
Bioinformatics and Genomics

Genomics = the study of the structure, function and evolution of genomes



Rare Diseases



Rare Diseases



HTS data formats and Quality control



Illumina sequencing



Base calling errors



Quality = phred-scaled probability of an error



FASTQ
FASTQ



Base Quality
QC



Base Quality
QC



Read coverage
QC



GC bias
QC



GC content by cycle
QC



De novo assembly is very difficult

It is much easier to analyze known genomes

DNA is a computational problem

We need a reliable map...



Reference Genome

>1 dna:chromosome chromosome:GRCh37:1:1:249250621:1
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TATTCAAAAAATTGAGAATTTCTGACCACTTAACAAACCCACAGAAAATCCACCCGAGTG
CACTGAGCACGCCAGAAATCAGGTGGCCTCAAAGAGCTGCTCCCACCTGAAGGAGACGCG
CTGCTGCTGCTGTCGTCCTGCCTGGCGCCTTGGCCTACAGGGGCCGCGGTTGAGGGTGGG
AGTGGGGGTGCACTGGCCAGCACCTCAGGAGCTGGGGGTGGTGGTGGGGGCGGTGGGGGT
GGTGTTAGTACCCCATCTTGTAGGTCTGAAACACAAAGTGTGGGGTGTCTAGGGAAGAAG
>2
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
AAAAGCATTTATGCTACAAATTACTATGGTAATTATGCTACAAATTTATGGTACCATAAA
TTACCATAGTAATTTGTAGCATAAATTTGTACTATGGTACAAATTACATGGGAGAGTGAA
GGTGGGTTAAAACATTCATATTAAAGAACTTCCACTCAGATTGCAAGAAAAGAGAGAGGA
ATGGAGATGGTAGCACAAGTCCCTACAATAAAAGTAGATGTTTTGAGATCAGTTCTATTT

FASTA



SAM / BAM: Sequence Alignment/Map format
SAM



SAM



GC content vs depth
QC



SAM



PCR duplicates
QC



(How paired end sequencing works: https://www.youtube.com/watch?v=0vqajoP08Jg)

SAM



Insert Size
QC



Insert Size
QC



SAM

Q: M
apping 

vs 

Alignment



Mismatches per cycle
QC



Indels per cycle
QC



SAM



Sample swaps
QC

Check
● expected sex

● sample identity against a known set of variants ("barcodes")

How would you do that?



Contaminations
QC

● Detect sample mixture from population allele frequency

verifyBamID: Detecting and Estimating Contamination of Human DNA Samples in Sequencing and Array-Based Genotype Data, American journal of human genetics doi:10.1016/j.ajhg.2012.09.004

nhet

nhet/nhom

seq-only



Auto QC
QC



CRAM



CRAM





VCF



VCF



VCF



VCF



VCF



QUAL = probability that the ALT call is wrong

VCF



VCF



VCF



Don't use XLS

https://eusprig.org/research-info/horror-stories/



Don't use CSV



/* BGZF/GZIP header (specialized from RFC 1952; little endian):
 +---+---+---+---+---+---+---+---+---+---+---+---+---+---+---+---+---+---+
 | 31|139|  8|  4|          0|  0|255|  6| 66| 67|  2|BLK_LEN|
 +---+---+---+---+---+---+---+---+---+---+---+---+---+---+---+---+---+---+
  BGZF extension:
            ^                          ^   ^   ^
            |                          |   |   |
           FLG.EXTRA                 XLEN  B   C

  BGZF format is compatible with GZIP. It limits the size of each compressed
  block to 2^16 bytes and adds and an extra "BC" field in the gzip header which
  records the size.
*/

General purpose formats
● genomic text files often BGZF-compressed

and indexed with tabix https://samtools.github.io/hts-specs/tabix.pdf

https://samtools.github.io/hts-specs/tabix.pdf


Cheat sheet

File formats specifications
http://samtools.github.io/hts-specs

Index FASTA file
samtools faidx ref.fa

View a SAM/BAM/CRAM or a slice of it
samtools view file.bam | less
samtools view file.bam chr1:300000-310000 | less

Generate and plot stats
samtools stats file.bam > file.txt
plot-bamstats -p plots/ file.txt

http://samtools.github.io/hts-specs

