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Introduction

Genetically variant peptides (GVPs) arising from nucleotide polymorphism play important roles
in health and disease. Identifying them, however, has been a challenging task in proteomics,
as conventional approaches typically employ a reference protein sequence database or a
library of reference spectra where GVPs are unlikely to be found. The development of open
mass tolerance search and localization tools such as the NIST hybrid spectral library search
allows digging deeper into the mass spectrometry dark matter (i.e., uninterpreted spectra) and
uncovering unexpected modifications and amino acid substitutions. Here we report a workflow
utilizing the hybrid search algorithm to identify single amino acid variant (SAV) peptides and
potential rare GVPs from LCMS data of patient samples.

Methods

LCMS data for iTRAQ 4plex-labeled breast cancer samples were downloaded from the
CPTAC data portal and analyzed by the NIST mass spectrometry data processing pipeline.
The pipeline consists of raw data conversion, hybrid spectral library search, peak extraction
and quantification, and QC metrics generation. Custom scripts were developed in R to read in
the pipeline output and identify SAV peptides based on a precise localization of modification
and a delta mass corresponding to the modification site mutating to a different amino acid.
These SAV peptides were filtered to exclude likely experimental artifacts and retain potential
GVPs. Spectral libraries and the hybrid search program employed in this study are freely
available at peptide.nist.gov.
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Results
Sollss | Count | [HEeier (cu%ﬂ?art];[ve) (CE:r?Slgtoi\r/]e)
Genomic 129  40.44% 129 40.44%
Library 27 8.46% 156 48.90%
RefSeq 13 4.08% 169 52.98%
UniProt 64 20.06% 233 73.04%
Unimod 3 0.94% 236 73.98%
dbSNP 39  12.23% 275 86.21%
Other 44 13.79% 319 100.00%

SAV peptides identified from a 24-fraction ITRAQ
1 data set and their sources. More than 40% were
... confirmed as GVPs by genomic sequencing data.
About 33% were present in the spectral library
and fasta database (RefSeq and UniProt),
representing common peptide variants. Another

12% were in dbSNP and were likely GVPs.

Wii

80 100

peplides (%) -
el

Plex

ASMS 2020

peptide.nist.qov

Guanghui Wang, Meghan C. Burke, Sergey L. Sheetlin, Yuri A. Mirokhin, Dmitrii V. Tchekhovskoi, Stephen E. Stein
Mass Spectrometry Data Center, National Institute of Standards and Technology, 100 Bureau Drive, Gaithersburg, Maryland 20899 USA

b kb b d e keskbk bek el okl il gl Lestleisllookte AHp e kb kBl LAk ik o kol 1Ak el dek|  okke  blede e
sehon Ak hiee e G b o S e SRR S e S S SRS e IR L BN B e L DL i S FAKH HeA oK ek ook s e A Keehees
R R T R R B s SRR S S e L SRR
O | R L b ook etk ok ek Aoke o ploRh | MBI DRR LA DR e et DRI« dotioke e ik dhe okedlodor  A o ke ook fees
M oAk COREPRR A K ot PR L eIERR  he e e AR AR+ R Ak H Ak ke shoee Hofeeioe
fhe b A bhe eoe ok sk 4 ¥ ok Ab oo tdekohe o SRR ek f o AL e Dok ool o odBRoke AL i3k dee ok o Skke e fde k) e fed
Boe b 4o ees AopSebk o sk ok kb oo bResb | olBkbREed e e iblk b lkoie klkek Pk s o SPRL o ke L Leee
shokedet oo bookokesketr + k% 14 ekt 4 Ak Rk ¢ A o kit o Jeldot + oo dee ok Hgeded A Lk KA
o | AT AR A R I e L B et R o s R S .
a7 Fhe i i MR = o R R SR B i SRR e o B i R e RS A ek kil o Hltketl o e e ok ke ek Aok Hped e
o koed IR o o SRR R S ek et {04 A4 vtk ki e e b b Ao e ekl Sk MEAAREL AT 0 B B
A A fe e ek Aos sk b LUl o SRR ] i o oeke kit + Seicklok R R R RN
cobe BA A el ek o e ke Sfcbe ok ielel L ol foth i fkltel ookt oo e e e T P R
o | Ko e A M L o SEE SRS AR R s ST R ol el e S LSRR B R v s o 2 e e I AT L . AR R L o S B I Fe et
o1 A e b ek ok ek S SRhe BRI - ek kR ok ke AL o HOHEA e} ko Ak Rl o foke ok eeeen
b et fee e Sokoslebhk | ok ek Lo b bk | gdblelokekl o A feskedolbte bl bA LR d fk Hdkeki e {{fe  eeit
bho dd des o Ik bR A He K fke Ak A ek ek +x Ao K Peprt b Aok ek SRt e Afes pA
SR et e eet SR SO ek e Ak e ASRANE A SRR TRR. At IR SRR e At et oAk Rt f e Ak R
e +f 41 A e R e B o i i i R P Prpk et elbioke ol xR ook ket * et AL A
b e e kel ok eke bl ebkekh | oplklek] A ik {HHBL | b e e ek ke ke gk i
fheAd fe b bRk« kRl kR Beldk e bk e ko A R RPAAE ke ek | ek ek A Y
Ak e e eef kokeselok 4 o e ebR o ddkbRk A BRIROREE. bR ] koL« BBk o1 Dlole # DReddletek of ke bhe. o
P oo fe o ek et ok Bk o bk L SRRk ERLEL et e kbR DRkRBL ¢ skl e el bkl - ke Attt
o AL b e e e e sk ok R bk okt L oielkbdekhe ded ek Aokl bRkt ot kR K 4+ kit fee k= 4
O HEeAd b e sekeskiok ko e fe PBRRLOL SRR DREEL o b fok L Lol ekl on Al ke 4okl e ke ke
R e B s R B ik O R R B S SRR e i S B oAl et Aok e Sere ee ek esklfidee
fetsk e e SRtk A S e Ak e b SR e SIS e s i = AR i S A e e el 4 he  tey
CAK EE b e e kel ek e DR AKPRL ook { b v fok bkt | RO« ok g DR OREDK | Rl e e
Phedt Aot kel + ok ok ook Al Lesicloldoke 4 dAdk ke ¢ ool e ki e R R | RLe HEA
o I L s I R e N Kook Akl o {dekbRA e b oA ek e o e el
B ek e Rk ek A %k bk elklal | ok A kol it | hpskok o PR DK BEIRE e e ofke  fede
R R S debh Lok ek koo fRiRE | otk gl le o deffoichidiel b ek {eskk e cfedledele o ke kA
Ak of e i s foskosdihibh o Hdlok R e ekke {eedbkes ek
okt f A e B3k ok fede k0 At sekeske A RREREA ATt A Kikokkohdeh bk Ao ik R ok kel fee ittt
O B PO 2O O X P O a 0O K G PO @ 2oL gy 3 R Ox S O D P g Y 3, L0 S W O B0y X 2 S LT LKy 0 R ZE > C IR 0r o2y T C oYy S rous uEs =gz

Sunflower plots showing the distribution of various SAV identifications among 34 data sets (plexes). Some SAVs (e.g., V-
2 >J [V->I/L]) were much more frequently observed than others (e.g., W->G). Some SAVs (e.g., V->J) had similar
occurrences across data sets while others displayed more variability (e.g., H->D). The degree of variation probably reflects
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