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Number of SEPs

Supplementary Figure 1. Total number of SEPs detected in K562 cells using PAGE +
LC-MS/MS workflow after performing an additional six technical replicates.
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Human ATG CCC AGC CGA GGG ACG CGA CCA GAG GAC AGC TCT GTG CTG ATC CCC ACC GAC AAT TCG ACC CCA CAC AAG GAG GAT CTA AGC AGC AAG A-TT AAA GAA CAA ARA ATT
Chimp ATG CCC AGC CGA GGG ACG CGA CCA GAG GAC AGC TCT GTG CTG ATC CCC ACC GAC AAT TCG ACC CCA CAC AAG GAG GAT CTA AGC AGC AAG A-TT AAA GAA CAA ARA ATT
Rhesus ATG ccc [ cGa GGG AC CCA GAG GAC AG GTG CTG ATC CCC ACC GAC AAT TCG ACC CCA CAC AAG GAG GAT (Bl AGC AGC AAG A-TT AAA GAA CAA AAA ATT
Tarsier ATG 660 6 GCA A-TT AAA GAA CAA ARA ATT
Mouse_lemur ATG CCC AGC AR - AAR GAA CAA ARA ATT
Bushbaby ATG CCC --- ACG -- 6aG Gac acc [888 616 crc Bl ccc acc cac BBB TcG acc cea B8 aac cac GAS BEG e e
Treeshrew ATG (888 Acc (666 GEA B8 TG (88 [ ccc acc cac [EX8 Tce acc cca cac R GAG GAT -E AGC ARG A-TT AAA GAA CAA AAA ATT
Mouse 1at J00 A-TT 2aa oan [BHE AnA ATT
Rat ATG - aGC ﬂﬂmﬂ-ﬂ GAC AGC EEEE ccc Accﬂu TCG ACC m cac ﬂ GAGE- aGe - AAG A-TT AAA GAA [GRE Ana [EHEY
Kangaroo_rat ATG CCC mﬂ fetetel cclocclccd] acC (S C [Sie EeTe) XS (G [See) 68 ~.cc [2ef8 %8 226 ac caT @il Acc AGc [Nl A-TT AAA GAA CAA AAA ATT
Guinea_Pig ATG CC tetel G [ccclccdlead] AAG A-TT AAA GAA (GBS AAA ATT
Sqmrrel---- ace HAG ASTT AAA GAR 688 Aaa aTT
CAC AAG GAG GAT (il [ete] VN8 AAG A-TT AAA GAA CAA AAA [SH8
 A-TT AAA GAA CAA AAA [S

A-TT AAA GAA CAA AAA [Gi)
crc [Ee B8 ~cc cac BRE rce acc [N cac aac [BBR cat BFE acc acc aac .
|lcccercfecidcer]caclacciidepes cac aac [BRE Y8 888 ~cc Acc aac A- TTAAAGAACAAAAA!
cr [Eie 6eH ReH cac BRE rcc 688 cac BRR cac car BFE Acc AGC ARG A-TT AAA GAA CAA AAA ATT
c’mnn!-- TcG acc (688 GaG GAT B8 Acc AGC 2AG L

cca 888 cac cac
cca 888 cac cac
cca 888 cac cac

Alpaca ATG CCC AGC -
Dolphin ATG (688 acc coa B8R
Cow ATG ccc acc (088 B8R
Horse ATG CCC AGc (888 666
cat at6 ccc acc B8l cee

Do M [ o e

A-TT ARA GAA CAA AAA ATT
Microbat Wail M0 2 a-1T AAA Gaa can BEE aTT
Megabat ATG CC
Hedgehog ATG CCC
shrew [ I
Elephant ATG CCC AGC
Rock_hyrax ATG ccC AGC [X88
Tenrec [S88 ccc
Armadillo ATG CCC AGC CGA GGG - AGC AGC AAG ATTA RAR GAR GAC HAR 616
Sloth ATG CCC . EEEA 2an an can ana [SER
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Human GTG GTG GAT GAA CTT TCT AAC CTT AAG AAG AAT AGG AAA GTA TAT AGG CAA CAA CAG AAC AGC AAT ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG CTG TCT GAG AGC
Chimp GTG GTG GAT GAA CTT TCT AAC CTT AAG AAG AAT AGG AAA GTA TAT AGG CAA CAA CAG AAC AGC AAT ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG CTG TCT GAG AGC
Rhesus GTG GTG GAT GAA CTT TCT AAC CTT AAG AAG AAT AGG AAA GTA TAT AGG BB CAA CAG AAC AGC AAT ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG (BBl TCT GAG AGC
Tarsier BBl GTG GAT GAA CTT TCT AAC [BHB AAG AAG AAT AGG ING GTA TAT AGG GHE CRE [S0 BB ~cc BEE Ata Trc TrT c7r 888 GAC coa Aca caa atc B rcr BBE acc
Mouse_lemur BB 616 GAT BB EHE TcT Aac BH8 AAG AAG AAT AGG AAA o HHE CAR CAG AAC AGC BB ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG rct [BM Acc
Bushbaby . ann (GG FHE VX8 BRE c2n cac anc acc BB ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG (G TcT [N AGC
TreeShrew- GTG GAT - crr ARG AAG AAT AGG [X8 6Ta TAT [N CAA CAA CAG AAC AGC AAT ATA TTC TTT CTT GCA GAC CGA
Mouse B GTG GAT GAA CTT TCT -- 2AG AAG AAT (666 XS crx G I¥X8 BBE 2 cac aac acc BBE ata TTC TTT CTT
Rat [NBN GTG GAT GAA CTT TCT AA 226 Aac aaT [HEE 255 I5Y IS 00 S0 mey maw maw [ATA 16 TT cTT c2a GAR CGA AcA ARA AT6
Kangaroo_rat [BH| GTG GAT GAA CTT TCT AAC (B8 AAG AAG AAT AGG ARA GTA TAT AGG CAA CAA BB AAcC acc BB ATA TTC TTT CTT GCA GAC CGA ACA GAa ATG (G TcT EHE HER
Guinea_Pig[Bll GTG GAT GAA CTT TCT AA AAG AAG AAT AGG AAA GTA B AcG (B8 caa cac aac acc BB ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG (B TcT BB Acc
Squirrel BBl GTG GAT G-A (CTT [fCT SAC CT6 AAG AAG BAG AGG ARA GTA TAT AGG CAA CAA CAG AAC AGC BB ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG BH TcT GAR VY8
Rabbit Bl GTG GAT GAA CTT TCT AA( 226 A BAE Acc XS oA M8 2cc can B8 cac aac acc AT aTa TTc {8 BH8 cca cac 888 aca BRE aTc tcT BBl Acc
Pika Bl GTG GAT GAA CTT TCT AAC [BH@ AAG AAG AAT AGG RAG 6H6 TAT HEH B&E BA8 cac aac acc MRS aTa [l 88 cTT cca cac con [EoR B8 ATc BFE TcT BAR Acc
Alpaca B8 GTG GAT GAA CTT TCT AAC (68 2AG AAG BB AGG AAA GTA TAT AGG [BAB CAA CAG AAC AGC BRB ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG Gl TcT BB Acc
Dolphin Mk BN 2 Ana GTA TAT AGG BB CAA CAG AAC AGC B ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG (Gl TcT BB Acc
Cow BB GTG GAT GAA CTT TCT AAC - 2AG AAG - 2GG A (B8 TAT AcG BB caa cac aac acc BB ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG (Bl TcT BRE Acc
Horse [BIl GTG GAT GAA CTT TCT AAC (Bl AAG AAG BB Acc Ana BH8 TAT acc BB caa cac aac acc BBB ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG il TcT BB Acc
Dog BB GTG GAT GAA CTT TCT AAC (B8 AAG AAG BB AGG AAA GTA TAT AGG BB CAA CAG AAC AGC BB ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG (Gil TcT GRA (VY8
Microbat B8 GTG GAT GAA CTT TCT AAc (B8 2aG aac A acc N BFE TAT acc BAB caa cac aac acc BBB ata TTC TTT cTT 888 GAC coa Aca cax [iNe BF Tt BAR Acc
Megabat (BBl 6TG GAT GAA CTT TCT AAC @ Anc HEE BB AcG AnA GTA TAT CAA CAG AAC AGC BB ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG
Hedgehoq 1 2AA GTA TAT HGA BAB caa cac aac acc HRG BE8 TTC TTT CTT GCA GAC cGA Aca Gaa aTG (Gl TcT GRE NS
GTG caT [GR8 cTT 1668 B BFG 27 2 CAG AAC AGC ATA TTC TTT CTT |68l GAC CGA ACA GAA
Elephant (Gl GBA GAT GAA CTT TCT Aac (68 A2 BRE BRE AcG ara oTa TaT (RN BAE can B8R arc acc BEE ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG Gl TCT GAB AGC
Rock_hyrax B8 ~cG ana oA AT [BNE cAA aac acc BB ATA TTC TTT CTT GCA GAC CGA ACA GAA ATG
Tenrec @l GTG GAT GAA CTT TCT AAC [GH@ 2ac BRE X8 AcG Ana GTA TAT [NNe GRS GAE P8 2nc acc BEE ata Trc TrT BH@ cea cac coa BEH can atc BFll rcr BE acc
Armadillo 566 cat an cTT TCT Anc [{llg Aac BEE [ENE Ac- AAR GFA TAT Be6 AAA TTC TTT CTT GCA GAC CAA ACT GAA ATG
Sloth 888 GTG GAT Gaa cTT TCT Aac [l 2ac aac BEE BEH Ana Ta TAT AcG [BBE caA caG AAc acc BBE ATA TTC TTT CTT GCa GAC CGA ACA GAA ATG [BH@ TcT BBE Acc
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Human AAG AAT ATA TTG GAT GAA CTG AAA AAA GAA TAC CAA GAA ATA GAA AAC TTA GAC AAG ACC AAA ATC AAG AAA-
Chimp AAG AAT ATA TTG GAT GAA CTG AAA AAA GAA TAC CAA GAA ATA GAA AAC TTA GAC ARG ACC AAA ATC AAG AAA-

Rhesus ATA TTG GAT GAA CTG AAA AAA GAA TAC CAA GAA ATA GAA AAC TTAE ARG ACC AAA ATC AAG AAA-
Tarsier BB

Mouse_lemur

AT GAA CTG AAA AAA GAA TAC CAA GAA ATA [N RS ISR B8 2nG ACC AAA ATC AAG
Bushbaby- 88 AT Gaa CTG AAA AAA GAA TAC caA GAA IO can anc O B8 anc I8 ana arc aac aaxn [l
TreeShrew AT GAA CTG AAA AAA GAA TAC CAA (B8 ATa caa anc (NG (B8 AAG Acc AA ATC Anc HEE
Mouse- AAT !-- can BR aaa aaa caa Tac can (SO BN can [N RS BN I ~cc ann

Rat AGA AAA GAT TAC CAA GAA GTA GAA AAC TCA GAG ACA ACC
Kangaroo_rat EEH aar B8 r7c BHE can BHH ana ana GAA TAC CAA GAA ATA GAA Aac TG [BX8 Anc Acc [N atc anc ana [l
Guinea_pig HEH An [B88 AT GAA CTG AAA AAA GAA TAC CAA GAA ATA GAA AAC TTA [BXE AAG acc ana [l aac ana I
Squirrel BEE aaT BE@ TTG GAT GAA CTG AAA AAA GAA TAC CAA (X8 ATA can REH e (BN RRE REH 22 avc anc ana [l
Rabbit AAG AAT ATA TTG GAT GAA [lll8 AAA ARA GAA TAC CAA GAA ATA GA A (oM (N8 ARG
pika BEB AAT

Alpaca BEE AaT aTa [BH8 car BEE c1c
Dolphin BEB AAT ATA TTG caT BRE cTG AAA GAA TAC CAA GAA ATA (G anc IO (N8 anc acc —AA AFE HAG AR FA6

cow EBE aa [ T7G cat BRE cTo 2aa can BB caa Gaa ATA Gaa anc IO B8 AAG AcC AnA ATC AAG AAA B
Horse BB aar ara B8 car B8 c16 Aaa ARA GAA TAC CAA GAA ATA GaA AAC TTA [ ARG AcC AAA ATC AnG aaa I

cath

pog BB AT ATA TTG GAT GAA CTG ARA ARA GAA TAC CAA GAA ATA GAA BAC !! ARG ACC ARA
Microbat BEE AAT ATA TTG GAT [BBE CTG AAA AAA GAA TAC CAA GAA ATA GAA AAC (N0 [GX8 AAG Acc Ana [XE8 anc ana [llE
Megabat EEE AT [ TTG GaT BB CTG AAA AAA GAA TAC CAA GAA ATA GAA AAC TTA[B8 AAG AcC Ara ATC AAG A2A [l
Hedgehog BAR Ax cr [Xee ana BRE Tac RN o2 [ BEE ARG F6C GAR ARG AEE AR 6Tc AAs Bad
Shrew BRE AAT crc [N 222 BRE Tac BEE crn [BN8 c2a anc (6 [BX8 22ac acc ana (NS INEE A2 IR
Elephant BB AaT AT2 [B88 62T caa o7 BRE Aaa GAA TAC CAA GAA ATA GAA AAC TTA [N AAG ACC AAA ATC AAG RAG
Rock_hyrax BBl AaT (e 08 caT BHE B8 ana aaa caa Tac BB caa aTa caa aac [BHE B8 aac Acc aaa ATC AaG Aaa AR
Tenrec TTG GAT GAA CT! AAA GAA TAC caa GAA [RHE GAA AR
Armadi 1o EA= E=5 A 176 GAC GAH C76 AAA RAH GAH TAC CAA GAH BT
Sloth BB AAT ATA TTG GAT GAA CTG AAA AAA BB TAC cAA GAA ATA BRE Anc O [BX8 Anc [NEE ana ATC A Ana NG
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Supplementary Figure 2. Alignment for ASNSDI1-SEP shows protein-coding
signature.

Alignment for ASNSDI-SEP across 29 eutherian mammals, color-coded by
CodAlignView ("CodAlignView: a tool for visualizing protein-coding constraint", I
Jungreis, M Lin, M Kellis, in preparation). The amino acid sequences of the four tryptic
peptides  detected, NILDELKK, IVVDELSNLKK, QQQNSNIFFLADR, and
EYQEIENLDKTK, are highlighted in yellow. The high concentrations of synonymous
substitutions (light green) and conservative amino acid changes (dark green), and
relatively low concentrations of radical amino acid changes (red) and frame-shifted
regions (orange) is characteristic of protein-coding regions. The region’s evolutionary
coding potential as measured by per-codon PhyloCSF score, 4.315, is higher than 99.97%
of non-coding regions, implying that it has been functional at the amino acid level in
much of the eutherian mammal tree.
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Supplementary Figure 3. MS/MS spectra (raw spectrum: top, SEQUEST annotated
spectrum: bottom) for the detected peptide: RHDAETKEAESSPATDTAAAPAAR for
PRR3-SEP, with SF score of 0.94.
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Supplementary Figure 4. The characteristics of the 36 SEPs in K562 cells validated by
Skyline-MRM. (A) The length distribution of the SEPs, (B) the start codon usage of the
SEPs, (C) the SEPs mRNA annotation by RefSeq.
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Supplementary Figure 5. The characteristics of SEPs detected in MCF10A and
MDAMB2231 cell lines. (A) The length distribution of the SEPs, (B) the start codon
usage of the SEPs, (C) the SEPs mRNA annotation by RefSeq in MCF10A cells.
Similarly (D) The length distribution of the SEPs, (E) the start codon usage of the SEPs,
(F) the SEPs mRNA annotation by RefSeq in MDAMB231 cells.



Supplementary Table 1. A list of 36 SEPs detected in K562 cells that were validated
by Skyline-MRM. The peptides detected by shotgun proteomics were shown in blue, the
additional peptides validated in Skyline-MRM were shown in red, the overlapping
peptides detected in both shotgun method and Skyline-MRM were highlighted in purple.

Detected peptide by

Detected peptide by

Predicted SEP

SEP sequence

shotgun Skyline-MRM length
IVYGDIRK IVYGDIR 41 LYQRREELKLQWRSFNLDKIV
YGDIRKEGILNALETMGSSF
KIVYGDIR
ADAPAVSPESPQK KPPFQPR 101 MSRGQFGQGQEPLDMFFWV
ADAPAVSPESPQK NEISGEITYPPQKADAPAVSPE
SPQKKPPFQPRSVQEAPCSPQ
GPPAQRPALAPPSKPSLKDSG
SRNPCPSAPTWARPKPEE
KNFFISK ALAYIGAR 20 MPKNFFISKIKALAYIGARC
EAESSPATDTAAAPAAR APSSLPSK 93 MPGRDGGRQLAPECGRRRCS
RHDAETKEAESSPATDTAAA  EAESSPATDTAAAPAAR PQPSGSGMAGASALLPTDPP
PAAR EAETESPRAPSSLPSKSRCSHC
RRHDAETKEAESSPATDTAAA
PAARAGRDWR
FSPLELAAGGVR FSPLELAAGGVR 127 MAGGDPAAGRAVGAAKAKR
LLLPCPCCFG AAGICGDTAAPALSGHPPDCL
PESPGRGGLTCSPSQSRFSPLE
LAAGGVRGCGAQLVTVGCSE
PSWSPGEGAGPGEQQSLDVE
AAEALQAGPASPRCRLLLPCP
CCFG
YLDLHER QIFHSNK 33 IRKYLDLHERQIFHSNKHLNNII
NCKAQTTRVK
QGSLVQQVALR EVLEQLMK 66 MMKNQWMEIGHHQLHQPS
RFLHLKHPEILPTVQGSLVQQ
VALRLEVLLRKEVLEQLMKMIL
RNLVVVINL DPMNAK 71 MNVRNVRRNLVVVINLFYITG
TLEVVIS FMSLRDPMNAKSVGRTFVVA

INLLYIKDFILVRNPMNVQNV
GRTLEVVIS



IYNRLYFLEK

EGGWRQVEGTGTPK

ELSQYLK

SRQVDQEVRSSR

ENIPDITK

VAEIIIER

AIVVARVVTIPK

GDFLNLR

AGDFLNLR

GFLAGYVVAK

TLRDYLQLLR

NQLESLQR
RVEDEVNSGVGQDGSLLSSP
FLK

RLLFAGK
IRLLFAGK

VNFCNK 24
DSAKPIR 75
QVEGTGTPK

MDELSQYLK 42
QVDQEVR 24
DFVENSLSK 32
TLYTCLLR 116

LVSHGINLALIFSIWK

MVAIVVAR 43
AGDFLNLR 41
IGISYQFCK

NQLESLQR 103
NQLESLQRR

GFLAGYVVAK

GTTFSWVIR 22

VNFCNKASWDLKKIYNRLYFL
EKF

MTTGERDSAKPIRATATRQED
RSPEGGWRQVEGTGTPKSKQ
GSRVLAAQEETQHPEAVPQR
ADPKGASASPLRRQ

MDELSQYLKVILPSTVVLDVILL
QLSFLLYIANFLFSLGSLP

SQHFGRSRQVDQEVRSSRTA
WPRW

DFVFNSLSKILVENRPAFVNEN
IPDITKPKHF

RVAEIIERLVSHGINLALIFSIW
KCLKENHFHCRKSFFKYLLYPR

EISLYLPPQAVISCFREWNPPC

PSIFWFLGLNSSLVKSPWLGIL

SWEQILSCSLMCLHSPKTLYTC
LLRA

MVAIVVARVVTIPKIMHQPVL
SFLNFHVPLYTFMSVYVDLSLV

AGDFLNLRIGISYQFCKFSPINY
FFFLFSPCLLYGILLDIS

MADDKDSLPKLKDLAFLKNQL
ESLQRRVEDEVNSGVGQDGS
LLSSPFLKGFLAGYVVAKLRAS
AVLGFAVGTCTGIYAAQAYAV
PNVEKTLRDYLQLLRKGPD

GTTFSWVIRLLFAGKLNYSSM
S



GLIENPALIR

QNIKGLENILQK

SWLTPVAGK

HALPLLK

GAGILLLR

KQNSLIANMEK

MKNFLAVTITGK

LMQEGK
QGLIENPALIR

GLENILQK
VVTLTLQSSENQR

MAPLGLK

QEFHALPLLK
NSTNFFLLIK

TGAGILLLR

SGYINR
SCLHSIK
GEEAAEEK
MQIEATR
GQTLFSSTK
QNSLIANMEK

TSVQGITTVILK

100

81

26

52

44

114

110

QRVQAERLAIRARLKREYLLQY
NDPNRQGLIENPALIRWAYAR
TTNVYPNFRPTPKNSLMGALC
GFGPLIFIYYIIKTERDRKEKLM
QEGKLDRTVHLSY

IWSRVVTLTLQSSENQRQNIK
GLENILQKEAATCVDNGLFMP
LLLSVDLVQETCSGDGCEGG
MRIDIDTPVSQTCLFITLL

MAPLGLKDPLSSWLTPVAGKL
VMAVS

NSTNFFLLIKQRSFGGFIPIADK
RGKDGKCSRFLSFHKQEFHAL
PLLKQRKE

TGAGILLLRWLTHWLLAGSLR
SSPGVPLHVLLHGLMMWHEP
HSV

LIKKQNSLIANMEKVLVVWM
EDQTSHNIPLSQSLIQSKGQTL
FSSTKNEKGEEAAEEKFEASRV
WLMRFKERSCLHSIKMQIEAT
RADEEGTASDPEDPAKLIDKS
GYINRFTM

IDWRRKKRKKIEKRKSFRRAEV
NTKNISPLLPHLPPPPPLPLLRL
QKAVVRVRVTIKKKKYKGRKE

RKTSVQGITTVILKRRTSLRRES



KDLHLSWEPK

KNEFLLK

AEIILK

TPLLAYIQ

HAFLNLR

EVEGAVSR

RKPLYTIGWNL

KINALLK

FQPPHHVQSSPDVK

ARDQYGHLIPTK

LAFIFLPDR

FEFFPK
NGLPSVLLVK

DHVLFFK

VFDLQDF
MAEIILK

TPLLAYIQPDTSAF

HALFLNLR
NLQTPGAVGEDK

QSEVMSQK
IFNNHTLIIK

DFTSHQLER

GNILLSNK

GLSFQPPHHVQSSPDVK

KPSFPSPR
DQYGHLIPTK

GSCHFLSQVGGWGI

NDLAFIFLPDR

43

27

17

49

54

42

64

50

32

61

65

FMKNFLAVTITGKKPRKSPGS

KQQPPLFSLYKFEFFPKLKDLH
LSWEPKEKNGLPSVLLVKEIL

IIFKNEFLLKDHVLFFKSIFSSYF
CYC

MAEIIILKAKVFDLQDF

MNLEMEKKAGLFQRVDLSEL
DSTIELCCIFCGSSKTPLLAYIQP
DTSAF

HAFLNLRAIPSPQSNNLERPQ
VQLLHSPDPLLSTPRNLQTPG
AVGEDKKKSGVA

TQEVEGAVSRDCITALQPGKQ
SEVMSQKQTTKIFNNHTLIIK

SSGKGKSNSQRDFTSHQLERL
SSKRQNIKRVGKNAEKRKPLY
TIGWNLNWYSHYKKQHGGSS
KN

SQPPLKCLCLIKINALLKGNILLS
NKCGCVFYHTSILRKCWTSEY
HKTGN

ESCPEPTEQKGLSFQPPHHVQ
SSPDVKSQFWF

MCAEIEEGAEGVTARDQYGH
LIPTKVASGPQGLSGARKPSFP
SPRLRGSCHFLSQVGGWGI

AKIVPLHSSLGDRVRPCLKTKQ,
TKEFRNDLAFIFLPDRQCIHQD
GTLTGNQVLAPLLAGKEHEVF



Supplementary Table 2. A list of all novel SEPs detected in this study.



