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발표내용

 인간 유전체와 유전자
 Genome sizes, genome statistics, gene statistics

 유전학적 검사
 유전학적 검사의 분류

 분자유전검사의 이용

 유전학적 검사에서 고려사항

 유전학적 검사에서 자주 이용하는 생물정보학

 심혈관계 질환의 유전질환과 유전학적 연구



Genome

 the entirety of an organism's hereditary 
information

 Encoded in DNA  (in RNA for many types of 
virus)

 Includes both the genes and the non-coding 
sequences of the DNA

 a blend of the words gene and chromosome
 In Greek, the word genome (γίνομαι) 
means I become, I am born, to come into 
being.



Genome sizes
Type Organism Genome size 

(bp)
Chrom.No Remark

Bacterium E. coli 4,600,000 1 Sequenced (1997)
Yeast Saccharomyces

cerevisiae
12,100,000 16 Sequenced (1996)

Plant Arabidopsis thaliana 157,000,000 10 애기장대(유채과) 1st plan
t genome sequenced

Nematode Caenorhabditis elegans 100,300,000 12 First multicellular animal 
genome (1998)

Insect Drosophila 
melanogaster

130,000,000 8 초파리
Sequenced (2000)

Mammal Mus musculus 2.700,000,000 40 Mouse
Sequenced (2002)

Mammal Canis familiaris 2,500,000,000 78 Dog

Mammal Pan troglodytes 2.900,000,000 48 Chimpanzee
Sequenced (2005)

Mammal Homo sapiens 3,100,000,000 46 Sequenced (2003)



네이버포토“종신형”
인간유전자와 2% 다른죄.. 인간유전자와 98% 같은죄.. 



Human genome : size, length

• One cell
• 3x109 base pairs/haploid
• (3.4x10-10 m/bp)(6x109 bp) = 2 m

• DNA fiber length 
• 1013 cells x 2 m = 2x1013 m



25000 trips ; earth~moon
70 trips ; earth~sun



Human genome



Nuclear genome



• 3100 Mb (3.1 Gb)

• 200 Mb heterochromatin

• 1, 9, 16, acrocentric, Y



Genome statistics

Genome components

Nuclear genome 3.1 Gb

Euchromatic component 2.9 Gb (~93%)

Highly conserved fraction ~150 Mb (~5%)

Protein-coding DNA sequences ~35 Mb (~1.1%)

Segmentally duplicated DNA ~160 Mb (~5.5%)

Constitutive heterochromatin ~200 Mb (~6.5%)

Transposon-based repeats ~1.4 Gb (~45%)



Gene statistics
Gene components
Protein-coding genes 20,000-21,000
RNA genes > 6,000
Pseudogenes > 12,000
Gene density > 1 per 120 kb
Protein-coding genes
Average length 53.6 kb (100s bp ~ 2.4 Mb)
Average number of exons 9.8 (1 ~ 363, titin)
Average exon size 288 bp (<10 bp ~18.2 kb)
RNA size
Average mRNA size 2kb
Largest mRNA >103 kb (titin, NF2A)
Smallest  & largest noncoding RNA < 20 bp - 1 Mb 



유전학적 검사의 종류

Molecular cytogenetic 
analysis

Cytogenetic analysis

Biochemical genetic 
analysis

DNA testing
Molecular genetic testing

Single gene /Mitochondrial disorders
Multifactorial, Susceptibility gene
Genetic polymorphism
Cancer genetics

Genomic disorders : 
microdeletion/microduplicaiton
Cancer genetics

Inherited metabolic disorders
Maternal serum biochemical markers

Chromosomal disorders
Numerical & structural abnormalities
Cancer cytogenetics



Scheme for 
molecular genetic diagnosis

Definite clinical
or biochemical

diagnosis

Suspicion of
a particular
diagnosis

Linkage
analysis

Family
members

not available

Family
members
available

Molecular
diagnosis

not feasible :
Store DNA

Linkage
analysis using
polymorphic

marker

Gene mapped
but not cloned

Gene mapped
and cloned

Mutation
analysis

Common
mutation
known

Mutation very
heterogeneous

High
frequency of

rearrangements

PCR‐based Sequencing Southern,
Dosage

If no mutation found, proceed to linkage

Direct testing
Indirect testing



Polymerase Chain Reaction 
(PCR)

 Principles
 Denaturation : 94-95℃
 Annealing : 55-66 ℃
 Extension : 72℃
* Cycles : 28-35 cycles → 105 - 106 copies of DNA 

 Advantages
 Very small amounts of DNA
 Fast, safe
 Mutation detection

 Disadvantages
 Primer design
 Contamination
 Limit of 

amplification size

Reverse transcriptase PCR 
(RT-PCR)
PCR-RFLP
Allele-specific PCR, 
Amplification refractory 
mutation system (ARMS)
Nested PCR
Multiplex PCR
Real-time PCR
DOP-PCR



DNA sequence analysis

• Sanger dideoxynucleotide technique

Fig. CFTR gene sequencing 
(A) exon 3, c.332C>T (p.P67L)



Human Genome Project





ACCE evaluation process for 
genetic testing

 Analytical validity
 The ability of a laboratory test to identify the targeted 

characteristics
 Analytical sensitivity, specificity, laboratory QC, etc

 Clinical validity
 A test’s ability to predict a particular clinical outcome
 Clinical sensitivity, specificity, prevalence, PPV, NPV, etc

 Clinical utility
 A test’s ability to provide information that leads to an improved 

health outcome
 Benefits >> risks, economic

 ELSI
 Stigmatization, discrimination, privacy/confidentiality, personal/family 

social issue
 Consent, ownership of data and/or samples, etc



Bioinformatics for molecular 
diagnosis

1) 유전질환 데이터베이스

① OMIM (http://www.ncbi.nlm.nih.gov/sites/entrez?db=omim)

② GeneTests, GeneReviews (http://www.ncbi.nlm.nih.gov/sites/GeneTests/)

2) 유전자/유전체/단백질 서열 데이터베이스

① NCBI Gene (http://www.ncbi.nlm.nih.gov/gene)

② UCSC Genome browser (http://genome.ucsc.edu/)

③ Ensemble genome browser 
(http://www.ensembl.org/Homo_sapiens/Info/Index)

④ NCBI Protein (http://www.ncbi.nlm.nih.gov/protein/)

⑤ UniProt (http://www.uniprot.org/uniprot/)







Bioinformatics for molecular 
diagnosis

3) SNP/mutation 데이터베이스

① Entrez SNP Home (http://www.ncbi.nlm.nih.gov/snp)

② dbSNP (http://www.ncbi.nlm.nih.gov/projects/SNP/index.html)

③ Human Gene Mutation Database (HGMD) (http://www.hgmd.cf.ac.uk/ac/index.php)

④ Catalogue of Somatic Mutations in Cancer (COSMIC) 

⑤ PolyPhen (http://genetics.bwh.harvard.edu/pph/)

⑥ SIFT (http://sift.jcvi.org/)

4) 기타 생물정보학 웹사이트

① HUGO Gene Nomenclature (http://www.genenames.org/cgi-bin/hgnc_search.pl)

② Human Genome Variation Society (HGVS) (http://www.hgvs.org/)

③ NAR Database Categories list

5) 생물정보학 분석관련 소프트웨어

① NCBI Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast/)

② Primer3 (http://frodo.wi.mit.edu/primer3/)

③ NCBI BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi)

④ 돌연변이 SW : SeqScape, Sequencher, Mutation Surveyor



심혈관계 질환의
유전질환과 유전학적 연구

1) Congenital heart disease

(1) Chromosomal disorders : aneuploidy, tetrasomy 22p, tetrasomy 12p

(2) Genomic disorders : DiGeorge, Williams

(3) Single gene disorders : syndromic (Noonan, Holt-Oram, CHARGE, FBN1, 
TGFBR1, TGFBR2), non-syndromic (ELN, ZIC3, JAG1, NKX2.5, GATA4, 
CRELD1)

2) Inherited cardiomyopathies

(1) Hypertrophic cardiomyopathy : sarcomere genes (MYH7, MYBPC3, TNNT2, 
TNNI3, TPM1, ACTC)

(2) Inherited left ventricular hypertrophy : PRKAG2, LAMP2, CRP3

(3) Dilated cardiomyopathy : sarcomere (ACTC, MYH7, TNNT2, TPM1), 
intermediate filament (DES, SGCD, VCL, ACTN, CSRP3, TCAP, DMD, LMNA), 
energy production (mitochondria), inctracellular calcium cycling (PLN)

3) Primary pulmonary hypertension : BMPR2

4) Hereditary hemorrhagic telangiectasia (Osler-Weber-Rendu syndrome) : ENG, 
ACVRL1



심혈관계 질환의
유전질환과 유전학적 연구

5) Hereditary disorder of the lymphatic and venous systems

(1) Inherited venous malformation : TIE2, GLMN

(2) Cerebral cavernous malformation : KRIT1, CCM2, PDCD10

(3) Hereditary lymphedema : FLT4 (VEGFR3)

6) Familial dysrhythmias and conduction disorders

(1) Ventricular arrhythmias : KCNQ1, KCNH2, SCN5A, ANK2, KCNE1, KCNE2, 
KCNJ2, CACNA1C, RYR2

(2) Supraventricular arrhythmias : KCNQ1, KCNE1, KCNE2, PRKAG2

(3) Conduction abnormalities : SCN5A

(4) Neurologic disorders with dysrhythmias : DMD, sarcoglycan, EMD, LMNA, 
FXN, mitochondria



심혈관계 질환의
유전질환과 유전학적 연구

7) Human hypertension

(1) Monogenic forms : 

- Glucocorticoid-suppressible hypertension (CYP11B1, CYP11B2)

- Liddle syndrome (SCNN1B)

- Apparent mineralocorticoid excess (HSD11B2)

- Pseudohypoaldosteronism (WNK1, WNK4)

(2) Candidate genes in essential hypertension : SNP study, genome-wide 
association study

- Renin-Angiotensin system (REN, ACE, AGT, AT1R, ENPEP, ANPEP)

- Adrenergic system (ADRA, ADRB, BARK1, DRD, NPY, NPYY1, PNMT)

- Kallikrein-Kinin system (KNG1, KLK1, BDKRB1/2)

- Steroid associated (CYP11B1/2, CYP17, CYP21, CYP27, GRL, HSD11B1/2)

- Vascular tone (EDN1/2/3, EDNRA, EDNRB, ECE1/2, NOS1/2A/3, CACNA)

- Salt-water homeostasis (AVP, AVPR1A/1B/2, NPPA/B/C)

- Metabolism (INSRA/B, IRS1, LEP, LEPR, PTHRP)



심혈관계 질환의
유전질환과 유전학적 연구

8) Coagulation and fibrinolysis : SNP study

(1) Venous thrombosis : PROC, PROS1, SERPINC1(AT3), FV, prothrombin

(2) Arterial thrombosis : FVII, fibrinogen, FXIII, PAI-1 tPA

9) Atherosclerotic diseases : SNP study

(1) Lipid : LDL-R, apo B-100, PCSK9, Lp(a), apo E, USF-1, LPL, PON-1

(2) Acute phase : CRP, SAA

(3) Adhesion-chemokine : P-selectin, E-selectin, ICAM-1 VCAM-1, CXC3L1, CCR2

(4) Leukocyte/cytokine/macrophage related : TLR4, TNF-a, TNF-b, IL-1, IL-6, IL-10

(5) Lymphocyte related : IL-4, IL-12, CD40L

(6) Metabolic : Adiponectin, Leptin, Resistin, PPAR-r, UCP-2

(7) Vascular/endothelial/matrix : MGP, OPG, OPN, ACE, eNOS, Connexin37, ATM

(8) Thrombosis : MTHFR, Fibrinogen, PAI-1, Prothrombin, FVII, FV, GPIIIa, TM



















Partial sequence of FBN1 gene

Normal

Patient 

c.4588C>T (p.Arg1530Cys)

Y = C and T
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