
278 

 

Appendix A 

List of Oligonucleotides 
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Appendix B 

ABCA13 Custom Designed Oligonucleotide Array Validation 

To identify copy number changes at the ABCA13 region in families with schizophrenia, 

we designed a custom oligo array (Agilent Technologies) with 34,036 probes covering a 

1.5-Mb interval at chromosome 7p12 spanning ABCA13. Validation experiments were 

performed to assess the probe dose response on the custom array by hybridising a 

series of 1x, 2x, 3x and 4x reference DNA (labelled in Cy5) against 1x reference DNA 

(labelled in Cy3). The expected log2ratio of each probe would be at 0, 1, 1.58 and 2 for 

the 4 experiments (corresponding to the 1x: 2x: 3x: 4x dosage). Analysis shows that 

majority of the oligo probes fall on the dosage response curves for the expected labelled 

DNA amount (Figure AI.1) 
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Figure B-1 Dose response of the custom ABCA13 oligo array. a) A series of 

experiment were performed with 1x (blue), 2x (yellow), 3x (green) and 4x (red) reference 

DNA hybridised against 1x reference DNA. The expected log2ratio of each probe for the 

4 experiments would be 0, 1, 1.58 and 2 respectively. The dose response for the 

majority of probes falls on the expected values. (x-axis: log2ratio, y-axis: genomic 

coordinates of the probes) b) Best-fit linear regression lines were generated for the 

expected and actual dosage response. The red line represents the expected fit. The 

actual fit for each probe is shown in black, and the median best-fit linear regression line 

for all probes is shown in green. The actual median fit (green) is close to the expected fit 

(red). 
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Appendix C 

Whole Genome Tiling Path (WGTP) Array Quality Control 

C1 Data Normalization 

Data normalization, which includes background subtraction and spatial normalization, 

were performed as previously described (Fiegler et al. 2006, Redon et al. 2006). Some 

array profiles in our dataset demonstrated genomic “waves” in the signal intensities, a 

phenomenon which appeared to be a general feature of array CGH datasets (Marioni et 

al. 2007). One characteristic of these “waves” were their correlation to GC content of the 

array probes. All array profiles were therefore GC-normalized: the log2ratio of each 

clone in every sample is normalized against the GC content of the BAC clone using a 

custom PERL script (developed by Dr Richard Redon and Armand Valsesia).  

C2 Clone Filtering 

Each WGTP array constructed at the Sanger Institute is spotted with 29043 large insert 

clones from the “Golden Path” library (Fiegler et al., 2006). To eliminate possible 

artefacts due to individual clones, the following inspection and filtering steps were taken.  

C2.1 Inconsistent and frequently excluded clones 

Clones that showed poor morphology, spot intensities or low signal to background noise 

in individual experiment, or behaved inconsistently between dye swap experiments of a 

given sample, would be flagged as being excluded from the analysis of that DNA sample. 

Clones that were frequently excluded (in >75% DNA samples in both case and control 

cohorts) were subsequently filtered from the CNV dataset. 93 clones were filtered based 

on this criterion.  

C2.2 Autosomal clones with homology to X/Y chromosome 
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Autosomal clones that have homology to either sex chromosome would give variable 

log2 signal ratios depending on whether hybridisations were performed with a male or 

female test DNA. These “pseudo-X/Y clones” were detected using a custom R script 

based on the difference between the average log2ratio of all female versus male test 

DNA hybridisations (see Fig C-1). 100 clones with a difference of >0.1 between average 

male and female log2ratio were excluded using this criterion. Examples of the 

histograms of two removed clones are shown in Fig C-1b.  
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Fig C-1 Autosomal clones with homology to X/Y chromosomes. Autosomal clones 

with homology to X/Y chromosomes were detected using the average log2ratio values of 

all female versus all male test DNA experiments. (a) A plot of the average female 

log2ratio against the average male log2ratio for all clones. Majority of the autosomal 

clones lie on the x=y line (blue line). Clones above this line are X-chromosome clones or 

pseudo-X autosomal clones (filtered). Clones below this line are Y-chromosome clones 

or pseudo-Y autosomal clones (filtered). (b) Histograms of two filtered autosomal clones. 

i) a pseudo-X clone Chr2tp-28H7 and ii) a pseudo-Y clone Chr4-32K-2P15 (top panel: 

experiments from male DNAs, bottom panel: experiments from female DNAs) 
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 C2.3 Artefacts due to hybridisation date 

Clones were inspected with respect to the dates of hybridisation to detect artefacts due 

to environmental factors (e.g. variations in array batch used, ozone level and humidity 

level).  When a set of clones with such artefact pattern was detected, the remaining 

29,043 clones were screened by means of Pearson correlation coefficients to check for 

similar artefact patterns. A list of 110 clones showing two systematic date-specific 

artefact patterns were removed from further analysis (Figure C-2).  

 

Fig C-2   BAC clones showing systematic date-specific artefact patterns. Two 

systematic date-specific artefact patterns were detected. Each plot shows clone 

log2ratio fluorescence signal against the DNA sample sorted by dates of hybridisation. (a) 

Hybridisations carried out prior to 05-Jul-2007 compared to those after 05-Jul-2007 i) 

Chr5-32K-1K4, ii) Chr5tp-1C1 and iii) Chr17tp-7C3). (b) Hybridisations carried out on 

Jun-20-2007 & June-21-2007 compared to the rest of hybridisations i) Chr1tp-8A5, ii) 

Chr12tp-17A5 and iii) Chr20tp-6A8).  

C2.4 Sex chromosome artefacts in male Lothian Birth Control Samples 
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23 samples from the Lothian Birth Control (LBC) cohort demonstrated a mosaic Y 

chromosome pattern, such that clones on Y chromosome exhibited lower log2ratio 

fluorescence signal than in a typical male DNA sample hybridisation. These 

chromosomal artefacts may be due to Y chromosome loss from the LBC subjects, who 

were at relatively advanced age (~90 years old) at the time of DNA extraction. All non-

autosomal clones were removed from these 23 LBC male samples from further analysis. 
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Appendix D 

WGTP Array Supplementary Tables and Figures 

Table D-1  Number and types of CNVs (Gain/ Loss) per DNA sample.  

(a) SCZ samples (n=91) and (b) LBC samples (n=92)  

a) 

SCZ Sample Gain Loss Total

211 29 22 51

220 27 17 44

241 20 13 33

297 42 21 63

302 56 24 80

323 31 37 68

358 34 17 51

385 55 45 100

513 52 31 83

621 36 39 75

665 27 14 41

850 33 16 49

899 36 26 62

1085 33 19 52

1278 54 24 78

1295 26 19 45

1784 28 26 54

3071 58 41 99

3138 41 30 71

3141 48 44 92

3198 33 16 49

3199 47 24 71

3333 36 37 73

3341 27 18 45

3377 34 23 57

3409 24 20 44

3443 44 33 77

3503 45 26 71

3559 53 41 94

3572 34 23 57

3581 51 37 88

3584 45 19 64

3594 28 15 43

3652 39 33 72

3661 33 26 59

3703 30 13 43

3751 54 28 82

3766 31 19 50

3776 24 43 67

3789 54 35 89

3802 41 21 62

3812 57 23 80

3815 47 28 75

3857 46 38 84

3931 54 17 71

3945 24 25 49

3975 36 12 48

3976 27 13 40

4042 44 25 69

4100 40 36 76

4101 36 22 58

4111 48 31 79

4160 46 31 77

4179 27 14 41

4203 43 27 70

4355 43 30 73

4398 37 38 75

4495 37 36 73

4710 42 28 70

4716 51 33 84

4748 54 22 76

4773 47 19 66

5307 34 26 60

5324 57 24 81

5379 41 20 61

5386 55 40 95

5390 65 30 95

5446 46 24 70

5467 48 41 89

5541 24 20 44

5562 20 18 38

5587 41 39 80

5660 61 22 83

5758 50 30 80

5792 29 15 44

6273 59 32 91

6276 26 14 40

6289 73 34 107

6596 29 17 46

6626 53 46 99

6634 41 32 73

6638 32 25 57

6667 33 16 49

6744 39 20 59

7019 32 22 54

7103 38 16 54

7132 35 20 55

7180 10 21 31

7183 24 18 42

7287 56 43 99

7294 40 38 78

Grand Total 3650 2386 6036  
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b) 

LBC Sample Gain Loss Total

D003 51 28 79

D007 39 29 68

D008 61 26 87

D011 56 41 97

D012 34 22 56

D015 40 12 52

D019 46 27 73

D020 41 25 66

D026 42 30 72

D027 24 27 51

D032 29 22 51

D033 58 34 92

D035 46 26 72

D045 37 36 73

D049 31 18 49

D052 31 23 54

D053 33 32 65

D055 37 16 53

D058 58 34 92

D059 47 59 106

D060 47 32 79

D062 52 33 85

D075 45 39 84

D078 56 34 90

D086 37 37 74

D088 44 20 64

D098 44 31 75

D107 56 30 86

D127 52 30 82

D158 29 17 46

D161 26 6 32

D162 28 16 44

D164 37 18 55

D168 29 18 47

D176 31 8 39

D209 34 25 59

D211 35 32 67

D220 35 39 74

D223 46 38 84

D224 45 38 83

D226 43 34 77

D234 45 28 73

D235 50 41 91

D237 54 31 85

D242 44 32 76

D244 41 15 56

D244 41 15 56

D245 25 15 40

D246 32 26 58

D255 59 45 104

D263 54 41 95

D269 43 25 68

D272 41 35 76

D283 38 33 71

D287 52 45 97

D301 41 27 68

D328 34 37 71

D331 53 22 75

D332 55 38 93

D337 51 41 92

D341 69 34 103

D357 42 27 69

D365 44 33 77

D371 35 34 69

D379 49 32 81

D390 41 29 70

D391 45 39 84

D392 47 31 78

D399 42 19 61

D402 86 34 120

D435 50 38 88

D455 66 50 116

D477 43 22 65

D485 46 47 93

D489 72 36 108

D508 44 51 95

D514 52 33 85

D515 28 24 52

D518 26 11 37

D520 18 17 35

D521 24 26 50

D522 31 30 61

D531 36 20 56

D538 37 26 63

D548 44 29 73

LBC1 23 20 43

LBC10 76 16 92

LBC2 52 34 86

LBC3 32 31 63

LBC4 28 33 61

LBC6 31 22 53

LBC8 57 17 74

LBC9 53 25 78

Grand Total 3973 2689 6662  
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Table D-2  113 Variants Specific to the SCZ Cohort 
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Table D-4  Results from qPCR Genotyping of a Candidate near CHRFAM7A 

Analysis of all qPCR experiments to determine CHRFAM7A genotypes. In each 96-well 

plate 40 samples (+2 controls) were genotyped. Fold change of all samples in the same 

experiment (sorted in ascending order) were plotted on the same graph (green dots) and 

CNV genotypes were estimated by the change of the slope of the graph.  

(o: Homozygous deletion samples; x: heterozygous deletion samples; +: duplication samples ( : 

control sample NA10851; : control sample NA12776) 
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Appendix E 

Validation of SCZ Specific CNVRs  

E1 Validation by quantitative PCR 

Ten CNV regions of various sizes and types (gains/losses, single/recurrent) were 

selected from the 113 schizophrenia cohort-specific calls for qPCR validation. Up to 

three sets of primers were designed tiling across each CNV region for qPCR. SYBR 

quantitative PCR was performed to quantify the fold change of the patient DNA against 

the reference DNA NA10851. Eight regions were validated (Table E-1). 

Table E-1 10 regions selected for CNV validation by qPCR 
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E2 validation by custom oligonucleotide CGH microarrays 

We designed a high resolution oligo array with Roche Nimblegen Inc., with a median 

probe spacing of 40 bp, to validate the presence and delineate the breakpoints of 7 CNV 

regions in the schizophrenia cohort.  

Among them were two CNVRs that failed to validate by qPCR. With oligo array data we 

confirmed the presence of the deletion on chromosome 8 at 9 Mb, and narrowed down 

the CNV to ~chr8 9.83-9.87 Mb (Figure E-2a). No obvious sign of CNV was detected 

near the duplication call on chromosome 13 at 139Mb, suggesting a false positive call 

ascertained by WGTP analysis (Figure E-2b).  

Furthermore, we confirmed the presence and resolved the boundary of another 3 

CNVRs at 86-87Mb on chromosome3 (Figure E-3a), at 61 Mb on chromosome5: (Figure 

E-3b) and at 137 Mb on chromosome9 (Figure E-3c). WGTP array data suggested that 

these regions overlap the candidate genes chromatin modifying protein 2B (CHMP2B), 

kinesin heavy chain member 2 (KIF2A) and olfactomedin 1 (OLFM1), respectively. In 

each of these 3 cases, oligo array CGH validated the CNV regions, but restricted CNV 

locations to intervals either upstream or downstream of the mentioned genes. 

The oligo array also indicates that two recurrent CNVRs detected on WGTP were likely 

false positive events. The former is a CNV in sample 5390 at chr14:103Mb overlapping 

the gene kinesin family member 26A (KIF26A), and the latter is in sample 4179 at 

chr20:44Mb spanning cadherin 22 precursor (CDH22) (data not shown). We cannot 

confirm whether the other affected DNA samples with CNV calls on WGTP carried any 

change at these loci.  
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Figure E-2 Oligonucleotide array CGH validation of 2 CNV regions that previously 

failed to validate with qPCR. a) (i) The deletion at chr8:9Mb detected in sample 5398 

was confirmed by oligo array CGH, with the CNV boundaries resolved. (ii) Results from 

5 hybridization experiments on the oligo array revealed the expected deletion in sample 

5398 (green arrow, hybridized as reference). b) The duplication call at chr3:139Mb 

showed no sign of CNV on the five pairs of DNA hybridized. (red filled block: CNV region 

as determined by WGTP array; red unfilled box: the expected CNV determined by oligo 

array; green arrows: pair of DNA samples we expected to see the CNV) 
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 (Figure E-3 to be continued) 
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 (Figure E-3  to be continued) 
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Figure E-3 Three CNVs confirmed by oligo array CGH.  

a) A duplication (sample 5386, hybridized as reference) at chr3 86-87 Mb was validated. 

CNV boundaries were refined to ~chr3 87.00-87.06 Mb b) A deletion (sample 5386, 

hybridized as reference) at chr5 61 Mb was validated. CNV boundaries were refined to 

~chr5 61.55-61.58 Mb c) A duplication (sample 4179, hybridized as reference) at chr9 

137 Mb was validated.CNV boundaries were refined to ~chr9 137.28-137.45 Mb  

(red or green solid box: CNV region as determined by WGTP array; red unfilled box: 

expected CNV determined by oligo array; green arrows: pair of DNA samples expected 

to display the CNV) 
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