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Interpreting Copy Number Change

• Likely to be pathogenic
• Size
• Genomic location/content
• Previous understanding of region

• Benign / insignificant
• Size
• Genomic location/content
• Previous understanding of region

• Uncertain significance
• Determine the mode of inheritance (with some caution)



• Visible on Karyogram?

• aCGH parental samples
• Comparitively expensive with other methods

• Target the region of interest with an alternative technique
• Proband – validates aCGH call, ensures it is detectable
• Parents – identify mode of inheritance in the proband

• FISH
• Currentlyused in North West Regional Cytogenetics laboratory
• Recommended technique -Positional information

Interpreting Copy Number Change



Difficulties

• Probe Availability/Suitability
• Commercial Probes
• BAC’s

• Unexpectedly map to the wrong location
• Cross hybridisation

• Interpretation
• Deletions
• Duplications

• Size
• Position
• Metaphase/Interphase



Difficulties

Interphase interpretation

• Three signals
• Duplication
• Sister Chromatid separation 

(doublets)
• Background hybridisation

• Enhanced signals
• Duplication (full/partial)
• Partial deletion
• 2D image from a 3D object 

(signals in different planes)
• Analyst variability



Alternative techniques

• Restriction enzymes and Southern blotting
• QF-PCR
• qPCR

• Taqman
• SYBR Green

• MAPH
• MLPA
• Fibre FISH

• Make use of probes we’ve already ordered (low additional cost)
• Retain positional information



Fibre FISH

Extremely High Resolution (EHR) FISH on chromatin fibres

Lawrence JB, Carter KC, Gerdes MJ. Extending the capabilities of interphase chromatin mapping. Nat Genet.2(3):171-2 (1992)
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resolution in situ hybridization using DNA halo preparations. Hum. Mol. Genet. 1:587-591 (1992)







Chromatin release from fixed cells



Chromatin release from fixed cells



sample date received storage 
vessel

suspension 
quality

average no. cells 
with chromatin 
released

1 28/01/2010 13ml tube ok 120
2 21/01/2010 13ml tube cytoplasmic 25
3 09/11/2009 13ml tube ok 42
4 19/02/2009 13ml tube cytoplasmic 28
5 10/11/2008 microtube cytoplasmic 0
6 22/11/2007 microtube cytoplasmic 0
7 08/11/2006 microtube cytoplasmic 0
8 15/11/2005 microtube cytoplasmic 0

Variability due to suspension age/quality

With experimentation and experience these numbers did improve, but were still 
very poor for the majority of older cell suspensions (microtubed after ~3 months) 



FISH on extended chromatin
• Firstly on cells where a duplication was confirmed on interphases

• Extremely variable results (number of cells extended/FISH signals)

General summary

• Less than optimal extension (generally older, microtubed samples)
• Few extended cells
• Often really elliptical interphase, no real extension of chromatin
• Not dissimilar from interphase FISH probe signals

• More than optimal extension
• Clusters of cells with merging cells/signals
• Extends over more than one microscopic field of view
• Hybridisation affected?



FISH on extended chromatin
Variability within cells

• Variable extension of chromatin
• Signal 2x length = 2x copy number?

Variability between cells
• Different signal number 
• Variable/over extension of chromatin affects hybridisation?



FISH on extended chromatin
General difficulty in interpreting signals

• Probes stretched, appear fainter, more difficult to distinguish from background

• Do adjacent signals represent a duplication or sister chromatid signals



Male

Male

Female

Female

Female

sexpatient aCGH result Dup. size FISH result % cells 
with 2 
signals 
(one 
brighter)

% cells 
with 2 
equal 
signals

% cells 
with 3 
signals

18 arr Xq28(152,352,876-152,570,811)x3 218kb Uninformative 37 58 5

19 arr 8q24.3q24.3(140,703,586-
141,023,142)x3

320kb Uninformative 44 56 0

20 46,XX,der(4)t(4;12)(q35;p13.1)pat arr
4q35.2(187,919,812-189,382,981)x1 
4q35.2(189,387,111-190,325,162) x3 
4q35.2(190,328,803-191,254,120) x1 
12p12.3p13.33(20,691-20,016,755)x3

938kb ish
del(4)(q35.2q35.2
)(RP11-347K3–, 
RP11-354H17–)

One signal seen in all cells

21 arr Xq25(122,905,645-123,916,741)x2 1.0Mb Uninformative One signal seen in all cells (very 
faint)

22 arr Yq11.223q11.23(23,281,519-
26,861,393)x2, 15q26.3(98,060,590-
99,938,501)x1

3.58Mb Uninformative One signal seen in all cells (very 
diffuse)

Duplications unable to confirm by FISH



Patient 22
Y duplication? 3.5Mb

• Still have the same problems with probe availability/suitability



Patient 21



Patient 
20



Patient 20



Summary
• Attractive alternative

Inexpensive
Retain positional information

Has been used successfully to determine copy number

• Cell suspension quality (fixed cells)
Low cell numbers

• Extremely variable signal patterns
Extension of chromatin not always uniform (within and between cells)
Analysis difficult
More equivocal than interphase FISH
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‘Molecular Combing’ of DNA (Bensimon et al)
x100

x1000



Lymphoblastoid cell lysis (DIRVISH – Parra & Windle)
x100

x1000

? Real

Background


