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GENERAL CONSIDERATIONS
Purpose of cytogenomic microarrays
Constitutional cytogenetic abnormalities include aneuploidy 
(extra or missing chromosomes) and structural aberrations 
(chromosomal gains and losses, translocations, inversions, inser-
tions, and marker chromosomes). The cytogenomic microarray 
(CMA) platforms discussed in this guideline are those designed 
for the detection of DNA copy number gains and losses associ-
ated with unbalanced chromosomal aberrations. Regions with 
an absence of heterozygosity (AOH), also referred to as loss of 
heterozygosity, regions/runs of homozygosity, or long continu-
ous stretches of homozygosity, may also be detected by platforms 
with single-nucleotide polymorphism (SNP)-detecting probes. 
Some regions with AOH may be indicative of uniparental isodi-
somy or regions of the genome identical by descent.

The utility of this technology for detection of gains and losses 
in patients with intellectual disabilities, autism, and/or congeni-
tal anomalies has been well documented, and CMA is now rec-
ommended as a first-tier test for these indications.1,2

Advantages of CMAs
The benefits from the use of CMAs for detection of gains and 
losses of genomic DNA include:

1.	 Ability	 to	 analyze	 DNA	 from	 nearly	 any	 tissue,	
	including	 archived	 tissue	 or	 tissue	 that	 cannot	 be	
cultured.

2. Detection of abnormalities that are cytogenetically cryp-
tic by standard G-banded chromosome analysis.

3. Ability to customize the platform to concentrate probes in 
areas of interest.

4. Better definition and characterization of abnormalities 
detected by a standard chromosome study.

5. Interpretation of objective data, rather than a subjective 
visual assessment of band intensities.

6. Ability to detect copy neutral AOH with platforms incor-
porating SNP probes.

7.	 A	ready	interface	of	the	data	with	genome	browsers	and	
databases.

Microarray methodologies, including array comparative genomic 
hybridization and single-nucleotide polymorphism–detecting 
arrays, are accepted as an appropriate first-tier test for the evalua-
tion of imbalances associated with intellectual disability, autism, and 
multiple congenital anomalies. This technology also has applicability 
in prenatal specimens. To assist clinical laboratories in validation of 

microarray methodologies for constitutional applications, the Amer-
ican College of Medical Genetics and Genomics has produced the 
following revised professional standards and guidelines.
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Limitations of CMAs
Limitations of the use of CMAs include:

1.	 For	most	platforms,	the	inability	to	detect	genetic	events	
that	 do	 not	 affect	 the	 relative	 copy	 number	 of	 DNA	
sequences,	e.g.,	molecularly	balanced	chromosomal	rear-
rangements.	 However,	 CMAs	 may	 reveal	 copy	 number	
changes	 in	 apparently	 “balanced”	 chromosomal	 rear-
rangements,	i.e.,	gains	or	losses,	at	or	near	the	chromo-
somal	breakpoint	sites.

2. Low-level mosaicism for unbalanced rearrangements and 
aneuploidy may not be detected by CMAs. The sensitivity 
of the microarray for detection of mosaicism will be influ-
enced by the platform, sample type, copy number state, 
DNA quality, data quality, and size of imbalance.

3. The chromosomal mechanism of a genetic imbalance 
may not be elucidated.

4. Tetraploidy or other ploidy levels may not be detected or 
may be difficult to detect.

5. Copy number variations (CNVs) of genomic regions not 
represented on the platform will not be detected.

6. Current CMA technologies are not designed to detect 
duplications and deletions below the level of detection 
according to probe coverage and performance, point 
mutations, gene expression, and methylation anomalies 
that may contribute to the patient’s phenotype.

7. No	microarray	platform	will	detect	all	mutations	associ-
ated	with	a	given	syndrome.	Therefore,	it	must	be	under-
stood	that	 failure	to	detect	a	copy	number	alteration	at	
any	 locus	 does	 not	 exclude	 the	 diagnosis	 of	 a	 disorder	
associated	with	that	locus.

Microarray platform design and manufacture
Different types of CMA platforms are currently available for 
clinical testing. The probes for these platforms may use either 
bacterial artificial chromosome–based DNA or oligonucle-
otide-based DNA. The oligonucleotide-based DNA may be 
designed to detect only a copy number alteration of a sequence 
as compared with a control, or may also be able to determine 
a specific genotype (or allele) associated with the probe (a 
SNP-detecting probe). The copy number of a probe may be 
determined either through a directly competitive hybridiza-
tion of differentially labeled patient and control DNA or a 
comparative hybridization of the labeled patient DNA to an 
in silico reference set. The copy number data are graphed as a 
log2 ratio of the probe intensities, with the expected normal-
ized value equaling “0” (generally associated with two copies 
of genomic sequence), relative DNA gains having signals of 
greater intensity (log2 > 0), and relative DNA losses having less 
intensity (log2 < 0). For platforms with SNP-based probes, the 
copy number alteration should also correlate with the allelic 
information assuming sufficient coverage of the copy number 
alteration with SNP-detecting probes. For example, a region 
present in one copy should only have single SNP alleles identi-
fied in the region.

Microarray platform designs may have probes (i) targeted 
to specific regions of the genome for detection of imbalances 
known to be associated with congenital anomalies or neurocog-
nitive impairments, (ii) distributed in a genome-wide manner 
with a specified distribution and spacing, or (iii) placed in both 
a targeted and genome-wide manner with varying distribution 
and spacing of probes for specific genomic regions as well as 
across the genome. The functional resolution of an array will 
be determined by both the intermarker probe spacing and the 
number of consecutive probes necessary to confidently identify 
a true CNV. The functional resolution may be different across 
different regions of the genome for a given platform due to 
probe density and may be different for a single copy number 
gain (two to three copies) versus a single copy number loss (two 
copies to one copy) of a DNA segment.

The American College of Medical Genetics and Genomics 
has published specific recommendations for the design and 
manufacture of CMA platforms.3 At a minimum, for whole-
genome platforms, the design should allow for detection of 
both gains and losses of 400 kb or larger, genome-wide, with 
exceptions to this minimal size resolution as necessary due to 
features of genomic architecture such as segmental duplication-
rich regions. It is also desirable to have enrichment of probes 
targeting dosage-sensitive regions or genes well associated with 
congenital anomalies or neurocognitive impairments.

All probe descriptions/content and annotations should 
be openly accessible to the performing laboratory (see also 
“Annotation/databases” section). Details regarding the micro-
array design, the synthesis verification, and all quality control 
(QC) steps taken to validate and assess the performance and 
reproducibility of the array should be documented and pro-
vided by the manufacturer.

FAMILIARIZATION WITH A NEW TECHNOLOGY 
FOR THE LABORATORY BEFORE VALIDATION

The laboratory with little or no experience with microarray 
technology should become familiar with all aspects of the new 
technology before beginning the validation process, regard-
less of the regulatory status of the array. Familiarization begins 
with understanding the processes, features, and capabilities of 
the technology selected. The laboratory should gain experience 
with the instrumentation, platform design, software, reagents, 
methodology, technological limitations, workflows, DNA qual-
ity parameters, etc., by experimental sample runs. Similarly, the 
laboratory should become familiar with the features of each 
sample type the laboratory will process, as different sample 
types may have unique considerations for microarray data 
quality and clinical applicability. The laboratory must also be 
familiar with the potential imbalances and rearrangements 
associated with the clinical indications.

The use of samples well characterized as “normal” and 
“abnormal” by another method is valuable during the familiar-
ization process to gain experience in the recognition of CNVs 
that may represent true biological variation or a probe/plat-
form performance issue. It is suggested that laboratories use a 
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combination of data from well-characterized cases processed 
and run on their platform(s), data from other laboratories, and/
or data available from online databases to gain and broaden 
their experience. Data sharing should involve a spectrum of 
array results and data quality.

Laboratories need to be able to recognize nonperforming (or 
nonresponsive) probes, technically induced artifacts, and other 
issues affecting data quality. Laboratories should become famil-
iar with CNVs that are benign and/or common and resources 
to aid in the recognition and interpretation of CNVs.3–8

VERIFICATION AND VALIDATION
Verification of a Food and Drug Administration–approved/
cleared platform
At the time of the publication of these guidelines, there are no 
commercially available Food and Drug Administration (FDA)-
approved or FDA-cleared microarrays for this application. 
However, laboratories are advised to keep abreast of new devel-
opments in this rapidly developing technology.

For any FDA-approved or FDA-cleared microarrays where 
the laboratory plans to claim the test as FDA-approved/cleared, 
the approved protocol and intended use (usually included in 
the package insert) must be followed. The laboratory must ver-
ify that it can obtain comparable performance specifications as 
those established by the manufacturer with regard to accuracy, 
precision, and reportable range of results.

At the onset of verification, pass/fail criteria for the verifica-
tion protocol should be established. If the prespecified accep-
tance criteria are not met, and a repeat or evaluation of the 
reasons for the failure does not resolve the concern, the labora-
tory should consider whether or not the array is appropriate for 
clinical testing.

Accuracy testing will measure the ability of the platform and 
software to detect known abnormalities. The accuracy evalu-
ation is accomplished by running a series of previously char-
acterized abnormal cases (this may be accomplished through 
sharing samples with an established laboratory). A minimum of 
15 cases is recommended. To the extent possible, the laboratory 
should use abnormal samples that represent abnormalities that 
the array is designed to detect. This evaluation should include 
both a comparison of the findings from the region(s) expected 
to be abnormal as well as a comparison of the rest of the genome 
analyzed by the platform. The laboratory must document the 
concordance of the expected results and any unexpected find-
ings. Because this technology may detect true alterations not 
previously identified, any unexpected findings that fall within 
the determined reportable range (as defined in “Validation of 
a new platform for the laboratory” section) should be further 
investigated to determine whether the finding represents true 
biological variation. This will involve the use of an alternative 
technology or microarray platform for correlation of the unex-
pected finding.

Precision testing should measure the reproducibility of 
repeated tests for the same result. The precision of the plat-
form is established by running a minimum of two abnormal 

samples, each run multiple times in separate experiments. 
The concordance of the repeated runs should be documented, 
and any alterations should be considered (variability of break-
points, calls, and potential reasons for variation, i.e., segmen-
tal duplication-rich region) as they pertain to the reportable 
range, functional resolution, and potential variability around 
breakpoints. Some variability around breakpoints may be 
expected due to segmental duplications and individual probe 
performance. Precision testing can allow for an assessment 
of breakpoints and potential impact on the clinical interpre-
tation. Breakpoint variability that does not alter the clinical 
interpretation would be less concerning than variability that 
does alter the interpretation. Samples with multiple abnormal-
ities are preferable as they maximize the number of findings 
for the precision study.

Any modification to the FDA-approved use of the product (as 
specified in the package insert) will be considered as off-label 
use, and therefore the microarray must then be validated as a 
non-FDA-approved platform.

Validation of a non-FDA-approved platform
All platforms intended for clinical testing must be either FDA-
approved/cleared and verified or must be validated by the 
performing laboratory. Validation is the process by which the 
laboratory measures the efficacy of the test in question by deter-
mining its performance characteristics when used as intended. 
This is necessary to demonstrate that it performs as expected 
and achieves the intended result. Validation is required when 
using laboratory-developed tests or modified FDA tests. The 
method and scope of the validation must be documented.

At the onset of validation, pass/fail criteria for the validation 
protocol should be established. If the prespecified acceptance 
criteria were not met, and a repeat or evaluation of the rea-
sons for the failure does not resolve the concern, the labora-
tory should consider whether or not the array is appropriate for 
clinical testing.

The extent of work necessary for a validation can depend in 
part on whether the laboratory is validating a new microar-
ray platform for the laboratory, validating a modified design 
of a previously validated platform, or adding additional sam-
ple types or intended uses to a previously validated platform. 
A new platform is defined as any new methodology or array 
introduced to the laboratory. A single microarray vendor may 
produce multiple similar platforms, but each must be validated 
independently. A modified design may include either minor 
modification to probe coverage, either through manufacturing 
of the array or by in silico probe filtering.

Validation of a new microarray platform for the laboratory
Through the validation process, the laboratory must establish 
the performance characteristics of the microarray platform 
and accompanying software. The performance characteristics 
that must be established include the accuracy and precision of 
results, the analytical sensitivity and specificity, and the report-
able ranges. Validations should be documented for each array 
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platform used for clinical testing, regardless of whether the lab-
oratory has prior experience with a different platform.

The reportable range of results includes criteria to identify a 
CNV and criteria to report a CNV. Laboratories, with consider-
ation of the manufacturer’s recommendations, should identify 
the parameters specific to their platform (number of consecu-
tive probes, log2 ratios, SNP allele ratios, QC metrics, etc.) that 
are necessary to conclude that a copy number call represents 
a true CNV. As the functional resolution is a combination of 
probe density and number of probes necessary to identify a 
true CNV, the reportable range should be at or above the func-
tional resolution of the platform. The reportable range should 
be determined before the evaluation of the validation set, and 
data from the familiarization process should be utilized. The 
reportable range may exclude well-characterized benign CNVs. 
If the reportable range is altered for the laboratory, the valida-
tion data should be re-evaluated with the new reportable range. 
However, if the previously identified validation samples do not 
contain abnormalities that challenge the altered reportable 
range, additional samples should be evaluated.

The accuracy evaluation is accomplished by running a mini-
mum of 30 previously characterized abnormal controls. To 
the extent possible, the laboratory should use abnormal con-
trols that represent abnormalities that the array is designed to 
detect. This should include both autosomal and sex chromo-
some abnormalities as duplications and deletions on the sex 
chromosomes may behave differently in each sex. Furthermore, 
blinding the evaluators to the expected abnormalities has the 
 additional benefit of validating the settings, evaluation of data, 
and reportable range. Samples used for validation should rep-
resent a variety of findings with various sizes of abnormali-
ties, combinations of gains and losses, various regions of the 
genome, and some aberrations that challenge the technical lim-
its of detection for reportable DNA gains and losses.

Sample exchanges with a laboratory that is proficient with 
a similar microarray platform can provide a good source of 
samples for validation. Exchange of validated data sets (e.g., 
array files) between laboratories is recommended for additional 
experience in data analysis.

This evaluation should initially include a full review of the 
data to identify aberrations that meet the reportable range 
while blinded to the expected abnormality (as would fit the 
clinical workflow), followed by an unblinded comparison of 
the findings from the region(s) expected to be abnormal, as 
well as an evaluation of the rest of the genome analyzed by the 
platform. An evaluation of the regions expected to be normal 
is also important in assessing the probe behavior across the 
genome. The laboratory must document the concordance of 
the expected results and any unexpected findings. Evaluation 
should also include breakpoint evaluation with regard to gene 
content and genomic architecture. The laboratory should also 
recognize nonresponsive probes in a region expected to show 
loss or gain (this may be due to either poor performance probes 
or underlying genomic architecture). As this technology may 
detect true alterations not previously identified, any unexpected 

CNVs that fall within your laboratory-determined reportable 
range should be further investigated to determine whether the 
finding represents true biological variation. This may involve 
the use of an alternative technology or microarray platform for 
correlation of the unexpected finding. As both expected and 
unexpected findings are evaluated, careful selection of the 30 
samples is important and the ability to evaluate unexpected 
findings in the 30 samples should be considered.

Sensitivity and specificity are determined by the number of 
true-positive, true-negative, false-positive, and false-negative 
results in a validation data set that meet reporting criteria. 
However, for a whole-genome assay, all true positives and true 
negatives are not known. Therefore, specificity and sensitivity 
for genome-wide array platforms cannot be calculated as tra-
ditionally defined.

Sensitivity is evaluated by comparison of expected versus 
observed abnormalities, and this is then extrapolated to the rest 
of the genome. Rather than a traditional calculation of specific-
ity, an evaluation of the positive predictive value of the assay 
is desirable. Determination of the positive predictive value will 
involve the identification of copy number calls that fall within 
the laboratory’s determined reportable range and a determina-
tion of the proportion of those calls that are true. To improve 
the specificity of the platform, if certain probes are recog-
nized to repeatedly act as false positives, these probes should 
be removed from future analyses. The identification of false-
positive probes may be due to technical or biological variables 
considering that not all regions of the genome are amenable 
to accurate locus-specific evaluation of copy number with this 
technology. If probe content is masked by the laboratory, these 
changes should be documented. If the changes are sufficient to 
alter the performance of the platform, an evaluation of the vali-
dation data with the altered probe content is required.

The precision testing should measure the closeness of 
repeated test results to one another. The precision of the plat-
form is established by running a minimum of two abnormal 
samples, each run multiple times in separate experiments. 
The concordance of the repeated runs should be documented, 
and any alterations should be considered (variability of break-
points, calls, and potential reasons for variation, i.e., segmental 
duplication-rich region) as they pertain to the reportable range, 
functional resolution, and potential variability around break-
points. Some variability around breakpoints may be expected 
due to genomic architecture and individual probe performance. 
The precision testing can allow for an assessment of breakpoints 
and potential impact on the clinical interpretation. Breakpoint 
variability that does not alter the clinical interpretation would 
be less concerning than variability that does alter the interpreta-
tion. Samples with multiple abnormalities are preferable as they 
maximize the number of findings for the precision study.

Validation of a new version of a previously established 
platform
The definition of a new version should be limited to those 
situations in which a minimal number of probes are removed, 
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added, and/or replaced for the purpose of improved perfor-
mance, and/or coverage is enhanced over a limited number of 
genomic regions. This would likely involve <10% of the total 
probe coverage, with no more than 5% probe removal. It should 
be recognized that these types of changes to an established plat-
form are likely a rare event and most changes in platforms will 
require a full validation.

In the laboratory that is proficient with microarray technolo-
gies, a new version of a platform in use by the laboratory from 
the same manufacturer should be validated with a minimum of 
five abnormal samples.

Known abnormal samples from the previous version should 
be run using the new platform version for comparison to 
ensure that the performance meets the laboratory standards 
and to assess performance of probes added into higher-resolu-
tion platforms.

New content on an upgraded version should be assessed, if 
possible, using known abnormal sample(s) with variation in the 
region of the new content to determine performance.

The evaluation of this validation set of at least five samples 
should include data analyzed to determine whether the plat-
form and software detected the expected abnormality. If other 
abnormalities are detected that meet the laboratory-reporting 
range, the validation should determine whether the findings 
represent true biological variation.

Validation of additional sample types on an established 
platform
It is expected that the initial validation will involve the most 
common sample type for the expected intended use. For exam-
ple, if the intended use is postnatal evaluation, the sample type 
may be DNA extracted from peripheral blood. Because the 
quality of the DNA may vary from alternative tissue sources 
and this may add interference factors to the microarray analy-
sis, use of DNA from alternative sample types requires an eval-
uation of the potential for interference.9

For a new sample type, an evaluation of the impact of the new 
sample type on data quality is necessary. The DNA extraction 
process should be part of the validation process. If there will 
be minimal changes to the processing or analysis, then a vali-
dation of the new sample type can involve equivalency of data 
quality with the new sample type. If alterations are made in the 
processing of the array or analysis (e.g., change of reference set), 
then a new validation is required. In addition, if the new sample 
type requires a different reportable range, then a new validation 
is required.

Validation of the allelic differentiation potential of SNP-
detecting platforms
The detection of AOH is not in and of itself diagnostic but can 
identify a concern that would require additional testing such 
as sequence-based mutation analysis or uniparental disomy 
testing. However, as AOH may be reported by the laboratory, 
evaluation of the performance of the SNP-detecting probes to 
define regions of AOH should be included in the validation. 

Reports of these findings must clearly state that the finding is 
not diagnostic.

Given sufficient probe density, there should be a correlation 
between copy number state and SNP allele state.

A minimum of five samples need to contain expected copy 
neutral AOH in addition to CNVs. Interlaboratory comparisons 
of samples that contain known uniparental isodisomy or regions 
identical by descent are recommended. This comparison should 
address the data types that would be included in a report, such 
as approximate regions of AOH and approximate percentage of 
genome identical by descent. The detection and accurate size 
assessment of AOH by SNP-based arrays depend on the den-
sity of SNP probes. If the validation method does not address 
accuracy of breakpoints in AOH calls, reports should reflect this 
uncertainty. Inaccurate size estimation for regions of AOH could 
lead to unwarranted follow-up testing for uniparental isodisomy, 
somatic loss of heterozygosity, and/or autozygosity mapping.10

Mosaicism detection
Low-level mosaicism for unbalanced rearrangements and aneu-
ploidy may not be detected by microarray analysis. In addi-
tion, the level of detectable mosaicism will vary by size, region 
of genome, copy number state, DNA quality and data quality. 
Therefore, it is not likely that a specific level of mosaicism can 
always be identified uniformly throughout the genome, and 
this limitation should be recognized.

Without extensive validation to determine specific levels of 
mosaic detection for a wide variety of CNV sizes and genomic 
regions, it is not recommended that this technology be used 
to rule out mosaicism. However, experience in mosaicism 
identification is desirable to maximize opportunity for detec-
tion. Methods for determining detectable levels of mosaicism 
include dilution studies and analysis of the sample by other 
quantitative methods. Fluorescence in situ hybridization analy-
sis of fresh (uncultured) samples provides a reliable means to 
establish the level(s) of mosaicism detectable by microarray. 
Conventional cytogenetic analysis of metaphase cells provides 
information about mosaicism but may not accurately reflect 
levels of mosaicism. The laboratory director should determine 
the method used by the laboratory. More than one method is 
recommended.

For cells in suspension, dilution studies using samples with 
known CNVs may help to determine detectable levels of mosa-
icism. This method can provide an effective means to establish 
thresholds; however, it may have limitations as an artificial 
method. Dilution studies for SNP-detecting arrays may not be 
possible because they may introduce additional genotypes that 
complicate the analysis.

The detection of mosaicism may include information from 
both the log2 ratio and the SNP allele pattern as applicable for 
each platform.

Be aware that microarray analysis gives a relative level of copy 
number across the cells within the sample but does not provide 
a cell-by-cell determination of copy number (e.g., trisomy in 
60% vs. tetrasomy in 30% of cells).

GENETICS in MEDICINE  |  Volume 15  |  Number 11  |  November 2013



906

SOUTH et al  |  Constitutional microarray guidelinesACMG StAndArdS And GuidelineS

Special considerations for validation of prenatal specimens
Experience with postnatal arrays and with common and rare 
CNVs is important for the processing and interpretation 
of array results for prenatal specimens. For validation, a dis-
tinction should be made between cultured amniocytes and 
 chorionic villus sampling (CVS) cells and uncultured (direct) 
amniocytes and villi. The validation performed depends on 
whether the platform has been previously validated for post-
natal use or is new to the laboratory and whether both cultured 
and uncultured cells will be used.

For cultured amniocytes and CVS cells, if prenatal array anal-
ysis is performed on an array platform new to the laboratory, the 
issues and process discussed in the “Validation of a new plat-
form for the laboratory” section apply, and a minimum of 30 
previously characterized cases should be processed. Due to the 
difficulty of obtaining abnormal prenatal specimens, this collec-
tion of 30 samples will likely include some previously charac-
terized as normal cases. Therefore, additional experience with 
abnormal array findings through additional tissue types and 
data exchanges should occur, to ensure that a wide variety of 
abnormalities have been evaluated both in-house and in silico.

For a previously validated platform for postnatal use, the 
addition of prenatal specimens requires an understanding of 
the potential issues that these samples can present regarding 
data quality. The DNA extraction process should be part of the 
validation process. If the laboratory will perform analysis on 
cultured amniocytes and CVS, both sample types should be 
represented in the validation.

Prenatal samples (including products of conception). Healthy 
cultures established from amniocytes, villi, and fetal tissue yield 
an adequate quantity and quality of DNA and can be viewed 
as essentially equivalent for validation purposes. However, the 
laboratory should be aware of factors that can affect DNA yield 
and data quality including culture age, growth rate, confluency, 
and shipping conditions.

Because uncultured cells may yield different amounts and 
quality of DNA, additional validation is required to become 
familiar with potential differences as compared with cultured 
cells. Parameters to consider for uncultured amniocytes include 
method of DNA extraction, volume, and gestational age given 
that these parameters influence the amount and quality of DNA. 
For example, uncultured amniocytes yield less DNA than cul-
tured cells; however, the quality of the DNA is generally higher 
from uncultured cells.

Because villi represent a more complicated tissue with differ-
ent cell types/layers (syncytiotrophoblast, cytotrophoblast, and 
mesenchymal core), DNA may be extracted from all cell types, 
or the laboratory may eliminate or concentrate on different cell 
layers for DNA extraction.11

Special quality assurance requirements for prenatal 
specimens. Back-up cultures of all prenatal samples undergoing 
array analysis should be established and maintained for the 
purposes of (i) possible array failures on direct extractions, (ii) 

evaluation of possible mosaicism on an independent culture, 
and (iii) the need to perform metaphase chromosome or 
fluorescence in situ hybridization analysis to investigate CNVs.

Maternal cell contamination (MCC) analysis should be 
performed on all prenatal samples, unless contamination is 
otherwise excluded. MCC can result from direct samples of 
amniocytes with blood admixture, CVS samples not success-
fully cleaned of maternal decidua (a more frequent problem 
with products of conception), and cell cultures undergoing 
extensive subculturing resulting in expansion of maternal cells. 
When undetected, MCC can result in missed detection or mis-
interpretation of copy number changes, even in the context of 
a male result. Laboratories should understand that MCC can 
be detected by array software (i.e., SNP-based platforms) or, in 
the case of male fetuses, by a shift of the sex chromosome plots 
(mimicking mosaicism). Laboratories should also understand 
how the presence of MCC can affect detection of CNVs, includ-
ing different types (gains and losses) and different sizes (small 
versus large gains and losses).

Mosaicism may be detected in prenatal samples and may 
represent culture artifact (pseudomosaicism), true fetal mosa-
icism, or, for CVS, confined placental mosaicism. Careful inves-
tigation may be required to determine the fetal genotype. For 
traditional chromosome analysis, algorithms have been devel-
oped to deal with confined placental mosaicism and pseudo-
mosaicism. These algorithms will also need to be developed for 
microarray analysis and will depend on whether the analysis 
used direct or cultured cells, and if the mosaicism can be con-
firmed on an independent culture.

ESTABLISHING A REFERENCE DNA SET
Depending on the platform used, the reference DNA set may 
come from a single individual or multiple individuals and may 
be sex matched or mismatched, and may be used in silico or 
as a direct competitive hybridization. The laboratory should 
understand the benefits and limitations of each scenario. The 
laboratory should also consider how the data quality is affected 
by the source and components of the reference DNA set. For 
example, data quality is likely improved when the conditions 
used for data acquisition from the reference set closely match 
the experimental conditions used for the test.12 Any changes to 
the reference DNA set require a verification of the quality and 
accuracy of results obtained with the new reference DNA set 
as compared with the previous reference DNA set, especially 
because changes to the control can result in variation of results, 
particularly within polymorphic regions. For arrays that use 
in silico controls, versioning should be documented.

SOFTWARE CONSIDERATIONS
The laboratory should recognize software limitations and the 
need for manual and visual inspection of the data for aberra-
tion and mosaicism detection because the software may not 
flag all relevant calls that may be identifiable by a visual inspec-
tion of the data. To verify that the method for result generation 
(including software calls and manual inspection) detects known 
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aberrations at certain mosaicism levels, the system should 
be challenged with different types of aberrations. During the 
familiarization phase, the settings should be explored and opti-
mized for aberration detection and then established parameters 
should be used consistently throughout the validation process. 
Algorithmic parameter settings may be different for various 
sample types.

Changes to the software settings from those used during the 
validation may require a re-analysis of at least a subset of the 
validation data using the new settings to identify any changes 
to the performance characteristics of the microarray platform. 
Such changes may include, but are not limited to, new anno-
tation libraries, changes to any in silico reference set, or any 
changes to the aberration-calling algorithm.

The laboratory should understand that most normalization 
algorithms assume a primarily diploid state, which may obscure 
the detection of polyploidy. In some situations, the allele pattern 
may assist with the detection of triploidy but may not identify 
tetraploidy. Both situations are likely rare in the postnatal con-
stitutional population but may be present as mosaic findings as 
well as in prenatal settings.

The laboratory should document the software, parameters, 
and rules used in the analysis of the microarray, as well as all 
limitations of the analysis program.

QuALITY CONTROL
Identification
For each array, the slide identification number, sample sex, con-
trol sex, and sample-tracking control (if applicable) should be 
verified. Discrepancies in the documentation from the physical 
sample should be investigated and resolved before processing.

DNA requirements
The laboratory should establish the minimum DNA require-
ments to perform testing. Each laboratory should have estab-
lished parameters for the determination of the sample quality 
and quantity and criteria for adequacy of each. If a sample does 
not meet these minimum requirements and is deemed subop-
timal, the recommended action is to reject the specimen and 
request a repeat specimen.

Equipment calibration, maintenance, and QC
Equipment, instrumentation, and methodologies employed 
during the validation and use of microarray platforms should 
be calibrated, monitored for QC, and regularly maintained as 
appropriate. Quality metrics should be established whenever 
possible throughout the assay. Laboratories should ensure that 
documentation and safeguards are provided by the software 
manufacturer and that data are processed and summarized in 
a consistent fashion for every clinical analysis. Most analysis 
software provides a hierarchy of users with customizable per-
missions, which enable the laboratory director or supervisor 
to prevent modification of analysis settings so that all speci-
mens are analyzed consistently. Any changes to data processing 
should be validated and documented.

General QC metrics
Every microarray platform has defined quality metric values, 
e.g., adequate dye incorporation and/or amplification, fluores-
cence intensities, signal-to-background noise ratio, and standard 
deviation or standard error. Standard cutoff values and accept-
able limits should be established for these metrics to ensure that 
the generated results are reliable and precise enough to be used 
for a clinical assessment. Quality metrics should be monitored 
for DNA labeling, hybridization efficiency, data generation and 
analysis, and other platform-specific parameters. The QC metrics 
should be incorporated into the laboratory quality assurance and 
quality improvement programs to monitor analytical variables.

Data quality
The quality of the data will affect the ability to detect genomic 
aberrations. Therefore, it is absolutely necessary for the labo-
ratory to understand the within-array metrics provided by the 
analysis software and how each of these metrics reflects the 
quality of the data. There are a number of metrics that provide 
a measurement of signal to noise (i.e., artifactual random vari-
ance unrelated to genomic location) in the data, such as the dif-
ference between the log ratio values of consecutive probes and 
the spread of the derivative log ratio values after outlier rejec-
tion. Similar metrics of variance exist for each platform.

The laboratory should establish acceptable ranges for each 
QC metric chosen to represent data quality by the laboratory. 
These ranges are often provided by the manufacturer. However, 
the laboratory may want to modify these ranges on the basis of 
their experience with the arrays during the validation process. 
The laboratory should establish criteria for next steps, should 
the data fall outside of these established ranges.

Annotation/databases
An integral part of the data analysis is accessibility and use of 
private and public annotations/databases during the analysis 
process. Because these annotations are critical for interpreta-
tion, it is important that these tools are carefully constructed 
and applied by the laboratory or software manufacturer. All crit-
ical annotations should be thoroughly vetted, and the source(s) 
should be verified. For all reportable calls, the genomic con-
tent should be verified by an independent database source. The 
manufacturers should provide mechanism(s) for updates to 
these annotations. Documentation of resources and databases 
accessed for interpretation is recommended.

Verification of new lots of microarrays/reagents
Verification should ensure that new lots of microarray slides 
and/or reagents perform in the same manner as the previous 
lot. The manufacturer should supply documentation of the QC 
comparison between lots (e.g., oligonucleotide synthesis verifi-
cation, accuracy of SNP calls or other defined control parame-
ters). New lots of reagents (e.g., new labeling kits, consumables) 
should have documented equivalency between runs. This may 
be accomplished by documenting that the QC metrics meet 
certain set parameters for the new lot of reagents.
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Confirmation of specific CNVs
With proper technical performance and analytical validation, 
it should not be necessary for the performing laboratory to 
further confirm a CNV called with the laboratory-validated 
parameters, after the validation stage. Each laboratory should 
establish a threshold (number of probes and/or genomic size, 
as well as other QC metrics) for declaring what constitutes a 
reportable abnormality with their assay. Features to keep in 
mind when assessing copy number changes are the appropriate 
log ratio difference between data, the presence of uniform con-
tiguous probe behavior within and adjacent to call, sharp copy 
number state transitions at breakpoint boundaries, support-
ive SNP allele states (when applicable), and evaluation of least 
processed log2 ratio data (e.g., weighted versus not weighted). 
Any call-specific quality score provided by the software may be 
considered.

Given that it is desirable to maximize detection of aber-
rations of clinically important genes and of aberrations in 
mosaic form (which may not generate a robust copy number 
call), it is acceptable and appropriate at the discretion of the 
performing laboratory to evaluate calls that do not meet the 
laboratory-validated parameters. These calls may be flagged 
for review and correlated with the patient’s clinical indica-
tion, but should be confirmed by an independent methodol-
ogy if reported.

uSE OF ALTERNATIVE TECHNOLOGIES FOR 
MECHANISM DETERMINATION

Determination of the mechanism leading to the detected 
CNV may be considered on a case-by-case basis because this 
may lead to better determination of recurrence risk. Some 
mechanisms can be identified through the combination of 
both the CNV and recognition of the genomic location of the 
altered material, or the genomic structure surrounding the 
alteration. Examples include both terminal and insertional 
translocations and ring or marker chromosomes. The appro-
priate alternative technology may depend on the size, type, 
and location of the identified CNV and the likely mechanism 
of formation. Therefore, use of these alternative technologies 
should be considered as separate testing and should use vali-
dated technologies performed and interpreted by appropri-
ately trained personnel.

INTERPRETATION AND REPORTING
For further guidance on interpretation and reporting, refer to 
recently published guidelines from the American College of 
Medical Genetics and Genomics for interpretation and report-
ing of postnatal constitutional copy number variants13 and for 
reporting suspected consanguinity as an incidental finding of 
genomic testing.14

METHODOLOGY AND DISCLAIMERS
All reports should include a brief description of methodology, 
including platform specifics and reporting criteria. Disclaimers 
should be included as appropriate and required.

Example: testing limitations
Current microarray analysis technologies will detect only gains 
and losses of genomic segments. Therefore, a normal micro-
array result does not exclude mutations (nucleotide base-pair 
changes) in any gene represented on the microarray, gains and 
losses below the level of resolution of the platform, a balanced 
rearrangement, or epigenetic events. Additional testing may 
be appropriate for certain syndromes or conditions when the 
microarray analysis yields normal results.

Alternative example
This microarray platform will not detect truly balanced chro-
mosomal rearrangements, point mutations, or imbalances of 
regions not represented on the microarray, and may not detect 
mosaicism. Failure to detect an alteration at any locus does not 
exclude all anomalies at that locus.

Example: disclaimer for a non-FDA-approved microarray 
platform
This test was developed and its performance characteristics 
determined by (your laboratory name here) as required by 
Clinical Laboratory Improvement Act (CLIA)1988 regulations. 
It has not been cleared or approved for specific uses by the US 
Food and Drug Administration. Pursuant to the 1988 CLIA 
requirements, this laboratory has established and verified the 
test’s accuracy and precision.

PROFICIENCY TESTING
The laboratory should participate in an external proficiency test-
ing program through an appropriate deemed organization (e.g., 
the College of American Pathologists). The laboratory should 
also establish internal proficiency testing of normal and abnormal 
samples as part of the laboratory internal quality assurance pro-
gram and ongoing quality improvement program. Correlation 
between microarray results run in parallel on different array 
platforms or correlation of microarray results with conventional 
cytogenetic and/or fluorescence in situ hybridization results may 
be sufficient to provide ongoing proficiency. Proficiency testing 
should be performed according to 1988 CLIA guidelines.

Documentation of participation and the performance results 
of all internal and external proficiency tests must be retained by 
the laboratory and made available to all accreditation agency 
inspectors.

LABORATORY ACCREDITATION AND PERSONNEL 
QuALIFICATIONS

Laboratory personnel must have documentation of education, 
degrees, and certifications as appropriate for level of testing, 
as well as training, competency assessments, and continuing 
education as required by appropriate regulatory bodies, e.g., 
College of American Pathologists, CLIA, Centers for Medicare 
& Medicaid Services. The testing laboratory must have CLIA 
certification and state certifications as required to provide clini-
cal testing. College of American Pathologists accreditation is 
strongly encouraged.
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RETENTION OF FILES AND DOCuMENTATION
Laboratories should make explicit in their policies which 
file types and what length of time each type will be retained 
and that data retention policy must be in accordance with 
local, state, and federal requirements. CLIA regulations (Sec. 
493.1105) require storage of analytic systems records and test 
reports for at least 2 years. For more specific suggestions for 
microarray technologies, we recommend that the laboratory 
consider a minimum of 2-year storage of a file type that would 
allow regeneration of the primary results as well as re-analysis 
with improved analytic pipelines. In addition, laboratories 
should consider retention of the aberrations identified in the 
analysis, along with the final clinical test report interpreting 
the subset of clinically relevant variants, for as long as possible, 
given the likelihood of a future request for reinterpretation of 
variant significance.

CONCLuSIONS
Each new technological development in the field of genetics 
brings with it the desire to apply the technology to improve 
medical care. The transition of a new technology from the 
research bench into the clinical realm of diagnostic testing 
must be accompanied by extensive validation to ensure that the 
results reported to the health-care provider are accurate and 
reliable for use in patient-care decision making.

Microarray technologies provide a high-resolution view of 
the whole genome. Medical laboratory professionals must be 
prepared to identify, interpret, and report the results with clini-
cal relevance, while keeping in mind the social, ethical, and legal 
responsibilities of reporting genetic information. The interpre-
tation of the data from microarray analysis into clinically rel-
evant information is a difficult and complex undertaking and is 
the practice of medicine. No algorithm for CNV interpretation 
can substitute for adequate training and knowledge in the field 
of genetics. We recommend that genomic microarray analy-
sis be performed in laboratories overseen by individuals with 
appropriate professional training (American Board of Medical 
Genetics–certified clinical cytogeneticists or clinical molecular 
geneticists, or American Board of Medical Genetics/American 
Board of Pathology–certified molecular genetic pathologists) 
and that the interpretation and reporting of clinical genomic 
microarray findings be performed by these same certified 
individuals.
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