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ABSTRACT

SNP based chromosome microarrays can provide an extremely high density
whole genome analysis of copy number variation in the clinical analysis of blood
from children with developmental delay. We have studied about 2,500 cases this
year using both the Affymetrix 500k and 1.8 million SNP/copy number chips. The
allele differentiation that the array provides allows designation of the relative
distribution of homozygosity (HZ) (or loss of heterozygosity) thoughout the
genome, in addition to copy number. We expected that long contiguous stretches
of HZ(LCSH) >15Mb in a single chromosome would correlate with UPD based on
the almost 2/3 of our reported 36 cases of UPD that showed regions of both
hetero and iso UPD using limited numbers of microsatellites. The added
significance of HZ determinations was not fully appreciated until the following
cases were noted (it is important to understand that contiguous HZ over 6 Mb is
rarely observed in these studies): a 3yo showed 27 LCSH's (>10Mb) on 20 chrs, a
5yo had 8 LCSH's on 7 chrs, a 2yo had 10 LCSH on 8 chrs, a 12yo showed 12
LCSH's on 11 chrs, a 10yo had 11 LCSH's on 11 chrs and a 32yo had 9 LCSH's on
7 chrs. All cases proved to represent consanguinity with the first case a product
of a brother-sister pairing. Additional probands from first and second cousin
pairings showed smaller blocks with fewer chromosomes involved, as what might
be expected from multi-generation recombination and dilution of consanguinous
chromosomes. In all, 45 cases are presented. A separate pattern of cases showed
greatly increased homozygosity, but without contiguous stretches. These cases
appeared to represent geographical or ethnic isolates with limited outbreeding. It
is important to determine the LCSH boundaries for levels of consanguinity and a
reasonable means of reporting these findings which have implications for
recessive allele risk. Patterns of homozygosity with possible threshold ranges
and UPD examples are presented. Although LCSH in a single chromosome
correlates with UPD, confirmation through paternal microsatellite exclusion or
direct methylation specific testing is highly recommended.

INTRODUCTION

SNP based microarrays allow for the designation of regions of
homozygosity through the targeting of biallelic markers at high density dispersed
throughout the genome. In some individuals, long contiguous tracts of HZ can be
observed, and in others shorter, but excessively numerous, runs can be found'2.
The best explanation for the long stretches is identity by descent (IBD), where
“autozygous” chromosome segments have been passed from a common
ancestor. As these segments segregate and are cut by additional generations of
recombination, they become fewer and smaller proportional to the degree of
inbreeding. Those individuals showing numerous runs of shorter HZ appear to
correlate with genepool restrictions based on geographical or ethnic isolation?. It
is also apparently true that even outbred populations have multimegabase
ancestral haplotypes that persist in various genomic regions which generally
show low recombination rates. Our observations of LCSH in clinical analysis of
25000 clinical cases using the Affymetrix 6.0 genotyping chips provided
confirmation of the degree of inbreeding that the microarray provides by using a
simple threshold value for establishing the coefficient. In addition, we confirmed
our observations of 15 years of UPD studies which suggested a UPD “signature”
could be provided by high resolution SNP microarray analysis that does not
require a parental trio analysis.

METHODS

The Affymetrix version 6.0 genechip (1.8 million SNP and CN targets) with
GTC 2.1 software was used for most of these studies (version 5.0 in 10%).

Our estimation of identity by descent was based on establishing a threshold
for probable autozygosity based LCSH that was clearly above background levels.
Since autosomal HZ runs rarely stretched above 7Mb in our control group of 200
consecutive patients (largely referred due to developmental delay), we assigned a

10 Mb cut-off for this simple summation [IBD= > LCSH(>10Mb)].
RESULTS

The normal distribution of the longest stretch of homozygosity is presented
in Figure 1a. Putative UPD cases which demonstrated the qualifying signature of a
single stretch of contiguous HZ over 14Mb are in Table 1 and Fig 2. Additional runs
of HZ (above 8Mb) associated with inbreeding, must not be present. Examples of
the UPD associated LCSH are in Figure 2. Three of the molecularly confirmed UPD
cases were prospectively detected and the other six were retrospectively analyzed
after molecular methylation or microsatellite analysis. The stratification of the
autozygosity cases are presented in Table 2 and Figures 3. Figure 4 is a
representative example of a reduced gene pool.

Table 1. Confirmed and Unconfirmed UPD Cases with Single
Chromosome LCSH >13.5Mb Table 2. Total and Number of LCSH Intervals >10Mb
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Figure 2b. ~Allele Difference, LCSH Interval, Copy
Number State for UPD whole X cases
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Figure 2c. Allele Difference, LCSH Interval, and Copy
Number State for microsatellite confirmed UPD Cases
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DISCUSSION

We observed three distinct patterns of HZ in the course of clinical SNP based microarray
analysis of more than 2500 cases. The >900,000 allele specific SNPs in the Affymetrix 6.0 genechip
provide ample opportunity to detect copy neutral loss of heterozygosity (LOH) thoughout the genome
while assessing dosage with the aid of an additional 900,000 non-polymorphic CN probes
concentrated in SNP poor regions.

We were able to confirm a UPD based “signature” suggested by 36 previous cases of UPD which
showed that most cases of UPD demonstrate a combination of hetero and isoUPD, using only a small
number of polymorphic markers. The signature is based on the presence of a single LCSH over 14Mb
that is not accompanied by other runs of HZ that are typical of autozygosity. All nine of our
prospective and retrospective molecularly confirmed cases of UPD had this signature, as well as 13
other cases in non-imprinted chromosomes that were not ordered for molecular follow-up. Three of
the confirmed cases showed complete X isodisomy, two of which were borne out of fragile X testing
which showed parental repeat exclusions in patients with 46,XX and 47,XXY karyotypes. Although the
risk of recessive disorders would exist for all genes in the HZ interval, regardless of the etiology, risk
of the early developmental effects of occult trisomy accompanies the common UPD pathway of
trisomy rescue. Therefore, UPD molecular confirmation is advised when the associated phenotype is
consistent with mosaic trisomy of the putative UPD chromosome.

Prominent LCSH have been associated with consanguinity in multiple recent reports, although
the degree of identity by descent have not been clearly stratified. Our strategy of simple addition of the
total autosomal HZ in LCSH over a threshold size separates the large recent autozygous regions from
the common 1-6 Mb haplotype blocks that appear to be common in all populations. Since the number
and size of the runs correlate with increasing levels of consanguinity, the total accurately measures
the degree of consanguinity and can be presented as a coefficient by dividing by the total genome Mb.
This same strategy has recently been adopted by McQuillan, et al3, although a different threshold was
used. Recessive allele risk would exist in all LCSH intervals and multiple offspring can be LCSH
compared to narrow down possible recessive allele loci.

A third HZ “profile” noted was those patients with marked elevated short LCSH (1-7 Mb)
associated with a limited gene pool present in isolates that often appear to be geographically or ethnic
based. The overall increased HZ in these cases are difficult to access with the present Affymetrix
software, although this should be available in the next software update, offering a relative recessive
allele risk.
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