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Mendelian traits 

 Phenotypes controlled by singular genes 

 No epistasis 

 No GE interaction 

Complex traits 

 Phenotypes controlled by multiple genes 

 Epistasis (gene-gene interaction) 

 Gene-environment interaction 

 Genetic pleiotropy and heterogeneity 

 Low heritability 

 Limited statistical power 
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Genetic Mechanism for Complex Traits 
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Linkage Analysis 

Nature Reviews Genetics (2009) 
10:doi:10.1038/nrg2612 

Association Analysis 
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Google Scholar:  
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Limitation of QTL Mapping Based on 

Small Number of Markers 
1. Need linkage map of markers 

2. QTLs detected only for mapping population 

derived from two parents 

3. Mapping results cannot be applied to other 

parents and breeding populations 

4. QTL mapping cannot be conducted by 

population involved selection/abnormal 

segregation 

5. MAS may not be efficient if QTLs not closely 

linked to markers 

6. QTL cannot be conducted for arbitrary 

breeding populations and germplasm 
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QTS 

Google Scholar:  

122,000 for QTL,      20,500 for GWAS 

Metabolite 

pQTL  
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Nature 31, Nature Genetics 87 
Science 13 
Other Nature journals 6 
PLoS Genetics 15  
 

National Human Genome Research Institute  
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Stranger et al (2011, Genetics) 

Manhattan Plot Y= μ + Q + ε 
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Partitioning of Phenotypic Variation  

y = μ +E + G + GE + ε 

  

G = aå + då + ( aa + adå + + ddååå )åå
GE = aå e + deå + ( aae + adeå + + ddeååå )åå
 Environment Effects (E): 

 QTL Effects (G): 

 Addtive (a), Dominance (d) 

 QTL-QTL Interaction (aa, ad, dd) 

 QTL-Env Interaction (GE) 

 ae, de, aae, ade, dde 

 Random Error (ε) Jun Zhu, Zhejiang University 



GMDR-GPU Parallel Computation for  

Genome-Wide Screening ~ 2k Candidate SNP 

(n = 5,000, SNPs = 1.0×106 )   

 GPU computation for 1D searching: 1×106 steps 
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 GPU computation for 2D searching: 0.5×1012 steps 
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Computing Simulation by CPU and GPU  

for 105 SNPs and 5,000 persons 
(Conducted at Microsoft Research Asia, Beijing, China)  

 Four years and eight months by  

   24 CPU and one computer 

 1 day by 400 CPUs and 80 computers 

 < 1 day by 5 Tesla C2050 GPUs and 

one computer 
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GPU-Based Computation Software GMDR-GPU 

3500X faster for screening one million SNPs 
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QTXNetwork-GPU Parallel Computation for  

Genome-Wide Gene Mapping 

(n = 5,000, ~2 k SNPs )   
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 CPU computation for estimating gene effects in 

full model：2,000 permutations, 20,000 MCMC 
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360X faster for estimating genetic effects of genes 
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Mapping Software: QTXNetwork 
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360X faster for estimating SNP effects 
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BioPubInfo 
 Based on 1000 Databases, 6800 Species,  

 6M Articles, 20M Abstracts, 0.3B Sentences analysis   
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8 Parets, 10 Crosses (1×2, 1×3, 1×5, 1×8, 2×5, 3×5, 4×5, 

5×6, 5×7, 5×8) 

mRNA obtained from Buds, QTT mapping for Lint yield 

based on 20,000 transcripts. 6 largest QTTs listed 
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QTT Mapping for Diallel Crosses of Cotton  
Chinese Sci. Bull. 2012, V57 
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The Contribute of QTT to Additive Effects 
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The Contribute of QTT to Dominance Effects 
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Estimates of QTS, QTT, QTP, and QTM for Chromium 

in Tobacco Variety Test 
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Quantitative Environment Effects of QTTs 

 One genotype with 31,100 transcripts, five 

treatments of drug dose (Mean = 302.4)   

22 

    Main Effect Dose 5 Dose 10 Dose 20 Dose 25   

QTT Gene ID T h2(%) TE2 h2(%) TE3 h2(%) TE4 h2(%) TE5 h2(%) h2(%) 

1-801 1398500_AT -61.45‡ 24.20 -85.42‡ 14.03 
    

-51.63** 3.70 41.93 

1-166 1369679_A_AT -46.93‡ 14.11 
        

14.11 

1-9 1368695_AT -25.16* 4.06 
  

-69.75+ 8.83 
    

12.89 

1-531 1368829_AT 38.82‡ 9.66 
        

9.66 

1-223 1387221_AT 21.86* 3.06 
  

35.91* 2.34 
    

5.40 

1-1704 1388453_AT 13.92* 1.24 
  

28.38* 1.46 
  

-41.90‡ 2.44 5.14 

1-783 1370308_AT -18.94+ 2.30 
      

-18.04* 0.45 2.75 

1-988 1372306_AT 15.81‡ 1.60 
    

27.39* 0.72 
  

2.32 

1-394 1367780_AT -9.13‡ 0.53             -15.19‡ 0.32 0.85 
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SNP Mapping for Wheat F9 Population 

 F9 Populations, SNPs = 146, N= 499 
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GWAS for Maize NAM Populations 
McMullen, et al. 2009. Science, 325(7): 737-740 
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Detected Significant SNPs of Leaf Traits for Maize   

NAM Population in 9 Environments (N=44,055, SNPs=0.47M) 

124 SNPs located within genes and 44 SNPs close to genes  

 

25 



Top 10 Major SNPs with Large Additive 

Effect for LUA in NAM Population 
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Top 10 Major SNPs with Large Additive 

Effect for LW in NAM Population 
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Top 10 Major SNPs with Large Additive 

Effect for LL in NAM Population 
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Additive × Evironment Effects of 

SNPs in 9 Environments 
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Predicted P1, Best Lines & Superior Lines 
Entry G G+GE1 G+GE2 G+GE3 G+GE4 G+GE5 G+GE6 G+GE7 G+GE8 G+GE9

Leaf Angle Mean = 61.0

P1 11.2 12.5 12.5 11.1 10.1 11.8 16.0 13.6 10.7 10.3

Best Line 17.7 19.0 19.0 18.4 16.6 18.3 22.5 20.1 18.3 16.8

Superior Line 21.2 23.5 22.5 23.6 21.4 21.8 26.4 23.6 21.7 21.5

Select SNP 3 7 3 3 5 3 4 3 3 3

Leaf Width Mean = 87.4

P2 -6.8 -6.8 -6.1 -5.5 -8.4 -7.7 -6.1 -9.6 -8.0 -7.5

Best Line -28.8 -30.9 -26.6 -26.1 -30.3 -26.9 -29.5 -33.6 -30.3 -30.2

Superior Line -51.2 -56.2 -50.6 -49.1 -50.6 -49.5 -51.9 -57.9 -54.3 -55.6

Select SNP 18 19 18 19 16 20 19 18 21 14

Leaf Length Mean = 752.7

P1 -15.8 1.0 -22.8 -18.7 -18.4 -22.1 3.9 -5.5 7.9 -29.6

Best Line -144.2 -146.4 -144.6 -134.2 -137.7 -134.9 -153.6 -145.2 -148.8 -197.8

Superior Line -294.9 -321.2 -301.9 -290.6 -294.8 -301.7 -321.3 -305.1 -328.9 -344.1

Select SNP 13 13 12 11 13 15 15 17 14 13
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Importance of Epistasis on  

Chill Coma Recovery in Drosophila   
 SNPs=5.2M, Transcripts=10.1K, N=322 

 7 QTSs, 30 Epistasis QTSs, 5 GxE QTSs 

 Total h2(G+GE)=78.3%, h2(A)=59.5%, h2(AA)=16.9%, 

    =0.862,           =0.892 for female,           =0.872 for male  
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Estimates of QTS & QTT for Chill Coma Recovery 
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Estimates of tQTSs for Chill Coma Recovery 
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Impact of Smoking on Genetic Architecture 

of BMI Behavior (1) 

36 

Table 1. Detected SNPs for no cofactor and 

smoking cigarettes per day as cofactor  
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Gene Network for BMI Not Affected by Smoking  
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Impact of Smoking on Genetic Architecture 

of BMI Behavior (2) 
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Table 2. Detected SNPs for only setting no cofactor 
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Gene Network for BMI Caused by Smoking  
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Female 

specific 
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Advantage of Mapping QTX Based on 

Genome-Wide OMICS Data  
1. No need for linkage map 

2. QTX mapping can be conducted for arbitrary 

breeding populations and germplasm 

3. Mapping results can be applied to parents 

and breeding populations 

4. QTX mapping can be conducted by 

population involved selection/abnormal 

segregation 

5. Not MAS but SNP/Gene/Protein/Metabolite 

selection can be applied 
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