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FASTA/Q formats 

@HWI- D00523:240:HF3WGBCXX:1:1101:2574:2226 1:N:0:CTGTAG  

TGAGGAATATTGGTCAATGGGCGCGAGCCTGAACCAGCCAAGTAGCGTGAAGGATGACTG  

+  

HIHIIIIIHIIHGHHIHHIIIIIIIIIIIIIIIHHIIIIIHHIHIIIIIGIHIIIIHHHH  

>cel - let - 7 MI0000001 Caenorhabditis elegans let - 7 stem - loop  

UACACUGUGGAUCCGGUGAGGUAGUAGGUUGUAUAGUUUGGAAUAUUACCACCGGUGAAC 

UAUGCAAUUUUCUACCUUACCGGAGACAGAACUCUUCGA 

FASTQ 

Basic and ubiquitous formats for storing 

nucleotide and protein sequences 

FASTA 



Common Manipulations 

¸ Converting 

¸ Searching  

¸ Filtering 

¸ Deduplication 

¸ Splitting 

¸ Shuffling 

¸ Sampling 

¸ ... 



Existed Tools 

¸ fasta_utilities 

¸ fastx_toolkit 

¸ pyfaidx 

¸ seqmagick 

¸ seqtk 

¸ ... 

¸ Only implement parts of functions 

¸ Not efficient 

¸ Require dependencies/running environments 

¸ Hard to install 

¸ Only available for some operating systems 

¸ Not user friendly 

Limitations 

Why another wheel? 



Functions already implemented in bio_scripts 

¸ https://github.com/shenwei356/bio_scripts/tree/master/sequence 

¸ fasta2tab/tab2fasta, fastq2tab/tab2fastq 

¸ fasta_extract_by_pattern.pl 

¸ fasta_common_seqs.pl 

¸ fasta_remove_duplicates.pl 

¸ fasta_locate_motif.pl 

¸ gff2fa.py 

¸ Need running environment 

¸ Need dependencies (Perl modules), hard for 

beginner 

¸ Hard to maintain, too many files 

¸ Scripts never live long 

¸ I want to write something in Golang 

Limitations 

https://github.com/shenwei356/bio_scripts/tree/master/sequence


Method 



Programming Language 

¸ Requirements: 
- Easy to install and use ǽǽǽ 

- High performance ǽǽǽ 

- Cross platform ǽǽ 

- Easy for development ǽǽ 

¸ Candidates 
- C/C++, not good at 

- Perl/Python, fast and easy to write, but need running environment 

- Java, cross platform, fast but verbose 

- R, not suitable 

- Go, meets all 



Program organization 

SeqKit, a command-line toolkit 

 

Command 

Subcommand 

Options/flags Arguments 



FASTA/Q format parsing 

¸ Performance bottleneck: file I/O 

¸ Asynchronously parsing with buffered chunk of records 

¸ Serially reading (reading record one by one) 

¸ Optimizing never ends!  
- 100+ commits and 30+ releases in 5 months 

- See the long long changelogs 

http://bioinf.shenwei.me/seqkit/download/


Performance optimization ǽǽǽǽǽ 

¸ Parallelizing CPU intensive processes. e.g. GTF/BED file 

parsing 

¸ Customized data structures and algorithms, e.g. 

complementary nucleic base 

¸ Golang: 
- Avoid GC! Reuse objects! 

- Discarding standard library bufio, manage buffer by hand! 

- Avoid using stdlib regexp! 

Optimization never ends!  



Reproducibility 

¸ Platform-compatibility 

Results can be repeated with same datasets and parameters 

¸ Configurability of random seed for ñsampleò and ñshuffleò 



Result 



Source code 

https://github.com/shenwei356/seqkit 

https://github.com/shenwei356/seqkit


Coding 

> 10,000 lines source code 



Documents 

http://bioinf.shenwei.me/seqkit/    Github pages 

 

 

http://bioinf.shenwei.me/seqkit/
http://bioinf.shenwei.me/seqkit/


Functions 



Features 

¸ Cross-platform (Linux/Windows/Mac OS X/OpenBSD/FreeBSD) 

¸ Light weight and out-of-the-box, no dependencies, no 

compilation, no configuration 

¸ Ultrafast (see benchmark), multiple-CPUs supported. 

¸ Practical functions supported by 20 subcommands 

¸ Well documented (detailed usage and benchmark ) 

¸ Seamlessly parses both FASTA and FASTQ formats 

¸ Support STDIN and gziped input/output file, easy being used in 

pipe 

¸ Support custom sequence ID regular expression (especially 

useful for quering with ID list) 



Features comparison (1/2) 



Features comparison (2/2) 



Benchmark 

¸ Datasets 

¶ dataset_A.fa - large number of short sequences, 2.7G 

¶ dataset_B.fa - small number of large sequences, 2.9G 

¶ dataset_C.fq ï Illumina single end reads (SE100), 2.2G 



FASTA/Q Parsing Speed 



Five common manipulations (FASTA) 


