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Hilii K
dictl={"R":-4.5,"K :-3.9,"N" ;-3,5,"D":-3,5,'Q";-3,5,"E" :=3.6, "H :-3,2,"F":
#Molecular weight

dict2={"R :174.20, K :146.19, N :132.12,"D":133. 10, Q" : 146. 15, "E": 147.13,"
#Bulkiness

dict3={"F ld 28,7K : 16,71, N :12.82,7D": 11,68, 'Q" : 14. 45,"E" : 13,67, "H : 13.
# Polarity ; '.-:amh am

dictd={"RE" :10.5, K :11.3, N :11.6,7D": 13, (10,68, 7E" 0 12,3, "H - 10.4,7F" 18,
# Recwnlt:mn fac‘tu:ru

dictf={ 4" :78, K :95, N :94, D :81,°C :89,° Q" :87, E’:78,°G’:84, H :84, "
#Hphob. OMH / Sweet et al.

dicté={"4" 0.4, R :-0.59, N :-0.92, D" :-1.31, :0.17,°Q":-0.91, "E" : -1, 2¢
# Hphob. / Kyte & Doolittle o o o o
dict?={"4":1.8, "R :-4.5, "N :-3.5,D":-3.5,7C":2.5,7Q":-3.5,"E" :=-3.5, 6 :~-(

# Hphob. / Abraham & Leo

diect8={ 4" :0.44, K :-2.42, N :-1.32,'D" :=0.31,°C":0.58, Q" :=0.71, "E" :-0. 3¢
#Hphob. f' Bull & Hreese

dictg-{ A0 0.61, (0,69, 10,89, D" :0.61,"C":0,36,"Q°:0,97,"E :0.51,°G’
# HPLC / TFA rﬂ*en‘clon

dict10={"&:7.3, R :-3.6, W :-5.7,"D":-2,98,’C :-8.2,'Q :-0.3,"E" :-7.1,"G":
# Ratio h(-tELU Enli"SldP
dictii={" A 'R':0.66,°W :1,33,°D7:1.38,°C":2.75,7Q7:0.89, " E":0.92,7G":0,

Hiverage 'fle}- 1b:|.11‘w

dict12={"4":0. 36 (0,63, N :0.46, D7 :0.51,7C 10,365,797 :0.48, " E": 0.5,
#beta-sheet / hDu & Fismun
dict13={"4":0.83,"R";0.93,"N":0,89,"D":0,54,"C";1,19,7Q"; 1.1,"E": 0,37, ¢’
# alpha~helix / Deleage & Roux

dictl4={"4":1.489, R :1.224, I :0.772,° D" :0.924, ' C" :0.966, Q" :1. 164, "E : 1.
# beta—turn / Deleage & Roux

dict15={"4":0.788, K :0.912, W' :1.572,"D":1,187,'C" :0. 965, Q" :0,997,"E": 1.
# Relative mut abllity

dict16={"4":100, R’ :65, "N :134, D : 106, C":20,°Q : 93, E" : 102, G : 49, H : 6¢

#lumber of cadu:nl*) :cuilng for eac‘h aming ac:ld in universal genetlu code.
:4,"R:6,"N:2,°D":2,7 -2, 4,"H :2,"1":3,"L":8

dict17={" 21,707 E':2,°G

HRefrac t

dict18={" 4" 4. R:26.660 ,°N:13.280 ,'D7:12,°C7:35.770 70 17.66(
#Transmembrane tendency

dict19={"4":0.380 ,'R :-2.570, N":-1.620 ,°D':-3.270 ,'C":-0.300 ,°Q :-]
# ECCE'.:oltle r--==1d|.1er

dict20={"4":6.6 ,"R’ :4.5 "W :6.7 ,’D’: 7.7,C:0.9 ,'Q": 5.2, 'E:5.7 G :¢

# Average area burled
dict2i={"4":86.6 ,’R’:162.2,"W :103.3,’D":97.8 ,'C":132.3 ,’Q":119.2 ,"E’

e RIS A

antigen-
presenting
cell (APC)

T-Cell

Characteristics calculation of peptides based on amino acid
sequences. The formula for calculating peptide characteristics is

shown in (1). Py, Py, Pc (N-terminal, position 2, C-terminal as
anchored sites by default) are considered to be embedded in HLA molecules and no
contact with TCRs, therefore not evaluated.

© 30000008

1234567891011

x&(N,2,0)
Pe={ ) Pa}/enP)-3)
x€Pos(P)

€y

P, peptide. c, characteristic. Where P, represents characteristics of peptides. A,
amino acid. N, N-terminal in a peptide. C, C-terminal in a peptide. Pos, amino acid
position in peptide. Where P, represents characteristics of amino acids in peptides.

FroEet A BB M BRERIZ N



AAfrequency in non-epitope

0.15

0.10

0.05

0.00

e RIS A

\ 1
0.05 0.10

AAfrequency in epilope

Score for immunogenic peptide (C22). Amino acid distribution frequency differences
between immunogenicity and non-immunogenic peptides at TCR contact sites were

considered as a feature (2).

x€(N,2,0)
Pscore = {Pie+(fa) — Pie-(f2) }

xePos(P)

(2)

P;.*, immunogenic peptides. P;", non-immunogenic peptides. f'4, amino acid frequency
in TCR contact position. Where P+ (f'4) represents frequency of amino acids in

immunogenic peptides at TCR contact sites.
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AEBANREMR: IKEREE AT 100005

- AT02:01
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Assie. -
wogueneyi)
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Ineo-Epp
http://www.biostatistics.online/INeo-Epp/neoantigen.php

I neo-e P pA novel T-cell HLA class-I immunogenicity prediction method

[ | Home | Instruction | Example | Contact ]
Antigen Neoantigen NetMHCpan4.0 ZitSHLAZE SR
Copy Excel Search: %EE'I‘Q{?:EI{D\
Enter peptide sequence(s): - - \ —

EEEEE%I 5 iE t8 WRAOE(IR peptide 7  length %rank ] I score ‘ prediction
E#EEE—SYY / (kd\_’%‘r“}]ﬁj‘ tﬁEK’J\QZS) ACEDDKLMIY 10 0.471 0.074 Negative-High
[AMEKSSKYY ALDLTTSAGY 10 0.118 0.18 Negative-High
AMEKSSKYY 9 0.295 0.05 Negative-High

CTELKLSDY 9 0.144 0.674 Positive-High

EADPTGHSY 9 0.019 0.778 Pasitive-High

S BANFEIHLAD RS YLEKESIYY 9 0.019 0.54 Positive-High

HLA subtype : HLA-A01:01

For list of allowed allg€ names click here: list of MHC allele names.

il
i

Showing 1 to 6 of 6 entries Previous Mext

Enter HLA #ibtype:i.e HLA-A01:01 / v
HLA-A01:01 P

‘ ‘ Submit

E & FR, 5 E MR E IR RN AR £ FSEYHELRE 2019

Guangzhi wang et al. INeo-Epp: T-cell HLA class | immunogenic or neoantigenic epitope prediction via random forest algorithm based on

sequence related amino acid features. Biomed Research International, 2020
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ag Whole exome sequencing RNA -
u Whole genome sequencing sequencing
o

OptiType

° ‘é{? ﬁ ng ﬁ % E{] ﬁii‘ﬂ\“ ﬁ& H pTu n eos Mutation calling and annotation Epitope prediction

] HLAallele <= DNA sequencing
. AFASERWSKESEWGR i e
= ., —_ WL  Apply mutation
RN HEAR G AR e a1
1:1F}$ ° é ) Exiract peptide g : . Bmg‘l‘gmg ¥ ﬁ é?;nk :

* ZIHHERGAENHER: -

Neo-peptide
£ 2 ﬁltfdl:l&t: °’““£HWI ‘
= Tumor—s
1 ) éﬁ?& %Jﬁ\ il\.i@. 4 F'reslemed anfj E E MHC Hydrophnhlclly{based XGboost
w recognized peptide 1% similarity 100% similarity 0 dict del
2) 1|% \SE %éﬁat\_)? Ak == 5 & feature calculation predicuon mode
c 2 Normal peptide  Mutant peplide ‘ L Teel i
1LHTIILL \éﬂ:_ 0% affinty rank  affinity rankc Paired sequence simiarity recognilion probabilty Hydrophoficil-based
N s . u e genicity score
< od
3) ETHHILEFNERRREAMEEIE 3
- ml = Random forest model
> [ 4 f—] 24 S 1] 3 I\E 3.4 g peplide 1
-L N E -%- - % immunogenicity
prediction Meopeptides with high probability of MHC presented and T cell recognized

H, ZEB T YT R T HMHCE &)
i# EMTARRE ZEIR A B FHHUR
4) FriRHEFR L

Refined immunogenicity
score scheme

Gene | HLA_allele | Neo-peptide |Immuno_score

P=[Axtan(Eyx N x CILL(R W1 L(R,)/ 2)= S H % R] Ranking SEPN1 [HLA-A02:01| SLQPRLPWL 0.003
Cneoantigen [ pepride Teell ':D CSE1L |HLA-A02:01|GLFELPEDDAI 0.002
P= l_abwm‘mk e l_dnuwf.’urh‘ ‘

recogrition RPP30|HLA-A02:01| SLGSLQPLPL |  0.0009

NEOEPITOPE PRIORITIZATION
(RefinedNeo )

Zhou C et al. pTuneos: prioritizing tumor neoantigens from next-generation sequencing data. Genome Med. 2019



|

g
PART THREE (L

o dbPepNeo
WHRAE FRERMEERTIETS



NIR
ﬁy

v

Ay LR R R R

EL e ISP

PubMed

(https:/iwww.ncbi.nlm.nih.gov/pubmed)

Keywords: neoantigens,

Mass Spectrometry(MS} l Keywords: neoantigens

MS-related articles Neoantigen-related articles
(68) (586)

Preliminary screening

Positive articles Positive articles
(10) (33)
Re-screening

Database
HC neoantigens HC neoantigens

A

LC neoantigens

(2710) (98)

I Delete duplicate peptides

MC neoantigens HC neoantigens

(407,794) (247) (295)

| |
s

dbPepNeo

HC neoantigens

PubMed
240

11

IEDB
30

CIPD
66



dbPepNeo FFH/EEHERIMNNNERE T LA L RBIFREN ST
a7 {«g,e

e S5 11

LC neoantigens
Immunoprecipitation
/ of HLA complexes
@
@,
\\ o "%,

D
Identificationof % %o
— somatic mutation é®

. Whole-exome sequencing or l =
Tumor tlssu\ Whole-genome sequencing MC neoantigens

Neoantigen prediction

l

HLA

TCR
\ < r
Tumor infiltrating T cells >

HC neoantigens

Eluted peptides

BT MS $EH5 HLA-| FESRIRRIMERNEN I LC (low confidence)FiHt/R ;
AR HEMSTOWES/ WGSTIARIBKEREN IFEEEE (MC) #FitR;
S TCR RBISCISIIFRIAE R EMIANR S S E (HC) Fi/&.
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BLASTp
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dbPepNeo
24Pt Ja

1. ZRER2ANHPE SHCH PR BA P AIAE L, HhaiEe sk Bl K ZE RiEf#FiE, X
NN 358 B 7 HCEr P AR v T {3 B2 T de it 48 1 T Sk
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dbPepNeo?e I RIETBUR ST RIS . TN K37 0 uE i

Jurkat (5 I3 241 ff, 25 4= 35 R 2HL 0 5
P, RNA-seq#d . & A i 4 #E05E

|

gt R 22 W dbPepNeo i SR AIK 1 f5 2:

ProGeo-neo ‘
ﬂ TSI AH, W] DA ST bR 5
655/ (155 5 B HERIRLR, i IR o 2 A

l

dbPepNeo HC ¥k £ dbPepNeo MCH¥#i 4

l l

Ok BL 225 KB

Xiaoxiu Tan et al. dbPepNeo: a manually curated database for human tumor neoantigen peptides, Database, 2020
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Updated software, algorithm and database will be available in near future at:
https://www.researchgate.net/profile/Lu-Xie-9/research
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Main Strategies for the Identification of Neoantigens
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Simple Summary: This review provides an overview of currently available approaches applied for
neoantigens discovery—tumor-specific peptides that appeared due to the mutation process and
distinguish tumors from normal tissues. Focusing on genomics-based approaches and computational
pipelines, we cover all steps required for selecting appropriate candidate peptides starting from
NGS-derived data. Moreover, additional approaches such as mass-spectrometry-based and
structure-based methods are discussed highlighting their advantages and disadvantages. This review
also provides a description of available complex bioinformatics pipelines ensuring automated data
processing resulting in a list of neoantigens. We propose the possible ideal pipeline that could be
implemented in the neoantigens identification process. We discuss the integration of results generated
by different approaches to improve the accuracy of neoantigens selection.
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Table 1. Cont.

14 of 28

Pipeline Source, Required Input Data and Otput: Workflow and Features: Refs.
Source: https://github.com/kbvstmd/ProGeo-neo 1.  HLA typing (OptiType)
Description: Neoantigen prediction workflow that integrates genomic and 2 Identification tumor-specific antigens for NGS data
mass spectrometry data. It consists of three modules: construction of (WES/RNA-seq) (BWA, GATK tools)
Prog;gé)(;neo cus(tiqnt\iized péoftiil? iiequence database, HLA allele prediction, neoantigen 3. MHC binding prediction (NetMHCpan 4.0) [150]
prediction an ation. 4 Verifving MHC-pebtid : " it
Input: RNA-seq data (FASTQ format), Genomic variants (VCF format), (I\?lr;:f(yénugnt) peptides using mass spectrometry data
PCRISNS data (Rawifomai), 5. Checking potential immunogenicity of T-cell-recognition
Output: List of candidate peptides
Source: https://github.com/pdxgx/neoepiscope . . . .
Description: Neoepitope identification pipeline that incorporates germline 1. VCF files preprocessing (merging somatic and
Neoepiscope context and considers variant phasing for SNV and indels. Requires germline varlanfs) (0]
2020 DNA-sequencing data. 2. Haplotype phasu_1g (HapCUT2)
Input: Set of somatic and germline mutations (VCF format), BAM files. 3. Neoepitope prediction (MHCflurry, MHCnuggets, etc.)
Output: TSV file with the information of mutations and neoepitopes
Source: https://github.com/neoanthill/neoANT-HILL
Description: User-friendly python-based toolkit that combines several 1. Expression estimation (kallisto)
pipelines that ensure fully-automated identification of potential neoantigens 2. Variant discovery (GATK tools)
neoANT-HILL with a graphical interface. It allows starting from raw NGS data as well as 3. HLA typing (OptiType)
2020 ready-to-use variant calls. . 4. Tumor-infiltrating immune-cell estimation (quanTIseq) (151]
Input: Somatic variants (VCF format) and/or RNA-seq data (raw or aligned) 5 Variant annotation (snpEff)
Output: User-defined generic directory that contains variant calling data, 6. MEC binding affitity prediction (IEDB tools; MECHuzy)
FASTA with WT and MT sequences, predicted HLA types, gene expression ’ 8 e ! o
estimates, tumor-infiltrating immune cells quantifications.
Source: http://www.biostatistics.online/INeo-Epp/antigen.php
Description: User-friendly web-tool implementing T-cell HLA class I 1. Providing peptide sequences and HLA types.
INeo-Epp immunoge'n'ic'ity prediction method basec{l on sequence-related amino acid 2. Annotation of peptides with score metrics.
2020 features utilizing the random forest algorithm. 3. Selecting immunogenic peptides with a score > 0.5 [152]

Input: Candidate peptide sequences (8-12 aa recommended), HLA allotype
Output: Table containing peptides sequences annotated with score, %rank
and prediction.

as recommended.

* The descriptions of the pipelines presented in the table are based on information provided in associated articles and obtained from the web-based source descriptions that are available on
source websites. It is limited by highlighting the main features that distinguished the pipelines from each other. The date of the pipeline appearance is based on the publishing date of the
supported article if other information is not provided. The source link is cited as “not available” if the website was not available at the time of writing. The output and input descriptions
are presented as described in supporting articles or web-based sources (if available). In cases where a clear description was lacking, these fields were cited as “Not described”. “Workflow
and features” field contains information on the main steps that are available within the workflow. The main tools utilized as a part of the described workflows are also provided if they are
described in supporting articles or in web-based sources.
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Table 2. Cont.

Database, Year of Appearance

Source and Description Refs.

dbPepNeo
2020

Source: http://www.biostatistics.online/dbPepNeo/

Description: dbPepNeo is a manually curated database of
experimentally confirmed human tumor antigens that bind specifically
to HLA class I, which contains information extracted from
peer-reviewed articles and the publicly available data sources. The
database relies on mass spectrometry (MS) validation and specific T-cell
immunoassays. The peptides were classified according to validation
methods: 1. Low confidence (407794): validated by MS only; 2.
Medium confidence (247): contain a somatic mutation and are validated
by MS and WES/WGS; 3. High confidence (295): immunogenicity was
validated directly by utilizing specific T-cell response experiments.
dbPepNeo also includes the following tools: ProGeo-neo (see Table 1)
and INeo-Epp, a machine learning algorithm for neoepitope
immunogenicity prediction using neoantigen peptide features.

[184]

* The information presented here is based on the introductions to these databases provided in the respective articles
as well as on details specified on source websites. The database creation date is based on the publication date of the
supporting article unless specified otherwise.



