
• The human genome contains about 
3 billion pairs of chemical building 
blocks, called bases, that spell out 
the instructions for making and 
maintaining a human being. 

WHOLE GENOME SEQUENCING

Blood is taken from participants, who should be 
between 21 and 94 years old. 

• Height and weight taking

• Blood pressure

• Electrocardiogram test

• Collection of biological samples, including 
saliva and stool, which will be frozen for future 
precision medicine research

Together, the database gives a more holistic 
picture of what Singaporeans’ health outcomes 
and disease risk look like, to enhance precision 
medicine here. 

The blood samples, packed in dry ice, will be sent 
to the Agency for Science, Technology and 
Research’s Genome Institute of Singapore. 
Information that identifies participants will be 
removed from the samples. 

DNA will be extracted from the blood, and 
measured against a set of metrics to ensure 
that it is of good quality and sufficient quantity 
for the whole sequencing process.

Home-grown genomic 
services provider 
NovogeneAIT Genomics 
Singapore will carry out 
the genome sequencing 
for the 100,000 people. 
The company will use 
Illumina’s advanced 
sequencing machines 
and systems. 

The first step of whole 
genome sequencing is 
to prepare the DNA to 
be compatible with a 
sequencer machine. 
This process includes 
fragmenting the DNA. 
With automation, this 
first step can be done 
faster. 

The DNA is run 
through a 
sequencer, a 
machine that 
resembles a printer. 
Illumina’s Nova Seq 
6000 can 
sequence a whole 
human genome in 
under an hour.

The data will be analysed to identify the 
sequence of the building blocks of each 
chromosome.The genomic sequences 
will be deposited into a database 
regulated by Precise. Scientists can 
analyse the genomic data linked to the 
physical health measurements from the 
participants. The sequencing process is 
currently in its pilot phase, and the 
process will be accelerated in the 
second half of 2022.

• Sequencing DNA refers to laying out the order of those 
building blocks that make up a DNA molecule. 

• The sequence tells scientists the kind of genetic 
information that is carried in a particular DNA segment. 
The data can highlight changes in a gene that may cause 
disease. 
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The population study, called SG100K, involves 
Precision Health Research, Singapore (Precise), 
which will co-develop the project’s genome 
sequencing aspect with genomics technology 
company Illumina. Illumina’s sequencing 
instruments generate most of the world’s 
sequencing data. 
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Your genome

ATCGCTCAGCTAGCTTTAGCTCCTAGCTAGCC
TAGCTAGCCTAGCTATTTACGATCGATAAATC
GAGCGCTAACGCGCATCGATACBATCAATCG
CTCAGCTAGCTTTAGCTCCTAGCTAGCCTAGC
TAGCCTAGCTATTTACGATCGATAAATCGAGC
GCTAACGCGCATCGATACGATCAATCGCTCA
GCTAGCTTTAGCTCCTAGCTAGCCTAGCTAGC
CTAGCTATTTACGATCGATAAATCGAGCGCTA
ACGCGCATCGATACGATCATAGCTAGCCTAGC
TAGCCTAGCTATTTACGATCGATAAATCGAGC

TAGCTAGCCTAGCTATTTACGATCGATAAATC
GAGCGCTAACGCGCATCTCGGATACGATCA…
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100,000 healthy Singaporeans

70,00020%
Malay

20%
Indian

60%
Chinese

participants already 
enrolled from 
existing cohort 
studies. 

30,000
will be recruited at 
a rate of 300 a 
week mainly 
through referrals 
from the 
healthcare clusters.

1 box 
represents 
10,000 
Singaporeans

Completed a 
baseline data set 
with whole genome 
sequences of 
10,000 
Singaporeans.

2019

SG100K project.

2022

Aim to sequence 
the whole 
genomes of up to 
1 million 
Singaporeans. 
That means about 
1 in 4 
Singaporeans. 

2027

Singapore’s
National
Precision
Medicine
strategy

“Healthy” gene

…..GTCAGTC…..

Mutant gene

…..GTCATTC…..

Genetic changes, such as mutations, can be linked to 
certain diseases. 

(equivalent to about 200,000 
high-definition movies)

Nova Seq 
6000

Deputy Prime 
Minister Heng 
Swee Keat (at 
right) touring 
Illumina’s premises 
in Woodlands on 
May 26.

An Illumina 
employee 
demonstrating 
how a 
sequencing 
system works.

Sources: PRECISION HEALTH RESEARCH, SINGAPORE; A*STAR (GENOME INSTITUTE OF SINGAPORE); ILLUMINA; SMITHSONIAN; DECODE GENETICS; CHINA KADOORIE BIOBANK; UNIVERSITY OF OXFORD

PHOTOS: ILLUMINA, LIANHE ZAOBAO, PRIME MINISTER’S OFFICE   STRAITS TIMES GRAPHICS

WHAT IS SG100K PROJECT

Chromosome DNA

• A DNA molecule is  
made of two twisting, 
paired strands, often 
referred to as a 
double helix.
An organism’s 
complete set of DNA 
is called its genome

• Half of a person’s 
genome comes from 
the biological mother 
and half from the 
biological father.

• Biological parents’ 
genes determine 
characteristics like 
height and eye colour 
and other traits that 
make every person 
unique, apart from 
disease risks.

An X-shaped structure 
that is made up of a 
tightly coiled single 
molecule of DNA.

Rungs that connect the two 
strands are made of chemicals

Nucleus

Cell
Each cell in a human body –
except red blood cell – contains 
23 pairs of chromosomes 
packed into the cell nucleus.

called bases. There are four
different bases in DNA.

100,000 genome 
sequences
= 20 petabytes of data

The human brain can store around

One human 
genome is
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Between 2004 and 
2008, more than 
510,000 adults were 
recruited from 10 
regions of China. Data 
was collected through 
physical measurements 
and questionnaires, and 
blood samples were 
taken for future study.

CHINA

• Icelandic company 
deCode Genetics 
investigated the genetic 
make-up of about 150,000 
people, almost half of the 
island nation’s population. 

• A 2020 study scanned 
the genetic data of about 
28,000 Icelanders, and 
found that they had 
inherited some archaic 
DNA from Neanderthals 
and Denisovans – the 
cousins of Neanderthals 
who lived in Asia. 

ICELAND

• Asians remain under-represented in 
genomic programmes, as 70% of 
sequenced genomes are of Caucasian 
descent. 

• Using the genome database from other 
populations, such as the Caucasian 
groups, can result in misdiagnoses.

• Many conditions, such as cancer and 
heart disease, can present differently in 
Asians.

• SG100K will be one of Asia’s leading 
reference genome databases since 
Singapore’s ethnic diversity captures 
about 80 per cent of Asia’s diversity.

Why study DNA?

How helpful would a China database be to Singapore?

• Many clinical conditions 
are known to manifest 
differently in Asia.

• Singapore’s unique multi-ethnic population 
and genetic diversity would differ from 
China’s reference genome databank. 

• Therefore, it is more relevant for 
Singapore to have its own database 
to understand population health.

Asians under-represented

• Looking closely at a 
person’s genes is one key 
tenet of precision medicine, 
which refers to targeted 
treatment that takes into 
account a patient’s genetic, 
lifestyle and environmental 
factors.

• By scrutinising genes and 
biological processes at the 
molecular level, doctors and 
researchers can pinpoint the 
underlying causes of cancer 
and chronic ailments, and 
identify new ways to prevent 
or slow down disease 
progression.

• This paves the way for new 
drugs and better diagnostics.

• Environmental cues and lifestyle habits can influence which genes 
are switched on. For example, smoking can cause a gene linked to 
lung cancer to be switched on, increasing a smoker’s risk of getting 
the disease. 
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lung cancer to be switched on, increasing a smoker’s risk of getting 
the disease. 
lung cancer to be switched on, increasing a smoker’s risk of getting 
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The genomic data will also be linked to other 
physical health measurements. For this, 
participants will undergo a full day of tests, which 
include:

Data privacy
and security
• Precise and Illumina 
are collaborating on 
platforms that ensure 
that the handling of 
de-identified 
sequencing data is 
secure and guarded.

• The data is 
encrypted and 
researchers need 
approval to access it. 

• Activities on the 
platforms are tracked 
and logged to keep 
the researchers 
accountable. 

It took 13 years to sequence the first human genome in 
2003, in an international effort. 

Another made-in-Singapore machine by Illumina, called the 
MiniSeq, was used to produce the world’s first genome 
sequence of the Sars-CoV-2 virus in Shanghai, in early 2020. 

Unravelling the Singapore DNA
Singapore has embarked on a three-year mission to map the complete set of genes of 100,000 Singaporeans, 
to further the population’s health and prevent diseases. Lim Kaili, Lim Yong and Shabana Begum outline the 

key steps in this effort, and highlight the significance of scrutinising the blueprint of life.
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