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Applications of comparative genomic
hybridisation in constitutional chromosome
studies
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Anne Marie Hegarty, M Tariq Khokhar, Monica Power, Karen Ryan, Andrew J Green,
Raymond L Stallings

Abstract
G band cytogenetic analysis often leads to
the discovery of unbalanced karyotypes
that require further characterisation by
molecular cytogenetic studies. In particu-
lar, G band analysis usually does not show
the chromosomal origin of small marker
chromosomes or of a small amount of
extra material detected on otherwise nor-
mal chromosomes. Comparative genomic
hybridisation (CGH) is one of several
molecular approaches that can be applied
to ascertain the origin of extra chromo-
somal material. CGH is also capable of
detecting loss of material and thus is also
applicable to confirming or further char-
acterising subtle deletions. We have used
comparative genomic hybridisation to
analyse 19 constitutional chromosome
abnormalities detected by G band analy-
sis, including seven deletions, five super-
numerary marker chromosomes, two
interstitial duplications, and five chromo-
somes presenting with abnormal termi-
nal banding patterns. CGH was successful
in elucidating the origin of extra chromo-
somal material in 10 out of 11 non-mosaic
cases, and permitted further characteri-
sation of all of the deletions that could be
detected by GTG banding. CGH appears
to be a useful adjunct tool for either con-
firming deletions or defining their break-
points and for determining the origin of
extra chromosomal material, even in
cases where abnormalities are judged to
be subtle. We discuss internal quality
control measures, such as the mismatch-
ing of test and reference DNA in order to
assess the quality of the competitive
hybridisation eVect on the X chromo-
some.
(J Med Genet 1999;36:511–517)
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Comparative genomic hybridisation (CGH) is
a dual fluorescence in situ hybridisation proto-

col capable of detecting global gains and losses
of genomic regions by competitive DNA
hybridisation. CGH has been widely applied to
detect gains and losses of DNA sequences on
specific chromosomes in the study of solid
tumours,1 but has not been extensively used to
study unbalanced constitutional karyotypes.
Constitutional chromosome studies involving
conventional GTG band cytogenetic analysis,
however, often show unbalanced karyotypes
which cannot be fully defined because the extra
material is too small to have a recognisable
banding pattern. CGH is one of several
molecular cytogenetic approaches available for
further defining and confirming abnormal
results detected by conventional banding tech-
niques. Chromosomal identification of marker
chromosomes and extra bands on chromo-
somes through molecular techniques is always
of clinical interest.

Bryndorf et al2 applied CGH to the study of
unbalanced karyotypes in prenatal cases, in-
cluding seven cases of unbalanced structural
abnormalities and four cases of simple aneu-
ploidies. Others have applied CGH to the study
of constitutional chromosome abnormalities
detected postnatally.3 4 In all of these cases,
CGH was successfully used to determine the
origin of extra chromosomal material or to
confirm a deletion. Although the structural
chromosome abnormalities in these cases were
too small to identify the origin of the extra
genomic material based on banding pattern,
none of the abnormalities described by these
authors can be considered to be subtle or cryp-
tic.

GhaVari et al5 used CGH to detect cryptic
translocations in families with extensive histo-
ries of mental retardation. These authors
successfully identified cryptic translocations in
three families. The identification of cryptic
translocations is of considerable importance
since up to 6% of patients with idiopathic
mental retardation may have unbalanced trans-
locations involving the telomeres.6 These trans-
locations are either too small to detect by con-
ventional light microscopy or do not produce a
recognisable change in GTG banding pattern.
Molecular cytogenetic approaches involving
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FISH analysis with chromosome specific sub-
telomeric probes have also been used to detect
cryptic translocations.7 Finally, some authors
have used CGH to confirm the presence of
subtle interstitial duplications.8 9

Here, we assess the utility of CGH for deter-
mining the origin of supernumerary marker
chromosomes and the origin of extra G bands
occurring interstitially and terminally. We have
also applied CGH to confirm the presence of
subtle deletions and to clarify breakpoints in
two cases of chromosome 11q deletions.

Material and methods
Cases 1, 2, 3, 5, 6, 7, 8, 9, 11, 12, 18, and 19
were submitted for cytogenetic analysis prima-
rily for developmental delay and dysmorphic
features. Case 4 was submitted for clarification
of results from another laboratory, case 10 for
infertility, case 17 for small for dates and short
upper limbs, and cases 13, 14, 15, and 16 for
Prader-Willi syndrome. The GTG banded
karyotypes for each of these cases is listed in
table 1. The chromosome abnormalities
detected in cases 1 to 4, 6 to 9, and 11 to 19
were de novo in origin. Parental cytogenetic
analysis for cases 5 and 10 could not be carried
out.

GTG banding and FISH were carried out on
metaphases derived from short term lym-
phocyte cultures stimulated with phytohae-
magglutinin M by standard techniques. Probes
for whole chromosome paints (1, 2, 7, 8, 11,
16, and 17), SNRPN, D3S1442, D1S1615,
and the 11p telomere (Tel 11p) were obtained
from Oncor and hybridised under conditions
recommended by the supplier. Whole chromo-
some paints for chromosomes 9 and 20 were
obtained from Cytocell and hybridised under
recommended conditions.

DNA from test and reference samples was
carefully quantified using a fluorimeter with
known standards. Exactly 1 µg of test DNA
from a patient with an unbalanced karyotype
was labelled with Spectrum green-dUTP
(Vysis) and 1 µg of reference (normal) DNA
with Spectrum red-dUTP(Vysis) using a CGH

nick translation kit from Vysis. Ten µl of nick
translation enzyme (DNAase and polymerase
I) from this kit were used for each nick transla-
tion reaction carried out at 15°C for four
hours. An aliquot of each reaction was run on
a 1% agarose gel to determine the probe size,
the optimum size required being 300 bp to 3
kb. Test and reference DNA were then ethanol
precipitated in the presence of 50 × human
Cot-1 DNA (to block highly repetitive se-
quences), and resuspended in 10 µl of hybridi-
sation buVer (50% formamide, 1 × SSC, 10%
dextran sulphate) overnight at 37°C to aid
resuspension.

Hybridisation was performed on commer-
cially prepared (Vysis) slides containing meta-
phases. The metaphase DNA was denatured by
immersing slides in 70% formamide, 2 × SSC
at 73°C for five minutes.

The slides were then dehydrated in an etha-
nol series (70%, 85%, and 100%) and air
dried. The probe DNA was denatured at 73°C
for five minutes and added immediately to the
slides. Slides were coverslipped, sealed with
rubber cement, and placed in a moist container
at 37°C for 72 hours.

Unbound DNA fragments were removed by
washing in 0.4 × SSC/0.3% NP-40 at 73°C for
two minutes and 2 × SSC/0.1% NP-40 at room
temperature for 30 seconds. Slides were then
counterstained with 4'-6-diamidino-2-
phenylindole dihydrochloride (DAPI-antifade
from Oncor).

Separate digitised grey level images of DAPI,
Spectrum green, and Spectrum red fluores-
cence were acquired with a CCD camera cou-
pled to an Olympus BX60 microscope. Image
processing was carried out using Cytovision
3.52 software from Applied Imaging. Average
green:red fluorescence ratio profiles were
calculated for each chromosome from 8-10
metaphases. As an internal control, each CGH
experiment was performed by mismatching the
sexes between test and reference DNA. If the
green labelled test DNA is male (single X
chromosome) and the red labelled reference
DNA is female (two X chromosomes), then we

Table 1 Data from GTG banded karyotypes, CGH, and FISH

Case
No G banded karyotype CGH FISH Final karyotype

1 46,XX,add(16)(q24) enh(16)(q23q24) wcp16+ 46,XX,inv dup(16)(q24q23)
2 46,XX,add(17)(q25) enh(7)(p21-pter) wcp7+ 46,XX,der(17)t(7;17)(p21;q25)
3 46,XX,add(17)(q25) enh(17)(q24q25) wcp17+ 46,XX,inv dup(17)(q25q24)
4 46,XY,ins(20;?)(q11.2;?) enh(20)(q11.2q12) wcp20+ 46,XY,dup(20)(q11.2q12)
5 46,XX,add(3)(p25) enh(8)(q24.1-qter) wcp8+; D3S1442− 46,XX,der(3)t(3;8)(p25;q24.1)
6 46,XY,ins(2;?)(q24.2;?) enh(2)(q24.2q31) wcp2+ 46,XY,dup(2)(q24.2q31)
7 46,XX,add(9)(q34.3) Normal profile wcp9−; TEL 11p+ 46,XX,t(9;11)(q34.3;p15.3)
8 47,XX,+mar enh(19)(p13.1q10) wcp19+ 47,XX,+der(19)(p13.1q10)
9 47,XX,+mar Normal profile 47,XX,+mar
10 47,XY,+r[20]/46,XY[9] Normal profile 47,XY,+r[20]/46,XY[9]
11 47,XX,+9p enh(9)(p12-pter) wcp9+ 47,XX,+9p
12 47,XY,+mar enh(15)(q11q13) SNRPN+ 47,XY,+inv dup(15)
13 46,XY,del(15)(q12q12) dim(15)(q12q12) SNRPN− 46,XY,del(15)(q12q12).ish

del(15)(q12q12)(SNRPN−)
14 46,XX,del(15)(q12q12) dim(15)(q12q12) SNRPN− 46,XX,del(15)(q12q12).ish

del(15)(q12q12)(SNRPN−)
15 46,XY Normal profile SNRPN− 46,XY.ish

del(15)(q12q12)(SNRPN−)
16 46,XY Normal profile SNRPN− 46,XY.ish

del(15)(q12q12)(SNRPN−)
17 46,XX,del(1)(p36.3) dim(1)(p36.3) wcp1+; D1S1615− 46,XX,del(1)(p36.3)
18 46,XY,del(11)(q13.5q21) or (q14.2q22.2) or (q21q23.1) dim(11)(q22) wcp11+ 46,XY,del(11)(q21q23.1)
19 46,XY,del(11)(q13.5q21) or (q14.2q22.2) or (q21q23.1) dim(11)(q14) wcp11+ 46,XX,del(11)(q14.2q22.2)
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would expect a green to red fluorescence ratio
(FR) on the target X chromosome of 0.5. For
the converse situation where the green labelled
test DNA is female and the red labelled
reference DNA is male, we would expect a
green to red fluorescence ratio (FR) on the tar-
get X chromosome of 2.0. Significant deviation
from these theoretical FRs indicates a poor
CGH experiment.

Abnormalities on the X chromosome can
still be observed using FR values of either 0.5
or 2.0 as baselines.

Results
CGH analysis has been applied to 19 diVerent
cases of constitutional chromosome abnor-
malities. These cases fall into several broad
categories, including deletions, supernumerary
marker chromosomes, and chromosomes pre-
senting with abnormal terminal or interstitial
banding patterns. CGH was applied to super-
numerary marker chromosomes and to chro-
mosomes possessing additional bands in order
to elucidate the origin of the additional
chromosomal material. CGH was applied to
deletions in order to confirm or further define
the deleted regions. The abnormalities were

determined to have arisen de novo in all cases
where parental chromosome analysis could be
undertaken (table 1).

CGH ANALYSIS OF CHROMOSOMES PRESENTING

WITH ADDITIONAL CHROMOSOMAL MATERIAL

CGH analysis was performed on seven cases
where additional chromosomal material was
detected on chromosomes. In cases 6 and 4,
the additional bands occurred interstitially at
2q31 and 20q11.2, respectively. CGH analysis
indicated increases in fluorescence ratio (FR)
that exceeded 1.25 for the region 2q24-q31 in
case 6 and for the region 20q11.2-q12 in case
4 (fig 1). FISH analysis with whole chromo-
some painting probes (wcp) confirmed that the
extra material originated from chromosomes 2
and 20. We conclude that the extra material
found on chromosomes 2q and 20q arose
through a tandem duplication event.

The other five cases involved additional
abnormal terminal bands detected on chromo-
somes 3 (add 3p25 in case 5), 9 (add 9q34.3 in
case 7), 16 (add 16q24 in case 1), and 17 (add
17q25 in cases 2 and 3) (table 1). For cases 1
and 3, CGH analysis indicated sharp increases
in FR values at the terminal region of the chro-

Figure 1 This illustration shows each G banded chromosome that had extra material, the related CGH profile, and FISH images that provided
confirmation of CGH results. The abnormal G banded chromosome is on the right of each pair, with arrows pointing to abnormal regions. Lines, from left
to right on CGH profiles, represent FR values of 0.5, 0.75, 1.0, 1.25, and 1.5. The probe used for each FISH experiment is designated above each FISH
image. Two cases of interstitial duplications (cases 6 and 4) and five cases of chromosomes with abnormal terminal banding patterns (cases 1, 3, 5, 2, and
7) are presented. For case 7, wcp9 is labelled with FITC and the chromosome 11p telomere probe is labelled with digoxygenin and visualised with an
antidigoxygenin-rhodamine antibody.

CGH in constitutional chromosome studies 513
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mosome containing the abnormality, that is,
16q23-qter for case 1 and 17q24-qter for case
3 (fig 1). FISH analysis with whole chromo-
some painting probes 16 and 17 confirmed that
the additional material in case 1 and 3
originated from chromosomes 16 and 17,
respectively. This information, together with
the G banding pattern, indicate that the abnor-
mal bands on chromosomes 16 and 17 arose
through inverted duplications.

FISH analysis with wcp 3, wcp 9, and wcp 17
probes in cases 5, 7, and 2, respectively,
indicated that the extra chromosomal material
did not originate from the chromosome upon
which it was attached. CGH analysis of cases 5
and 2 indicated that the extra bands on
chromosomes 3 and 17 arose from the regions
8q24.1-qter and 7p21-pter respectively. These
results were confirmed with wcp 7 and wcp 8
probes.

A completely normal CGH profile was
obtained for case 7, which had additional
material at 9q34.3. In this experiment, test and
reference DNA was derived from subjects of
opposite sex. Therefore, we can rule out the
possibility that there was a hybridisation prob-
lem since an extremely good competitive
hybridisation was detected for the X chromo-
some. This region on 9q was C band and
Ag-NOR staining negative, indicating that it
did not originate from either a centromere or
NOR satellite region which are diYcult to
assess by CGH. This case was originally
reported as an add(9)(q34.3) by another labo-
ratory, and was referred to our laboratory for
further clarification of the abnormality. Our
original G band analysis could only be accom-
plished at a 450 band resolution owing to poor
growth of the patient’s lymphocytes, so that the
normal CGH profile prompted us to obtain a
second blood sample. A 700 band resolution
analysis allowed us to redefine the abnormality
as a balanced reciprocal translocation,
t(9;11)(q34.3;p15.3). FISH analysis with a

whole chromosome 9 painting probe and chro-
mosome 11p specific subtelomere sequences
confirmed the reciprocal translocation (fig 1).

CGH ANALYSIS OF MARKER CHROMOSOMES

CGH analysis was performed on five marker
chromosomes (fig 2). The first marker (case
11) was of considerable size and resembled by
banding pattern a chromosome 9p. The green
to red FR ratio showed a highly significant
increase on chromosome 9p and, as expected,
whole chromosome 9 painting probe (wcp 9)
also showed a positive signal on the marker.
The second marker (case 12) was bisatellited,
of considerable size, and resembled an inverted
duplicated 15. CGH indicated gain of the
region 15q11-q13. This result was confirmed
by FISH analysis with the SNRPN probe.

The marker chromosome in case 10 was
present as a ring chromosome of varying size in
75% of cells (fig 2). A completely normal CGH
profile was obtained. Mosaicism for this
marker, in addition to its small size, is likely to
have contributed to the failure of CGH to
determine its origin. The origin of this marker
remains to be resolved.

The marker chromosome from case 9 was
also extremely small (fig 2), and a completely
normal CGH profile was obtained. A large
portion of the DNA from this marker is likely
to be composed of centromeric repeat se-
quences. Many centromeric regions display
considerable variation in green to red fluores-
cence ratios, sometimes making it impossible
to identify abnormalities from these regions.
The origin of this marker requires resolution by
other molecular cytogenetic methods.

The last marker, case 8, was too small to have
any recognisable banding pattern and was of
similar size to the marker found in case 9 (fig
2). However, CGH analysis showed an increase
in FR at the centromeric region of chromo-
some 19. This chromosome is not noted for
large fluctuations in FR at the centromeric
region, so FISH analysis with a whole chromo-
some 19 painting probe was performed. The
wcp 19 probe confirmed that the marker origi-
nated from chromosome 19. This result leads
us to conclude that the origins of even very
small marker chromosomes can sometimes be
ascertained by CGH. This would be particu-
larly true in instances where the derivative
chromosome has a centromeric region that
usually does not vary greatly in FR.

CGH ANALYSIS FOR CONFIRMATION OF SUBTLE

DELETIONS

An additional application of CGH in constitu-
tional chromosome studies is to detect or to
confirm the existence of a subtle deletion. We
have examined the sensitivity of CGH for the
confirmation of subtle deletions from four
Prader-Willi syndrome patients (15q11q13),
and from 1 patient with a del(1)(p36.1). Each
of these deletions were problematical in the
sense that one is proximal to a centromeric
region while the other is telomeric.

Two of the four del(15)(q11q13) from the
PWS patients (cases 13 and case 14) were
cytologically visible from G banded prepara-

Figure 2 G banded marker chromosomes and their CGH profiles. For case 10, the marker
appeared to be a ring chromosome of varying size. Lines, from left to right on CGH profiles,
represent FR values of 0.5, 0.75, 1.0, 1.25, and 1.5.

Normal profile

Case 10

Case 9

Normal profile

Case 11

Case 12

Case 8

9 n = 10 

15 n = 13 

19 n = 17 
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tions, while the other two deletions from cases
15 and 16 could only be detected by FISH
analysis with the SNRPN probe. As expected,
the two microdeletions showed no indication of
a deletion by CGH analysis. However, as indi-
cated in fig 3A, the two macroscopically visible
deletions showed a distinct decline in the FR
value in the 15q12 region, indicating a
deletion. The FR in case 13 went to 0.75, while
case 14 showed a distinct decline, but did not
touch the 0.75 significance line. We compared
these CGH profiles to chromosome 15 profiles
from 10 subjects who did not have a
del(15)(q11q13), and in all instances the
decline in FR from the two Prader-Willi
syndome patients, cases 13 and 14, could be
distinguished from the decline at the centro-
mere region detected on the normal chromo-
some 15 profiles. Comparison of putatively
abnormal profiles with a large number of nor-
mal profiles is one method that can allow
increased confidence as to whether or not a
profile really reflects an abnormality. This is
particularly true for chromosomal regions that
show wide variation in FR values.

In case 17, illustrated in fig 3B, CGH was
useful in confirming that the patient had a sub-
tle terminal deletion of 1p. Deletions in this
region are diYcult to detect because the region
is usually very faintly stained, with little
contrast between negative and positive G

bands. The G banding pattern was abnormal
from 1p36.1 to pter, with a terminal dark G
band (fig 3B). The presence of the deletion was
confirmed by CGH (fig 3B). No other
chromosome in the CGH profile had an
apparent telomeric deletion, and a decreased
green to red ratio indicating the loss of
chromosome 1p material was apparent on both
homologues in a high proportion of cells in
which both chromosomes 1 were amenable to
CGH analysis (five out of five). These results
indicate that the loss of material detected at
distal 1p by CGH is not an artefact related to
close proximity to a telomeric region

FISH analysis with the subtelomeric probe
D1S1615 also indicated hemizygosity for the
region covered by the probe.

CGH ANALYSIS FOR DEFINING DELETION

BREAKPOINTS

Although deletions in the range of 5-10 mega-
bases are usually easy to detect at moderate
banding resolution (550 bands), exact break-
points are sometimes diYcult to determine as
alternative possibilities may exist. An example
would involve deletions of 11q14 and 11q22,
which are cytologically indistinguishable.10

Two examples of interstitial deletion of chro-
mosome 11q are illustrated in fig 4. For these
cases, three alternative breakpoints are possi-
ble: del(11)(q13.5q21) or (q14.2q22.2) or

Figure 3 (A) CGH profiles from two PWS cases which exhibited 15q12 deletions that were detectable by both GTG
banding and FISH analysis with SNRPN (deleted chromosome 15 on right). CGH also indicated a deletion in both cases.
The decline in FR for the 15q12 region was distinctly diVerent from the decline in FR normally occurring at the centromere
region (one profile of normal control presented at far left). (B) The subtle deletion of 1p detected in case 17. Normal
chromosome 1 on left, deleted 1p on right. CGH profile showed a distinct decline in FR at the terminal end of the p arm of
chromosome 1 compared to the profile of a normal control. Lines, from left to right on CGH profiles, represent FR values of
0.5, 0.75, 1.0, 1.25, and 1.5.
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(q21q23.1). CGH analysis with DNA from
these two patients, however, resolved the
breakpoints of both deletions, with case 19
having a more proximal breakpoint than that
found in case 18, that is, del(11)(q14.2q22.2) v
del(11)(q21q23.1), respectively. In this par-
ticular instance, CGH resolved deletion break-
points that could not be determined by G
banding alone.

Discussion
CGH is an extremely useful tool for determin-
ing the origin of extra genetic material found
on chromosomes. Our results indicate that a
success rate approaching 100% can be ex-
pected for this category of case. Although
approaches based on painting probes, such as
M-FISH,11 will also provide information on the
chromosomal origin of marker chromosomes
etc, CGH has the added advantage of indicat-
ing subregional localisation of the extra chro-
mosomal material. In addition, CGH can con-
firm the presence of a subtle deletion.

In one case that was originally considered to
be an unbalanced karyotype (case 7), CGH gave
a normal profile. A normal CGH profile
suggested a balanced rearrangement, which was
confirmed by high resolution GTG banding and
FISH analysis on a second blood sample from
which high resolution banding could be ob-
tained. The inability of CGH to detect balanced
rearrangements is often considered to be its pri-
mary disadvantage. However, in this instance,
the capability of CGH to indicate balanced
genomes proved to be a major advantage.

Overall, our results indicate that CGH will
provide novel or confirmatory results in more
than 90% of unbalanced, non-mosaic constitu-

tional cases to which it might be applied. This
overall success rate would be considerably
lower for cases involving very small supernu-
merary marker chromosomes. This is because
very small marker chromosomes are composed
primarily of centromeric repeat sequences and
that FRs at centromeric regions show great
variation. This normal fluctuation at centro-
meric regions often makes it diYcult to identify
the chromosomal origin of any euchromatic
sequences located on small markers.
Nevertheless, CGH analysis correctly identi-
fied the origin of one out of the two very small,
non-mosaic markers studied here. It is likely
that the CGH success rate on small markers
will be chromosome dependent, that is, chro-
mosomes possessing centromeres that “behave
well” will probably be amenable to CGH
analysis. The origin of larger size markers, such
as that observed for the inverted duplicated
chromosome 15, appear to be easily identified
by CGH analysis.

Among the 19 cases studied, CGH analysis
was used to determine or confirm the origin of
the extra chromosomal material in 10 cases
(cases 1, 2, 3, 4, 7, 8, 5, 6, 11, and 12). In all
instances, we have confirmed our CGH results
by FISH analysis with either painting probes or
locus specific probes, with 100% concordance.
We conclude that in the general practice of clini-
cal cytogenetics, confirmation of CGH results
by FISH may not be necessary in cases where an
abnormality was detected by GTG banding
analysis. This is particularly true in instances
where a high quality CGH result was obtained,
as assessed by mismatching test and reference
DNA and examining the fluorescence ratio
along the length of the X chromosome.

The majority of constitutional chromosome
studies to which CGH has been applied involve
situations where abnormalities were detected by
GTG banded analysis.1–3 8 9 However, GhaVari et
al5 have shown that CGH can detect cryptic
chromosome abnormalities in some instances
where G banding indicated a normal karyotype.
Thus, CGH analysis may have a role in prospec-
tive chromosome studies. Among the 17 cases
studied in this report that had macroscopically
visible abnormalities, 14 out of 17 abnormalities
could potentially have been detected by CGH
analysis without previous knowledge of the G
banding result. The three cases displaying
normal profiles (a balanced reciprocal transloca-
tion, a small marker, and a small mosaic marker)
would have escaped detection. Examination of
the average fluorescence ratios for all chromo-
somes from each of our cases indicated that a
number of false positive results would have been
obtained. These false positives are instances
where the fluorescence ratios deviated from the
normal range (that is, <0.75 and >1.25) at spe-
cific regions. Some cases showed no false
positives, while others had as many as four.
Overall, the average number of false positives
would be one per case. This false positive rate
was very similar to the number of false positives
detected by GaVari et al,5 although their criteria
for defining abnormalities was more stringent
(FR <0.5 and >1.5).

Figure 4 Examples of del(11)(q14 or q22). Deleted chromosomes are on right. CGH
profiles confirm the deletion and show that the deletion in case 19 overlaps case 18, but is
more proximal. CGH profiles on right side show positions of both deletions when the profiles
are superimposed on each other. Lines, from left to right on CGH profiles, represent FR
values of 0.5, 0.75, 1.0, 1.25, and 1.5.

Case 19

11 n = 16
Case 18 + 19

11 n = 16
Case 18

11 n = 16
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The use of higher and lower FR thresholds
for defining abnormalities may eliminate many
false positive results, but it is also more likely to
increase the numbers of false negatives. This
would be of major concern for prospective
chromosome studies involving CGH. If we
applied the stringency (FR <0.5 and >1.5)
used by GaVari et al5 for defining abnormalities
to our results, we would have detected
abnormalities in only two out of the 17 cases.
Given that the numbers of false positives are
relatively low, 0 to 4 per case, we would prefer to
use a lower threshold for detecting abnormali-
ties, and then to verify the abnormalities with
chromosome specific FISH probes. An abnor-
mality detected by CGH in cases where G
banding failed to indicate an abnormality would
always have to be independently verified by
FISH. We further propose that the mismatching
of sex and reference DNA, followed by
examination of the competitive hybridisation
eVect on the X chromosome, provides an
important quality control measure that would
be particularly useful in prospective CGH stud-
ies such as those carried out by GaVari et al.5

At present, CGH has been used only to
identify the origin of additional chromosomal
material or to detect/confirm the presence of
deleted material. Our use of CGH to identify
deletion breakpoints on chromosome 11 is a
novel use of the CGH technique that will most
likely lead to more precise genotype:phenotype
correlations in cases where GTG banding can
not resolve diVerent chromosome breakpoint
possiblities. In this respect, CGH software
capable of relating CGH results to other types

of FISH mapping data, such as FLpter
measurements,12 would be useful.
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