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The 1000 Genomes Project is an international research consortium formed to create the most detailed
and medically useful picture to date of human genetic variation. The project involves sequencing the genomes of
approximately 1200 people from around the world and receives major support from the Wellcome Trust Sanger
Institute in Hinxton, England, the Beijing Genomics Institute Shenzhen in China and the National Human Genome
Research Institute (NHGRI), part of the National Institutes of Health (NIH).

Drawing on the expertise of multidisciplinary research teams, the 1000 Genomes Project will develop a
new map of the human genome that will provide a view of biomedically relevant DNA variations at a resolution
unmatched by current resources. As with other major human genome reference projects, data from the 1000
Genomes Project will be made swiftly available to the worldwide scientific community through freely accessible
public databases.

On 4 September 2008, the co-chairs of the analysis group and overall project co-chairs drafted a letter
to the NIH Council about 1000 Genomes Project. This letter, available here, reviews the goals, describes the current
status, and provide an update on the critical tasks the Analysis Group must accomplish in order to deliver a valuable
community resource and achieve the Project's goals.

http://www.sanger.ac.uk/
http://www.genomics.org.cn/en/index.php
http://www.genome.gov/
http://www.nih.gov/
http://www.1000genomes.org/bcms/1000_genomes/Documents/CouncilLetter.pdf


To produce a catalog of variants that are present at 1 
percent or greater frequency in the human population 
across most of the genome, and down to 0.5 percent or 
lower within genes. 

The Scientific Goals of the 1000 Genomes Project 



http://www.1000genomes.org/page.php?page=about
http://www.1000genomes.org/page.php?page=about






How much does it cost for a Human Genome?

Craig Venter’s Personal Genome
September, 2007

1 year
USD 1 million

James Watson’s Personal Genome
June, 2007

1 year
USD 2 million

Human Reference Genome
April, 2003

>10 years to finish
USD 3 billion

YH Genome
November, 2008

1 year
~USD 0.5 million

Personal Genome
When will it available?
How long will it take?
How much?



Sequenced Human Genomes

USD 10000 per Genome in 2015?











http://www.macrogen.com/

http://www.macrogen.com/






Bacteria Re-sequencing



Isolate Transcript RNA

AAAAAA
AAAAAA

AAAAAA
AAAAAA

Fragment cDNA

Size Selection

Illumina Sequencing of each end

CAAA

AAAAGGAG CTGG GAAA

Reverse Transcription

CAGG

*based on Illumina approach
**strand-specific RNA-seq protocols exist for both Illumina and SOLiD
Slide complements of Andrew McPherson

Transcriptome Sequencing

XX,000,000 reads



Overview of RNA-Seq



Transcriptome Sequencing with Reference



*Assembly is the only option when working with a creature with no genome sequence, 
alignment of contigs may be to ESTs, cDNAs etc 

or transcriptome

Image from Haas & Zody, 2010

Analysis Strategies:  Reference Sequence 
Alignment vs De novo Assembly



Bioinformatics Analysis Pipeline for
Transcritpome Sequencing with Reference



(Nagalakshmi, U. et al.,2008)

Gene structure refinement

UTRs  by RNA‐Seq in yeast



A region containing two overlapping transcripts (ACT1, from the actin gene, and YFL040W, an uncharacterized ORF) 
from the Saccharomyces cerevisiae genome is shown. Arrows point to transcription direction. The poly(A) tags from 
RNA-Seq experiments are shown below these transcripts, with arrows indicating transcription direction. The precise 
location of each locus identified by poly(A) tags reveals the heterogeneity in poly(A) sites, for example, ACT1 has 
two big clusters, both with a few bases of local heterogeneity. The transcription direction revealed by poly(A) tags 
also helps to resolve 3'-end overlapping transcribed regions

Poly(A) tags from RNA-Seq

Nature Reviews Genetics 10, 57-63 



Alternative Splicing (AS)



92%~94% of human multi-exon gene undergo 
Alternative Splicing (AS)



Exon junction reads



Output of SOAPals

http://soap.genomics.org.cn/
http://soap.genomics.org.cn/


Splice Junction Database



Novel Transcripts

Novel transcripts can be found by high throughput sequencing since
present databases may be incomplete. Gene models found in intergenic
regions (200 bp away from upstream or downstream genes) were thought
to be candidate of novel transcripts



Digital Gene Expression Profiling

DGE



Tag length vs Complexity



Illumina SOLEXA sequencing by synthesis

40,000,000 reads of 35 bp long

Small RNA Sequencing



Workflow
Clean up
↓
Clustering
↓
ncRNA matching 
(Rfam V10 )
↓
Known miRNA Matching
(miRBase V16)
↓
Comparative miRNAomics

Small RNA Sequencing



A single Nimblgen 2.1M array is capable 
of enrichment simultaneously more than 
180,000 human coding-exon and 550 
miRNA exons available in the CCDS 
database.  The methods significantly 
improve the efficiency, the cost and 
throughput of target enrichment compared 
to conventional PCR-based methods.

The human exome captured library 
preparation consists of three major 
processes and lasts seven days, including 
library preparation for sequence capture, 
microarray hybridization, elution and 
library construction for sequencing, using 
Illumina Genome Analyzer can directly get 
high quality sequence data for the entire 
human exome.

This approach can find the exact genes 
and mutations causing several complex 
human diseases, such as cancer, 
diabetes, obesity and so on.  

Capture Sequencing: Human Exome Sequencing



Capture Sequencing: Beads-based

Human Cancer Genes
Neonatal Genetic Disease
Human Mitochondria
Human Deafness
Human Kinome
Human X-chromosome Genes



What is Metagenomics?

Craig Venter

Metagenomics is the study of metagenomes
by recovering genetic materials directly from 
environmental or biological samples. 

Celera Genomics
The Institute for Genomic Research
The J. Craig Venter Institute

38

http://www.hmpdacc.org/
http://www.hmpdacc.org/


Classical Metagenomics Approach
PCR of

16S rRNA

16S rRNA sequence dependent
1st PCR (16S rRNA family specific primer sets)
2nd PCR (NGS library)
454 Sequencing platform
Database update

39



Processors:  6-core * 2
Storage:  12TB usable

Ram:  48GB

✤2.5 generation sequencing platform

✤Detects the change in pH (no costly and sensitive optics)

✤Lower cost  and smaller instrument size

✤Fast turnover rates but limited data throughput

✤Benefits in clinical applications and small labs

✤Ion AmpliSeqTM Ready-to-Use Panels
•10ng DNA
•Cancer Hotspot Panel v1        (46 genes)
•Cancer Hotspot Panel v2        (50 genes)
•Comprehensive Cancer Panel  (409 genes)
•Inherited Disease Panel           (325 genes, >700 i-diseases)

Targeted/Cancer Panel Sequencing



Ion AmpliSeqTM Cancer Panel

Amplicon length 44~124bp Amplicon length 50~141bp



Gene

Amplicon

HotSpots
(COSMIC)

Single Nucleotide Polymorphism (SNP) in Sample





Mid-Term Report

Impacts of New Generation Sequencing Technologies 
on Biomedical Research

Guidelines:
1. You can write a report on the global impacts OR

Just focus on the impact on any single field or application
2. Title page with your name and student number
3. Content AT LESS 4 pages (Times new Roman, size 12 font, single space)
4. Email the report to petang@mail.cgu.edu.tw before 31 Dec 2014.
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