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• SNPs are single-nucleotide substitutions of one base for another.

• 2 or more versions (types) of a sequence must each be present in at >1% 
(MAF, minor allele frequency) of the population.

• SNPs occur throughout the human genome� about 1 in every 300 
base pairs.

 Single nucleotide polymorphism (SNP)

• Linked SNPs (also called indicative SNPs) 
- located on out of a coding region. 
- do not affect protein function. 
- correspond to a drug response or to the risk for getting a certain 
disease.

• Causative SNPs
- affect the way a protein functions / correlating with a disease.

• Coding SNPs: located within the coding region of a gene.

• Non-coding SNPs: located within the gene's regulatory 
sequences.

SNP in diseases
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Makrythanasis P et al. Clin Genet 2013

Non-protein-coding sequences and diseases
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SNP in diseases

Referense SNP

Major allele >Minor 
allele

(집단마다 major와 minor는 다름 )

Minor allele frequency
주로 1000genome 

혹은 연구하고자 하는 집단
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유전자 위치에 따른 SNP 표기법
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. 

CAG repeat length and linkage analysis in multiple endocrine 
neoplasia (MEN) type 1.
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Human Genome의 영역별 구성비율
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Linkage disequilibrium
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https://bioinformaticsandme.tistory.com/287

Study design & statistical analyze

Case-control study

(cause)

Past Someday Present
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Statistical analyze

Study design & statistical analyze

an odds ration of

1.0
The exposure 
is not associated
with the disease

Means that the odds of exposure 
among cases is the same as the 
odds  of exposure among controls

>1.0
The exposure 
may be a risk factor
for the disease

Means that the odds of exposure 
among cases is greater than the 
odds of exposure among controls

<1.0
The exposure 
may be protective
against the disease

Means that the odds of exposure
among cases is lower than the 
odds of exposure among controls
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Study design & statistical analyze

Statistical analyze
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유전자형-환경 상호작용 분석
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VKORC1 -1639A>G polymorphism & folate levels in 
CAD patients
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- Elevated levels of plasma homocysteine is

an independent risk factor for both heart

attack and stroke.

- A meta-analysis (JAMA 2002)

suggests that 3 µmol/L reduction was

associated with an 11% decrease heart

attack and 18% decrease in stroke.

Homocysteine and Vascular Disease
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. Homocystinuria is a metabolic disorder due to 

Cystathionine b-synthase (EC 4.2.1.23) deficiency 

producing increased urinary homocysteine and 

methionine. Major clinical manifestation involve the 

eyes and the central nervous, skeletal, and vascular 

system.

Homocystinuria(호모시스틴우리아 병)
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The two homocystinuric sisters 
identified by Carson et al. in the early 
1960s 6-year-old sister on the left and 
4-year-old on the right. The 
abnormalities included mental 
retardation, seizures, and dislocation of 
ocular lenses.
Visible features include mottled skin 
and “ knock knees.” 
(4살과 6살의 자매환자는 정신지체, 
간질증상,수정체이상, 굽은 다리와
망치모양의 무릎을 보이고 있다. 이들은
8살과 9살 때 동맥경화증으로 죽었다. )

The Homocystinuric Patients (호모시스틴우리아 환자)
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1. History 
Finding and Synthesized -- 1932 (duVigneaud, V) 
Homocystinuria -- 1964 (Mudd, S. H.) 
Homocysteine theory -- 1969 (McCully, K) 

"The Homocysteine Revolution" 
"Beyond Cholesterol"

early 1990s, Harvard Medical School 
Tuft University etc. support homocyteine theory  

recently, Homocysteine protection formula                     

C CH2 CH2 SH

COOH

H2N

H

Homocysteine

2. Structure

C CH2 SH

COOH

H2N

H

Cysteine

C CH2 S

COOH

H2N

H

CH2 CH3

Methionine

3. Presence form in body 

* Some free thiol 
* Homocystine 
* Homocyteine-cysteine mixed disulfide 
* Homocyteine-protein 

Homocysteine
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One-carbon metabolism
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Hyperhomocysteinemia, 
oxidative stress, and cerebral vascular

Faraci FM et al. Stroke 35:345-7, 2004.

Fig. Schemic summary of selected changes within the vessel wall in response to 

hyperhomocysteinemia.
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A cohort of 1092 elderly subjects who were free of dementia were studied prospectively.

After a median of eight years of follow-up, dementia had developed in 111 subjects.

Even after adjustment for other known risk factors, an elevated plasma total homocysteine

level at base line was an independent predictor of the development of clinical dementia,

most cases of which were caused by Alzheimer's disease. The risk of Alzheimer's disease

was near ly doubled for those with the highest p lasma homocysteine levels.

http://www.amazon.com/gp/reader/0446676373/ref=sib_dp_pt/103-0528897-5713435#reader-link
http://www.amazon.com/gp/reader/0446676373/ref=sib_dp_pt/103-0528897-5713435#reader-link
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Cardiovascular mortality associated with homocysteine 
level
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혈장내에 (생체내에) 
호모시스테인의 양이
많으면 심장병 및
뇌졸중 발병율도 증가.

- McCully KS (Cell Mol Biol 2006;52:1)

Homocysteine and disease
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The purpose of this study

1. Identify disease-related genetic polymorphisms that affect the occurrence of 
5 diseases.

2. Find out the relationship with environmental factors (Nutritional factors, 
homocysteine, folate, Vitamin B12; Metabolic syndrome factors, DM, HTN, 
Hyperlipidemia, Obesity, thrombotic factors; PT, aPTT) that interact with 
genes and affect disease development.

3. Identify genetic variants that affect mortality (survival) in ischemic stroke 
and colorectal cancer.
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Our study overview in diseases

AngiogenesisOne-carbon 

metabolism
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O'Connor et al. Maturitas 1998

The definitive etiologic factors for RPL

표 1. 국민건강보험공단 자료
‘연도ㆍ연령ㆍ지역별 자연유산율 현황’ (이철영, 2010)

• Recurrent pregnancy loss(RPL) is a disease distinct 
from infertility, defined by two or more failed 
pregnancies before 20 weeks of gestation. 
– It also called Recurrent Spontaneous Abortion (RSA),

Recurrent Miscarriage (RM), Habitual Abortion (HA)
2013, ASRM
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Teklenburg G et al. The molecular basis of recurrent pregnancy loss: impaired natural embryo 

selection. Mol Hum Reprod 2010

The definitive etiologic factors for RPL
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Teklenburg G et al. Implantation and the survival of early pregnancy. N Engl J Med 2001

To related factors for early pregnancy
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Hustad S et al. Clin Chem 46:1065-1071, 2000.
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One-carbon metabolism - RPL

Phillip A et al. Am J Hum Genet 2000

Neonatal and fetal MTHFR genetic 

polymorphisms: An examination of 

677C>T and 1298A>C mutations

Bae JH et al. Fertil and Steril 2007

Prevalent genotypes of MTHFR 677C>T and 

1298A>C in spontaneously aborted embryos
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One-carbon metabolism with RPL risk

Cao Y et al. Gene 2013

Association study between methylenetetrahydrofolate reductase 

polymorphisms and unexplained recurrent pregnancy loss: A meta-analysis. 

One-carbon metabolism - RPL
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Lee HH et al. Fertil Steril 2010

Angiogenesis - RPL
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Lee BE et al. Reprod Sci 2012

Cytokine - RPL
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Kim JO et al. Fertil Steril 2014

Cytokine - RPL
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Coagulation & Thrombosis

Coagulation & Thrombosis  - RPL
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38이웃사랑 · 인간존중 · 연구와 탐구 Cho SH et al. int j mol sci. 2021Non-coding RNA - RPL
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What is Recurrent Implantation Failure (RIF)?

•RIF be defined as the failure to achieve a clinical pregnancy after transfer of at 
least 4 good-quality embryos in a minimum of two or three (fresh or frozen) IVF 
cycles in a woman.

• RIF may simply be defined as two or more continuous implantation failures

•Based on the definition proposed above, RIF is primarily due to uterine factors.

•Proportion of cases due to gamete or embryo factors.

– Oocyte quality

– Sperm quality

– Parental chromosomal anomalies

•Uterine factors

– Congenital uterine anomalies

– Hydrosalpinx

– Immunological factors

– Thrombotic conditions

•Genetic factors

COUGHLAN, Carol, et al. Recurrent implantation failure: definition and 
management. Reprod. Biomed. online, 2014, 28.1: 14-38.
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Sakong JH et al. Reprod Sci. 2019

activated Partial Thromboplastin Time (aPTT)

Non-coding RNA - RIF
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Primary Ovarian Failure / Insufficiency

1. Cessation of normal ovarian function by 

amenorrhea before 40 years old

2. Elevated gonadotropin levels: serum FSH >40 IU/L 

Recently proposed guideline: serum FSH >30 IU/L

3. Prevalence: approximately 1% of women 

4. Majority of cases: post-pubertal POI onset

5. 90% of post-pubertal POI 

at the time of diagnosis: nulliparous (without 

menstruation)

What is primary ovarian insufficiency (POI)?
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Rah et al. Menopause 2012

One carbon metabolism - POI
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Jeon YJ, et al.. Eur J Obstet Gynecol Reprod Biol. 2011

Angiogenesis - POI
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Jeon et al. Fertil Steril 2014

Coagulation & Thrombosis - POI
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Inhibition

•. 2017

Cho SH, et al. Int J Mol Sci. 2017

Non-coding RNA - POI
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Ischemic stroke

Vascular occlusion 

: ischemic stroke

Vascular rupture 

: hemorrhagic stroke

Cerebrovascular

Ranking of deaths by gender in 2020

Ranking of deaths in 2020
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Choi B O. et al. Thromb Res. 2003

One-carbon metabolism – Stroke

One-carbon metabolism – Stroke
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OJ Kim et al. Neurosci. Lett. 2012

One-carbon metabolism – Stroke
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JO Kim et al. J. Pers. Med. 2021

One-carbon metabolism – Stroke
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JO Kim et al. J. Stroke. 2018

Non-coding RNA – Stroke
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What is colorectal cancer?

Three elements

• T= tumor

• how large is the tumor?

• N= node

• Are cancer cells in the lymph nodes?

• M= metastases

• Has the cancer spread to other organs?

https://www.mountelizabeth.com.sg/healthplus/article/super-foods-colon-cancer
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JW Kim et al. Oncol. Rep. 2011

One-carbon metabolism– Colorectal cancer
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YJ Jeon et al. Sci Rep. 20.15

One-carbon metabolism
– Colorectal cancer
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MJ Jang et al. Mol. Carcinog. 2013

Angiogenesis – Colorectal cancer
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JS Oh et al. Oncol. Rep. 2014

Angiogenesis – Colorectal cancer



58이웃사랑 · 인간존중 · 연구와 탐구

EG Kim et al. BMC Cancer (2019)

Non-coding RNA – Colorectal cancer
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Kim JO, et al. Front Oncol. 2020

Non-coding RNA – Colorectal cancer
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Summary-II

Disease Category Gene Sequence variation Genotype AOR (95% CI) References

RPL

Angiogenesis VEGF Rs25703xxG>A GA 2.774 (1.512–5.092) Lee HH et al. Fertil Steril 2010

Endothelial 
function

AT1R rs51xxA>C AC 3.171 (1.562-6.436) Jeon YJ, et al. Am J Reprod Immunol. 2013

Fibrinolysis PAI-1
rs22276xxG>A/
rs7998xx 4G>5G/
rs72xxT>G

A-5G-G 0.033 (0.002 – 0.573) Jeon YJ et al. Thromb Haemost 2013

Homocysteine TCN2 rs96067xxA>G AG+GG 3.110 (1.277–7.570) Kim HS et al. Am J Reprod Immunol 2014

miRNA miR-150 rs730560xxG>A GA 2.502 (1.555–4.025) Park HS et al. Reprod Biomed Online. 2019

miRNA biogenesis AGO1 rs5959xx AA 4.146 (1.075–15.996) Kim YR et al. Sci Rep. 2019

RIF

Angiogenesis VEGF Rs8330xxT>C CC 2.667 (1.002–7.095) Jung YW et al. Reprod Biomed Online 2016

Homocysteine TCN2 rs96067xxA>G AG 4.732 (1.220-18.356) Park HS et al. J Assist Reprod Genet. 2019

miRNA miR-1302-3 rs75893xxC>T CT 0.237 (0.090-0.624) Lee HA et al. Reprod Sci 2018

POI

Angiogenesis MMP-2 rs2438xxC>T CT 2.651 (1.406–4.998) Kim et al. Maturitas 2015

Fibrinolysis PAI-1 rs22276xxG>A GA 5.237 (2.354–11.652) Jeon et al. Fertil Steril 2014

Cytokine TNF-α rs17999xxT>C CC 40.204 (2.314–698.415) Kim et al. Fertil Steril 2012

Stroke
Homocysteine

eNOS 1 intron VNTR 4a4b 2.769 (1.233-6.220) OJ Kim et al. Mol. Med. Rep. 2010

TS rs27xx A>G GG 0.284 (0.151–0.537) JO Kim et al. J. Pers. Med. 2021

MTHFR rs48460xx T>C CC 10.146 (1.297–79.336) JO Kim et al. Sci Rep. 2017

miRNA biogenesis XPO5 rs110xx A>C CC 0.101 (0.011–0.951) JO Kim et al. J. Stroke. 2018

CRC

Angiogenesis VEGF
rs30250xx C>T CT+TT 4.156 (1.885-9.163) SJ Bae et al. Anticancer Res. 2008

rs15703xx G>A AA 2.735 (1.243–6.015) YS Choi et al. Genes Genom. 2011

Homocysteine 
MTHFR rs18011xx C>T TT 0.206 (0.070-0.604) JW Kim et al. Oncol. Rep. 2011

TS rs27xx A>G GG 3.19 (1.91–5.34) YJ Jeon et al. J. Pers. Med. 2021

Comparison of Odds ratio (over 2.5) for the gene 
polymorhisms in each disease
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1. Interestingly, most of the four mechanism-related genes of the five diseases studied were 
found to be related to the development of the diseases.

2. In addition, the types and risks of gene mutations as risk factors in each disease were very 
similar. Moreover, five genes were found to be common risk factors in two or more 
diseases. And it was found that various nutritional factors or risk factors of lifestyle-type 
diseases increase the risk of disease development. 

3. Therefore, it was found that common SNPs normally play essential roles like proto-
oncogenes, but when risk factors such as malnutrition, hypertension or diabetes act as 
promoters, they change into oncogene-like pathogens.

4. In microRNA and lncRNA, HOTAIR, etc., it was found that SNP not only acts as a disease 
risk factor, but also affects the survival rate of stroke and colorectal cancer patients.

5. Therefore, continuous researches on SNPs using NGS and bioinformatics study is required 
in the future.

Conclusion
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