Sharing targeted proteomics assays using Skyline and Panorama

Josh Eckels?, V Sharma?, B MacLean?, GK Taylor!, NJ Shulman?, AB Stergachis?, SA Joyner3, JD Jaffe?, Michael J. MacCoss?
IlabKey Software, San Diego, CA; “University of Washington, Seattle WA;
3Carnegie Mellon University, Pittsburgh, PA; “The Broad Institute, Cambridge, MA

Panorama

http://panoramaweb.org/

Overview Results

Panorama developers have implemented repository software
for laboratories accumulating targeted proteomics experimental B Fhremeloarem Shrany bowmesd o
results in the form of Skyline documents. The software helps

Protein Detail View Build Chromatogram Library

. ] ] Set U p a Pa n O ra m a FO I d e r :-IleGGETGESBETz‘u‘L“.-'PGjPGz‘LTBT:G:PEE"_‘3G:n:‘.-':1KEz‘u‘u‘LEEGE:ESIQB‘.-'EBZTT‘.-'ERElj.SS'_';NPz‘u‘;lKK:KZBTKEKKEKKQK‘.’% _ e e Lihraw: bownload Archived Revisions
labs organize results, collaborate securely, and build collections T ————
. . _:;_,_1 |_| __..J.Jlu_._ﬂ_hﬁ‘:’:._-IERR_uLFP:{JLJL_:{R_l_Qu__G_._a‘.-._aih‘.-‘.-_JL_-I._aG_._a:{‘.-].-"‘.-G:.‘.-“.-:.l:.n__.“.-._,:.|.-<W|G:.—IPJP_C]Pl:{:-._-IR:.n‘.-RR_:{.J:{GIC]T_ E . Ihw'had REVISIONS
of data representative of targeted assays to inform future g ‘ l — tevrcrons
experiments. Skyline, a popular Targeted MS desktop mim

5/16 5/17 5/18 5/19

1. Create Folder Configure Targeted MS Folder

application, now supports both publishing a document directly 2 vsers/ © Experimantal data - 3 coectonof e Sein documents - poptides . ]

to a server running Panorama, as well as downloading T pChromstegram thrary_ et precur s position T TAFL1 orary Stastes: |

chromatogram libraries representative of targeted assays from a Rank peptids within proteins by pesk ares N e The 102 ariet g iaeh contar 1673 ranked amemone

Panorama server. Developed as a module in the LabKey Server T R

biomedical data management platform, Panorama is freely- omais  UGSTeTSVSQUYLNSGISK 226 G ** Figure 8: The chromatogram library portal provides easy access to the

available and open source. Free hosted Panorama projects are t;“ “’Q"’m mese o & - current library and archived revisions. It also displays statistical information

also available on http://panoramaweb.oreg. Figure 2: When creating a new Panorama folder, the user selects a - about the peptides and proteins for which library chromatograms are stored.
Targeted MS folder type of either experimental data or chromatogram

[%5]

GE
MQI
VFV
LIQ

[a]

VDE
MDD
EAA
GOI

wi

library. i Peptide

Figure 5: The Protein or Peptide Group view displays sequence coverage and DOWH IOa d LI b ra ry tO S kyl Ine

. other information for all of the matching peptides N — = )
L]
I n t r O d | I C t I O n File Edit View Settings Tools Help
DEH| % 868
Tar‘g':t;CTCF 4 2 K562 (nuclear) 1F - Library Match 1 b - x | s
- @ B, KTFQCELCSYTCPR R [264, 276] {rark 1] —— y7-9433760+ —— 7-9433760+ —— yb- 7833454+ 7043
° ° SR 8613576+ (dotp 0.58) | —— y6-783.3454+ — y4-533.2500+ ¥3 (rank 5) m— 6 - 783
..... J_Irh C [y7] - 943.3760+ {rank 1){1] 2000 — y4-533.2500+ —_— :;5 (rank ? :,-fB (rank 4) . - 533
L e B B D LY B D B O U B B U D Y L L W 22 I T TR o N S N @ _fiy S y6]- 783.3454+ frank 2){2] T :Jf.]”a"kfé.. y10 (rank &) 80 T
----- J_l'h T lvd] - 533.2500+ {rank 3)[3] | 100 = ¥y11 (rank 9) ! o
= @ ?d. K.CSMCDYASVEVSK L [352, 364] {rank 3) -23.3 r 70 E -
- @ _fy, 7683124+ (dotp 0.93) L ; - .
----- @ My, Aly7]- 719.3934+ frank 2)(2] 2500 + o0 + - [
----- J_Fh S [v6] - 648.3563+ (rank 3)[1] i r 60 +
----- J_Fh E [w4] - 462 2558+ {rank 1)[3] so F [
= @ ?d. RYALIGHQK.S [479, 486] {rank 2) | L o
S @ _fy, 500.7824++ (dotp 0.57) 2000 | o b g 50
o o L I @ _Jy L [y6]-766.4570+ frank 1)[1] L C =
----- J_Fh | f5] - 653.3729+ (rank 2)[2] . + w 40 ]
Peptide Detail View AEEEEE | s
i - . ] ] =% MAX [ 1 = r x F
I“_ Skyline - Stergachis - Supplementary Data 2.sky | = | B 7 @ €, KDSFHSLRD [31, 37] fark 3 E 1500 > s0 & E 30 1
. R . . = 431.2143++ (dotp 0.95) = w
File  Edit Miew  Settings Tools Help J-""’j | ; c [ r
----- My, F 5] - 659.3624+ frank 3)[3] ] a0 I 20
2 S0 [ TR« N N N S o a My H 4] - 512.2840+ fank 1)[1] I £ T T
AR Targeted MS Runs > MRMer.sky > - @ M, 5 [¥3]- 375.2350+ fank 2)2] 1000 1 ; ]
Targets o x 1 b - x | PeakAreas o x . 5 @ @, RDSVPSLQGEK.A [38, 47] fank 2 [ 30 I 10 I
. Chromatograms vl :
% CTCF - 91 r 3 LTSLNVVAGSDLR 5 LTSLNVVAGSDLR, Charge 2, Yeast_mini (MRMer) S-'@ f 530.2695++ (dotp 0.98) [ g 1
- @ @ - MEGDAVEAIVEESETFIKG [0, 171" —— y11-1473.6019+ —— y10- 13455334+ 3 Ill Publizh Document - W EIEEvEAaALEE TR @ J Py7-758.4043+ fank 1)[1] s00 L 20 I o 1
- @ gb K DPDYGQPPAK.K 193, 2011 —— y9-11855027+ —— y&-10564601+ g —— m———m—m—m4m?b 00D ———H—————————2¥™~ || J'ih fﬁggsliféimﬁﬁ [ / \ =
: —_ —_ + . -574. I 5
#-9 ¥ KVVGNMKPPKPTK | [244. 255] g‘gggﬂggi ;'E‘;ggg;gg: File: Peptide Summary . LTSLNVVAGSDLR, MH+ 1344.7482, m/z 672.8777 b+ #[seq[ 2] y+ S8 Pyt B [57. 65] rz:kn 10 I / \ £ 8
=) K TFQCELCSYTCPR R [264, 276] ¥o- 020 ¥F =233, . : ' 59 fy 587717+ (dotp 0.96) I s = 2
S @ _fy 8613576+ (dotp 0.87) 100 34322024+ 7 Data 2\Stergachis - Supplementary Da | Browse.. —_ MRMer. sky e tono J...T’*‘f_xh Y5057 25e ok 22 0 :/\ WU VA AV e == ANEEEESL o
""" @ L Qiy111- 1473591513 ; —_ Panorama Folders: — ALO3EW === @ Jy 1 b5]- 710.3654+ fank (1] 202 204 206 208 300 302 370 372 374 376 37.8 380 382 =
""" @l C10-1345.5334+ ank E)E] o0 I o : N - +[H 2+ 3t . = o Sy Q] 597 2813 farkc 03 Retention Time Retention Time Replicate
- - — G X 1 2 3 100%| ] e — T e ) P
----- @ _fy, Ev91- 1185.5027+ frank S)[8] a ) =-fig, https://pancramaweb org:5443/ Sequence  LTSLNVWAGSDLR 7 1+ F 2+ F 3+ ’
----- "'_'ril. L B8] - 1056 46071+ jrank 7)[4] [ :: +_| Actharenld MeutralMass 1343.7408 Y 4 4 4 _ Ready 1/2 prot 1/6 pep 1/6 prec 1/18 tran
----- @ _fly C [¥7]-943.3760+ rank 1){1} 80 ¥ T 5 -3 Auf dem Keller - - 0732 A 50% >
----- hy 5 6] - 783.3454+ frark 4)[2] : o : ' “'“““ . o
----- J'afh' YE{?-EBE 134 ok 5}[ : 01 E ) LA = A Neutral Loss: 80% € & v
@ _fy, Y ya]- 696, frank 5)[7) _ . < 4 ] -l brecursors  LTSLNVVAGSDLR - 672.8777++ HaO (0) 2 . . . .. .
""" T, (e 1 2 60 f S o o LTSLNVVAGSDLR - 677.8818++ (heavy) A 70% - Figure 9: Chromatogram libraries containing data from many different runs
o @ _fly, C 3]~ 432.2024+ frark 25 o _ g . #1-(3) home t ‘ G g . g g y
- @ ¥ KSHTDERPHKC [286, 294] - t H- L Mass Type: 0
- @ 2 RNHLNTHTGTRPHKC [310, 322] :E.: 50 + 4 £ MacCoss Mono © Avg . . . . . .
- : 4 - = . .
s oG | B z " B s chart width [ | may be downloaded and imported back into Skyline for use in picking best
: ¥ - . . I . 12 2
S @ '® KCSMCDYASVEVSK L [352, 364] = L . =y brendarm Synchronize Y-axis Synchronize X-axis (Update | 40% . =l e | 1| 1751190
e oA o1 ey o EEEEE di tid dt iti d validati ly collected dat
y L " Click] t we tabl
TNNPETLVALR e I M- 1280 5548 - 8, Grouped Studies pesk Assignment: || 30% ] il o move tle respondaing peptiaes ana transitions, and vaiiaating newily coiiecte atd.
@ _fl_ Ch0]- 1157.5143+[4] 20 + p 5453 Libraries ® Most Intense < i S
----- @ _J_ D [y9]-997.4837+[5] ¥ Sd=poood s = Chromatograms Nearest Match 20% . L 8 =
@ )| Y [vB] - 882.4567+[5] 10 + ExeIzood o A m Peak Detect + = = =
----- @ I Aly7]-719.3934+2] i & - A Rat peak Labels: 0% = 2 2 2 o
----- @ _{_ 5 [y6]-648.3563+[3] 0 ; e ; = | ) o A Yeast silac 1 to 4 % Ton" m/z s B ’-'% | |l | |
J_;L :Ei}i;;;‘;g:ﬁ} 9.5 970 315 @80 385 3O :r- genn LTSLNVVAGSDLR None 200 300 400 500 600 700 800 900 1000 1100 1200
----- @ _{ - 462, - T .
- i ime e Ja, MAccoss - 350 Width: 600
RetentionTime | 1t = E: maccosstest . :-_g,r_g : _— —7‘ Click and drag in the plot to zoom X:¥| y: | Zoom Out | | Print | Enable tooltip
Ready 50/9%prot & | i L. /&, mbereman =i o M-&L
(i 300
..... -"...'I nicksh 1,7 275 [
+;rl spioni - ;__;'_I uuuuu
+1- 4, vshama 2 L0 . . o w w
S ' ' 275
t-L raulovieh R ! ! o o a0 -
2231 P — : : = 200 =
Gl i 2. : ! g - 70
T Lo : : =175 z
2 ' ! T oyen i &l
ok || Cancel | || 3 : : 2 150 2
= ' ' B i 50
J i o7 e £ 1 =
L T i = 100 = A0
E E 75 300
. E E 50 20
— 'he development team deployed Panorama as part of LabKe
® . . . . 265 27.0 275 280 285 200 295 p p y p y
[ ] . -
Figure 3: Results from Skyline can be published directly to Panorama or

up loaded thro ug h the web inte rfa ce ( not p ictured ) o evvaceo o (heavy) — qq+ —Re t:n?m:lim : 1q+ _ 4+ — ReteTmlTe : qq+ S erver vers I on 1 2 . 3 I n D ecem b er 2 O 1 21 Y h I C h mad d e It daVvad I | d b I e
for laboratories and organizations to install on their own servers.

Figure 1: A typical workflow begins and ends with Skyline. Users upload In addition, http://panoramaweb.org, a Panorama server hosted

data from Skyline into Panorama. It can be viewed and searched directly Figure 6: Detailed data about each peptide such as a library spectrum, t the Uni +v of Washinat I : tigat ; ;
within Panorama, and exported back to Skyline as a shared document or a sequence, mass, and chromatograms are displayed. at the University or VWashington allows investigators to reques

chromatogram library. their own projects. As of June 2013, this server hosts projects for

EXpe rimental F0|der View more than 20 major proteomics labs. The LabKey Server security
— model, at the heart of Panorama, allows fine grained control

iy, Stergachis - Supplementa x |

Sl L, L L, , .., __  _ S %02 E h d S h | f over data sharing with other individuals or the general public
‘ Human Targeted MS Dashboard Data Pipeline  + | o o .
Met h O d S R | nhanced Search Intertace regardless of where the server is hosted. Panorama is being
ergachis - Supplementary Data 2_2013-06-02_17-14-10.zip E .
used by researchers to share data with collaborators, and to

The Skyline team desighed Panorama to integrate with existing I3 ) Targeted S Modification Search fulfill journal submission and publication requirements

. . . . | Search By: Delta Mass @ Modification Name *
Skyline targeted workflows. Investigators can publish Skyline : Researchers and organizations are considering the use of

o o o VIEWS~ CHARTS+ EXPORT~ PRINT  DAGE SIZE ST EE [mis Lesin Common Unimod modifications

documents to a Panorama server from within Skyline. | | R ae oo Panorama to develop public resources for publishing targeted
Re presentative data in the re pOSitory Ca n be Stored With i n a Peptide iiagg:tions rg:;igges Eiﬂ?rdaTMass Rank Precursor i;encoutr:ggns Label E;euiL:;TT\«:ass Q1 m/z Slz;ilstition Include: ¥ Structural 4| Isotope Label T

L]
MDDAHESPSDK Quality Score: 4 0 1230.4823 MDDAHESPSDK light 1230.4823 616.2484 2+ 7 A Custom Name: Label:13C(B)15M(2) (C-term K) W a SS ays re | ate d to t | l e I r re Se a rC| l a re a S .
~ o . : ' ' - - = VIEWS~ CHARTS™ EXPORT~ PRINT PAGE SIZE 1-200f48 Next> Last»
o o . N . EAAAEEGELESQDVSDLTTVER Quality Score: 4 0 2377.077 EAAAEEGELESQDVSDLTTVER light 2377.0769 1189.5457 2+ 11 Carbamidomethyl (C)
library of relative peptide response for a protein, or of relative swews  amnseei o noon s o o samer ok ST —
. ) i me  } DETAnLs Rv3133c|devR TLLGLLSEGLTNEK TLLGLLSEGLTMNK SRMCourse_DosR-hDP__20130501_forBrendan. zi
’ VDEDEIRK Quality Score: 2 0 9744556 VDEDEIQK light 974.4556| 488.2351 2+ * ‘&' Carbamldnmeth}fl C}fSteme DDDDDDD RJ2626c:her1 HLPEH"IV%F'\IK HLPEHAIVQFVK SRI‘V1C0L|rse DosR-hDP__20130501_forBrendan ziE
Y Tt vl | - — — .
. . MQILVSSFSEEQLNR Quality Score: 1 0  1779.8826 MQILVSSFSEEQLNR light ~ 1779.8826 890.9485 2+ 10 A SEARCH Heavwwk | oeans S HLIDDALK HLIDDALK SRMCourse_DosR-hDP__20130501_forBrendan. zip
ro d ' l Ct I 0 n reS 0 n Se fo r a e tl d e O r b Ot h I a r ete d a Ssa S | LIQSITGTSVSQNVVIAMSGISK Quality Score: 1 0 2332.267 LIQSITGTSVSQNVVIAMSGISK light 2332.2671 1167.1409 2+ 12 f HeawR | e Decoys TLLGLLSEGLTNK TLLGLLSEGLTNK SRMCourse_DosR-hDP__20130501_forBrendan. zip
W e P N .
) . y ( VFVGEVVEEALDVCEK Quality Score: 1 0 1820.8866 VFVGEVVEEALDVCEK light 1820.8866 911.4506 2+ TR L Tl ——— i | |DETATIS R‘«2023ITE31-? HLIDDALK HLIDDALK SRMCourse_DosR :DP_20130501_:0r8reﬂjan-2m .
, , . termky 1 oDEtaus Rv2031c|hspX v TVSLPVGADEDDIK  TVSLPVGADEDDIK  SRMCourse_DosR-hDP__20130501_forBrendan.zip .
o LR Quality Score: 1 0 1181.5903 LR light 1181.5903 | 591.8024 2+ 5 R Label: 13C(6)12N(2) (C term K) DETAIL R‘:2031c|hsp>< GILT'\a'S':A'\a'SEGKPTEK GILTVSVAVSEGKPTEK SRMCourse_DosR-hDP__20130501_forBrendan.zip
Sto re d I n a Pa n O ra m a S e rve r Ca n b e eX O rte d a S C h ro m ato ra m EULER Quality Score: 4 0 742.39734 GQIPNSK light 742.3973 372.2060 2+ 3 A Label:13C{5)15N{4) (C-term R) | oeraus Decoys TVSLPVGADEDDIK ~ TVSLPVGADEDDIK  SRMCourse_DosR-hDP__20130501_forBrendan.zip .
p g ' = POLR2F HsCD00301192 (1-A06) phospbo(STY | pemns Decoys GILTVSVAVSEGKPTEK GILTVSVAVSEGKPTEK SRMCourse_DosR-hDP__20130501_forBrendan.zip o
| P ve=r iy DETAILS Decoys HLPEHAIVQFWEK HLPEHAIVOQFVK SRMCourse_DosR-hDP__20130501_forBrendan.zip
Ll Pentide Pentide Misced Pentide Mentral  Rank Precursar Precirsnr | ahel Precursor Mentral Ml miz [a k| Transitinn Cnnnt 3 ) thSth _."-\r.-'-l DETAILS B2MG VNHWTLSQPK VNHVTLSQPK HL|man_p|aSma Zi
a8

1 l l 1 1 1 r r l DETAILS COo4A GSFEFPWGDAVSK GSFEFPVGDAVSK Human_plasma.zi
I ra rI e S a n u S e I n y I n e O r e S I g n I n g n eW e O S O r O r DETAILS Co4A LGQYASPTAK LGQYASPTAK uman_plasma.z
, DDDDDDD COo5 FOQNSAILTIQPK FQMNSAILTIQPK uma m

e Support storing normalized retention times (iRT)
e Support for storing and viewing QC runs

comparing with newly acquired data. Representative data for , o , e e meew  vmmew s
di ffeFr)en N Sx erimen tayl coqn ditions mav be Etore d separatelv in Figure 4: Uploaded data is viewable through the Panorama web interface. i, WS ek Moweowar i

_ P Y P Y A DOWNLOAD link provides an easy way to inspect the data in Skyline.
different folders on the same Panorama server.

NONONON NONN NN
TTTTTTTTTT

Figure 7: An enhanced search interface allows for search by protein, by References

 Open source under Apache 2.0 License . e . - 21041
P o P , peptide, or by modification name or delta mass. Above is an example search (1)stergachis AB, Maclean B, et al. Nat. Methods. 2011/08;8:1041-1043.
* Data are stored in either Microsoft SQL server or Postgres (2)Abbatiello SE, Mani DR, et al. Mol. Cell. Proteomics. 2013/05;10.1074/mcp.M112.027078.
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