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Abstract Results (Continued) Bonus Results (Continued)

. | We also ran GH against one of three fractions of a 57
We demonstrate an algorithm termed GoldenHaystack (GH) that, compared to W R e e R RO T[T R (TR To Nl 20230422 OLEP08 100ng E 240k 500AGC 3Th 5ms 24min nce25 01.raw sample human heart cell tissue study that was run on a
the leading DIA-MS algorithm (DIA-NN), (a) quantifies and identifies with better those six pre-selected peptides, one of which (D18 Wincowi s ) Thermo Exploris. Interestingly, although DIA-NN claimed to
FDR accuracy the peptides found in FASTA search spaces (~5-25% of analytes is shown in Fig 3. £ind ~100% moré PSMs than éH when we looked for the
iIn DIA-MS datasets), (b) quantifies the remaining ~75-95% of analytes that were top PSMs in DIA-NN but not in Gi—l the first five of those top
previously unquantified, and (c) runs ~40-200x faster (or ~1-10x faster than the ’

. . . - D2 DIA-NNs were self-evidently false matches: they all had a
LC-MS). Specifically, without a FASTA or spectral library, GH can deconvolute Next, we analyzed the linearity R“ response SIL modification. even thouéh ho SIL peptides v?//ere spiked
and accurately quantify chimeric LC-MS spectra. The central idea that enables for all the ~6000 PSMs at 1% FDR (Table 2). n (and SIL odifications are not known to oceUr haturally)
this claim is: for sufficiently sized projects (e.g., = ~50 LC-MS files), pairs of Interestingly, GH had a noticeably h'9h9r2 '
peptides that co-elute in one subset of LC-MS files do not exactly co-elute in a percentage of peptides quantified with R Fig. 3: XIC plot for YVGGQEHFAHLLILR .

- - - sticallv: i bove 0.90 than DIA-NN (83% vs 75%) Peptide Charge | R | Quvalue | Juant
different subset of files. GH thus analyzes a project holistically: it uses above V. 0 0), (min) (Norm.)
multi-partite matching to match fragment ions across all samples, separates and  despite the fact that DIA-NN had tremendous Identified Analytes (sorted | (sorted
regroups the fragment ions into unique analyte signatures, reduces stochastic advantage in quantitation since it a) used GH DIANN _ ase) | desc)
noise, and then quantifies those unique analyte signatures (UASS). knowledge from the FASTA file for YT ——— , . . DLHAHK(UniModo 5o RYDPVNEK > 2O 528 LASES

quantitation, b) performed normalization | g | > _ ,
L _ i Range Quantified Quantified # Quantified Quantified DAK(UniMod:259)MK(UniMod:259)APSSLAVSPD 31 73.979| 5.28E-5 5.57E7
. within each batch of 5 technical replicates 0,00 10 1.00 507 830, el S0, GTLYVADLGNVR
: : : 90 to 1. )
Methods (COmPUtathnal) (which required custom running of DIA-NN) oo 056 17(; s 25(; SYELPDGQVITIGNER (UniMod:267)FRC(UniMod: 5| 48754 528E-5| 5.53E7
S _ _ - : -1to 0. 0 , 0 4)PEALFQPC(UniMod:4)FLGMESC(UniMod:4)GI
We take advantage of the natural variation in LC: pairs of peptides that co-elute %nd ’[012 fcc)lc_ustehd T:)'(A\Clsu%'\vely onh peptides Table 2: Number of Identified Analytes with R2 = 0.90 HK(UniMod:259)
in one subset of LC-MS files do not exactly co-elute in another subset of LC-MS iaentified In the search space. SEVAHR(UniMod:267)FKDLGEENFK 4] 18.053| 5.28E-5| 4.44E7
files (Fig. 1). This natural “jitter” in the LC domain allows us to computationally
- ST : : _ . - — GATPAR(UniMod:267)ELFR 2| 35259 3.24E-4| 5.41E7
Separate (I.e., n SIIICO deconvolve) the MSZ (nOt JUSt MS1) fragments IntO uASS’ FlnaIIy, we COUﬂt the number Of unldentlfled UmdentzﬁedAnalytes Table 5: Top 5 peptides in DIA-NN but not in GH (all self-evidently false matches)
which can then be accurately quantified, all without using (and therefore being peptides whose R? linearity quantitation
constrained to) spectral libraries (e.g., FASTA files) search spaces, which are response was above 0.90. We note that (a) High-Quality Medium-Quality Low-Quality
known (a) to be substantially incomplete and (b) to not contain, by definition, the : X ; X . L e .
) (@) , Y PISte (b) - VY there is >10x ((33890+27708+4014) / 5292) R’ # %o # %o # %o Finally, although not the initial focus of this first iteration of
unexpected” sequences (e.d,. SNPs, disease-specific proteolytic cleavages more unidentified peptides at quantitative R2 | Correlation | Quantified | Quantified | Quantified | Quantified | Quantified | Quantified _ _
etc.) and/or dozens of possible PTMs (glycosolations, methylations etc.) - - Oer ) ¥ GH, we discuss speed of execution: GH was up to ~10x
- ! - Imeayﬁy response 2 O.QO than _|dent|f|ed - oo g0 s0ul 27708l asul aolal 230 faster than the LC-MSs, and up to ~200x faster than DIA-NN
A) g:rgpi;a?ments from Two Different Peptides for B) gzlegﬂi? g;acjgvrcwi:ahntssliggtrlr;{%&:fr;}?;\:fc&'zﬁg::dﬁiebsut for pep:ildes ﬁng (b) the.hlgli‘:l-?u{ahllty unidentified 1:00 0 0 0 when Considering real-life load conditions (F|g 3)
' | analytes had approximately the same
R . . -1t0 0.90 8285 20%| 29771 52%| 13471 77°
! Fragments __— f Fragment_s — dIStrlbUthn Of peptldeS (83%) Wlth R2 Z 090 0 A) A) A) | oad Conditions = Time in Hours For Various Informatics Pipelines

o | from peptide ‘A —~ | from peptide A as the identified peptides (80%). Table 3: Number of Unidentified Analytes with R > 0.90 * 1 or 2 mods searched e, Phosphossi) o

Q. Q. Fragments from * Includes downtime of HPCs/VMs o Lo

3; &, \peptid B’ * :nc:uges I(-iP(; VMs busy (o)ther users) . R

> o * Includes (unknown-reason) processing § o Metmogers

.g) Fragment from .‘5) Fragment from Bon us Resu Its failures (e.g., MSFragger could not process 2 files; never ’é i >3WkS

3 _ s Stochast,’c found out why; tried many different strategies) g
9 Stochastic Q PR * Includes downtime between Goldenhaystack | ~7 2 rs
E N ' ‘X' E N0|Se x (NOt 1 i 1 . [ = if a process finishes a am
oo - Present) Though the fOCUSOf GH IS quantltatlon _ and A) “Positive Control” -- 11 iRT Peptides Spiked In B).“Negative Control” -- 0 SIL Peptides :)th Sc:- gr:ea :iﬁfosf;[ Se[?(ts sgebg"('mfg apm etc) Rl 0 200 400 600
-' ( ) > - ( ) specifically, quantitation of the unidentified spikedn T o)
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Fig. 1: lllustration of MS2 and noise fragments that co-elute in one sample but not another, i.e., the “jitter”. peptldes — Wwe Can aISO use the Cleaned'up o DI o DIQN o formatios Pipeine mﬁrs)
spectra” to identify spectra from a FASTA beptides @llcharge2) | Ave | #Sampes | Ave RT | #Sampies | | Claimed | 1% | 1% | wa WS Fgr MO ke G 72
min FDR Rate -Fragger + oad Conditions
Results searlch space. We do so for a 61 sample i i Goldenhaystack 22
o _ _ _ _ _ Covid-19 plasma StUdy analyzed on a Fig. 4: Runtime comparisons between GH and DIA-NN
We performed a dilution series experiment (11 concentrations with 5 technical Thermo Exploris. Interestingly, while GH finds |[aovreabesewsk | 1297 o] 1322] 61| | Cameds | 1629 72| 7%
replications/concentration using pooled human plasma on a Thermo Astral MS) all 11 of 11 iRT peptides (and correctly e
. . . . . . DGLDAASYYAPVR 11.52 61| 11.65 61 p—
to verify that GH can quantify with linear accuracy the peptides present in dentifies one peptide that elutes twice), Summarizing Table
human plasma samples. First, we compared the R? linearity response for 6 DIA-NN only finds 10. Also, when performing [poosasvarve | 1209 0| wa of [mmersil ol ol wa Data GH Quantification Quality Metrics: Runtimes (In Hours):
eptides that DIA-NN had shown high R? linearity response (Table 1 & Fig. 2). _ S Set # Metrics:
_I?_hp | bl g h thy p tig ( gl 1? d the SearCh’ we r_equeSt bOth GH and DIA NN GAGSSEPVTGLDAK 5.79 61|  5.90 61 GH DIA-NN
e results were comparable, even thoug a). eSe peptliaes were pre-selecte to search for variable modifications: oxidation, (¢ — T o T e e #PSMs | # Analytes| % | # |#SIL|#iRT| #SIL |LC-| GH | DIA-NN (on
frOm DIA'NN,S perspectlve as “excel entu peptldeS and b) DIA_NN performed a phOSphOI‘yIation as We” as Stably iSO’[OpicaIIy SIL PSMs FAIngA }I;L()St;i A;;alyltes iRT MS (olnggsingle cluitelg
. . gy - . . . ) ot In core no loa
custom normalization within each batch of 5 replicates which GH did not do. label (SIL) modifications. However, we never |¢™rov 1468 61- FASTA computer) | conditions
o Leme S Iiinearty Plot for YVGGQERFAHLLILR (chrge=2) spiked in any SIL peptides into the samples.  [rioroacaserix | 1535 3| 18.79 ”
CEACPPGYSGPTHQG . Therefore, the true number of SIL peptides is Lo 5938 117,560 | 11 nap 1l nfa) -2 228 ~08
5 e LGGNEQVTR 3.23 60 3.23 61
VGLAFAK 3 098 099 - + 0, though acceptable answers would be o — o > T 2ass] 3303 il 1 2 ol 2l s iy o0
BDIISHURILLS 2 DL | ¢ | between 0 and ~1% FDR. GH found close to | |
IADVTSGLIGGEDGR 2 0.97 099 ¢ 0 SIL peptides (i e 2) wheas DIA-NN FPVHOATTERE o o ! 3 13,271 40,208 75| 11| 204| 11|  653| ~86 4.1 >90)
EEEd S = o claimed to find 237, a 11750% increase VEATFGVDESNAK | 731 o1 747 el
SDVVYTDWK 2 0.99 0.99 ‘ ’ ' 4 6,495 121,969 95| 11 95| (couldnot | ~24 23.4| (could not
YVGGQEHFAHLLILR 2 1.00 1.00 il YILAGVEI_“SK | .8:42 i 6.1 | run) run)
Mean: ~0982 ~0.993 0 100 B g F 500 600 Table 4: iRT (i.e., “Positive Control”) and SIL analysis (“Negative Control”) for 61 sample Table 6: Summary Table of Key GH Attributes

human plasma Covid 19 study

Table 1: 6 peptides pre-selected from DIA-NN'’s perspective as Fig. 2: Linearity plot for YWVGGQEHFAHLLILR
having high quantitative R? linearity response



