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摘要 

背景與目的：拷貝數變異 (Copy Number Variation) 已經被提出是精神分裂症易感

受性的重要原因之一，過去研究指出拷貝數變異在精神分裂症病患上，有著和“常

見疾病是由罕見遺傳變異引起”假說並行不悖的特性。因此，用一種有效率且可信

賴的方式在精神分裂症的病患上找尋可能和疾病相關的拷貝數變異便成了一個重

要的課題。在這個研究中，我們透過精神分裂症病患及其家屬的樣本，希望能評

估用兩階段的定量聚合酶鏈反應 (quantitative polymerase chain reaction) 來找尋位

在 1q21.1 以及 2q22.1 兩段區域的拷貝數變異之實際可行性。 

方法：研究樣本是來自臺灣精神分裂症連鎖研究 (Taiwan Schizophrenia Linkage 

Study)，收集了來自全臺灣手足皆感染精神分裂症的病患及其一等親家屬，共有

2462 名個案，分別來自 607 個家庭。利用 ABI7900 以及 TaqMan® Copy Number 

Assays 偵測三段區域上拷貝數變異的探針，其中兩個位在 2q22.1 (HNMT gene) 一

個位在 1q21.1 (GJA8 gene)，第一階段基因型定型 (genotyping) 的每一樣本皆以二

重複進行，以臨界週期數差異 (∆Ct) 的中位數 ± 3*標準差作為標準，超出這個範

圍的即視為離群值，帶有離群值的個案以及他們的家屬，以四重複的方式進行第

二階段的基因型定型，接著透過檢視拷貝數變異在家族中的基因型分佈來判定該

拷貝數變異是家族遺傳傳遞或突變而來。至於拷貝數變異與精神分裂症之關係則

會利用 FBAT 軟體進行分析。 

結果：根據臨界週期數差異，個案被分成帶有三種不同基因型的組別，分別是：

1/0 (deletion, 在該區域上有序列缺失，∆Ct <中位數 − 3*標準差)、1/1 (野生型, 在

該區域之序列正常，∆Ct 位在中位數 ± 3*標準差間)以及 2/1 (duplication, 在該區
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域上有序列重複出現，∆Ct >中位數− 3*標準差)。在第一階段的實驗中，在三個區

域分別有 8 名 (CNV marker 1) 、2 名 (CNV marker 2) 以及 25 名 (CNV marker 3) 

帶有異常的臨界週期數差異，經第二階段實驗的驗證後，在三個區域分別只有 1

名 (CNV marker 1)、0 名 (CNV marker 2)、13 名 (CNV marker 3) 個案的臨界週期

數差異仍維持是離群值，這些人被視為帶有確定的拷貝數變異。共計在 CNV marker 

1 有一個家族帶有 duplication，而在 CNV marker 3 有 6 個家族帶有 deletion。FBAT

的分析中，顯示 deletion 的 allele 帶有會增加罹病危險性的趨勢，但統計上則未達

顯著 (z-statistics = 1.134, P = 0.257)。 

結論：這個研究展示了一種利用定量聚合酶鏈反應針對特定區域搜尋拷貝數變異

並且節省成本的實驗設計，結果指出在我們研究中找到的拷貝數變異大多是經由

家族性傳遞。
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ABSTRACT 

Background and Objective: Copy number variations (CNVs) have been postulated to 

be an important source of genetic susceptibility to schizophrenia. Previous findings on 

CNVs in schizophrenia patients appear to be compatible with the proposition of 

“common disease, rare variants.” Under this circumstance, it is important to search for 

CNVs in individual patients with schizophrenia in an efficient but robust way. In this 

study, we aimed to evaluate the feasibility of a two-stage quantitative polymerase chain 

reaction (qPCR) approach in detecting CNVs in two chromosomal regions, 1q21.1 and 

2q22.1, in patients with schizophrenia and their families. 

Methods: The sample consisted of 2462 participants from Taiwan Schizophrenia 

Linkage Study, which recruited sib-pairs co-affected with schizophrenia and their 

first-degree relatives throughout Taiwan with a total of 607 families. Three CNV 

markers were chosen for genotyping using TaqMan® Copy Number Assays on the 

ABI7900, with markers 1 and 2 located on 2q22.1 (HNMT gene) and marker 3 on 

1q21.1 (GJA8 gene). First-stage genotyping was performed with 2 replicates of each 

subject. Then the outliers with a ∆Ct value beyond median ± 3SD and their family 

members were re-assayed with 4 replicates. After the second-stage genotyping, we 

examined the pedigrees of those subjects with confirmed CNV to determine whether the 

CNV was due to familial transmission or a de novo one. The relations of the CNVs to 

schizophrenia were evaluated using family-based association analysis. 

Results: Subjects were categorized to 3 distinct genotypic groups according to their ∆Ct 

values: 1/0 (deletion, i.e., > median+3SD), 1/1 (wild type, within the range of median ± 

3SD) and 2/1 (duplication, i.e., < median − 3SD). In the first-stage genotyping, there 

were 8, 2, and 25 subjects counted as outliers for CNV markers 1, 2 and 3, respectively. 
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Among them, 1 subject for marker 1, 0 subject for marker 2, and 13 subjects for marker 

3 remained as outliers in the second-stage genotyping, whom were judged to be carriers 

of confirmed CNVs. In total, there was one family with confirmed duplication at CNV 

marker 1, and six families with confirmed deletion at CNV marker 3. The deletion at 

CNV marker 3 tended to be associated with schizophrenia, though not reaching 

statistical significance in family-based association analysis (z-statistics = 1.134, P = 

0.257).  

Conclusion: This study demonstrated an experimental design that is cost-saving in 

searching for CNVs using qPCR for targeted regions. The results revealed that most of 

the CNVs found in families of patients with schizophrenia were due to familial 

transmission. 
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INTRODUCTION 

 

Copy number variation (CNV) refers to a submicroscopic form of genomic variation, 

typically of a size ranging from 1 kilobase (kb) to megabases (Mb), and may exist as deletions, 

insertions, duplications, or complex multi-site variants (Redon et al. 2006). CNVs may cause 

functional loss by means of dosage-related microdeletions, duplications, or altering regulatory 

regions of genes (Stankiewicz and Lupski 2002). Even for those CNVs that are balanced with 

no functional change, certain carriers may have increased genomic instability in the future 

generation (Feuk et al. 2006). After early systematic searches reported hundreds of CNVs in 

human genome (Iafrate et al. 2004; Sebat et al. 2004), more CNVs have been discovered 

using different microarray platforms, in which only a small proportion overlapping with those 

found previously (Redon et al. 2006). The relative abundance and functional implications of 

CNVs have rendered them a new focus of association studies for complex diseases. 

Currently there are two main approaches to detect CNVs: array-based (Dhami et al. 2005; 

Sharp et al. 2005) and polymerase chain reaction (PCR)-based methods (Bieche et al. 1998; 

Ponchel et al. 2003). Array-based methods can provide a genome-wide scan for novel CNVs, 

and their resolution varies with the lengths of clones. For example, bacterial artificial 

chromosome (BAC) can be used as an array target with extensive coverage of genome, but 

has a poorer resolution than cDNA- or oligonucleotide-based probes (Locke et al. 2004). This 

approach can be adopted in an array chip to conduct genome-wide search for CNVs and then 

use qPCR to validate them (The International Schizophrenia Consortium 2008)(Stefansson et 

al. 2008). In contrast, quantitative PCR (qPCR) is a relatively cost-saving method that can 

provide robust findings for CNVs in targeted regions (Gomez-Curet et al. 2007)(Rose-Zerilli 
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et al. 2009)(Lv et al. 2010)(Zhou et al. 2010). High-throughput experimental settings for 

using qPCR in the detection of CNVs have also been established (Norskov et al. 2009).  

CNVs have been postulated to be an important source of genetic susceptibility to 

schizophrenia (Tam et al. 2009), which has been shown in twin studies to have strong genetic 

contribution (Cardno et al. 1999; Sullivan et al. 2008). Initial genome-wide searches for 

CNVs for schizophrenia employed BAC-array methods in small number of subjects (Moon et 

al. 2006; Wilson et al. 2006), whereas many later studies utilized SNP chips for genome-wide 

CNV detection in schizophrenia patients of large sample size (Stefansson et al. 2008; The 

International Schizophrenia Consortium 2008; Vrijenhoek et al. 2008; Walsh et al. 2008; Xu 

et al. 2008). Two CNVs in 1q21.1 and 15q13.3, respectively, were consistently discovered to 

be present in patients with schizophrenia in two different studies with a frequency ranging 

from 0.2% to 0.6%, higher than their counterparts in healthy controls (Stefansson et al. 2008; 

The International Schizophrenia Consortium 2008). A deletion-form of the CNV in 1q21.1 

was also of increased frequency in Japanese schizophrenia patients, though not reaching 

statistical significance (Ikeda et al. 2010). These findings on CNVs in schizophrenia patients 

appear to be compatible with the proposition of “common disease, rare variants” (McClellan 

et al. 2007; Pritchard 2001). Under this circumstance, it is important to search for CNVs in 

individual patients with schizophrenia in an efficient but robust way.  

In this study, we aimed to evaluate the feasibility of a two-stage qPCR approach in 

detecting CNVs in two chromosomal regions, 1q21.1 and 2q22.1, in patients with 

schizophrenia and their families. The first region in 1q21.1 was chosen because it was the 

most frequent CNV among the two CNVs replicated in patients with schizophrenia 

(Stefansson et al. 2008; The International Schizophrenia Consortium 2008). The second 

region in 2q22.1 was chosen because it had the most significant linkage signal derived from 
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an ordered subset analysis linkage analysis (Lien. et al. submitted). In the first-stage 

genotyping, qPCR was performed for each subject with two replicates. Those subjects with an 

excessively high or low ∆Ct value and their family members were then selected for 

second-stage genotyping, with the number of replicate increased to four to decrease 

experimental uncertainty. Confirmed CNVs were then determined whether they were de novo 

mutation by means of the genotype distribution within each family. The relations of the CNVs 

to schizophrenia were evaluated using family-based association analysis. 
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MATERIALS AND METHODS 

 

Study subjects 

The study sample consisted of patients with schizophrenia and their first-degree relatives 

recruited from six data collection research centers throughout the nation in the Taiwan 

Schizophrenia Linkage Study (TSLS) between 1998 and 2002 (Hwu et al. 2005). These 

families were ascertained on the basis of sib-pairs co-affected with schizophrenia, which 

included only families of Han Chinese ancestry. Out of the original 2490 individuals from 

607 families, the DNA specimens were available for 2462 subjects of 607 families, including 

1556 siblings (1252 affected, 80.5%) and 906 parents (65 affected, 7.2%). All participants 

provided written informed consent and the study was approved by both the US Department of 

Health and Human Services and the National Taiwan University Hospital’s Internal Review 

Board of Human Studies. 

Before the genotyping, the DNA samples of 156 subjects were randomly selected to 

undergo a pilot study that was designed to test laboratory conditions.  

 

Measurement 

All participants were interviewed by well-trained assistants using the Diagnostic 

Interview for Genetic Studies (DIGS), which was designed specifically for family-genetic 

studies of schizophrenia with good inter-rater reliabilities (Nurnberger et al. 1994). The 

Chinese version of the DIGS was translated by two psychiatrists and one psychiatric 

epidemiologist, and its reliability was good in Taiwanese population (Chen et al. 1998). The 

Chinese version of the Family Interview for Genetic Studies (FIGS) (NIMH Genetics 

Initiative 1992) was used to collect relevant information on relatives who were not 
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interviewed for the study. On the basis of information assembled in the DIGS, the FIGS, and 

clinical information from medical records, best estimate lifetime psychiatric diagnoses were 

determined according to the criteria of the Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition (American Psychiatric Association 1994). Patients’ clinical 

symptoms were assessed using the Schedule for Assessment of Negative Symptoms (SANS) 

(Andreasen 1983) and Schedule for Assessment of Positive Symptoms (SAPS) (Andreasen 

1984).  

In addition, each participant was administered the Continuous Performance Test (Beck et 

al. 1956). The CPT procedure has been described in detail elsewhere (Chen et al. 1998). 

Briefly, numbers from 0 to 9 were randomly presented for 50 msec each, at a rate of one per 

second. Each subject undertook two CPT sessions: the undegraded 1-9 tasks and 25% 

degraded 1-9 tasks. Sensitivity (d´), derived from the hit rate (probability of response to target 

trials) and false alarm rate (probability of response to nontarget trials), reflects an individual’s 

ability to discriminate target stimuli from nontarget ones. 

 

Genotyping 

Real-time TaqMan assay conditions 

Three CNV markers were chosen for genotyping using TaqMan® Copy Number Assays 

on the ABI7900 (Applied Biosystems, Foster City, CA, USA), with markers 1 and 2 located 

on 2q22.1 (HNMT gene) and marker 3 on 1q21.1 (GJA8 gene) (Table 1). For each probe, the 

5’ end was labeled with FAMTM reporter dye, and the 3’ end with a nonfluorescent quencher 

(NFQ) and a Minor Groove Binder (MGB), which allows for shorter probes by means of 

increasing the melting temperature. TaqMan RNase P (Applied Biosystems) was used as the 

endogenous control, with its probe being labeled with VIC reporter dye and TAMRATM 
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quencher. The PCR condition to amplify the target regions and endogenous control using ABI 

7900HT was set as follows: 50°C for 2 minutes, 95°C for 10 minutes, and then 40 cycles with 

95°C for 15 seconds and 60°C for 1 minute. 

In determining the threshold cycle (Ct), two methods were compared: automatic setting 

provided in the Sequence Detection System (SDS) software version 2.2 (Applied Biosystems) 

versus manual setting. The automatic setting can formulate an appropriate threshold for all the 

PCRs on each plate, which contains 384 wells, and may vary from plate to plate. To make the 

threshold cycles comparable across plates, we chose 0.2 as the threshold after inspecting the 

amplification curves on all the plates. The scatter plot of the ∆Cts between a target gene and 

the endogenous control derived from the two methods of threshold setting shows similar 

results in the sample of pilot study of 156 subjects (Figure 1). Thus, we adopted the threshold 

of 0.2 manually to generate the ∆Ct of each marker for subsequent analyses. 

Next, we utilized serial dilution to examine the appropriate range of DNA concentrations 

for multiplex PCR assay in duplicate. The slope of ∆Ct versus log DNA concentration in 

multiplex reaction is displayed in Figure 2. Since all the slopes were not significantly 

different from zero, within the range of ± 0.1, the amplification efficiency of the target regions 

and RNase P could be assumed to be equal and hence the ∆Ct method could be applied in 

deriving the concentration of genomic NA templates. 

 

Two-stage qPCR procedure 

The DNA sample of each TSLS project, having been stored in -80°C with a 

concentration of 200 ng/ul, was diluted to 5 ng/ul, which was judged to be within the range of 

optimal PCR efficiency for applying the ∆Ct method. For the purpose of cost-saving, 2 

replicates were used for each subject in the first stage of genotyping. Then 4 replicates of each 
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subject were used for the second stage of genotyping. All the PCRs were carried out in a 

384-well plate, each well containing 2 uL diluted DNA and 8 uL PCR mix (20X TaqMan 

Universal PCR Master Mix, 40X Taqman Copy Number Assay, 20X Taqman Copy Number 

Reference Assay and ddH2O). Manual setting with a threshold of 0.2 was adopted to derive 

∆Cts for individual wells. On the basis of the median and standard deviation of the ∆Ct values 

in the whole sample, subjects can be segregated to 3 distinct genotypes according to their ∆Ct 

values: 1/0 (deletion, > median + 3 SD), 1/1 (wild type, in the range of medeian ± 3 SD) and 

2/1 (duplication, < median − 3 SD).  

In first-stage genotyping, those subjects with ∆Ct value beyond the range of median ± 3 

SD were viewed as outliers. Those outliers along with their family members were then 

subjected to the second-stage genotyping with 4 replicates.  

 

Statistical analysis 

Mean ∆Ct over the replicates was used for each subject in the assignment of genotype. 

Descriptive statistics were derived using software package SAS version 9.1.3 (SAS Institute 

Inc., Cary, NC, USA) and scatter plots of ∆Ct were depicted using Excel 2007 (Microsoft). 

Potential association of CNVs and schizophrenia was assessed using program FBAT version 

2.0.2 (Laird et al. 2000), in which subjects with de novo CVN were deleted from the analysis. 

For the FBAT analysis, we used a bi-allelic additive model, with the requirement of at least 

one informative family. 
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RESULTS 

 

On the basis of the first-stage genotyping for a total of 2462 subjects, the median ∆Ct 

value of CNV markers 1, 2 and 3 was −0.204, −0.938, and −0.085, respectively. As shown in 

Figure 3, the lines of median + 3 SD and median − 3 SD are drawn on the scatter plots of ∆Ct 

as the thresholds for defining outliers. Because the ∆Cts of some subjects were very close to 

the thresholds, these subjects and their family members were also included for the 

second-stage genotyping. The numbers of outliers for the first-stage genotyping as well as the 

corresponding total number of subjects included for the second-stage genotyping are 

displayed in Table 2.  

On the basis of the same thresholds, the number of first-stage outliers whose 

second-stage genotyping remains as outliers was 1 out of 8 (12.5%) for marker 1, 0 out of 2 

(0%) for marker 2, and 13 out of 25 (52.0%) for marker 3 (Table 2). These genotypes were 

considered as confirmed CNVs, with a founder-based carrier frequency of 0.11% (1/906) for 

marker 1 and 0.44% (4/906) for marker 3. In contrast, none of the family members whose 

first-stage ∆Ct values were within the normal range turned out to be outliers at the 

second-stage genotyping, all with a negative predictive value of 100%.  

 For those with confirmed CNVs, a second-stage ∆Ct value of < median − 3 SD stands 

for one more copy in the target region, whereas that of > median + 3 SD stands for deletion. 

Hence, an unaffected parent was judged to have duplication at marker 1, and thirteen other 

subjects from six families were judged to have deletion at marker 3. Among these six families 

for marker 3 (Figure 4), four families exhibited familial transmission in the CNVs (panels A, 

C, D, and E), one family had a de novo CNV (panel B), and another family could not be 

determined due to missing genotype in one parent (panel F).  
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For CNV marker 3, the frequency of carrying deletions in patients with schizophrenia 

(8/14 = 0.57) was only slightly higher than that in non-psychotic relatives (5/10 = 0.5). For a 

more formal association analysis, an FBAT analysis was conducted with an allele frequency 

of 0.002 for the deletion, which was estimated from founders. The result indicated that the 

deletion tended to be associated with schizophrenia, though not reaching statistical 

significance (z-statistics = 1.134, P = 0.257). For these six families with confirmed CNVs in 

marker 3, their demographic feature, clinical status, and CPT performance indexes are 

displayed in Table 3. Comparing the deletion carriers with non-carriers, there appear to be no 

consistent differences in terms of onset age, clinical symptoms, or CPT performance scores. 

 



 

10 

 

DISCUSSION 

 

In this study, we utilized a two-stage qPCR approach to detect CNV at chromosomal 

regions in 1q21.1 and 2q22.1 among patients with schizophrenia and their families. The 

feasibility of our wo-stage genotyping was supported by the nearly perfect negative predictive 

value and reasonable positive predictive value for an arbitrary choice of the median ∆Ct value 

± 3 SD as the thresholds. The results revealed that most of the CNVs found in families of 

siblings coaffected with schizophrenia were due to familial transmission. 

Our method is particularly useful for CNV detection at targeted regions, which is 

becoming more important since the genetic variants contributing to complex diseases are 

believed to be rare rather than common. Although the choice of the thresholds at the median ± 

3 SD of ∆Ct value was arbitrary in nature, our two-stage genotyping revealed that it can 

capture CNVs without incurring false negatives and be cost-saving by means of 2-replicate in 

the first-stage genotyping. Compared with array-based approach, our method does not require 

high quality and high concentration of DNA samples, and the data management and analysis 

is easier..  

Among the three markers genotyped in this study, only marker 1 (near HNMT gene in 

2q22.1, with a frequency of 0.11%) and marker 3 (near GJA8 gene in 1q21.1, with a 

frequency of 0.44%) were found to have CNV in our sample. For comparison, a genomewide 

search for CNV among 813 Han-Chinese subjects in Taiwan failed to find any CNV at 2q22.1 

(Lin et al. 2009), whereas a study among 2906 Islanders from Kosrae Micronesia reported a 

deletion at 2q22.1 with a frequency of 0.17% (Gusev et al. 2009). Taken together, the CNV 

around 2q22.1 is relatively rare in these populations. In terms of CNV around 1q21.1, one 

study among Chinese subjects did not find any CNV (Stefansson et al. 2008), another study in 
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North American population found a duplication of 0.17% (Zogopoulos et al. 2007), and a 

third study among Japanese subjects found a deletion of 0.17% in patients with schizophrenia 

but 0% in healthy controls (Ikeda et al. 2010). It appears that the frequency of the CNV 

around 1q21.1 is relatively more common in our sample. Moreover, our family-based 

association analyses indicate that the deletion around 1q21.1 might be related to 

schizophrenia.   

Another strength of this study is that we included nuclear families for the genotyping and 

hence was able to determine whether the CNV is familial or de novo. Since our sample is 

families of siblings co-affected with schizophrenia, the majority of the relatively more 

common CNV in 1q21.1 turned out to be due to familial transmission. Intriguingly, a previous 

study found that a de novo CNV in 1q21.1 was associated with schizophrenia, especially in 

sporadic cases (Xu et al. 2008). It warrants further investigation in schizophrenia patients of 

simplex families to clarify this. 

Some limitations of this study should be kept in mind when interpreting our results. First, 

the limited number of markers used in our qPCR approach did not allow us to define the 

boundary of the CNV. Second, despite our relatively large number of nuclear families, our 

sample size remains not large enough to capture some very rare CNV. Third, the family-based 

association analysis conducted in this study may suffer from the rare occurrence of the CNV 

in the sample. Alternatively, future study may benefit from adopting a new approach by 

replacing definitive genotype assignment with intensity score (Ionita-Laza et al. 2008), or 

employing a Bayesian approach (Kosta et al. 2007).  

In summary, this study examined the feasibility of a two-stage qPCR approach in 

detecting CNVs at 2q22.1 and 1q21.1 among patients with schizophrenia and their families. 

The results indicate that our two-stage qPCR approach is cost-saving in searching for CNVs 
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at targeted regions. The results also revealed that most of the CNVs found in families of 

patients with schizophrenia were due to familial transmission.  
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Table 1. The information of the CNV markers selected for this study. 

CNV marker Regions (gene) Assay ID Probe sequence 

Marker 1  2q22.1 (HNMT) Hs01075733_cn ATACATTATTGGACTTCCATTTGGA 

Marker 2  2q22.1 (HNMT) Hs00435589_cn CTCAACCATTCCACGGAACACCAGT 

Marker 3  1q21.1 (GJA8) Hs02290971_cn ATCCCTCCACTCCATTGCTGTCTCC 
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Table 2. The results of comparing the first round (2-replicate) ( number of subjects = 2462) and second round (4-replicate) genotypings 
 Results of  N. of subjects for 

2nd-round genotyping 

 Results of 2nd-round genotyping 

CNV markers 1st-round genotyping  Outlier Non-outlier PPV or NPV (%)c 

Marker 1  Outliera 8  1 7 12.5 

 Non-outlieb 24  0 24 100.0 

Marker 2  Outlier 2  0 2 0.0 

 Non-outlier 18  0 18 100.0 

Marker 3 Outlier 25  13 12 52.0 

 Non-outlier 41  0 41 100.0 

a With a ∆Ct value beyond the range of median ± 3 SD, with both the median and SD estimated from the first-round genotyping.  
b With a ∆Ct value within the range of median ± 3 SD, with both the median and SD estimated from the first-round genotyping. 
c Positive predictive value (in boldface) for outliers at the 1st-round or negative predictive value (in plain font) for the non-outliers at the 1st-round.
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Table 3. Demographic features, clinical assessment, and performance on the Continuous Performance Test (CPT) for 6 families with confirmed CNV at marker 3. 

Family IDa Sex Age Schizophrenia Age at onsetc 

Global score of SAPSd and SANSe  CPT (undegraded)  CPT (degraded) 

Positive Negative Disorganizing  D’ ln β  D’ ln β 

A 1 F 31 Affected 20 4 1 2  -4.70 -2.27  -4.15 -2.75 

 2* F 29 Affected 14 6 - 5  -0.17 0.82  -4.36 -3.12 

 3* M 63 Unaffected - 0 2 1  -1.51 -3.52  -1.17 -1.90 

 4 F 55 Unaffected - 3 5 4  -3.66 -2.10  -1.99 -1.49 

B 1 M 40 Affected 19 2 - 5  -2.46 -1.70  -2.26 -1.40 

 2* F 35 Affected 17 4 - 1  -0.62 1.73  -1.63 -0.02 

 3 M 66 Affectedb - 0 1 0  -1.93 -1.85  -3.28 -3.39 

 4 F 59 Unaffected - 0 1 0  0.43 -4.03  -2.72 -2.46 

C 1* F 40 Affected 25 4 7 4  -3.07 -0.74  -5.12 -5.65 

 2* M 48 Affected 35 0 - 1  -1.87 1.76  -3.34 -1.87 

 3* M 72 Unaffected - 0 1 0  -1.91 -2.22  -2.44 -1.92 

 4* F 42 Unaffected - 0 0 0  -0.53 1.70  -3.95 -2.28 

D 1* F 45 Affected 25 2 7 1  -3.44 -1.83  -2.31 -1.38 

 2 M 47 Affected 17 4 3 1  0.85 -0.13  0.11 1.76 

 3 M 74 Unaffected - 0 0 0  0.97 0.61  -0.85 -0.20 

 4* F 69 Unaffected - 0 0 0  -3.10 -2.35  -2.68 -2.49 

E 1* M 27 Affected 19 - 8 4  -5.97 -2.15  -4.39 -2.41 

 2* M 24 Affected 18 8 4 7  -4.05 -2.14  -3.78 -1.70 

 3 M 51 Unaffected - 0 0 0  -0.11 1.18  0.11 0.14 

 4* F 49 Unaffected - 0 0 0  -4.33 -2.24  -3.36 -2.54 
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Table 3. Demographic features, clinical assessment, and performance on the Continuous Performance Test (CPT) for 6 families with confirmed CNV at marker 3 

(continued) 

Family IDa Sex Age Schizophrenia Age at onsetb 

Global score of SAPSc and SANSd  CPT (undegraded)  CPT (degraded) 

Positive Negative Disorganizing  D’ ln β  D’ ln β 

F 1 M 37 Affected - - - -  -3.57 -1.19  -2.91 -1.45 

 2* M 41 Affected 22 6 6 5  -1.14 -4.15  -1.68 -1.68 

 3 M 72 Unaffected - 0 0 0  -0.28 -3.42  -2.18 -2.13 

 4 F 50 Unaffected - 0 0 1  -0.28 -1.11  0.56 0.31 
* Carriers of a deletion at CNV marker 3 (1q21.1) 

a ID = 1 or 2 for affected siblings, and ID = 3 or 4 for parents.  
b Onset age for schizophrenia 
c Schedule for Assessment of Positive Symptoms 
d Schedule for Assessment of Negative Symptoms
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Figure 1. The scatter plot of ∆Ct values determined using an automatic setting vs. that of ∆Ct 
values determined using a manual setting with 0.2 as the threshold in 96 subjects with 4 
replicates contained in a single plate. 
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Figure 2. Evaluation of amplification efficiency in serial dilution for three CNV markers (A = marker 1, B = marker 2, and C = Marker 3) 
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Figure 3. The scatter plot of the ∆Ct values in the first-round genotyping for all subjects (A = marker 1, B = marker 2, and C = marker 3). 
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Figure 4. The distribution of the ∆Ct values for CNV marker 3 in second-round genotyping (upper panel) and the assigned genotype for 
each family (lower panel). 
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