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Learning Objectives

Understand the difference between the different –omics approaches
Identify the major areas of research in genomics as they apply to transplantation



Outline

• Guide to the –OMICS

• Genomic work in transplantation

– Drug metabolism

– Immunosuppression

– Assessment of risk of rejection

– Genomics of active rejection

• Future Directions



Guide to the -OMICS



What is genomic medicine?

• NHGRI defines genomic medicine as "an 
emerging medical discipline that involves 
using genomic information about an individual 
as part of their clinical care (e.g., for 
diagnostic or therapeutic decision-making) 
and the health outcomes and policy 
implications of that clinical use."



Proteome Complexity

GENOME

▪ 4 nucleotides.

▪ Double helix.              

▪ Same in all cells.

PROTEOME

▪ 20 amino acids.

▪ Each protein has 

unique 3D shape.

▪ Differs with cell 

type.



We have got the map

(genomic sequence) to

find treasure so that

we can get treasure

chest.

Key to open the chest

（Post genomic technology)

Getting treasure (new drugs) !!

Even if we get the treasure

chest (target gene), we can’t

open it (because we don’t

understand its function in

disease.)

Current genomic researchers

have tried pulling out of all

nails on the chest.

However, the number of the

nails may be infinite…



“Genetic Testing”

• Not whole genome sequencing

• We sequence small specific pieces 

• “Single Nucleotide Polymorphisms”

• Can screen thousands of SNPs on a SNP-Chip



Polymorphism Markers
• Polymorphism marker: Difference of DNA sequence on the genome
• High polymorphism, but the distribution is less and heterogenious

– Mini-satellite：Repeat of several to tens of base sequence
– Micro-satellite：Repeat of 1 to 4 base sequence
– Base insertion and deletion： Insertion /Deletion of 1-tens of base sequence

• Low polymorphism, but are a lot of distributed on genomic DNA uniformly
• Single nucleotide polymorphism（SNP): 

– 1 /1000 bases
– 3-10 millions SNP on human genome 





SNPs

• Single Nucleotide 
Polymorphism

• Responsible for 90 % of 
all human genetic 
variation

• A SNP occurs every 100-
300 Base pairs

• dbSNP database has 
more than 112 million 
validated entries

• Most are not 
responsible for disease



Pharmacogenetics







Genetic Component of TAC Metabolism 





Tac Level

Tac Dose





African-American
Better 
metabolizers had 
more rejx

Caucasian



Tac Dosing / Levels

• Seemingly simple

• Actually complex and outcomes are worse for 
minority of patients who require high doses of 
tac and may have more variability in achieved 
levels





Genetic Variation

• HLA Class I and 2: Chromosome 6
– Most polymorphic regions of human genome

• HLA-G

• KIR – Family of 13 genes on chromosome 19
– Educating / regulating NK cells to sense and respond 

to HLA Class I surface molecules

– Involved in immune related diseases



Heart Transplant Matching

• HLA Matching is impractical with hearts given 
constraints on time

• Immunosuppresion has leveled playing field

• Anti-HLA antibodies are bigger issue

• Cross-Reactivities against HLA groups

• Surprising that outcomes are good despite 
complexity and universal mismatches



GWAS: Genome Wide Association Study

• Any study of genetic variation across the 
entire human genome that is designed to 
identify genetic associations with observable 
traits (such as blood pressure or weight), or 
the presence or absence of a disease (such as 
cancer) or condition



Potential of GWAS

• Hope to personalize medicine

• Compare whole genome with outcome(s) of 
interest and find SNPs which correlate with 
desired outcomes

• Find SNPs which are particularly deleterious



The genomics revolution

• Sequencing technology
– 1977 – Sanger
– 1995 – 1st bacterial genomes

• < 10,000 
bases per day per machine 

– 2003 – 1st human genome
• > 10,000,000,000,000 

bases per day per machine

• GWAS publications
– 2005 – 1st GWAS

– Age-related macular 
degeneration

– 2014 – 1,991 publications
– 14,342 associations

Genomics & GWAS 27



A few GWAS discoveries…
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Why?
• Environment, Gene-Environment interactions

• Complex traits, small effects, rare variants

• Gene expression levels

• GWAS methodology?
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What about interactions?

Testing for Association 31



Multivariate methods
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LASSO penalized regression

Ridge regression

Neural Networks
Penalized Regression

Bayesian Approaches

Factorial Methods

Bayesian Epistasis Association 
Mapping

Logic Trees

Modified Logic Regression-
Gene Expression 

Programming
Genetic Programming for 

Association Studies

Logic feature selection
Monte Carlo 

Logic RegressionLogic regression

Supervised-PCA

Sparse-PCA

DAPC-based FS 
(snpzip)

Bayesian partitioning 

The elastic net

Bayesian Logistic Regression 
with Stochastic Search 

Variable Selection

Odds-ratio-
based MDR

Multi-factor dimensionality 
reduction method

Genetic programming 
optimized neural networks

Parametric 
decreasing method

Restricted 
partitioning method

Combinatorial partitioning 
method

Random forests

Set association
approach

Non-parametric Methods





GWAS in Heart Transplant



Details

• 251 Heart transplant patients

• Genotyped for 314,903 SNPs

• Primary endpoint was change in GFR at 1 yr post transplant

• Found 3 significant variants

• 2 in long non-coding RNA gene LINC01121

• One in pseudogene BTBD7P2





Many SNP Associations



Only Kidney Tx GWAS





Results

• GWAS failed to show 
heritable component to 
explain rejection or 
graft survival

• Number of patients too 
small and outcomes are 
multifactorial



Genomics to Detect Rejection: IMAGE
• 602 pts

• 297 with GEP, 305 with 
Biopsy surveillance

• Allomap assay uses 
expression of 11 genes

• GEP non-inferior to Bx

Pham MX et al N Engl J Med. 2010 May 
20;362(20):1890-900







Genetic Markers Precede Rejx (Liver)



Conclusion

• Genomics has progressed tremendously

• Improved understanding of problems such as 
drug metabolism

• Few approaches like Allomap have been 
successful

• Genomics unlikely to replace other methods of 
organ surveillance long term


