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https://www.genome.gov/human-genome-project



Shotgun 
Sequencing

https://www.genome.gov/genetics-glossary





Assembly and alignment

Raphael BJ (2012) Chapter 6: Structural Variation and Medical Genomics. PLoSComput Biol 8(12): e1002821. 
https://doi.org/10.1371/journal.pcbi.1002821

https://thejigstore.co.nz/



Short read and long read

https://www.cd-genomics.com/resource-pacbio-oxford-nanopore-comparison.html
https://www.pacb.com/blog/sequencing-101-comparing-long-read-sequencing-technologies/

https://www.cd-genomics.com/resource-pacbio-oxford-nanopore-comparison.html


Technology Selection Based on Research Objectives

https://www.cd-genomics.com/resource-pacbio-oxford-nanopore-comparison.html



Library preparation



Illumina flow cell

https://www.youtube.com/watch?v=pfZp5Vgsbw0&t=14s

Sequencing by Synthesis



Depth and coverage

Radhika Khetani, H3ABioNet Data Management workshop, 2014



Design



Re-sequencing: variation detection

Nat Rev Genet. 2010 Oct; 11(10): 685-96.



Mapping reads to reference is simple in principleş



Insert 

1. 
Å ̣ ̤
Å Read 1 Read 2 Ǎ

˽ 
2. Structural Variants
Å insert size ˽ ǯ ǯ

ǯ
Å Ǜ insert 300 bpǍ reads 
1000 bp ˽ 

3. 
Å Read 1 Read 2 Ǎ ˽ 

chimeric read 
Å Insert size 
4. 
Å Insert size 
Å



Release name Date of release Equivalent UCSC version

GRCh39 Indefinitely postponed[29] -

T2T-CHM13 January 2022 hs1

GRCh38 Dec 2013 hg38

GRCh37 Feb 2009 hg19

NCBI Build 36.1 Mar 2006 hg18

NCBI Build 35 May 2004 hg17

NCBI Build 34 Jul 2003 hg16

Human reference genome

https://en.wikipedia.org/wiki/Reference_genome
https://www.ncbi.nlm.nih.gov/grc/human

Donors were recruited by advertisement in The Buffalo News, on Sunday, March 23, 1997. As a result of how the 
DNA samples were processed, about 80 percent of the reference genome came from eight people and one male, 
designated RP11, accounts for 66 percent of the total. The ABO blood group system differs among humans, but the 
human reference genome contains only an O allele, although the others are annotated. 

https://en.wikipedia.org/wiki/Reference_genome#cite_note-:1-29
https://en.wikipedia.org/wiki/Reference_genome


GRCh38/hg38

https://www.illumina.com/science/genomics-research/articles/dragen-demystifying-reference-genomes.html

Å Unlocalized sequences: known to belong on a specific chromosome but with unknown order or orientation.
Å Unplaced sequences: chromosome of origin unknown.
Å Alternate contig sequences can be novel to highly diverged or nearly identical to corresponding primary 

assembly sequence.
Note. 
Å In b37 where chromosomes are called "1" to "22", "X", "Y" and "MT")
Å human genome" refers to the approximately 3 billion (3*109) base pairs in a single copy (haploid) of the human genome. 



Simons Genome Diversity Project

https://www.simonsfoundation.org/simons-genome-diversity-project/

260 genomes from 127 populations at least 30x coverage using Illumina technology.



Telomere -to -Telomere (T2T) consortium

https://www.science.org/doi/10.1126/science.abj6987



https://research.google/blog/building-better-pangenomes-to-improve-the-equity-of-genomics/



human ŧpangenomeŨ reference

https://www.nih.gov/news-events/news-releases/scientists-release-new-human-pangenome-reference

Alternate ̙GRCh38 ALT 
̙ Ǎ ̙



Variant discovery from a pan -genome reference.

https://www.nature.com/articles/s41576-020-0210-7



Evolution of the DRAGEN

The pangenome reference in DRAGEN v4.3 
is made up of 128 population samples from 
26 ancestriesaround the world.

https://sapac.illumina.com/science/genomics-research/articles/second-gen-multigenome-mapping.html



https://sapac.illumina.com/science/genomics-research/articles/second-gen-multigenome-mapping.html



Fold80 = / 80% ǍFold80 Ǎ Ǎ ̙
OxoQ=ҍмлẗlog10( )





https://zh.wikipedia.org/zh-tw/%E5%96%80%E9%82%81%E6%8B%89

Chimeric read readǍ



The industry -standard GATK Best Practices

https://gatk.broadinstitute.org/hc/en-us


