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1 Overview of some genetical genomics work

Variation in expression is shown in Cheung et al. (2005) to be associated with

SNP genotypes. The multistage investigation used expression measures on

approximately 1000 genes and over 700000 SNP markers. SNPs found to be

associated with variation in expression for a gene were labeled as cis-acting if

they were located on the same chromosome as the gene; trans-acting otherwise.
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basic findings

• cis and trans (off chromosome) type determinants exist

• locations of cis determinants seem equally balanced between
3’ and 5’ regions

• findings are possible with modest sample size

6



7



2 Sources of complexity and anxiety

Primitive schematic
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Metadata complex

Reporter materials have context in genomic sequence and in bi-
ological knowledge. Some of the resources that can be used
to specify context are depicted in the following schematic from
KEGG (Kanehisa, 1997; Kanehisa et al., 2004):
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Reproducibility issues
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“Preferred” methods

11



In a JHU technical report, Irizarry, Cope and Wu address the
same dataset:
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upshots

• assertions about “preferred” methods, even if methods are
transparent, must be taken with caution

• users should execute multiple“preferred”methods and under-
stand sources of discrepant conclusions

• concrete reproducibility of research is useful to support reuse
and extension of useful methods
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3 Genetical genomics using chr 7,15, 20

Provenance:

• hgfocus expression data for N=58 CEPH CEU unrelated individuals pro-
vided by Vivian Cheung and Richard Spielman at the 2006 Cold Spring
Harbor course on Integrative Data Analysis for High-throughput Biology.

• high-density SNP genotypes from HapMap, matched by CEU NAnnnnn
number to the expression samples, for only 48 individuals

• key results of Cheung and Spielman qualitatively reproducible with the
N=48 subsample
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> library(GGtools)

> data(c20GGceu)

> c20GGceu

GG Expression Set (exprSet catering for many SNP attributes) with

8793 genes

48 samples

There are 114666 attributes; names include:

rs4814683 rs6076506 rs6139074 rs1418258 rs7274499

> pData(c20GGceu)[1:4, 1:4]

rs4814683 rs6076506 rs6139074 rs1418258

NA11829 0 2 0 0

NA11830 1 2 1 1

NA11831 0 2 0 0

NA11832 1 2 1 1

The value in the i, j element of the phenoData is the count
of rare alleles found in the genotype on snp j in individual i. Any
missing call leads to a missing record.
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Cheung, Spielman et al. report genome-wide association (GWA)
results for gene CPNE1 in connection with rs6060535. The
RSNPper package gives us some curated information about the
SNP:

> library(RSNPper)
Loading required package: XML
> SNPinfo("6060535")
SNPper SNP metadata:

DBSNPID CHROMOSOME POSITION ALLELES VALIDATED
[1,] "rs6060535" "chr20" "33698936" "C/T" "Y"
There are details on 4 populations
and 10 connections to gene features
SNPper info:

SOURCE VERSION GENOME DBSNP
[1,] "*RPCSERV-NAME*" "$Revision: 1.38 $" "hg17" "123"
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bb = SNPinfo("6060535")
> popDetails(bb)

PANEL SIZE MAJOR.ALLELE MINOR.ALLELE majorf minorf
1 Japanese sanger C T 0.918605 0.0813954
2 Han_Chinese sanger C T 0.94186 0.0581395
3 Yoruba-30-trios sanger C T 0.925 0.075
4 CEPH-30-trios sanger C T 0.9 0.1

> geneDetails(goo)
HUGO LOCUSLINK NAME MRNA ROLE RELPOS AMINO

1 CPNE1 8904 copine I NM_003915 Exon -14677 <NA>
2 CPNE1 8904 copine I NM_152925 Exon -14677 <NA>
3 CPNE1 8904 copine I NM_152926 Exon -14677 <NA>
4 CPNE1 8904 copine I NM_152927 Exon -14677 <NA>
5 CPNE1 8904 copine I NM_152928 Exon -14677 <NA>
6 CPNE1 8904 copine I NM_152929 Exon -14677 <NA>
7 CPNE1 8904 copine I NM_152930 Exon -14677 <NA>
8 CPNE1 8904 copine I NM_152931 Exon -14677 <NA>
9 RBM12 10137 RNA binding motif protein 12 NM_006047 3' UTR 7722 <NA>
10 RBM12 10137 RNA binding motif protein 12 NM_152838 3' UTR 7722 <NA>
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> geneInfo("CPNE1")
snpper.ID NAME CHROM STRAND

"12438" "CPNE1" "chr20" "-"
PRODUCT LOCUSLINK OMIM UNIGENE

"copine I" "8904" "604205" "Hs.166887"
SWISSPROT NSNPS REFSEQACC MRNAACC
"Q9NTZ6" "189" " " "NM_152931"

TRANSCRIPT.START CODINGSEQ.START TRANSCRIPT.END CODINGSEQ.END
"33677382" "33677577" "33716262" "33684259"

> geneInfo("RBM12")
snpper.ID NAME
"12440" "RBM12"

CHROM STRAND
"chr20" "-"
PRODUCT LOCUSLINK

"RNA binding motif protein 12" "10137"
OMIM UNIGENE

"607179" " "
SWISSPROT NSNPS

" " "113"
REFSEQACC MRNAACC

" " "NM_152838"
TRANSCRIPT.START CODINGSEQ.START

"33700295" "33703860"
TRANSCRIPT.END CODINGSEQ.END

"33716252" "33706658"
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Both genes are antisense on chromosome 20 in the vicinity
of 33.7M. Note that all RSNPper responses provide a toolInfo
attribute describing the underlying database versions.
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3.1 Reproducing Cheung and Spielman on CPNE1

We can plot the available data on CPNE1 expression and the
rare allele counts in the N=58 individuals:

Table 1 of the paper of Cheung, Spielman et al. presents p-
values for regression hypotheses about data configurations like
the one displayed above.
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Are p-values a good index for this problem?
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3.2 Probing around with GGtools

Based on the 48 that I could find, we have

> mcpne1 = ggrplot(c20GGceu, "CPNE1", "rs6060535")
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detScreen: Want SNPs on a sequence of locations checked for
association with expression of a given gene

> dput(detScreen)

function (gge = c20GGceu, psn = "206918_s_at", chrmeta = chr20meta,

chr = "chr20", gran = 50, gene = "")

{

opar = par()

cpn = regseq(gge, psn, seq(1, ncol(gge@phenoData@pData),

gran), chrmeta, chr)

par(mfrow = c(1, 2))

plot(cpn$locs, -log10(cpn$pva), main = paste(psn, chr), xlab = "position",

ylab = "-log10 p Ho:B=0")

bot = which.min(cpn$pva)

ggrplot(gge, gene, names(bot))

par(opar)

invisible(list(bot = bot, cpn = cpn))

}
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Another cis example (1/50 available snps sampled):

> detScreen(c15GGceu, psn = "202295_s_at", chrmeta = chr15meta,

+ chr = "chr20", gene = "CTSH")
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> cs2 = ggrplot(c15GGceu, "CTSH", "rs1369324")

> summary(cs2[[3]])

Call:

lm(formula = Y ~ X)

Residuals:

Min 1Q Median 3Q Max

-0.64164 -0.16139 -0.04057 0.17366 0.64218

Coefficients:

Estimate Std. Error t value Pr(>|t|)

(Intercept) 10.04638 0.05467 183.753 <2e-16 ***

X -0.14788 0.06594 -2.243 0.0298 *

---

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error: 0.2947 on 46 degrees of freedom

Multiple R-Squared: 0.09857, Adjusted R-squared: 0.07897

F-statistic: 5.03 on 1 and 46 DF, p-value: 0.02977
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a trans example (IL16 [resident on chr15], determinant on chr
7]), random set of snps (1/50)
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if we focus on the finding of CS:

> csil16 = ggrplot(c7GGceu, "IL16", "rs6957902")

> summary(csil16[[3]])

Call:

lm(formula = Y ~ X)

Residuals:

Min 1Q Median 3Q Max

-0.9424 -0.3328 -0.0742 0.2112 0.9496

Coefficients:

Estimate Std. Error t value Pr(>|t|)

(Intercept) 7.83542 0.08127 96.408 < 2e-16 ***

X -0.46072 0.10280 -4.482 4.89e-05 ***

---

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error: 0.4101 on 46 degrees of freedom

Multiple R-Squared: 0.3039, Adjusted R-squared: 0.2888

F-statistic: 20.08 on 1 and 46 DF, p-value: 4.889e-05
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screen at a fraction of 1/20 snps on chr7:
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> vcil16

SNPper SNP metadata:

DBSNPID CHROMOSOME POSITION ALLELES VALIDATED

[1,] "rs10952094" "chr7" "8011051" "A/C" "Y"

There are details on 3 populations

and 3 connections to gene features

> csil16

SNPper SNP metadata:

DBSNPID CHROMOSOME POSITION ALLELES VALIDATED

[1,] "rs6957902" "chr7" "68383269" "C/T" "Y"

There are details on 4 populations

and 1 connections to gene features

SNPper info:

SOURCE VERSION GENOME DBSNP

[1,] "*RPCSERV-NAME*" "$Revision: 1.38 $" "hg17" "123"

> geneDetails(vcil16)

HUGO LOCUSLINK NAME
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1 ICA1 3382 islet cell autoantigen 1 isoform 1

2 ICA1 3382 islet cell autoantigen 1 isoform 3

3 ICA1 3382 islet cell autoantigen 1 isoform 2

(Intron role noted)
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notes

• compact representation of assay data (expr+snp) feasible,
leads to simple workflow

• detScreen function should be configurable (alternatives to
OLS with 0-1-2 genotype representation)

• competitive trans determinants easily discoverable

• linking trans findings to target gene via networks? other
organizations?
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