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Goal

Define file formats that
make it easy to analyze,
share, and inter-operate

with AIRR data



tl;dr

Defined file format for VDJ assignment/rearrangement
annotations.

Defined machine-readable specification for MiAIRR schema
objects and VDJ rearrangements.

o Used in iReceptor API to integrate with VDJServer
Setup GitHub repository with specification files,
documentation, and software.

0 github.com/airr-community/airr-standards
Python reference library to read/write/validate AIRR format
files.

o Tested with ChangeO and VDJServer.



General file format considerations

e Standard format that provides ease-of-use, non-programmer
accessibility, machine-readable specification, and tool
interoperability.

e Enables NIH FAIR (findable, accessible, interoperabile,

reusable) guidelines for a broad spectrum of tools, services
and APIs.

e Design for the future to support Big Data and
computationally intensive analysis pipelines.



Objects that need modeling

study (MIAIRR metadata)

read (fastq)

germline (IMGT)

alignment (read to germline)
rearrangement (€.g., heavy chain)

clone



Objects that need modeling

(MIAIRR metadata)

read-{faste)
Focus on analysis
germtire{HMGH
(read to germline)

(e.g., heavy chain)

clone



AlIRR Formats

Alignments
rearrangement id
sequence

segment (e.g., J)

many-to-one

call (e.g., IGHJ6*01)

score
cigar

Tab-delimited text files

Rearrangements

rearrangement 1id
sequence

v _call

d call

J call
junction nt

(approx 70 fields)



What is a dataset?

1. YAML/JSON metadata
2. Tab-delimited data

my study/my awesome airr study.yaml
my study/my awesome airr study.tsv



A

AIRR format example

s |

1 |rearrangement_id

D 00 ~N O AW

lsequence

015V14002075_CFAR.seq.0
015V14002075_CFAR.seq.1
015V14002075_CFAR.seq.2
015V14002075_CFAR.seq.3
015V14002075_CFAR.seq.4
015V14002075_CFAR.seq.5
015Vv14002075_CFAR.seq.6
015V14002075_CFAR.seq.7
015V14002075_CFAR.seq.8
015V14002075_CFAR.seq.9
015V14002075_CFAR.seq.10
015V14002075_CFAR.seq.11
015V14002075_CFAR.seq.12
015V14002075_CFAR.seq.13
015V14002075_CFAR.seq.14
015V14002075_CFAR.seq.15
015V14002075_CFAR.seq.16
015V14002075_CFAR.seq.17
015V14002075_CFAR.seq.18

GAGTCGGCTGCTCC( T
AATGTGAACGCCTTCT
CAGCCCTCAGAACC(T
TCGGCTGCTCCCTCC T
GCACAGAGCGGGGCF
GCCTTGTTGCTGGG( T
AGGCTGCTGTCGGC' T
ACCCTGGAGTCTGC(T
GTGAGCAACATGAG T
GAGTCGGCTGCTCC(T
CCTGCAGAACTGGAIT
CTGCTCCCTCCCAAA F
CTGGAGTCCGCCAGIT
GAGTCGGCTGCTCC(T
ATCCAGCCTGCAAACT
CCTGCAAAGCTTGACT
TCACCAGGCCTGGGI T
CTACACACCCTGCACT
TGCAGCCAGAAGACF

D

functional

E

rev_comp

T MM MMM M M M MM M M M M M M M MM MM MMM

F G

v_call d_call

H

j_call

TRBV6-2*01,T TRBD1*01,TF TRBJ1-5*01

TRBV5-4*01 TRBD2*02
TRBV12-3*01,” TRBD1*01
TRBV6-1*01 TRBD1*01
TRBV7-3*01
TRBV5-6*01 TRBD2*01
TRBV6-5*01 TRBD1*01
TRBV25-1*01 TRBD2*02
TRBV29-1*01,” TRBD1*01
TRBV6-1*01

TRBV14*01 TRBD1*01
TRBV6-2*01,Tt TRBD2*01
TRBV28*01 TRBD2*02
TRBV6-2*01,Ti TRBD2*02

TRBJ2-7*01
TRBJ2-3*01
TRBJ1-2*01

TRBD1*01,TFTRBJ2-7*01

TRBJ1-2*01
TRBJ1-2*01
TRBJ1-4*01
TRBI2-7*01
TRBI2-7*01
TRBI1-6*02
TRBI2-3*01
TRBJ2-1*01
TRBJ1-5*%01

TRBV11-2*01 TRBD1*01,TfTRBJ1-2*01

TRBV11-2*01 TRBD2*01
TRBV15*02 TRBD1*01
TRBV4-3*01
TRBV4-1*01,TI TRBD1*01

TRBJ2-7*01
TRBJ1-5*%01

TRBD1*01,TFTRBI1-2*01

TRBJ2-5*%01

J
junction_nt
TGTGCCAGCAGCCCI
TGTGCCAGCAGCTC(
TGTGCCAGCAGTCCH
TGTGCCAGCAGTGA
TGTGCCAGCAGCTC)
TGTGCCAGCAGCTT]
TGTGCCAGCAGTTA(
TGTGCCAGCAGTGA
TGCAGCGTGGTGAG
TGTGCCAGCAGTGA
TGTGCCAGCAGCCA,
TGTGCCAGCAGTTA(
TGTGCCAGCAGTTTI
TGTGCCAGCAGTGA
TGTGCCAGCAGCAC
TGTGCCAGCAGCTT(
TGTGCCACCGGAGA
TGCGCCAGCAGCCC,
GCTAGCGTGGGAGA

K

junction_nt_length junction_aa

51 CASSPGQAYN(
45 CASSSSLRYEQ)
51 CASSPQGGDTI
54 CASSEDSIGGS!
55 CASSS*PPGRF|
54 CASSFGRFGGK
45 CASSYGSGNGY
45 CASSDSPREKLI
48 CSVVRTENAYE
51 CASSEYEKGTYI
54 CASSQETGKN?
58 CASSYPPGLAG
48 CASSFTGGYNE
51 CASSDGSSLNG
48 CASSTWGAGY
54 CASSLTGLAGN
54 CATGEGALKRN
48 CASSPDGAGY(
31 ASVGDPVLRA)



All AIRR rearrangement format mandatory fields

Name

rearrangement_id

sequence

sample_id

functional
rev_comp
v_call
d_call
j_eall

c_call

junction_nt

junction_nt_length

junction_aa

junction_aa_length
v_score
d_score
j_score
c_score
v_cigar
d_cigar
j_cigar

c_cigar

Type

string

string

string

boolean
boolean
string
string
string

string

string

integer

string

integer
number
number
number
number
string
string
string

string

Mandatory

mandatory

mandatory

mandatory

mandatory
mandatory
mandatory
mandatory
mandatory

mandatory

mandatory

mandatory

mandatory

mandatory
mandatory
mandatory
mandatory
mandatory
mandatory
mandatory

mandatory

Description

Read/sequence identifier; often identical to a read identifier,
but not necessarily (especially where a rearrangement is
derived from a multiple read consensus).

MNucleotide sequence (e.q., the "read" sequence; revcomp'd if
necessary)

The biclogical sample this read derives from (e.g., from
BioSample database)

VDJ sequence is predicted to be functional
Sequence is reverse complemented

V allele assignment

D allele assignment

J allele assignment

C gene assignment {e.qg., IGHG4, IGHAZ, IGHE, TREC)

MNucleotide sequence of the junction region (CDR3 plus
conserved residues; i.e., IMGT's JUNCTION)

Number of junction nuclectides in sequence_vdj

Amino acid sequence of the junction region (CDR3 plus
conserved residues; i.e., IMGT's JUNCTION)

MNumber of junction amino acids in sequence_vdj
\ alignment score

D alignment score

J alignment score

C alignment score

W alignment CIGAR string

D alignment CIGAR string

J alignment CIGAR string

C alignment CIGAR string

s [ id
2 O1V1K002075 CTAY e

& |015v1e00207s_Craksea2

DeEwo: .
indert  Page Layout _ Formulas  Data_ Review  View
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resrrangoment_d
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IMGT: “AA Junction” =

AIRR compliant

Repository/Tool 1

Study/Sample Metadata

IMGT annotations =

Change-O clones
PARTIS clonal lineage

B016v14002075 G5 AR piast -2

junction_aa
CASSPGOAYNOPOQHFGD
CASS5SLRYEQYFGP
CASSPOGGDTOTAYFGP

<@~ MiXCR: “aaSeqCDR3”

<~ IgBlast: “CDR3”

AIRR: “junction_aa”

AIRR:
YAML/JASON/Tab-delimited

via API AIRR compliant
Repository/Tool 2
Study/Sample Metadata

AIRR «@— IgBlast annotations
rearrangements .

MiXCR clones

AIRR clones format?
AIRR lineage format?

IgPhyML clonal lineage



GitHub

github.com/airr-community

[ ] GitHub - airr-community/airr-- x

CLDR » [ Other Bookmarks

& C (Y @& GitHub, Inc. [US] | https://github.com/airr-community/airr-standards
Sinai1 B MSSMVPN @ NY-MyMap N ll-drive lI-GCP-console WIDT OligoAnalyzer € Demeter CM [1 Squirt
El airr-community / airr-standards ® Watch
<> Code Issues 22 Pull requests 0 Projects 0 Wiki Insights

MiIAIRR: AIRR Community Minimal Standards WG http://airr-community.org

standard adaptive immune receptors

® 311 commits ¥ 1branch © 1release 42 7 contributors

9 Y Star | 2 YFork 3

&s CC-BY-4.0

Branch: master v New pul

ﬂ ahmadchan Update README.md

[ NCBI_implementation Remove redundant and outdated files

B airr-formats Merge remote-tracking branch ‘airr-formats/master'

B images Rename directories

8 scripts Refactor consistency check

i specs fix definitions

[ .gitignore Merge remote-tracking branch 'airr-formats/master

B .travis.yml Merge remote-tracking branch ‘airr-formats/master’

[E AIRR_Minimal_Standard_Data_Elements... Changed data types in table to OpenAPI types

B LICENSE Merge remote-tracking branch ‘airr-formats/master'
[E README.md Update README.md

B _config.yml Set theme jekyll-theme-slate

B index.md Remove duplicated image

EE README.md

Find file Clone or download ~

Latest commit 8294564 12 days ago

a month ago
21 days ago
a month ago
23 days ago
a month ago
21 days ago
21 days ago
23 days ago
21 days ago
12 days ago
3 months ago

2 months ago

/airr-standards




Machine-readable specs

Interoperability
Continuous-integration
Automation

Minimizing ambiguity

m definitions.yaml — airr-standards

definitions.yaml X

: string




L] AIRR-Formats X

Read the Docs

& C O @ Not Secure | docs.airr-community.org/en/latest/

Sinai1 B MSSMVPN @ NY-MyMap N ll-drive lI-GCP-console IDT OligoAnalyzer € Demeter CM [} Squirt » (3 Other Bookmarks

A AIRR-Formats

About

Docs » About O Edit on GitHub

AIRR Formats Working Group

AIRR Formats Working Group

X Working environment for the AIRR-Formats subgroup.
Projects

Projects
Formats Overview
AllEnmEnt D3t o Create a standardized file format for V(D)J rearrangment data.

¢ Investigate meta data guidelines.
Rearrangement Data

« Investigate standardization of detailed clonal clustering data.
¢ Investigate standardization of lineage tree data.

Next ©

Built with MkDocs using a theme provided by Read the Docs.

& Read the Docs

docs.airr-community.or



® & Builds - airr-community/airr-s° X oo

< C' { @& Travis Cl GmbH [DE] | https://travis-ci.org/airr-community/airr-standards/builds pAd H

Sinai‘l B MSSMVPN @ NY-MyMap N ll-drive I-GCP-console IDT OligoAnalyzer € Demeter CM [} Squirt CLDR » (3 Other Bookmarks

Travis Cl AboutUs Blog Status Help Sign in with GitHub &7
Help make Open Source a better place and start building better software today!
airr-community / airr-standards
Current  Branches  Build History ~ Pull Requests More options —
V/ master Update README.md -O- #77 passed © 1min22sec
@ Ahmad Syed - 8294564 2 & 12 days ago
/ master Merge remote-tracking branch ‘air - #76 passed ©® 1min2sec
@ Uri Laserson - 707cd47 & {7 21 days ago
V/ master Merge pull request #52 from airr-cc -O- #75 passed (® 1min3sec
@© Sscott Christley ©- ae67291 @ 22 days ago
' 51-consist: Merge branch 'master' into 51-con -o- #73 passed © 1min4sec
@© Scott Christley -o- d7eeabd 7 22 days ago
V/ master Merge pull request #50 from airr-cc -o- #72 passed © 50sec
@© Scott Christley - 2001529 & & 22 days ago
 51-consist Refactor consistency check - #70 passed © 1min4sec
@ Uri Laserson - 643d0f8 2 {7 23 days ago
I V 5-types Changed data types in table to Op« - #68 passed © 56sec




Goals for 2018

Submit manuscript to publicize format
Develop format for representing clones
Finish integration of GitHub repository with
MIAIRR

Finish specifying metadata file format
Public release of reference library to
read/write/validate AIRR format files.

o I|nitially targeting Python and R
Releasing documentation incl. example
output/use.



"Data Modeling and Representation WG"

Multiple WGs are designing implementation standards and
could use technical input on data representation.
Coordination with AIRR Working Groups to specify data
models, e.g.,
o Common Repo defining minimal APls for repositories
and REST resources
o MinStd choosing ontologies for their fields
o Germline defining new germlines and annotations
Ensure all AIRR groups are working in mutually compatible
ways (in terms of data)
o Ensure we have liaisons on all other relevant working
groups
Work on representation of provenance of data sets



Thanks to Formats WGQG!

New contributions and
members are welcome!

docs.airr-community.org



General file format considerations

e FEase-of-use
o Standard container files
m  Commonly available parsers
m e.g. JSON, CSV, XML
o Argue over schema, not representation
e Non-programmer accessibility
o Tabular, non-nested data (Excel-compat)
o Non-binary data
e Big data
o Splittability
o QOperate on directories of files
e Metadata



AlIRR format overview

e Format
o Tab-delimited text for data
o YAML/JSON for metadata

e Coordinates are 0-based with half-open intervals
(like Python)

e Data types correspond to OpenAPI spec

e Columns are optional but use AIRR-spec'd
names when relevant
o Please suggest useful columns!

e CIGAR format for alignments



