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Introduct Validation constraints

Much of the work carried out by molecular diagnostic laboratories is mutation scanning in Denature and PCRs
probands referred with a particular disease phenotype. Indirect methods are of interest to Re-anneal e AllPCR products were designed to be <500bp
diagnostic laboratories as they have the potential for significant time and cost savings when wt wt s e Region of interest was considered to start and 50bp from either end of the product. Regions of interest >500bp
compared with a direct sequencing approach. However, thorough validation is required to were therefore covered with fragments overlapping by 250bp.
demonstrate suitable analytical accuracy for diagnostic use. Conformation sensitive capillary Electrophoresis
electrophoresis (CSCE) is a simple, high throughput method based on the principle that P! . . . .
homoduplex and heteroduplex DNA have different electrophoretic motilities under partially il A 0 AlCEEiEEHEes WES PSR en A SiIvd e S/ED IMHUmEs sy s f:apll1lary arrays.
denaturing conditions. In this study we have performed a comprehensive optimisation and Re-anneal . Electl.'opho.resls conditions were based on the method developed at t.he Sar!ger Ins.mute . Polymer was a CAP
validation of CSCE for diagnostic detection of heterozygous mutations. mut wt (Applied Biosystems) base with urea, sucrose (Merck) and TTE (National Diagnostics).

e Analysis

_ All traces were scored by:

Study setup

e Manual analysis GeneMapper v3.7 (Applied Biosystems) based on the number of peaks present — see below

Electropherogram

This work was jointly funded by the participating Laboratories, EuroGentest and Applied . Agtomat_ed heteroduplex a_nalysis in Bionumerics v5.10 software (Applied Maths). This_ compares peak shape

Biosystems (AB Europe). The study was coordinated by The National Genetics reference . with a wild type control using 5 parameters: SRMS, MAXDIFF, DFH3 and DFH4 examine the primary peak

Laboratory - NGRL (Wessex) - and carried out in three diagnostic centres in Salisbury, e shape whilst SECPK looks for secondary peaks.

Leuven and Nijmegen. The work was divided into two core packages: WE 0 I 1.5 > i oIS 3 3.5 4
1. Optimisation - To determine optimal conditions for CSCE. : | .

2. Validation — To determine analytical accuracy of CSCE. Principle of CSCE Manual scoring schema

Optimisation Validation

Samples and methods Samples and Methods
eGeneric mutation detection controls 2 (GMD controls) developed by NGRL (Wessex) were used. These are 52 artificial 359 samples collected from the 3 participating laboratories previously characterised as carrying >1 BRCA1 or BRCA2
PCR templates comprising 4 fragments of different GC content (20%, 40% 60% and 80%) each with one of 4 mutations variation which was originally detected by a method other than CSCE

ggg::}te;;iz::)emmg glipcssibieiicterctbiplexesplintoducediatonelofiSlpositicnsiwithinltheliagmenti(fotaltat e Samples were normalised at 20ng/pl and randomly distributed across 10x96 well plates at NGRL(Wessex)
eSamples were amplified and diluted into 96 well plates ready for analysis by NGRL (Wessex) and distributed to CIFEIR, (ST ST (R lon €8 et G en el e el Fismedin FER g

participating labs. eSamples analysed multiple times for different fragments - analyses not carrying mutations used as wild type controls

#79 different fragments analysed: 22 different variations/fragment. 30 mutations located in two overlapping fragments
Experimental schedule

Ref | Description Analyses Experimental schedule
o1 To determine loading parameters (time, KV) that gave peaks in » 3130xI: 6 runs comprising 16wt analyses Ref Description Analyses
analysis window (3130x1:500-7000RFU, 3730:1000-30,000RFU) » 3730: 6 runs comprising 48wt analyses
e 2 % » 358 randomised and blinded wt analyses
Vi Core validation (Sequentially loaded): to » 444 randomised and blinded mut I
02 | Todetermine if ial loading of electrop isrunshasa | P 3130xl:6 runs comprising 16wt analyses determine analytical accuracy of CSCE O g DN e UL alyses
detrimental effect on resolution »3730: 6 runs comprising 48wt analyses » 158 wt reference control analyses (2 per fragment)
o3 | Core optimisation: Full factorial i to determine » 18 plates of analyses per lab, each comprising viR | Partial re-run of V1 plates (Sequentially loaded): | o plates 06-10 of V1 (Salisbury 3730 only)
optimal urea content in polymer, run temperature and voltage all GMD controls randomised and blinded to control for observed loss in resolution in V1
04 | Serialdilution of heterozygous mutations with wt to determine » 10 plates of analyses, each comprising all GMD V2 | Re-run Core validation (Gapped loading) New dilution of V1 plates - 4hr gap between plates (3730 only)
lower limit of detection for mutation load controls randomised and blinded (3730 only)
Results
Results
The experimental design enabled examination of the response both overall and in various subgroups including: by / Kevy findi
laboratory, by mutation type, by position of the mutation within the fragment and by GC content of the fragment. The Aeylindings
diagram (below) represents the averaged manual scores with given levels of the three variables according to the GC » All variations were detected using both analysis methods.

content of the fragment. The setup shown was optimal, taking into

account both analytical requirements and technical constraints. » There was good correlation between manual scores and Bionumerics parameters SRMS and MAXDIST.

D - KV TEMP UREA R R R . . R L R
orarzz &l 425 A A5 » 93% of point variants and 100% of insertion / deletion variants gave 22 distinct peaks (95% overall). 2% of point
Lo 19:0 100 20 variants gave only a subtle peak shape change.
y fi g: SIS 5 A vy (A e Ao -
Keyfindings 20 S N » Compound variants consistently gave >4 peaks and were easily distinguishable from the individual variations.
» There was no significant variation between Medmum
laboratories. 9 dyjos;’;:; » Significant loss in resolution was observed initially when running plates sequentially (V1). This was not observed
: — with a limited re-run of the same plates (V1R) or with 4hr gaps between plates (V2)
»Key factors affecting resolution of mutants were GC 40
content and position. y“'f’;";;;“S
d=074914 1

= pointmutations  Eindels

» Optimal conditions for 20-40% GC content fragments

are shown (right) Me::‘um / \ e

)

> It may be desirable to use different conditions for 80% ::;55;5972

GC fragments although shorter fragments may suffice
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Il mutants were detectable using 4.6M urea, 12.5KV O Sty T e & o o 2 d
! T N Score (Number of peak Plate number
at 14°C D= overall desirability of current configuration (0-1) Manual score core (Number of peake)

d= sub-group desirability of current configuration Correlation between manual and Manual scores by variation type Loss in resolution
y= expected ave. score with current configuration automated analysis
Examples Conclusions
SRCAT30 P » Sensitivity and specificity of CSCE, within the constraints of the current validation,
€5194-12G5A | | I €.9116C>G are suitable for most applications of diagnostic mutation scanning for heterozygous Sensitivity Specificity
/ “\\\ mutations (sensitivity >99% with 95% confidence — see right). Variations (95% CI)‘ Analysis (95% CI)*
J : AN » Optimal run conditions for most purposes are: CAP polymer with 4.6M urea with
e . SE - —— eIectArophAoress at 12.5KV a,1d 14°C. Regions of interest with higher GC contgnt may All 99.3-100 Manual 92.4-96.6
The most subtle shift observed | BRCA2 ot require higher urea content in the polymer and/or shorter fragments for analysis.
| g
“‘ » Peak intensity is a critical consideration for design of fragments for CSCE analysis. Point 98.9- 100 Bionumerics* | 89.0 - 94.0
i e \ Optimisation needs to be more precise for the 3130 compared to the 3730 as the -
\ \ sConfidence intervals by exact method
A" — S~ analysable range is considerably smaller (3130x1:500-7000RFU, 3730:1000- Ins /Del 97.5-100 | spms=34
\‘ Different variations at 30,000RFU). MAXDIFF = 4.4
L\ the same position . L X . . . . e Compound | 82.9-100 | SECPK, DFH3 &DFH4 not used
= » Equivalent sensitivity was achieved using manual analysis by visual inspection in
BRCAL-11F BRCA2-18A GeneMapper (AB) and automated analysis in Bionumerics (Applied Maths).
€.2077G>A A €.8243G>A
AT N » Automated analysis is preferable as it is faster and more objective. Suitable cut offs for Bionmerics parameters are: SRMS=3.4 and MAXDIST=4.4
!
AN » Manual analysis requires care as some point mutations may be indicated by subtle peak shape changes only (2%). Some frame shift mutations have a
= — e primary peak virtually indistinguishable from the wt and very dispersed secondary peaks. A two phase approach to analysis is recommended: an overall
TSN i ngﬁgélgi view to detect large shits followed by detailed examination of the primary peak in close-up to detect subtle shifts.
c. > . >
@A Al » Resolution if multiple runs are performed sequentially. This should be monitored running a resolution control with known peak shape (preferably a subtle
C2311T>C I
e shift) with every run (preferably in each capillary) and will also serve to define suitable capillary life. The loss in resolution requires further investigation
D i . but the fact that it is not seen on secondary loading suggests it may result from component in the sample that is depleted during a first load.
Compound variations Same variation in » A full report of all this work is in preparation and will be available from NGRL and Eurogentest websites and submitted for peer reviewed publication.

different fragments
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