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A Cardiovascular Microarray Study

(Dr. Tom Quertermous)

n = 63 stent recipients: 44 “low risk”, 19 “high risk”

m = 20426 genes on each patient’s microarray

Data Matrix

t statistics t; compares high vs. low risk expression values, patient 7
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Cardio Study: m = 20426 genes, n = 63 microarrays
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z-value Overdispersion

z-value histogram overdispersed near center compared to
N (0, 1) theoretical null — more like N (.03, 1.572)

Possible causes:

— Unobserved covariates (Efron 2004)

— Correlation between genes (Efron 2007)

— Correlation across microarrays (Today: df really < 61)

Look at low risk group: [ X: 20426 x 44

“Doubly Standardized™:
— Row and column means 0 ® No “signal”
— Row and column variances 1
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Scatterplot of microarrays 31 and 32 (gene means removed)

Correlation .805
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Permutation Tests for Independence

“v,” first eigenvector of X (or of A = X'X/m); dimn.

If columns X i.i.d then v, should look “random?”
plotted versus 1, 2, ..., n.

S (v,) some statistic measuring apparent structure,
for example, slope of linear fit to v,.

Compare S to S™ values obtained by permuting entries of v,.
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First eigenvector of X matrix for low-risk patients (20426 x 44);
Double standardized; Note peak from 27 to 32
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Block Tests
® S=v, Bv,where B=2, 3. 5.,
5]2 =(0,0,---,0,1,1,---,1,0,0---0)
® All blocks, lengths 2 through 10

® Test strongly rejects independence, p = 2/5000
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'Block Test' for independence of microarrays in
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Row and Column Correlations

X = (x1,X2,X3,...,X,) = : ® Doubly standardized

Column Correlations cor;; = X, - x; ® 2 Cor;jy =0
77’

Row Correlations cor;y = x; - T e > cory =0

. 9 2
Variances A’ =) cor;;,/n® and A% =} cory;,/m?
jj’ i
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A Theorem

Theorem Let eq,e9,--- e, be ordered eigenvalues

of X'X. Then

A% = A% = 51362/(777,77,)2

e Column cors as dispersed as row Cors,

(= .283?)

even if columns (microarrays) independent!
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All 1936 column correlations (solid) and 10000 row corrs;
Both histograms have mean 0 and stdev alhat+ = .283
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The Off-Diagonal Correlations

The n(n — 1)/2 off-diagonal column correlations have (mean, variance)

1 A2

/\../: < ./ -~ .
{cor;; 15 <j'} ( 1 a”)

where | (¢

/\2_

_n_
n—1

(A% — L5). [ = .2417]

Total True Row-wise Correlation defined to be

o[/ 2)]

1<a’

If columns (microarrays) independent then & almost unbiased for a.

Compute all row cor;;s values e Shrink to account for sampling variability

e Shrunken distribution has sample sd = & = .241.
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Is “.805”” a Significantly Large Correlation?

® There are 936 off-diagonal column correlations.

® If columns actually independent, o« = .241, we expect
{cor;; : j <j'} ~ (—.023,.241%)

® Benjamini-Hochberg Fdr (.1) test, assuming normality,

declares “significant” the 5 pairs with cor,; > .78
(all 5 from 27 : 32).

® No “Slam Dunk”! Correlation makes effective sample size
much smaller than m = 20426 : m.s = 17.2.
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Frequency

Column-wise correlations for low-risk group, showing
N(-1/43,.24172) density; points rhodensity (rho =0, N = 17.2)
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Normal Theory

X ~Npn0, ¥ @A)

{ roOws
o

[“Demeaning” makes mean = 0.]

columns x; ~ Np,(0,A;¥)

Assume oy = 1, so E{x;zl,} = A

Sample covariance

Independence Hypothesis

A=1

(not independent)

(

7

A = X'X/m has expectation A.

)

17



Effective Sample Size

o If rows independent: z; ~ N(0,A) and A ~ Wishart (A, m)/m,
with mean and covariance

AN

A~ (A T/m) Lk = DjiAgn + A Aw).

Theorem A ~ (A, T'/meg)  where effective sample size is

Meg = m/[1 + (m — 1)a?) ‘

® (« is the total row-wise correlation

® If o = .241 then meg = 17.2!

AN

® Wishart Approzimation A ~ Wishart (A, meg)/Meg.
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Johnson and Graybill’s Model (1972)

LA+ B, + a8 + ai ~ N(0,05)
ij — i T Q05 T €4y in
yj lu g ! / Eij f\SiN(O,O'EZ)

(generalizes “one df for non-additivity”)

Remove row and column means: x;; = a;5; + €;;

rows T; ~ N, (0,021 + c23)

A =%l +o2p3 ® H, : Independence < o2 =0
J & G Likelihood Ratio Test rejects for large values e /e,

Simulating from A ~ W (I, Meg)/Megt
strongly rejects independence
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Best Linear Test: 8 Known

o Assume A ~ (A, T /meg), A=T+N308

e Independence Hypothesis Hy: A=0 |[A=11=2]]

o Linear Test Stat S, =v' (A —I)v

Best Choice |Sg = 3(A -1

‘maximizes (E\S — EyS)?/Vary(S) |
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Omnibus Test

Don’t know “ﬁ” ) Cata]og /3 — (ﬁh ﬁz’ ..

Omnibus Test S = Zﬁg(ﬁ — 1)jy
h

= tr KB + constant

where B = ) G,
h

If A=V diag(e) V' then |S =3 ev/Bu;
i=1

J & G First eigenvector v; of A is crucial =
S = v} Bvy, the “block test”

aﬁH)
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Does Correlation Account for Cardio Overdispersion?

o X 20246 x (44 + 19)

e (ontrast ¢’ = (—ﬁ,_zly... 711_97 %7...)/(41_4 4+ L)l/z

® Suppose rows x; have cov matrix A

zz'—lfu
1/2
—|—E) /

ﬁl'—‘ 8

(

® Estimated variance 72 = cAc = Yz2/m e Cardio 7= 1.48

2 —_—
o P2 p2irr o COV(F)=.17 e r2=1ifA=1

Mefr
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A “Nicer” Microarray Study

102 men, 50 normals, 52 prostate cancer

6033 genes o X hasa=.034
6033 x 102

z; = ® 1 Fo(t;) has center of histogram ~ N (0, 1.06?)

24 low-tdr genes
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Prostate cancer study: X 6033 x (50+52) has alphahat = .034;
Center of histogram ~ N(0,1.06”*2); 24 significant genes

N(0,1.06"2)
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eigenvector
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First eigenvector of X[,1:50] (solid)
and X[,51:102] (dashed)
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