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Fig A: Motifs identified across all HLA peptidomics datasets analyzed in this work.

The allele to which the logos have been mapped by the approach presented in this

work and the number of peptides assigned to this allele is indicated below each motif.

The few motifs that could not be assigned to an allele are annotated as “Not

assigned”.
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Fig B: Strategy to annotate motifs in cases where two samples share all but one motif.
The left sample (Mel_16) and the right sample (Mel_8) come from two different

melanoma patients from [1].
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Fig C: PWM distances between the motif predicted in this work and motifs derived

from IEDB, as a function of the number of ligands in IEDB.
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Fig D: Comparison between the HLA-I motifs identified by integrating data across all

HLA peptidomics studies and the motifs from IEDB (either MS and non-MS data).
When only one peptide was present the sequence of the peptide is indicated. Stars

indicate motifs considered in the analyses of Fig J.
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Fig E: Number of peptides assigned to each allele across the HLA peptidomics
studies considered in this work, compared to IEDB data (see all raw numbers in Fig

D).
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Fig F: (a) Distance between the motifs predicted in our work and those derived from
mono-allelic cell lines [2], as a function of the number of samples that are considered
(error bars correspond to 100 random choices). The six alleles were selected as those
with motifs detected in more than 3 samples in our dataset of pooled HLA
peptidomics data and present in the mono-allelic cell lines of [2]. Of note, some small
contaminations or batch effects are expected even in mono-allelic cell lines and we
did not expect distances to fall exactly to zero. (b) Same as in A, but comparing with
the motifs derived from all samples, for all alleles present in at least three samples. By
construction all distances fall to 0. The most important message of this figure is that
all distances (even when considering only one sample) are very small, and much

smaller than the 0.078 threshold used to determine two motifs as ‘similar’.

>
w

1000+ | P<0.0093 10009 1p<0.0093
w 5907 o 5007
-§ 'g C0303
= = mtmensl
% 100 g 100 ‘aenmi)
@ 50 $ 50 C0303
= g e
> d
g o mv
s 0303 303 | 5 | Fe———
o 10 g 10 B3501 C0501
S (PSP el | 2 :
E 5 ; o E 57 PSR [ =S
= sCenSonl [ —— E
a | l \ %
(s L ‘ . i | S : : |
0.00 0.05 0.10 0.15 0.0 0.1 0.2 0.3 0.4 0.5
P-values P-values
. Co303

Fig G: Distribution of P-values of similarities over all pairs of motifs annotated to the
same alleles. Empirical P-values were computed by comparing for each pair of motif
(m;, m;) the similarity between m; and the set of known HLA-I motifs, excluding the
one to which m; had been annotated (107 motifs in total, see Methods). In (a), the
Euclidean distance was used and in (b) the BLiC score of ref. [3]. The first bar of the
graphs shows the number of cases where the similarity was higher than to any of the
known HLA-I motifs used for estimating these empirical P-values (P < 1/107 =
0.0093). The very few pairs of motifs that do not pass the statistical threshold are

shown explicitly, as well as the allele to which they had been assigned.
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Fig J: Comparison between amino acid frequencies at positions P4 to P7 in HLA

peptidomics data from unmodified cell lines or tissue samples, MS IEDB data, non-

MS IEDB data, and the human proteome. Only alleles with at least 100 ligands in our
dataset, [IEDB non-MS and IEDB MS were used (marked with * in Fig D).
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when using the second best hit in spectral searches for 1% of the peptides.
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Fig N: Performance of predictors when using amino acid frequencies from the human
proteome (instead of those found at non-anchor residues) in MixMHCpred (same data
as in Fig 4). In this case, cysteine containing peptides are poorly predicted, which
increases the performance of MixMHCpred on elution data (mainly panel A), but

decreases the performance on other datasets (especially LO11 and LO13).
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HLA-A30:04 mgy asparagine HLA-B41:02 isoleucine
HLA-A31:01 . E . asparagine HLA-B42:01 isoleucine
HLA-A32:01 Y I E asparagine HLA-B47:01 isoleucine
HLA-A32:07 E e = asparagine HLA-B48:01 isoleucine
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HLA-B13:02 . Q!, """"" 6 isoleucine HLA-B57:02 asparagine
HLA-B15:42 _ ““““ . isoleucine HLA-C15:02 E arterarrm E asparagine

Fig O: Binding motifs and amino acid at position 66 for HLA-I alleles showing some

preference for charged amino acids (R or K) at P1.
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Fig P: (a) Binding motifs for HLA-I alleles showing preference for histidine at P2. (b)
Binding motifs for HLA-B14 alleles displaying the same P2 binding site as HLA-
B15:18.



T
! o o °
|
0.20 &
' *e % ¢
o I PO 2
LC) I * o 2
() * PS4
§ I *
o | *
5 | .
€ 010 . -
_‘CC" L%aﬂé I
s ‘-'éa&% !
g 0.05— C06:02 I
()] L 2 |
<
|
& A24:02
0.00— ; ]{ |
v """" |

I I ! I I I I I |
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Euclidean distance

Fig Q: Comparison of the motif similarity values using Euclidean distance and
Jensen-Shannon divergence (average of Jensen-Shannon divergence over all 9
positions) for all 5x6 pairs of motifs between two last samples (CD165 and CM467)
shown in Fig 1. The red line shows the cut-off on Euclidean distance used in this

work.



Table A: HLA peptidomics datasets analyzed in this work. Columns 2 and 3 show
the number of unique peptides in each dataset. The first ten samples have been

generated for this work.

Samples 9-mers | 10-mers | HLA-A | HLA-A | HLA-B | HLA-B | HLA-C | HLA-C
CD165 3799 847 | A02:05 | A24:02 | B15:01 | B50:01 | C03:03 | C06:02
CM467 5279 921 | A01:01 | A24:02 | B13:02 | B39:06 | C06:02 | C12:03
GD149 5960 2063 | A01:01 | A24:02 | B38:01 | B44:03 | C06:02 | C12:03
MD155 3089 493 | A02:01 | A24:02 | B15:01 | B18:01 | C03:03 | C07:01
PD42 1392 450 | A02:06 | A24:02 | B07:02 | B55:01 | C01:02 | C07:02
RA957 6652 1944 | A02:20 | A68:01 | B35:03 | B39:01 | C04:01 | C07:02
TIL1 4012 711 | A02:01 | B18:01 | B38:01 C05:01
TIL3 5896 1290 | A01:01 | A23:01 | B07:02 | B15:01 | C12:03 | C14:02
Apherl 3527 1273 | A03:01 | A29:02 | B44:02 | B44:03 | C12:03 | C16:01
Apher6 1138 376 | A02:01 | A03:01 | B07:02 C07:02
Mell5 [1] 11094 4865 | A03:01 | A68:01 | B27:05 | B35:03 | C02:02 | C04:01
Mell6 [1] 7460 1769 | A01:01 | A24:02 | B07:02 | B08:01 | C07:01 | C07:02
Mell2 [1] 2467 417 | A01:01 B08:01 C07:01
Mel8 [1] 3408 1283 | A01:01 | A03:01 | B07:02 | B08:01 | C07:01 | C07:02
Mel5 [1] 3108 750 | A01:01 | A25:01 | B08:01 | B18:01
Fibroblast [4] 3492 859 | A03:01 | A23:01 | B08:01 | B15:18 | C07:02 | C07:04
HCC1143 [4] 1989 284 | A31:01 | B35:08 | B37:01 | C04:01 | C06:02
HCC1937 [4] 2926 1065 | A23:01 | A24:02 | B07:02 | B40:01 | C03:04 | C07:02
HCT116 [4] 2665 737 | A01:01 | A02:01 | B45:01 | B18:01 | C05:01 | C07:01
JY [4] 1740 483 | A02:01 B07:02 C07:02
Beell [5] 5974 2521 | A01:01 | A03:01 | B07:02 | B27:05 | C02:02 | C07:01
Mel-624 [6] 1403 425 | A02:01 | A03:01 | B07:02 | B14:01 | C07:02 | C08:01
SK-Mel-5 [6] 1845 618 | A02:01 | A11:01 | B40:01 C03:03
HEK?293 [7] 2477 1221 | A03:01 B07:02 C07:02
MAVER_1 [7] 4912 1423 | A24:02 | A26:01 | B38:01 | B44:02 | C05:01 | C12:03
HL_60 [7] 3308 1437 | A01:01 B57:01 C06:02
RPMI8226 [7] 3237 647 | A30:01 | A68:02 | B15:03 | B15:10 | C02:10 | C03:04
THP_1 [7] 4085 656 | A02:01 | A24:02 | B15:11 | B35:01 | C03:03
CA46 [7] 2063 414 | A26:03 B27:04 C12:02
LNT-229 [8] 5202 2191 | A03:01 B35:01 C04:01
T98G [8] 6294 1413 | A02:01 B39:06 C07:02
U-87 8] 6992 2126 | A02:01 B44:02 C05:01
pat_AC2 [9] 920 267 | A03:01 | A32:01 | B27:05 | B45:01
pat_C [9] 1423 641 | A02:01 | A03:01 | B07:02 C07:02




pat_CELG [9] 2068 664 | A02:01 | A24:02 | B15:01 | B73:01 | C03:03 | C15:05
pat_CP2 [9] 1055 376 | Al1:01 B14:02 | B44:02

pat_FL [9] 2127 873 | A03:01 | Al11:01 | B44:03 | B50:01

pat_J [9] 1215 551 | A02:01 | A03:01 | B07:02 C07:02

pat_JPB3 [9] 1009 487 | A02:01 | Al1:01 | B27:05 | B56:01

pat_JT2 [9] 846 287 | Al1:01 B18:03 | B35:01

pat_M [9] 1523 574 | A03:01 | A29:02 | B08:01 | B44:03 | C07:01 | C16:01
pat_MA [9] 1998 808 | A02:01 | A29:02 | B44:03 | B57:01 | C07:01 | Cl6:01
pat_ML [9] 1580 811 | A02:01 | Al11:01 | B40:01 | B44:03

pat_NS2 [9] 435 91 | A02:01 B13:02 | B41:01

pat_NT [9] 1522 252 | AO01:01 | A32:01

pat_PF1 [9] 2484 1049 | AO01:01 | A02:01 | B07:02 | B44:03 | C07:02 | C16:01
pat_R [9] 1406 549 | A03:01 | A29:02 | B08:01 | B44:03 | C07:01 | C16:01
pat_RT [9] 1425 333 | A01:01 | A02:01 | B18:01 | B39:24 | C05:01 | C07:01
pat_SR [9] 1642 505 | A02:01 | A23:01 | B18:01 | B44:03

pat_ST [9] 771 283 | A03:01 | A24:02 | B07:02 | B27:05




Table B: Amino acid frequencies at non-anchor positions (P4 to P7) in HLA-I ligands

from pooled HLA peptidomics data.
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Table C: Ranking of the neo-antigens identified in two lung cancer samples [10].

Column 4 shows the ranking based on our predictor. Column 6-8 show the ranking

based on NetMHC[11], NetMHCpan[12] and NetMHCstabpan[13].

Net- Net-
Muta- Net- MHC- MHC- # Candi-
Sample Sequence Protein tion Rank MHC pan stabpan dates
L011 SVTNEFCLK DOCK10 R1149L 13 26 21 9 7414
L011 GTSAPRKKK XIRP2 Q2514K 58 213 281 110 7414
L011 FAFQEYDSF MTFR2 D326Y 65 6 10 296 7414
L011 RSMRTVYGLF | OR2A2 C317F 712 83 136 221 7414
L011 GPEELGLPM SOHLH2 L159M 1070 109 158 292 7414
L013 ALQOSRLOAL CACNA1I R464L 3 151 178 118 2700
L013 KVCCCQILL OR4P4 W300C 168 224 153 153 2700
L013 YSNYYCGLRY | KRTAP20-2 | G9C 177 63 124 58 2700




Table D: List of cancer testis antigens with epitopes and HLA restriction information

from the CTDatabase [14].

Protein Epitope Allele Protein Epitope Allele

BAGE AARAVFLAL C16:01 MAGEA12 EGDCAPEEK C07:01
CCDC110 NYNNFYRFL A24:02 MAGEA2 YLQLVFGIEV A02:01
CCDC110 EYSKECLKEF A24:02 MAGEA2 EYLQLVFGI A24:02
CCDC110 EYLSLSDKI A24:02 MAGEA2 EGDCAPEEK C07:01
CTAG1A SLLMWITQC A02:01 MAGEA3 EVDPIGHLY A01:01
CTAG1A ASGPGGGAPR A02:01 MAGEA3 FLWGPRALV A02:01
CTAG1A MPFATPMEA B35:01 MAGEA3 KVAELVHFL A02:01
CTAG1A MPFATPMEA B51:01 MAGEA3 TFPDLESEF A24:02
CTAG1A ARGPESRLL C06:02 MAGEA3 VAELVHFLL A24:02
CTAG1A LAMPFATPM C03:03 MAGEA3 MEVDPIGHLY B18:01
CTAG2 ELVRRILSR A68:01 MAGEA3 EVDPIGHLY B35:01
CT83 RQKRILVNL B15:01 MAGEA3 AELVHFLLL B40:01
MAGEA1 EADPTGHSY A01:01 MAGEA3 MEVDPIGHLY B44:02
MAGEA1 KVLEYVIKV A02:01 MAGEA3 EGDCAPEEK C07:01
MAGEA1 SLFRAVITK A03:01 MAGEA4 EVDPASNTY A01:01
MAGEA1 EVYDGREHSA A68:02 MAGEA4 GVYDGREHTV A02:01
MAGEA1 RVRFFFPSL B07:02 MAGEA4 NYKRCFPVI A24:02
MAGEA1 EADPTGHSY B35:01 MAGEA6 EVDPIGHVY B35:01
MAGEA1 SAYGEPRKL C03:03 MAGEA6 EGDCAPEEK C07:01
MAGEA1 SAYGEPRKL C16:01 MAGEA6 ISGGPRISY C16:01
MAGEA10 GLYDGMEHL A02:01 MAGEAS ALSVMGVYV A02:01
MAGEA12 FLWGPRALV A02:01 SAGE1 LYATVIHDI A24:02
MAGEA12 FLWGPRALV C07:01 SSX2 KASEKIFYV A02:01
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