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WHAIT

Modular and universal bioinformatics
M Tries to do one thing well
£@ Provides highly reusable code and tools

“m Scales by using Streams

@ Runs everywhere



bmpvieira.com #bionodehack

HOW

Using Node.|s

{n Highly modular

£ Very open community on GitHub
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bmpvieira.com #bionodehack

HOW

Using Node.|s

{n Highly modular

£ Very open community on GitHub
&m Provides native implementation of Streams

@ Run same JavaScript code on browser or CLI



@ Run same JavaScript code on browser or CLI

® OO0 3. » fish: fish /Users/bmpvieira/Local/bionode-fasta

FASTA file format

> X-gene
ATGCGTACTGCATCATG
ACGTACTGCATTCATGC
GTGCTAGGGGT TTACGT

JSON (JavaScript Object Notation)
{

“1d" " X-gene’,

“seq "ATGCGTACTGCATCAT
GACGTACTGCATTCATGCGTG s
CTAGGGGITTTACGT™ o

)




# Use parser to read file by passing filename

ok
ok
ok

# Use parser to read file by passing filename and get results wi

ok
ok
ok
ok
ok

Q

> |

| Console | Search Emulation Rendering

@ Run same JavaScript code on browser or CLI

| | localhost:49330/__testlin: X

P al

C M [ localhost:49330/_ testling?show=true

8 0 06 3. » fish: fish /Users/bmpvieira/Local/bionode-fasta

4 should return a Buffer for each sequence
5 should return an Object for each sequence
6 should return an Object for each sequence (shortcut versio

7 callback error should be null
8 should return a Buffer with all sequences objects separated
9 callback error should be null
10 should return an array of Objects
11 callback error should be null

[1 Elements Network Sources Timeline Profiles Resources Audits | Cons

_______________

Y <top frame> v Preserve log

ok 32 should return an Object for each seqguence

ok 33 should return an Object for each sequence (shortcut version)
# Use parser to read file by passing filename and get results with callb
ok 34 callback error should be null
ok 35 should return a Buffer with all sequences objects separated by ne
ok 36 callback error should be null

ok 37 should return an array of Objects

ok 38 callback error should be null

ok 39 should return an array of Objects

# Errors should be caught

ok 40 should return a ENOENT error for non-existing path

1..40
# tests 40 tests 40
# pass 40 nass 40
# ok




@ Run same JavaScript code on browser or CLI

JavaScript not suitable for heavy scientific
computation?

C++ preferred?



lcons made by

@ Run C++ from JavaScript

‘ from www Flaticon.com
n and this di1agram madz
I I I by BusFastar Ltd are

All code is under MIT.

#tinclude nbind in & call effortlessly From without changes.

nbind api

type conversion

’

C++11 or later l ES5 / ES6 / TypeScript

-

compile to asm.js

ceée

run on server or desktop
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* Involved In biological web projects that need |S



Involved in biological web projects that need |S
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Involved In biological web projects that need |S

wurmlab.grthub.io

GMOD

Afra

5 PostgreSQL
@ @ Storage

Biological logic

client-side server-side client-side server-side
JS JavaScript : Java J S Javascript * 4 Ruby
Web /7, pollo Web ~, pollo Web /7, pollo Web-épd-lo
Annotation Model/Views | Annotation
Controllers (client logic)
(oommmze | 00110 Controllers Pommse | yee Controllers
server logic, biological logic SErver [0gic, Ierasitivanaeken
( 0 gical logic) EYNGULARSS ( )
SQL Database Models/Views/Controllers| SQL Database
bionode

@ PostgreSQL
<0 Storage
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blonode-seg

CHECK SEQUENCE TYPE
Takes a sequence string and checks if it's DNA, RNA cr protein. seq.checkType = function(sequence) {
Follows LUPAC notation which allows ambiguous sequence A S S VR G A

var tMatch = sequence.match(/[T]/1);

notation. In this case the sequence ‘s labelled as ambiguous var nMatch = sequence.match(/IN]/i):

nucleotide ratner than amino acid sequence. var uMatch = sequence.match(/[U]/i);
var potentialNucleotideMatch = sequence.match(/ [WSMKRYBDHV|/1i);
seq.checkType (" ATGACCCTGAGAAGAGCACCG") ; var proteinMatch = sequence.match(/[EFIJLOPQZX\*]/i);
= "dna" if (proteinMatch) {
seq.checkType (" AUGACCCUGAAGGUGAAUGAA™) ; T P _
> Hroam } else if (acgMatch && !potentiaWucleotideMatch && !uMatch) {
seq. checkType ("MAYKSGKRPTFFEVFKAHCSDS") ; S L .
== "protein® } else if (acgMatch && pctentialNucleotideMatch &8 !uMatch) {
seq.checkType(" AHTGACCCTGAGAAGAGCACCG" ) ; (G L LD, L
=> "ambiguousDna" } else if (acgMatch && !potentiaWucleotideMatch 8§& uMatch && !tMatch) {
seq.checkType (" AHUGACCCUGAAGGUGAAUGAA" ) ; fGAa | |
=> "ambiguousRna" } else it (acgMatch && potentialNucleotideMatch &5 uMatch && !tMatch) {
return "amoiguousRna";
}


https://rawgit.com/bionode/bionode-seq/master/docs/bionode-seq.html

bmpvieira.com #bionodehack

blonode-seg

REVERSE SEQUENCE
Takes sequence string and returns the reverse sequence. seq.reverse = funclion(sequence) {
return sequence.split('').reverse().join('")
seq. reverse("ATGACCCTGAAGGTGAA") ; }
=> "AAGTGGAAGTCCCAGTA"
(REVERSE) COMPLEMENT SEQUENCE
Takes a sequence string and optional bcolean for reverse, and seq.complement = function(sequerce, reverse) {
returns its complement. var reverse = reverse || false

var sequenceType - seq.checkType(sequence)
var getComplerentBase = seq.createComplementBase(sequenceType)
if (reverse) {
return sequence.split('').reverse().map(getComplementBase).join("'")

seq.complement ("ATGACCCTGAAGGTGAA") ;
=> "TACTGGGACTTCCACTT"

seq.complement ("ATGACCCTGAAGGTGAA", true); }

=> "TTCACCTTCAGGGTCAT" I

//Alias return sequence.split('').mep(getComplementBase).join('")
seq. reverseComplement(“ATGACCCTGAAGGTGAA") ; }

=> "TTCACCTTCAGGGTCAT" }


https://rawgit.com/bionode/bionode-seq/master/docs/bionode-seq.html
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* Involved In biological web projects that need |S

» Had to find and get 1B of data online



Compare genetic diversity of social vs solitary species



https://upload.wikimedia.org/wikipedia/commons/c/ca/Bush_Cockroach.jpg
http://upload.wikimedia.org/wikipedia/commons/d/d3/Coptotermes_formosanus_shiraki_USGov_k8204-7.jpg
http://upload.wikimedia.org/wikipedia/commons/e/e0/Honeybee_landing_on_milkthistle02.jpg
http://upload.wikimedia.org/wikipedia/commons/8/85/WeaverAntDefense.JPG
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Had to find and get 1B of data online

All Insects and Rodents
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Had to find and get 1B of data online
Social (red) - Solitary (blue)
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bionode-ncb

How to get the URLs for genomic dataset?

for example raw data of genome assembly:

ftp://ftp.ncbi.nim.nih.gov/genomes/all/GCA_000 | 88075.1_SI_gnG


ftp://ftp.ncbi.nlm.nih.gov/genomes/all/GCA_000188075.1_Si_gnG

fish /nome/bmpvieire/project-ghd — docker « -bash — 131x42
~/project-phd bionode-ncbi urls assembly ants | head -n 1 | json
{
"uid": "14A4T1",
"structure": {
"dir": "http://ftp.ncbi.nlm.nih.zov/genomes /all/GCA_ODO611835,1_CerBirl.0/GCA_00E611835.1_CerBirl.@_assembly_structure/"
|
"report": {
"txt": "http://ftp.ncbi.nlm.nih.zov/genomes /all/GCA_ODO611835,1_CerBirl.0/CCA_00E611835.1_CerBirl.@_assembly_report.txt"
}s
S TACS Sl
"txt": "http://ftp.ncbi.nlm.nih.zov/genomes /all/GCA_000611835,1_CerBirl.0/CCA_00€611835.1_CerBirl.@_assembly_stats. txt”
1
"genomic": {
"fna": "http://ftp.ncbi.nlm.nih.zov/genomes /all/GCA_000611835,1_CerBirl.0/CCA_00€611835.1_CerBirl.G_rna_from_genomic.fna.g
"8JI e 'I'LL[.'ZI/ L[.J.'ILUI.IILIII.'lIll.b()V/gEllU'llEb/dLL/U;H_UUUOLLBJD.L_;EIE'l.I..U/Ul.F_ULLUOJ.J.éjD.J._I.ErDllL.U_EEIIUIIIL.sLII 1 .8L' ,
"gff": "http://ftp.ncbi.nlm.nih.zov/genones/all/GCA_000611835.1_CerBirl.0/GCA_006611835.1_CerBirl.G_genomic.gff.gzz"
Iy
"table":
"txt": "http://ftp.ncbi.nlm.nih.zov/genones/all/GCA_000611835.1_CerBirl.0/GCA_006611835.1_CerBirl.@_feature_table.txt.gz"
ts
"orotein": {
"faa": "http://ftp.ncbi.nlm.nih.gov/genones/all/GCA_000611835.1_CerBirl.0/CGCA_006611835.1_CerBirl.@_protein.faa.gz",
"gof<": "http://“tp.ncbi.nlm.nih.gov/genomes/all/GCA_POO611835.1 _CerBirl.0/GCA_0€0611835.1_CerBirl.0_protein.gpff.gz"
},
R LT
"out": "http://ftp.nchi.nilm.nih.z2ov/genones/all/CCA_0D0611835.1_CerBirl.0/CCA_006611835.1_CerBirl.G_rm.out.gz",
"run": "attp://ftp.nchi.nlm.nih.gov/genones /all/GCA_0BPO611835.1_CerBirl.0/GCA_G0E611835.1_CerBirl.e_rm.run’
}s
"wgsmaster": |
"gof<"': "htep://ftp.ncbi.nlm.nih.gov/genomes/all/GCA_POO611835.1_CerBirl.o/GCA_0EO611835.1_CerBirl.o_wgsmaster.gbff.gz"
}s
"README": [
"txt": "http://ftp.ncbi.nlm.nih.gov/genomes/all/GCA_0BDO611835.1_CerBirl.9/REACNE.txt"
}s
"hashes'": |
"txt": "nttp://ftp.ncbi.nim.nih.gov/genomes/all/GCA_0ODO611835.1_CerBirl.0/annctation_hashes.txt"
s
"md5checksums'": {
"txt": "http://ftp.ncbi.nim.nih.gov/genomes /all/GCA_PBO611835.1_CerBirl.0/mdS5checksums. txt"
}
]

~/project-phd
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blonode-ncb

var bio = require('bionode')

bio.ncbi.urls('assembly', 'ants', function(urls) {
console. log(urls[0].genomic.fna)

})

bio.ncbi.urls('assembly', ‘ants’)
.on('data', printGenomeURL)

function printGenomeURL (urls) {
console. log(urls[0].genomic.fna)

})



bmpvielra.com #bionodehack

blonode-ncb

var ncbi = require('bionode-ncbi')
var ndjson = require(‘ndjson')

ncbi.urls('genomes', 'ants')
.pipe(ndjson.stringify())
.pipe(process.stdout)




bmpvieira.com #bionodehack

bionode-ncb

. 9] fish 'home/bmpvieira — dccker « -bash — 60=S
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bionode-ncb

. 9] fish 'home/bmpvieira — dccker « -bash — 60=S
urls sra ants
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bionode-ncb

. O fish 'home/bmpvieira — dccker « -bash — 60=S
onode-ncbi urls sra ants | json -ga® url @
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bionode-ncb

. 9] fish 'home/bmpvieira — dccker « -bash — 60=S
onode-ncbi urls sra ants | json
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bionode-ncb

. 9] fish 'home/bmpvieira — dccker « -bash — 60=S
bionode-ncb1 urls sra ants | Jjson —-ga® url | head -n 1

http://ftp.ncbi.nlm.nih.gov/sra/sra-instant/reads/ByRun/sra/
SRR/SRR327/SRR3272362/SRR3272362.5sra

—~~
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Had to find and get 1B of data online

Remove non-wild samples
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Had to find and get 1B of data online
emove missing VWGS
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Had to find and get 1B of data online
emove low coverage
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Had to find and get 1B of data online
Remove unusable for PSMC
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bmpvieira.com bit.ly/biohack| 6

ORIGIN e

During my PhD at SRR R

* Involved In biological web projects that need |S
» Had to find and get 1B of data online

» Had to builld complicated bioinformatic pipelines


http://bit.ly/biohack16
http://bmpvieira.com

DATA PROCESSING

Readable : Transform : Writable
.plpe< Stream > lDlpe()
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Data analysis pipeline
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bmpvielra.com #bionodehack

Metadata pipeline

ncbi
.Ssearch('sra', 'Solenopsis 1nvicta')
.plpe (forkl)

.plpe (dat.reads)

forkl

.pilpe (tool.extractProperty ('expxml.Bliosample.1d"))
.plpe (ncbi.search('biosample’))

.plpe (dat.samples)

forkl
.plpe (tool. extractProperty('uid'))
S (ncoaNsiaK ( ' sradt, s ' pubmed ® ) )
.plpe(ncbi.search('pubmed'))
.pipe (fork2)

(

.plpe (dat.papers)



S O O 4. s fish: fish /Users/bmpvieira/Local/bionode-pipelines/pipeline-fetch
node pipeline-fetch.]js




bionode-waterwheel

A Streaming Workflow Engine for bioinformatics and other big data
explorations

Google Summer of Code 2016

const samples = task({
input: {
db: 'sra',
accession: config.sraAccession
¥,
output: 'xx/x.sra'
}, ({ input }) => ncbi.download(input.db, input.accession) )

const fastqgDump = task({
input: new File('*x/*x.sra'),
output: [1, 2].map(n => new File( *_${n}.fastq.gz ))
}, ({ input }) => shell( fastq-dump --split-files --skip-technical --gzip ${input} ) )


http://github.com/bionode/bionode-waterwheel
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