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Sequencing of the human genome offers the 
greatest opportunity for epidemiology since 
John Snow discovered the Broad Street Pump.

Human Genome and Epidemiology

21st Century19th Century



tgtttcccca cattcagcca gagaaagggc agcactctag catgcaaact gctttgacaa 
tagtaacaat taaaaagtaa attaaaaaga atcataatag ctgatattga ttaggtactt 
gccctgtggc aagagctata gggaatcacc tcatttaatc ttcacatgaa gcttgcagag 
tgagtaccac aattatcact attgtataga caggaaaact caggctgagt atggctaagt 
gtcttgccaa cgtcttgggc taacaagcgg tcaagcagaa tccaaacccg agatagatag 
accacagtgt gctaatcaag cactgcactc tctcctgcat ttcttagttg atatttacca  
tatacaatct gtcacttgta tgagatggca gggggttctg tgctatttgt ccttgtagag 
aataccacag gaagaaagta agcagccatg caatatttgc tgttgacctg aactccatag 
tccatcattc gcaggaaatt cgcatccatt aaatgagcat ttcctggttt gccactttgc 
tcaaacactt tgcttggatc tggagaggat atagaagtga aggaaatatg ctacctgctc 
tcaaggaact tatgttttag tggagagaca aacatgcaga atttactcta cagaacatca 
atgcttgagc aaatgtagac ccagagaggg ctcttacagc acacaagcca gaacagactg 
atggtgctaa caattaggtt caaggttttt ctaaacagta gactctcctg catacaacta 
taccgcatgc caggtaaatg actgagggtt attacatcca attataacac cactgtgatg
ttggaataaa gtcctctgat tcctggggat tcctagggat gccccagtca ctagaaaaca 
gagctgtaag tccactctcc cagcactcaa cggagctccg gaaaccaagg agctagctac 
tgtttcccca cattcagcca gagaaagggc agcactctag catgcaaact gctttgacaa 
tagtaacaat taaaaagtaa attaaaaaga atcataatag ctgatattga ttaggtactt 
gccctgtggc aagagctata gggaatcacc tcatttaatc ttcacatgaa gcttgcagag 
tgagtaccac aattatcact attgtataga caggaaaact caggctgagt atggctaagt
gtcttgccaa cgtcttgggc taacaagcgg tcaagcagaa tccaaacccg agatagatag
accacagtgt gctaatcaag cactgcactc tctcctgcat ttcttagttg atatttacca 
tatacaatct gtcacttgta tgagatggca gggggttctg tgctatttgt ccttgtagag 
aataccacag gaagaaagta agcagccatg caatatttgc tgttgacctg aactccattc 
catcattcct gcaggaaatt cgcatccatt aaatgagcat ttcctggttt gccactttgc 
tcaaacactt tgcttggatc tggagaggat atagaagtga aggaaatatg ctacctgctc 
tcaaggaact tatgttttag tggagagaca aacatgcaga atttactcta cagaacatca 
atgcttgagc aaatgtagac ccagagaggg ctcttacagc acacaagcca gaacagactg 
atggtgctaa caattaggtt caaggttttt ctaaacagta gactctcctg catacaacta 
taccgcatgc caggtaaatg actgagggtt attacatcca attataacac cactgtgatg
tgtttcccca cattcagcca gagaaagggc agcactctag catgcaaact gctttgacaa 
tagtaacaat taaaaagtaa attaaaaaga atcataatag ctgatattga ttaggtactt 
gccctgtggc aagagctata gggaatcacc tcatttaatc ttcacatgaa gcttgcagag 
tgagtaccac aattatcact attgtataga caggaaaact caggctgagt atggctaagt 
gtcttgccaa cgtcttgggc taacaagcgg tcaagcagaa tccaaacccg agatagatag 
accacagtgt gctaatcaag cactgcactc tctcctgcat ttcttagttg atatttacca  
tatacaatct gtcacttgta tgagatggca gggggttctg tgctatttgt ccttgtagag 

tgtttcccca cattcagcca gagaaagggc agcactctag catgcaaact gctttgacaa 
tagtaacaat taaaaagtaa attaaaaaga atcataatag ctgatattga ttaggtactt 
gccctgtggc aagagctata gggaatcacc tcatttaatc ttcacatgaa gcttgcagag 
tgagtaccac aattatcact attgtataga caggaaaact caggctgagt atggctaagt 
gtcttgccaa cgtcttgggc taacaagcgg tcaagcagaa tccaaacccg agatagatag 
accacagtgt gctaatcaag cactgcactc tctcctgcat ttcttagttg atatttacca  
tatacaatct gtcacttgta tgagatggca gggggttctg tgctatttgt ccttgtagag 
aataccacag gaagaaagta agcagccatg caatatttgc tgttgacctg aactccatag 
tccatcattc gcaggaaatt cgcatccatt aaatgagcat ttcctggttt gccactttgc 
tcaaacactt tgcttggatc tggagaggat atagaagtga aggaaatatg ctacctgctc 
tcaaggaact tatgttttag tggagagaca aacatgcaga atttactcta cagaacatca 
atgcttgagc aaatgtagac ccagagaggg ctcttacagc acacaagcca gaacagactg 
atggtgctaa caattaggtt caaggttttt ctaaacagta gactctcctg catacaacta 
taccgcatgc caggtaaatg actgagggtt attacatcca attataacac cactgtgatg
ttggaataaa gtcctctgat tcctggggat tcctagggat gccccagtca ctagaaaaca 
gagctgtaag tccactctcc cagcactcaa cggagctccg gaaaccaagg agctagctac 
tgtttcccca cattcagcca gagaaagggc agcactctag catgcaaact gctttgacaa 
tagtaacaat taaaaagtaa attaaaaaga atcataatag ctgatattga ttaggtactt 
gccctgtggc aagagctata gggaatcacc tcatttaatc ttcacatgaa gcttgcagag 
tgagtaccac aattatcact attgtataga caggaaaact caggctgagt atggctaagt
gtcttgccaa cgtcttgggc taacaagcgg tcaagcagaa tccaaacccg agatagatag
accacagtgt gctaatcaag cactgcactc tctcctgcat ttcttagttg atatttacca 
tatacaatct gtcacttgta tgagatggca gggggttctg tgctatttgt ccttgtagag 
aataccacag gaagaaagta agcagccatg caatatttgc tgttgacctg aactccattc
catcattcct gcaggaaatt cgcatccatt aaatgagcat ttcctggttt gccactttgc
tcaaacactt tgcttggatc tggagaggat atagaagtga aggaaatatg ctacctgctc 
tcaaggaact tatgttttag tggagagaca aacatgcaga atttactcta cagaacatca 
atgcttgagc aaatgtagac ccagagaggg ctcttacagc acacaagcca gaacagactg 
atggtgctaa caattaggtt caaggttttt ctaaacagta gactctcctg catacaacta 
taccgcatgc caggtaaatg actgagggtt attacatcca attataacac cactgtgatg
tgtttcccca cattcagcca gagaaagggc agcactctag catgcaaact gctttgacaa 
tagtaacaat taaaaagtaa attaaaaaga atcataatag ctgatattga ttaggtactt 
gccctgtggc aagagctata gggaatcacc tcatttaatc ttcacatgaa gcttgcagag 
tgagtaccac aattatcact attgtataga caggaaaact caggctgagt atggctaagt 
gtcttgccaa cgtcttgggc taacaagcgg tcaagcagaa tccaaacccg agatagatag 
accacagtgt gctaatcaag cactgcactc tctcctgcat ttcttagttg atatttacca  
tatacaatct gtcacttgta tgagatggca gggggttctg tgctatttgt ccttgtagag 

Our genome are 99.9% identical 
at the DNA letter level

3 billion letters x 0.1%
= 3 mil letters

Most of these 
differences are called 

SNP
(single nucleotide 

polymorphism)
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“It’s far more important to know what person 
the disease has than what disease the 
person has.”

Hippocrates (BC. 400)

An ancient medical question
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Genes account for monogenic diseases 
& multifactorial diseases



Genetic and Environmental Factors
account for Common Diseases

◎DM, HT, cancer etc….         ◎Injury
◎Infectious Dis. 

monogenic rare diseases

0%

0%100%

100%

Genetic factors

Environmental factors

→multifactorial common diseases



Metabolic Syndrome and Atherosclerosis

Myocardial, Cerebral 
Infarctions 

Atherosclerosis

Hyperlipidemia

Severe complication

Silent killer

Deadly
Quartet

Can human genome information be used for better prevention?

High Blood pressure

Obesity

High Blood glucose



Metabolic Syndrome (MS)
:A typical multifactorial disease

■ Insulin Resistance
■ Low grade chronic inflammation
■ Developmental Origin of Health and Diseases (DOHaD)

Lack of
Exercise

Drinking, Smoking

Stress
Central obesity

Insulin resistance

Chronic inflammation

DMAbdominal obesity Hyperlipidemia HT
Metabolic
Phenotypes

Environ-
mental
Factors

Genetic
Factors

+

Excessive nutritional 
intake



Genome Wide Association Study（GWAS)
of multifactorial diseases

Millions of SNPs analyzed on a DNA chip
→Manhattan Plot



GWAS of T2DM

■ Confirmed to be polygenic 
■ ~80 SNPs were identified for T2DM susceptibility

■ Effect of each SNP is small.
■ One SNP increases 5~20% of disease risk 
■ There are combinatorial effects

■ Only a part of genetic factors can explained.
■ The problem of missing heritability remains



Gene-Environment interaction in MS phenotypes

■ NOS3 SNP X daily physical activity→BP (Kimura, 2003)
■ ADH SNP X alcohol intake →BP (Saito, 2004)
■ ACE In/del X salt intake→BP (Zhang, 2006)
■ IL6R SNP X energy intake→obesity（Song, 2007)
■ NNMT SNP X folate uptake→serum homocys(Zhang, 2008)
■ CYP3A5, CYP11B2 SNP X salt intake→BP (Song, 2009)
■ CDKAL1 SNP X energy intake→ HbA1c（Miyaki, 2010)
■ COMT SNP X energy intake →BP (Htun, 2011)



Genetic Risk Score (GRS) of 12 SNPs and HT 

■Twelve SNPs in ABCA1, ACADSB, ATP2B, CDH13, COMT, CSK, 
CYP11B2, CYP17A1, GREB1, HPCAL1, PTGIS, PTK2B genes were 
analyzed.
■Number of risk alleles were counted. 
■Population was grouped according to risk point.

■ 0~24points (Approx. normal distribution) 
■BP and HT prevalence was calculated for each group 



Combinatorial effect of SNPs on BP and HT

Systolic BP Prevalence of HT
Miyaki et al. Am. J. Hyperten.2011



5 DM risk SNPs and HbA1c

HbA1c increases with the risk score.

HbA1c level

Risk allele
distribution



4.4 

4.6 

4.7 

4.9 

5.1 

5.3 

5.4 

Low Middle High

H
bA

1c
 (%

)

Energy Intake

non-risk type (TT+CT)
risk type (CC)

GxE Interaction: CDKAL1 genotype X energy intake

<1600 Kcal 1600~2000 Kcal 2000 Kcal<

(Miyaki et al. Am. J. Epidemiol. 2010)
The genetic effect is apparent only in high intake group  

p<0.05









Gene test for common diseases

■ By analyzing multiple SNPs disease risk information 
can be conveyed.

■ Since not all genetic factors are covered, the results 
should be conveyed with caution. 

■ Motivate to improve (not deteriorate) lifestyle
■ Needs genome literacy and proper counseling
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DM related genes in Japanese DM related genes in Caucasian

Top 30 ranking for credibility
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Receiver Operating Characteristic (ROC) analysis

GRS29 : AUC=0.686

GRS29+HT+BMI: 0.707

age,sex,BMI,HT,smoking,
& family history: 0.719

The predictive power of the gene
test is equivalent to family history
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Why use gene test which is much more expensive
than family history taking?

Because, prevention of DM is about education. 

Family history of the patient is about the family member, 
not the patient themselves.

Gene test is about the patient him/her self. 

Gene test provides a good tool to educate patients how 
yourself may relate to diseases.

Gene test to empower patient’s self-care 



P4 medicine, a future style?

■ Predictive :
■ Preventive: 
■ Personalized:
■ Participatory:

GGTTCCAAAAGTTTATTGGATGCCGTT
TCAGTACATTTATCGTTTGCTTTGGAT
GCCCTAATTAAAAGTGACCCTTTCAAA
CTGAAATTCATGATACACCAATGGATA
TCCTTAGTCGATAAAATTTGCGAGTAC
TTTCAAAGCCAAATGAAATTATCTATG
GTAGACAAAACATTGACCAATTTCATA
TCGATCCTCCTGAATTTATTGGCGTTA
GACACAGTTGGTATATTTA….

Former President Obama was pushing
“Precision Medicine” 



P4 medicine is not a far future
■ Personal

■ Family history, Actress, Lifestyle
■ Predictive

■ Genetic test reveals 87% lifetime risk for breast cancer
■ Preventive

■ Preventive mastectomy. Risk reduced to 5%
■ Participatory

■ “I want to have all women learn from my experience”
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Nat.Rev.Genet (2017)

Personal genome
will be widely 
implemented in
medicine and 
healthcare
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Genome and Medicine, Healthcare

“By knowing your genes, you 
can improve your health
and save your life”

Milunsky, A
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What is personal genome？

■ Further development in sequencing ability
■ DNA-chip → Millions of SNPs
■ Next generation Sequencer→ 3 billion DNA letters

■ Extremely powerful in monogenic diseases
■ Diagnose half of the ~7000 monogenic diseases

■ How about multifactorial diseases？
■ Cohort study of 10,000~100,000 participants are underway to detect rare 

variants affecting common diseases.



Human body, Genome, Gene, DNA

Cell

Gene

Human body
Genome

• Genome is the blueprint of the body

• Genes encode proteins 

• 3 billion DNA letters of G,A,T, C

DNA



8101 gaaaggagat gaaatataaa gaacatagaa tatagagagg gggtatggag aatggaatat
8161 agcttggact atagcaaata gagaataaaa tataaagtat ggagtatgga gaaaaaaatg
8221 tggagcatgg aaaatgaaga atgaggaata gagtatgaag aataaagaat ggaatggggt
8281 ctagattatg gagaatgata cctggagcat ggaaaatgga gaatggaatg gaatatggaa
8341 aatggacaat agagagtgga atatggacga tggtaggtgt atgaagtatg aaactttgga
8401 ggatggagaa tggacaaaaa ctacagaata tggagactga gtatggataa tgaagtatgg
8461 agtatacagt atcgacaatg gagtaccaag tatgataaat attgtgcaaa gtgtgtactg
8521 catgtgtgca cagagaacct gaagcaatat atggtccaag aggaaggcct agtgcaaggc
8581 ctgatatatg gtagatgttc ccagaaacta aggtaaggca ggtagcactg gatctgcaca
8641 caatgggggc agtaatccat aatccataac tttgaatatg gggtatgaga actactgcag
8701 aatagagtat gaagtgggtt atggagtatg gaaaatggtg tatggagtat aaagaatgga
8761 aaatggaaaa taaataacaa agaattgaaa gcagttggag caggaaaatg gtgtatggag
8821 aatggagagt ggagtgtgaa caatgaatat gaagtatgga atatggagaa tagaatatag
8881 agtatgaaga atggcatatg cagtacgaga aatgcatgca caaagaagta tacaaaataa
8941 agaataaaat tggagaatgg agtagaatag atagataacg gtctacagag gatagattaa
9001 ggacaatgtg gtatgaaata tgggctatgg tgtatanaaa agatgtgtgg aaaatggagt
9061 ataaagtgaa aagtatgggt gtatggagaa aaagagatgg aggacagtgt acagagtatg
9121 cagtatgggt gaatagagga cagtaatgta aatggaagtt tgggagaaag gaaattgagg
9181 agtggattta tggggctatg gaccacaggg ggataaagaa tgaaggattg aaacaggcga
9241 cgtttttatt ggggtattgg ggaattggaa ttaaaggaaa gggggatttg ggccttgggg
9301 gattggagaa ttggggaaag gagttttggg gaatgcccgt tttggggaaa aaaggcgaat
9361 accacgcggc ctactctata gaatcctcgt ggcggtttac gggtcctcag actgaccgtc
9421 gctgggggtg gggggatccc ctgcccctct ctcgcctctg atccttcttc ctggctctct
9481 gcagacagcg agagtgagag ggccccagtg tggcttcaac ctccgcacaa gccctctctc
9541 ccctcccctt tttttgcaaa agcaatggaa aacaaacacg ctcccctgcc ccccccaact
9601 ccccacctcc catccccaaa atcaacccaa gaactccgcc agcctgctca gcgcagcggg
9661 aaaccggagt ggttgcctgc gacccagagc gccacgcgaa aaataaattc cttgttttat
9721 gatgggaggg gaaggtgggg gaggagaagg agacagagag agagaaaaat aatttttatt
9781 attttctgtt atcattttcc tagggctgtt ttgcctgggt accacagtca gctgtagccc
9841 aaggcccacc cctgggccta gggcagagaa gggctggaag aggtggagga ggaggaggag
9901 gaggaggagg aggaggagga ggaggaggag gaggaggagg cgaggagtgt aattgaagct
9961 ggctgttggc ccaaccacca acttaaaaca ataaagccag aggaagtcct gcaggacaga

10021 gaaacagggc gagggggtgg gtggccaggg ggcaggatgg agaggccagg gtcgcgcttg
10081 ggacccagct ttccttgtag ggaggaggcc ccgtgtccca gagggcacag ggagctgagg
10141 gctttggata acagagagca ggggcggtca gtggcatggg tgggggtttg ggcttagtaa
10201 gcaacctggg ggcttgcagg ccagggagtc agcccaggaa acggccctaa agtggggctc
10261 ctgggaacag agggacgtac tcttcgggtg ccccgggtag ctccagaact ggctgggttg
10321 gttggtccag gggtcccatg gcctgggcct ccttccctgg tactagggcc atgaatgctg
10381 atgggtgggg atggaggggg cccttctaaa gaggactggc tcccacgggc cctcaggcca
10441 gagtgcactg cccgcattca aggcaaccct tgaagggttg ggaggcccac caccacgcca

How does Insulin gene work?
1 gctgcatcag aagaggccat caagcacatc actgtccttc tgccatggcc ctgtggatgc

61 gcctcctgcc cctgctggcg ctgctggccc tctggggacc tgacccagcc gcagcctttg
121 tgaaccaaca cctgtgcggc tcacacctgg tggaagctct ctacctagtg tgcggggaac
181 gaggcttctt ctacacaccc aagacccgcc gggaggcaga ggacctgcag gtggggcagg
241 tggagctggg cgggggccct ggtgcaggca gcctgcagcc cttggccctg gaggggtccc
301 tgcagaagcg tggcattgtg gaacaatgct gtaccagcat ctgctccctc taccagctgg
361 agaactactg caactagacg cagcccgcag gcagcccccc acccgccgcc tcctgcaccg
421 agagagatgg aataaagccc ttgaaccagc

Insulin mRNA

Transcription
Splicing

1 malwmrllpl lallalwgpd paaafvnqhl 
31 cgshlvealy lvcgergffy tpktrreaed
61 lqvgqvelgg gpgagslqpl alegslqkrg 
91 iveqcctsic slyqlenycn

Insulin protein

Translation

Controls blood sugar level

Insulin gene



Application of Insulin gene to medicine

■ Recombinant DNA technology

Dr. Paul Berg
Prof of Stanford University. Nobel-Prize 
Laureateof Chemistry in 1980 due to this 
Discovery.

Cloning of Insulin gene and production of 
Insulin protein in E.coli

→Treatment for Insulin Dependent Diabetics 



International project： USA、UK、Fr、De、Japan, etc

Size：3 billion letters（G,A,T,C ）

Gene No. 25000~30000 (Functions known for ~1/3）

Gene region：2~3 % (Others are Junk?)

Human genome sequence in 24 CD-
ROMs. Now it can be accessed through 
internet (GenBank)

Human Genome Decoded (2003, 4)



Since one person has one pair of genome inherited from 
mother and father, one SNP comprises three Genotypes.

Ex： When the SNP is G/A
G G   G A       A A

homo hetero homo

Single nucleotide variants (SNVs)

Question: Who is most susceptible to a certain disease?



Intron

Disease Susceptible
Gene 

Gene region

intergenic

promoter 5’ UTR 3’ UTR

rSNV
(regulatory 

SNV)

cSNV
(exon SNV 
with AA 
change)

cSNV
(exon SNF 
without AA 

change)

iSNV
(intron SNV)

gSNV
(intergenic 

SNV)

SNV in the context of genome

Exon

1. Most SNVs may not be related to any phenotypic changes

2. Some of them lead to changes in gene function (Qualitative, Quantitative)



Cell A
ON
OFF
OFF
ON
OFF

Cell B
ON
ON
OFF
OFF
OFF

Cell C
ON
OFF
ON
OFF
OFF

Cardiac cell Hepatic cell Lung cell

Gene A

Gene B

Gene C

Gene D

Gene E
・

・

・

Heart Liver Lung 

Gene Expression Pattern determines 
the fate of cells

Cell C
ON
OFF
ON
OFF
ONON

Lung cancer

Somatic
mutation



Pathways of Gene products (proteins) 

■ Genes function within a pathway 

Gene function is one of the major theme in Medical Science. 
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