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Additional File 1: Supplementary Information

Section 1: Details of measurement and analysis methods
(a) Maximume-likelihood methods

The maximume-likelihood approach to copy number determination we adopted was
similar in its general structure to that used by Aldhous et al. for beta-defensins [1],
and our rationale for adopting such an approach was two-fold. Firstly, we needed a
way of combining information from different independent measures of DEFA1A3
copy number. This was particularly important in allowing us to leverage the power of
the allele ratio measurements, which we have found to have high empirical accuracy,
presumably because allele ratios do not compare representation of the target
sequence with another (reference) locus in the genome, but instead compare
variants of the target sequence with each other. Nevertheless, allele ratio methods
alone are not sufficient — a measured allele ratio of 2:1 is compatible with true copy
numbers of 3, 6, 9 or any multiple of 3 — and PRTs (or some other method of fixing
the approximate copy number relative to the genome as a whole) are necessary to
arrive at a reliable copy number determination. If all the data were PRT
measurements, we could simply combine the measurements as an average (or
weighted average if differences in accuracy need to be taken into account); by
contrast, allele ratios and PRTs are very different types of data, and likelihood
evaluations allow us to combine them on an even basis.

The second rationale was that a likelihood approach would have a built-in method for
evaluating the confidence that could be placed in an integer copy-number call.
Although the distributions of error around each measurement are not known a priori,
we have enough empirical data from samples of confidently-assigned copy number
to model the expected distribution of measurements, and these can in turn be used
to derive the probability of the observed measurement conditional on a particular true
integer copy number. The distributions observed (see Supplementary Figure 1 for
the PRT measurements) approximate quite well to a Gaussian, and despite a small
excess of values at the extremes of some distributions (Supplementary Figures 1
and 2), they fit well enough in the central range -2 < z < 2 in which most observations
are found that we adopted a Gaussian model as mathematically convenient.

(b) Evaluating likelihoods

For the PRT measurements, the probability of measuring the value observed
assuming a true underlying copy number was determined assuming that PRT
measurements of samples of true copy number N would have a Gaussian
distribution with mean N, and a standard deviation estimated from repeated analysis
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of samples of known copy number. Using a relatively small number of reference
standards allowed us to estimate standard deviations for PRT measurements that
gave useful analyses, but appeared to underestimate the standard deviations for all
copy-number classes relative to the data observed in a larger data set. Further
analysis of PRT measurements showed that higher standard deviations were
observed in analysis of many different samples of the same copy number relative to
repeated analysis of the same samples. We therefore increased the estimated
standard deviations to take account of this phenomenon, resulting in analyses that
were more internally consistent. This procedure was also conservative, in the sense
that it would act to underestimate the overall confidence in our integer copy number
calls. We have never observed a sample with a copy number of 2, and there are few
each of copy numbers above 11 in our dataset. For these copy numbers, standard
deviations were estimated by extrapolation from neighbouring values. The standard
deviations used in our analyses were:

CN  MLT1AO0 PRT DEFA4 PRT
2 0.2 0.2
3 0.3 0.3
4 0.43 0.54
5 0.53 0.65
6 0.63 0.76
7 0.73 0.87
8 0.83 0.98
9 0.93 1.09
10 1.03 1.2
11 1.3 1.3
12 1.4 1.4
13 1.6 1.6
14 1.8 1.8
15 2 2
16 2.2 2.2

For the ratio methods, because the same copy number could be informatively
represented by many compatible integer splits (a copy number of 7 could be split
0:7, 1.6, 2:5, 3:4, 4:3, 5:2, 6:1 and 7:0) we analysed all possible splits for each copy
number, analysing for each copy number the split that best matched the observed
ratio. This best-fitting observed ratio was then expressed as a normalised ratio, the
ratio of the observed value relative to the expected; for example, a measured ratio of
1.8 and a MLCN of 6 (for which the best-fit integer ratio is 4:2, or a ratio of 2.0) would
generate a NR of 0.9. Normalised allele ratios appeared to have empirical
distributions that approximate well to Gaussian distributions (see below). Our data
allowed us to observe that ratio measurements for indel5 and DefHae3 had
normalised values that were consistently different from the expected mean value of
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1.0 (see below), and the data allowed us to estimate standard deviations for the
normalised values.

(c) Observed measurement distributions

Supplementary Figure 1 shows the observed distributions of normalised ratio (NR)
values, and Supplementary Figure 2 shows the quantile-quantile plots against a
Gaussian distribution. For PRTs, the normalised value is the observed PRT
measurement expressed relative to the maximum-likelihood copy number (MLCN,
see below) for that sample. Thus a PRT measurement of 6.6 in a sample to which an
MLCN of 6 was assigned would generate a normalised ratio of 1.1. For the allele
ratios, the NR is the measured ratio expressed relative to the best-fitting integer split
of the MLCN (see above).

Previous experience [2] had shown that the DefHae3 (DEFA1:DEFAS3) ratio test had
a tendency to overestimate the representation of DEFA3 by about 10%. On average,
samples with equal numbers of DEFA1 and DEFA3 genes would record a
DEFAL1:DEFAS ratio of about 0.92, which we assume is due to the generation of
heteroduplex DNA that would fail to digest with Haelll (see Supplementary Figure
2d, below). In our analysis, we corrected for this bias by modelling a distribution of
NR values with a mean of 0.918 rather than 1. Similarly, presumably because the
shorter PCR product has a small amplification advantage relative to the longer one,
the ratio of the deleted to undeleted forms of the indel5 variant has a mean of about
1.05, which was used as the mean of the NR distribution.

(d) Minimum ratios as confidence measures

We used the likelihood estimates to determine a measure of the confidence with
which a MLCN was assigned — in some cases there would be multiple
measurements strongly supporting the same MLCN, leading to high confidence,
whereas in other cases some of the measures might be missing, uninformative or
contradictory, leading to lower confidence in the best-supported single integer value
for the MLCN. We defined the “minimum ratio” (MR) as the factor by which the
likelihood associated with the MLCN exceeded the next best supported integer copy
number. In our data, these MR values had a median value of 20.1 and an upper
guartile value of 133.1, suggesting that most samples had a strongly supported
MLCN, but there were also many samples with relatively low MRs (the lowest
guartile value is 3.78). There was a strong association between low MR and missing
or uninformative data — the 528 samples with four or five informative values out of
the five possible measures (two PRTs and three ratios) had a median MR of 25.48,
while the 61 samples with three or fewer informative measurements had a median
MR of 4.65. A technically accurate ratio measurement can be uninformative if only
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one of the two variants is present — this is particularly frequent for the DefHae3 ratio,
for which about 10% of the population lack DEFA3 [2]. Low MR was also strongly
correlated with high copy number, presumably because of the increased difficulty in
distinguishing neighbouring integer values; of the 336 samples with MLCN values
between 3 and 7, the median MR was 93.51, whereas the 253 samples with MLCN
of 8 or more had a median MR of 5.12.

In most cases the data supported an interpretation that all measurements were
consistent with a single underlying copy number value, but we wanted to ensure that
we were aware of any evidence that any of the tests was measuring a value
genuinely inconsistent with the consensus. This might happen either because of
variant repeats with altered representation of the measured sequences, unexpected
SNP variation compromising the efficiency of PCR from particular targets, or
because of copy number variation of reference loci in PRT assays. We therefore
screened our analyses to identify any samples for which the relative P value for the
MLCN (derived from integrating all measurements) was below 0.0005 for any
individual test. Because we obtained five measures of copy number for each of more
than 500 samples, we considered that a threshold of 1 in 2000 would allow us to
identify any strong anomalies without creating too great a burden of false positives.

Inspection of the 7 samples (1.2%) highlighted as anomalous showed no recurrent
pattern of discrepancy that explains most of the anomalies. All these samples did
show unusually divergent values between the two PRT measurements, which might
in principle indicate reference locus variation. We therefore retyped the PRTSs for
these samples, which yielded values on retyping that were more consistent with
each other and with one of the previous PRT measurements. We would therefore
suggest that our initial measurements of these samples represent extremes of
random measurement variation, and are not evidence of uncommon genotypes that
lead to systematic error in copy number evaluation.

One sample (NA12045) included in our sample set was known from other work [3] to
carry a heterozygous deletion of DEFA4, such that the DEFA4 PRT would be
expected to return a copy number estimate (based on the assumption that two
copies of DEFA4 were present) of about twice the true value. This deletion was
tracked using a PCR assay in CEPH pedigree 1346, and is found in the mother
(CEPH 134602 = NA10852), her father (CEPH 134613 = NA12045) and four
offspring. Although NA12045 is not highlighted as anomalous in this work by the
analysis program, the DEFA4 PRT does return a value (18.95) much higher than the
MLT1AO PRT value (13.58); these measurements constitute the extreme outlier
point at the top right of Figure 2. If this deletion of DEFA4 were prevalent, it would
compromise the general applicability of our combined PRT scheme for DEFA1A3
copy number measurement. We therefore used the PCR-based assay to type the
DEFAA4 deletion status of all samples flagged as anomalous in the analysis (see
above) and samples with DEFA4 PRT copy number values more than 1.4 times the
MLT21AO value. We found no further examples of the DEFA4 deletion, and conclude
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that it is present at low frequency; even with incomplete ascertainment, since one
heterozygous example was found in 589 unrelated individuals, the allele frequency is
likely to be of the order of 0.001.

Our maximum likelihood analysis does not take into account any prior probabilities
derived from known distributions of copy humber within the population; this
assumption of "flat priors" is necessary in this initial analysis, to avoid circularity of
argument, but the analysis could be extended in future work by applying known
frequencies of particular diploid copy number states as prior probabilities. This would
have the effect of increasing the confidence of assignment (as measured by the
Minimum Ratio) for the majority of common copy number states.

We applied the analysis procedure in the context of a custom program written in c++
(source code available on request). In this context, the smallest positive number that
can be represented as a double-precision variable is about 10°%, and probability
values smaller than this are rounded to zero.

Section 2: Comparison with other DEFA1A3 CNV measurements

We were able to compare our measurements with eight samples that were both part
of our sample set and included in the CNV Genome Baseline Set of Complete
Genomics [4]. As the read-depth most likely to correspond to DEFA1A3 copy
number, we selected sequence bins (chr8: 6822000-6828000, 6840000-6848000
and 6860000-6866000) that included the gene sequences and surrounding
sequences shared at high levels of sequence identity between the repeats on the
human genome assembly (Build 36). The mean values across these intervals for
median-scaled, GC-corrected read depth representation are shown relative to the
corresponding MLCN values in Supplementary Table 1 below, and in Supplementary
Figure 3.

The comparison with the microarray data of Campbell et al. used the values from
their Table S7 for the “non-discrete” CNV defined by 52 probes in the interval
chr8:6815835-6866374. There were 108 samples typed for that CNV by both
Campbell et al. and in this study, with an r* value of 0.49 between the different
measures. A scatterplot of the results is shown as Supplementary Figure 4, below.
Using publicly available intensity data for 17 samples common to both studies
(http://www.sanger.ac.uk/research/areas/humangenetics/cnv/highres discovery.html
) from the 42 million-element array-CGH data of Conrad et al. (2010), the median
log, ratio values across the three repeat intervals at chr8:6,822,000-6,828,000,
chr8:6,840,000-6,848,000 and chr8:6,860,000-6,866,000 were compared with the
MLCN from this study. A scatterplot of these comparisons is shown in
Supplementary Figure 5 below (r* = 0.74). Although we have not determined its copy
number directly in this study, these comparisons are consistent with the reference
sample NA10851 having a copy number of 7.
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Section 3: P values from GWAS studies

After consulting with the relevant investigators, we interrogated 18 GWAS studies of
infectious/inflammatory disorders for P values at SNP loci associated with DEFA1A3
copy number, and Supplementary Table 3 below summarises those findings. In
addition to the GWAS studies of inflammatory conditions specifically interrogated in
that approach, further P values for rs4300027, rs4512398 and rs7825750 can be
obtained by searching GWAS Central (http://www.gwascentral.org/index). In total,
152 entries were found in GWAS Central for P values involving these SNPs. Among
these 152 entries, there were 6 examples of P values below 0.05:

SNP P value phenotype GWAS Central ID
rs4512398 0.007237 Rheumatoid arthritis HGVST185
rs4512398 0.008682 Parkinson's disease HGVST6
rs7825750 0.0174983 Systolic blood pressure HGVST307
rs4512398 0.02662 Parkinson's disease HGVST6
rs4512398 0.03606 Rheumatoid arthritis HGVST185

rs4300027 0.03989 Amyotrophic lateral sclerosis HGVST65

The first and fifth entries, and the second and fourth, are variant analyses of the
same SNP in the same data set, and are therefore not independent. These include
no examples of P values that are of clear significance given the number of values
considered overall. Taken together the P values from non-duplicate SNP analyses
conform well to the expectation for 87 values randomly distributed between 0 and 1
(see Supplementary Figure 6, below).
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227 Supplementary Tables
228 Supplementary Table 1

229 DEFA1A3 MLCN (this study) and median-scaled, GC-corrected read depth
230 (Complete Genomics) for eight samples common to both studies.

231

sample MLCN | read
depth

NA06985 | 7 2.26
NA06994 | 6 1.94
NA07357 | 10 3.33
NA12004 | 7 2.27
NA12889 | 10 2.87
NA12890 | 5 1.69
NA12891 | 5 1.73
NA12892 | 7 2.51

232

233

234  Supplementary Table 2

235  New reference standards used in this study. “CEPH family ID” is given for those

236  samples which have been validated not only via repeated concordant measurements
237 against previous reference samples (of copy number deduced from restriction

238 fragment lengths established by Southern blotting of pulsed-field gels), but also from
239  segregation of haplotypes established via segregation in three-generation CEPH

240 pedigrees. These particular copy number values can therefore be regarded as very
241  strongly established.

Sample DEFA1A3 Source CEPH
CN family ID
C0007 7 ECACC HRC1
C0075 6 ECACC HRC1
C0150 8 ECACC HRC1
C0877 9 ECACC HRC1
NAO07062 5 CEPH 1340-3
NA11998 6 CEPH 1420-4
NAO07008 7 CEPH 1340-5

242

243



244 Supplementary Table 3

245  Summary of P values for DEFA1A3 CNV-associated SNPs in 18 independent GWAS studies
246  of inflammatory or infectious disorders. In the single instance of a nominally significant point
247 P value (Pops < 0.05), the adjusted P value (Pr) is shown using a Bonferroni correction for
248  the 18 different studies analysed: Peor = 1 = [(1-Poss)"], Where N is the number of tests,

249  which approximates to NP,,s when N is large and Py,s small.

250

251 Phenotype SNP Pobs Peorr Reference
252 WTCCC

253 Bipolar disorder rs7825750 0.529 [5]
254 Coronary artery disease rs7825750 0.555 [5]
255 Crohn’s disease rs7825750 0.168 [5]
256 Hypertension rs7825750 0.660 [5]
257 Rheumatoid arthritis rs7825750 0.365 [5]
258 Type 1 diabetes rs7825750 0.201 [5]
259 Type 2 diabetes rs7825750 0.191 [5]
260

261  Coeliac Disease rs4512398 0.013 0.21 [6]
262  type 1 diabetes rs4512398 >0.05 [7]
263 rs4300027  >0.05 [7]
264  Ulcerative colitis rs4512398 0.8 [8]
265 rs4300027  0.71 [8]
266  Crohn’s Disease rs4512398 0.525 [9]
267 IBD rs4512398  >0.05 [10]
268 rs4300027  >0.05 [10]
269  Psoriasis rs4512398 0.2 [11]
270  Psoriasis rs4300027 0.49 [12]
271 rs4512398 0.926 [12]
272 Atopic Dermatitis rs7825750  >0.05 [13]
273 Multiple Sclerosis rs7825750  0.5904 [14]
274 HIV progression rs4300027  0.946 [15]
275 rs4512398 0.783 [15]
276 rs7825750  0.79 [15]
277  CF severity rs4300027 0.10 [16]
278 rs4512398  0.12 [16]
279

280



281  Supplementary Figures
282
283  Supplementary Figure 1

284  Normalised Ratio (=measurement/MLCN) distributions for (a) MLT1AO and (b)
285 DEFA4 PRTSs.
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290

291  Supplementary Figure 2

292 QQ plots of NR relative to a Gaussian distribution for all 5 measures: (a) MLT1AO
293  PRT, (b) DEFA4 PRT, (c) indel5 ratios, (d) DefHae3 (DEFA1:DEFAS3) ratios and (e)
294  7bp duplication ratios. For a given MLCN, in (c)-(e) there will more than one possible
295  split of variants consistent with the integer total, and the ratio that most closely

296 matches the observed value has been used.
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311  Supplementary Figure 3

312 DEFA1A3 MLCN (this study) plotted against median-scaled, GC-corrected read
313  depth (Complete Genomics) for eight samples common to both studies (see also
314  Supplementary Table 1).
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318 Supplementary Figure 4

319  Scatterplot comparing the MLCN values in this study with the microarray data of
320 Campbell et al. (their Table S7, chr8:6815835-6866374) for 108 HapMap samples
321  typed in both studies (r* = 0.49).
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325 Supplementary Figure 5

326 Comparison between intensity data from Conrad et al. (2010) from the DEFA1A3
327 CNV region for 17 samples and the MLCN from this study (see section 2 for details).
328 The r? value is 0.74.
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331  Supplementary Figure 6

332  Q-Q plot of all 87 non-duplicate P values for rs7825750, rs4300027 or rs4512398
333 from GWAS Central. To avoid double-counting of non-independent data, this

334 compilation removed duplicate analyses of the same SNP in the same data, in every
335 case choosing the more significant P value. This over-conservative procedure is

336 likely to have led to the observed general small excess of non-significant P values in
337 the range above P = 0.05 (i.e., -logio P values below 1.3). Nevertheless, there is no
338 indication of an excess of significant P values, and the overall pattern of P values
339 observed is consistent with what would be expected from 87 numbers distributed
340 randomly between 0 and 1.
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