Supplementary Data for Wilson Disease Example Use Case

Step 1: Search for proteins associated with Wilson disease

Here the Variation service was used to find any protein that is associated with Wilson disease
and any associated variants. Figure 1 (a and b) shows the Swagger User Interface (Ul) for
the Variation service with Wilson disease added to the disease search field. Figure 1b
illustrates the results after execution of the search in the response body, with a Curl command
defined that is also available in Figure 2 with Figure 3 defining a Python script to execute this
search.
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Figure 1a: Variation service Swagger Ul top.



disease Wilson disease Search forvariants  query string
by disease name or
acronym. For
example: alzheimer
disease 1 or AD1.
Partial names
allowed
Proteins onim Search for variants query string
........ by MIM identifier. For
Proteins inc. isoforms example: 104300
Fesiures evidence Search for variants  query string
Variation by PubMed
identitier. For
Proteomics example: 22472873
Antgen taxid Organism taxonomy  query string
Proteomes “
Taxonomy offset b Off set, page starting  query nteger
point
Coordinates
size 100 Page size query nteger

curl =X GET --header 'Accept:application/json’
*https://wwa.ebi.ac.uk/proteins/api/variation?
disease=Wilson%28diseasefoffset=0&size=100"
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“content-type": “"application/json"

Figure 1b: Variation service Swagger Ul bottom with Wilson disease added to the disease
search field. The search has already been executed by clicking on “Try Out’ and the results
of the search are available in JSON in the ‘Response Body'.

curl -X GET —--header 'Accept:application/json’
"https://www.ebi.ac.uk/proteins/api/variation?disease=Wilson%20di
sease&offset=0&size=100"

Figure 2: Curl command to execute the search for proteins and variants annotated with
being associated to Wilson disease. Pagination has been set but as can be seen in Figure
1b this search only returns a single page.



import requests, sys

requestURL =
"https://www.ebi.ac.uk/proteins/api/variation?disease=Wilson%20di
sease&offset=0&size=100"

r = requests.get(requestURL, headers={ "Accept"
"application/json"})

if not r.ok:
r.raise_for_status()
sys.exit()

responseBody = r.text
print(responseBody)

Figure 3: Python script equivalent to the curl command in Figure 2 for executing the search
for proteins and variants annotated with being associated to Wilson disease. Pagination has
been set but as can be seen in Figure 1b this search only returns a single page.

Step 2: Searching for positional annotations ‘Features’ in P35670 that could be
affected by Wilson disease associated variants.

The Features service was used to find any positional annotations in the region of the Wilson
disease associated variant. Figure 4 shows the Swagger Ul for the Features service with
protein accession P35670 added to the accession search field. Figure 5 illustrates the results
after execution of the search in the response body, with a Curl command defined that is also
available in Figure 6 with Figure 7 defining a Python script to execute this search. An active
site feature is annotated at aspartic acid 1027 is coincides with a Wilson disease associated

variant p.Asp1027His (COSM307382), Figure 8.



features
GET

Aeaturssitype/{type}
Meatures/{zccession}

features

mplementation Notes
with categories as query parameter

Response Class (Status 200)
successful operation

Model Example Value

{

"version": "string",
"accession”": "string",
"entryName": "string”,
"sequence”: "string”,
"segquenceChecksum® @

"geteGeneId":

"string®,
"string”,

Response Content Type | applcationjson 4|

Paramaters

Show/Hide List Operations Expand Operations

get features of list of UniProt entries.

Search for features of given type and search terms.

get UniProt features by accession

accession

categories [Provide multiple values in new lines.
%

types Provide multiple values in new lines.

UniProt accession

filtering by specified a listof ~ query
category types:
MOLECULE_PROCESSING,
TOPOLOGY,
SEQUENCE_INFORMATION,
STRUCTURAL,
DOMAINS_AND_SITES,

PTM, VARIANT,

MUTAGENESIS; separated

by "

Array(string]

filtering by specified a list of
feature types: INIT_MET,
SIGNAL, PROPEP, TRANSIT,
CHAIN, PEPTIDE,
TOPO_DOM, TRANSMEM,
DOMAIN, REPEAT,
CA_BIND, ZN_FING,
DNA_BIND, NP_BIND,
REGION, COILED, MOTIF,
COMPBIAS, ACT_SITE,
METAL, BINDING, SITE,
NON_STD, MOD_RES,
LIPID, CARBOHYD,
DISULFID, CROSSLNK,
VAR_SEQ, VARIANT,
MUTAGEN, UNSURE,
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Figure 4: Features service search by accession. Here we are searching for all positional
annotations available for the protein P35670 but it is possible to use the optional search

fields to restrict to specific types of ‘features’.



Request Sample Code
Curl | Perl Python Ruby Java

curl -X GET --header 'Accept:application/json’
‘https://www.ebi.ac.uk/proteins/api/features/P35678'

Request URL
https://www.ebi.ac.uk/proteins/api/features/P35670

Response Body

"accession”: "P3ISET0",
"entryName": "ATP7B_EUMAN",
"sequence”:

"MPEQERQITAREGASRKILSXLSLPTRAWE PAMKXSFAFDNVGYECCLDGLGPSSQVATSTVRILGMTCQSCVKSIEDRI
SNLXCIISMRVSLEQGSATVREYVFSVVCLOOVCHOICDNCFEAS IAECKAASWFSESRELFAQEAVVELRVEGMTCQSCVSSD
EGCRVRELOCGVVRVIVSLSNQEAVITYQPYLIQPEDLRDHVNIMCFEANIXSKVAPLELCPIDIERLOSTNPXKRFPLSSANQN
FNNSETLCHOGSEVV ILOLRIDCNHECKSCVLNIEENICQLLCVOS IQVSLENKTAQVKYDPECTSPVALQRAIEALPPCGNF
XVSLPDGAECSCTDHERSSSEHSPGEPPRNQVOCTCSTTLIAIACMTCASCVHESIEGMISQLECVOQISVSLAEGTATVLYN
PSVISPEELRAMIEDMCFEASVVSESCS TN PLONESACNSMVQTTDCTFTSVQEVAPETCRLPANHAPDILAKSPQSTRAV
AFQXCFLOIKGNTCASCVSN IERNLORKEACVLSVLVALNACKAEIXYDFEVIQFLEIAQF IQDLCFEAAVMEDYAGSDGN I
ELTITGNTCASCVHN IESXL TR TNC I TY ASVALATSKALVEFDFEIICPFRDIIXIIEEICFEASLAQRNPRARHLDERNED
AWK SFLCELVFCIPVMALMIYNL I PSNEPHQSMVLDAN I IPCLSILNLIFFILCTFVOQLLCCWYFYVQAYKSLRERSAN
MDVLIVLATS IAYVYSLVILVVAVAERAERSPVTFF DT PPMLFVE IALCRWLEHLAKSXTSEALAXIMSLOATEATVVTLG

Response Code
209

Response Headers

"content-type'': "a pllcatmn/ son",
"x-uniprot- releaseP "2017_ ')

Figure 5: Results from the search for ‘features’ in P35670.

curl =X GET —-header 'Accept:application/json’
"https://www.ebi.ac.uk/proteins/api/features/P35670"

Figure 6: Curl command to execute the search for protein features dynamically generated
by the Swagger Ul as illustrated in Figure 5.



import requests, sys

requestURL =
"https://www.ebi.ac.uk/proteins/api/features/P35670"

r = requests.get(requestURL, headers={ "Accept" :
"application/json"})

if not r.ok:
r.raise_for_status()
sys.exit()

responseBody = r.text
print(responseBody)

Figure 7: Python script equivalent to the curl command in Figure 6 for executing the search
for proteins features in P35670.

Response Body

"type": "VARIANT",
: "[LSS_COSMIC]: primary tissue(s): kidney",
equence P P

“name": "cosmic curated”,
"id": "cosM307382",
“url”: "http://cancer.sanger.ac.uk/cosmic/mutation/overview?id=307382"

smic_study”,

"url": "http://cancer.sanger.ac.uk/cosmic/study/overview?study_id=410"

“code": "EC0:0000313",
“source”: {
“name”: "PubMed",
"iA". "22£R3710"

Figure 8: Identification of a variant at residue 1027 that is associated to Wilson disease and
a COSMIC cancer associated variant from the large scale study variant data sets. Aspartic
acid 1027 has been annotated as the active site residue.



Step 3: Proteomics Search for unique peptides around residue aspartic acid 1027 in
P35670.

The Proteomics service was used to find any unique peptides in the region of residue Aspartic
acid 1027. Figure 9 shows the Swagger Ul for the Proteomics service with protein accession
P35670 added to the accession search field. Figure 10 illustrates the results after execution
of the search in the response body, with a Curl command defined that is also available in
Figure 11 with Figure 12 defining a Python script to execute this search. Table 1 summarises

the seven unique peptides found upstream of the active site at aspartic acid 1027.
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Parameters

Parameter Value Description Parameter Type Data Type

offset 0 Off set, page starting point, with query nteger
default value 0

size 100 Page size with default value 100. query nteger
When page size is -1, it retumns all
records and offset will be ignored

accession P35670 Search for accession, can be a list query string
separated by ','

taxid Organism taxonomy id query string

upid UniProt proteome Id: UP[0-9K9} query string

Figure 9: Proteomics service Swagger Ul with ‘P35670’ entered in to the accession search
field.



accession [P35670 l Search for accession, can query string

be a kst separated by '
taxid [ I Organism taxonomy id Query string
upid l I ;J}r(ugf;rot proteome Id: UP{0- query string
datasource [ ] Proteomics data source, query string

can be list, separated by '

peptide l I Proteomics peptide query string
unique [ I If unique, a peptide is query string
mapped 10 one gene group
only. Velue can only be true
or false.

Request Semple Coce
Curl | Perl

curl -X GET --header ‘Accept:application/json® ‘https://www.ebi.ac.uk/proteins/api/proteomics?
offset=0&size=100&accession=P35678"

Request URL
https://www.ebi.ac.uk/proteins/api/proteomics?offset=0&size=10@8accession=P3567@

Responss Body

"accession”: "P3%&670",

"entryName": "ATP7B_HUMAN",

"sequence”:
“MPEQERQI ILSXLSLPTRAWE AFDNVGYEGCLDGLCPSSQVATSTVRILGMTOQSCVKSIEDRISNLRGI ISMRKVSLEQGSATVXYVPSVVCLQQV
CHOIGDNCFEASIABECKAASWFSRELPAQEAVVELRVEGMTCQSCVSS IECXVRKLOCVVRVKVELSNQEAVITYQFPYLIQPEDLRDEVNDNGFEAAIXSKVAPLSLGPIDIE
RLOSTNPRRFLSSANQNFRNSETLCEQCSHVVTLOLRIDCMHCKSCVLN IEEN ICQLLGVOS IQVS LERK TAQVRY DPSCTS PVALQRAIEALPPGNFXVSLPDCAEGSCTDE

FRNQVOCTCS TTLIAIAGMTCASCVHS IECNISQLECVOQ ISVELAEGTATVLYNFSVISFEELRAAI EDNCFEASVVSESCSTNFLGNESAGNSNVQTTDG

TFTSVQEVAFETCRLPANHAPDILARSPOSTRAVAPQRCFLOIXCMTCASCVER IERNLOKEAGVLSVLVALMACKAEIXYDPEVIQPLEIAQF IQDLGFEAAVMEDYAGSDG
NIELTITCHMTCASCVENIESKLTRTNGI TYASVALATSKALVKFDPEI ICPRDIIKIIEEIGFHASLAQRN FNAEELDHKME IXQWXKSFLCSLVFGIPVMALMIYNLIPSNE
PHOSMNVLDHN I IPGLSILNLIFFILCTFVQLLCGWY FYVOAYKSLRERSANNDVLIVLATS IAYVY SLVILVVAVAERAERS PVTFFDTPPNLFVF IALCRWLEELAKSKTSE
ALAXIMSLOATEATVVTLGEDNLIIREEQVPNELVQRCD IVXVVPGGKF PVDCAVLECKN TMADESLITGEANPVTRXPGSTVIACS INARGSVLIKATHVONDTTLAQIVKLY
EEAQNSXAPIQQOLADRFSCYFVPFIIIMSTLTLVVWIVICFIDFCVVORYF PN PNKHISQTEVIIRFAFQTS ITVLCIACPCSLOLATP TAVMVCTGVARONGILIXGGKPLE
MAHRIKTVMFDXTGTI THGVPRVMRVLLLCDVA T LP LRXVLAVVC T AEAS SEEPLCVAVTRYCKEELC TETLCYCTDFQAVPGCCIGCKVSNVECILAHSERPLSAFPASELNE
AGELPAEXDAVFQTFSVLICNREWLRRNGLTISSDVSDAMTDEEMKGOTAILVAIDGVLOGNIAIADAVRQEAALAVETLOSMGVDVVLITGDNRKTARAIATQVGINAVFAE
VLPSHEVARVQELQNKCKX' YSPALAS 'AICTCTDVAT VVLIRNDLLDVVAS IELSKRTVRRIRINLVLALI¥NLVGIPIAMVFNPICIVLQPWNG
SAAMAASSVSVVLSSLOLECY XX PDLERYEAQAHCENKPLTASQVSVEICMDDRWRDE PRATPRIQVEYVSQVSLSSLTSDX AR LLNGRDEEQYI",

"sequenceChecksum”: "d19145448F9E959A",

Raesponss Code
200
Responss Headers
"x—paﬁination—totalrecords": ot Ll
"1link™: “<http://www.ebi.ac.uk/proteins/api/proteonics?offset=0&size=100&accession=P35670>; rel=\"self\",

<http://www.ebi.ac.uk/proteins/api/proteomics?offset=@&size=1088accession=P3567@>; rel=\"first\",
<http://www.ebi.ac.uk/ roteins/api/Proteomics?offset=0&size:lGO&accession=935670>; rel=\"1last\"",
“"content-type": "application/json™

Figure 10: Results from executing the search for peptides.



curl =X GET —--header 'Accept:application/json'
"https://www.ebi.ac.uk/proteins/api/proteomics?offset=0&size=100&accessi
on=P35670"'

Figure 11: Curl command to execute the search for proteomics peptides dynamically
generated by the Swagger Ul as illustrated in Figure 10.

import requests, sys

requestURL =
"https://www.ebi.ac.uk/proteins/api/proteomics?offset=0&size=100&accessi
on=P35670"

r = requests.get(requestURL, headers={ "Accept" : "application/json"})

if not r.ok:
r.raise_for_status()

sys.exit()

responseBody = r.text

print(responseBody)

Figure 12: Python script equivalent to the curl command in Figure 11 for executing the
search for proteins features in P35670.

Peptide position LSS proteomics Peptide sequence
in P35670 sources
1042 - 1054 MaxQB, VLLLGDVATLPLR
PeptideAtlas
1042 - 1055 MaxQB, VLLLGDVATLPLRK
PeptideAtlas
1056 - 1077 MaxQB, VLAVVGTAEASSEHPLGVAVTK
PeptideAtlas
1106 - 1137 PeptideAtlas VSNVEGILAHSERPLSAPASHLNEAGSLPAEK
1229 - 1238 MaxQB, AIATQVGINK
PeptideAtlas
1302 - 1315 MaxQB NDLLDVVASIHLSK
1416 - 1440 PeptideAtlas ATPWDQVSYVSQVSLSSLTSDKPSR

Table 1: Unique peptides upstream of active site at residue 1027. Sources for the
experimental evidence of the peptide are from either MaxQB or PeptideAtlas.




Step 4: Searching for ATP7B orthologues

The Proteins service was used to find any orthologues of human APT7B by searching by gene
name. Figure 13 shows the Swagger Ul for the Proteins service with gene name ATP7B
added to the gene search field. Figure 14 illustrates the results after execution of the search
in the response body, with a Curl command defined that is also available in Figure 15 with

Figure 16 defining a Python script to execute this search. Figure 17 summarises the sequence
identity of 83.59% between the two protein sequences when aligned by Clustal Omega. The
full sequence alignment of the two protein sequences is shown in Figure 18.

curl =X GET —-header 'Accept:application/xml’
"https://www.ebi.ac.uk/proteins/api/proteins?offset=0
&size=-1&gene=Atp7b’

Figure 15: Curl command to execute the search for protein orthologues dynamically
generated by the Swagger Ul as illustrated in Figure 16. Here due to the large amount of data
returned the pagination has been ‘switch-off using the size=-1 option. Users are
recommended to use the pagination option in their scripts.

import requests, sys

requestURL =
"https://www.ebi.ac.uk/proteins/api/proteins?offset=0
&size=-1&gene=Atp7b"

r = requests.get(requestURL, headers={ "Accept" :
"application/xml"})

if not r.ok:
r.raise_for_status()
sys.exit()

responseBody = r.text
print(responseBody)

Figure 16: Dynamically generated python script for searching for proteins from the ATP7B
gene across all species. Note that in this example pagination has been switched off so all the
results can be returned in a single response (size=-1). Users are recommended to use the
pagination option in their scripts.



Proteins

The proteins service provides an interface for accessing UniProtK8(?) entries and UniProtKB(?) isoform entries. The features service
provides protein functional annotations from UniProt Knowledgebase (UniProtKB) protein entries. The variation, proteomics and
antigen services provide annotations imported and mapped from Large Scale data Sources (LSS) such as 1000Genomes, ExAC,
PeptideArtias, MaxQB and HPA along with UniProtKB annotations for these feature types (if applicable).

The Proteins service returns XML, JSON and FASTA formatted results. Features, variation, proteomics and antigen all return XML, JSCN
and GFF formatted results.
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<?xml version="1.0" encoding="UTF-8"?><uniprot xmlns="http://uniprot.org/uniprot” ||
xmlnsixsi="http://www.w3.org/2001/XMLSchema~instance”
xsiischemaLocation="http://uniprot.org/uniprot
http://www.uniprot.org/support/decs/uniprot.xsd"><entry
xmlns="http://uniprot.org/uniprot” version="108" modified="2016-0%-11"
created="2006-03-07" dataset="Swiss-Prot"><accession>Q9NXB0-3</accession>

<name>MX51-3 HUMAN</name><protein><recommendedName><fullName>Isoform 3 of Meckel

Response Content Type | applcationfml #|

Parameters
offset Off set, page starting  guery integer
point, with default
value 0
size l“ ] Page size with query integer
default value 100.
When page size is
-1, itretums all
records and offset
will be ignered
accession I search for accession, query string
can be a list
separated by '’
reviewed I I Reviewed(true) or query string
not Reviewed (false)
isoform I I 0 for exclude query integer
isoform, 1 for isoform
only and 2 for both
canonical and
isoform.
goterms I ] GO ontology terms query string
keywords I ] keywords query string
ec | I UniProt EC number query string
gene wpn ] UniProt gene name query string

Figure 13: Proteins service Swagger Ul with ‘ATP7B’ entered in to the gene search field.
Note that the search is case insensitive.



ec | | UniProt EC number query string

gene [ep7o ] UniProt gene name  query string

protein I l UniProt protein name  query string

organism I l Organism name query string

taxid I I Stganism taxonomy  gquery string

pubmed [ I UniProt rgference query string
pubmed id

——
y out!
UL

Request Sample Code
Curl| Perl Python Ruby Java

curl -X GET --header 'Accept:application/xml’
‘https://www.ebi.ac.uk/proteins/api/proteins?offset=0&size=-1&gene=Atp7b*

Request URL
https://www.ebi.ac.uk/proteins/api/proteins?offset=@&size=-18gene=Atp7b

Response Body

XPFDLERYEAQAHCRMEPLSASQVSVHVCNDDRRRDSPRATPWDQVSYVSQVELSSLTSDRLERHCCMAEDGCDXWSLLLED
RDEEQCI</sequence>
</entry>
<entry xmlns="http://uniprot.org/uniprot” version="163" modified="2017-03-15"
created="2000-12-08" dataset="Swiss-Prot'>
<accession>Q6d4446</accession>
<accession>BlAQS6</accession>
<name>ATP7B_NOUSE</name>
<protein>
<recommendedNane>
<fullName>Copper~transporting ATPase 2</fullName>
<ecNumber evidence="2">1.6.3.5%4</ecNunber>
</recommendedName>
<alternativeNanme>

<fullName>Copper pump 2</fullName>

Response Code
2090

Response Headers

“x-paaination-totalrecords": "140",

"1link™: "<http://www.ebi.ac.uk/proteins/api/proteins?offset=08&size=-1&gene=Atp7b>;
rel=\"self\"<http://www.ebi.ac.uk/proteins/api/proteins?offset=@&size=-18gene=Atp7b>;
rel=\"first\"<http://www.ebi.ac.uk/proteins/api/proteins?offset=-1&size=-18gene=Atp7b>;
re{:k"gex:§ﬁ<http://www.ebi.ac.uk/proteins/api/proteins?offset=140&size:-l&gene:Atp7b>;
rel=\"last\"",

"content-type": "application/xml"

Figure 14: Results from executing the search for orthologue proteins in the Proteins service.



Percent Identity Matrix - created by Clustal2.1

H o H HH*

1: P35670  100.00 83.59
2: Q64446 83.59 100.00

Figure 17: Summary of sequence identity between human ATP7B P35670 and mouse ATP7B
Q64446 proteins calculated by sequence alignment with Clustal Omega.
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P35670 VVQRYFPNPNKHISQTEVIIRFAFQTSITVLCIACPCSLGLATPTAVMVGTGVAAQNGIL 1008
064446 VVQKYFPSPSKHISQTEVIIRFAFQTSITVLCIACPCSLGLATPTAVMVGTGVAAQNGVL 1010

R IR e S SR S S R R I S R R S R I S S R I S R I R S e R S S

P35670 IKGGKPLEMAHKIKTVMFDKTGTITHGVPRVMRVLLLGDVATLPLRKVLAVVGTAEASSE 1068
064446 IKGGKPLEMAHKIKTVMFDKTGTITHGVPRVMRFLLLADVATLPLRKVLAVVGTAEASSE 1070

Ak hkhkhkhkhk A hkhkrhhkrhkhkhhhkhkhhkhkhkrhhkrhkhkrkhk Khhkdx dhkhrhkhkrhkhkrhhkrkhkhhkkhkkrkxk

P35670 HPLGVAVTKYCKEELGTETLGYCTDFQAVPGCGIGCKVSNVEGILAHSERPLSAPASHLN 1128
064446 HPLGVAVTKYCKEELGTETLGYSTDFQAVPGCGISCKVSNVEGILARSDLT-———— AHPV 1125
B S I R R I ok
P35670 EAGSLPAEKDAVPQTFSVLIGNREWLRRNGLTISSDVSDAMTDHEMKGQTAILVAIDGVL 1188
064446 GVGNPPTGEGAGPQTFSVLIGNREWMRRNGLTISSDISDAMTDHEMKGQTAILVAIDGVL 1185
LKL ke ek Rk kkokokok ok ok ok ok Rk s Rk ok ok ok ok ok ok ok ks kK Kk ok ok ok ok ok ok ok kK ok Rk ok ok ok ko
P35670 CGMIAIADAVKQEAALAVHTLQSMGVDVVLITGDNRKTARAIATQVGINKVFAEVLPSHK 1248
064446 CGMIAIADAVKPEAALATIYTLKSMGVDVALITGDNRKTARAIATQVGINKVFAEVLPSHK 1245

hhkhkhkhkhkkhkhAhkkhkdx Khhkhhkkeoohkkhkoehkkhhhkhkdh dhhhhkhhhkhhkhkhhkrhhkrhkhkrhhkrkkhkkhkkhkxk

P35670 VAKVQELONKGKKVAMVGDGVNDSPALAQADMGVAIGTGTDVAIEAADVVLIRNDLLDVV 1308
064446 VAKVQELONEGKKVAMVGDGVNDSPALAQADVGIAIGTGTDVAIEAADVVLIRNDLLDVV 1305

Ak hkhkhkhkkhkh ke khhkhhhkhhhkhkhhkhkhkhkhhkrhhkkokohkhkhhkhkhhkrhhkrhkhkhkhhkrkkhkkhkhkhkxk

P35670 ASTHLSKRTVRRIRINLVLALIYNLVGIPIAAGVFMPIGIVLQPWMGSAAMAASSVSVVL 1368
064446 ASTHLSKRTVRRIRVNLVLALIYNMVGIPIAAGVFMPIGIVLQPWMGSAAMAASSVSVVL 1365

Ak hkhkhkhkhk A hkhkhhkhkh ek hhhkhhhkhkoehkhkhhhkrhhkhkhhkhhkhkhkhkrhkhkrhhkhkhkrkkhkkhkkhk*xk

P35670 SSLOLKCYKKPDLERYEAQAHGHMKPLTASQVSVHIGMDDRWRDSPRATPWDQVSYVSQV 1428
064446 SSLOLKCYRKPDLERYEAQAHGRMKPLSASQVSVHIGMDDRRRDSPRATAWDQVSYVSQV 1425

hhkhkhkhkhkkhkk ok hhhkrhkhkhhhkhkhkohkhhkhkohkhkrhhkhkhhkhkhkhkhkhk hhkrhkhkrkh *khkhkhkkhkkhkxk

P35670 SLSSLTSDKPSRHSAAADDDGDKWSLLLNGRDEEQYI 1465
064446 SLSSLTSDRLSRHGGAAEDGGDKWSLLLSDRDEEQCI 1462

KAk AkKkKAKKK o * kK Kk Kk ok Kkkhkkhkkkk kK *kkkKk K

Figure 18: Sequence alignment of human ATP7B protein P35670 and mouse ATP7B protein
Q64446 by Clustal Omega. As summarised in Figure 17 the two proteins are 83.59% identical.

Step 5: Gene structure analysis using Coordinates service

The Coordinates service was used to retrieve genomic coordinates mapped to both the human
APT7B protein P35670 and mouse ATP7B protein Q64446 searching by accession. Figure
19 shows the Swagger Ul for the Coordinates service with accession P35670 added to the
accession search field and the results after execution of the search in the response body, with
a Curl command defined that is also available in Figure 20 with Figure 21 defining a Python
script to execute this search. The equivalent coordinate search for mouse ATP7B protein
Q64446 is shown in Figure 22, with the dynamically generated curl command and python
script in Figures 23 and 24 respectively. Both P35670 and Q64446 genes consist of 21 exons
with the active site residue in both proteins being found in the fourteenth exon. Therefore, we
can be confident that other sequence features are related between the two proteins.




/coorcinates/{accasson) Get Genome Coordinates by accession.

Response Class (Status 200)
successful operation

Model Example Value

"accession”: "string",
"name”": "string",
"taxid": 0,
"sequence”: "string”,
"protein”: {
*recommendedName": {

Response Content Type | applcationjson 4|

Paramaters
accession Pas670 ] UniProt accession  path string

curl -X GET --header 'Accept:application/json’
‘https://www.ebi.ac.uk/proteins/api/coordinates/P3567@"'

Request URL
https://www.ebi.ac.uk/proteins/api/coordinates/P35678
Response Body

“"gnCoordinate”: [
{
“genomicLocation™: {
"exon": [
{
"proteinLocation”: {
"begin®: {
"position®: 1,
"status”: "certain"
Yo
"end": {
"position®: 17,
"status”: "certain"
}
)I

Figure 19: Coordinates service Swagger Ul with the human protein identifier P35670 entered
in to the accession search field. The results body contains the protein and matching genomic
coordinates for the protein.



curl =X GET —-header 'Accept:application/json’
"https://www.ebi.ac.uk/proteins/api/coordinates/P3567
@ 1

Figure 20: Curl command to execute the search for mapped genomic coordinates for
P35670 dynamically generated by the Swagger Ul as illustrated in Figure 19.

import requests, sys

requestURL =
"https://www.ebi.ac.uk/proteins/api/coordinates/P3567
@II

r = requests.get(requestURL, headers={ "Accept"
"application/json"})

if not r.ok:
r.raise_for_status()
sys.exit()

responseBody = r.text
print(responseBody)

Figure 21: Dynamically generated python script for searching for the genomic coordinates
for protein P35670.



/coorainates/{accassion) Get Genome Coordinates by accession.

Response Class (Status 200)
successful operation

Model Example Value

{
"accession”": "string”,
"name”: "string",
"taxid": 0,
"sequence”: "string”,
“protein”: {
*recommendedName": {

Response Content Type | appicationfson 3|

Parameaters
accession UniProt accession string

Response Messages  Show Response

m"‘depes!””se

Request Sample Code
Curl Perl Python Ruby Java

curl -X GET --header 'Accept:application/json'
‘https://www.ebi.ac.uk/proteins/api/coordinates/Q64446"

Request URL
https://www.ebi.ac.uk/proteins/api/coordinates/Q64446

Response Body

"accession”: "Q644456",

“"name": "ATP7B_MOUSE",

"taxid": 10090,

“"sequence”:
*MDPRENLASVGTMPEQERQVTAXEASRXILSKLALPGRPWEQSMXQSFAFDNVCYEGGLDSTSSSPAATDVVNILGMTCH
SCVXSIEDRISSLXCIVNIKVSLEQGSATVRYVFEVMNLOQICLOIEDNCFEASAAECXAASWFSRESPAQEAVVELRVEG
MTCQSCVSSIEGKIRKLOGVVRIXVSLSNQEAVITYQPYLIQPEDLRDHICDMGFEAAIXNRTAPLRLGPIDVNKLESTNL
RXETVSFVQISNEFETLCGHOGSYLATLPLRIDCONECKSCVLNIECKICQLPCVONIHEVSLENKTAQIQYDPSCVTPMFLOT
AIEALPFCHFEVSLPDCVEEREPQEGSSQRHQEQCPCRTAVLTISCITCASSVOPIEDNLSQRXCVOQ TS ISLAEGTGAVL
¥DPSIVSLDELRTAVEDMGFEVSVNSETFTINPVRRFKSCREVFQTMCDIACSVOQEMAFDTRCLPTEQGPGHSSETPSSPG
ATASQXCFVQIXCGNTCASCVSNIERSLOREACILEVLVALMSCXAEVRKYDPEIIQSPRIAQLIQDLCFEASVMEDNTVSEG
DIELIITGNTCASCVHNIESKLTRTRCITYASVALATSXAHVKFDPEIVCPRDIIXKIIEEICFHASLAQRNPNARHLDHKT
EIRQWRXSFLCSLVFGIPVMGILMVYMLIFSSTPQETMVLDHEN I IPGLSVLRLIFFILCTFVQFLCGWYFYVQAYXKSLRHRS

Response Code
209
Figure 22: Coordinates service Swagger Ul with the mouse protein identifier Q64446 entered

in to the accession search field. The results body contains the protein and matching genomic
coordinates for the protein.



curl =X GET —-header 'Accept:application/json’
‘https://www.ebi.ac.uk/proteins/api/coordinates/Q6444
6 1
Figure 23: Curl command to execute the search for mapped genomic coordinates for
P35670 dynamically generated by the Swagger Ul as illustrated in Figure 19.

import requests, sys

requestURL =
"https://www.ebi.ac.uk/proteins/api/coordinates/Q6444
6II

r = requests.get(requestURL, headers={ "Accept" :
"application/json"})

if not r.ok:
r.raise_for_status()
sys.exit()

responseBody = r.text
print(responseBody)

Figure 24: Dynamically generated python script for searching for the genomic coordinates
for protein Q64446.

Step 6: Mouse Q64446 variant search and comparison to P35670

The Variation service was used to retrieve any variants for mouse ATP7B protein Q64446 by
searching with the protein accession. Figure 25 shows the Swagger Ul for the Variation
service with accession Q64446 added to the accession search field. Results after execution
of the search are shown in Figure 26, where the mouse variant p.R1040K is shown as it is
equivalent to the human p.R1038K Wilson disease associated variant. The curl command to
execute the search is defined in Figure 27 with Figure 28 defining a Python script to execute
this search.



Mfvaraton/{accession} get UniProt variation features by accession

Implementation Notes
with categories as query parameter

Response Class (Status 200)
successful operation

“"version": "string”,
"accession”: "string",
"entryName": "string",
"sequence”: "string”,
"sequenceChecksum®: "string”,
"geteGeneId": "string”,

Response Content Type | appicationjson #|

Parameters

accession UniProt accession

sourcetype l I Filter for variants query string
from a specific

sourceType. Options

include: uniprot,

large_scale_study

and mixed, or

individual data

source such as exac,

cosmic curated, esp,

1000genomes.

consequencetype I Filter for variants query string
with a specific

consequencaType.

Options include:

missense, stop

gained or stop lost

wildtype I Search by specific query string
wildType amino acid.

Options: Any single

letter amino acid and

* for stop codon.

alternativesequence ] Filter by specific query string
eltemativeSeguence

amino acid. Options:

Any single letter

amine acid and * for

stopcodon and - for

deletions.

location I Filter by amino acid ~ query string
position in the

saquence(s).

Options: any valid

amino acid position

within the length of

the protein sequence

Figure 25: Variation service Swagger Ul with the mouse protein identifier Q64446 entered in
to the accession search field.



curl -X GET --header 'Accept:application/json’
‘https://www.ebi.ac.uk/proteins/api/variation/Q64446"

Request URL
https://www.ebi.ac.uk/proteins/api/variation/Q64446
Response Body

"gencmicLocation”: "NC_000074.6:9.22011059C>T",

'sourceType”: "large_scale_study”

"type": "VARIANT",
'alternativeSequence”: *X°,
"begin”: "1040",

'end": "1040",

"xrefs”: [

"name": "dbSNP",
"id": "rs239532167",

"url®: "http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?

typerrs&ro=r5239532167°
}

Figure 26: Results from the Variation search with the mouse protein identifier Q64446. In the
response body is the mouse equivalent variant p.R1040K to the human p.R1038K Wilson

disease associated variant.

curl =X GET —-header 'Accept:application/json’
‘https://www.ebi.ac.uk/proteins/api/variation/Q64446"

Figure 27: Curl command to execute the search for variant for Q64446 dynamically generated

by the Swagger Ul as illustrated in Figure 26.



import requests, sys

requestURL =
"https://www.ebi.ac.uk/proteins/api/variation/Q64446"

r = requests.get(requestURL, headers={ "Accept" :
"application/json"})

if not r.ok:
r.raise_for_status()
sys.exit()

responseBody = r.text
print(responseBody)

Figure 28: Dynamically generated python script for searching for variants for protein Q64446.

Step 7: Mouse proteomics peptide search

The Proteomics service was used to retrieve any peptides for mouse ATP7B protein Q64446
by searching with the protein accession. Figure 29 shows the Swagger Ul for the Proteomics
service with accession Q64446 added to the accession search field. Results after execution
of the search are shown in Figure 30, where the mouse protein has an equivalent unique
peptide between residues 1044-1057 to the unique peptide 1042-1054 in the human ATP7B
protein P35670. Where a peptide is defined as unique if it not found in another protein, not
including isoforms, in the organisms’ proteome. Unique peptides from different species can
be the same. The curl command to execute the search is defined in Figure 31 with Figure 32
defining a Python script to execute this search.



Jprotecmics

of list of UniProt acce

Implementation Notes
With query feature type and query terms

Response Class (Status 200)
successful operation

*version": "string”, H
*accession®: "string®,

"entryName®: "string®,

*sequence”: "string”,

*sequenceChecksum”: “atring”,

“geteGeneId": "string”,

*geteProteinid”: "string”,

Response Content Type | applcationfson :]
Perameters

offset b l Off set, page query integer
starting point, with
default velue 0

size 100 I Page size with query integer
default value 100.

When page size is

-1, it retums all

records and offset

will be ignored

accession [064446[ | Search for query string
accession, can be a
list separated by ''

taxid [

Organism taxonomy — query string
id

upid [ l UniProt proteome query string
Id: UP[0-9}9}

datasource | | Proteomics data query string
source, can be list,
separated by '

peptide | | Proteomics peptide  query string

unique [ I If unique, a peptide  query string.
is mapped to one

gene group only.

Value can only be

true or false.

Figure 29: Proteomics service Swagger Ul with the mouse protein identifier Q64446 entered
in to the accession search field.



Reques: Sample Code

curl -X GET --header 'Accept:application/json'
‘https://www.ebi.ac.uk/proteins/api/proteomics?offset=@&size=1008accession=064446"

Request URL
https://www.ebi.ac.uk/proteins/api/proteonics?offset=@&size=100&accession=064446

Response Body

{

“type”: "PROTEOMICS",
"begin’: "HONE",
"end": "1057",

"xrefs®: [
{
“name”: "Protcomes”,
“id": "UPCOOOOOSES",
“"url": "http://www.uniprot.org/proteomes/UP000000589°
}
Je
"evidences": |
{
“"code”: "ECO:0000213",

"source”: {
Response Code
209

Reeponse Headers

“x-pagination-totalrecords“: L

"1link™: "<http://www.ebi.ac.uk/proteins/api/proteomics?
offset=B&size=1088accession=064446>; rel=\"self\",
<http://www.ebi.ac.uk/proteins/api/proteonics?offset=04size=100&accession=064446>;
rel=\"first\", <http://www.ebi.ac.u /proteins/agi/proteomics?
offset=B&size=1888accession=064446>; rel=\"last\"",

"content-type": "application/json"

Figure 30: Results from the Proteomics search with the mouse protein identifier Q64446. In
the response body is the mouse unique peptide starting at residue 1044.

curl =X GET —-header 'Accept:application/json’
"https://www.ebi.ac.uk/proteins/api/proteomics?offset
=0&size=100&accession=064446"

Figure 31: Curl command to execute the search for peptides for Q64446 dynamically
generated by the Swagger Ul as illustrated in Figure 30.



import requests, sys

requestURL =
"https://www.ebi.ac.uk/proteins/api/proteomics?offset
=Q&size=100&accession=0Q64446"

r = requests.get(requestURL, headers={ "Accept"
"application/json"})

if not r.ok:
r.raise_for_status()
sys.exit()

responseBody = r.text
print(responseBody)

Figure 32: Dynamically generated python script for searching for unique peptides for protein
Q64446.



