
Supplementary Methods 
 
General workflow for rank-based procedure: Beginning with the raw intensity files (top), normalization and raw copy number 
extraction are performed using platform-appropriate methods (dChip [1], PLASQ [2], ITALICS [3], CRMA [4], Bead Studio [5], 
CGHpro [6], etc.). The raw copy numbers are then ranked across samples, marker by marker. In the somatic setting (left side), each 
test sample (gray columns) is ranked separately along with the reference (“normal”) samples, and each test rank sum is computed. A 
genome-wide scan for copy number lesions will produce a large matrix of rank sum statistics RS from the sliding window, whose P-
values need to be corrected for multiple tests. If a specific region is targeted (lower left), nominal P-values may be used. Significantly 
large values for RS imply amplification, while small values indicate deletion. In the CNV detection setting (right side) all samples are 
typically test samples, and are therefore ranked together. The min RS and max RS statistics are computed recursively (see text), and 
nominal (for a targeted genomic region) or FDR-corrected P-values (for a genome-wide sliding window) are used to measure 
statistical significance of each putative deletion (using min RS) and gain (using max RS). 
 

                     



Derivation of Null Distributions

Here we derive the large-sample null distribution of the statistics RS, minRS =
minnRn and maxRS = maxnRn.

Proposition: For large N , the approximate null distributions of RS, minnRn

and maxnRn are given by
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where y = (x−K)
N−1 and bc denotes the “floor” (largest lower integer) function.

Proof: First, note that

P (minnRn < x) = 1− P (minnRn ≥ x) = 1− P (Rn ≥ x for all n).

It is straightforward to show that the rank sums Rn are asymptotically inde-
pendent under the null hypothesis. Therefore,

P (Rn ≥ x for all n) ≈ [P (Rn ≥ x)]N . (1)

Under the null hypothesis, the ranks rkn are randomly generated integer be-
tween 1 and N for each n. For large N , therefore, the rkn−1

N−1 are distributed
approximately as uniform U(0, 1) random variables. Summing over the K loci,
it follows that the transformed rank sum Yn = Rn−K

N−1 is asymptotically dis-
tributed as a sum of K independent U(0, 1) random variables. This probability
function of this is the well-known Irwin-Hall distribution [7, 8]:
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We may integrate to find

PY (y ≥ y0) =
∫ K

y0

1
2(K − 1)!

K∑
j=0

(−1)j

(
K

j

)
(y − j)K−1sgn(y − j) dy

=
1

2(K − 1)!

K∑
j=0

(−1)j

(
K

j

) ∫ K

y0

(y − j)K−1sgn(y − j) dy

=
1

2(K − 1)!

by0c∑
j=0

(−1)j

(
K

j

) ∫ K

y0

(y − j)K−1sgn(y − j) dy

+
1

2(K − 1)!

K∑
j=by0c+1

(−1)j

(
K

j

) ∫ K

y0

(y − j)K−1sgn(y − j) dy

=
1

2(K − 1)!

by0c∑
j=0

(−1)j

(
K

j

)
(y − j)K

K

∣∣K
y0

+
1

2(K − 1)!

K∑
j=by0c+1

(−1)j

(
K

j

)
(
(y − j)K

K

∣∣K
j
− (y − j)K

K

∣∣j
y0

)

=
1

2(K − 1)!
(by0c∑

j=0

((−1)j

(
K

j

)
(K − j)K − (y0 − j)K

K
)

+
by0c+1∑

j=0

((−1)j

(
K

j

)
(K − j)K + (y0 − j)K

K
)
)
.

Making the substitution Yn = Rn−K
N−1 yields the result for RS. Plugging the

resulting distribution function into expression (1) yields the result for minRS.
The maxRS case is completely analogous. This completes the proof.
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