize current
l Swap nebulizer

1%°Gd dual count 5 30,

159Tb dual count Optimize gas flows

| Oxidation |




Optimize Detector Voltage

8 Instrument Setup

Actual
Current Update
Walue

| Middle Point “ -1545 , u] -120 Set Actual Current Value ]\[
iNebuIizel Gas o 15 03 [ set Actual Current Value 7]}[
Detector Bias -5000 -5000 Set Actual Current Value ]‘[
Detector Voltage |-5000 -1825 Set Actual Current Value ][[
DO2 20 Set Actual Current Value ]\[
PulserP Set Actual Current Value ]}[
PulserN Set Actual Current Value ]![
Liner i Set Actual Current Value ][[
Mirror Set Actual Current Value ]\[
Makeup Gas Set Actual Current Value ]}[
Set Actual Current Value ]‘[

Set Actual Current Value Ji

Set Sctual Corent Value l.l

Actual Actual

Parameter Name Min Max

I LI JIC_ I\

Current

Initialize Save

Log
4/6/2013 1:38:33 PM : Please, note that when Initialize button is pressed - Detector Voltage, Liner, Bias and Mirror will all be setto 0.




When Specs Are Not Met

Parameter Observation Possible Solution
| Mass Resolution I <400 Call for service
l ToF values for Cs and Ir Verify ToF values and
'I Mass Calibration I at beginning of peak are enter new values in the
l >5% of peak height mass calibration tab
| DetectorGain | 159TD ratio is<4 or >5 optimize detector voltage

1

- / Check X-Y alignment
/

) t Optimize gas flows
159
| Dual Counts Test | Tb dual count <100,000 T—> o timize current

1%°Gd dual count 5 30,
159Tb dual count

Swap nebulizer

i Oxidation | Optimize gas flows




When Specs Are Not Met

Parameter Observation Possible Solution
| Mass Resolution I <400 Call for service
l ToF values for Cs and Ir Verify ToF values and
'I Mass Calibration I at beginning of peak are enter new values in the
l >3% of peak height mass calibration tab
| DetectorGain | 159TD ratio is<4 or >5 optimize detector voltage

!

- Check X-Y alignment

l O - -

7 ptimize gas flows

| Duai Counts Test | 159Tb dual count <100,000 <7> Optimize current
l Swap nebulizer

1%°Gd dual count 5 30,

159Tb dual count Optimize gas flows

i Oxidation |




X-Y Alignment of the Interface

&5 Mass(es) Per Reading

Mass [A"
Output File Name

Y.
v—l O Intensity

l |

) Pulses Count

.. | [ Dump ToFile ® Dual Count

Y Value

(&) Linear
O LeoglO

|295.9 | |255263

| Time

oo L
250000 4

225000
200000
175000

150000

TISoOMNTeCQ

125000

100000

75000

50000

25000

Pal
-‘“"‘_"‘

T e N NI S S

e

u}

e 130.905
Cs 132.305
La 138.906
Gd 154.922
Tbh 158.925
Tm 168.934
Os 138.958
Os 189.958
Ir 190.96

Ir 192.962




Optimize Gas Flows

I, e L e e £

(es) Per Reading,
H ading % Instrument Se

0 Y Value s s
Mass A" v © Intenay | Card Cage | RFG Controller I DAC Channels Setup | Ports & Commands Setup | Sampler Setup |
Output File Name @ Linear Actual
l l [1:Durp ToFil © Puises Count O Logl0 Parameter Name ?A?r:ual ‘:\A%l:al Current Update f
[ ] LDEELDENS () Dual Count Yalue
| Middle Point 1545 |0 .120. [ setActual Current Value ][
|5'95 J |254505 l Makeup Gas . %e130.905 > | Nebulizer Gas o 15 1015 Set Actual Current Value
= Cs132.905 Detector Bias |-5000 0 ‘ -5000 || SetActual Current Yalue :
1 ] « La130.906 : Detector Voltage ;7-5000 0 |-1825 [ Set Actual Current Value ]\F
= Gd154.922 D02 |0 40 120 | SetaActual Current Value ‘[
225000 = Tb158.925 | PulserP o 713 1430 | Setactual Current Value 1[_
5 o = Tm168.934 PulserN |-703 0 |-700 [ set Actual Curent Value :
u 200000 ~ 7\ = 05188958 Liner |-5000 i} |-4999.9 [ Set Actual Current Value \:
ia N AR | Mirror o 1000 |940 Set Actual Current Value [
175000 = 11190.96 : : : ‘ ;
cC Makeup Gas il 2 1085 Set Actual Current Value |
o = [r192.962 | + L 1
u 150000 A ' Current |0 25 [ [ set Actual Curent Value [
:1 ‘ 40001 -410 1} 1-120 [ Set Actual Current Value \[
125000 ~ | Slit |.ong n 120 I Set &ctual Curent Value T_
100000 | L
75000
Log
50000 4/6/2013 1:38:33 PM : Please, note that when Initialize button is pressed - Detector Voltage, Liner, Bias and M
25000 4 4/6/2013 1:50:19 PM : Executing command : Nehulizer Gas [ ActualCurrentvalue = 0.15]
1] dfr“"‘"’j] T i i e o T
055 0615 068 0745 081 0875 094 1005 107 1135 12
Date Nebulizer GasValue  |Optimal Makeup Gas Value Th159 dual count G d155 dual count Mass155/Th159
2-May-13 0.15 1.008 208553 3947 0.018925645
0.2 0.95 219079 3947 0.018016332
- — —
0.25 0.88 219421 3947 0.017988251
0.3 0.85 225000 4605 0.020466667
0.35 0.77 225658 32389 0.014575154




Optimize Current

X\ Instrument Setup

Cad Cage | RFG ContlollelJ DAC Channels Setup | Pors & Commands Setup | Sampler Setup

£¥ Mass(es) Per Reading
Y Y Value
Mass Al v| O Intensity :
Output File Name © Pulses Count @© Linear
l I [ ] (] Dump ToFile () Dual Count O Logt0
[10.02 | [157835 | Current . Xe130905
= Cs132905
250000 ] « La133.906
= Gd154.922
225000 4 = Tb158.925
~— = Tm168.934
3 200000 - ) = 0s198.958
a = 0s189.958
:: 175000 o PN = 1119096
o / = 11192962
u 150000 - y e
n ~
; /
125000
100000 -
75000
50000
25000
0 T T oaaen T s T = T T o

[

Parameter Name mual m: d éﬁ::::rllt Update
Value
Middle Point ;-154.5 U ;-120 1 Set Actual CurentValue |
) NebUhZEl Gas 0 15 | IJ 15 Set Actual Euuent Value
\DetectorBlas ?-5[]00 ‘U 5000 i SetAotuaI CuuentValue '
DelectaVolage a0 e \W\
| PulselP 0 §713 @0 ‘[M]
\ PulselN ;-703 ‘U ;:700 i Set Actual Current Value
Line 000 [0 4999 i\
Miror (I T/ T ]!
%Cunenl 0 §25 @i SelAcluaI EunentValue ‘
41 400 12 i\
S o 4 [ copcbaruenvae 1

Intialee - | | Save




Re-Check QC

I Mass Resolution I

!

'l Mass Calibration I

1

I Detoctor Gain |

¥

L 2

| Dual Counts Te;l

1

| Oxidation I

Ratio of lngb 4.58 (4-5)
Resolution of 1*°Th 72797 (=400)

Oxide Ratio of 1°°Th 2.05% (<3%)
Mass Calibration for 133Cs 9537.28 (9538)
Mass Calibration for 17°Ir 1145998 (11458)

QC Tables Pulses Count Plot Dual Count Plot Iass Intensity Plot IMass Error Plot PPM Error Plot

Dual Counts Plot

e L, e e
%

ety

0
[

S
i

|
Szl
|
Sl
2z

SSSSSSS




Running Samples: User Guidelines

» Make sure sample loop is clean: run H20, check Mass Cal screen to verify

£# Data Acquisition Settings

| Analytes | Parameter| Mass Calibration 1
Mass 132905 TOF |9537.1 Graph is showing first 300 pushes per reading
Mass |192.962 TOF 114571

Time OFf Flight

1 UUIUIJ

1aquinp ysng




Running Samples: User Guidelines

ol
L)

(=13

&
v
Acquisition P. t Analysis P, t Acquisition Files
Acquisition time (s Noise Reduction Target IMD
Acquisition delay (s] Lower convolution threshold EOU [ I [ ]

Cell Subtraction (per channel) D
MinCellLength [10 |
Graph resfresh interval [ms) I@ Max Cell Length ’ﬁ Signal to Analyze
3
0]

L O Intensity O Pulse count & Dual
T Threshold Filtering Sigma
(%) Default Fitering () Custom Expression Filtering Found Cells Limit (Uniimited f 0 [

Detector stability delay (s [] Display only

Pushes to show on a graph

Analysis
Doanalysis (&) On-The-Fly
O Post-Acquisition

Graph Refresh |

Found Cells | | [ step |

=




Running Samples: User Guidelines

* Filter samples and count cells. Resuspend cells to achieve collection rate
of ideally 300-500 events/sec

Data Acquisition Settings

Massil=———————————————————

Mass TZ)E:‘EIES-T
Mass 2
Mass |192.962 TOF 114571

10430 | o

Graph is showing first 300 pushes per reading

Time OF Flight

1 U?OD

1aqun ysng

 Clean with H,0 between samples to minimize carryover
* Clean instrument when done running samples (Wash solution and H,0)




Instrument Shutdown

Instrument Setup
| Card Ca_ge_]. RFG Controller | DAC Channels Setup | Ports & Commands Setup | Sampler Setup |

Plasma Management

Plate current, &
RFG Status

| PLASMAMODE[20AMOBTABNZ) Plate votage, V[ 2151

Factual Power Level, W

Power Set

Start Plasma Cancel Stop Plasma

Log 013 2:05:44 PM : Executing command : Nehulizer Gas [ ActualCurrentvalue = 0.3]
4/6/2013 2:07:55 PM : Executing command : Nebulizer Gas [ActualCurrentvalue = 0.25]
4/612013 2:09:35 PM : Executing command : Nebulizer Gas [ActualCurrentvalue = 0.35]
41652013 2:11:51 PM : Executing command : Nehulizer Gas [ ActualCurrentvalue = 0.3]

4/6/2013 2:11:54 PM : Executing command : Makeup Gas [ActualCurrentalue = 0.85)




Instrument Shutdown

Instrument Setup
| Card C_agE_| RFG Controller | DAC Channels Setup | Ports & Commands Setup | Sampler Setup |

Plasma Management

Plate current, &
RFG Status

[ NORESPONSE FROMRFG (2013/04/06 143244) | Patevotage.v [ |
Factual Power Level, W

Power | 1200 Set

Plasma Stop Sequence has been completed successfully. Please, remove nebulizer.
Start Plasma Stop Plasma

Log 013 2:32:42 PM : Nebulizer Gas Off.

4i6f2013 2:32:42 PM : Chiller off.

4/6i2013 2:32:42 PM : High Voltage Off.

4/6/2013 2:32:42 PM : Plasma Stop Sequence has been finished successfully.

47612013 2:32:42 PM : Executing command : Current [ ActualCurrentvalue=0]




Instrument Shutdown

£ Instrument Setup
Card Cage | RFG Controller | DAC Channels Setup | Ports & Commands Setup | Sampler Setup|

Plasma Gases Gate Valve

Multi Turbo Vent Valve ToF Turbo

Interface Pump

High VYoltage

Chiller

Heater

Log 013 2:32:42 PM : Chiller off.

4/6i2013 2:32:42 PM : High VYoltage Off.

47612013 2:32:42 PM : Plasma Stop Sequence has heen finished successfully.
4/6/2013 2:32:42 PM : Executing command : Current [ ActualCurrentvalue = 0]

416/2013 2:33:21 PM : Executing command : Heater - OFF

* Turn off HPLC
* Remove nebulizer and store in 3% Citranox




Troubleshooting: Common Issues

Problem Cause

1. Plasma won’t

Argon off
ignite

Argon not pure
enough

Incorrect Gas?

Air Leak

Plasma ignites
>

Plasma does
not ignite

Solution

Turn it on

Use Ultra High
Purity Argon

Double check gas

Localize source

Look for air leak in the area of
sample introduction

Check the torch, injector, coil
for condensation




Troubleshooting

- Common Issues

Problem
2. Nol/low signal

Cause

Sample line
capillary pinched

Sample line
capillary inserted
improperly

Clogged nebulizer

Insufficient gas
flows

Solution

Inspect capillary
line

Reinsert capillary

Check spray/swap
nebulizer

Check gas flows




Troubleshooting: Unusual Circumstances

Problem Cause Solution
A e Leak in one *Pankaj came out
of the argon and found the
lines leak. Replaced
torch and replaced
RFG coil

* Arcing because
the coil not
aligned *Clean/Replace
coil
+ Oxidation on
the coils




Troubleshooting: Unusual Circumstances

Mass(es) Per Reading.
| b4 Y Value
Mass Al o | O Intensity :
Output File Name ® Puises Count @) Linear
1 [ ] [] Dump ToFile O Dual Count @ HEI
920 | 205848 Current . Xe130.905
= (Cs132.905
200000 I = La138.906
= (d154.922
180000 = Th158.925
160000 = Tm168.934
E = (0188958
I 140000 < = 0s189.958
z = [r190.96
C 120000 4 = |r192.962
o = Pb203973
A1 S T i S S
t et e S T B
80000 4 -
B0000 o
40000 e
20000
0 T T T T T T T T T

Cause

Poor contact of
skimmer/reducer
with the contact ring
on the interface. This
may be due to
oxidation on the
contact ring or on
the reducer itself.

Solution

Vigorously cleaned the
contact ring on the
interface with
methanol. Eventually,
Daniel came out to
replace the interface




Troubleshooting: Unusual Circumstances

Problem

Cause Solution

Originally thought it Replaced the entire
was a faulty syringe valve assembly
pump. Turned out

to be a bad valve.




Troubleshooting: Unusual Circumstances

Problem Cause Solution
8 Mass(es) Per Reading ' Partially clogged/ Clean/swap nebulizer
_ = ¥ Value dirty nebulizer
Output File Name ‘ g :I:::Zoum @ Linear
SRl e P Camrlotts ) Dual Count O/Login
Sample capillary Reinsert
not positioned  capillary
778 | (205848 Time = Xe130.905 properly
= (5132905
200000 = La138.906 . .
1 . Gd150922 Bad syringe Replace syringe
180000 + = Tb158.925
= Tm168.934
p 160000 -
i = (Os188.958
' 140000 - = 1r190.96
e = 11192962
C 120000 -
z ‘ e i
P L e
80000 +
0000 -\MMM
— —:}:.-."-.v_’ ] '-—-v/.-\,a,?.:.‘h.,'.—»«ww;\;"
20000 4 ‘WL,,_g,,.»:p_,,,m,.,..‘—\.,m..‘\—»..,,‘,m..ﬁ —_—
o ' f y

T T T T T T
0 30 60 0 120 150 180 210 240 270 300




Troubleshooting: Unusual Circumstances

Problem Cause Solution
S. Mass Intensity Plot Tungsten Cleaned ignitor
oo | contamination; pin with

but from where? sandpaper

158Terbium
S00k
169Thulium
400k
300k
Z 133Cesium
@
=
(]
pur
= 138Lanthanum
200k
193 Iridium
100k
117,13 §Barium Loddlsly, 2l
122A3dinks 134 BGXenon L
LA A ~

Ok

180-190




Progress Report: 1 'z years later

. . . >100 expts: 60% validations
Lilly CyTOF Projects: & optimizations

40% phenotyping
* Multi-parametric, high content

immunophenotyping Validated core panel:
16 parameters

* LRAP with the Sanford
Burnham Institute to What have we

*Replaced Rhodium
investigate signaling pathways done so far?

with Cisplatin for
viability

Joined Cytobank;
Transitioning from FlowJo
to Spade for data analysis

ICP-MS
characterization

*Reference: Feinberg, H.G., et al. A platinum-based covalent viability reagent for single-cell mass
cytometry. Cytometry A 81 (6): 467-475, 2012
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