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Objective: To evaluate all commercially
available automated mutation detection software
for use in the diagnostic testing of large genes.

Study Workflow

15 Qualitative Traits

Ability to flag 114 variants
Ability to name 114 variants

Sensitivity & specificity

Results from 125 BRCA patients




Method of Variant Detection

Mutation Surveyor v3.25

-Uses anti-correlation method (compares a reference
electropherogram to a test — indicates discordance)

Variant v1.0/Seqscape v2.6

-uses base caller only

Seqgpilot v3.2.1.2

-variant detection done using base caller however, all
peak morphology including noise are stored and used for
statistical comparisons of later peaks




Qualitative Aspects

Variant Reporter

Seqgscape

Seqpilot

Mutation
Surveyor

Ease of template creation

X

X

\/

Ability to lock template

X

\/

X

Ease of sequence assembly

\/

\/

\/

Able to auto-import directly from
CE

Ability to create ROI

Audit trail capability

Visualization of 2X coverage of
ROI

Measurement for seq. quality

Record variant type

Attach variant information (ie.
PDF)

Program can run on a server

Variants named using HGVS*

Able to de-convolve frameshifts

Automatic variant detection on de-
convolved fragments

Overall user friendliness?

* W indicates workaround possible

A 1 being the most user friendly




Ability to ‘Flag’ 114 Variants

Point Mutation
(76)

Frameshift
(36)

Complex
Change (2)

Variant
Reporter

99% (75)

85% (31)

100%(2)

Seqscape

99% (75)

94% (34)

100% (2)

Seqgpilot

100% (76)

97% (35)

100% (2)

Mutation
Surveyor

100% (76)

100% (36)

100% (2)

e variants must be listed in ‘variant’ table (or ‘possible heterozygous indel
mutation’ table for seqscape)

e complex changes included: BRCA2 ¢.10095delCins11 & MSH6 c.866GC>AA

e Note: one frameshift mutation not detected by seqpilot, variant reporter and
seqpilot was present only on one allele




Variant Reporter — Examples of missed point
mutation & indel
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o 9323.13831:0259_1_E02_(9323.13831v_BC1_BC1Ex11EFGF_val1).ab1

1985 1580

“~ 9323.13831:0260_1_B03 (9323.13831v_BC1_BC1Ex11EFGR_val1).ab1

BRCA1 c.1390 1391insG (1/2) and c.1387A>G (1/2) or
¢.1386dupG & ¢.1390 A>G

e VR trims off the “low quality” sequence, leaves a gap, but does
not document it in the variant table, or a “position of interest”.
e This variant is completely missed.




Variant Reporter — Examples of missed indels

[ BClex9(c 548-1 III BClex9
BC1EX9
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Sum & G
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<~ B.3040:(8.3040.85v_BC1_BC1EX9R_val1)_GO01_BRCA_Z2008_SEQ_85R.ab1

e BRCA1 ¢.548-58delT (1/2)

e VR needs filters removed in order to see this mutation, and it does
not call it even if both sequences are assembled.

e |t does show some of the mixed bases under the “position of
interest” tab, but nothing is listed in the variant table




Seqgscape — Missed base substitution
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BRCA1 Variant:
c.1386dupG & ¢.1390 A>G
or

c.1387 A>G & ¢.1391insG

e seqgscape picked up indel but missed base
substitution




Seqscape — Missed indel
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MSH6 homozygous ¢.3646+35 38delATCT

e not listed in either indel table or in mutation report;
manually searchable as a ‘discrepancy’




Order | statistc | protocol | Family | P...| m..] Location [ pos. [ moc change [ sn change | et Rer, it Ref.

Order Mo 81770005 E1D 321 (1114) B - Cihet) M-»H(372) 5144845 cll14ARC
Patient; P-5.13904.86 El11 2654 (4563) A -> G (homa) L->L{1521) 5206075 . 4563AG
DMA Mo, 8.13904.86 El1 4604 (6513) G -3 C (homa) V- (2171) 5206076 C.B513GC
Date: (06252006 10:20:11 El4 390 (7397) T -3  thoma) Y - 4 (2466) 5169547 273970
Sample Sre.:

Project:
Pracedures: | spg-gcy
SEQ-BC2

State: compl, MY [mdl 06/25/2008]

BCZ

Reference
combined seq

# 231 EL1 find

CSESE SR

BCZ
GEnes BRCAZ-Ex11MF
Gene | Stake | co... | My alidatio
BC1 compl, MY mdl [08/28
BCZ compl, My mdl [D&f28

< > | #24Ellrev

Positions | Resultfiles BCZ

‘ # ‘ Loc. | Dir, | War, | W.‘ Co.. #| | BRCAZ-Ex11MR

25 El1.2 Fuvd s [

26 [E112  [rev [D__[s |

27 Ell.2 fud C H i

25 E1l.2 rev s 154

29 El11.2 fwd C 5 fav

30 E1L.2 rew O E3 15w
E1z Fued 3w
EiZ rev 15y
E13 fd i
E13 rev 15y
E14 Fd isu
El4 rew 15
E1S Fd 15w
E1S ey 15y
E16 Fwd f5u
El6 rev 5y
E17 Fued 3w
E17 rew 15y
El3 fd i
El8 rev 154
E19 f5u
E19 rew 15w

# 25 E11 find

BC2
BRCAZ-Ex11NF

#26: E11 rev

. A ELLEr!  TOT CEE- SRR |- S ER PEEPRRE

o Rl R EEEEES SEREEEE (13-

BCZ2
BRCAZ-Ex11MNR.

i

e This variant was due to an error in one primer and
therefore was present on only one allele; although not found
in the variant table, it is flagged with a ‘D’ in the
position/resultfiles window (left)




Ability to Name (HGVS) 114 Variants

Point Complex
HGVS Mutation |Frameshift| Change

Variant cDNA 100% 63% 0%
Reporter | protein 100% 0% 0%
cDNA 100% 56% 0%
protein 100% 0% 0%
cDNA 86%* 46% 0%
protein 100% 0% 0%
Mutation cDNA 100% 91% 0%
Surveyor | protein 100% 3.6% 0%

Seqscape

Segpilot

e *Seqpilot point mutation calling incorrect for intronic mutations: “
instead of referring to cDNA position




e decision not to use variant reporter:

- variant reporter did not ‘catalog’ variants
therefore, one would have to keep a reference list (ie.
possibly excel?) of known polymorphisms when
analyzing patients

Known Variants

Alignment Type Position Reference Variant
Yes Substitution 68359 C 68359C=5

t t

Genomic position only  This potential ‘comments’
field is locked (unusable)




Sensitivity and Specificity

Sensitivity

Specificity

Segscape

100%

36%

Segpilot
(without
Stats)

100%

Seqpilot (with
Stats)*

100%

Mutation
Surveyor

100%

* Statistics included 80 analyzed patients




e decision not to use mutation surveyor for further
validation studies

e mutation surveyor assembled BRCA1, but not
BRCAZ2 into correct overlapping contigs therefore
patients would have to be analyzed by amplicon (our
workflow is patient centered not exon/amplicon
centered)

e we found it difficult to determine graphically
whether there was bi-directional overlap between
contigs (however it can be done numerically)

(3.13904.09BRCA3E_BC1vw2_BCI1BEc11ABC_F_DABRCAGZ A02_BRCA_Z008_SEQ_33F.abi
= ____——
| m———————
[5.13904. 09BRCAG3_BC1w2_BC1E«11ABC_R_D9BRCAGE) A0 _BRCA 2009 _SEQ_33R.abi

e staff did not find this software to be user friendly
(ie. familial mutations involve searching one cDNA
position; difficult to determine with mutation surveyor)




Final Phase of Evaluation

o 125 BRCA patients were analyzed in

duplicate with seqgscape and seqpilot: over
2 million bp sequenced in two directions

LS
SeqPatient

5

GAT

]

1

{1
TGO

Administration

order | statisti | protoc | Famiy | P...| m..] Location [ Pos. Type [ faue Change | aa change [RF [ webRef. mut Ref.
Order Noi 81770005 O e 321 (1114) c A -3 C (het) W - H (372) 5144848 c.ll14A=C
Patient:  P-8.13904.86 O en 2654 (4563) c A-> G (homa) L->L{1521) 15206075 C.45634>G
DA No.:  B.13904.86 O en 4604 (6513) C G- C (homa) Vo=V (RIT1) 15206076 C.6513G>C
Date: 06/25/2008 10:20:11 O e 390 (7397) C T - C (homa) Y-z A (2466) 15169547 £.7397TC
Sample Src.:
Project:
Procedures: | SEQ-BCL
SEQ-BC2
State: compl. MY [mdl 08/25/2008) : | . 2 & [] & i E . i
BC2 A A T T A T ) ) B A ) ) T T & T T A c s A G & c
Reference H | i A G c W E ' A
combined seq A A T T A T =] ] c A =] ] T T =] T T A [ 3 A [ [} [
# 231 E11 fud N s | & R ' L L R | i
A A T T A T ¢ ¢ B A G ¢ T T ¢ T T A © G A ¢ ¢ C
BCZ
Genes BRCAZ-Ex1IMF
Gene | State | Co... | Myalidatio
BCl  compl. MY mdl [08/25
Bz compl. MY mdl [06/25
< ¥ | #2411 rew A
5 |
Positions [ Resultfiles EC: 0
[#[toe.  [or [var. [w[co.~ |BRCAZERIIMR :
25 E11.2 fud s[5y .
jzelEl2 _Jrev [D__]s | :
27 ElLz  fwd C s [¢ '
28 Ell.z rew  C H f= !
28 Ellz  fwd C s [5v T
30 Ell2z  rev C 5 jsy | ¥2SiEllfwd :
E12 furd = :
B2 .
E12 rev = !
13 foad v BRCAZ-Ex1 INF 3
E13 rev = :
El4 [ s v
El4 rev C s[5 :
EIS fund 5w :
EIS ren 5 , : | M A @ v i " H
#26:EL1 rey H
El§ fud s A A r T A T & & c A & s EEm - & i 7 A @ & A & & ]
El5 rey 34 BC2
EI7 fid = Y
s i = BRCAZ-Ex1INR
E18 fud =
E18 rev =
E19 fud = :
E19 rev = : . . : .
£20 [ 15 ErodiE 3766 3760 3765 3770 3776
onjIntron -

e BRCA2 primer error not found in variant table (noted as a ‘D’ in the
positions/results files table); we questioned the potential for the

software to miss homozygous deletions if spacing is adjusted

differently on both strands



Seqscape — masking of variants

TACTTCAGAGAATTCTTTGCCACGTATTTC TAGCC TACCAARL

TACTTCAGAGAATTCTTTGCCACGTATTTC TAGCC TACCAARL

TACTTCAGAG TTETTTGCCACGTat Tt ATASYTETTTTCLCTI

IIIII IIIIIIIIIIIIII I|III||I|IIIIIIIIIII

TACTTCAGAD TTCTTTGCCACGTATTTCTAGCCTAC

|||| | 'r' AR

TLCTTCAGLG TTCTTTGCLC |TTTT|T|||T||
i
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e Seqgscape had a similar problem identifying changes that
were not uniform across all alleles (ie. SNPs under
primers). These changes are only identified by searching
through all sequence discrepancies.




Changes to base
calls made by
technologist are
recorded and can be
evaluated by lab
director (using a
single click to locate
the position)

Final Decision

e final decision was to go with seqpilot — high
sensitivity and specificity

e total time for either a technologist to analyze a
BRCA1/2 patient or director to sign-off = 15 minutes

e has an audit trail important for clinical QA/QC:

LIS_ Order ] Statistic Protocel ]Fam\ly ] P m| Location | Pos, Type | Muc Change | AA Change
Bedlastent - E. |Ino [uer [oa= ([OO es -2 c a-> c thet)
o chang... EI0, 663 A S0 0317 || & Ew 321 (1114) C B - C (het) M- H (372
s ‘“h::;%é“ Eié’ gél 26 28 gg’;i;’; MM En 2659 (4563) c £ -> G (homa) L->L(152
‘gn lefe  EiL, 72 o o ||8 O En 2915 (4824 C G-x C(het) E-» D160
anlsft  E1L, 70 s oy || EOEn 4604 (£513) c G -» € [homa) W21
ignright  E11, 476 so o3 || M ELs 390 (7397) C T -3 C (homa) W -» A (246
OO0 es 22 (7457) C # - C (het) M- T (248
aa es 25 (7460) c C-x T (het) B - Y (246
ST [ = -14 < £-= ¢ (homo)
¢ 5 1 T A A ]
BCZ A [ A T C A C A G c T & c c
Reference 1 T A A
combined seq A A © A G B T G E E

#17:E11 Fuud

C T& CC C CoA A A

BC2ve
Genes BC2Ex11Bv2F
—_— Gene | Shake | Co... | Iy alidatio

BCL compl, TY
BC2 campl. TY

< > #1B:El1 rev

s, L Resultfiles [
# [ Loc | O [ w[co.. [~ BC2ExiiBvzR
1 El.. Fwd e
2 Eli. rew I
=g 3 El.. Fwd W
fee 4 El.. rev I
5 El.. fwd p
6 EL r:v ,{v #19:E11 fwd | = . "
G c T G B [5}
7 El.. fwd I aoz
§ El.. rew I o
9 El.. Ffwd I BC2Ex11CF

% 14 Ei.. rev I #20:E11 rev

Y A T C A C A
—
10 El... rew M I
11 El.. Fwd I & - I
12 Ei.. rev I /\
13 El.. Fwd I
1 T A A
A [c3 A r [») A [») A [c) c Fa o )
— .

15 El. Fud I 51
16 El... rew I
7 B | (505 1@ fi BezExt1CR J
18 El.. rew I

fﬂ( 19 El.. fwd C I
20 El.. rew M
22 El.. rew I

23 Fi...  Fwd i [ 2845 2850 2855



Final Decision

e fairly easy to determine if bi-directional coverage
was achieved

{13904 106_BC2_BRCAZExIOCDE-..
(B.13904.105_BC2_BRCAI-ExIOCDE-F...
E... [B.13604.10._. &, & [5.19604105_BC2_BRCAZ-ExIOA

Exon 1 ‘ | E:on 2 | | E:xon 3 | | E:xon 4 | | E5 | | Exon 7 | | EB ‘ | Exon 8 | | E:xon 10
£ ... ... (8.13904.105_BC2 BRCAZ-E...

B.... [B.13904.10... &
[6.19504.106_BC2_BRCAZ-Ex10CDE-2A)...

e available as a server version

e able to hyper-link data on variants in mutation database

b
Mutation

(E11, 3546 (5455), C, C->T, P ->5(181%) Frequency: |0/ of 159
homofhet of tokal

Muc Mame: | C.54550C =T Al Mame: | P.Prol3195er v shiow Color

Info Intern: Show | (g exist Info Extern:  Show | () exist Calor: [ ]~
Diseass Mo | Shaw | Effect: |UCV in BIC 24/02/09 5B Default Color: [ ||=

Weblinks: i | Comment
Z:\Binlnformatics\Segriot MUtDE\ERCAZISIFT BRCAZ F15195. I

Z:\BinInformatics)3eqPilot_MutDB\BRCAZ\BRCAZ _Polvphen_P18195,pdf Add

Z:\BioInformaticsiSeqPilot_MUtDBVERICAZAGYED _BRCAZ P18195, pdf

http: ffresearch.nhgri.nib.govfprojects/bic/Member /cgi-bin/bic_guery_result, cgittable=brcaZ_exonstnt=5683%base_ch... ST

Z:\BioInformaticsiLab_Papers\BRCAZ Spearmanz00s, pdf classifies variank &




Final Decision

e able to deconvolve heterozygous indels; also provides a semi-
automated method for sequence evaluation of each allele after
deconvolution

Red ‘flag’ indicates that the
allele call does not match
the electropherogram

Expected call for
each allele

e able to mark primer locations; important for large ‘multi-
amplicon’ exons whereby the presence of SNPs might result in
a null allele in a neighbouring amplicon




Final Decision

e does not require a similar quality reference trace: will use
peak statistics to evaluate similarity of current peak to
previously analyzed peaks

Order  Skakiskic |F'r'|:||:|:||:|:|| | FEIFI'I"':-" |

Info BRCAZ-Ex3-BR FEE33 /00

SP& 0030 05834 0067 0.0
=D 0.061 0043 0086 0014

RP& 0058 08579 0325 0.000

RsD 0368 1222 3950 0742

Bars indicate peak area; blue is
average of all previous peaks and
includes std dev.; green is current
peak area
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