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Use cases for Genotyping

USE CASE 5: Drug response data
Objective: An investigator observes clinical variation in response to a drug of interest (let’s say docetaxel).  He wants to know what genes are known to be involved in the Pharmacokinetics and Pharmacodynamics of docetaxel, what variants are in them, and if any of them have functional consequence.  

Data:

1. He goes to PharmGKB (PharmGKB.org), searches for docetaxel, sees a list of genes, selects those he finds interesting, and gets a list of variants in these genes categorized by class (non-synonymous, synonymous, UTR, Intron), allele frequencies in multiple populations are shown, those that are known to have functional consequence are highlighted (amino acid translations)

Location
Variant
Strand
Feature
AA

Frequency
Sample










Translation


Size

chr7:99010633
C/T
minus
Exon*
Leu/Phen
99.73

374

chr7:99012518
G/C
minus
Intron*
 

98.97/1.03
194

	Allele
																
	Total
	Not specified
	Not specified/Not specified (Hispanic)
	Asian (Chinese)
	Asian (Japanese)
	Asian (South-East-Asian)
	Black African American (AA)
	Black or African American (African Am)
	Black or African American (African American)
	Black or African American (Black or African American)
	Native Hawaiian or Other Pacific Islander (Pacific-Islander)
	Unknown (Hispanic)/Hispanic or Latino (Hispanic Or Latino)
	Unknown (Unknown)
	White (Caucasian)
	White (Caucasian)
	White (Mexican)
	
	374
	114
	2
	20
	20
	20
	8
	2
	24
	10
	14
	8
	2
	102
	8
	20
	
	C
	1 (0.27%)
	1 (0.88%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)

	T
	373 (99.73%)
	113 (99.12%)
	2 (100%)
	20 (100%)
	20 (100%)
	20 (100%)
	8 (100%)
	2 (100%)
	24 (100%)
	10 (100%)
	14 (100%)
	8 (100%)
	2 (100%)
	102 (100%)
	8 (100%)
	20 (100%)


	


2. He decides to look at the SNPs that alter protein function or gene expression, as long as they occur at a frequency of 10% or higher.

3. He also wants to see a graphical or tabular depiction of the common haplotypes and associated tagSNPs.  He wants to know how to genotype these. 

OUTPUT: 

1. A list of genes involved in drug action, 

2.  A list of variants in these genes and/or haplotypes complete with function, class, and frequency. 

3. A list of primers or protocols for genotyping is shown once desired assays are chosen. 

Amplicon
	Start Position:
	-444

	Stop Position:
	148


Forward Primer
	Sequence:
	tgggatgaat ttcaagtatt ttg

	Annealing Region:
	primer/reference sequence

	Start Position:
	1/-444

	Stop Position:
	23/-422


Reverse Primer
	Sequence:
	cagataaggg aaagagaggc

	Annealing Region:
	primer/reference sequence

	Start Position:
	1/148

	Stop Position:
	20/129


Method
	Method Name:
	RESEQ

	Method Description:
	PCR reactions were performed with genomic DNA and products were analysed by DNA sequencing.

	Method Type:
	Sequence

	Method Template Type:
	Unknown

	Method Parameters:
	Not Specified


Protocol
	Protocol Name:
	Not Specified

	Protocol Description:
	Not Specified


Buffer
	Buffer Name:
	Not Specified

	Buffer Description:
	Not Specified


Other
	Multiple PCR Amplifications Tested:
	NA

	Multiple Clones Tested:
	NA


USE CASE 7: Design case-control study
Objective:  Design a case control study to identify genetic variants that contribute to variation in response/adverse drug reactions to DRUG X 

Background:  

1.  Genes involved in response pathway 

2.  SNPs, frequencies, haplotypes in genes 

3.  Functional information on SNPs 

4.  Genotyping methods for SNPs 

5.  Power analysis to calculate the number of cases and controls needed 

6.  Minimum number of SNPs to genotype for a particular haplotype 

USE CASE 8: Looking for all SNPs in gene set X
Objective: We would like to find all SNPs in gene set “X”, where “X” is genes in  

1. a specific signaling pathway 

2. associated with the metabolism, transport, and/or function of a specific drug or class or drugs 

3. associated with the pathogenesis of a specific disease 

4. associated with pathway involving therapy of a specific disease 

5.    a specific gene family: mitochondrial, membrane protein-associated, cell cycle associated, etc. 

Data they need for analyses:  

1. List the polymorphisms 

2. Deduce the haplotypes 

3. List non-synonymous polymorphisms 

4. List polymorphisms in regulatory regions 

5. Identify regulatory regions and list polymorphisms there.  Use informatics approaches as a starting point for deciding which polymorphisms (coding/non-coding) might be functional.  

6. Identify potential cryptic splice sites created/disrupted by intronic polymorphisms. 

7. Relate each of these to a phenotype: 

a. in vitro 

b. disease-associated 

c. variability in the action of a drug 

Output they want:    

1.  A list of all SNPs in all the mitochondrial genes with their known functional implications, correlations to known disease, and any known effects on drugs or adverse drug reactions.  

2.  A list of all SNPs in all the nuclear genes that interact with mitochondrial genes with their known functional implications, correlations to known disease, and any known effects on drugs or adverse drug reactions.  

3.  A comparison of all the SNP allele frequencies across all study groups (especially with regard to ethnicity and race).  

4.  All genotypic information within a gene (APOE, for example) in all samples, for comparisons of linkage disequilibrium/haplotype block structure.  

USE CASE 9: Application of omics technologies to assess allelic imbalances

Objective: Drug X is an oral drug undergoing phase II clinical trials in colon cancer patients and also inother diseases.  A high inter-patient variability in its pharmacokinetics has been observed.  Glucuronidation and sulfation are the two major pathways involved in the metabolism of drug X in cancer patients. The dose-limiting toxicity is constipation.  Moreover, we are also interested in finding data about expression of transporters in the small intestine (in relation to drug X absorption) and in normal and cancer colon tissue (in relation to the constipation and the antitumor effect, respectively).  Hence, we aim to study the possible effects of UGT, SULT and intestinal transporter gene variants on the pharmacokinetics of this drug.  Moreover, we aim to understand the potential role of colon transporters for the toxic and antitumor effects of this drug.  The final goal is to genotype drug metabolism and transporter gene variants in cancer patients receiving drug X, and investigate their correlation with drug response and disposition. 

Incoming knowledge: Screening of all commercially available recombinant UGTs showed that UGT1A8 has the highest catalytic activity for glucuronidation of drug X.  Glucuronidation by UGT1A4, UGT1A1 and UGT2B7 was also observed.  We also screened all commercially available sulfotransferases.  The highest level of metabolite was formed by SULT1A1.  Sulfation by SULT1A2 and SULT1E was also observed. 

Required Information: 
1. UGT1A8 and SULT1A1 gene polymorphisms and their allele frequencies in different ethnic populations,

2.  levels of expression of transporters in small intestine and colon (for the latter, both in normal and cancer specimens), along with their gene polymorphisms and allele frequencies. 

Existing genotype data:

1) Search PharmGKB website for genotype data on UGT1A8 and SULT1A1

a. Based on these data, select genetic variants that occur with a frequency greater than 10%
2) Search PharmGKB website for phenotype data related to the intestine
a. Found data on RNA expression of transporters in normal smallintestine tissue (ABCG2) and in normal and tumor colon tissue (ABCB1, ABCC1, ABCC2, and ABCG2)
3) Search for transporters genotype data
a. Based on these data, select variants that occur with a frequency greater than 10%
i. 1 in 5’ flanking region
ii. 1 in 5’ UTR
iii. 1 in 3’ UTR
iv. 3 synonymous
v. 1 non-synonymous
RNA Expression levels

Table 1. RNA expression level of ABCG2 in small intestine. 

	
	ABCG2 expression in small intestine

	Number of values
	42

	
	

	Minimum
	5.165

	Maximum
	390.4

	
	

	Mean
	126.3

	Std. Deviation
	85.16

	Std. Error
	13.14

	
	

	Normality test
	

	KS distance
	0.2028

	P value
	0.0633

	Passed normality test (*=0.05)
	Yes

	P value summary
	Ns

	
	

	Coefficient of variation
	67.42

	Geometric mean
	99.94


1.  We found RNA expression data for ABCB1, ABCC1, ABCC2 and ABCG2 from normal colon tissue (n = 52) and cancer colon tissue (n=52).  Statistical parameters were calculated (Table 2).   We conclude that: 

1. The relative expression level of ABCB1 and ABCG2 in the cancer tissue is lower when compared to normal tissue 

2. The expression level of ABCC1 in cancer tissue is higher as compared to normal tissue. 

3. The expression level of ABCC2 is approximately the same in both specimens.  

4. The expression of transporters in either normal or cancer specimens is: ABCC1>ABCB1>ABCG2>ABCC2.  

Table 2. RNA expression level of ABCB1, ABCC1, ABCC2 and ABCG2 in  normal and tumor colon tissue. 

 ABCB1 tumor ABCB1 normal ABCC1 tumor ABCC1 normal ABCC2 tumor ABCC2 normal ABCG2 tumor ABCG2 normal 

	Number of values
	52
	52
	52
	52
	52
	52
	52
	52

	
	
	
	
	
	
	
	
	

	Minimum
	33.71
	65.34
	126.2
	95.02
	0.7185
	2.742
	20.08
	25.8

	Maximum
	1271
	1892
	3284
	1868
	85.29
	86.78
	847.3
	1233

	
	
	
	
	
	
	
	
	

	Mean
	296.9
	551.8
	1179
	644.8
	20.25
	21.41
	212.4
	342

	Std. Deviation
	282.6
	470.4
	910
	395.5
	20.2
	20.32
	230
	295.8

	Std Error
	65.23
	126.2
	54.84
	2.801
	2.817
	31.9
	41.02
	

	
	
	
	
	
	
	
	
	

	Normality test
	
	
	
	
	
	
	
	

	KS distance
	0.2114
	0.2014
	0.1716
	0.117
	0.2128
	0.2465
	0.2057
	0.1426

	P value
	0.0191
	0.0295
	0.0935
	P > 0.10
	0.018
	0.0036
	0.0245
	P > 0.10

	Passed normality test
	
	
	
	
	
	
	
	

	(*=0.05)
	No
	No
	Yes
	Yes
	No
	No
	No
	Yes

	P value summary
	*
	*
	ns
	ns
	*
	**
	*
	ns

	
	
	
	
	
	
	
	
	

	Coefficient of variation
	95.17%
	85.25%
	77.19%
	61.33%
	99.75%
	94.87%
	108.28%
	86.49%

	Geometric mean
	191
	389.7
	858.8
	523.3
	12.98
	14.56
	119.5
	220.3


We found genotype data containing information about SNPs and their frequencies for ABCB1, ABCC1 and ABCC2.  Using the same criteria as for SULT1A1, we selected (from the populations with different ethnic backgrounds) the following SNPs for genotyping: 


1. ABCB1 - 11 SNPs: 5 intronic, 4 synonymous and 2 nonsynonymous. See link at PharmGKB: https://www.pharmgkb.org/do/serve?objId=PA267&objCls=Gene&view=VariantPosition.


2. ABCC1 - 6 SNPs: 3 intronic and 3 synonymous. See link at PharmKGB:https://www.pharmgkb.org/do/serve?objId=PA244&objCls=Gene&view=VariantPosition. 


3. ABCC2 – 8 SNPs: 3 in the 5’ flanking region, 1 in the 5’ UTR, 1 

intronic, 1 synonymous and 2 nonsynonymous. See link at PharmGKB: https://www.pharmgkb.org/do/serve?objId=PA116&objCls=Gene&view=VariantPosition.  

Conserved regions:  It may be of interest to ask if a polymorphic variant or a mutation detected in a patient with unusual drug response occur at a site of high sequence conservation across species. 

USE CASE 10: Application of omics technologies to assess allelic imbalances

Objective: High-density single-nucleotide polymorphism (SNP) arrays enable detailed and genome-wide identification of both loss-of-heterozygosity events and copy-number alterations in cancer.

Data: 
1. 58 NCI60 cell lines and genotyped on Affymetrix 100K chip

i. hierarchical clustering of raw copy-number data from cell-lines and normal diploid controls

ii. get chromosomal specific clusters

2. Integrat of copy-number and microarray data for NCI60 data

i. Supervised analysis, look for genes that are over-expressed in regions that had copy gains on the SNP arrays

3. Found MITF amplified in specified region and over-expressed in supervised analysis

4. Investigated MITF gene dosage in human tumours by performing quantitative polymerase chain reaction (PCR) on DNA derived from a series of melanomas, and melanoma metastases.
5. examined 200 tissue specimens derived from primary and metastatic melanomas by fluorescence in situ hybridization (FISH) using bacterial artificial chromosome (BAC) probes spanning the MITF locus (to detect extra-chromosomal amplification events). 
6. Pulled in pharmacological data for NCI60 cell lines to investigate whether MITF copy gain correlated with drug resistance, we performed a supervised analysis of the available NCI60 pharmacological data, where chemical sensitivity to a large number of small molecules and natural products is known (see Supplementary Methods). 3p copy gain was associated with a significantly increased mean GI50 in 270 compounds.






