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ABSTRACT

Objective: In children diagnosed with attention-deficit/hyperactivity disorder (ADHD) and their parents, who were participants of the Preschool ADHD Treatment Study (PATS), we assessed the effect of source of DNA (from buccal or blood cells) on the genotyping success rate and allele percentages for the five polymorphisms in three candidate genes (DAT1, DRD4, and SNAP 25) investigated in the PATS pharmacogenetic study of response to stimulant medication. 
Method: At baseline assessment, 241 individuals (113 probands and 128 parents) consented to participate; 144 individuals (52 probands and 92 parents) provided blood samples from venipuncture, and 97 individuals (61 probands and 36 parents) provided buccal samples from cheek swab as specimens for isolation of DNA. Three types of polymorphisms—variable number of tandem repeat (VNTR) polymorphism, tandem duplication polymorphism (TDP), and single nucleotide polymorphism (SNP)—were evaluated, including the DRD4 gene 48-bp VNTR in exon III, the DAT1 gene 40-bp VNTR in 3_-untranslated region, the DRD4 gene TDP 120-bp duplication in the promoter region, the SNAP-25 gene TC-1069 SNP, and the SNAP- 25 gene TG-1065 SNP. Standard procedures were used to genotype individuals for each of these five polymorphisms. 
Results: Using the methods available in 2004, the genotyping success rate was on the average much greater for DNA from blood cells than buccal cells (e.g., 91% vs. 54% in probands). For some polymorphisms (DRD4-VNTR, DRD4-TDP, and SNAP25-TC SNP), allele proportion also varied by blood versus buccal source of DNA (e.g., 26.5% vs. 18.6% for the 7-repeat allele of the DRD4 gene).

Conclusions: The much lower success rate for genotyping based on DNA from buccal than

blood cells is likely due to the quality of DNA derived from these two sources. The observed

source differences in allele proportion may be due to self-selection related to choice of how

specimens were collected (from cheek swab or venipuncture), or to a selective detection of

some alleles based on differences in DNA quality
INTRODUCTION

APRIMARY OBJECTIVE of most molecular genetic studies of attention-deficit/hyperactivity disorder (ADHD) is to relate variation in phenotype to variation in genotype. Investigations using candidate gene and genome scan approaches have identified several genes associated with the diagnosis of ADHD, but estimates of strengths of association (odds ratio or relative risk) are too low to justify use of genetic tests in clinical practice (see Thapar et al. 2006). Another objective is to relate response to treatment to genotype. Pharmacogenetic studies have indicated that some genes may be useful in predicting response to stimulant medication or side effects to this treatment, and reviews of this area related to ADHD are provided by McGough (2005) and McGough et al. (2006). Current issues are related to uncertainty about which allele might be the risk allele for a given gene and small effect sizes for comparison of response across subgroups with and without the hypothesized risk allele. On this basis, the consensus is that pharmacogenetic information is not yet sufficient to be applied in clinical practice (McGough 2005). However, rapid advances in specification and use of genetic information is expected, and the potential clinical utility of this information has been given as the rationale for much of the past, current, and proposed research on genetics (see Collins et al. 2004).

Systematic nongenetic or random variation in either phenotype or genotype may distort or mask underlying genotype–phenotype relationships. Reliable methods have been developed for specifying phenotype (e.g., assessment of symptoms based on interviews and rating scales), but the information from these methods is from subjective reports, which may vary over time or over different conditions of observation. In contrast, the methods for the specification of genotype are considered to be objective and the result definite. However, many methodological factors affect the specification of genotype (Walsh et al. 1992; Kaiser et al. 2002). Here we provide additional evaluation of the genotypes described in the report by McGough et al. (2006) on the pharmacogenetics in the Preschoolers with ADHD Treatment Study (PATS). Some variation in the ADHD phenotype de- pends on the criteria and decision rules used [see Santosh et al. 2005 for a comparison of phenotypes based on International Classification of Diseases and Related Health Problems, 10th revision (ICD-10) and Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSMIV) criteria] (American Psychiatric Association, 1994). For any given set of criteria, variation may also occur due to source of information for diagnosis. According to DSM-IV criteria, symptom presence is obtained from subjective reports about the child’s behavior from two sources, typically the parents and teachers of the child. In school-aged children, information at the symptom level is often discrepant for these two sources (see Swanson et al. 1999). We will not address variation in phenotype here, because this issue has been addressed elsewhere. For example, in a methodological evaluation of the ADHD phenotype in the PATS,

Kollins et al. (2006) used factor analysis to address source differences in the factor structure of ADHD in preschool children, and suggested that “ . . . parents may over-report symptoms in an attempt to highlight a child’s need for treatment, while teachers may under-report symptoms for a treatment study based upon beliefs that preschoolers should not be medicated” and “ . . . at least in younger children, phenotypes based on existing DSM-IV subtypes may have unwanted variance that could confound the assessment of the genetic basis of the disorders”. Because “unwanted variance” may also be present in genotype as well as phenotype, here we address a methodological factor (source of DNA) that may affect variation in genotype.

For any given phenotype (e.g., PATS diagnosis of ADHD), multiple genotypes could be considered within and across the many genes in the human genome. McGough et al. (2006) provided the rationale for addressing five specific genotypes from three candidate genes. Two of these were based on findings from the initial molecular genetic studies of ADHD (Cook et al. 1995; LaHoste et al. 1996), which focused on candidate genes suggested by the dopamine hypothesis of ADHD (see Wender 1971) and the site of action of stimulant medications considered to be dopamine agonists (see Volkow et al. 1995). Cook et al. (1995) evaluated a polymorphism generated by a variable number of tandem repeat (VNTR) segment of DNA in a noncoding region—the 3_ untranslated region (3_-UTR)—of the dopamine transporter (DAT1) gene. In a typical sample of individuals with European ancestry, this polymorphism produces two primary alleles based on length, with a 10-repeat variant representing about 70% of alleles and the 9-repeat variant representing most of the other alleles. La- Hoste et al. (1996) evaluated a polymorphism generated by a VNTR in a coding region (exon III) of the dopamine receptor D4 (DRD4) gene, which in a given sample of European ancestry produces multiple alleles based on 2–11 repeats of the VNTR, with the four-repeat variant representing about 70% of alleles, the seven-repeat variant about 15%, the two-repeat about 10%, and other repeat variants the remainder of the alleles. Since these two initial reports, many studies have attempted to replicate these associations, with remarkable success (see Faraone et al. 2005) that is seldom observed in psychiatric genetics. However, there remain unexplained failures to replicate (see Swanson et al. 2002; Li et al. 2006).

Other polymorphisms specified by Mc- Gough et al. (2006) were based on the findings of McCracken et al. (2000), who reported association of ADHD with another polymorphism in the DRD4 gene generated by a 120-bp tandem duplication polymorphism (TDP) in a noncoding (promoter) region that produces a 120-bp allele or a 240-bp allele, and the findings of Barr et al. (2000) who reported association of ADHD with single nucleotide polymorphisms (SNPs) at two locations within the SNAP-25 gene, due to the presence of the nucleotide T or C at locus 1,065 and the presence of the nucleotide T or G at locus 1,069. The DRD4 120-bp TDP polymorphism is in strong linkage with the exon III 48-bp VNTR (Ding et al. 2002; Wang et al. 2004). Some attempts to replicate these associations have been successful, but unexplained nonreplications also have been reported.

McGough et al. (2006) described how genotypes were established based on each of these five polymorphisms (DRD4-VNTR, DATVNTR, DRD4-TDP, SNAP-SNP-TC, and SNAPSNP- TG) for a subset (n _ 81) of the PATS sample. Successful genotyping was obtained for an average of only 70% of the 81 individuals (52 for the DRD4-VNTR, 55 for the DAT1-VNTR, 55 for the DRD4-promoter, 58 for the SNAP25- T1069C, and 61 for SNAP-T1065G). Possible reasons for this failure to amplify DNA in about 30% of the individuals and subsequent sample reduction, which were mentioned but not discussed in detail by McGough et al. (2006), will be addressed here. The initial step in genotyping is the extraction of DNA from the nucleus of cells. In the literature of the molecular genetics of ADHD, two sources predominate: buccal cells and blood cells. The intrusiveness and cost of the typical methods to collect these specimens differ. Buccal cells are usually obtained using relatively noninvasive methods to collect a specimen (e.g., cheek swab or saliva), whereas blood cells are usually obtained using a relatively invasive method (e.g., venipuncture). 
The collection of DNA from buccal cells may be preferred by some investigators under the assumption that this will maximize the number of subjects who will participate in study, require less effort and training of staff, and lower cost. However, DNA from blood cells is preferred by other investigators because of some problems with using DNA from buccal cells, which may be contaminated by DNA from residual food and bacteria in the mouth. Also, most buccal cells are dead, and thus DNA in these cells may be degraded by the action of enzymes in the mouth. Other factors may affect the decision to use venipuncture or cheek swabs/saliva to collect blood cells or buccal cells as a source of DNA in a given study. For example, if venipuncture is required for clinical purposes (e.g., to obtain a blood sample for standard clinical chemistry tests), provisions can be considered for obtaining an additional small blood sample at the same time as a source of DNA for research. Some studies use one of these methods for specimens, either from blood samples from venipuncture (e.g., LaHoste et al. 1996; Swanson et al. 1998; Moffitt et al 2001) or from buccal cells from cheek swabs (e.g., Fossella et al. 2002; Moffitt et al. 2001; Cornish et al. 2005), and others use both in the same individuals (e.g., Hamarman et al. 2004) or in different subgroups or cohorts (e.g., Mill et al. 2006). In the 81 probands of the PATS in the pharmacogenetic study reported by McGough et al. (2006), 30 donated a specimen via cheek swab that provided buccal cells and 51 donated a specimen via venipuncture that provided blood cells for this first step. McGough et al. (2006) noted blood–buccal differences in amplification of DNA and success in obtaining information for genotyping, but the sample was too small to evaluate methodological issues about source of DNA. To expand the sample, we used DNA from all 113 probands (including the 32 that did not enter the medication titration trail) and from 128 parents of these children who elected to participate in the molecular genetic component of the PATS. This provided a sample of n _ 241 individuals for this methodological study of the effects of source of DNA on genotype.

In the PATS protocol, either a specimen was collected by venipuncture or cheek swab to provide a source for DNA, and only rarely were specimens collected by both methods in the same individual (see McGough et al. 2006). Choice and decisions by investigators at the six PATS sites as well as by the individual participants resulted in an approximately equal mixture of specimens as sources (blood cells and buccal cells) of DNA for amplification and determination of genotype. This aspect of the PATS dataset offers an opportunity to evaluate fundamental properties of DNA processing (amplification success rate and allele percentage) and to determine whether there are difference in subgroups of subjects with DNA derived from different sources (blood or buccal cells). This report does not address the usual questions of molecular genetic studies of ADHD, such as possible association of ADHD with genetic polymorphisms or differences in response to stimulant medication that may depend on these polymorphisms, but it does address issues related to the collection of DNA that may become relevant to clinicians in the future. At the present time, clinicians are unlikely to request a genetic test, but as new information accumulates from research on diagnostic genetics and pharamcogenetics, clinical applications are likely to emerge. In the future, when clinicians request genetic tests, the specification of source of DNA (e.g., from the standard procedures based on blood or buccal cells, or perhaps from other sources or methods that are now topics of investigation) may be relevant and important.

METHODS

The PATS protocol employed a pretreatment with parent training to screen out children who responded to nonpharmacological intervention before entering the medication titration trial phase of the study (see Greenhill et al. 2006; Kollins et al. 2006). At the postparent training baseline assessment, subjects enrolled in PATS were invited to participate in optional molecular genetic studies of ADHD, including a pharmacogenetic investigation of methylphenidate (MPH) treatment response that has been reported elsewhere (see McGough et al. 2006). Written consent was provided by parents for their child’s participation following procedures approved by Institutional Review Boards of each of the sites of the study. At each site, thechoice to rely on cheek swabs (to obtain DNAfrom buccal cells) or venipuncture (to obtain DNA from blood cells) was partially determined by local conditions, including clinical requirements and availability of staff for obtaining blood samples, and by individual choice to participate in the molecular genetic component of the study. 
DNA isolation and purification
 Lymphoblastoid cell lines were established for all blood samples with methods for transformation, cell culture, and DNA purification that have been described previously (Chang et al. 1996; Ding et al. 2002; Grady et al. 2003). DNA from buccal samples was isolated by lysis and extraction with the Qiagen Kit using the manufacturer’s protocol (Qiagen, Valencia, CA). 
Candidate genes, polymorphisms, major alleles, and genotypes
 Selection of candidate genes and polymorphisms for the PATS pharmacogenetic study (DRD4-VNTR, DAT1-VNTR, DRD4- TDP, SNAP25-SNP-TC, and SNAP25-SN-TG) was based on the literature, which has been reviewed elsewhere (see McGough 2005) and will not be repeated here. For the pharmacogenetic study, genotype was defined based on homozygosity or heterozygosity of the most frequent or major allele of each of these polymorphisms (see Table 2 in McGough et al. 2006). Specifically, this provided a genotype based on homozygous versus nonhomozygous status of each participant for the DRD4 exon III four-repeat allele, the DAT1 3_-UTR 10-repeat allele, the DRD4 promoter 240 allele, the SNAP25-TC T allele, and the SNAP25 TG T allele. Here we follow the lead of McGough et al. (2006) and focus on the major allele for these polymorphisms, which maximizes the number of alleles for comparison of source of DNA. 
Statistical analyses Source of DNA (blood or buccal cells) was the primary independent variable in exploratory analyses to determine if a difference was present for each polymorphism for two outcome measures and analyses. The first outcome measure was success of genotyping (success or blank), and the Fisher exact test was used to compare the percentage of blanks for the two sources. The second outcome measure was the observed percentage of each allele generated by the polymorphism, and the Fisher exact test was used to compare the percentages of major alleles for the two sources. To examine the possibility that there may also be an effect of family status (child or parent) on the percentage of major alleles, logistic regression was performed with source, family status, and the source–family status interaction as factors. An alpha level of 0.05 was used to evaluate statistical significance in all tests.  
RESULTS

Participants
 Of the 183 families who entered the medication titration phase of the PATS, 241 individuals (113 probands and 128 parents) consented to participate also in the additional molecular genetics component of the study. From these families, 144 individuals (52 probands and 92 parents) provided blood samples via venipuncture and 97 individuals (61 probands and 36 parents) provided buccal samples via cheek swab as the source for DNA. The disposition of the total sample is outlined in Table 1.

DNA amplification

The rate of successful DNA amplification for all five polymorphisms differed by source, with a large overall advantage for blood cells over buccal cells. This advantage was present in all five polymorphisms for probands (for DAT1, 100% vs. 43%, p _ 0.001; for DRD4-TDP, 88% vs. 52%, p _ 0.001; for DRD4-VNTR, 94% vs. 39%, p _ 0.001; for SNAP T1065G, 85% vs. 67%, p _ 0.03; for SNAP T1069C, 88% vs. 69%, p _ 0.01) and in three of the polymorphisms for parents (for DAT1, 87% vs. 61%, p _ 0.0011; for DRD4-TDP, 86% vs. 58%, p _ 0.007; for DRD4- VNTR, 95% vs. 53%, p _ 0.0001). For the SNP polymorphisms in the SNAP25 gene, the amplification rates were about the same for SNAPSNP- TG (80% vs. 81%, NS) and for SNAP-SNPTC (83% vs. 81%, NS).

Effect of source on allele proportions

For each gene and polymorphism, the allele frequencies are shown in Table 2, with allele percentages shown on one line for all alleles including blanks and on another line for all nonblank alleles. The Fisher exact test was used to compare the percentages of nonblank major allele across the subgroups defined by DNA source (blood vs. buccal). The difference was significant for three of the five polymorphisms (DRD4-VNTR-4-repeat, 59.5% vs. 73.2%, p _ 0.048/0.096; DRD4_promoter-240, 76.6% vs. 46.67%, p _ 0.0001/0.0001; SNAP25-T1069C, 89.29% vs. 78.81%, p _ 0.01/0.02), but not for the other two polymorphisms (DAT1-VNTR- 10, 73% vs. 69%, p _ 0.357/0.714; SNAP25- T1065G, 77% vs. 84%, p _ 0.065/0.130). The purpose of combining probands and parents was to establish groups as large as possible for comparison of source. When smaller subgroups are formed separately for probands and parents, similar patterns were apparent in each subgroup (i.e., in the separate subgroups for probands or parents, there is a much greater rate of successful amplification of DNA from blood than buccal cells, and both subgroups show similar differences in allele percentages for each source). Logistic regression analyses were performed that incorporated family status as a two-level factor, and neither the main effect for this factor nor the interaction with Source was significant (see Table 3).

An alternative method to test the hypothesis of source difference in genotyping success is to use a chi-square test to contrast the entire distribution of alleles instead of just the major allele. These tests were performed for each polymorphism, and the same pattern was observed: DRD4 (2, 4, 7, or other), chi-square (3) _ 8.2422, p _ 0.0413; DAT-VNTR (9, 10, or other), chisquare (4) _ 3.8731, p _ 0.4235; DRD4-TDP (120 or 240), chi-square (1) _ 30.2550, p _ 0.0001; SNAP-SNP-TG (T or G), chi-square (1) _ 2.5152, p _ 0.1128; SNAP-SNP-TC (T or C), chi-square (1) _ 6.7395, p _ 0.0094.

DISCUSSION

One reason often given for use of DNA derived from buccal cells rather than blood cells is that the acquisition of specimens from cheek 
TABLE 1. DISPOSITION OF PARTICIPANTS IN THE PATS Status Duke JHU NYSPI NYU UCI UCLA Totals Passed caseness 51 44 50 47 68 43 303

Enrolled in PT 45 40 44 45 67 38 279

Completed PT 39 38 44 42 64 34 261

Enrolled in lead-in 30 19 28 26 56 24 183

Completed lead-in 30 19 25 23 52 20 169

Proband in genetics 113

PATS _ Preschool ADHD Treatment Study; JHU _ John’s Hopkins University; NYSPI _ New York State Psychiatric

Institute; NYU _ New York University; UCI _ University of California, Irvine; UCLA _ University of California,

Los Angles; PT _ parent training.

swabs is less intrusive compared to venipuncture, and this would increase the participation of subjects in molecular genetic studies. In the PATS, more probands (preschool children) did opt for the less invasive procedure (61 vs. 51). The procedures for specimen collection differed across site, which may have operated to reduce this difference. The site with the greatest number of subjects in the PATS required a blood test for clinical chemistry tests as part of standard procedures for participation in a clinical trial, and this provided an opportunity for acquiring a blood sample from the probands without an additional venipuncture. It is interesting that for parents, the opposite pattern was observed, with more adults opting to provide a specimen via venipuncture than via cheek swab.

When only a subset of the total sample volunteers for an addition to a protocol, as was the case in the PATS molecular genetic study reported here, selection bias is a threat to validity of the addition. In the PATS, several potential selection biases should be considered. Possible biases include the selection of cases by inclusion and exclusion criteria, the volunteer rate for the molecular genetic addition, and the decision to rely on source of specimens for DNA (venipuncture vs. cheek swabs). Of 183 probands who entered the PATS lead-in phase, only 113 (62%) agreed to participate in the molecular genetics study. Of these children, 46%

TABLE 2. ALLELE PROPORTIONS FOR FIVE POLYMORPHISM OF THREE CANDIDATE GENES

DRD4 VNTR Blank 2 3 4 5 6 7 8

Blood 16 21 6 162 9 1 72 1 n _ 144

288 5.56 7.29 2.08 56.25 3.13 0.35 25.00 0.35 % for 288 alleles

272 7.72 2.21 59.56 3.31 0.37 26.47 0.37 % for 272 nonblank alleles

Buccal 108 2 4 63 1 0 16 0 n _ 97

194 55.67 1.03 2.06 32.47 0.52 0.00 8.25 0.00 % for 194 alleles

86 2.33 4.65 73.26 1.16 0.00 18.60 0.00 % for 86 nonblank alleles

DAT VNTR Blank 3 7 9 10 11

Blood 24 1 0 68 192 3 n _ 144

288 8.33 0.35 0.00 23.61 66.67 1.04 % for 288 alleles

264 0.38 0.00 25.76 72.73 1.14 % for 264 nonblank alleles

Buccal 98 0 1 27 66 2 n _ 97

194 50.52 0.00 0.52 13.92 34.02 1.03 % for 194 alleles

96 0.00 1.04 28.13 68.75 2.08 % for 96 nonblank alleles

DRD4 TDP Blank 120 240

Blood 40 58 190 n _ 144

288 13.89 20.14 65.97 % for 288 alleles

248 23.39 76.61 % for 248 nonblank alleles

Buccal 89 56 49 n _ 97

194 45.88 28.87 25.26 % for 194 alleles

105 53.33 46.67 % for 105 nonblank alleles

SNAP-TG Blank T G

Blood 44 188 56 n _ 144

288 15.28 65.28 19.44 % for 288 alleles

244 77.05 22.95 % for 244 nonblank alleles

Buccal 52 119 23 n _ 97

194 26.80 61.34 11.86 % for 194 alleles

142 83.80 16.20 % for 142 nonblank alleles

SNAP-TC Blank T C

Blood 52 186 50 n _ 144

288 18.06 64.58 17.36 % for 288 alleles

236 78.81 21.19 % for 236 nonblank alleles

Buccal 54 125 15 n _ 97

194 27.84 64.43 7.73 % for 194 alleles

140 89.29 10.71 % for 140 nonblank alleles

VNTR _ variable number of tandem repeat; TDP _ tandem duplication polymorphism.

opted to provide a specimen via venipuncture and 53% via cheek swab as a source of DNA. On the average, the amplification rate was 94% for DNA from blood cells derived from venipuncture and 40% from buccal cells derived from cheek swab. It is possible that selection bias may have operated to produce differences in the findings reported here, with more adventuresome or less anxious individuals opting for the more invasive procedure.

There were significantly higher rates of failure for DNA amplification in samples derived from buccal cells versus blood cells, but this depended on the genetic assay required to genotype the polymorphism of the candidate gene. For assays based on short DNA segments, such as for the SNPs in the SNAP25 gene, source did not matter, but for assays based on long DNA segments, such as for the VNTR polymorphisms in the DAT1 and DRD4 genes, amplification rate differed by source. The overall effect was large, and the source difference was greatest for the most complex VNTR (the 48-bp repeat of the exon III VNTR). Another interesting but unexplained difference was the lower amplification rate for the short SNP polymorphisms from blood cells (about 80%) than for the long VNTR polymorphisms from blood cells (about 95%). These differences are likely related to the amount and/or quality of DNA derived from the two sources. A greater amount of DNA is usually obtained from blood cells than from buccal cells. Because the eventual amplification by PCR depends on the initial phase that may be randomly biased for some alleles over others in small amounts of DNA, the larger amount of DNA from blood cells may provide a better estimate of alleles proportion than the smaller amount of DNA from buccal cells (see Walsh et al. 1992). 
New methods for collecting buccal cells have been proposed (e.g., from saliva samples rather than from buccal cells collected by cheek swabs, as in the PATS), and may produce greater amounts of DNA. The quality of DNA is different when derived from blood cells and buccal cells. When DNA is isolated from a blood sample, the cells are alive, but not all contain DNA. The red blood cells without nuclei are removed, so only white blood cells with nuclei and DNA are used. This may remove a source of noise when amplifying the DNA. When DNA is isolated from buccal cells, the cells are dead, but cells from bacteria that are present are alive and may increase over time (Sigurdson et al. 2006). Also, enzymes in the mouth start to degrade the dead cells, which cuts DNA into short fragments. This degradation may selectively complicate the amplification of alleles that consist of long DNA segments. Thus, the amplification of long polymorphisms may be greater in intact DNA from blood cells than from degraded DNA from buccal cells.

The difference in allele proportion documented here may be due to one or more of these potential selection biases. However, differences in DNA derived from buccal and blood samples, due to differential bacterial contamination, DNA degradation, allele length, or other factors, may account for the observed difference. Within the relatively long polymorphisms of the DRD4 gene, amplification of short alleles may be favored over long alleles

TABLE 3. LOGISTIC REGRESSION ANALYSIS OF SOURCE AND FAMILY STATUS

DF Chi-square P _ Chi-square

DRD4 VNTR Source 1 5.02 0.0250

Family status 1 0.11 0.7376

DRD4 TDP Source 1 24.37 0.0001

Family status 1 3.02 0.0821

DAT VNTR Source 1 0.35 0.5536

Family status 1 1.09 0.2970

SNAP25-TG Source 1 1.75 0.1858

Family status 1 1.52 0.2179

SNAP25-TC Source 1 7.02 0.0081

Family status 1 0.03 0.8718

DF _ Degrees of freedom; VNTR _ variable number of tandem repeat; TDP _

tandem duplication polymorphism; P _ probability.

in degraded DNA, which could account for the higher percentage of the four-repeat alleles of the DRD4 exon III VNTR from DNA derived from buccal cells than from blood cells. Of course, the observed difference may be due to chance rather than selection bias or differences in DNA derived from blood or buccal cells. On the basis of the results of the exploratory analyses reported here, several recommendations seem warranted for planning future research. First, if the genetic component is an inseparable part of a study instead of an elective addition, then it may be reasonable to have consent for the genetic component as part of the entry criteria. This would avoid some possible selection biases, although it may exclude some individuals and thus restrict overall entry into the study. Second, if missing data on genotype are a major concern, then it may be reasonable to offer only one procedure (venipuncture for collection of blood cells) instead of offering a choice of two procedures (venipuncture or cheek swabs, as in the PATS). Then, for those individuals who elect to participate, on whom other data is collected (e.g., on phenotype, demographics, outcome, etc.) at considerable investment of time, effort, and expense, the current best source of DNA (from blood cells) would be provided that would maximize genotype data available for analysis. Third, studies of DNA from blood cells and buccal cells from the all participants would be valuable. In the present study, comparisons of the two sources DNA were based on different individuals, some of whom provided blood cells and others buccal cells. If the comparison were made based on the same individuals, with all providing blood and buccal cells, then data would be available to address the next set of questions about possible differences due to the source of DNA in future studies of the molecular genetics of ADHD.
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