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族群與藥物基因體研究

Yang et al. (2021, Communications Biology)

rs1801133 on MTHFR
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Benchmark
Dose
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精準健康
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Carbamazepine （卡巴氮平）是一種便宜且止痛效果良好的藥物，常常被
拿來用在牙痛、頭痛、癲癇等病症治療，但可能發生嚴重藥物過敏與不
良反應（亦即，史蒂芬強生症候群 (Steven-Johnson Syndrome, SJS)），因
為此藥通報不良反應之死亡案例高達四例！

個人化醫療與精準醫學

Chung et al. (2004, Nature)



健保給付之基因檢測

http://www2.edah.org.tw/cp/item/06HLAB1502.htm 7

http://www2.edah.org.tw/cp/item/06HLAB1502.htm


楔子：

要戰勝敵人（疾病），必須先
找出敵人（致病基因）

8統計基因定位大戰（ https://web.most.gov.tw/sd_ebook/563/index2.html）

敵犬

https://web.most.gov.tw/sd_ebook/563/index2.html
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兩個抓壞蛋的故事
故事 情節一 情節二

故事背景 搶匪擾亂社會治安 基因變異危害人體健康

主人翁 英勇的警方 強力的統計檢定

藏匿範圍 台澎金馬 人類基因體

追捕工具 無線電收發器 標誌基因

責任分區 二十二縣市 二十三對染色體

受檢對象 兩千三百萬居民 三十億對的鹼基對

主軸內容 警察捉搶匪 致病基因定位

主要任務 捉搶匪 找致病基因

淺談致病基因定位（https://newsletter.sinica.edu.tw/reviews/knowledge/1151.pdf）

https://newsletter.sinica.edu.tw/reviews/knowledge/1151.pdf
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致病基因定位的策略

致病基因定位：找到致病基因在染色體上的位置的程序

Functional cloning Candidate gene approach

Positional cloning

Disease gene mapping

http://www.iitk.ac.in/directions/oct03/genes.htm

(致病基因定位)

(定位選殖)

(候選基因法)(功能選殖法) (統計的致病基因地位法)

http://www.iitk.ac.in/directions/oct03/genes.htm
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名詞

Chromosome （染色體）is a long string double-
stranded helix DNA. Locus （位點） denotes a 
position on a chromosome. Marker （標誌基因）
denotes a locus-specific polymorphism. Allele
（等位基因 or 對偶基因）is a type of DNA at a 
particular locus. Haplotype （單套型）is a set of 
alleles of closely linked genetic markers present on 
one chromosome. Genotype （基因型）denotes 
a pair of alleles at a particular locus.  Phenotype
（外表型）is a characteristic of a subject.
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標誌基因

大標記：短片段重複序列 小標記：單一核苷酸
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短片段重複序列多型性（STRP）

D7S280

(gata) (15, 20)
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毛細管電泳鑑定

http://ncgm.sinica.edu.tw/strp_tech_01.html

http://ncgm.sinica.edu.tw/strp_tech_01.html
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單一核苷酸多型性（SNP）
Rs ooooo

第一個樣本

第六個樣本

第三個樣本

第四個樣本

第五個樣本

第二個樣本

Rs ××××
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MALDI-TOF 質譜儀

SpectroPOINTPCR SpectroPREP

MassARRAY SpectroHIPSpectroTYPER

http://ngc.sinica.edu.tw/snp_tech.htm

http://ngc.sinica.edu.tw/snp_tech.htm
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SNP基因型資料（genotype data）
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雜交強度資料（Hybridization intensity）
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單一核苷酸多型性生物晶片（SNP chip）

http://ncgm.sinica.edu.tw/affymetrix_tech_01.html

http://ncgm.sinica.edu.tw/affymetrix_tech_01.html


20

單一核苷酸與其他變異（Variant calling）

http://www.1000genomes.org/wiki/Analysis/Variant%20Call%20Format/vcf-variant-call-format-version-41

Meta information lines

Header line

Data lines Genetic data of each individual

http://www.1000genomes.org/wiki/Analysis/Variant%20Call%20Format/vcf-variant-call-format-version-41
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全基因體定序

https://www.semanticscholar.org/paper/Alignment-of-Short-Reads%3A-A-Crucial-Step-for-of-in-Ye-
Meehan/4963fd59b1b9295fca5f3e7568fe208679b5095b

https://www.semanticscholar.org/paper/Alignment-of-Short-Reads%3A-A-Crucial-Step-for-of-in-Ye-Meehan/4963fd59b1b9295fca5f3e7568fe208679b5095b
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基因研究與生物科技一日千
里，窺探人類基因體的奧妙已經不
再只是遙不可及的夢想。



連鎖分析 (Linkage analysis)

關聯分析 (Association analysis)

23Cardon and Bell (2001, Nature Genetics Review)



24

全基因體關聯性研究
(Genome-Wide Association Study, GWAS)

Klein et al. (2005, Science)



Published GWAS reports, 2005 – 2018

https://www.ebi.ac.uk/gwas/diagram 25

https://www.ebi.ac.uk/gwas/diagram
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Up to Oct 2019, in 7,796 publications of GWAS, 116,109 SNPs and 
159,202 SNP-disease association were identified (Genome assembly 
GRCh38.p12; dbSNP Build 151; Ensembl Build 96).

NHGRI GWAS Catalog (https://www.ebi.ac.uk/gwas/)
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Genome-wide association study (GWAS)

Tam et al. (2019, Nature Review Genetics)
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Genome-wide association study (GWAS)

陳佳煒 繪



Genome-wide phenome-wide association study for complex 
disorders & quantitative traits based on the Taiwan Biobank data

Hsin-Chou Yang1, Chia-Wei Chen1, Jen-Hung Wang1, Hsiao-Chi Liao1, Ta-
Chien Chan2, Jing-Shiang Hwang1, Ming-Wei Su3, Te-Chang Lee3, Chien-Wei 
Lin3, and Chun-houh Chen1

1Institute of Statistical Science, Academia Sinica, Taipei, Taiwan,
2Research Center for Humanities and Social Sciences, Academia Sinica, 
Taipei, Taiwan, 
3Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan.

292021 ASHG annual meeting (Yang et al)

Genome-wide phenome-wide association study 
(PheWAS)



Category Disease
(Variable name)

Disease
(Chinese name)

N
(preQC)

N
(postQC)

過敏 ALLERGIC_SELF 藥物過敏 2130 1869

骨科或
關節疾病

OSTEOPOROSIS_SELF 骨質疏鬆症 1016 885

ARTHRITIS_SELF 關節炎 1015 869

GOUT_SELF 痛風 1230 1092

肺部及
呼吸道疾病

ASTHMA_SELF 氣喘 768 674

EMPHYSEMA_OR_BRONCHITIS_SELF 肺氣腫或慢性支氣管炎 331 285

心血管
疾病

VALVE_HEART_DIS_SELF 瓣膜性心臟病 801 699

CORONARY_ARTERY_DIS_SELF 冠心症 318 280

ARRHYTHMIA_SELF 心律不整 1000 855

CARDIOMYOPATHY_SELF 心肌症 150 128

CONGENITAL_HEART_DIS_SELF 先天性心臟病 34 33

OTHER_HEART_DIS_SELF 其他心臟病 39 34

HYPERLIPIDEMIA_SELF 高血脂症 1625 1434

HYPERTENSION_SELF 高血壓 2847 2513

APOPLEXIA_SELF 中風 143 129

糖尿病 DIABETES_SELF 糖尿病 1125 972

消化道
疾病

PEPTIC_ULCER_SELF 消化性潰瘍 3503 3069

GERD_SELF 胃食道逆流 2867 2510

IBS_SELF 大腸急躁症 603 530

Category Disease
(Variable name)

Disease
(Chinese name)

N
(preQC)

N
(postQC)

心理、
情緒疾病

DEPRESSION_SELF 憂鬱症 774 679

MANIC_DEPRESSION_SELF 躁鬱症 157 142

POSTPARTUM_DEPRESSION_SELF 產後憂鬱症 63 59

OCD_SELF 強迫症 33 28

ALCOHOLISM_DRUG_ADDICTION_SELF 酒癮或藥物濫用 12 11

SCHIZOPHRENIA_SELF 精神分裂症 57 44

神經系統
疾病

EPILEPSY_SELF 癲癇 88 78

HEMICRANIA_SELF 偏頭痛 593 519

MS_SELF 多發性硬化症 5 3

PARKISON_SELF 巴金森氏症 22 20

DEMENTIA_SELF 失智症 6 4

其他疾病

LIVER_GALL_STONE_SELF 肝膽結石 1022 874

KIDNEY_STONE_SELF 腎結石 1733 1533

RENAL_FAILURE_SELF 腎衰竭 21 18

VERTIGO_SELF 眩暈 1007 887

原位癌症

LIVER_CANCER_SELF 肝癌 0 0

LUNG_CANCER_SELF 肺癌 0 0

BREAST_CANCER_SELF 乳癌 0 0

GASTRIC_CANCER_SELF 胃癌 0 0

COLORECTAL_CAN_SELF 大腸直腸癌 0 0

NASOPHARYNGEAL_CAN_SELF 鼻咽癌 0 0

PROSTATE_CANCER_SELF 前列腺癌 0 0

CANCER_OTHER_SELF 其他癌症 0 0

Self-reported diseases

2021 ASHG annual meeting (Yang et al)



Category Trait
(Variable name)

Trait
(Chinese name)

N
(postQC)

身體檢驗

BMI 身體質量指數(BMI) 21043

BODY_HEIGHT 身高 21043

BODY_WEIGHT 體重 21043

BODY_FAT_RATE 體脂肪率 20414

BODY_WAISTLINE 腰圍 21043

BODY_BUTTOCKS 臀圍 21043

BODY_WB 腰臀圍比 21043

血壓與心跳

SIT_1_SYSTOLIC_PRESSURE 血壓(收縮壓) 21043

SIT_1_DIASTOLIC_PRESSURE 血壓(舒張壓) 21043

SIT_1_HEARTBEAT_SPEED 心跳 21043

骨質密度檢查 BONE_EXAM_RESULT 骨密度 21043

血液檢驗

RBC 紅血球 (RBC count) 21040

WBC 白血球 (WBC count) 21040

PLATELET 血小板 (Platelet) 21039

HB 血紅素 (Hb) 21040

HCT 血球比容 (HCT) 21040

血糖相關
HBA1C 醣化血色素值 (HbAlc) 21043

FASTING_GLUCOSE 飯前血糖 (Fasting Glucose) 21043

血脂相關

T_CHO 總膽固醇 (Total cholesterol) 21043

TG 三酸甘油脂 (Triglyceride) 21043

HDL_C 高密度脂蛋白膽固醇 (HDL-C) 21043

LDL_C 低密度脂蛋白膽固醇 (LDL-C) 21043

Category Trait
(Variable name)

Trait
(Chinese name)

N
(postQC)

肝臟相關

T_BILIRUBIN 總膽紅素 (Total bilirubin) 21043

ALBUMIN 白蛋白 (Albumin) 21043

SGOT 血清麩胺酸苯醋酸轉氨基酶 (SGOT) 21043

SGPT 血清麩胺酸丙酮酸轉氨基酶 (SGPT) 21043

GAMMA_GT γ-麩胺醯轉移酶 (γ-Gt) 21043

肝癌指標 AFP 甲型胎兒血清蛋白 (α-fetal protein) 21043

腎臟相關

BUN 血中尿素氮 (BUN) 21043

CREATININE 肌酸酐 (Creatinine) 21042

URIC_ACID 尿酸 (Uric acid) 21043

microALB 尿中微白蛋白 (Microalbumin) 21041

肝炎

ANTI_HCV_AB C 型肝炎抗體 (HCV Ab) 21043

HBSAG B 型肝炎表面抗原 (HBsAg) 21043

ANTI_HBS_AB B 型肝炎表面抗體 (HBsAb) 21043

ANTI_HBC_AB B 型肝炎核心抗體 (HBcAb) 21043

HBEAG B 型肝炎 e 抗原 (HBeAg) 21043

Quantitative traits

312021.08.05

2021 ASHG annual meeting (Yang et al)



ALICE

ALICE PLINK

PLINK

LOHAS PLINK

ALICE

R PLINK

PLINK

PLINK

PLINK

PLINK

Sex check

Chip quality check

Autosome Data
23,541 samples / 632,150 SNPs

Clean Data
21,043 samples / 594,441 SNPs

Genotype call-rate check

Homozygosity check

Chromosomal aberration check

Cryptic relatedness check

Divergent ancestry check

Genotype call-rate check

Minor allele frequency check

Hardy-Weinberg equilibrium check

422 were dropped out because of poor quality

37 individuals were dropped out because of abnormality on sex chromosome

214 individuals were dropped out because of heterozygosity rates are out of mean ± 3 sd

70 individuals were dropped out because of CNV or LOH

0 individuals were dropped out because of GCR < 0.95

2,114 individuals were dropped out because of higher IBD (> 0.1875) to others

100 individuals  were dropped out because of divergent ancestry

23,859 SNPs were removed because of GCR < 0.95
8,298 SNPs were removed because of GCRcs < 0.95, GCRcn < 0.95, or |GCRcs - GCRcn|>0.05

2,176 SNPs were removed because of MAF < 0.01

3,376 SNPs were removed because of pHWE < 8.363763e-8 (0.05 / 597,817)

per-sample QC
per-marker QC

Whole Genome Data
24,000 samples / 646,951 SNPs

QC

statistical analysis

& knowledge base Genome-wide PheWAS
PLINK 28 DTs & 35 QTs

Association/G-O-F
R

Knowledge base

HDN x DGN
R

Genome-wide PheWAS
PLINK 28 DTs & 35 QTs & PM2.5

Polygenic risk score
PLINK 28 DTs & 35 QT

Heritability estimation
GCTA LDAK 28 DTs & 35 QTs

Quality control 
flow

Data analysis flow

chip QC

322021 ASHG annual meeting (Yang et al)
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PheWAS identified important genetic variants
associated with multiple diseases and quantitative traits

blood pressure livercholesterol

Self-
Report

Diseases

Quantitative 
Traits

2021 ASHG annual meeting (Yang et al)
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PheWAS identified important gene-environment (PM2.5) 
interactions associated with multiple diseases and 

quantitative traits

Diseases

Quantitative 
Traits

2021 ASHG annual meeting (Yang et al)



Gout

URIC_ACID
BUN (血中尿素氮)
CREATININE (肌酸酐)
HB (血紅素)

Hyperlipidemia

HDL_C
LDL_C
T_CHO
TG

Diabetes

FASTING_GLUCOSE
HBA1C (醣化血色素值)
RBC

Height

Weight
BMI
Waistline
Buttocks
WB (腰臀比)

AFP (甲型胎兒血清蛋白)

SGOT (血清麩胺酸苯醋酸轉氨基酶)
SGPT (血清麩胺酸丙酮酸轉氨基酶)

HBSAG (B 型肝炎表面抗原, HBsAg)
ANTI_HBS_AB (B 型肝炎表面抗體, HBsAb)
ANTI_HBC_AB (B 型肝炎核心抗體, HBcAb)
PLATELET

SIT_1_SYSTOLIC_PRESSURE
SIT_1_DIASTOLIC_PRESSURE
BONE_EXAM_RESULT
WBC
HCT (血球比容)

SIT_1_HEARTBEAT_SPEED

ALBUMIN (白蛋白)
GAMMA_GT (γ-麩胺醯轉移酶 )

Network of diseases and quantitative traits
Louvain method for community 
detection

body-related

kidney-function-related

cholesterol-related

glucose-related

352021 ASHG annual meeting (Yang et al)
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遺失遺傳度（Missing heritability）

Manolio et al. (2009, Nature Reviews)



罕見變異關聯性研究
（Rare variant association analysis）

SKAT-O is the best combination of Burden 
Test and SKAT:

𝑄𝑄𝜌𝜌=𝜌𝜌 𝑄𝑄𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵+(1 − 𝜌𝜌) 𝑄𝑄𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
where 𝑄𝑄𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 is the statistic of the burden
test and 𝑄𝑄𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 is the statistic of the SKAT, 
and 0 ≤ 𝜌𝜌 ≤ 1 is coefficient that minimizes 
the p-value of 𝑄𝑄𝜌𝜌.

Wu et al. (2012, American Journal of Human Genetics) 37



失去異合型分析
(Loss of heterozygosity)

拷貝數分析 (Copy number analysis)

連鎖分析 (Linkage analysis)

關聯分析 (Association analysis)

38Cardon and Bell (2001, Nature Genetics Review)



交互作用分析
（Interaction analysis）

Moore (2005, Nature Genetics) 39
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生物反應路徑分析
（Pathway analysis）

http://en.wikipedia.org/wiki/Renin-angiotensin_system

http://www.genome.jp/kegg-bin/highlight_pathway?scale=1.0&map=map04614&keyword=renin angiotensin  



41Choi et al.  (2020, Nat Prot.)

多基因風險分數
（Polygenic risk score）



42Perez-Enciso and Zingaretti (2019, Genes)

機器學習與深度學習
（Mechanism learning and deep learning）
Perez-Enciso and Zingaretti (2019, Genes) Guo et al (2020, Applied Sciences)

Zou and Hastie (2004, JRSS B)



43Holmes et al. (2017, Nature Reviews Cardiology)

孟德爾隨機化實驗
（Mendelian randomization）



基因體系統生物分析
（Genomic convergence and -Omics）

Schadt et al. (2005, Nature Genetics)

L: QTL
R: RNA expression
C: Complex trait

Mike Duran

Arbona et al. (2013, Int. J. Mol. Sci.)

> 5,000 metabolites

1,000,000 proteins

100,000 mRNAs

25,000 genes

44



微生物體與總體基因體學
（Human microbial genomics and meta genomics）

45https://theconversation.com/the-human-microbiome-is-a-treasure-trove-waiting-to-be-unlocked-118757
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整合電子健康記錄的全表型關聯性研究
（Phenome-wide association study (PheWAS) by 

integrating electronic health records (EHR) ）

Verma et al. (2019, AJHG)



47Startk et al. (2019, AJHG)

生物資料庫研究
（Biobank studies）



基礎統計基因體 - 線上免費課程
（Fundamental Statistical Genomics）

48

中文 英文 實習課 助教

人類遺傳與致病基
因定位

Human genetics and disease 
gene mapping

R language Bioconductor Mr. 林胤均

五個大型人類基因
體研究計畫

HGP, HapMap, 1KG, TWB, and 
TPMI

NCBI (browser, dbSNP, 
PheGenI), UCSC, Taiwan
View 

Miss 廖筱琪

重組與連鎖分析 Recombination and linkage
analysis

Pedcheck, PedigreeDraw,
MERLIN, PHASE

Dr. 梁佑任

連鎖不平衡和關聯
分析

Linkage disequilibrium and 
association analysis

HAPLOVIEW Miss 楊智婷

全基因體關聯研究 Genome-wide association 
studies

PLINK Mr. 陳佳煒

罕見變異分析 Rare variant analysis AssotestR, SKAT, SKATO, 
Burden tests

Dr. 朱是鍇

基因-基因與基因-
環境交互作用

Gene-gene interaction and 
gene-environment interaction

MDR, MDRPT, GMDR Mr. 王仁宏

https://www.youtube.com/watch?v=IGqSaElD_T8

https://www.youtube.com/watch?v=IGqSaElD_T8


統計與資料科學在這些重要
的遺傳研究和基因體研究工作中扮
演著不可或缺的關鍵的角色

49



Population-based, health care system or 
medical center-based biobanks

Beesley et al. (2019, SIM) 50



https://www.slideshare.net/amirhannan/uk-biobank-a-prospective-cohort-epidemiology-study-156322377 51

https://www.slideshare.net/amirhannan/uk-biobank-a-prospective-cohort-epidemiology-study-156322377


52https://twitter.com/uk_biobank/status/1275434774560038915/photo/1



宗旨：透過蒐集、儲存、系統化各式健康數據作為前哨，進而擁有高品質的健康大
數據，賦予洞悉“個人化精準健康”之突破關鍵。

願景：協助專家學者解密健康密碼與改善醫療照護。

歷史：先期規劃研究計畫（2005/12 ~ 2009/10）、先期規劃之延續計畫（ 2010/10 
~ 2011/10 ）、臺灣人體生物資料庫（ 2012/01 ~ 至今）。

簡介：一個長期追蹤以社區族群為基礎的大型研究世代。目標收案對象為20萬名社
區參與者。除收集檢體外，問卷訪查收集生活習慣、環境因子、臨床醫學資訊。另
進行檢體加值，收集生物標幟資訊，建立屬於臺灣本土的人體生物資料庫，提供國
內學者申請使用。

個資辨識性：去識別

研究設計：前瞻追蹤



54

https://www.twbiobank.org.tw/test/index.php

臺灣人體生物資料庫

https://www.twbiobank.org.tw/test/index.php


55

臺灣人體生物資料庫資料型態

2021.11.22



56

臺灣人體生物資料庫檢體加值與收費

2021.11.22



57

臺灣人體生物資料庫檔案大小

2021.11.22



58

臺灣人體生物資料庫進階追蹤資料

2021.11.22

影像資料集（MI）
• 全身骨密度

(Bone Mass Density, BMD)
• 心電圖

(Electrocardiography, EKG)
• 腹部超音波

(Abdominal Ultrasonography, ABD)
• 頸部超音波

(Vertebral Artery Ultrasound, VAS)
• 甲狀腺超音波

(Thyroid Gland Ultrasound, THY)

https://www.biobank.org.tw/about_value.php



TWB1.0 和 TWB2.0 生物晶片

http://ncgm.sinica.edu.tw/ncgm_02/affymetrix_pricing_e.html 59

http://ncgm.sinica.edu.tw/ncgm_02/affymetrix_pricing_e.html


60https://taiwanview.twbiobank.org.tw/browse38

Taiwan View

https://taiwanview.twbiobank.org.tw/browse38


61https://www.youtube.com/watch?v=a4yK1AhUrRw

臺灣人體生物資料庫介紹(1)

https://www.youtube.com/watch?v=a4yK1AhUrRw
https://www.youtube.com/watch?v=a4yK1AhUrRw


62https://www.youtube.com/watch?v=LmHJ1KFlW1s&ab_channel=TaiwanBiobank

臺灣人體生物資料庫介紹(2)

https://www.youtube.com/watch?v=LmHJ1KFlW1s&ab_channel=TaiwanBiobank
https://www.youtube.com/watch?v=LmHJ1KFlW1s&ab_channel=TaiwanBiobank


HTTPS://WWW.CNA.COM.TW/NEWS/AHEL/202208180109.ASPX 63



64Denny and Collins (2021, Cell)

2030年的精準醫療



65

基因體協助精準診斷與醫療

http://www.hugo-international.org/blog/?p=117 http://www3.imperial.ac.uk/newsandeventspggrp/imperialcollege/new
ssummary/news_5-7-2011-9-44-25



66https://blog.radiology.virginia.edu/different-imaging-tests-explained/

醫學影像協助疾病診斷與智慧健康



https://biiptaiwan.org.tw/ 67



尾聲：

二十一世紀是精準和智慧健康的
時代，也是大數據統計資料科學
的黃金時代！
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