Revista Roméande Medicii de Laborator Vol. 20, Nr. 4/4, Decembrie 2012 317

Original article

Pathogenic intronic and deleterious benign variantstwo
extremes in cancer predisposition molecular diagnos

Variantele intronice patogenicesi deletere benigne: dot extreme in
diagnosticul molecular al predispoziei la cancer

Lucian Negui'’, Anca Negui?, Andrei Coneat loana Berindan Neagbe
Doina Azoidi®, Alexandru Irimié

1. University of Medicine and Pharmacy Grigore ©pR of lasi, Immunology department
2. University Alexandru loan Cuza of lasi, Biochstnyi and Molecular Biology Laboratory
3. University of Medicine and Pharmacy luliu #itsganu of Cluj Napoca, Histology department
4. University of Medicine and Pharmacy luliu figeganu of Cluj Napoca,Immunology department
5. University of Medicine and Pharmacy Grigore ©pR of lasi,Epidemiology department
6. University of Medicine and Pharmacy luliu f#itsanu of Cluj Napoca, Oncology department

Abstract

Molecular diagnosis in cancer predisposition isdagcurrent practice in Western Europe, which allows
oncogenetic follow-up of patients and their fansili®iagnosis is mainly targeting BRCA, MMR and Aj&@des,
involved in hereditary breast and ovarian cancenmdipme (HBOC), hereditary non-polyposic colorectahcer
or Lynch syndrome (HNPCC), and familial adenomatpalkyposis (FAP) respectively. Carriers of deleteis
mutations in any of these genes are at signifigahifjher risk of developing cancer than general ydapon.
Thousands of BRCA sequence variations have already reported, but not all variants can be consder
pathological. Deleterious mutations and common patirogenic single nucleotide polymorphisms are Igua
detected, but almost a half of the observed vammatiare of uncertain clinical significance. In-sdi analysis in-
cluding sequence alignments, tolerance predictind splicing analysis is therefore essential for emstainding
possible effects on protein function and pathoggni@vhile completely sequencing BRCA1 and BRCA2gm
routine molecular diagnosis, we found several ussiléed variants which easily can blur analysigher being
false-positive or false-negative. We show here ¢lirteme examples such as pathogenic intronic ahetetious
benign variants represent real challenges in mdcdiagnosis. Good experience, a lot of attentand re-
sponsibility are essential in order to avoid errors

Keywords:molecular diagnosis, unclassified variants, inesilanalysis, false positives, false negatives.
Rezumat

Diagnosticul molecular al predispgigi ereditare la cancer este la ora acttda practiei standardizai
in lumea occidentd| care permite monitorizarea oncogenéte pacienilor si a familiilor acestora. Diagnosti-
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cul vizea# cu preadere genele BRCA, MMRAPC, implicate respectiv in sindromul predispieziereditare la
cancerul mamagi ovarian (HBOC), sindromul Lynch sau al predispieziereditare la cancerul colorectal non-
polipozic (HNPCC)si polipoza adenomatoasa familia{PAF). Purtitori ai unor mutaii deletere la nivelul ori-
carei gene de mai sus prezinin risc semnificativ mai crescut de a dezvoltaancer, comparativ cu popula
generaldi. Mii de variante de secvenBRCA au fost raportate in bazele de dategoanora actuad, insi nu toa-
te pot fi considerate patogenice. In modsabit sunt detectate mytadeleteresi polimorfisme comune nepato-
genice, Ing aproape jumtate dintre variantele de secvérdetectate prezinto semnificde clinica incertz. Din
acest motiv, analiza in-silico, incluzand alinielé secvew, predigia toleraryei sau evaluarea splicingului, este
eseniala pentru Tnelegerea posibilelor efecte asupra friacproteicesi asupra patogenicitii. Prin secverie-
rea complet a genelor BRCA%i BRCA2 n cadrul diagnosticului molecular de rdtiram identificat mai multe
variante de secved neclasificate, ce ar putegar contribui la un diagnostic eronat, fie prin fapozitivitate, fie
prin fals-negativitate. Prezedin Tn acest material exemple extreme precum vart@rtéronice patogenicegi
deletere benigne, ad@mate provodri in diagnosticul molecular. O burexperiepd, mulz aterrie si responsabi-
litate reprezin& atuurile in evitarea erorilor de diagnostic.

Cuvinte cheiediagnostic molecular, variante neclasificate, amalin-silico, fals positive, fals negative.
Received21* November 2012Accepted:3° December 201 2Published: 15" December 2012.

Introduction

Molecular diagnosis of cancer susceptib-
ility genes is nowadays widely applied in clinical
practice to evaluate hereditary risk factor of dleve
oping cancer (1). Usually, the diagnosis is based
on DNA sequencing, in order to identify genetic
variation possibly involved in the alteration of
normal protein functions. Molecular testing is
currently available for hundreds of genes, or ge-
netic conditions involved in more or less common
cancer syndromes. Cancer predisposition diagnos-
is is mainly targetingBRCA MMR and APC
genes, involved in hereditary breast and ovarian
cancer syndrome (HBOC), hereditary non-poly-
posic colorectal cancer or Lynch syndrome (HN-
PCC), and familial adenomatous polyposis (FAP)
respectively (2-4). Carriers of deleterious muta-
tions in any of these genes are at significantly
higher risk of developing cancer than general pop-
ulation (5-7). Therefore, molecular diagnosis in
cancer predisposition is today current practice in
Western Europe, which allows oncogenetic fol-
low-up of patients and their families (8).

Although DNA sequencing by chain-ter-
mination method was developed by Frederick
Sanger in 1977, and even if his method quickly be-
came a “gold-standard” for the lecture of DNA
primary structure, its use was limited for many

years to research activities, and was not very used
for clinical purposes such as genetic tests. High e
penses, lack of reference sequence information and
difficulties in interpreting sequence data were the
principal inconvenient for the link between sequen-
cing of the entire coding region and clinical mo-
lecular diagnosis (9). The situation extraordigaril
evolved in the last decades, and due to technelogic
al advances, sequencing of whole human genome,
and serious diminution of costs, DNA sequencing
became widely used, especially in investigating the
coding region of tumor suppressor genes (10).

In Hereditary Breast and Ovarian Can-
cer (HBOC), germ-line mutations predisposing
to the disease are mainly affectin@dRCAL
(OMIM 113705) andBRCA (OMIM 600185)
genes as principal responsible in over 1/3 of
hereditary cases, that mean familial agglomera-
tions with 2 or more early onset breast or/and
ovarian cancers (11). Full sequence analysis of
the BRCAgenes, available since 1996, was one
of the first sequence-based tests offered to eval-
uate hereditary risk for common forms of can-
cer (12). It is nowadays standard diagnosis for
HBOC families, underlying whole oncogenetic
consulting and follow-up. The two genes are
very large, composed of thousands of coding
nucleotides sparing 100 kb genomic DNA each.
As an additional difficulty, both genes possess
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an unusually large exon 11, of 3,4 KlBRCA1
and 5 kb inBRCA2 Even though limiting se-
guencing to exonic regions and exon/intron
boundaries, there is a huge amount of work to
do when attempting to completely investigate
BRCAlandBRCA2 That will comprise a total

of 84 amplicons to be forward and reverse se-
guenced, which means a very expensive and
time consuming approach (13-15).

Unfortunately, more than a half of thou-
sands sequence variants reported in common
databases (BIC (16); UMD (17)) are of uncertain
clinical significance (UVs), which are generally
single nucleotide silent or mis-sense substitu-
tions, in-frame modifications, or intronic vari-
ations. This is a situation “not-so-easy” to man-
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considered for analysis early onset cancer cases
(breast — before 40; ovarian — before 60), as
well as multiple (including bilateral) or male
breast cancer cases. All patients agreed by writ-
ten informed consent. Personal and familial
cancer histories were obtained from patients
and participating relatives.

Molecular analysis

We performed genomic DNA extraction
as previously described (13), using the WiZard
Genomic DNA purification kit (Promeda Inc,
Madison, WI, USA). Spectrophotometric evalu-
ation of DNA quantity and purity was used.

Sanger dideoxy sequencing was per-
formed on 84 amplicons covering the whole cod-
ing sequence oBRCAL andBRCZA?, including

age in oncogenetic management (18-20). Several junctions with introns. DNA sequencing was

approaches have been proposed to resolve un-
classified variants, includinig-silico prediction,
segregation analysis or functional tests (18-20).

While completely sequencin@RCAL
andBRCA genes in routine molecular diagnos-
is (13-15), we found several unclassified vari-
ants which easily can blur analysis, either being
false-positive or false-negative. We show here
that extreme examples such as pathogenic in-
tronic and deleterious benign variants represent
real challenges in molecular diagnosis. Good
experience, a lot of attention and responsibility
are essential in order to avoid errors.

Patients and methods

Patients

We identified and recruited predisposition
HBOC patients at the Sf. Spiridon University Emer-
gency Hospital of kK, Romania, as well as at the
Oncolgy Institute of Cluj-Napoca, Romania. We
used for this study results data from over 50 breas
cancer cases, including familial, early-onset (< 40
years), male breast cancer, and bilateral cases.

For the characterization of HBOC
cases, we used criterions previously described
(13), i.e. three or more breast or ovarian cancer
cases within the same family branch. We also

performed in collaboration within the Molecular
Epidemiology Laboratory, University of Medi-
cine and Pharmacy Gr. T. Popailé&Romania,
and the Molecular Oncology Laboratory, Centre
Jean Perrin, Clermont-Ferrand, France. PCR was
performed in 20 pl reaction, containing one unit
ApliTag® Polymerase with appropriate Buffer
(Applied Biosystem®' Inc, Foster City, CA,
USA), 0.4 mM each dNTP, 0.8 pM of each
primer, 75 ng genomic DNA. We generally per-
formed PCR reaction on an Eppendbifiaster-
cyclef®, 94°C/5min, 30 cycles of 94°C/20 sec —
54°C/20 — 72°C/30 sec, 7 min/72°C.

After gel electrophoresis evaluation, ampl-
icons were purified by Ampufereagents on Bio-
mek® FXP workstation (Beckman Coult¥rinc,
Brea, Ca, USA), following producer’s instructions.
Amplicons ware sequenced both in forward and re-
verse reactions, using the BigDy&erminator
Cycle Sequencing Kit (Applied Biosystems), ac-
cording to the manufacturer’s instructions. Sequen-
cing reaction was performed on a 96-Well
GeneAmf PCR System 9700 (Applied Biosys-
tems), 94°C/11 min, 25 cycles of 94°C/10 sec —
52°C/5sec — 70°C/3min. Sequence products were
purified using automatized CleanSesystem on
Biomek® FXP workstation (Beckman Coulter),
and migrated by capillary electrophoresis on an
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Flgure 1b. Forward sequencing of BRCA1 exon 7 in tavsamples

-

COTTANTG CAT TG TE T TAM ACRACAARGAGCATACATAGGHT PEC TCTT GG T TTCT T TG AT TATART TC

ATACATTITTCTCTAACT ECARRCATAATET TT TCCCT TETAT TTT ACACATECARACAGCTATRAATTTT

BOARA A ARG A AR AT AR IO T O T AR AT C TARA R A TG ARG TT T CTAT CAT CCARAGT AT GOGLTACR

GARRCCGT GCAARAGAE TTC TACAGAS TERAAC OCCARAA T OC TTECT TEGTAAARCCAT TT GTTTTCTT

CTTCTTCITCTICTICTI TTIC T T T T T T TE TLT TTT TTTT T'TE PTOAGATC GASTCT PGCTCTE PEEC0CA
A ——————

Figure 1c. BRCA1 exon 7 (underlined) in the amplico context

ABI 3130XL DNA analyser (Applied Biosystems).
We performed analysis of raw data using Sedman
(DNA Sta™ Inc, Madison, WI, USA). Mutations
were systematically confirmed on an independent
different DNA sample.

In-silico analysis

All mutations

described according to the recommendations from
the Human Genome Variation Society (HGVS),
with first nucleotide of DNA numbering being the

For bioinformatic prediction of vari-
ants, we used Alambit(interactive Softwaré)
(22). This software includes GVGDAlign-
ment (Grantham Variation — Grantham Devi-
ation), SIFT® (Sorting Intolerant From Toler-
ant) or PolyPhefi (Polymorphism Phenotyp-
ing). Splicing simulations were performed us-
ing SpliceSiteFindér (SSF), MaxEntScdh
NNSplice®, and GeneSplic&r as well as ESE
finder for Exonic Splicing Enhancer sites.

and sequence variants are

A from initiator translated ATG (21). We used ref-

erence sequences NM_007294.3 BRCAL and

Results

NM_000059.3 foBRCA. For international data-

base consulting, we
Information Core) D

(Universal Mutation Database) (17).

used either the BIC (Breast

We present, by some concrete examples,
atabase (16) or the UMD

the importance of thorough interpretation of se-
guence variants. Both false positives (cases no. 1
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Figure 2a. Forward sequencing of BRCA2 exon 27

daeL-Q P I 8 W F E T R T A P T F B E: D ¥ L
100681 CAATTTATATCIGICAGTGAATCCACTAGGACTGCTCCCACCAGTTCAGARGATTATCTC

321

L c.10095delCinsl 1 = p.Ser33664 snfs*4

3361 Q@ T
10081 CAATTTATATCIG

I 3 ¥ B ¥ .k

® & F JHoM B L FiH. D
FARTTATATCTAGTGAATCCACTAGEACTETICOCACCAGT I CAGA

F 'R

Figure 2b. Prediction on the protein effect of theobserved BRCA2 delins variation

and 2) and false negatives (cases no. 3 to 5) are
presented, in order to offer a more complete, al-
though non-exhaustive, image of interpretation
difficulties. A special attention will be given to
cases no 2 (called deleterious benign variant) and
5 (called pathogenic intronic variant), as con-
sidered extreme situation of molecular diagnosis.

1. Case no. 1 — The “technical” false positive

Heterozygous frameshifts usually appear
as “dirty” or doubled sequences, while a “clean”
and simple capillary electrophoretic profile is in-
dicating the wild-type homozygous sequence.
Therefore, the interpreting biologist will be more
often tempted to attribute a frameshift value tp an
doubled sequence, as the one which can be ob-
served inFigure 1g corresponding to the reverse
dye terminator sequencingBRCAL exon 7.

However, the supposed deleterious
variation proves to be present in more than one
patient (actually in all samples), which could
be, in a second stage, easily be attributable to
contamination. The forward sequencing of the
same amplicon shows no frameshift at the same
position Eigure 1B, but a different “dirty” se
guence 3 downstream, this again in all
samples. What could be the cause?

A closer look to the sequence of the
amplified exon 7 shows a T and C repetitive re-
gion of about 40 nucleotided=igure 19. In
fact, this causes a slippage of the Taq poly-
merase, either generating a whole doubled se-

guence in reverse sequencing, or a terminal
doubled sequence in forward sequencing. Since
the coding region of interesFigure 1¢ under-
lined) is at a fair distance of the repeated re-
gion, exon 7 can still be sequenced by using a
high fidelity polymerase, but only in forward
sequencing. This could easily trouble interpret-
ation when a real frameshift is affecting exon 7.
Primers are shown by black arrows.
2. Case no. 2 — The real false positive
As shown above, a doubled sequence
usually indicates a frameshift heterozygous vari-
ation, as is the case on can observeBiRCA
exon 27, inFigure 2a By in-silico analysis and
Alamut interpretation, the variation really
showed to be deleterious, affecting the sequence
simultaneously by one nucleotide deletion and
11 nucleotide insertion. This was called
€.10095delinsGAATTATATCT or ¢.10095del-
Cins11. At the protein leveF{gure 2b, the vari-
ant causes frameshift starting with a Lys to Asn
substitution in position 3366, and a premature
termination at position 3370, which truncates the
BRCA protein of its C-terminal 49 aminoacids.
The most interesting aspect of our example
is given by the proven neutrality of the ¢.10095del
Cinsl1 variant, otherway a clear deleterious muta-
tion. This can only be deducted by database agalysi
As a matter of fact, anoth&RCA terminal dele-
terious mutation, the c.9976A>T (p.Lys3326STOP)
variant was proven to be clearly non pathogenic, by
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Figure 3. Visibility of a SNP in forward sequencingup) and reverse sequencing (down)

several studies reported in the UMD database (17).
A possible explication is thdRCA2 protein may
lack some C-terminal aminoacids and still keep its
entire biological functions. It is logical to deduc
that any deleterious variants found 3’ downstream
€.9976A>T (which is the case for our ¢.10095del-
Cins11) will either be non pathogenic. This hasibee
also proven by some other reports of ¢.10095del-
Cins11 with no clinical significance, as preserited
the BIC database (16). We called our variant a&*del
terious benign”.

The non-pathogenicity of a deleterious
mutation is an outstanding example on the im-
portance of thorough interpretation eitherifpy
silico tools and database consulting.

3. Case no. 3 — The visual false negative

The vast majority of variants observed
in BRCA genes are single nucleotide substitu-
tions. Although a lot are just polymorphic non-
pathogenic variants, sometimes a single SNP can
have deleterious effect by creating a stop codon,
or by affecting an essential aminoacid of the pro-
tein. On the other hand, heterozygous SNPs are
the most difficult to observe in electrophero-
grams, as doubled peaks may sometimes not be
observable, if perfect superposition of the two
sequences occurs. We show in figure 3 such an
example of a G (black peak) for A (green peak)
substitution, which shows the importance of
double sequencing forward and reverse (the SNP
is easily observable in reverse sequence while al-
most invisible in forward sequencing).

4. Case no. 4 — The artefact false negative

Figure 4 presents an example of artefacts
which may interfere with a correct interpretation,
especially in cases where electropherogram peaks
are not very distinct. In such situations, pre-geak
appearing from highly detected colours superpose
with real peaks from low detected colours, gener-
ating a false double-peak which can be found in
the whole sequence. This can be a real problem
when a SNP or mutation within the same se-
quence is affecting nucleotides detected by the
same colours as the pre-peaks. Generally, a con-
firmation by reverse or forward sequence is
needed and can clarify the situation.

5. Case no. 5 — The real false negative

The whole introme sequencing is barely
imaginable foBRCAgenes, while it should generate
hundreds of intronic variants, either homozygous or
heterozygous. Therefore, the attention in sequence
terpretation is principally focused on exome aiglys
Intronic variants are usually ignored or misunder-
stood. We show ifrigure 5aan intronic substitution
affecting the 5’ upstreaBRCA2 exon 13.

The ¢.6938-1G>A substitution is novel
and no reports exist in UMD or BIC databases,
Therefore, a first Alamut splicing analysis was-per
formed Figure 5. As we generally take in con-
sideration the MaxEntScan evaluation, we firstly
observed a diminution of the splicing acceptor site
force, from 5.5 to 2.2, which generally is not a
quite important score to be considered (a strong
splicing site has a MaxEnt score above 7). How-
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Figure 4. SNPs can be mistaken for pre-peaks wheiffacting the same nucleotides

ever, an on-line MaxEnt application called “Max-
EntScan::score3ss” simulated a slightly different
effect, by evaluating a modification of the splgin
acceptor score from 5.5 to -3Eidure 59.

By taking a more attentive look at figure
5b, one can observe that the 3’ acceptor site doefor
the substitution (up) is not at all the same asjplie
cing site after the substitution (down). In facR@
dinucleotide is always necessary for acceptor. sites
When substituting the G with an A, a novel AG ap-
peared, whith the G nucleotide being exonic !
Therefore, the old splicing site is not decreasing
force, but is replaced by a novel sifégire 59.
Moreover, since the first exonic G nucleotide be-
longs to the novel site, it disappears from thangxo
and a clear frameshift will affect the entire codin
region downstream. This proves that a simple in-
tronic substitution can be in fact a massive delete
ous mutation by frameshift. We called it a “deleter
ous intronic”, and we belive it represents another
outstanding example on the importance of thorough
interpretation either bip-silico tools.

Discussion

When completely sequencing and inter-
preting the coding region of a gene, three possible

icians or patients: (a) deleterious mutations, i.e.
positive testing — the protein function is altered,
and clinical consequences are very likely to be in-
volved; (b) common polymorphisms or no se-
guence variation, i.e. negative testing — no con-
seguence on protein structure and function; (c) un-
certain — “variant of uncertain significance or un-
classified variant” (UV), when there is no clear an
swer about pathogenicity and clinical implication
of the variant (23). There is a real challengenin i
terpreting, classifying and communicating unclas-
sified variants to the clinicians (and implicitlg t
patients) (24, 25). The responsibility of laborator
diagnostic is all the more so important, as clear a
swers are required, while classification systems up
graded to 5-levels, from 5 (definitely pathogenic)
to 1 (not pathogenic at all), as showTaiole 1(9).

In routine molecular diagnosis, errors can
appear at different levels, possibly affectingrinte
pretation or even disturbing the whole analysis.
Common manipulation errors may affect all steps
from DNA extraction, through PCR amplification
and purification, DNA sequencing and purifica-
tion, to data transfer and interpretation. Integpre
tion errors point mainly as false positives (detec-
tion of inexisting mutations, or overrating of UVs)
or false negatives (undetection of pathogenic

results can be obtained and communicated to phys- mutations, or undervaluing of UVs).



324

Revista Roméande Medicii de Laborator Vol. 20, Nr. 4/4, Decembrie 2012

1?3 '_-IIC | 15|0 | 1?3
AAATAATIETIICCTALAGIGC ACAATARRRNS g SRRt 01 o - ey
e e caTinToc:

' i

g o o

. P ,"l |

I B i (‘n fnbfadad iy g f

r’\r‘l\fkﬂlﬂﬁr\ L '|'|| oLy \ll gy l\ltnl I|||.I \\n, '\ A "l f\"\'} \ ,Il,,l'l,

NRVATATETIC S AT TERRTATAY) A i 5” ! i
e _h{_‘fﬂ};‘__iﬂ,;" ﬂ,-).-‘-’ﬂ W ”;f!lg‘f e "Iy i ___1!__:'13_‘!
i et rataaTais : TiareriTriTe:
AR ARGGCACAAT R R2RZRARZ ITATCECAT ORI G
i e et L
;; ;;;I'_;a:‘_:hat,},‘.,‘. I‘IRIGELI'ékI E
i ”, :;r;:;‘:: TiaTecaTEL g
i stQQ;H” TriTechrEaTec:
i RR AR R ARSRRIRAAEE
‘ Ia't r;\ |'|nll nir‘ i Irl‘ f{lll‘ J\ (\ }ﬁ\ frll

AALAG AL G ﬁnr\nn;n |'I,r\ A : H"a \,l \I ,l'|

PV W A W il M
AR T 2RI eI T I L0T L p-g ::GTII“IGC":’ZGT
AL N ARATITCEITECT S TFTET T T 6o 8 TG KX L

SpslieeSiteFider ke [[7177] 1
MaxFiil Sem [ri2] [ ]
: 1
§ [ ] . [] 1 []
FAT 15580 AT PeaFoin T
Hisdooratim e TATAECATCATSTTITOTTT A NGATTACOTRTRTACCCTT =T .\u@.. ATRTTTAAATTTITTC]
SpliceSiteFInder-Hie
MazEntican 4
HHSPLICE
e 3 - B — i = v . .
Human Splizing Finder “'1.“‘ = . WL g t . et " E i LI o
Rranch Monrs poRf 0T e L =l - L L IO £ o 173
SpliceSiteFInder-Hie | 13-1001 [ ]
MaxEntScan [ER¥i] [ ]
HHSPLICE {1l ]
GenaSplicer 1]
Human Splicing Finder |g-1111 | 1 ] 1
|z LYRE-IT LA L SEIG T
Mutated %eﬂce FGTAATAT aAAAT AATTGTTTC CTA&\QC MI’ AAAAGAI’{GI\AG&TTE}TT TA'I' SC ATC.AI' ETTT(.T'I'I' AMC GAIThGCT&'.'IG'I &{CTTTC&" ARG T A" TTAAATTTTTCY
SpliceSitelinder-like | [-131] iy g
MaxEntScan 1345] by “ =
HNSPLICE 3 1241 0
‘Genaiplicar 1315]
luman Splicing Finder | (2-101 E E | I | E ND&%
pnchmirs|pabf " 20°F °3 (T T 18 1 ; e
Figure 5b. Evaluation of BRCA2 ¢.6938-1G>A by Alamusplicing simulation
ATRRRRATRATTETTTOCTAGECR MAIWENT: 5.54 MM 5_£4 el .78
ATARARTRATTGTIICOCTARGTR MREMENT: -32.21 M —3.11 el —-5.97
Figure 5c. Evaluation of BRCA2 ¢.6938-1G>A by MaxEtScan::score3ss
Anceptor Sltes
‘sSF MaxEnt NMSPLICE GenaSplicar HSF
0100 [0-1€] 10-1 [0-15) [0-100]
Thirannld. = =i g Ll =l
Teidrup 12 - G034 A R0 £i A5 Cad HE R
Indron 32 - c BOIEAM TR -4475 T - T7aR?
Exon 13 chY3EH 3329 = — 664 = — Bl45 = —
Cxen 13- c.6809 —=T71T70 —=s 3 — = 80.02
Funi 12 o0 TR
Eauni 13 — i a2
Lxca 4t-c. -0z -G8 -GEN -nnA7
Cxon 12 - c.8905 - 00,36 —0.23 —T79.91
Irtror: 13 - 0. 7076 =755

A otural Splice Site

Fig

ure 5d. Thorough evaluation of BRCA2 ¢.6938-1G>Ay Alamut splicing simulation



Revista Roméande Medicii de Laborator Vol. 20, Nr. 4/4, Decembrie 2012

325

Table 1. Classification System for Sequence Variastdentified by Genetic Testing (13)

Class Description Probability of being Pathogenic
5 Definitely Pathogenic >0.99
4 Likely Pathogenic 0.95-0.99
3 Uncertain 0.05-0.949
2 Likely Not Pathogenic or of Little Clinical Sigintince 0.001-0.049
1 Not Pathogenic or of No Clinical Significance <0100

False positive often occur by technical
reasons or by insufficiently clear sequence detec-
tion. Still, we presented an uncommon non-patho-
genic deleterious mutation, which can only be in-
terpreted by referring to international databases.
At the other extreme, false negatives occur gener-
ally by user’s fault or lack of attention. We espe-
cially noticed a apparently minor intronic substi-
tution, with devastating effect on protein struetur

Between deleterious benign and patho-
genic intronic, the world of sequence variants is
every day a source of difficulties and thorough
analysis. Interpretation of sequence data is not
guite a nice game (although it looks like), ex-
cellent knowledge of molecular principles of
life being essential for a molecular reasoning.
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