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The Atomic bomb, the Alta Summit, and the Human Genome Project

The Alta Summit, December 1984, was sponsored by the US Department of 
Energy (DOE) and the International Commission for Protection Against 
Environmental Mutagens and Carcinogen. It gathered leading scientists, 
policymakers, and funding agency representatives to deliberate on the 
feasibility and implications of initiating a large-scale project to map and 
sequence the human genome. 

Key question asked asked to participants during the Alta Summit: “Could 
new methods permit detection of mutations, and more specifically could 
any increase in the mutation rate among survivors of the Hiroshima and 
Nagasaki bombings be detected (in them or in their children)?” 

Prior to this meeting, a meeting in Hiroshima, March 1984, concluded that 
new DNA analytical tools second highest priority for human mutation 
research. Why? Existing methods had failed to detect an increase in mutation 
rates in 12,000 children of Hiroshima-Nagasaki survivors due to low 
throughput of existing techniques. The meeting concluded that detecting the 
base rate of human mutations required sequencing the entire human genome. 

In 1986, Charles DeLisi, then the director of the DOE’s Health & 
Environmental Research Programs, proposed to Congress what was to 
become the Human Genome Project (1990-2003) 

The Alta Summit is the bridge between the DOE’s historical research program 
in mutation research (WWII, the Manhattan Project, and first atomic bomb) 
and push for a Human Genome Project

https://doe-humangenomeproject.ornl.gov/
human-genome-project-timeline/



The mission of the Biological and Environmental Research (BER) 
program is to support transformative science and scientific user 
facilities to achieve a predictive understanding of complex 
biological, earth, and environmental systems for energy and 
infrastructure security, independence, and prosperity. The 
program seeks to understand the biological, biogeochemical, 
and physical processes that span from molecular and 
genomics-controlled scales to the regional and global scales 
that govern changes in watershed dynamics, climate, and the 
earth system.



History of DNA sequencing

Charles river



Nanopore DNA sequencing

Molecules pass through a pore in a membrane (eg, Curli 
production assembly/transport component CsgG, a membrane 
protein of E. coli) 

Passing molecules block ion current and the length of of ion 
current blockage is sequence specific 

Ion current change profiles can be translated into unmodified and 
modified sequence (eg, A, C, T, G, 5mC)



Nanopore DNA sequencing



Nanopore DNA sequencing
How it all started

Proc. Natl. Acad. Sci. USA Vol. 93, pp. 13770–13773, November 1996

Characterization of individual polynucleotide molecules using a membrane channel



Howorka, S., Cheley, S. & Bayley, H. Nat Biotechnol 19, 636–639 (2001). https://doi.org/10.1038/90236



J. Am. Chem. Soc. 2010, 132, 50, 17961–17972

Nanopore DNA sequencing
Controlling the movement of DNA with the DNA polymerase phi29

Improved signal to noise due to slow DNA translocation with the help of phi29 through a nanopore 

Motor protein unwinds dsDNA and ssDNA (negatively charged) passes through the nanopore (driven by voltage)



Nanopore flow cells
512 channels with 4 nanopores per channel (2,048 nanopores)



Major chemistry updates during the past 10 years



Oxford Nanopore Technologies
DNA sequencing devices

30x whole human genome in 3 days 

20M reads with a typical length of 15-20 kb



7 hours from blood draw, to genome 
sequence, and initial diagnosis



Nanopore genome sequencing workflow



Basecalling
From electrical signals to nucleotide sequences

Basecalling = converting raw electrical signals to nucleotide sequences 

Input: POD5 file 

Output: FASTQ file



Basecalling algorithms
From hidden Markov models to transformer-based architectures 

https://nanoporetech.com/blog/transforming-basecalling-in-genomic-sequencing

https://github.com/nanoporetech/dorado



DNA sequencing data types

FASTA: format to store nucleotide or amino acid sequences 

FASTQ: format to store nucleotide sequence, meta data, and quality scores 

POD5: format to store raw Nanopore and meta data 

SAM/BAM: format to store sequence alignments



FASTQ
Format to store raw sequencing data

Text file and not compressed 

Blocks of 4 lines correspond (=1 read) 

Header, DNA sequence, header (+ symbol), per-base quality

@A00485:363:HNFFFDSX3:1:1101:4508:1000 1:N:0:NGTAGAATTA+NGATGGCTAC 
AAGCAGGGCTCACTAAAGAATGAATTGCATCCATTTTTACCAATTGGACCATGTGATTTTTCATTTCAATGTTTCAGAGATGCCTTAAAACTCGGAAGCTTTACAACACTGAAAGTGGT 
+ 
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF,FFFFFFF

Instrument ID Index sequences used for multiplexing

Flow cell ID

Phred quality symbol



Phred base quality scores



Data type conversions
From raw sequence reads to annotated sequence reads

Raw data (FASTQ or POD5) 

Reference genome (FASTA) 

Alignment (SAM/BAM/CRAM) 

Genome annotation files (GTF, BED) 

Variant files (VCF, BCF)



DNA sequence alignment
From sequences to regions in reference genomes with high similarity

Identify, or map, DNA sequences to a reference or multiple reference genomes 

Important to detect DNA sequence variation, to quantify species abundance, and many other applications 

Alignment methods/algorithms: 

Many short reads (100-300 bp): bwa-mem2 or bowtie2 (fast and memory efficient) 

Many long reads (up to Mb): minimap2 (handles high error rates, very long sequences, and structural variation) 

Few reads: blastn (local alignment with similarity search) 



Integrative Genomics Viewer
High-performance and interactive program for visual exploration of genomic data

https://igv.org/doc/desktop/#



Complete human genomes enabled 
by Nanopore DNA sequencing

Single nucleotide variants (SNVs) 

Small insertions/deletions (5-50 bp) 

Structural variants (>50 to several kb) 

Copy number variants (CNVs) 

Long-range haplotypes (maternal/paternal) 

De novo genome assembly 

DNA methylation (5mC and 5hmC) Waszak, Tiao, Zhu, Rausch et al. bioRxiv 2017 (PCAWG Consortium, Nature 2020)

Open source code: https://github.com/nanoporetech


