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Abstract
Purpose To perform Preimplantation Genetic Diagnosis
(PGD) on a paternal Brca2 unknown mutation carrier with
early-onset breast cancer, whose paternal grandmother and
mother had breast cancer at 60s.
Method Elucidating the linkage via single sperm haplotyping
on patient's carrier brother, and identifying the genomic dele-
tion via BLAST followed by PCR screening. PGD was sub-
sequently conducted.
Result The mutant allele was found by using 4 microsatellite
and 2 intragenic SNP markers. Recombination was detected in
8 % of sperms. BLAST was utilized to locate putative hairpin
structure(s), followed by PCR screening with seven sets of
primers. A novel 2,596 bp deletion containing exon 15~16
was identified. Due to the severity of phenotype and the integ-
rity of exon 11 encoding RAD51 binding domain, and the fact
that the patient's mother also had breast cancer at her 60s, we
speculate a possible coexistence of maternal breast cancer risk
allele(s). Embryo biopsy was performed on day 3. Unaffected
morula and blastocyst were replaced on day 5, resulting in a
singleton livebirth. A breast lump appeared in the patient after
delivery without the presence of malignant cells.

Conclusion Concerning the assisted reproductive option for
breast cancer patients, the possibility of coexistence of multi-
ple familial risk alleles and the significance of each mutation
to the phenotype should be evaluated. To eliminate misdiag-
nosis resulting from recombination and/or allelic drop-out,
both direct mutation detection and linkage analysis ap-
proaches may be necessary. BLAST is a very useful and
cost-effective tool for identifying large genomic deletion.
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Introduction

Breast cancer is the most commonmalignancy and the second
leading cause of cancer death among women [1]. Tumor
suppressor genes BRCA1 and BRCA2 are among the major
susceptibility genes, and their germline mutations confer high
risks of breast and ovarian cancer [2, 3]. The lifetime risk of
breast cancer and ovarian cancer for BRCA2mutation carriers
by the age of 70 years were 40~84 %, and 11~27 %, respec-
tively [4]. The great variation observed in the penetrance of
pathogenic mutations of the disease may result from the
diverse positions of the mutations, the presence of genetic
modifiers, and variations in non-genetic factors, such as envi-
ronmental factors, reproductive and hormonal factors.

BRCA2 plays a central role in homologous recombination
repair eliminating DNA breaks and deleterious lesions by con-
trolling the recombinase RAD51 [5]. TheBRCA2 gene has been
mapped to chromosome 13q12.3. It contains 27 exons but the
first exon is not translated. The BRCA2 polypeptide consists of
3,418 amino acids, with several important domains: a PALB2
binding domain, a RAD51 binding domain harboring eight
BRC motifs [6], a highly conserved PhePP motif and a
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conserved C-terminal region covering a DSS1-DNA binding
domain (DBD) and another RAD51-interaction motif.
According to the Human Gene Mutation Database, about
1,000 variants have been reported. Great majority (>70 %) of
the variants are missense/nonsense, while gross deletions/inser-
tions/duplications only account for 2~3 %. A relatively small
portion of the variants have been characterized or predicted to
be potentially deleterious. Most of the variants are of unknown
significance.

In addition to facing a life time threat of cancer, BRCA
mutation carriers also need to cope with a 50 % chance of
transmitting the mutation to their children. Several surveys
reveal that passing hereditary cancer predisposition alleles to
offspring is one of the major concerns for cancer predisposi-
tion mutation carriers, especially for those with strong family
histories [7–9], and the concern might prevent the carriers
from pursuing parenthood.With advanced technologies, those
who do not want to pass the mutation to the next generation
have several options, including prenatal diagnosis, preimplan-
tation genetic diagnosis (PGD) or gamete donation.

PGD for BRCAmutations have been reported [10–14]. We
report here our PGD approach on a breast cancer patient with
unknown BRCA2 mutation, using both linkage analysis and
direct mutation detectionmethods. The genomic breakpoint of
the patient has been identified in our clinic, and to the best of
our knowledge, this is a novel large genomic deletion.

Materials and methods

Patient

The patient was diagnosed to have cancer in the right breast
(pT1cN (0/18) M0, moderately positive to estrogen and pro-
gesterone receptors, grade III) in year 2000 (at age 24).
Subsequently, modified right mastectomy with axillary dis-
section and lateral dorsi flag reconstruction, adjuvant chemo-
therapy and radiotherapy to chest wall were done, followed by
tamoxifen treatment for five years. Since both mother and
paternal grandmother had CA breast at the age of 60s, genetic
screening for Brca1/2 mutations was carried out in patient's
family in 2009.

There were no significant findings in her mother. The
patient, father and her brother shared a mutant allele with a
deletion of exon 15~16 (c.7436_7805del) in Brca2, detected
by Multiplex ligation-dependent probe amplification (MLPA)
assay and cDNA sequencing (the exact genomic breakpoints
were not identified). Her younger sister was negative for the
mutation. Her paternal grandma's genomic DNA was
unavailable.

As a result, instead of initially planned intensive surveil-
lance, prophylactic left mastectomy was performed combined
with sentinel LN biopsy, which was found negative for

malignancy later. Meanwhile, ovarian cancer screening was
performed. Serial pelvic USG showed a 4 cm anechoic uni-
locular right ovarian cyst, without solid area or interval change
in size. Laparoscopic right ovarian cystectomy was performed
in 2010 due to the persistent cyst on ultrasound scanning and
raised CA125 (45.5 U/mL). Histology revealed an
endometriotic cyst without malignancy.

The patient planned to get pregnant after two years of
marriage, but worried about passing on the paternal Brca2
mutation to her offspring. The couple attended our subfertility
clinic for counseling. The Mendelian inheritance pattern had
been explained and options of natural conception and IVF-
PGD discussed. The couple keened for IVF combined with
PGD because of unwilling to transmit the paternally derived
Brca2 mutant allele to next generation.

Pre-PGD workup

Since the actual genomic breakpoint was not known and the
parental DNAs were not available when the patient presented
to us, we first tried to establish the linkage with the genomic
DNAs of her carrier brother and non-carrier sister. The Qiagen
DNA Blood Mini Kit (Qiagen, Upsala, Sweden) was used for
genomic DNA extraction. However, the linkage analysis re-
sults turned out to be inconclusive because the patient shared
no common allele around the BRCA 2 gene with her non-
carrier sister, and had exactly the same alleles as her carrier
brother. Therefore, the very tedious but effective approach of
single sperm (from the carrier bother) haplotyping became our
choice for mutant allele identification.

Single-cell PCR

Whole genome amplification (WGA) on single cell was per-
formed according to the published protocol [15]. Four micro-
satellite markers within 2 Mb flanking the BRCA2 gene
(D13S289, D13S1698, D13S1701 and D13S171) and 2 intra-
genic SNP markers in exon 11 (rs1801406) and exon14
(rs1799955) were used for PGD (Fig. 1). PCR for microsat-
ellite markers and amplification of exon 11 and exon 14 were
performed in a 25 μl reaction mixture containing 1 X PCR
reaction buffer, 200 μM dNTPs, 0.2 μM forward and reverse
primers (except D13S1701, exon 11 and exon 14, where
0.4 μM primers were used), 1 U of Faststart Taq DNA
polymerase (Roche) and 1 μl of WGA DNA. PCR products
of exon 11 and exon 14 were pooled and purified with the
Qiaquick PCR purification system (Qiagen). SNP markers in
exon 11 and 14 were determined by minisequencing with
SNaPshot Multiplex kit (Applied Biosystems, Foster City,
CA); the reaction mixture contained 2.5 μl of SNaPshot
multiplex reaction mix, 0.1 μM of minisequencing primers,
0.75μl of purified pooled PCR products andMilliQ water in a
final volume of 5 μl. Minisequencing products were treated
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with shrimp alkaline phosphatase (USB) before GeneScan
analysis. Single cell PCR protocol was validated with 50
lymphocytes (25 from the patient, and 25 from the spouse).

Post-PCR analysis was performed by resolving 0.5 μl of
the PCR products in an ABI 3500 DNAAnalyzer with the use
of GeneScan 500 ROX size standard (Applied Biosystems)
for microsatellite markers and with GeneScan 120 LIZ size
standard for minisequencing products. Data were analyzed by
GeneMapper (v.4.1, Applied Biosystems).

Targeting putative genomic breakpoints

Randomly searching for mutation sites within introns of
BRCA2 could be labor-intensive, because of the relatively
large size of the introns with lots of common repetitive se-
quences. As hairpin structure is commonly associated with
genome rearrangements, we used BLAST (Basic Local
Alignment Search Tool, NIH) to analyze intron 14 and 16,
and found that a 135 bp fragment of intron 14 (IVS14-947~
IVS14-1081) were nearly 100 % complementary to a se-
quence of intron 16 (IVS16-581~IVS16-715) (Fig. 4), sug-
gesting a possibility of forming a hairpin structure susceptible
to deletion. Therefore, a panel of PCR primers within the
flanking regions was designed for mutation screening.

PCR for mutation detection

Genomic DNAwas extracted from peripheral blood samples
(patient, sister, and brother) using the Qiagen mini DNA
extraction kit. After dilution, 1 μl (10 ng/μl) of the extracted
DNA was used for PCR reaction. Several sets of primers
surrounding the mentioned complementary sequences were
designed for the screening purpose (Fig. 4). Without knowing
the exact breakpoints, the size of PCR product for each pair of
primers was not predictable. However, the different PCR
products derived from the patient or the brother (with dele-
tion), comparing to those from her sister (normal), would be
informative, and the corresponding PCR products would fur-
ther be analyzed for the deletion. A PCR reaction of 25 μl was

conducted in the following condition: 1 X PCR reaction
buffer, 2 μM dNTPs, 0.2 μM each of the forward and reverse
primer, 5 % DMSO, and 1 U of Faststart Taq DNA polymer-
ase (Roche), using touch-down PCRmethod (95 °C for 5 min;
10 cycles of 96 °C for 45 s, 65 °C for 45 s (decreased 0.5 °C
per cycle), 72 °C for 45 s; 30 cycles of 94 °C for 45 s, 60 °C
for 45 s, 72 °C for 45 s; followed by 72 °C for 7 min). When
the mutant allele was detected by the primer set of
BRCA2i14-216 F & BRCA2i14-864R, the following PCR
program was used to reduce non-specific amplification: 95 °C
for 5 min; 32 cycles of 94 °C for 45 s, 64 °C for 45 s, 72 °C for
45 s; followed by 72 °C for 7 min. The PCR products were
then purified by the Qiaquick PCR purification system
(Qiagen), followed by sequencing.

Results

Haplotype analysis and elucidation of first-degree family
members' genotypes

Twenty-five sperms were isolated by micromanipulator for
haplotype analysis, using the six markers as indicated (Fig. 1).
The procedures were described in detail in the Materials and
Methods section. The results were shown in Fig. 2.
Recombination was detected between D13S1698 and
rs1801406 in 8 % of the sperms studied (2/25). No recombi-
nation was detected on the telomeric side of the BRCA2 gene.
The six markers had also been tested in the patient and her
sister, and the allelic patterns for the family members were
determined (Fig. 2).

Treatment cycle

The patient underwent her first PGD cycle using an antagonist
protocol. Letrozole 5 mg daily was started from day 2 till the
day of human chorionic gonadotrophin to suppress the serum
estradiol concentration arising from ovarian stimulation to
reduce the chance of recurrence of breast cancer. Human

Fig. 1 Schematic diagram showing the relative positions of the micro-
satellite markers and the SNP markers. Black box: Brca2 gene; A:
D13S289; B: D13S1698; C: D13S1701; D: D13S171. The actual dis-
tance (in Mb) of each marker from the Brca2 gene was indicated. The
primer sequences for the microsatellite markers were retrieved from
NCBI UniSTS. The PCR primers for exon 11 were F: GGAGGTAGCT

TCAGAACAGCTTCA; R: AGCATCTCTGCATTCCTCAGAAGTGG
and exon 14 F: CCGCACCTGGTCAAGAATTTCTGTCT; R: CAGC
TGCTGCTTGATTGGAGTTGT. The minisequencing primers for
rs1801406 and rs1799955 were CTCTTCTGCAATATGTAGCTTGG
and GATCGGATCGATCGGATCCTGTTCAACTCTGTGAAAATG,
respectively
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menopausal gonadotrophin was given for nine days. Fifteen
oocytes were retr ieved and all were mature for
intracytoplasmic sperm injection. Twelve oocytes were fertil-
ized and eight good quality embryos were available for biopsy
on day 3 after the oocyte pickup. The procedures for blasto-
mere biopsy and WGA of blastomeres were reported previ-
ously [15]. Three embryos were found to carry mutant allele
while five inherited normal allele. Among the five embryos
without mutant allele, one morula and one blastocyst were
replaced on day 5, resulting in a singleton live birth; one
blastocyst was vitrified on day 6, and the remaining 2 embryos
with normal allele were of poor quality and discarded. The
patient declined invasive prenatal diagnosis because of the
risk of miscarriage following the prenatal diagnostic proce-
dure. A baby boy was delivered by lower segment caesarean
section at term. Cord blood was collected and the genetic test

conducted by an overseas accredited laboratory confirmed
that the mutant allele could not be detected (data not shown).

Identification of the genomic breakpoint for the deleted allele

In order to improve the accuracy of the diagnosis and the
cancer risk estimate in future cases, an effort was made to
identify the genomic breakpoint of the mutant allele. Several
sets of primers were designed for simultaneous screening of
the speculated hairpin region identified via BLAST analysis.
The screening results are shown in Fig. 3. Abnormal PCR
products of >700 bp appeared in the patient's samples, with
the Brca2i14-216 F & Brca2i16-864R primer pair. The PCR
program was then fine-tuned to eliminate background noise.
Sequencing of the informative PCR products revealed a com-
mon fragment (ggaggctgaggcaggagaatcg) in intron14 (IVS14-

Fig. 2 Family Pedigree. Patient
is indicated by the arrow sign.
Linkage of the mutant allele to
marker loci (D13S289;
D13S1698; rs1801406;
rs1799955; D13S1701;
D13S171) was deduced by
haplotype analysis of the sperms
derived from the carrier brother.
The mutant allele was shown in
shaded box
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486~IVS14-507) and intron16 (IVS16-441~IVS16-462)
(Fig. 4). A genomic sequence of 2,596 nucleotides in between
the two fragments, including exon 15 and 16, plus one of the
two fragments was deleted.

Confirmation of the genotypes of the eight embryos
and the baby born

PCR was performed on the WGA products of the eight
biopsied embryos mentioned as above, with the primer pair
of BRCA2i14-216 F & BRCA2i14-864R. The mutant allele
resulting in an abnormal PCR product of 714 bp was clearly
detected in 3 embryos (data not shown), which was consistent
with the results obtained from the haplotype analysis. Genetic
analysis on the cord blood confirmed that the baby did not
carry the mutant allele (Fig. 5).

Discussion

The PGD was carried out upon a request from an early-onset
breast cancer patient carrying a paternally derived Brca2

mutant allele. Direct mutation detection and linkage analysis
are common strategies for PGD. However, during the pre-
PGD workup, we encountered problems in either way with
routine protocols, due to unknown mutations, unavailability
of parental DNAs, and uninformative genotype data obtained
from the lymphocytes of her carrier and non-carrier siblings.
Fortunately, the patient's brother is a carrier, making the sperm
haplotyping an effective solution for linkage analysis.

It is noteworthy that genomic recombination is not a rare
event, which could potentially cause misdiagnosis with link-
age analysis approach. In this case, recombination between
the BRCA2 gene and the selected microsatellite markers oc-
curred at a rate of 8 % on the centromeric side. Although such
a misdiagnosis could be detected by prenatal diagnosis, the
invasive nature of the procedure would likely be rejected by
PGD patients according to a recent report [14], so did our
patient.

Knowing the precise mutation for direct mutation detection
could avoid such a possible misdiagnosis. Meanwhile, for
genetic counseling purpose, identification of the mutation is
also important for the estimation of cancer risk among the
family members, as the position of mutations is often associ-
ated with cancer risk and severity of cancer [6, 16]. However,

Fig. 3 PCR screening of the genomic breakpoint. Seven pairs (A~G) of
primers were used to amplify the putative mutation regions. Primer set A:
Brca2e14-42 F & Brca2e14-242R; B: Brca2i14-216 F& Brca2i16-864R;
C: Brca2i14-216 F & Brca2i16-1161R; D: Brca2i14-699 F & Brca2i16-
864R; E: Brca2i14-699 F & Brca2i16-1161R; F: Brca2i14-699 F &
Brca2e15-10R; and G: Brca2e16-143 F & Brca2i16-864R. Please refer

to Fig. 4 for the location and sequence of each primer. The six samples
from left to right were patients (1,2); sister (3,4); unrelated individual (5);
H2O (6). M: 1Kb Plus DNA ladder (Invitrogen). The primer set B
produced informative PCR results; an abnormal PCR product (>700 bp
visualized from the agarose gel) was clearly observed in the patient's
samples, but not in the samples of sister and unrelated individual
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identification of genomic breakpoints for a large deletion
could be complex and time-consuming. Exome sequencing
is not cost-effective, and may not work here, as the targeted
breakpoints locate within introns. In this study, we identified
the mutation very rapidly, via employing BLAST to search for
potential hairpin structures, which had been frequently asso-
ciated with genomic deletion. The rapid localization of the
speculated regions enabled us to design PCR primers unique
for these regions, which greatly shortened the time for the
discovery. Our success in this case indicated that using
BLASTsearching for putative hairpin structure would be very
simple and useful for the identification of genomic deletion,
and apart from basic molecular laboratory techniques, under-
standing the mechanisms underlying mutations and knowing
related bioinformatics tools would be essential to achieve a
rapid and accurate diagnosis.

It is worth to mention, allelic dropout (i.e., failed to amplify
one allele among the two) is a common systematic error with
whole genome amplification of single cell during PGD. Direct
mutation detection for large genomic deletion, using PCR
primers aligned to both flanking regions of the breakpoints,
can only amplify the mutant allele but not the long normal
allele. The negative PCR result on normal allele cannot be
distinguished from the situation of allelic dropout of mutant
allele. Therefore, under such circumstances, a combination of
linkage analysis and direct mutation detection method should
be the method of choice for the best diagnostic accuracy.

Based on the Human Genetic Mutation Database and ex-
tensive literature search, the genomic deletion we identified

here had not been reported previously. Interestingly, we found
one report describing a missing of exon 15 and 16 of the
BRCA2 mRNA in one of the 335 Spanish moderate to high-
risk breast/ovarian cancer families previously screened nega-
tive for point mutations of the BRCA genes by conventional
methods [17]. The mutant allele was present in three individ-
uals of the same family, two of which (one male, one female)
had breast cancer at the age of 60 years. However, further
investigation at the genome level was not conducted in the
study. It is unclear whether that family had the same genomic
deletion.

Loss of exon 15 and 16 in the BRCA2mRNA (nucleotides
7,663~8,032 in mRNA) would produce a truncated protein
consisting of a normal N-terminal of 2,478 amino acids
followed by an altered 45 amino acids (due to frameshift)
and a putative premature stop codon TAA. Partial BRCA2
activity might be preserved in the truncated polypeptide as the
important RAD51 binding domain encoded by exon 11 re-
mains intact. This possibility is supported by the fact that the
two Spanish carriers did not develop breast cancers until
reaching their 60s, though further functional studies are re-
quired for confirmation.

Our patient has the deletion of exon 15 and exon 16
in the BRCA2 gene. In view of the phenotypes of the
Spanish carriers and the lack of phenotype in the carrier
brother and father, it is reasonable to speculate that the
paternally derived mutant allele itself might not be fully
responsible for the early onset breast cancer incurred in
our patient. One fact should not be ignored is that the

Fig. 4 Complementary sequences (C.S., 135 bp in length) in intron 14 &
16 and the locations of the primers designed to target the mutation sites.
The locations of the primers are indicated with arrows: (1) Brca2e14-42 F
(5′-CCGCACCTGGTCAAGAATTTC); (2) Brca2e14-242R (5′-CTAA
CACACTGTTCAACTCTGTG); (3) Brca2i14-216 F (5′-CAATCTAG
GACTGCTGTTACTGGA); (4) Brca2i14-699 F (5′-AGGAGAGCAT
GTAAACTTCGAG); (5) Brca2e15-10R (5′-CTCTGGCATTCTGAAG
ACTTG); (6) Brca2e16-143 F (5′-TCATACCCTCCAATGATGGAAA
G); (7) Brca2i16-864R (5′-TACGGGCATGCATCACCATAC); (8)

Brca2i16-1161R (5′-TAAGTGGGATTGCAGGCGCGTG). Primer pairs
of (1)&(2), (3)&(7), (3)&(8), (4)&(7), (4)&(8), (4)&(5), (6)&(7) had been
used for PCR reaction. The primer pair of (3)&(7) gave rise to an
abnormal PCR product in patient's samples. Sequencing the abnormal
PCR product indicated that the elements of IVS14-491~IVS14-512 and
IVS16-441 ~ IVS16-462 (Black boxes) were identical (i.e.,
ggaggctgaggcaggagaatcg), and the mutant allele lost 2,596 nucleotides
in total, including one of the elements and the sequence in between
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patient's mother had breast cancer at her 60s. The pre-
vious investigation on the mother's BRCA1/2 revealed
some variants with unknown significance but no obvi-
ous pathogenic mutations.

Although the role of BRCA1/2 mutations in breast
cancer has been well defined, the deleterious mutations
in these two genes were identified by DNA full-sequence
analysis in only 12.5 % of 46,276 women of high risk
group from 1996~2006 [18], and the percentage is similar
across diverse ethnicities. Many other high or moderate
risk genes such as PTEN, TP53, CHEK2, ATM, BRIP,
PALB2, etc. have also been identified [19] to be associ-
ated with breast cancer. In addition, more than 40 novel
breast cancer susceptibility loci have been found in a most
recent meta-analysis of nine GWAS studies [20, 21]. As
breast cancer involves multiple cancer susceptibility al-
leles, the patient's mother might carry another breast

cancer gene mutation that had not yet be identified.
Therefore, the possibility of the patient carrying another
maternally derived cancer-related allele cannot be exclud-
ed. As a result, although our PGD service had helped the
new born boy to be free from the paternally derived
mutant allele, his cancer risk arising on a possible mutant
allele from the grandmother still exists.

Since 2006 when the UK government approved the first
PGD for BRCA1 pathogenic mutation carrier, PGD for
BRCA1/2 genes is increasingly performed worldwide be-
cause it is demanded by the patients. However, it seems that
not much attention had been paid to the possibility of co-
existing familial risk alleles during PGD work-up and genetic
counseling.

In fact, as more and more susceptibility loci have been
identified in breast cancer, a multifactorial disorder, the chance
for coexistence of several risk alleles should not be ignored. In
this case, if maternal deleterious mutation(s) of other associ-
ated genes did exist yet not been identified, actually we do not
know which mutation (paternal or maternal) contributed more
to the severe early onset breast cancer incurred in our patient.
Certainly, the PGD performed to eliminate the cancer risk
resulting from the paternal mutant allele is not questionable,
as such a mutation of large deletion had been clearly associ-
ated with breast cancer (e.g., patient's paternal grandma, two
Spanish carriers). Nevertheless, when such multi-factorial
disorders as breast cancer involved in IVF clinic for PGD, it
is important to consider all possible familial risk alleles, and to
evaluate the significance of each mutation contributing to
particular phenotypes, if possible, before therapeutic decisions
could be made.

Another concern is whether or not the recurrence of
breast cancer could result from the hormonal treatment
during IVF. In a recent report on the largest cohort of
PGD on BRCA mutation, 2 out of 70 women were diag-
nosed to have breast cancer within 3 months post-PGD
treatment while breast screening had been negative before
treatment [10]. But Kotsopoulos et al. [22] reported no
elevated risk of recurrence of the cancer after fertility
treatment. A breast lump was found in our patient after
delivery of the baby. During the follow-up, the breast
lump became smaller, and the biopsy results did not show
malignant cells but did presence of some atypical cells.
More studies are needed to determine the cancer recur-
rence rate following the hormonal treatment during PGD.

In conclusion, this work-up provides a clear example of
using integrated approaches to establish a reliable and accu-
rate protocol for a complex PGD case. BLAST analysis is a
very useful and cost-effective tool to achieve a rapid identifi-
cation of large genomic deletion. Both direct mutation detec-
tion and linkage analysis approaches might be necessary on
some occasions, in order to eliminate misdiagnosis resulting
from recombination and/or allelic drop-out. Concerning the

Fig. 5 PCR on cord blood DNA. PCR was performed with BRCA2i14-
216 F & BRCA2i16-636R (A, 5′-TCCTGTGCTCAAGAGATCTGC),
BRCA2i14-216 F & BRCA2i16-864R B, or HBA-F & HBA-R (C, 5′-
GCGATCTGGGCTCTGTGTTCT, and 5′- GTTCCCTGAGCCCCGA
CACG). If the DNA templates contain the mutant allele, 486 bp and
714 bp PCR products should be obtained, respectively. The additional
primer of BRCA2i16-636Rwas designed and applied in order to reduce a
possible misdiagnosis due to non-specific amplification. The primer C
was complimentary to hemoglobin alpha gene and the PCR product was
312 bp, which was used to indicate the presence of genomic DNA
templates in each reaction. Lane 1~2, patient (mutant allele carrier); lane
3, patient' sister (normal); lanes 4~5, baby; lanes 6, unrelated normal;
lane 7, H2O. As ADO with genomic DNA has never been reported,
negative findings should demonstrate the baby's normal condition
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assisted reproductive option for breast cancer patients, the
possibility of coexistence of multiple familial cancer risk
alleles should be considered and the cancer recurrence rate
following hormone treatment during IVF should be evaluated.
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