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MULTI PLE  L I NEAR REGRESSI ON FRAMEWORK

n 個人的 phenotype 向量

n 個人 x p snp 的 genotype 矩陣
Genotype 常以 reference allele 的數量 (0, 1, 2) 表示，
也可以是 impute 後的連續數值

p vector of snp effect size

n-vector of riidual error

each element follows an independent normal distribution

- 遺傳分佈是 sparse or polygenic 通常未知，故有靈活的建模假設會有較好的表現
- 超參數的推理策略會影響準確性 (如 LD window size …)

- 有個人級的資料則無須LD推論，故通常表現更好



THEORETICAL PRS ACCURACY



D I F F E R E N T  E X P EC T E D  S I G N AT U R E S  F R O M  G E N O M E - W I D E  
A S S O C I AT I O N  S T U D I E S  F O R  F O U R  M O D E L S  O F  D I S E A S E .

common disease–common variant (CDCV) model

https://www.nature.com/articles/nrg3118

Sparse modeling

假設只有一小部分的SNP具有非零效應

Snp effect size 為 normal distribution 的比例

effect size 為 0 

Polygenic modeling

所有SNP效應皆非零



GENETIC PREDICTION OF 
COMPLEX TRAITS WITH
POLYGENIC SCORES:  A 
STATISTICAL REVIE

https://doi.org/10.1016/j.tig.2021.06.004



DECISION FOR PRS



EVALUATING MODEL PERFORMANCE 
TRAINING, TESTING AND CROSS -VALIDATION

https://scikit-learn.org/stable/modules/cross_validation.html

https://www.mathworks.com/discovery/overfitting.html

https://scikit-learn.org/stable/modules/cross_validation.html


AREA UNDER CURVE (AUC)



GENETIC TEST NEED TO BE 
VALID AND USEFUL

Calibration: how close is the predicted risk to actual risk?

Risk discrimination: how well can we separate people by risk?



https://tw.news.yahoo.com/%E7%AF%A9%E6%AA%A2%E7%8E%87%E5%83%853%E6%88%903-

%E5%8F%B0%E4%B9%B3%E7%99%8C%E5%A5%BD%E7%99%BC%E5%B9%B4%E9%BD%A1%E6%AF%94%E6%AD%90%E7%BE%8E%E6%97%A910%E6%AD%B2-

%E9%86%AB%E5%BB%BA%E8%AD%B0%E8%A3%9C%E5%8A%A9%E9%AB%98%E9%A2%A8%E9%9A%AA%E6%97%8F%E7%BE%A4%E6%8F%90%E6%97%A9%E6%AA%A2%E6%9F%A5-160000554.html



COMPREHENSI VE  I NHERI TED RI SK  ES TI MATI ON FOR 
RI SK-BASED BREAS T  CANCER SCREENI NG I N  WOM EN

• 11,556 breast cancer

• 2,437 pathogenic variants (PVs) carriers, 
2.1%; CHEK2 c.1100delC 1.6%, CHEK2 c.319+2T>A 
0.2%, and PALB2 c.1592delT 0.3%

• Family History (FH) of breast cancer, parental 
causes of death, first-degree relatives diagnosed 
with breast cancer, or an ICD-10 diagnosis for FH.



THE 
CHALLENGE 

OF PRS 
PREDICTION 

IN NON-
EUROPEAN 

ANCESTRIES
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