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L1
Chromosomes to Circulating DNA
Yuk Ming Dennis Lo
The Chinese University of Hong Kong Li Ka Shing Institute of Health
Sciences, Hong Kong, China
Molecular Cytogenetics 2017, 10(Suppl 1):L1

In recent years, there have been an intense interest in the diagnostic
applications of circulating DNA. One source of such interest is in the
rapid adoption of noninvasive prenatal testing (NIPT) using cell-free
fetal DNA in maternal plasma. One area of focus of my laboratory is
to explore the limit of NIPT. In this regard, we have recently com-
pleted a ‘second generation’ noninvasive fetal genome from mater-
nal plasma. For this work, we have sequenced the plasma DNA of a
pregnant woman to a depth of 270X haploid genome coverage. This
represents the deepest that a single plasma DNA sample has been
sequenced to date. Using this approach, together with a novel bio-
informatics pipeline, we are able to deduce, for the first time, fetal
de novo mutations on a genomewide level with a sensitivity of 85%
and a positive predictive value of 74%. We are also able to determine
the maternal inheritance of the fetus with a 90-fold increase in reso-
lution when compared with previous attempts. Finally, we have
shown that plasma DNA molecules have preferred ending sites. Inter-
estingly, fetal-derived and maternal-derived plasma DNA molecules
have different sets of such preferred ending sites. This latter discov-
ery has opened up many new avenues of investigation and has cre-
ated new applications, e.g. for determining the fraction of fetal DNA
without using genetic polymorphisms or DNA methylation markers.
NIPT also serves as a model for developing noninvasive diagnostics
in many other fields, e.g. oncology and transplantation.

L2
Genomic and functional overlap between somatic and germline
chromosomal rearrangements
Wigard Kloosterman
University Medical Center Utrecht, Utrecht, The Netherlands
Molecular Cytogenetics 2017, 10(Suppl 1):L2

Structural genomic variants form a common type of genetic alteration
underlying human genetic disease and phenotypic variation. Despite
major improvements in genome sequencing technology and data ana-
lysis, the detection of structural variants still poses challenges,
particularly when variants are of high complexity. Emerging long-read
single- molecule sequencing technologies provide new opportunities
for detection of structural variants. We demonstrate sequencing of the
genomes of two patients with congenital abnormalities using the ONT
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MinION at 11x and 16x mean coverage, respectively. We developed a
bioinformatic pipeline - NanoSV - to efficiently map genomic structural
variants (SVs) from the long-read data. Using NanoSV, we readily de-
tected all de novo rearrangements involving multiple chromosomes ori-
ginating from complex chromothripsis events. Genome-wide
surveillance of SVs, revealed 3,253 (33%) novel variants that were
missed in short-read data of the same sample, the majority of which are
duplications < 200 bp in size. Long sequencing reads enabled efficient
phasing of genetic variations, allowing the construction of genome-
wide maps of phased SVs. We employed read-based phasing to show
that all de novo chromothripsis breakpoints occurred on paternal chro-
mosomes and we resolved the long-range structure of the chromothrip-
sis. Our work demonstrates the value of long-read sequencing for
genetic analyses in life sciences research and clinical diagnostics.

L3
Chromosome sequencing: the fifth and final era of cytogenetics
Malcolm Ferguson-Smith, Jorge Pereira, Fumio Kasai
Cambridge Resource Centre for Comparative Genomics, Cambridge
University Department of Veterinary Medicine, Madingley Road,
Cambridge CB3 0ES, UK
Molecular Cytogenetics 2017, 10(Suppl 1):L3

The modern history of cytogenetics fits into five eras; chromosome
spreading, chromosome banding, chromosome painting, chromo-
some arraying and now chromosome sequencing. T.C. Hsu, the cen-
tenary of whose birth we celebrate, was a pioneer of the first. His
use of hypotonic fluid to spread chromosomes was key to the emer-
gence of human cytogenetics and to the collection of animal karyo-
types published in his Atlas of Mammalian Chromosomes edited
with Kurt Benirschke. Forty-five years later, chromosome sequencing
achieved the ultimate resolution by defining chromosome disease in
terms of base pairs. It relies on sorting and collecting chromosomes
in fluid suspension by flow cytometry and, like chromosome paint-
ing, on DNA amplification of the sorted samples. Chromosome sort-
ing is currently the most precise method used for measuring
chromosome and genome size. Ten thousand cleanly-sorted chromo-
somes provide sufficient DNA for Next Generation sequencing in
both plants and animals. Our collaborations demonstrate the poten-
tial of this approach. For example, sequence from sorted gorilla Y
chromosomes reveal, remarkably, that human and gorilla Ys are simi-
lar and that chimpanzee has lost half the Y genes present in both
the other species. In two species of anole lizards, one with large het-
eromorphic sex chromosomes and the other with small homo-
morphic sex chromosomes, sequence from the ancestral Y
chromosome has been fused with sequence from three microchro-
mosomes to form a large Y chromosome. Sequencing B chromo-
somes in two deer species demonstrate the inclusion of different
le is distributed under the terms of the Creative Commons Attribution 4.0
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regions of several autosomes associated with marked sequence vari-
ation. Sequence of a sorted 9;14 translocation chromosome in a hu-
man endometrial carcinoma not only characterized the exact
breakpoint but also identified an expressed fusion gene. Our study
of alpaca and other camelids has used sequence from sorted alpaca
chromosomes to determine the identity of alpaca evolutionary rear-
rangements by comparison with the published human genome and
the human:dromedary comparative map. These examples illustrate
some of the possibilities of sorting for chromosome sequencing to
be expected in the future.

L4
Comparative cytogenomics
Pat Heslop-Harrison
University of Leicester, Department of Genetics, Leicester LE1 7RH, UK
Molecular Cytogenetics 2017, 10(Suppl 1):L4

TC Hsu (17 April 1917 – 9 July 2003) has been called “the father of
mammalian cytogenetics”. In 1952, he developed the hypotonic solu-
tion spreading method for mammalian chromosomes following a fortu-
nate error in making up a solution, paving the way for Tjio and Levan
to report the human chromosome number as 2n = 46 in 1956. TC’s car-
eer started in China, as an insect geneticist, before settling in the US,
mostly working in Texas, and moving to the exciting world of mamma-
lian cytogenetics. He established one of the first “Frozen Zoos” with cul-
tures of animals from A to Z (aardvark to zebra), and used numerous
species to study chromosome biology and comparative evolution. At
the end of his lengthy career, he was using in situ hybridization to
understand the nature of non-telomeric heterochromatin and
organization of chromosomes. Now, with the new methods available
including high-resolution in situ hybridization, chromosome sorting,
high volume sequencing and bioinformatics, we can learn about the
evolution of chromosomes, comparing and contrasting diverse geno-
types, species, families and even the kingdoms of plants, fungi and ani-
mals, to build a picture of key events in evolution. Many of the same
changes may be seen in abnormal karyotypes and disease, normally
deleterious. However, the occasional chromosomal or whole-genome
changes, beyond those from mutation and recombination, can provide
the novel variation leading to evolutionary success, arguably over evo-
lutionary time giving rise to all modern lineages. The field of compara-
tive cytogenomics is developing rapidly (see www.cytogenomics.org
and www.molcyt.com) and able to show how species have evolved in
the past and letting us consider paths for their evolutionary future.

L5
Interchromosomal core duplicons drive both evolutionary
instability and disease susceptibility of the Chromosome 8p23.1
region
Mario Ventura
Department of Biology-Genetics University of Bari, Bari, Italy
Molecular Cytogenetics 2017, 10(Suppl 1):L5

This abstract is not included here as it has already been published.

L6
L1 retrotransposons can evade somatic repression and initiate
tumorigenesis in normal human colon tissues
Scott E. Devine
University of Maryland School of Medicine, Baltimore, MD 21201, USA
Molecular Cytogenetics 2017, 10(Suppl 1):L6

This abstract is not included here as it has already been published.
L7
A fil rouge links numerical to structural chromosome abnormalities
via chromothripsis
Orsetta Zuffardi, Edibe Nehir Kurtas
Department of Molecular Medicine, University of Pavia, Pavia, Italy
Correspondence: Orsetta Zuffardi
Molecular Cytogenetics 2017, 10(Suppl 1):L7

Non-disjunction at maternal meiosis is the primary cause of spon-
taneous abortions as documented by extensive epidemiological
studies showing trisomies in more than 50% of sporadic
miscarriages.
However in a number of trisomic products of conception trisomy
rescue may occur restoring the normal number of chromosomes,
eventually leading to a more favorable condition for survival. We
hypothesize that most constitutional supernumerary marker chro-
mosomes (sSMC) are the relic of the supernumerary chromosome,
resulting from a chromothripsis event leading to partial trisomy
rescue. According to this model, chromothripsis is initiated by
anaphase lagging of the supernumerary chromosome followed by
its massive fragmentation within a micronucleus. The loss of
some fragments and the gluing together of others might be the
final outcome of the original supernumerary chromosome. To in-
vestigate the correctness of this hypothesis, we are sequencing a
number of sSMCs by paired end 30x whole genome and analys-
ing the haplotype of the sSMCs and the chromosomes from
which they originate in the trios. The results in the first seven
cases show that most sSMCs are formed by non-contiguous re-
gions of the original chromosome or by contiguous ones with
portions repositioned in inverted order after NHEJ, as it is ex-
pected for chromothripsis events. Moreover, though the parental
origin of the sSMC resulted to be either maternal or paternal, the
chromosomal portions outside the sSMC itself resulted to be bi-
parental in the case of sSMCs of maternal origin or in hetero/iso-
disomy for sSMCs of paternal origin. These data demonstrate a
link between numerical and structural anomalies and that the
devastating effect of trisomies may not limited to prenatal life.
KEYWORDS: chromothripsis, small supernumerary marker chromo-
some (sSMC), whole genome paired-end sequencing, maternal mei-
otic non-disjunction.
L8
Intellectual disability in female patients with a skewed X-
inactivation pattern
Fieremans N1,2, Van Esch H3, Holvoet M3, Van Goethem G4, Devriendt K3,
Rosello M5, Mayo S5, Martinez F5, Jhangiani S6, Muzny DM6, Gibbs RA6,
Lupski JR6,7,8,9, Vermeesch JR3, Marynen P1 and Froyen G1

1Human Genome Laboratory, Department of Human Genetics, KU
Leuven, Belgium; 2Human Genome Laboratory, VIB Center for the
Biology of Disease, Leuven, Belgium; 3Center for Human Genetics,
University Hospitals Leuven, KU Leuven, Leuven, Belgium; 4Department
of Neurology, University Hospital of Antwerp (UZA), Antwerp, Belgium;
5Genetics Unit, Hospital Universitario y Politecnico La Fe, Valencia, Spain;
6Human Genome Sequencing Center, Baylor College of Medicine,
Houston, Texas; 7Department of Molecular and Human Genetics, Baylor
College of Medicine, Houston, TX, USA; 8Department of Pediatrics, Baylor
College of Medicine, Houston, TX, USA; 9Texas Children's Hospital,
Houston, TX, USA
Correspondence: Froyen G
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L9
The CRISPR/CAS9 world
Giovanni Perini
University of Bologna, Department of Pharmacy and Biotechnology,
Bologna, Italy
Molecular Cytogenetics 2017, 10(Suppl 1):L9

Precise editing and regulation of genomic information is essential to
understanding the function of a given gene. During the past decade,
technological breakthroughs have made genome editing and regula-
tion significantly easier. One very recent technology has adapted the
CRISPR/CAS (clustered regularly interspaced short palindromic re-
peats /CRISPR-associated protein) bacterial immune system as a sim-
ple RNA guided platform for efficient and specific genome editing in
diverse organisms, thus creating revolutionary tools for biomedical
research and new possibilities for treating genetic disorders.
Here I will revise the most recent molecular approaches based on
the CRISPR/CAS9 methodology to target peculiar chromosome re-
gions or to generate specific chromosome rearrangements in mam-
malian cells in order to model genetic disorders and to address basic
questions in chromosome biology.

L10
Human haploid embryonic stem cells: derivation and application in
editing the human chromosomes
Nissim Benvenisty
The Azrieli Center for Stem Cells and Genetic Research, The Hebrew
University, Israel
Molecular Cytogenetics 2017, 10(Suppl 1):L10

This abstract is not included here as it has already been published.

L11
Chromatin Domains and Diseases
Stefan Mundlos
Max Planck Institute for Molecular Genetics, Berlin, Germany
Molecular Cytogenetics 2017, 10(Suppl 1):L11

Deletions, duplications, inversions, translocations and insertions, col-
lectively referred to as structural variations (SV), are thought to ac-
count for approximately 5% of genomic variability. Classical
cytogenetics and array-CGH have been used as a standard diagnostic
procedure to detect SVs. Besides affectng gene dosage, SVs have the
potential to disrupt the integrity of the genome, causing changes in
the regulatory architecture that lead to pathogenic alterations of
gene expression levels and patterns. Recent findings have demon-
strated that the genome is folded in a complex genetically deter-
mined manner and that this folding is directly related to gene
regulation. Chromosome conformation capture is the technology
that has been key to discover and investigate chromatin folding in a
locus-specific (4C) or even a genome-wide (Hi-C) manner. Studies
using Hi-C have shown that the genome is separated into blocks or
regulatory activity called topologically associated domains (TADs).
To study the effect of structural variations we used CRISPR/Cas gen-
ome editing, to generate mice with rearrangements that are associ-
ated with limb malformations in humans. Mutant mouse limb tissue,
as well as patient-derived fibroblasts, were used to generate chromo-
some conformation capture assays from specific view points (4C) and
covering the entire locus (capture Hi-C). We show that deletions can
result in the fusion of neighbouring TADs with consecutive ectopic
regulation of genes. This effect depends on the presence/absence of
boundary elements that separate TADs from each other (1). If the de-
letion does not include a boundary element, TADs will stay separated
and no gene misexpression occurs. We investigated the effect of
duplications at the Sox9 locus. We show that the difference in ob-
served phenotypes can be explained by the effect of the duplications
on TAD configuration. Duplications that span a TAD boundary can re-
sult in the formation of novel chromatin domains (called Neo-TAD).
The formation of Neo-TADs explains the divergent effects of overlap-
ping duplications at the SOX9 locus. Duplications that do not cross
TAD boundaries (intra-TAD) do not change the overall organisation
but to increased interaction with the target gene (Sox9). In contrast,
duplications that cross boundaries result in the formation of new
chromatin domains (called Neo-TADs) that are isolated from the rest
of the genome. If genes get trapped in such a Neo-TAD, they will
adopt the regulatory activity from the duplication. In the case of
Cooks syndrome, this results in misexpression of Kcnj2 in a Sox9 pat-
tern which causes the phenotype (2).
Our results demonstrate the functional importance of TADs for or-
chestrating gene expression via genome architecture and indicate
criteria for predicting the pathogenicity of human structural variants,
particularly in non-coding regions of the human genome (3).
1: Lupiáñez DG, et al. Disruptions of topological chromatin domains
cause pathogenic rewiring of gene-enhancer interactions. Cell. 2015
May 21;161(5):1012–25.
2: Franke M, et al. Formation of new chromatin domains determines
pathogenicity of genomic duplications. Nature. 2016 Oct
13;538(7624):265–269.
3: Lupiáñez DG, Spielmann M, Mundlos S. Breaking TADs: How Alter-
ations of Chromatin Domains Result in Disease. Trends Genet. 2016
Apr;32(4):225–37.

L12
The nanoscale structure of chromatin fibers in somatic and stem
cells
Maria Pia Cosma
Center for Genomic Regulation (CRG) and ICREA, Barcelona, Spain
Molecular Cytogenetics 2017, 10(Suppl 1):L12

One of the interests of my group is to dissect how the Wnt pathway
controls somatic cell reprogramming and pluripotency in embryonic
stem cells. Recently, by using quantitative super-resolution nanoscopy,
we identified a novel model of chromatin fiber assembly and the rela-
tion among the decoded structure and naïve pluripotency. We showed
that nucleosomes arrange in groups of various sizes along the chroma-
tin fiber, which we named ‘nucleosome clutches’ (in analogy with
clutches of eggs). Clutches are interspersed with nucleosome-free re-
gions. Interestingly, we found that ground-state pluripotent stem cells
have, on average, clutches that are less dense and contain fewer nucle-
osomes. We are now investigating the remodeling of the chromatin
fiber during the transition of cells undergoing differentiation and repro-
gramming and studying how the fiber is modified at nanoscale level.

L13
Mechanistic aspects of chromothripsis
Peter Lichter, Manasi Ratnaparkhe, Kendra Maass, Thorsten Kolb, Aurélie Ernst
Division Molecular Genetics, German Cancer Research Center (DKFZ)
Heidelberg, Germany
Correspondence: Peter Lichter
Molecular Cytogenetics 2017, 10(Suppl 1):L13

Processes causing genomic instability are known as potential drivers
of tumor etiology and/or progression. Whole genome sequencing
was instrumental to uncover a previously unrecognized phenomenon
of genomic instability termed chromothripsis, where single chromo-
somes or parts thereof are shattered into tens to hundreds of frag-
ments and the subsequent impaired repair process results in highly
aberrant chromosomes. Typically, the loss of multiple fragments
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during this process yields in DNA copy number profiles oscillating
between two or three copy numbers states. Notably, chromothripsis
is associated with bad prognosis in a number of tumor entities.
Several studies revealed that chromothripsis occurs context-specific, as it
takes place with high prevalence in certain tumor sub-entities that are
linked to specific gene mutations or signaling pathway activations. We
and others accumulated evidence for cellular processes that contribute
to the formation of chromothriptic chromosomes, such as telomere attri-
tion, poly-ploidization, micronuclei formation or DNA repair deficiency.
Recently we studied patients with the inherited tumor predisposition
syndrome Ataxia Telangiectasia (AT), who are born with mutated
copies of the ATM gene resulting in deficient DNA double-strand
break repair and show a high frequency of acute lymphoblastic
leukemia (ALL). We demonstrated that the genomic landscape of ALL
of AT-patients is distinct from sporadic ALL and, most of all, tightly
linked to chromothripsis. Interestingly, this event specifically involved
chromosomes with acrocentric morphology, i.e. the chromosomes
that constitute the nucleoli with their short arms containing clusters
of r-DNA. Hypotheses as to how this could be mechanistically ex-
plained will be discussed. The study showed that compromised DNA
damage response is tightly linked to chromothriptic events.
The recent status of our attempts to recapitulate the chromothripsis
event in vitro and in vivo will be presented.

L14
Acute promyelocytic leukemia: from genetics to therapy
Francesco Lo-Coco
Department of Biomedicine and Prevention, University Tor Vergata,
Rome, Italy
Molecular Cytogenetics 2017, 10(Suppl 1):L14

This abstract is not included here as it has already been published.

L15
Circulating tumor DNA as a liquid biopsy for cancer
Heitzer, E.
Institute of Human Genetics, Medical University of Graz, Graz, Austria
Molecular Cytogenetics 2017, 10(Suppl 1):L15

Tumor genomes are constantly changing, especially under the select-
ive pressure of a given therapy. However, genomic alterations and
the dynamics of tumor evolution in metastatic cancers remain in-
completely characterized due to the challenge of repeated tumor
sampling. The establishment of biomarkers from easily assessable
biofluids like blood or plasma is beneficial compared tissue biopsy as
repeated sampling is easily achievable. In recent years, cell-free circu-
lating tumor DNA (ctDNA) has become a highly sensitive biomarker
for monitoring response to treatment, the detection of minimal re-
sidual disease and recurrence, or the identification of resistance
mechanisms and novel emerging targets. In contrast to tissue biop-
sies, the analysis of ctDNA enables a continuous and comprehensive
profiling of the genetic composition of a tumor and its associated
metastases.
Most of the early studies on ctDNA have employed PCR techniques
and its derivatives thereof. However, in recent years several ap-
proaches for a genomewide analysis of plasma DNA were developed.
While the establishment of somatic copy number alterations (SCNA)
can be easily done via low-coverage WGS in a fast and cost-effective
manner given a tumor fraction of more than 5-10%, the identification
of mutations at the nucleotide level for large gene panels is much
more expensive and time-consuming since it requires a much higher
sequencing depth, in particular for the detection of underrepre-
sented mutations. In order to investigate the clinical usefulness of
ctDNA and to be able to integrate it into clinical trials, the analysis of
selected cancer driver genes, which are associated with progression
and treatment resistance is preferentially performed. In this talk the
current state of the art of ctDNA analysis and its potential clinical ap-
plications will be discussed. Moreover, data from our ongoing studies
will be presented. We have analyzed several hundred plasma DNA
samples from breast, prostate, colon, and lung cancer patients, in
which we could monitor tumor dynamics /evolution and treatment
response.

L16
Ageing and leukemogenesis
George S Vassiliou
Wellcome Trust Sanger Institute, Cambridge, CB10 1SA, UK
Molecular Cytogenetics 2017, 10(Suppl 1):L16

The mutational origins of clonal myeloid disorders can be traced
back for years or even decades. Most of these disorders, including
acute myeloid leukaemia (AML), myeloproliferative disorders (MPD),
and particularly myelodysplastic syndromes (MDS) become more
common with age. This age-related increase in incidence, also seen
in most cancers, has been attributed to the stochastic accrual of mu-
tations with time. This explanation is intuitive, particularly for cancers
in which external mutagens do not play a major role. However, mu-
tation accrual alone cannot account for several disease-specific ob-
servations. For example, the age-related rise in incidence of myeloid
disorders is not linear and rises sharply after the 6th decade. Also, it
is unclear why MDS become more common than AML only after the
seventh decade of life.
Studies of the phenomenon of Clonal Haemopoiesis of Indeterminate
Potential (CHIP) give new insights into these observations by reveal-
ing that whilst CHIP becomes commoner with age, the types of mu-
tations driving the phenomenon differ between age groups. For
example, the distribution of DNMT3A mutations driving CHIP changes
with age, with DNMT3A R882H becoming less common after the 8th

decade. Also, CHIP associated with mutations affecting spliceosome
genes is rare in those younger than 60 years, but become commoner
in those older than 70 years and overtakes other mutation types
after the 8th decade. These observations suggest that the incidence
and type of myeloid malignancies at different ages may be influ-
enced by the prevailing selection pressures operating at the CHIP
stage. These pressures are shaped by age-related changes that are
cell-intrinsic (haemopoietic stem cell) or cell-extrinsic (haemopoietic
microenvironment/niche).
Another intriguing observation is that a significant proportion of
clonal haemopoiesis in those aged 60 years or older carries no identi-
fiable mutational drivers. In fact the bulk of circulating blood cells in
centenarians is often generated by a small number of stem cells. Is
this due to stem cell attrition, clonal drift or selection pressures im-
posed by the haemopoietic microenvironment? Recent findings that
CHIP is associated with adverse outcomes outside the haemopoietic
compartment, such as cardiovascular disease, raise the possibility
that CHIP may be a surrogate marker of organismal ageing rather
than of a conventional oncogenic process. The study and early detec-
tion of these phenomena will not only help us distinguish CHIP from
clonal haematological malignancies, but has the potential to also
help prevent blood and other cancers and preserve healthy ageing.

L17
Whole Genome Duplications in Vertebrate Evolution
V.A. Trifonov1,2, A.I. Makunin1, S.A. Romanenko1,2, L.S. Biltueva1,
V.R. Beklemisheva1, M.A. Pobedintseva1,2, D.Yu. Prokopov1,2,
D. A. Andreyushkova1, A.S. Graphodatsky1,2
1Institute of Molecular and Cellular Biology SB RAS, Novosibirsk, Russia;
2Novosibirsk State University, Russia
Correspondence: V.A. Trifonov (vlad@mcb.nsc.ru)
Molecular Cytogenetics 2017, 10(Suppl 1):L17

Almost 50 years ago S. Ohno has suggested that vertebrate ancestors
have undergone two whole genome duplication events (WGD). Since
then a large body of evidence (especially from to genome sequen-
cing projects) has been accumulated that further supported the the-
ory and considerably broadened our understanding of genome
evolution. It was suggested that WGDs might have long-termed evo-
lutionary advantages by increasing functional genomic complexity.
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Besides, it was demonstrated that some phylogenetic lineages have
become highly sensitive to whole genome copy changes (mammals),
while others are characterized by an increased propensity to poly-
ploidization (amphibians and fish). Here we compare the distribution
of WGD events across studied vertebrate taxa and argue that the
most WGD-rich taxon is Acipenseriformes, where five whole genome
polyploidy events occurred, and the process is still ongoing. We
hypothesize that this might be connected to relaxed pachytene
check point in this group and that this group represents a conveni-
ent model for studying the role of polyploidy in vertebrates.
Financial support: RSF grants No. 14-14-275 and 16-14-10009.

L18
Reconstruction of ancestral karyotypes and identification of
chromosome evolution
Martin A. Lysak
CEITEC – Central European Institute of Technology, Masaryk University,
Brno 625 00, Czech Republic
Molecular Cytogenetics 2017, 10(Suppl 1):L18

The ever increasing amount of paleogenomic data along with im-
proved large-scale phylogenies are allowing us to reconstruct a ten-
tative structure of ancestral genomes, infer ancestral chromosome
numbers, and to determine the directionality of chromosomal and
karyotype evolution in land plants. Genome and transcriptome se-
quencing revealed a wealth of family- and lineage-specific whole-
genome duplication (WGD) events, which had a major impact on
plant genome complexity as well as on the mode and tempo of
karyotype evolution. Crucifers (Brassicaceae) and grasses (Poaceae)
represent two families of land plants with the most detailed under-
standing of karyotype evolution. Comparative cytomolecular maps
along with the whole-genome sequence data available for over 50
crucifer species allowed us to reconstruct ancestral genomes and
infer prevalent trends of genome evolution in crucifers (320 genera,
over 3,600 species). The genome evolution in the whole family was
shaped by a shared WGD called the Alpha-WGD. Following the initial
re-diploidization of the polyploid ancestral genome, several quasi-
diploid genomes evolved together with the diversification of main
crucifer lineages. The ancestral genomes remained conserved in a
number of extant species, whereas in other groups they were
reshuffled by inversions and translocations with or without descend-
ing dysploidy. Genomes of crucifer plants were also shaped by sev-
eral younger clade- and genus-specific WGDs. In taxa which
experienced recent WGDs, the extent and tempo of genome reshuf-
fling towards re-diploidized genomes exceed that observed in „ old
quasi-diploids”. Cyclic rounds of polyploidization and re-
diploidization seem to be important drivers of genetic, physiological
and ecological diversification, and ultimately of speciation. By con-
trast, some important clade diversifications and numerous speciation
events were not associated with major chromosome rearrangements.
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Aneuploidy in human eggs is the leading cause of pregnancy loss
and Down’s syndrome. Aneuploidy results from chromosome segre-
gation errors that occur during the development of an egg from a
progenitor cell called an oocyte. For unknown reasons, human eggs
frequently contain the wrong number of chromosomes. Moreover,
this high rate of aneuploidy increases dramatically with advancing
maternal age. Here, we present novel insights into the architecture
of chromosomes in human eggs that may predispose human oocytes
to segregation errors. High resolution imaging of over 2,500 sister ki-
netochores revealed that the majority of chromosomes in human oo-
cytes feature altered kinetochore geometry in contrast to oocytes of
other mammalian species. Surprisingly, we found that sister kineto-
chores in human oocytes were frequently not fused and behaved as
separate functional units during the first meiotic division. Interest-
ingly, kinetochores in oocytes from older women were more likely to
have separated kinetochores. Importantly, this altered kinetochore
configuration allowed the chromosomes to adopt non-conventional
orientations on the spindle and promoted erroneous attachments to
the spindle. We further found that cohesion between chromosome
arms was weakened. Consistently, the fraction of bivalents that pre-
cociously dissociated into univalents increased in an age-dependent
manner. Together, our data reveal multiple age-related changes in
chromosome architecture that could explain why aneuploidy in hu-
man oocytes increases with advanced maternal age.
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The application of genome sequencing in patients with neurodeve-
lopmental disorders and/or multiple congenital anomalies (ND/CA)
can typically identify pathogenic mutations in less than 50% of the
patients. This fact suggests that some patients harbor genomic le-
sions that are undetectable by conventional sequencing technolo-
gies. We hypothesized that some cases of ND/CA are instead caused
by epigenetic aberrations that lead to a deregulation of normal gen-
ome function.
We have performed DNA methylation profiling in 500 individuals
with ND/CA, who had all been previously tested by microarray, ex-
ome- and/or whole genome sequencing and were found to be nega-
tive for disease-causing mutations. We screened patient methylation
profiles for large epigenetic changes covering clusters of CpGs
(termed epimutations) that were absent from a population of 1,500
normal controls, identifying 173 epimutations in 118 of the cases
tested (23%). Targeted validations showed an ~90% true positive
rate, and revealed that these epimutations represent large methyla-
tion changes specifically on one allele. Testing of parental samples of
patients with ND/CA showed that 47% of these epimutations were
de novo events, which in comparison to the rate observed in un-
affected control pedigrees was 3.6-fold higher (p = 0.01).
We identified seven recurrent epimutations in our disease cohort,
two of which (FMR1, MEG3) have prior known disease associations,
validating our method for detecting pathogenic epimutations. In two
patients with congenital heart defects we identified a recurrent
hypo-methylation defect of MOV10L1, a gene with an embryonic
heart-specific isoform that interacts with the master cardiac transcrip-
tion factor NKX2.5. Finally we also identified loss of methylation de-
fects at two known imprinted loci that have no prior disease
associations (NAA60/ZNF597and L3MBTL1), suggesting these as po-
tentially novel imprinting disorders.
To expand on these findings, we have performed a variety of large-
scale sequencing, expression and population studies, providing
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insights into the causes, functional consequences and biology of epi-
mutations. We find that epimutations are frequently associated with
extreme outlier and mono-allelic gene expression, with an impact
comparable to loss-of-function mutations, and in some cases occur
secondary to cis-linked regulatory mutations, providing a rationale
for interpreting non-coding genetic variants.
Overall, our study indicates that methylation profiling likely has a
diagnostic yield comparable to that of CNV screening by microarray,
with 10% of the patients who were refractory to conventional muta-
tion screening approaches presenting pathogenic epigenetic defects.
We propose that epigenome profiling represents a promising
method for the study of human disease that complements
sequence-based approaches.
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External quality assessment (EQA) is an integral part of quality con-
trol in diagnostic laboratories. An interlaboratory test (IT) system
using viable cells was established for EQA in leukemia cytogenetics
in Germany in 2004. The test was based on surrogate leukemia sam-
ples which was generated by using an admixture of a leukemia cell
lines with an abnormal karyotype showing target chromosome aber-
rations, a lymphoblastoid cell line with a normal karyotype, and per-
ipheral blood of a healthy donor. The laboratories were requested to
perform a chromosome banding analysis of the surrogate sample fol-
lowing routine operating procedures and to send a written report in-
cluding a critical evaluation of the cytogenetic findings to the IT
center. This approach covered the entire process of chromosome
banding analysis including the cultivation of the cells, chromosome
preparation, banding and analysis as well interpretation of the find-
ings. The reports were evaluated by a central review committee with
respect to the detection of the target chromosome aberrations which
were present in the sample, and to the correctness of the karyotype
according to the International System for Human Cytogenomic No-
menclature (ISCN). The appraisal of the cytogenetic changes was also
included in the assessment. Twelve interlaboratory tests using cell
lines of acute myeloid (n = 4), acute T- or B-cell lymphoblastic (n = 5),
Burkitt´s type acute lymphoblastic (n = 2), and chronic myeloid
leukemia (n = 1) have been performed. The formal requirements for
cytogenetic reports were met by almost all laboratories. The abnor-
mal clone was detected on average by 91.5% (range 70-100% per IT)
of the participating laboratories. Formal errors of the karyotypes were
present in 58% (range 22-76% per IT) of the reports and were most
frequent in ITs with cell lines with complex karyotypes. The introduc-
tion of inadequate spaces in the karyotype was most frequent, which
was most probably done to improve the legibility of the karyotypes.
However, karyotype errors which distorted the observed cytogenetic
changes were also frequent and encompassed missing or incorrect
chromosome band designation, single cell aberrations, and improper
descriptions of the chromosome aberrations. The appraisal of the
findings was appropriate in 83% of the IT. Overall, over the years
there was an improvement of the analytical performance as well as
of the quality of the cytogenetic reports. However, further efforts
should be undertaken to increase the detection rate of chromosome
abnormalities and to ameliorate the description of the karyotypes ac-
cording to the ISCN.
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The Association des Cytogénéticiens de Langue Française (ACLF) pro-
vides external quality assessment (EQA) schemes in cytogenetics for
the French speaking laboratories since 2005. The constitutional as-
sessment in pre and postnatal field was first retrospective, based on
the reviewing of metaphase pictures captured by each laboratories.
After 2007 the EQA became prospective based on the uploading of
the same pictures by all participants from the website http://
www.eaclf.org.
In 2010 the ACLF EQA pilot committee composed of 9 ACLF mem-
bers proposed to set up a pilot study for array-CGH. The pilot was a
postnatal case. The issue of this Array EQA was to propose an assess-
ment of analytical and post-analytical process for the laboratories. In-
deed this EQA was based on the analysis of the same DNA sended
by the scheme organizer to the participating laboratories. The labora-
tories registered, then received the DNA, made the analysis and an-
swered on the website by filling a form. They had to load their
report established the same way as any report in their laboratory in
routine practice. Since then about 30 laboratories registered each
year to this EQA. An overview of the reports and participation is or-
ganized each year ending with a meeting where the feedback of par-
ticipating laboratories is collected. At this occasion the marking and
assessing criteria based on the reference of national guidelines are
discussed. The edition of the guidelines is managed by the quality
committee of the French Achro-puces network (Prof D Sanlaville).
The guidelines for DNA microarrays and array-CGH have been written
intending to homogenize the pre- to post-analytical process and par-
ticularly the interpretation phase. The improvement of the guidelines
were motivated notably because of the round trip process between
EQA assessors and participants. Long discussion happen between as-
sessors about the interpretation of Copy Number Variations. The
process of upgrading guidelines is not easy, they have to be regu-
larly revised according to the national and international background
and they impact the routine practice. Both assessors and participants
have not always the sufficient distance to propose consensual modi-
fications because of the rapid evolution of the arrays technologies.
We will give examples of discussions most often happening during
EQA assessment and consequently the impact on the routine DNA
array practice and reports.

L24
Noninvasive prenatal screening or advanced diagnostic testing:
caveat emptor
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The past few years have witnessed extraordinary advances in pre-
natal genetic practice led by 2 major technologic advances; next gen
sequencing of cell free DNA and microarray analysis of CVS and am-
niotic fluid samples resulting in increased cytogenetic resolution.
Non-invasive prenatal screening (NIPS) has evolved from suboptimal
techniques for fetal cells in maternal blood to cell free fetal DNA and
RNA to finally, with next generation sequencing (and also targeted
probes and targeted sequencing), to have high performance sensitiv-
ity and specificity for Trisomy 21 (DS). There is lesser performance for

http://www.eaclf.org/
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other common aneuploidies and now also several microdeletion dis-
orders. These tests were launched with relatively small studies and
few publications. Very aggressive marketing has captured increasing
market share. Most large cytogenetic labs and clinical programs have
noted significant decreases in patients receiving counseling and
undergoing diagnostic procedures. Many patients and doctors regard
NIPS as a “replacement” for CVS or amniocentesis – a conclusion
which is not supported by the evidence.
In patients with an ultrasound abnormality and a normal karyotype,
the abnormal CNV rate is 6-8%. For patients with normal history,
ultrasound, and karyotype, the abnormal CNV is approximately 1% -
comparable to classic chromosomal risk for a 38 year old. At age
30 year, the chance that aCGH finds a clinically serious CNV is literally
10 X that NIPS finds DS.
As such, we offer every patient, regardless of their age, the opportun-
ity to have diagnostic procedures (CVS or amnio) and aCGH to inves-
tigate for CNVs. The risks of diagnostic procedures are equally safe,
and in experienced hands < 1/500.
There is never “no risk.” The question is where does the patient want
to put that risk, i.e. risk of having a child with a serious problem vs
risk of a complication to find out?
NIPS is very sensitive for DS, but very expensive for what it does.
In some areas, the cost approaches the total reimbursement for
9 months of pregnancy care. The cost to find a DS case that
would have been missed by free β, PAPP-A, and NT is > $3 Mil-
lion. With expansion to other disorders, performance drops
dramatically.
We believe patients must be counselled far more completely than
common practice. For those patients who want the “most thorough”
evaluation, offering CVS or amnio with aCGH and high quality ultra-
sound will maximize identification of problems and give patients
more complete knowledge of the health of their fetus.
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Background
Paired-end MPSS allows digital counting of plasma cfDNA while also
measuring each fragment length by sequencing it’s both extremities.
As fetal cfDNA is known to be shorter, size differences can be used
to determine fetal fraction (FF). Also, in case of fetal aneuploidy,
counting differences can appear higher if confirmed on shorter frag-
ments only.
NeoBona is the first paired-end MPSS screening test providing this
double check of chromosome counting statistics through a novel
bioinformatics approach.
We evaluated its performance on samples with known outcome and
report its first clinical application on a large cohort of average risk
pregnancies.
Methods
Retrospective blind study of 1730 plasmas from 1st trimester preg-
nancies, including 66 confirmed T21, 34 T18, 13 T13 and 8 sex chro-
mosomes aneuploidies.
Samples were screened using NeoBona test to determine the likeli-
hood of aneuploidy (Tscore) based on FF, counting statistics and
cfDNA size distribution. Cut-offs were applied at Tscores to classify
normal and aneuploid cases.
The test was then used on 19151 consecutive pregnancies (575
twins), regardless risk category, XY aneuploidy screening was
requested in 57% of cases. Samples were reported within 5 days
from collection.
Results
Results were obtained in 98,9% archived plasmas. All T21 and T13
were detected (100% sensitivity and specificity) as also 33/34 T18. All
5 cases 45,X and 3 47,XXY were identified without false positive re-
sults. Samples at low FF were correctly scored, in some cases even
below 1%.
The NeoBona test provided results in 99.2% clinical cases, in 334
after redraw (1.7%). A total of 288 T21, 63 T18 and 27 T13 were re-
ported, in 23 cases with FF between 1 and 3%. Invasive procedures
were performed to confirm results in 99% of cases. Five false positive
results were observed for T21, 2 T18 and 3 for T13 (FPR 0.03%, 0.01%
and 0.02%). One T21 was missed, 7338 pregnancies still ongoing. XY
aneuploidies were reported in 39 cases. Vanishing twins were sus-
pected in 3 cases and no XY result reported, 2 maternal aneuploidies
were also identified. Follow-up was available for 11 cases with 4 FP
results (FPR 0.13%).
Conclusions
Paired-end MPSS and the novel bioinformatics approach of NeoBona
allowed detecting aneuploidies with confidence even at fetal frac-
tions below 1% with reduced FPR. Removing the need of a lower
limit of FF allowed cfDNA analysis to be successful on a high propor-
tion of clinical cases, thus extending the benefits of cfDNA screening
to a larger population of pregnancies.

L26
Should preimplantation genetic screening (PGS) be implemented
to routine IVF practice?
Raoul Orvieto
Infertility and IVF Unit, Department of Obstetrics and Gynecology, Sheba
Medical Center (Tel Hashomer), Sackler Faculty of Medicine, Tel Aviv
University, Tel Aviv, Israel
Molecular Cytogenetics 2017, 10(Suppl 1):L26

This abstract is not included here as it has already been published.

L27
Duplication, Structure and the Evolution of the Human Genome
Evan E. Eichler
Department of Genome Sciences and Howard Hughes Medical Institute,
University of Washington, Seattle, WA 98195, USA
Molecular Cytogenetics 2017, 10(Suppl 1):L27

Human duplicated sequences show extraordinary sequence
complexity and are important sources for gene innovation and
rearrangement associated with neurocognitive and neurodevelop-
mental diseases. I will present an overview of the evolution of
great ape segmental duplications and their potential to generate
neofunctional paralogs through segmental duplication fusion and
truncation. I will highlight examples of novel genes that have
evolved specifically within the human lineage where functional
data suggest they have contributed to unique neuroadaptive as-
pects of humans, including an increased density of excitatory/in-
hibitory synapses and the expansion of the frontal cortex. Using
single-molecule, real-time (SMRT) sequencing technology, I will
show how such complex regions can now be resolved and dem-
onstrate how radically these regions have changed even between
closely related species such as chimpanzee and human leading
to complex inversion and the unprecedented shuffling of gene
order. Paradoxically, this duplication architecture complexity has
led to a high background rate of copy number variation muta-
tions associated with neurodevelopmental disease (e.g., autism,
intellectual disability and epilepsy) in the human species suggest-
ing that novel adaptations and increased disease burden are in-
extricably linked.
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Introduction
Apparently balanced chromosomal rearrangements (ABCR) associ-
ated with abnormal phenotype are rare events, but may be challen-
ging for genetic counseling. Abnormal phenotype may be explained
either by cryptic genomic imbalances detectable by array-CGH or by
gene disruption or position effect. However, breakpoint cloning using
conventional methods is laborious and not performed routinely. Re-
cently, Whole Genome Sequencing (WGS) proved to be a powerful
and rapid technique to characterize ABCR breakpoints at the molecu-
lar level.
Methods
The ANI project is a French collaborative study that aims at charac-
terizing ABCR in patients presenting with intellectual disability and/or
congenital anomalies. We included 55 patients (41 reciprocal translo-
cations, 4 inversions, 2 insertions, 8 complex chromosomal rearrange-
ments). Array-CGH showed no pathogenic imbalance. Breakpoints
were characterized by paired-end WGS and confirmed by Sanger se-
quencing. Expression studies of disrupted and neighboring genes
were performed on blood cells.
Results
At this time, 45 patients were analyzed by WGS. Breakpoints were
characterized for 39 patients (86%). The rearrangements showed un-
expected complexity, since 186 breakpoints were identified against
97 breakpoints according to karyotype and included 6 cases of chro-
moanagenesis. Sixty-seven breakpoints disrupted a gene (36%). In
14/39 patients, WGS allowed a diagnosis, either by gene disruption
(11) or by position effect (3), thus a diagnostic rate of 35%.
Conclusion
These preliminary results showed the diagnostic relevance of this ap-
proach. We will present the complete results of this study, including
molecular characteristics of the breakpoints and expression studies.
This work is supported by ANR and DGOS (PRTS 2013 grants).
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Recently, it has been shown that brain diseases (Alzheimer’s dis-
ease, autism) are likely to be mediated by genomic instability
(GIN) affecting the brain. However, there is still no consensus on
extents of the contribution and molecular mechanisms, by which
GIN occurs. Using SNP-array molecular karyotyping (resolution
>1000 bp), FISH and interphase multicolor banding (ICS-MCB), we
have addressed genomic variations in 502 children with autism
and intellectual disability (ID) as well as in post-mortem brain
samples of autism and Alzheimer’s disease patients (12 and 10
samples, respectively). We have found that 7 (1.4%) out of 502
children with autism/ID demonstrate chromothripsis, hallmarked
by oscillating copy number variations, random joins and hetero-
zygosity retention. These patients also exhibited other GIN types
(mosaic aneuploidy and non-specific gross structural chromosome
rearrangements). Almost exactly the same patterns of chromo-
thripsis and other GIN types were detected in 3 autistic brain
samples. The Alzheimer’s disease brain exhibited chromothripsis
in 2 samples. Interestingly, that chromothripsis was detected in
brain samples hallmarked by high levels of somatic mosaicism for
aneuploidy and acentric chromosomal fragments. Molecular cyto-
genetic analyses of 25 control brain samples have not revealed
chromothripsis. According to our findings, chromothripsis seems
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to be a relatively common mechanism for GIN associated with
brain diseases. Additionally, chromothripsis is demonstrated for
the first time to affect the diseased brain without cancerization.
Accordingly, one may suggest that molecular alterations to gen-
ome stability maintenance machinery resulting in tissue-specific
GIN (or chromosome instability) could be an underappreciated
cause of a wide spectrum of complex diseases as it is the case
for a number of cases of common brain disorders.
Supported by the Russian Science Foundation (Grant #14-35-00060);
studying the adult brain is supported by ERA.Net RUS Plus
Programme.
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Introduction
Clustered copy number variants (CNVs) as detected by chromosomal
microarray are often reported as germline chromothripsis. However,
such cases might need further investigations by massive parallel
whole genome sequencing (WGS) in order to properly define the
underlying complex rearrangement.
Methods
22 carriers of clustered CNVs, previously referred to the
Departments of Clinical Genetics at the Karolinska University
Hospital (Stockholm, Sweden) or Kennedy Center, Rigshospitalet
(Copenhagen, Denmark) for a clinical chromosome microarray
due to congenital developmental disorders, were sequenced
using either Paired-End or Mate Pair libraries. To utilize the WGS
data for structural variant analysis, a WGS caller (TIDDIT), a pipe-
line (FindSV) and a visualization program to picture the re-
arrangement end-product were developed.
Results
By combining read depth and discordant read pair analysis 154
junctions were characterized (range 4–26; median = 5) and an
overall connectivity picture is given in 21 cases. These rear-
rangements were sub-classified depending on the patterns
observed:
(1) Cases with clustered deletions only (e.g. del-nml-del-nml-del)
often had additional hidden structural rearrangements, such as inser-
tions and inversions, that may be the result of multiple simultaneous
double-strand DNA breaks followed by non-homologous repair typ-
ical to chromothripsis.
(2) Cases with only duplications (e.g. dup-nml-dup) or combinations
of deletions and duplications (e.g. del-nml-dup-del-nml-dup-nml-del),
demonstrated a pattern of inversions, deletions and duplications
more consistent with serial template switching during DNA replica-
tion (chromoanasynthesis).
Conclusion
Multiple copy number changes clustered on a single chromosome
may arise through both chromothripsis and chromoanasynthesis.
O4
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In spite of the rapid development in genome technology, the
characterization and validation of complex structural variants (SVs)
involving tandem low copy repeats and multi-allelic gene families re-
mains a challenge. Recently we have been exploring the potential of
combed DNA-fibres in the characterisation of complex SVs in human
populations by multicolour fibre-FISH. The human amylase gene clus-
ter harbours the salivary (AMY1) and pancreatic amylase genes
(AMY2A and AMY2B). Early comparative genomic studies revealed
copy number variations (CNV) in the amylase genes, which were
shown to be linked with human adaptation to dietary starch intake,
and implicated in predisposition to obesity. We have employed an
array of high-resolution measurement methods, such as, whole-
genome sequencing, paralogue ratio test (PRT), and optical mapping,
together with fibre-FISH to characterise the amylase SV haplotypes in
different populations. The results validate haplotype structures for
AMY1 and show that pancreatic amylase genes underwent at least
five independent rearrangements to create new haplotypes, one of
which contains five copies each of the AMY2A and AMY2B genes in
sub-Saharan African population. Fibre-FISH not only enabled a direct
visualization of the SV haplotype structure by delineating the order,
orientation, and absolute copy number of amylase genes, but also
provided direct evidence for an inversion event that accompanies
higher order expansion of AMY2A and AMY2B and a non-
homologous junction where the upstream sequence of AMY2A inter-
rupts one copy of AMY1. Such rearrangements were not detected by
other methodologies initially, thus vindicating the use of fibre-FISH
as the method of choice for validating complex SVs.
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Female balanced X-autosome translocations have been associated with
absence of functional copies of the gene mapping at the breakpoint
through disruption of the derivative chromosome and inactivation of
the normal X-chromosome. We report on a nine year-old girl with
karyotype 46,X,t(X;9)(q23;q12)dn, disproportionate short stature, septal
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atrial defect, scoliosis, bone dysplasia, hearing loss, and normal cognition.
Array-CGH and breakpoint sequencing confirmed the full complement of
genetic material, whereas replication banding and HUMARA assay
showed preferential inactivation of the normal X-chromosome. Both junc-
tion points were determined at the nucleotide level. The autosomal
breakpoint affects a heterochromatic region, while the X-chromosome
breakpoint was mapped between the AMMECR1 and RGAG1 genes.
Whereas expression of the latter was unmodified, RT-qPCR showed ab-
sence of AMMECR1 expression in blood and lymphoblastoid cells of the
proband. Concordantly, we identified an individual with nonsense muta-
tion in AMMECR1 and short stature, septal atrial defect, radioulnar synos-
tosis, hearing loss, and psychomotor and speech delay. We also describe
three individuals with missense mutation and one with AMMECR1 dupli-
cation and overlapping phenotypes. The encoded protein contains evolu-
tionary conserved nucleic acid-binding RAGNYA folds and localizes to the
nucleus. AMMECR1 is co-expressed with genes implicated in cell cycle
and translation regulation, five of which were previously associated with
growth and bone alteration syndromes. Our knockdown of the zebrafish
orthologous gene resulted in animals with features reminiscent of the pa-
tients’ phenotype such as shorter tails, thinner bodies, kinked tail-ends,
poorly defined somites, pericardial edema, tachycardia and hydrocephaly.
Part of the knockdown phenotypes were rescued by co-injection of
mRNA from the human ortholog. Our results suggest that AMMECR1 is
potentially involved in cell cycle control and linked to a new syndrome(s)
characterized by hearing loss, short stature, bone and heart alterations.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Bacterial clustered regularly interspaced short palindromic repeats
(CRISPR) - associated protein 9 (Cas9) system has increased in popularity
as a genome editing tool for targeted mutations, insertions, deletions and
gene knock-out studies. CRISPR genome editing has also proved superior
to Zinc-finger nucleases (ZFN) and transcription activator- like effector nu-
cleases (TALENs) due to its simplicity and easy programmability. In CRISPR,
a guide RNA (gRNA) is used to recognize and introduce a double stand-
ard break (DSB) in a target DNA. The DNA repair mechanism triggered
after the break is then exploited to introduce an insertion/deletion (indel)
in the case of non-homologous end joining (NHEJ), or precise genetic
modification if a homology-directed repair (HDR) pathway is triggered.
A critical part of the CRISPR/Cas9 tool is the design and synthesis of
the gRNA that comprises T7 promoter sequence, target sequence,
and protospacer adjacent motifs (PAM). Monitoring the transcription
of the gRNA is critical to the workflow to ensure successful gene
editing. Here we present an automated electrophoresis approach for
monitoring the synthesis, integrity, and functional activity of gRNAs
created for a CRISPR-Cas workflow.
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Chromosomes occupy specific nuclear regions called chromosome
territories (CT) which are arranged in cell-type specific non-random
patterns and are involved in genome regulation. In spermatogenic
cells, a non-random distribution of chromosomes has been demon-
strated in pachytene and metaphase I spermatocytes and in
spermatozoa. However, most studies have been carried out using
two-dimensional strategies, in particular spermatogenic stages and
evaluating few chromosomes.
To overcome these limitations, we have developed an in situ
fluorescent hybridization (FISH)-based protocol to approach the
three-dimensional study of CTs along spermatogenesis. Testicular
tissue from fertile mice C57BL6/6 J was enzymatically disaggre-
gated. To preserve the nuclear structure, cell suspensions were
spread out on polylysine-coated slides and fixed with paraformal-
dehyde. Subsequently, slides were frozen in liquid nitrogen and
treated with pepsin. Three successive FISH rounds were carried
out using the customized kit Chromoprobe Multiprobe®
OctoChrome™ Murine System (Cytocell Ltd, Cambridge, UK) de-
signed to identify the entire mouse karyotype. This kit uses seven
different combinations of three whole chromosome painting
probes directly labeled in three different fluorochromes. After-
wards, SYCP3 and H1T were identified by immunofluorescence
staining to categorize among pre-meiotic cells, meiotic figures
(discriminating all stages from leptotene to metaphase I and
metaphase II), post-meiotic cells and spermatozoa. Serial optical
sections of all cell types were obtained with a TCS-SP5 confocal
microscope coupled to an imaging analysis system (LAS AF-1.8.1).
After processing images by ImageJ, Matlab developed scripts
were used to align, normalize and process nuclei in order to de-
termine chromosome volume and proportion, chromosome radial
position and chromosome relative position.
The application of the methodology developed allows the establish-
ment of CTs throughout all spermatogenic stages providing a new
basis to study the relationship between chromosome positioning
and genome regulation.
Financial support: CF-180034 (UAB, Spain), DPI2015-65286-R/
SAF2016-77165-P (MINECO, Spain) and CERCA Programme
(Generalitat de Catalunya, Spain). M Solé is recipient of a grant
from UAB (PIF/2015).
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Objectives
To chart genetic intratumour diversity in childhood cancer over mul-
tiple anatomic locations and time points during treatment in order
to (1) delineate common routes of cancer cell evolution, (2) gain in-
formation on intrapatient variability of clinical biomarkers, and (3) as-
sess clinical correlations to evolutionary patterns.
Methods
Patients were included based on the availability of two or more in-
formative samples from the primary tumour, taken with a minimum
intersample distance of 10 mm. A total of 55 patients with neuro-
blastoma (n = 24), Wilms tumour (n = 23) or rhabdomyosarcoma (n =
8) were subjected to multiregional analysis of tumour tissue with
high resolution whole genome genotyping arrays (all patients) com-
plemented by whole exome sequencing and targeted deep DNA se-
quencing (n = 20). Between two and 20 tumour samples were
analyzed per patient resulting in total of 240 informative tumour
samples.
Results
The majority of cases exhibited intratumour genetic diversity with
branching evolution, including variability of several suggested clinical
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biomarkers. There were also features of convergent evolution in
branches of evolutionary trees, including trisomies and monosomies, as
well as TP53 mutations in Wilms tumours, CDKN2A deletions in neuro-
blastoma, and CDK4 amplifications in rhabdomyosarcoma. Subclones
were the major arena of genome evolution. We observed four major
trajectories of cancer cell evolution including (1) subclonal variation, (2)
subclone coexistence, (3) subclonal explosions, and (4) clonal sweeps.
These trajectories exhibited a striking correlation to clinical risk groups.
Conclusion
Even in very young patients, cancer is a genetically dynamic disease
over space and time. On the one hand, intratumour diversity is a sig-
nificant source of error in genetic biomarker assessment. On the
other hand, specific evolutionary patterns may be useful as future
clinical predictors.
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Clonal chromosome anomalies are frequently acquired in the bone
marrow (BM) of patients with Shwachman-Diamond syndrome (SDS),
and two are the most frequent: an isochromosome of the long arm of
chromosome 7, i(7)(q10), and an interstitial deletion of the long arm of
chromosome 20, del(20)(q). Patients with SDS have a risk of developing
myelodysplasia (MDS) and/or acute myeloid leukaemia (AML), and the
presence of chromosome changes was studied in relation with this risk.
Starting in 1999 we have monitored the cytogenetic picture of a co-
hort of 92 Italian patients with SDS by all suitable cytogenetic and
molecular methods. Clonal anomalies in BM were present in 41/92
patients. The i(7)(q10) was observed in 16 patients, and the del(20)(q)
in 15, both these changes in four, but in independent clones. So, the
most frequent clonal anomalies were found in 35 patients. Other, dif-
ferent, clonal anomalies were found in the BM of 13 patients, in eight
cases in the absence of i(7)(q10) or del(20)(q), in five cases in associ-
ation with one of these changes. In these less common clonal anom-
alies, the distribution of the chromosomes involved was markedly
disparate, and some of them were novel and recurrent:

– structural rearrangements of chromosome 7, mainly
unbalanced (deletions, inversions or translocations), were
present in five of our 13 patients, three of whom developed
MDS/AML.

– a further complex rearrangement of the more common
del(20)(q), leading to duplicated and deleted portions, was
identical in two patients, with almost identical a-CGH profiles,
neither developed MDS/AML.

– an unbalanced translocation t(3;6), with partial trisomy of the
long arm of chromosome 3 and partial monosomy of the long
arm of chromosome 6, was not identical but very similar in two
patients, one of whom developed MDS/AML.
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The investigation of Chronic Lymphocytic Leukemia (CLL) by con-
ventional cytogenetic analysis combined with fluorescence in-situ
hybridisation (FISH) has been regarded as the gold standard. De-
tection and characterisation of non-random rearrangements is
hindered in part by the limitation of cell culturing and the tar-
geted approach of FISH testing. More recently the implementa-
tion of molecular karyotyping by high resolution Single
Nucleotide Polymorphism (SNP) microarray platforms has aug-
mented the investigation protocol of haematological malignancies
in diagnostic pathology.
Deletion 13q is reported in up to 50% of patients with CLL and has
historically been reported in association with low risk disease. Mo-
lecular karyotyping has revealed the diversity and complexity of rear-
rangements within the del13q region. This has culminated in the
classification of the 13q deletion into type I (exclusive of Rb1) and
type II (inclusive of Rb1). However uncertainty exists with regard to
the prognostic significance, particularly with respect to the large,
type II deletion.
To evaluate this we investigated the molecular karyotype of 500 CLL
patients. We ascertained the incidence of del13q type I and type II,
complexity of deletions, association with additional karyotypic
changes and cnLOH chromosome 13. Our results show that there is
no significant difference in the incidence or association with add-
itional karyotypic changes, but type II deletion is associated with
complex 13q deletions (p = 0.0001). Furthermore there is no signifi-
cant difference with respect to cytogenetic progression in follow-up
testing of 43 patients. This study highlights the benefit of SNP micro-
array analysis in characterising deletion anatomy and the need for
re-evaluation of risk stratification of non-random rearrangements.
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Genome amplification, in the form of homogeneously staining regions,
double minutes, and ring/giant rod-shaped markers, is a pivotal event
in many tumors. It was recently shown that amplifications as extra-
chromosomal DNA are present in nearly half of all tumors, representing
a driving force towards their accelerated evolution. To achieve a better
understanding of the implications of genomic amplifications we fo-
cused on their structure and impact upon transcription. Amplified
cancer-associated genes are often overexpressed as a direct conse-
quence of the copy number gain. We analyzed the whole genome
(WGS) and transcriptome (RNA-seq) sequencing data of nine small cell
lung carcinoma (SCLC), seven neuroblastoma (NB) and three well-
differentiated liposarcoma (WDLPS) cell lines, all carrying genomic am-
plifications. A widespread heterogeneity of the amplicon arrangement
was detected in most of the samples, disclosing the progressive evolu-
tion of their structure through cell divisions. By integrating the WGS
(structural variation calling) and RNA-seq (chimeric transcripts detec-
tion) data, we detected a burst of chimeras derived from post-
transcriptional events (i.e. cis- or trans-splicing) involving amplified
genes. Notably, we found PVT1 (8q24) and RLF (1p34.2) as hot-
spots for cis- or trans-splicing events in SCLC and NB samples
with MYC and MYCL1 amplifications, respectively. In WDLPS cell
lines, we found extremely complex fusion genes, such as those
involving three partners or assembled by multiple interposed
non-contiguous, non-collinear genomic fragments (spliced out in
the mature transcript). Our results strongly indicate that the
“amplification/overexpression” paradigm does not cover all as-
pects of the genomic amplification impact upon transcription.
The extraordinary transcriptome plasticity herein described,
enriching the genetic repertoire of cancer cells with genomic am-
plifications, likely provides a selective advantage and might have
a crucial role in cancer establishment and progression.
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The systematic definition of genomic alterations in childhood ALL is
not only an indispensable prerequisite for its predictive and prognos-
tic stratification but increasingly also one, on which individualized
therapies are based on. Of particular interest in this context are novel
classes of recurrent gene fusions, such as the therapeutically target-
able tyrosine kinase and JAK2-pathway activating ones, and the more
elusive group whose gene expression pattern and/or vaguely defined
combinations of mainly gene region-specific copy number alterations
(CNA). Based on these necessities we developed a diagnostic strategy
that combines hierarchical FISH screening for the systematic identifi-
cation of all relevant gene fusions with an array-based evaluation of
CNA. Cytogenetic preparations serve merely as backup for further
studies. To evaluate the feasibility of our particular workflow we pro-
spectively analyzed 117 cases so far, 95 newly diagnosed and 10 re-
lapsed B- as well as 12 T-cell precursor ALL. With this approach we
were able to classify all but one B-cell cases in a meaningful manner:
41 hyperdiploid (including one with a hypo- and hyerdiploid clone),
21 ETV6-RUNX1, 7 KMT2A, 6 TCF3-PBX1, 2 BCR-ABL1, 3 dic(9;20), 5
IGH-rearranged, 4 P2RY8-CRLF2, 3 PAX5, and, 14 B-other (including
various types of ZNF384, JAK2, ETV6 fusions) ones. FISH screening
was positive in 105/117 cases and provided already the most essen-
tial diagnostic clues in the vast majority of them. CNA were present
in 113/117 patients, including 21 IKZF1 and 2 ERG deletions, which
will serve as stratifying markers in future. In consideration of the
amount of achievable information, our standardized diagnostic ap-
proach is very well suited for this purpose, because it is applicable to
individual cases, robust, cost-efficient, requires only little material
and thereby also serves as discovery platform.
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The Cercopithecini tribe (guenons) of the Old World monkeys, has
experienced rapid chromosome evolution with diploid number from
2n = 48 to 72. All Cercopithecini have a syntenic association of chro-
mosomes homologous to human 20 and 21. Chromosome painting
and G-banding suggested that two isoforms of this chromosome
exist with different centromere positions. In one form, the centro-
mere appears at the fusion point of the association while in the other
it is located in the segment homologous to chromosome 20. Here,
we used a gamma of molecular cytogenetic methods including BAC-
FISH to examine the 20/21 association in a number of Cercopithecini
species. We discovered that individuals from two closely related spe-
cies Cercopithecus mitis (CMI) and Cercopithecus petaurista (CPE)
were heterozygous for centromere location. The centromere within
the segment homologous to HSA20 is a neocentromere. In CMI this
centromere appears completely devoid of satellite DNA, while in CPE
it appears to have a repeat structure more similar to a normal,
mature centromere. Our data allowed us to speculate on the evolu-
tionary process related both to Cercopithecini phylogenomics as well
as to neocentromere formation and maturation. One hypothesis is
that these neocentromeres had a common origin and survived a spe-
ciation event. Yet, they apparently show significant difference in mat-
uration. These heterozygous neocentromeres certainly represent a
unique opportunity through future sequencing efforts to better
understand the phenomena of neocentromere seeding and
evolution.
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Introductıon
Temple syndrome (TS) is a rare condition caused by an abnormal ex-
pression of genes at the imprinted locus 14q32. Different molecular
mechanisms cause TS: 1) Maternal uniparental disomy 14; 2) loss of
paternal methylation at the intergenic differentially methylated re-
gion on chromosome 14q32.2; 3) paternal deletion involving the re-
gion of interest. Until now, nine cases of TS caused by a paternal
deletion have been reported.
We report clinical and molecular features of two new patients af-
fected by a neurodevelopmental disorder with deletion involving the
14q32 imprinted region. The deletions were identified by aCGH
(8x60K ISCA, Agilent technologies).
Methods
The MS-MLPA (MS-MLPA probemix ME032-A1 UPD7/UPD14, MRC
Holland) technique was used to determine the inheritance, methyla-
tion pattern and dose analysis.
The first patient is a three years old male showing short stature, psy-
chomotor retardation and hypotonia. In the prenatal period he pre-
sented an intrauterine growth retardation and oligomamnios. The
aCGH detected a 14q32.2 deletion of 1 Mb. The second patient is a
two years old female harbouring mild psychomotor retardation and
hypotonia. She has a 69 kb deletion.
Results
The deletion of 1 Mb (27 genes being the most relevant DLK1, MEG3
and RTL1) is de novo and the pattern of methylation was hypo-
methylated in the maternal allele, thus the paternal allele is deleted
diagnosing a Temple Syndrome.
The 69 kb deletion (includes only DLK1) and the methylation pattern
is normal. This deletion is inherited from her father and from her
grandmother.
Conclusıons
In the second case the loss of expression of the DLK1 gene in the pa-
ternal allele is responsible for the clinical features of psychomotor re-
tardation and mild hypotonia suggesting a Temple syndrome. This
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small deletion narrowed the minimal region supporting that DLK1
loss of function is sufficient to cause the main features of Temple
syndrome. In this family DLK1 deletion was inherited from the grand-
mother but only the father carrier has a 50% risk to give birth to chil-
dren with Temple syndrome.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Quality assessment has long been associated with laboratory,
but not clinical services. To address this obvious gap, in 2012
the ESHG Genetic Services Quality Committee explored the
need for a European Quality Assessment (EQA) scheme for clin-
ical genetics and counselling. European national societies of hu-
man genetics were surveyed and a need for EQA for clinical
genetics was expressed. CEQAS was chosen as the EQA pro-
vider and three pilot EQAs have now been completed and
evaluated.
Each year, the Clinical Genetics Working Group prepared four case
scenarios in the fields of cardiogenetics, oncogenetics, monogenic
disorders and dysmorphology. Each case scenario started with a re-
ferral letter and consisted of multiple stages, to reflect an episode of
clinical care. At each stage further clinical and genetic test informa-
tion was given and a number of questions presented. For each EQA,
consensus answers were provided by two independent experts in-
cluding at least two clinical geneticists and a patient organisation.
Twelve pilot EQAs have been distributed over the last three years
and in 2016, 42 genetic centres from 21 countries enrolled. All EQA
submissions were reviewed by two clinical geneticists.
The EQA for clinical genetics and counselling proved to be highly
educational. Learning objectives are included the summary letter.
The EQA identified that some centres omitted to include the need:-

� for consent of the index patient;
� for a three generation family history to be taken;
� to discuss the implications of a recessive disorder;
� to give comprehensive reproductive options;
� for psycho-social support for the patient and family.

In addition, the assessors identified that some case scenarios tried to
cover too many aspects and needed to be streamlined so that only
3–4 learning points were covered. This talk will present the data from
the pilot EQAs and discuss some of the genetic counselling issues
identified.
O17
The majority of uncommon chromosomal imbalances detected by
NIPT are postzygotic (feto)placental mosaics
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Using clinical analysis of over 20.000 pregnancies, we show that non-
invasive prenatal testing (NIPT) by in-house optimized genomic im-
balance profiling (GIPseq) increases the sensitivity for detection of
fetal trisomy 21, 18 and 13 to 100%, 97,2% and 100% respectively
without reducing the specificity, which exceeds 99,9% for each of
these common trisomies. Furthermore, NIPT by GIPseq offers the ad-
vantage of detecting other genomic imbalances that are clinically
relevant for fetal or maternal health. These findings include (i) other
aneuploidies, (ii) fetal or maternal segmental imbalances and (iii) ma-
ternal cancer.
We show that, although uncommon aneuploidies mostly exist as
confined placental mosaicism, some chromosomal imbalances can
pass the developmental barrier, resulting in complex fetal segmental
anomalies with severe clinical implications. Such anomalies can only
be the consequence of pre-blastocystic cell lineages harboring differ-
ent imbalances, which further evolve following the separation of the
inner cell mass and the trophectoderm subpopulations. It has been
shown that a small but significant number of trophectoderm biopsies
analyzed by genome-wide aneuploidy detection methods during
preimplantation genetic diagnosis (PGD) or screening (PGS) is poised
with mosaic chromosomal imbalances. Within the PGD community
there is currently a debate about the clinical importance of these
imbalances.
Here we demonstrate that (1) most uncommon chromosomal im-
balances originate post fertilization, (2) they can pass the devel-
opmental barrier and be present at different loads in the fetus
and/or the placenta, (3) detection of imbalances in trophecto-
derm is of clinical importance and (4) detection of segmental im-
balances via NIPT provides valuable information for pregnancy
management.
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A rare familial paracentric inversion of the long arm of
chromosome 8
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Background
The incidence of paracentric inversions (PAI) in the general popula-
tion ranges from 0.09-0.49/1,000 and PAIs are generally considered
to be harmless.
Aim
To present a rare case of a carrier of an 8q paracentric inversion.
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Case report
A 37-year-old man and his 30-year-old wife were referred for karyo-
type analysis due to a previous miscarriage at 33 weeks of gestation.
The woman had gestational diabetes mellitus and was under insulin
treatment.
Methods/Results
Cytogenetic analysis was performed on peripheral blood lympho-
cytes by GTG banding. The wife had a normal karyotype 46,XX but
the man’s karyotype was 46,XY,inv(8)(q23.1q24.2). Karyotypic analysis
of his parents revealed that his mother carried the same inversion.
Molecular karyotype analysis performed using Agilent G3 4x180 K
CGH + SNP microarray platform, which reported no duplication or
loss in or near the inverted 8q region.
Conclusions
Until now, only three 8q PAI cases have been published. Although
the risk of a PAI carrier having an abnormal child is very low, caution
is indicated in distinguishing inversions from insertions.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Chromosomal abnormalities in infertile couples referred for
assisted reproduction techniques
Sophia Zachaki, Elisavet Kouvidi, Haroula Tsarouha, Ioanna Haralampous,
Amelia Pantou, Emmanouel Kanavakis, Ariadni Mavrou
Genesis Genoma Lab, Cytogenetics, Athens, Greece
Correspondence: Sophia Zachaki
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Background
The frequency of chromosomal abnormalities in infertile individuals
is higher than in the general population, varying from1.3-15.0%.
Aim
To determine the prevalence of chromosomal abnormalities in infer-
tile couples undergoing assisted reproduction techniques (ART).
Methods
Cytogenetic analysis was performed on peripheral blood lympho-
cytes using standard G-banding techniques in 283 infertile couples
referred to Genesis Athens Clinic in the second half of 2016. In 218
cases both partners were tested and in 65 cases one only. The mean
age of the individuals studied was 39.6 years (41.1 in men and 38.1
in women). At least 25 metaphases were analyzed and in cases of
suspected mosaicism, 100 cells were counted. Chromosomal poly-
morphisms such as prominent satellites, increased heterochromatic
regions and pericentric inversions of chromosome 9 were not
included.
Results
In 69/283 couples, one partner carried a chromosomal abnormality:
Four women had a structural chromosomal abnormality (2 reciprocal
translocations, 1 Robertsonian and 1 inversion). The most frequent
finding was sex chromosome mosaicism. The mean age of women
with a sex mosaic karyotype was significantly higher than those with
a normal karyotype (40.6 vs 37.5 years). Six men were found to carry
a structural chromosomal abnormality (4 reciprocal translocations
and 2 inversions) and 4 had sex chromosome mosaicism.
Conclusions
The frequency of structural chromosomal abnormalities in the
population studied was in agreement with the one reported in
the literature. The frequency of sex chromosome mosaicism was
high in the study group, probably due to age-related X chromo-
some loss. Our results underline the importance of chromo-
somal analysis in infertile couples prior to ART treatment in
order to select the appropriate protocol, including preimplanta-
tion genetic diagnosis for couples with structural chromosome
abnormalities.
1.P3
Two brothers with atypical 17q21.31 microduplication
Hana Zůnová, Markéta Havlovicová, Miroslava Hančárová, Drahue
Novotná, Jana Paděrová, Zdeněk Sedláček, Jana Drábová
Charles University 2nd Faculty of Medicine And University Hospital
Motol, Department of Biology And Medical Genetics, Prague, Czech
Republic
Correspondence: Hana Zůnová
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Introduction
17q21.31 microduplication syndrome is characterized by duplication
of the MAPT region that is associated with the well-known 17q21.31
microdeletion syndrome. This region ranges from 440 to 680 kb and
includes five genes, CRHR, MAPT, IMP5, STH and KANSL1. There are
two haplotypes of the MAPT region, H1 and H2. H2 undergoes non-
allelic homologous recombination (NAHR) that can cause deletions
and duplications of the entire region.
Methods
We present a 10-year-old boy and his 7-year-old brother. They were
referred to genetic consultation due to delayed development, facial
dysmorphism and autism spectrum disorder. DNA was extracted
from peripheral blood and analyzed using array-CGH (aCGH) on the
platform SurePrint CGH 8x60K G3 ISCA (Agilent Technologies) and
the CytoGenomics software.
Results
Array-CGH analyses of both probands showed the same 375 kb du-
plication of 17q21.31. The duplication included three genes, KANSL1,
STH and MAPT. The mode of inheritance was determined as de novo.
Neither of the parents was a carrier of the risk H2 allele.
Conclusion
Phenotypic features of the probands are typical for the 17q21.31 du-
plication syndrome. However, the analysis showed a smaller duplica-
tion that did not affect all genes typically included in 17q21.31
duplications. The study of this family can help to understand the
mechanism of pathogenesis of the syndrome. Both the size of the
duplication and the absence of H2 alleles in the parents argue
against NAHR as the mechanism of origin. Because of the presence
of the same rare aberration in both brothers, we can presume germi-
nal mosaicism in one of the parents.
Supported by: MZ 0064203, NF-CZ11-PDP-3-003-2014
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Introduction
Prader-Willi syndrome (PWS), one of the most frequent microdeletion
syndromes, is a complex multi-organ disease caused by the lack of
expression of paternal genes of 15q11-q13. It is a common cause of
severe obesity associated with cognitive disabilities.
Objective
The aim of this work was to investigate PWS using Methylation-
Specific PCR (MS-PCR) and Multiplex Ligation Probe Amplification
(MLPA), in order to find minor abnormalities of 15q11-q13 in MS-
PCR-negative patients.
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Methods
Thirty-five patients were tested with MS-PCR and MLPA (kit PWS-
ME028 MRC-Holland)
Results
Twenty two patients had a negative MS-PCR testing; among them,
MLPA analysis detected one patient with a minor deletion affecting
U1B upstream exon of the SNURF/SNRPN gene.
Discussion
Koufaris et al. (2016) reported a deletion of SNURF/SNRPN U1B
and U1B* upstream exons in one child with developmental delay
and excessive weight. They did not find any published reports of
patients with PWS-like symptoms that carried deletions specific-
ally affecting the U1B–U1B* genomic region. They suggested that
further case reports with mutations affecting U1B exons are
needed to verify the biological significance of this region to PWS.
Therefore, we report a case of a patient who showed a minor de-
letion affecting U1B upstream exon of the SNURF/SNRPN gene.
One explanation for the negative MS-PCR testing is the following:
the primers suggested by Martinez et al. (2006) to amplify a 487-
bp fragment containing exon 1 was not able to cover the U1B
region.
Conclusion
As far as we know, this is the second case reported with U1B dele-
tion. Therefore, we may suggest that the loss of SNRPN U1B could be
responsible for some features of the syndrome, although some other
new cases are needed to definitively confirm the hypothesis.

1.P5
Autism Spectrum Disorder (ASD) associated with a Non mosaic
two isodicentric Y male Karyotype
Mira Ziv 1, Yarin Hadid 1, Hana Shapira 1, Jasmin Levitaz 1, Dalia Fridman 1,
Svetlana Fridman 1, Adel Shalata 1

1Bnai Zion, The Simon Winter Institute For Human Genetics, Haifa, Israel
Correspondence: Adel Shalata
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Tetrasomy Y is a very rare event, especially in the Non-mosaic form.
In literature all patients show different degrees of mental retardation,
various skeletal abnormalities and facial dysmorphism.
In this abstract we describe a 7 year old boy who is the first child of
a young healthy non related Israeli Arab couple. He was born after a
normal pregnancy and delivery. At the age of two years old he was
diagnosed with Global Developmental Delay and recently, a neuro-
developmental re-evaluation changed the diagnosis to a moderate
Autism.
His physical and neurological examination, except mild dysmorphic
features including retrognathia and crowded teeth, was normal. The
brain MRI study demonstrated several regions with prolonged relax-
ation time mainly in the white matter of the periventricular and sub-
cortical regions of both hemispheres. There was no evidence for
focal or diffuse contrast material intensities.
Ctyogenomic studies were performed on DNA extracted from a per-
ipheral blood sample by using the 750 Kb SNP Affymertix Chip array.
We detected complex results as follows: PAR1 (Xp22.33 or
Yp11.31q11.23)X5, PAR2 (Xq28 or Yq12)X1, the other chromosomes
showed normal copy number variations(CNVs). To understand the
complex CNVs, G-banding karyotype and FISH studies (SRY, Cent X/
Cen Y, and Sub telomere Specific X/Y) were performed. To sum up,
the patient karyotype revealed a de novo 47,X,idic(Y)(pter→
q12::q12→ pter)x2(SRYx4).
The uniqueness of our case is the presence of double abnormal
isodicentric non-mosaic Y chromosomes. It is composed of the
short arm and the proximal parts of the long arms of chromo-
some Y, in a living proband diagnosed with developmental delay
and ASD.
The correlation of genotype-phenotype is still unknown and further
cases and investigations are needed.
1.P6
A case of an interstitial deletion of the long arm of chromosome 5
Valentyna Kurakova, Yuliya Shcherbak, Maryna Tsygankova, Sholpan
Kulbalaeva, Vira Galagan
National Children Special Hospital “okhmatdet”, The Center of Medical
Genetics, Kyiv, Ukraine
Correspondence: Valentyna Kurakova
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Patients with various cardiac defects are often referred to The Center
of Medical Genetics for consultation. It is known that heart defects
may be related to chromosome syndromes. The patient (a girl,
4 months) was referred from The Center of Cardiology. Anamnesis:
second pregnancy (the first - a healthy boy), birth weight 2400 g,
length 48 cm. Prenatal ultrasound screening (at 26 weeks) showed a
heart defect (membranous ventricular septal defect).
Phenotype: postnatal growth deficiency, heart defect (pulmonary artery
stenosis, ductus arteriosus, ASD), cleft palate, ocular hypertelorism, arc-
like eyebrows, thin lips, downturned corners of mouth. Absence of cor-
pus callosum and ventricular dilatation were detected by MRI. Neurologic
examination: retardation of psychomotor development, tube feeding.
The result of standard cytogenetic analysis (G-banding using trypsin;
banding resolution of approximately 500): An interstitial deletion
with breakage and reunion of bands 5q11.2 and 5q12. No microdele-
tion of 22q11.2 was detected using fluorescence in situ hybridization
on locus 22q11.2 (HIRA). Karyotype: 46,XX, del(5)(q11.2q12)
Deletion of band 5q11.2 is considered to be a chromosomal syn-
drome. Several such clinical cases have been reported. Typically, the
features of this syndrome are choanal atresia or stenosis, develop-
mental delay, heart defects, external ear abnormalities and short stat-
ure. This rearrangement can also be found in patients who have
been referred for microdeletion 22q11.2 and CHARGE syndrome, be-
cause the clinical presentations are similar.
Thus, children with congenital heart defects and development delay re-
quire cytogenetic testing with molecular cytogenetic diagnostic methods.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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This abstract is not included here as it has already been published.
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Background
Autistic Spectrum Disorders (ASD) are heterogeneous and complex
developmental diseases with a significant genetic background. Re-
current CNVs are known to be a frequent cause of ASD. Various plat-
forms are used to detect pathogenic mutations in the genome of
ASD patients.
Design: The performed study is focused on determination of the fre-
quency of pathogenic mutations in these patients using MLPA, CMA
and karyotyping.
Methods
The study involved 92 individuals with ASD predominantly from sim-
plex families (89%). Systematic screening for pathogenic mutations
involved karyotyping, screening for fragile X syndrome, screening for
metabolic disorders, targeted MLPA test with probemixes Telomeres
3 and 5, Microdeletion 1 and 2, Autism 1, MRX (MRC, Holland) and
chromosomal microarray analysis (CMA) (Illumina or Affymetrix).
Results
One chromosome aberration - r(22)- (1.08%) and FMR1 mutation
(1.08%) were detected in the group of ASD patients. Pathogenic/
likely pathogenic mutations were revealed in 16 (17.77%) ASD pa-
tients with normal karyotype (or balanced rearrangements) by CMA,
in 9 (10%) by MLPA. More than 1 CNV (pathogenic/likely pathogenic/
VOUS) were discovered in 3 patients. CMA detected 168 CNVs
altogether - 86 rare CNVs (MAF < 1% , size above 10 kb and with at
least 1 exon): 8 (4.76%) pathogenic, 12 (7.14%) likely pathogenic and
12 (7.14%) VOUS, 54 (32.14%) likely benign.
Conclusion
Concordat results were achieved in 58,8% patients with pathogenic/
likely pathogenic findings - including r(22)- tested by MLPA and
CMA. MLPA is useful as a cheap and quick tool for the targeted ex-
clusion of recurrent CNVs in ASD patients. Despite the low detection
rate (1.08%) karyotyping proved to be indispensable to discover the
genesis of the aberration.
Supported by MH CZ – DRO (FNOL 00098892), IGA UP LF_2016_010.
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Infertility concerns a minimum of 70 million couples worldwide. An
important proportion of cases are believed to have a genetic compo-
nent, yet few causal genes have been identified so far. Teratosper-
mia, a rare form of male infertility, is characterized by the presence
of over 85% morphologically abnormal spermatozoa in sperm.
Macrozoospermia is a very rare morphologic disorder of spermatozoa
observed in less than 1% of infertile men. It can be defined as the
presence of a very high percentage of spermatozoa with enlarged
head, an irregular head shape, and multiple flagella. Meiotic segrega-
tion studies in 30 males revealed that over 90% of spermatozoa were
aneuploid, mainly diploid. Different mutations in the AURKC gene
were related to this sperm defect and two recurrent mutations
(c.144delC and p.Y248*) were the most frequently described.
The aim of this study was to provide genetic characterization of fif-
teen Tunisian men with ‘macrozoospermia” refered to the Cytogen-
etic Department of Institut Pasteur de Tunis for infertility.
Molecular diagnosis was carried out for the AURKC gene in all the
patients. Firstly, screening for recurrent mutations in exon 3 and 6
was performed by direct sequencing. Secondly, the whole AURKC
gene was analyzed.
Direct sequencing of exon 3 revealed the presence of the c.144delC
recurrent mutation at a homozygous state in 10 patients out of 15
(66%). In two other patients, the c.744C > G (p.Y248*) mutation in
exon 6 was identified. The remaining five AURKC exons and their
boundaries were then sequenced for the other three patients and no
pathogenic variant was detected.
Our findings confirm that the recurrent deletion c.144delC is the
most frequent mutation causing macrozoospermia in Tunisian pa-
tients. The prognosis for non-mutated men, normally with milder
forms of the pathology, is more open. To better assess the reproduct-
ive potential of these patients, a FISH analysis should be performed
on spermatozoa.
This diagnosis is important as the identification of AURKC mutations
in patients indicates that all spermatozoa will be chromosomally ab-
normal and that intracytoplasmic sperm injection (ICSI) is very disap-
pointing in this group.
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Report of a new postnatal case with pentasomy X
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Pentasomy X (49,XXXXX) is a very rare chromosomal abnormality
with less than 30 cases described in medical literature. The disorder
affects females and causes variable clinical problems with moderate
to severe mental retardation and developmental delay being the
most common features. The pathogenesis of pentasomy X is not
clear at present, but it is thought to be caused by successive mater-
nal or combined maternal and paternal meiotic nondisjunctions.
We report an infant born during the 36th gestational week who was
referred for conventional cytogenetic analysis due to a dysmorphic
phenotype. The infant’s birth weight was 2105 g (−1.8 SD), length
was 47 cm (−1 SD) and head circumference was 31 cm (−1.5 SD).
The patient had retrognathia, malformed ears, preauricular pits and
bilateral clinodactyly of the fifth fingers. Cytogenetic analysis re-
vealed that the karyotype of the patient was 49,XXXXX.
Conclusion. We report a case of pentasomy X in order to increase
knowledge about this disorder because the rarity of the condition
and few data available make genetic counselling complicated in
terms of giving families detailed clinical information. Thus we con-
sider it is very important to publish and collect data about all newly
discovered pentasomy X cases.

1.P11
Double two way reciprocal translocations in man with fertility
failures A case presentation
Inguna Stalidzane 1, Silvija Ozolina 1, Egils Gasin 2, Didzis Gavars 3
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The occurrence of two independent reciprocal translocations in one
person is extremely rare.
We report a case of a 27 years old phenotypically normal male re-
ferred for cytogenetic analysis with failed IVF treatments. His sperm
test is normal with small displacements of sperm morphology.
The couple have had repeated spontaneous abortions in an
early stage of pregnancy as well as two unsuccessful IVF proce-
dures with the patient's semen. The karyotype of the female
partner is normal: 46, XX. The patient's family have not been
studied. It is known that the patient's sister also has reproduct-
ive problems.
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Cytogenetic studies on G-banded metaphases indicated that the pa-
tient had an apparently four-way balanced complex translocation in-
volving chromosomes 1, 3, 8 and 20 with at least four breakpoints.
Further investigation by fluorescence in situ hybridization (FISH)
using whole chromosome paints, centromere probes, telomere
probes as well as locus specific probes revealed two separate recipro-
cal translocations. The patient’s karyotype was therefore:
46,XY,t(1;20)(p32.?1;q13.1),t(3;8)(q27;q21.2).
Investigation of the patient with routine analysis, standard karyotyp-
ing and FISH, is useful in such cases. Considering the complexity of
preimplantation diagnosis in this case the couple agreed on an IVF
procedure with the use of donor sperm. A pregnancy resulted in a
birth of genetically normal twins.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Intellectual disability is a common neurodevelopment disorder which
manifests as severely impaired cognitive development in early child-
hood and adolescence. In recent years advances in molecular cyto-
genetic and molecular genetics have shown that submicroscopic
genome abnormalities are a frequent, until now under-recognized,
cause of intellectual disability. The objectives of this study were to
discover new genetic causes of intellectual disability using the MLPA
method, to determine the prevalence of chromosomal aberrations
detected using MLPA and the assessment of this technique as a
screening method in the evaluation of clinically relevant and newly
discovered variations in the number of copies of DNA associated
with the intellectual disability.
We conducted a retrospective study of chromosomal changes in sub-
telomeric regions in patients with intellectual disabilities. 50 children
(10 girls and 40 boys) participated in the study. They were referred
for mental retardation/developmental delay and were evaluated at
the Pediatric Clinics, University Hospital Osijek. Initial genetic testing
that included karyotyping and molecular-genetic analysis for fragile
X syndrome were performed. Since all patients had normal results of
initial testing, MLPA testing using probes for the detection of subte-
lomeric changes (P036 and P070) was performed.
The study has shown pathological CNV changes in 5 patients (2 girls
and 3 boys) or 10%. The changes were observed on chromosomes
15, 19, 21 and X, and are in accordance with the clinical features of
the patients.
Our study has shown that the MLPA method is a useful screening
method for patients with intellectual disability. The prevalence of
chromosomal aberrations detected using this technique was higher
than expected (10%), but this could be due to the small number of
tested samples.
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Interstitial deletion of the short arm of chromosome 8 in a girl
with epilepsy and mild dysmorphic features
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Interstitial microdeletion and microduplication syndromes account
for 50-60% of all submicroscopic chromosomal abnormalities de-
tected in patients with intellectual disabilities and/or multiple con-
genital anomalies. In the literature, interstitial deletion 8p22 is
reported in a small number of cases. In the majority of cases, the
8p22 deletion span into the subtelomeric region and is associated
with a heterogeneous clinical phenotype.
We describe a 14-months old girl with a 1 Mb interstitial deletion of
8p22, born to non-consanguineous parents in a family negative for
neurological diseases, malformations and developmental delay. From
the 5th month of age she occasionally experienced brief unrespon-
siveness with hypotonia (focal complex epileptic seizures). At the age
of 8 months she had one generalized tonic-clonic and two focal
complex epileptic seizures. She presented mild dysmorphic features:
down slanting eye fissures, epicantal folds, flat nasal bridge, low-set
ears and only one groove of the right hand and mild axial hypotonia.
Brain MRI showed presence of mild signal hyper intensity in T1 se-
quence subcortically, temporally and parietaly on both sides.
Array CGH analysis on peripheral blood using BlueGnome CytoChip
Oligo 8x60K array and FISH analysis on cultured lymphocytes with
BAC probes (RP11) were performed.
Array CGH revealed de novo 1 Mb interstitial deletion on the short
arm of chromosome 8p22, including the genes SGCZ and microRNA
383: arr[GRCh37] 8p22(13981196–15000151)x1. Deletion was con-
firmed by FISH.
Cases with interstitial deletion of 8p22, including gene SGCZ and
MIR383, present heterogeneous clinical phenotypes associated with
neuropsychiatric disorders, mild intellectual disabilities, speech delay,
slight psycomotor delay and minimal dysmorphic signs. The differ-
ences in the size of the deletion and the percentage of overlapping
region of the deletion play an important role in manifested
phenotype.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Microphthalmia with linear skin defects is an rare neurodevelop-
mental X-dominant condition caused by heterozygous mutation
or deletion of the critical HCCS gene in females and it is letal in
males. A critical region for the MLS syndrome (OMIM 309801) has
been defined to encompass the genes MID1, HCCS and ARGAP6.
In our case, we describe a neonate with unilateral microphthal-
mia and facial skin lesions with a mosaic deletion of all three
critical genes.
The girl was was born with elective cesarean section because of fetal
paroxysosmal tachycardia. Clinical findings revealed anophthalmia of
the left eye. The left eyelids were intact, the orbita was empty and
the right eye was normal, without any abnormalities. She had typical
linear skin defects on the left face, one on the left side of the neck,
and two on the 3rd an 4th finger of the left hand. The other clinical
findings and neurological exam where normal. Ultrasound of the
brain and EEG were normal.
Molecular karyotyping using BlueGnome CytoChip Oligo 4x180K
array was performed. To confirm the array results, FISH using RPCI11-
768H20 BAC clone on cultivated lymphocytes was performed.
An approximatly 18% mosaic, 3,3 Mb deletion, was detected by
Array-CGH. Mosaicism was confirmed by FISH in 29% of interphase
and metaphase cells: 46,XX,ish del(p22.2p22.31)(RPCI11-768H20-)[60/
205].arr[GRCh37] Xp22.31p22.2(8622553_11887361)x1[0.18].
Only two cases of mosaic MLS syndrome and only three cases of
cryptic interstitial deletion covering HCCS gene have been described.
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Our case support data that indicate the role of the HCCS gene in
variable eye and skin abnormalities.
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Different genotype-phenotype correlations are considered for recip-
rocal CNVs. They include mirrored, identical, overlapping and unique
phenotypes (Golzio, Katsanis, 2013). The understanding of the mo-
lecular bases of these relationships is strongly complicated by tissue-
specific effects of chromosomal imbalances and the size of CNVs,
usually involving multiple genes with different functions and com-
plex interactions. Partially these problems can be overcome using
current technologies of somatic cell reprogramming as well as high
resolution molecular karyotyping (aCGH, SNP-arrays or NGS), allowing
to identify submicroscopic chromosomal aberrations affecting a sin-
gle gene. Here, we report the features of neuronal in vitro expression
of CNTN6, which has been recently associated with autistic spectrum
disorders and intellectual disability in a patient with 3p26.3 microdu-
plication of paternal origin affecting CNTN6 only (Kashevarova et al.,
2014). Neuronal cells were obtained by NGN2 differentiation of in-
duced pluripotent stem cells (IPSCs) derived from skin fibroblasts
from a patient with intellectual disability and dysmorphic features as
well as from three healthy donors with normal karyotype. It was
found, that expression of the duplicated allele of paternal origin was
significantly reduced in spite of the increased CNTN6 copy number
due to chromosomal microduplication. Moreover, the preferential ex-
pression of the maternal allele of CNTN6 was observed both in pa-
tients and donors neuronal cells derived from IPSCs. The obtained
results support the reported mode of inheritance of chromosomal re-
arrangements affecting CNTN6 in several generations by parental ori-
gin of CNV (Moghadasi et al., 2014; Hu et al., 2015). In addition, they
provide experimental evidence that some identical phenotypes in
patients with reciprocal microdeletions and microduplications syn-
dromes may be explained by haploinsufficiency due to a possible
suppression effect of chromosomal microduplication at the gene ex-
pression level.

Funding
This study was supported by Russian Science Foundation, grant
14-15-00772.
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A 7-year-old girl was referred to our clinic for hypertrichosis and dys-
morphic facial appearance. On physical examination, hypertrichosis,
upslanted palpebral fissures, epicanthus, hypertelorism, microretrog-
nathia, high and broad nasal root, distinct glabella, fine upper lip,
broad and flat philtrum and clinodactyly were detected. The height,
weight and head circumference of the patient was 128 cm, 2700 gr
and 50 cm, respectively. She had a history of an operation for oral
frenulum. Haemogram, routine biochemistry, hormone profiles,
karyotype analysis and brain magnetic resonance imaging (MRI) and
ophtalmology, otolaryngology, child psychiatry consultations were
requested.
Haemogram, routine biochemistry, hormone profiles, brain MRI re-
sults and the ophthalmologic evaluation was normal. Chronic oti-
tis media was detected on otolaryngologic examination. IQ test
reported as 95. Chromosome analysis revealed a 46,XX,der(8)-
add(8)(q24.1) karyotype. Karyotypes of mother, father and sister
were normal. aCGH was done to determine where the extra ma-
terial came from. A duplication of 35.9 Mb at 8q22.3-q24.23 was
detected.
Our case had similar phenotypic features with 8q duplication cases,
such as hypertrichosis, hypertelorism, microretrognati and long phil-
trum. But, to our knowledge, this is the first case of 8q duplication
with oral frenulum and without intellectual disability.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Familial cases of complex chromosomal rearrangements (CCR) have
rarely been described in the literature. Carriers of familial CCRs have
a higher risk for miscarriage due to either malsegregation of the de-
rivative chromosomes or generation of recombinant chromosomes.
However, men carrying CCRs seem to be more often infertile than
women, since spermatogenesis is more susceptible to chromosomal
aberrations than female gametogenesis.
We report on an infertile male patient, who was referred to our an-
drology centre with a history of primary infertility. The patient had
cryptozoospermia in several semen analyses, i.e. only very few
spermatozoa could be identified after centrifugation. Hormone ana-
lysis repeatedly showed normal LH and FSH levels, but slightly re-
duced testosterone serum values.
Cytogenetic analysis including several FISH demonstrated a com-
plex karyotype involving four chromosomal breakpoints on
chromosome 1p22.1, 9p22 (two times) and 13q14.3. Chromo-
somal material of 9p22- > 9pter was found distal to 1p22.1, and
the material of 13q14.3- > 13qter at 9p22. The derivative
chromosome 13 showed distal to 13q14.3 a small insertion of
material from 9p22 followed by chromosomal material of
1p22.1- > 1pter. This karyotype demonstrated two breakpoints in
9p22 with a distal breakpoint for the translocation to 1p22.1
and a second, more proximal breakpoint for the translocation to
13q14.3. The same karyotype was also found in the patient's
mother.
After genetic counselling the couple decided for in vitro fertilization
including intracytoplasmic sperm injection. Thus far, one attempt
was made without a successful pregnancy.
In conclusion, we report on a rare maternally inherited CCR found in
an infertile male patient. The meiotic problems in the formation of
the putative hexavalent might well be the cause for the severely re-
duced sperm count.
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In Russia, the chromosomal microarray analysis (CMA) for clinical pur-
poses is performed mostly by private laboratories. We use CMA for
postnatal diagnosis in children with multiple congenital anomalies
(MCA), developmental delay (DD) and dysmorphic facial features
(DF), for prenatal diagnosis if chromosomal anomalies in fetus are
suspected, and for testing products of conception and FFPE tumor
samples.
Over the course of 5 years, we created the largest CNVs database in
Russia that includes information on 6155 samples tested in our la-
boratory. Implementing this database not only solved the problem of
storing CNVs data in a standardized form, but also made it possible
to classify CNVs by type, size, gene content, pathogenicity, major
clinical features in patient, the kind of the sample and the array type.
In particular, we evaluated the prevalence of microdeletion syn-
dromes and pathogenic CNVs in different patient groups. In a group
of 3299 patients with MCA, DD and DF, pathogenic CNVs were de-
tected in 565 cases (17.1%).
The database contains information on CNVs detected mainly in
Russian populations, and it is used to determine the clinical signifi-
cance of CNVs previously not described in other databases, e.g. DGV
or DECIPHER, and as an additional tool for evaluation of pathogen-
icity of all other CNVs.
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Here, we present a study coordinated by the SIGU Cyto-Genetics/-
Genomics work group, which includes Chromosomal Microarray
(CMA) results from 5059 patients, originating from 17 primary referral
sites in Italy.
All individuals had been referred for CMA analysis due to isolated or
variably combined intellectual disability (ID), developmental delay
(DD), autism spectrum disorder (ASD), congenital malformation(s) (M)
and dysmorphic features (D).
Overall, 1846 non-polymorphic copy number variations (CNVs) were
identified in 1479 individuals (29%), including 60% males and 40%
females. CNVs were classified as pathogenic (pCNVs) in 39% of cases,
corresponding to 557 individuals (11%), and in the remaining 61% as
variants of uncertain clinical significance (VOUS). The latter group of
CNVs included VOUS-likely pathogenic (10%), VOUS-likely benign
(11%) and VOUS-no classification (40%) subgroups.
Out of all CNVs detected, duplications and deletions were equally
represented, while out of pCNVs, deletions accounted for 63% of im-
balances. The predominant chromosomes carrying pCNVs were chro-
mosomes 15, 16, 17 and 22.
Considering clinical categories with at least 100 individuals, the
higher diagnostic yield for pCNVs was found in patients with com-
plex clinical phenotypes suggestive of a microdeletion/-duplication
syndrome (24%), ID and M (19%), ID and D (19%), DD and D (14%)
and isolated D (12%).
This study, surveying the largest Italian cohort of individuals referred
for CMA analysis so far, confirms CMA as a first-tier analysis for indi-
viduals referred for major congenital anomalies (D/M) with or with-
out ID/DD.
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This abstract is not included here as it has already been published.
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Twenty nine patients with SMC, including 24 children with different
indications, 4 men and a woman with subfertility, were investigated
systematically with R-banding. Based on the morphology of the SMC,
the banding and the clinical indications, fluorescent in Situ
hybridization (FISH) and/or array comparative genomic hybridization
(array CGH) were performed for the characterization of the marker.
Combining all techniques, we were able to identify and characterize
eight types of SMC in 24 children and three different types in the
subfertile population.
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In the first group of 24 children, the SMC had originated from chro-
mosomes 15 (7 cases), 18 (isochromosome 18p, 7 cases), a transloca-
tion t(11;22) (3 cases), chromosome 9 (2cases), chromosome 22
(2cases), and one case each from the centromeric region of chromo-
some 13 or 21 (1case), a translocation t(4;21) and a translocation
t(5;21). In the subfertile group, we identified one SMC from chromo-
some 15, one derivative from the X chromosome and one derivative
from chromosome 22.
Clinical data, conventional karyotyping and parental investigation
allowed the orientation of the strategy for the identification of the
marker.
Using FISH and Array CGH we were able to identify and characterize
28 out of 29 markers. Unlike previous studies where SMC 15 is the
most frequent followed by SMC 22, in our population SMC derived
from chromosomes 18 and 15 are the most frequent.
Subfertile people are usually phenotypically healthy but the presence
of SMC probably disrupts the process of gametogenesis during
meiosis.
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In 2015 and 2016, the geneticists of „Grigore T. Popa” Medicine and
Pharmacy University Iaşi, evaluated 1950 patients with genetic/mal-
formation disorders. In 335 patients (17.1%) karyotyping using GTG
banding was performed. The majority of the patients had a classical
chromosome disorders (Down syndrome – 95 cases [89 confirmed];
Turner syndrome – 39 cases [31 confirmed] or Klinefelter syndrome –
6 cases [4 confirmed]). In patients presenting with multiple congeni-
tal anomalies (107 cases) or a craniofacial dysmorphic features (88
cases) we identified 25 with an unbalanced chromosomal anomaly.
In 14 patients with a normal karyotype, but a phenotype specific for
a micro deletion syndrome, we confirmed the specific anomaly by
FISH or/and MLPA (4 cases of velocardiofacial syndrome, 2 cases of
Wolf-Hirschhorn syndrome, 3 cases of Prader-Willi syndrome, 2 cases
of cri-du-chat syndrome, 2 cases of Williams syndrome and 1 case of
Miller-Dieker syndrome). In 11 patients we applied array-CGH with
Sure Print G3 ISCA V2 CGH 8x60K Array Kit (Agilent Technologies),
NimbŀeGen MS 200 Microarray Scanner and NimbŀeGen MS 200 Soft-
ware v1.1 and we found a genomic anomaly in 10 of these. The se-
quential use of different types of targeted chromosomal/molecular
analyses (karyotype, FISH, MLPA, array-CGH) allowed us to certify the
diagnosis in 163 of 335 patients (48.65%). This study was supported
by founding of PN-II-PT-PCCA-2013-4-133 Program of UEFISCDI (Na-
tional Romanian organism of research).
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Insertional translocations (ITs) are relatively rare rearrangements, occur-
ring with estimated frequency 1:5000 newborns, and more recent stud-
ies increased estimate of about 1:500. We report a familial case of IT.
aCGH using chromosomal microarray (CMA) revealed an ~16 Mb
copy number gain of chromosome 7q31.33q34 material. Patient at
age 18 months was referred for evaluation because of developmen-
tal delay, seizures of unknown etiology and slight dysmorphic fea-
tures. Previously performed karyotype was normal. FISH analyses
using WCP7 probe revealed that segment of chromosome 7 is
inserted into chromosome 2. The size of inserted region measures
0.56% of the haploid autosomal length (HAL), which duplicated.
Cytogenetic studies were initially performed on the proband's father
and mother. A balanced insertion of chromosome 7 material (band
q31.33 to q34) into chromosome 2 at band q35 was found in the
father. mBAND 7 supported the G-band interpretation of an direct in-
sertion of material of chromosome 7 into chromosome 2. Combined
with these studies proband's karyotype was determined as
46,XY,der(2)ins(2;7)(q35;q31.33q34)pat. Additional relatives were stud-
ied. Cytogenetic studies previously performed on the proband's aunt
at age 6 years because of mild developmental delay, short stature
and slight dysmorphic features, showed a normal karyotype. At age
40 years aCGH revealed the same copy number gain of chromosome
7q31.33q34 material. FISH using WCP probes confirmed unbalanced
IT. The proband`s grandmother was found to carry the balanced in-
terchromosomal insertion: 46,XX,ins(2;7)(q35;q31.33q34). Thus two
members of this family are duplicated for the region 7q31.33q34 due
to unbalanced segregation of the insertion in two generations. Con-
sidering the small size of this insertional segment there is a high sur-
vivability of the conceptuses. The risk for recurrence in this family is
high. In this way only complex approach allows to perform a
complete quality diagnosis.
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The 4q21 microdeletion syndrome (MIM: 613509) is an emerging
genomic disorder manifested as neonatal hypotonia, intellectual dis-
ability, absent or severely delayed speech, marked progressive
growth retardation, variable brain malformation, and facial dys-
morphism. To date, about 50 cases have been clinically and molecu-
larly characterized. Although the boundaries and sizes of the 4q21
region deletions were different, a 1.37-Mb critical interval containing
5 genes (PRKG2, RASGEF1B, HNRNPD, HNRNPDL, and ENOPH1) was
defined; these genes are considered to be the most promising
candidates.
Here, we report on the case of a 17-year-old girl referred for genetic
counseling because of psychomotor retardation, speech delay and
subtle dysmorphic features (frontal bossing, broad forehead, hyperte-
lorism, micrognathia). The pregnancy was complicated by intrauter-
ine fetal hypotrophy. In the neonatal period, the patient presented
with hypotonia, feeding problems and poor weight gain. At the clin-
ical examination low body mass, joint laxity, hypertonia, psycho-
motor hyperactivity and seizures were noted.
Conventional G-banding karyotyping revealed a de novo complex
chromosome rearrangement (CCR) involving three chromosomes
(2;4;11)(p12;q21;p11.1). Whole-genome oligonucleotide microarray
analysis revealed a 7.99-Mb cryptic interstitial deletion of the
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4q13.3q21.21 region associated with the translocation breakpoint
(chr4:73056485–81046914; GRCh37).
The phenotypic and genetic findings of our patient will be compared
with those of previously reported patients. Although the deletion in
the presented girl encompasses genes located more proximally, not
included in the critical region for the 4q21 microdeletion syndrome,
our proposita presents some of the common features described in
the patients with this disorder. We indicate several candidate genes
(SCARB2, FRAS1, PAQR3, ANTXR2) within the deleted region and de-
fine their role in the clinical manifestations of the syndrome, provid-
ing new data supporting further genotype-phenotype studies.
This study was supported by the NCN Grant No. 2016/21/B/NZ5/
02541.
Consent to publish: The authors confirm that written informed
consent was received by the patient for publication.
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Phelan McDermid or 22q13.3 deletion syndrome (MIM: #606232) is a
rare genetic disorder characterized by global developmental delay,
cognitive deficits and behaviour in the autism spectrum. The mental
retardation and developmental delay of these patients are mainly
caused by deletions of the SHANK3 gene.
Conventional chromosomal analysis is recommended for evaluation
of congenital anomalies and developmental delay but it may not be
suitable for detecting microdeletions. Therefore, complementary mo-
lecular cytogenetics techniques such as fluorescence in situ
hybridization (FISH), Multiplex ligation-dependent probe amplifica-
tion (MLPA) or array comparative genomic hybridization (arrayCGH)
may be useful methods to detect these microdeletions.
The authors present a 7-year-old girl with the clinical information of
learning disabilities and behaviour disturbances. MLPA using Salsa®
MLPA® Kits P036-E2, P70-B3, P245-B2 and P343-C2 (MRC, Holland,
The Netherlands) were performed. These studies revealed a deletion
in 22q13.3, involving the RABL2B gene and partial SHANK3 gene.
Both parents had normal results in all these studies. ArrayCGH was
requested in order to clarify these results. An interstitial deletion in
22q13.33, with an initial breakpoint in intron 9 of SHANK3 and a final
breakpoint in an intergenic region, approximately 70 Kb, was
observed.
Phelan McDermid is a complex and very heterogeneous syndrome.
Although still considered rare, with the advance of genetic tests,
namely MLPA and arrayCGH, it is likely that more cases will be identi-
fied. Karyotyping should be performed to exclude the presence of
structural chromosomal anomalies, such as ring chromosome 22 and
translocations involving this chromosome. Parents should always be
tested in order to achieve the best genetic counselling for these
families.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Male infertility accounts for half of couples with reproductive failure.
In about 30% of them the etiology of spermatogenetic failure re-
mains unexplained. Genetic routine investigations for severe male in-
fertility include standard karyotype and AZF regions analysis.
However, the impact of DNA copy number variations (CNVs) de-
tected by array-based comparative genomic hybridization (array-
CGH) is poorly documented. The aim of the present study was to test
a custom-designed array-CGH in a cohort of patients with non-
obstructive azoospermia (NOA) in order to screen DNA unbalances
associated with spermatogenesis failure.
We report the use of a high resolution Agilent 400 K custom de-
signed array-CGH to analyze a cohort of 50 men with NOA. Standard
karyotype and AZF microdeletion analyses were normal. Custom
array-CGH targeted a wide panel of 450 infertility-related genes.
These genes are well known to be associated with male infertility or
are strong candidate as published in mice. We enriched the micro-
array with oligonucleotide probes positioned in exons, introns as well
as 5' and 3' regulated regions. Unenriched regions of the genome
were covered by backbone probes to maintain a pangenomic
analyze. We identified CNVs of interest that can be correlated to re-
productive function within the cohort. It provided a relevant number
of candidate genes like APOB or ZFPM2 which could represent novel
targets for future research investigations. In addition, it also im-
proved chromosome Y screening as we were able to detect in one
patient a large microdeletion of 2 Mb in the AZFc region that was
not identified by molecular genetic diagnosis.
We conclude that the use of a customized array-CGH would be
suited for use in routine diagnosis and thus genetic counseling of
male infertility issues and would provide new insight into the genetic
basis of infertility.

1.P27
A patient with a ring chromosome 14 syndrome involving adjacent
14q32.33 microduplication and microdeletion a case report
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Pajusalu 1, Maria Yakoreva 1, Tiia Reimand 1
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The ring chromosome 14 is a rare cytogenetic aberration causing the
r(14) syndrome which is characterized by early-onset epilepsy, devel-
opmental delay, microcephaly, and dysmorphic facial features.
Here we report on a 16-month-old boy who presented at 11 months
of age with epileptic encephalopathy like clinical features: epileptic
status, very frequent intractable seizures and progressive psycho-
motor impairment. He was born from uneventful pregnancy and de-
livery, but had feeding difficulties and failure to thrive in infancy. A
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microcephaly, speech delay and some minor dysmorphic features
were also noticed.
To investigate monogenic causes for epilepsy (presenting as epi-
leptic encephalopathy) a next generation sequencing (NGS) of
4813 genes associated with monogenic disorders was performed
using TruSight One panel (Illumina). No disease causing point
mutations were detected, but the read-depth analysis of NGS
alignments indicated a possible distal duplication of chromosome
14 (chr14:104,174,847-qter). To clarify the finding chromosomal
microarray analysis was performed (HumanCytoSNP-12, Illumina)
and two adjacent copy number variants were detected in
chromosome 14: a 1.7 Mb duplication and 351 kb terminal dele-
tion, both in the band 14q32.33. At this point r(14) was sus-
pected, and later confirmed by routine GTG-banding. As the
parents did not carry the chromosomal aberration the patient’s
karyotype was concluded as 46,XY,r(14)(p12q32)dn.
In conclusion, this case illustrates the necessity for integrating mo-
lecular and cytogenetic diagnostics to clarify the genetic aetiology of
genetic disorders. Large structural chromosomal aberrations should
be continuously included into differential diagnosis of epilepsy
syndromes.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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A microdeletion in 16p11.2 represents a rare syndrome and an even
rarer occurrence in prenatal diagnosis. In individuals presenting with
delayed language development and abnormal speech articulation,
learning difficulties/intellectual disability, social impairments with or
without a diagnosis of autism spectrum disorder (ASD), macroceph-
aly and vertebral anomalies, this syndrome should always be
considered.
The authors describe a case with a deletion of the short arm of
chromosome 16, in 16p11.2, detected at prenatal diagnosis. A
woman was referred for prenatal diagnosis at 21 weeks of gestation
due to fetal malformations, several hemivertebras and single umbil-
ical artery. Chromosome analysis was performed on GTL banded
metaphases obtained from cultured amniocytes, with a resolution
level of 400 bands. Molecular studies included array CGH and Multi-
plex ligation-dependent probe amplification (MLPA), using Salsa®
MLPA® Kit P343 (MRC, Holland, The Netherlands).
The karyotype revealed an apparently normal female karyotype.
Array CGH identified a 4,630 Mbp deletion on chromosome
16p11.2, which includes 138 genes. The pregnancy was termi-
nated and the chromosome 16 microdeletion was confirmed in
fetal skin by MLPA. Since parental studies were normal, this
anomaly was considered “de novo”.
The clinical features of this fetus will be compared with previously re-
ported cases with the same microdeletion. The authors enhance the
importance of multidisciplinary team discussions in prenatal diagno-
sis cases and thorough genomic analysis, particularly when fetal mal-
formations are detected during echography evaluations.
1.P29
RPS6KA3 duplication in a male child with severe intellectual
disability
Sílvia Serafim 1, Bárbara Marques 1, Cristina Ferreira 1, Filomena Brito 1,
Marisa Silva 1, Laurentino Simão 1, Cristina Alves 1, Sónia Pedro 1,
Joaquim Sá 2, Hildeberto Correia 1

1Instituto Nacional De Saúde Doutor Ricardo Jorge, I.p., Departamento
De Genética Humana, Lisboa, Portugal; 2Centro Hospitalar Do Algarve,
Consulta De Aconselhamento Genético, Faro, Portugal
Correspondence: Sílvia Serafim
Molecular Cytogenetics 2017, 10(Suppl 1):1.P29

Rare inherited and de novo copy number variations (CNVs) are the
cause of a variety of genetic disorders with intellectual disability (ID).
Chromosomal microarray analysis (CMA) has been a rapid method to
identify both large and small pathogenic genomic imbalances caus-
ing those disorders.
The identification and classification of a CNV as pathogenic is not al-
ways easy to establish. For deletions or loss of function of specific
genes, the likelihood of being causal is higher, and for duplications
or overexpression for the same genes, the classification is harder.
Here we present a male child with severe ID and a family history
with a female sibling presenting mild ID. Affymetrix Cytoscan HD
CMA identified a gain of 530 Kb on Xp22.12 (chrX:
20016145_20546410 [GRCh37])) encompassing EIF1AX and RPS6KA3
genes. Inheritance was not yet possible to assess.
Mutations in the RPS6KA3 gene causes Coffin-Lowry syndrome, a
mental retardation syndrome with dysmorphic facial features and
skeletal anomalies. X-linked mental retardation-19 is a nonsyndromic
form of mild to moderate ID also caused by mutations in RPS6KA3.
Carrier females may be mildly affected. This shows that phenotypic
variability may be expected for the loss of function of this gene.
Recently both familial and isolated cases have been reported with a
duplication of the entire RPS6KA3 gene associated with mild to mod-
erate ID. These few cases suggest that increased dosage of RPS6KA3
may be the cause for ID in these patients and gives additional infor-
mation on genotype-phenotype correlation of imbalances regarding
this gene.
The collection of more cases with duplication of RPS6KA3, as the one
described here, will help to establish a better classification for these
CNVs, as well as help to better predict the phenotypic consequences
and facilitate subsequent genetic counseling in the families.

1.P30
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Mosaic females with a 46,X,r(X)/45,X chromosomal constitution com-
prise about 6-7% of cases with Turner Syndrome. A more severe
phenotype is often present in individuals with small X ring chromo-
somes and is usually due to functional disomy. Failure of these X
chromosomes to undergo inactivation is either due to lack of XIST
gene or lack of its expression. The authors describe a case of a XIST-
positive small ring X chromosome and the implications on the
phenotype.
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A girl aged 12 months with dysmorphic features, motor delay,
growth failure and cardiomyopathy was referred for cytogenetic
studies. The karyotype was obtained from peripheral blood
lymphocyte cultures using standard techniques and high reso-
lution GTL banding. Fluorescence in situ hybridization studies
(FISH) were carried out with a specific probe for the centromeric
region of the X chromosome (DXZ1 probe, Cytocell, UK). FISH
with a specific probe for the XIST gene (Oncor) was also
performed.
Cytogenetic analysis revealed mosaicism with two cell lines: one
with a small marker chromosome 46,X,r(X), and another cell line
with 45,X. The small marker was identified by FISH as a ring X
chromosome and the presence of the XIST gene was also estab-
lished. Final karyotype of the proband: mos 46,X,r(X)[38]/
45,X[12].ish r(x)(DXZ1+,XIST+).
X inactivation in females with an abnormal X chromosome usu-
ally results in a Turner Syndrome variant phenotype. However,
even small X ring chromosomes comprising the XIST gene may
fail to undergo inactivation. The mechanism remains unclear. Fail-
ure in X dosage compensation results in both X chromosomes
being active and consequently leading to a more or less severe
phenotype.
The clinical description of this patient is in agreement with simi-
lar cases in the literature, however due to the patient’s young
age, mental impairment is still difficult to ascertain. Appropriate
genetic counseling has been offered to both parents and it will
also be available to the patient when she will reach reproductive
age.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Background
Isochromosome Xq is a structurally abnormal chromosome, consist-
ing of two copies of the long arm (missing all or most of the short
arms). It is seen in 18% of patients with Turner syndrome (TS), as a
single cell line or in mosaicism with a 45,X cell line. TS results from
complete or partial monosomy X and occurs in ~ 1/2000 to 1/5000
female births. Short stature, gonadal dysgenesis, and primary amen-
orrhea are the most important features of TS. We present a 2 year
old female with short stature and three cell lines with either isodi-
centric X, two copies of isodicentric X or monosomy X.
Methods and results
Postnatal cytogenetic analysis on metaphase chromosomes was per-
formed according to standard procedures using GTG-banding.
Mosaicism was confirmed with fluorescence in situ hybridization
(FISH) using LSI XIST (Xq13.2) and CEP X (DXZ1) (Vysis, Abbott
Molecular). Cytogenetic analysis showed the karyotype mos
46,X,idic(X)(p11.2)[242]/47,X,+idic(X)(p11.2)x2[16]/45,X[7]. The per-
centage of the cell lines was estimated to 91% for the first , 6% for
the second and 3% for the third cell line.
Conclusıons
The majority of isochromosomes Xq include proximal Xp material
and are actually dicentric . Our results confirmed the structural
rearrangement of the X chromosome and mosaicism with three
different cell lines, including one rare cell line with two copies of
idic(X).
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Introduction
Development delay is defined as a significant impairment of cogni-
tive and adaptive functions, affects about 10% of all children.
Chromosomal aberrations are one of the most common known
causes of development delay, detected from 9% to 36% of all cases.
The aim of this study was to evaluate large structural chromosome
aberrations (karyotype) in children with development delay tested in
The Hospital of Lithuanian University of Health Sciences.
Methods
110 children with development delay of unexplained origin (age
from 2 to 18 years, average age 7,24 ± 4,8 years; female = 50, male =
60), who underwent genetic counseling in The Hospital of Lithuanian
University of Health Sciences Kauno Klinikos during 2013–2016, were
involved in this study. Cases with specific syndromes, like Down syn-
drome, were excluded from the study.
Karyotype analysis from peripheral blood lymphocytes was
performed for all patients by the standard laboratory protocol.
Chromosome preparations were stained with trypsin-Giemsa to ob-
tain G-banding. C-banding was performed when necessary.
Results
Normal karyotype was found in 108 (98%) cases and two had struc-
tural chromosome aberrations: 45,XY,t(13;14)(q10;q10) and mos46,-
XY,t(4;11)(p11;p11)[5]/46,XY[47]. Both patients had significant
development delay. First case had no dysmorphic features; the sec-
ond was dysmorphic (both cases were negative for syndromic dele-
tions specific to DiGeorge or Smith Magenis).
Conclusions
The cytogenetic findings were probably coincidental to the deveolp-
ment delay.
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Introduction
3q2 duplication syndrome is a rare chromosomal disorder, in which
the symptoms and patient history vary widely depending on the
length of the duplicated segment. In most cases (75%), trisomy 3q2
is the product of unbalanced segregation of balanced inversions or
translocations and/or insertion in the parents’ gonads.
Case
Here we report two Moroccan siblings with 3q2 duplication syn-
drome. The first patient is an 8 year old male, presenting with dys-
morphic features, a multiple malformations, growth delay and a
severe mental retardation. The second patient is a 5 months old fe-
male presenting dysmorphic features, hypotonia and multiple malfor-
mations. The first patient’s tests were normal, while the biochemical
investigations of the second patient showed hypothyroidism, and
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ultrasonography showed biliary stones, polysplenia, rudimentary in-
ferior vena cava.
Cytogenetic analysis
Karyotyping of both patients and their parents showed that the pa-
tients were carriers of additional material on the short arm of
chromosome 3, and the father had a balanced pericentric inversion
of chromosome 3 with karyotype 46,XY,inv(3)(p26q25). Fluorescent in
situ hybridization on patient’s chromosomes showed that the add-
itional materiel on the short arm of chromosome 3 corresponded to
the 3q telomeric region. This result confirmed trisomy 3q25 in both
patients.
Discussion
This report helps to further delineate the 3q2 duplication syndrome.
Furthermore, we describe new clinical signs never reported in associ-
ation with this disorder namely hypothyroidism, biliary stones, poly-
splenia and rudimentary inferior vena cava.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Chromothripsis is a newly described biological phenomenon charac-
terized by massive chromosomal rearrangement. It involves shatter-
ing of one or few chromosome segments followed by a random
reassembly of the fragments generated and this rearrangement oc-
curs during one unique cellular event. Chromothripsis was well docu-
mented in tumors but was also recently observed in congenital
disorders. Nevertheless, constitutive observations are extremely rare.
At our knowledge, there is no description of constitutional chromo-
thripsis affecting chromosome 20.
We report the case of a 3 month-old female patient. The family history
was unremarkable. She displayed evident facial dysmorphic features
with bilateral epicanthus, hypertelorism, long philtrum and low-set ears
associated with axial hypotonia, cerebral ventricular dilatation, hepatos-
plenomegaly, cholestasis and hepatic cytolysis. The Allagile syndrome
was suspected.
Cytogenetic analyses were performed from lymphocytes. Agilent
180 K Array-CGH showed 6 copy number variations on chromosome
20: terminal deletion 20p13 (2.29 Mb), deletion 20p12.1 (2.97 Mb),
duplication 20q11.21q11.23 (5.4 Mb), deletion 20q13.12q13.13
(3.09 Mb), deletion 20q13.2 (1.7 Mb) and terminal duplication
20q13.33 (1.4 Mb). A total of 136 OMIM referenced genes were de-
leted or duplicated. The rearrangement contained 10 breakpoints lo-
calized on a single chromosome and log2 ratio plot suggested a
cellular mosaicism estimated at 80%. The Alagille locus was not un-
balanced (JAG1 gene, 20p12). The successive deletions and duplica-
tions were not clustered on a chromosomal region but spread over
the entire chromosome 20. Standard karyotype revealed a cytogenet-
ically visible rearrangement of one chromosome 20. The chromo-
somal mechanism was assayed by FISH analysis.
Genotype-phenotype correlation of this first case of constitutional
chromothripsis affecting chromosome 20 is discussed. In the light of
this new spectrum of chromosomal rearrangements, this report
outlines the main features of these catastrophic events and under-
lines the absolute necessity to combine conventional and molecular
cytogenetic tools.
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Karyotype 45,X/46,XY mosaicism is a rare sex chromosome disorder
of sex development and is considered to be a phenotypically very
heterogeneous con¬dition. There is no obvious correlation between
the phenotypic appearance and the respective cell line counts on
routine peripheral blood karyotyping. Disorders of sex development
(DSD)are associated with a broad spectrum of clinical phenotypes
which may affect growth, hormonal balance, gonadal development,
and histology.
Case Report
The patient was a 12-year-old boy with abnormal genitalia, short
stature and obesity.
The patient’s height was 132.5 cm (−2,16 SD), sitting height was
78.2 cm (−2.52 SD), his weight was 56.3 Kg and his BMI was 30.1
(+3.64 SD). In his physical examination bilateral cryptorchidism, and
gynecomastia were observed.The hypospadiac penis measured 3 cm,
0.5 cm apparently. Laboratory evaluation showed low levels of
insulin-like growth factor 1 and growth hormone. Radiographic
examination of the skeleton demonstrated a bone age correspond-
ing to 12.6 years 6 months and diffuse osteopenia.
Cytogenetic analysis demonstrated the presence of two cell popula-
tions, 42% with 45,X and 58% with 46,XY. FISH analysis confirmed
cytogenetic abnormality. Laparoscopy showed a small testicles. The
testicular biopsies found of variable degrees of bilateral dysgenetic
testes. Because of the prevalence of tumors, especially gonadoblasto-
mas and dysgerminomas, in these disorders of sex development,
karyotyping is important for early recognition of such patients and
their appropriate management. We suggest that boys with unex-
plained short stature should be screened with chromosomal analysis.
The management of each patient should be individualized according
to detailed anatomical and histological assessment.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Autosomal reciprocal translocations (ART) are associated with repro-
ductive failure in some carriers; for others, there may be a risk of off-
spring with multiple malformations and mental retardation due to
malsegregation at meiosis resulting in gametes with chromosome
imbalance (CI).To estimate the factors associated with the risk of a vi-
able child with CI in 49 carriers of ART, binary logistic regression
method (R-statistics) was used. The offspring of a healthy carrier is
the statistical unit. Dichotomic (binary) variable was the status of the
progeny:1 if the unbalanced child was viable, 0 – otherwise
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(spontaneous abortion, fetal death or a child with a normal pheno-
type). The independent variables (predictors) were selected follow-
ing characteristics of translocation affecting meiotic behavior of
quadrivalent and zygote viability: R 1 - female sex of the carrier;
R 2 - the translocated segments (TS) are enriched by G-positive
bands; R 3 - chromosome 9 is involved in translocation; R 4 - ac-
rocentric chromosomes (13–15, 21 and 22) are involved in the
translocation; R 5 – severe asymmetric quadrivalent (the ratio of
the longest and the shortest TS and the ratio of the longest and
the shortest centric segments, calculated separately, were both 2
or more); R 6 – terminal breakpoints, when at least one of the
two TS /the arms involved in translocation ratio <0,2 (model 1,
Akaike information criterion (AIC):63,365). Model 2, predicting risk
of a viable child with CI from variable R 6 (terminal breakpoints),
was obtained after two steps (Wald’s test: 2,675, p = 0,007; AIC: 59,088;
ANOVA: χ2 = 8.1743, p = 0,004 for null model/model 2, χ2 = 5.7228, p =
0.3341 for model 1/model 2; OR: 6,2045; 95% CI: 1,63-23,63).Thus, low-
est AIC value and achieved signification level suggest that terminal
breakpoints are independently associated with the risk of a viable child
with CI.
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Array-based analysis (aCGH) has gradually replaced traditional karyo-
typing as the primary diagnostic tool for identifying unbalanced
chromosome abnormalities. Compared to karyotyping, aCGH im-
proves the detection of small deletions, duplications and break
points, but is limited in its inability to detect balanced rearrange-
ments. Still there are reasons to keep both techniques available in a
diagnostic genetics laboratory. We present three cases where the
combined use of aCGH and karyotyping made it possible to under-
stand the full picture of the aberration.
Case 1: Patient with one normal cell line and one cell line carrying a
supernumerary marker chromosome identified as a ring 11.
Case 2: Patient with a supernumerary marker chromosome identified
as an isodicentric chromosome 15.
Case 3: Patient with one cell line with an isodicentric Y chromosome
and one cell line with two isodicentric Y chromosomes.
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Bipolar disorder (BD) is a severe psychiatric illness affecting approxi-
mately 1%-2% of individuals worldwide. BD is characterized by alter-
nating manic and depressive episodes. Lithium is one of the most
effective long-term treatments for BD, but 30%–40% of patients, fail
to respond, and there is currently no method to identify the good
lithium responders before initiation of treatment (Oedegaard et al.,
2016). In a recent study, we demonstrated by quantitative PCR
(qPCR), that leukocyte telomere length (LTL) of lithium responders
(LiRs) and non-responders (non-LiRs) was positively correlated with
years of lithium therapy. However, we fail to find significant differ-
ences between LiRs and non-LiRs LTL. We also reported quantitative
fluorescence in situ hybridization (qFISH), measuring changes in telo-
mere fluorescence intensity, in a subset of 8 patients (4 LiRs and 4
non-LiRs). Results by qPCR and qFISH were significantly correlated,
but still, we found no statistically significant differences in LiRs and
non-LiRs (Squassina et al., 2016). Since evidence suggests that the
number of short telomeres rather than LTL determines telomere dys-
function (Elvashagen et al., 2011), we focused on the presence/ab-
sence of fluorescence chromosome ends to test if the mere
enumeration of signals could significantly distinguish LiRs from non-
LIRs. For this purpose, we analyzed 20 metaphases from 8 patients
and 7 age-matched healthy controls, for positive and negative fluor-
escent telomeres. The results indicated that the number of negative
(dark) telomeres was significantly higher in non-LiRS than LiRs (p =
0.041). In contrast, we observe no statistically significant difference
between BD patients and healthy subjects (p = 0.36). Verification and
validation of our preliminary results will prove if a simple count of
“dark telomeres” may provide a valid biomarker distinguishing bipo-
lar patients responding to lithium treatment.
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Duplications of chromosome 19q are apparently very rare. Among
the few patients with duplication of 19q described in the litera-
ture, only seven have a breakpoint defined by molecular karyo-
typing. The 19q duplication results in a variable phenotype,
including dysmorphisms, multiple congenital anomalies and intel-
lectual disability.
We report on a male infant with global developmental delay, micro-
cephaly, ocular coloboma (iris, retina, choroid), extrahepatic biliary
atresia, and various components of VACTERL association (butterfly
vertebrae, anal atresia, atrial septal defect, clubfoot), in whom a de
novo terminal 14.1 Mb duplication of 19q13.31q13.43 was detected
by SNP array analysis. While initial chromosome banding analysis
performed by Giemsa banding at the 500 band level showed normal
results, fluorescent in situ hybridization (FISH) revealed that the du-
plicated region was attached to the short arm of chromosome 15.
Karyotype was defined as: 46,XY,der(15)t(15;19)(p12;q13.31)dn.ish
der(15)t(15;19)(p12;q13.31)(D19S238E+,MD54).arr[GRCH37] 19q13.31q13.
43(44899917_58956816)x3 dn.
Most of the cases described with a duplication of distal 19q are
associated with imbalances of other chromosome regions. There
are only few reports of pure partial duplication of 19q resulting
from translocations involving the short arm of acrocentric chro-
mosomes. This is the first description of a patient with a pure
19q duplication due to a de novo unbalanced translocation be-
tween 19q and 15p. Furthermore, it is the largest reported 19q
duplication with a breakpoint defined by molecular karyotyping.
We review the literature and compare the phenotype of patients
with similar chromosomal rearrangements.
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We investigated 45 children with various signs of dysmorphism, neu-
rodevelopmental disorder and/or intellectual disability by array com-
parative genomic hybridization using 1.4 M probes per subarray or
180 K oligo-array (assembly GRCh37/hg19) to identify submicroscopic
CNVs. We discovered 16p11.2-p12.2 CNVs in 10 cases (7 duplications
and 3 deletions). On the bases of breakpoints we could distinguish 3
groups of patients. 1) In the 16p12 region a ~527 Kb duplication in a
4 year old girl and an 173 Kb deletion in a 10 year old boy with a dis-
tal and a proximal breakpoint located ~21.8 Mb from the telomere.
They have similar dysmorphic facial features, and developmental
delay manifested particularly in speech. The boy carried an additional
2.4 Mb 15q11 duplication and had a severe ASD.
2) In the 16p11.2 region with 28.8 Mb proximal and distal break-
points, respectively, we identified two small deletion cases with com-
pletely different phenotypes. A 3 year old boy with a smaller, 105.5
Kb deletion presented muscular hypotonia, moderate intellectual dis-
ability and delayed speech. A 3 year old girl with a 212.7 Kb deletion
that included the SH2B1 gene,
presented early onset, severe obesity (pc > 97), strabism and genu
varum.
3) A 575 Kb duplication with the same breakpoints (29.6-30.1 Mb)
was identified in two brothers and their mother. The brothers had
ASD, but their mother was healthy.
In the case of a 12 year old boy an 1.84 Mb deletion was identified
with unique 31.9 and 33.8 Mb breakpoints. He was hyperactive with
short attention span and concentration problems, but did not have
autism. Based on our data 16p11-p12 rearrangements predispose to
neuropsychiatric problems without any distinctive phenotypic
manifestations.
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Proximal deletion of the long arm of chromosome 12 is a rare
chromosomal abnormality described in about 20 patients. Known de-
letions span region 12q11-12q13 with genes YAF2 and/or AMIGO2
suggested as the candidate genes for the key phenotypic features
such as growth and psychomotor retardation (Miyake et al., 2004;
Gimelli et al., 2011).
Here we present a child with 3.1 Mb interstitial deletion of the long arm
of chromosome 12 (arr[hg19] 12q12q13.11(43889138_47011108)x1) de-
tected with SNP-array platform (Thermofisher). The patient was born
after an unremarkable pregnancy at 39 weeks of gestation. Birth weight
3942 g and length 47 cm, Apgar 9-10-10. No dysmorphic features were
observed. At age 14 months a tendency to growth and developmental
delay was noticed. At 3 years of age the patient shows a clearly delayed
motor and language development, accompanied by generalized mus-
cular hypotonia. Also remarkable is growth retardation with hight
84.5 cm (−3 SD) and weight 12.2 kg (−2 SD). The clinical observations of
our patient overlap with major common findings for published cases
such as growth and developmental retardation.
The deletion observed in our patient spans 12 protein coding genes.
However genes YAF2 and AMIGO2 are not involved. Hence our ob-
servation calls for reconsideration of the critical region and/or candi-
date genes for 12q proximal deletion associated with growth and
developmental delay.
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Translocations involving an X chromosome and an autosome are rare
and are associated with a variable phenotype. Most unbalanced X-
autosomal translocations result in multiple abnormalities; a smaller
proportion cause gonadal dysgenesis without other anomalies or
mental retardation. We present clinical, cytogenetic and molecular
cytogenetic findings of two patients with de novo unbalanced X-
autosomal translocations.
Case 1: Proband, 12-year-old girl, with only insignificant stigmata of
Turner syndrome. Cytogenetic analysis (GTG-banding) of cultured
peripheral blood lymphocytes revealed an abnormal karyotype with
a der(X). Additional FISH analysis with WCP18, CEP18, subtelomere X
and 18 DNA-probes, mBAND X and mBAND18 allowed us to interpret
proband’s karyotype as 46,X,der(X)t(X;18)(p22.3;p11.32)dn, resulting
in a deletion of Xp22.3→ Xpter, and a duplication of of 18p11.32→
18qter.
Case 2: Proband, 2-year-old girl, with mental retardation, delayed
motor development, speech delay, dysmorphic features (including
high forehead, hypertelorism, broad nasal bridge, low-set mal-
formed ears, polydactyly of the left hand). Cytogenetic analysis
(GTG-banding) of cultured peripheral blood lymphocytes revealed
an abnormal karyotype with an additional material of unknown
origin on a q-arm of chromosome X. M-FISH showed the material
of chromosome 12 and mBAND 12 allowed us to identify the re-
gion 12q23→ 12qter. Thus, probands karyotype was interpreted
as 46,X,der(X)t(X;12)(q26;q23)dn.
We present two cases of de novo unbalanced X-autosomal transloca-
tions with different phenotypic features which may be explained by
the pattern of inactivation of the derivate chromosome X. We can as-
sume that in case 1 der(X)t(X;18) is inactivated. Transcriptional silen-
cing spreads into the autosomal chromatin on the der(X), thus
reducing the phenotypic effect of the duplication of the segment of
18, and leading simply to a phenotype of partial Turrner syndrome.
In case 2, the autosomal segment of the der(X) is probably function-
ally active and the proband’s phenotype is due to the duplication of
12q24→ 12qter.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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The aim of our study was to evaluate and systematize a co-
occurrence of gonosomal and autosomal abnormalities.
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We analyzed literature data and own results of about 10,000 cyto-
genetic and molecular chromosome analyses. All of these combined
aberrations were classified into three groups: ‘numerical + numerical’,
‘numerical + structural’, ‘structural + structural’. The first one includes
double/triple aneuploidies: autosome trisomy (13, 18, 21) and disomy
Y, trisomy X, Klinefelter (KS) or Turner syndrome (TS). It is the result
of non-disjunction in maternal meiosis or a combination of maternal
and paternal meiosis errors and/or post-zygotic non-disjunction. We
found mosaic 47,XY,+21/48,XXY,+21 in 0.4% KS patients, and one
prenatally diagnosed a 48,XYY,+13 karyotype. The second group
consists of combinations of numerical and structural aberrations. Y-
inversions are rarely associated with Klinefelter and Down
syndromes. We examined one family (DS proband, healthy father,
grandfather) with Y-inversion, and revealed that additional chromo-
some 21 was maternal in origin. We found reciprocal translocations
in 0.5% KS patients, Robertsonian translocations in 1.4% SRY + XX-
males and in 0.5% TS patients, including one chimera – 45,X/
46,XY,+13,der(13;14)(q10;q10). The third group presents co-
occurrence of two or more structural aberrations of autosome(s) and
sex chromosome(s). We detected Yq11.23 (AZFc) microdeletions in
21% of men with balanced autosome rearrangements (inversions,
Robertsonian and reciprocal translocations).
The occurrence of two or more chromosome aberrations is acciden-
tal, rarely it is the result of interchomosomal effect. More research is
needed to evaluate the interrelationship of autosomal and gonoso-
mal aberrations/CNVs.
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We report a 2 years old boy with microcephaly, severe mental and
motor retardation, congenital heart defects, genitourinary malforma-
tion and facial dysmorphic features. Chromosome analysis showed
46,XY with suspicion of a 13q aberration. aCGH revealed a terminal
8q24.13-8q24.3 duplication and a 13q33.1-13q34 deletion, which was
confirmed by FISH. BACs-On-Beads with Prenatal BoBs assay ex-
cluded aneuploidy particularly in the region responsible for Langer-
Giedion syndrome, among others. The aberration turned out to be
an unbalanced translocation derived from a maternal balanced trans-
location t(8;13)(q24;q33), which was confirmed in a standard karyo-
type of the phenotypically normal mother. This case has been
compared to other patients with partial imbalances of 8q and 13q re-
ported in the literature.
Consent to publish: The author declares that written informed con-
sent was obtained for both a patient and his mother for publication
of this case report.
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The trisomy 18 syndrome, also known as Edwards syndrome, has a
live birth prevalance ranging from 1/3600 to 1/10000. The main clin-
ical findings consist of growth retardation, characteristic facial fea-
tures, heart malformations, typical finding of clenched hands with
overriding fingers and intellectual disability. With respect to the eti-
ology this syndrome can result from full, mosaic or partial trisomy 18.
Partial trisomy 18 represents only 2% of all reported cases and the
phenotype is highly variable depending on the duplicated regions
and their extent. We here report on a fourteen-month-old infant pre-
senting with dysmorphic facial features, growth retardation, aortic
coarctation, renal genesis, unilateral ear anomaly and hearing loss.
The patient’s birth weight and developmental screening test were
normal. The typical findings of the trisomy 18 syndrome consisting
of prenatal growth deficiency, characteristic clenched hands with
overriding fingers and nail hypoplasia were not present. Karyotype
analysis revealed a marker chromosome in a regular form
(47,XY,+mar). Microarray analysis using the Agilent SurePrint G3 CGH
8x60K showed a duplication of 6.9 Mb (chr18:18542074–25525771,
hg19) from 18q11.1 to 18q12.1. Duplicated region consisted of a
total of 26 OMIM genes none of which had been associated with a
specific clinical finding so far. Several studies have attempted to find
a genotype-phenotype correlation for duplications of different por-
tions of chromosome 18 to identify a possible critical region. How-
ever, a single critical region for the trisomy 18 syndrome phenotype
is unlikely to exist. With the widespread use of microarray technol-
ogy, a better characterization of the critical regions in partial duplica-
tions is possible. Therefore clinical reporting of patients with partial
duplications of chromosome 18 is strongly encouraged to expand
the attempts of genotype-phenotype correlation and better address
issues about patient management and genetic counseling.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Introduction
Microdeletion and microduplication syndromes are well-known
causes of developmental delay and/or malformations. These abnor-
malities can now be detected relatively easily using array-CGH but
they are more difficult to identify and interpret in cases of mosai-
cism. The presence of a mosaic whole-chromosome aneuploidy is
more frequent than mosaicism for structural abnormalities, though
several different types of these have been identified, including bal-
anced and unbalanced rearrangements.
Case Report
A two month-old boy was born to non-consanguineous parents
with multiple congenital abnormalities (complete cleft-palate,
hypospadias, right cryptorchidism, craniofacial dysmorphisms, bi-
lateral overlapping 2/3/4 toes, bilateral optic nerve dysplasia).
Using ultrasound prenatal bradycardia were observed in first tri-
mester and supraventricular extrasystole and overlapping toes in
the second trimester of pregnancy; also aortic coarctation was
suspected but not confirmed (neither prenatal nor postnatal).
Apart from IUGR at 36 weeks no other major abnormalities were
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found. Brain MRI (at 1 month-old) unveiled a possible cortical mi-
gration defect (fronto-parietal polymycrogyria-like).
Methods
Array-CGH was performed using the Agilent 4x180K microarrays and
cytogenomics 4.0.2.21 software. Karyotype and FISH analysis were
performed using standards methods. Parental karyotypes have been
requested.
Results: array-CGH revealed a 11,4 Mb duplication and a 21,9 Mb dele-
tion in the terminal regions of the chromosomes 6 and 18, respectively.
Mean log ratios of 0,36 (dup6pter) and −0,413 (del18qter) suggested
mosaicism. Karyotype showed 46,XY,der(18)t(6;18)(p25.3;q21.31) in 15
from 30 metaphases analysed. FISH confirmed the presence of the de-
rivative 18 in 103 from 200 cells analysed.
Conclusions
Although mosaic structural rearrangements are more frequently
post-zygotic events, parental karyotype should also be investigated.
In this patient, a genotype–phenotype correlation could be easy to
establish, because of the well-known 18q deletion syndrome. Never-
theless, the presence in a mosaic state could mitigate the phenotype.
Additionally, duplication of 6pter could also contribute to the
phenotype.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Rett syndrome is a progressive neurodevelopmental disorder ac-
counting for a large portion of intellectual disability (ID) in fe-
males. It is most frequently caused by mutations or deletions in
the MECP2 gene that codes for the methyl-CPG-binding protein 2
and is located on Xq28. Here we present an interesting case of a
novel mosaic MECP2 point mutation found in a patient with a
typical Rett phenotype.
The patient is a female with autistic features, psychomotor delay,
speech regression and stereotypic hand movements, initially re-
ferred for copy number screening to investigate Angelman or
Rett syndromes. The results of MLPA analysis were negative and
subsequent Sanger sequencing of MECP2 revealed a mosaic C→
T nonsense mutation at position 139 of exon 3. A second round
of Sanger sequencing with region-specific primers confirmed the
presence and the mosaic state of the mutation. The same
primers were used to test the biological parents, who were found
negative. Restriction enzyme analysis gave normal results for both
parents and was consistent with a mosaic mutation in the pa-
tient. In order to estimate the level of mosaicism, Next-
Generation Sequencing was performed, showing approximately
25% abnormal cells.
This is the first known female mosaic MECP2 mutation carrier,
who is exhibiting the full spectrum of the Rett syndrome pheno-
type. The specific mutation was not previously detected in other
patients.
Further studies including a buccal swap are currently ongoing and
are expected to provide insights into tissue specificity, thereby allow-
ing for a better understanding of the patient’s phenotype and rele-
vant mechanisms.
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In this study we reevaluated a group of patients with a distinctive
phenotype previously tested for the common 22q11.2 deletion and
major chromosomal aberrations using standard cytogenetic, FISH
and MLPA methods. In order to find a genetic cause for typical heart
defects combined with facial dysmorphisms MLPA test with SALSA
P070 Subtelomere Probe Kit (MRC-Holland) was used on 71 patients
negative for the 22q11.2 deletion. We found one patient with a com-
mon arterial trunk to have a 5q deletion and two patients with a
double outlet right ventricle having 8p and 4q subtelomeric dele-
tions. All patients were several months old and had had dysmorphic
facial features. In two cases the probands’ parents were not available
for testing, leaving the question of polymorphisms unclear. We previ-
ously described the patient with 4q deletion as having an unbal-
anced translocation of parental origin, 46,XY,der(4)t(4;8)(q35;q22)mat.
This case was included in the test group in order to understand the
ability of MLPA to reveal subtelomeric duplications as well as dele-
tions. In spite of double testing, the case of the proband with the
translocation did not exactly show the result for the 8q duplication.
Apparently this method lacks the efficiency for the detection of a
duplication.
Thus, we can conclude that MLPA can still be considered as reliable
and cost-effective primary test for the diagnosis of microdeletion
syndromes, including subtelomeric ones, even if there is a risk that a
duplication may be overlooked.
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We report on a boy with severe hypotonia, global developmental
delay, macrocephaly and further facial features. SNP array analysis
was performed at the age of ten months and revealed an interstitial
deletion in the long arm of a chromosome 4, with breakpoints in
4q21.21 and 4q21.23 and 6,15 Mb in size.
Conventional chromosome analysis of the parents showed normal kar-
yotypes in both. In additional FISH experiments, the mother was identi-
fied as the carrier of a paracentric inversion inv(4)(q21.21q21.23). This
inversion is not visible at the 550 band level.
There are a number of patients with interstitial deletions 4q de-
scribed in the literature. Most of them are de novo in origin.
Interstitial deletions as the result of an unequal crossing over event
in the carrier of a paracentric inversion are very rare in occurence.
There are several reports, but none of them concerning chromosome 4.
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The mechanism of formation will be discussed. In addition, clinical
data will be presented and compared to other patients carrying this
aberration.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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We present a familial case of an intrachromosomal insertion of chromo-
some 19. The proband was a second child of non-consanguineous par-
ents. A prenatal cytogenetic analysis was performed due to the positive
screen for nuchal translucency and showed a normal male karyotype.
At birth, he was small for gestation, had generalized muscle hypotonia
and dysmorphic features. Because of perinatal phenotype aCGH was re-
quested, which showed a heterozygous deletion of 19p13.2p13.12,
2.1 Mb in size, associated with features of Malan syndrome, while par-
ental aCGH studies were normal. Family history revealed that a mater-
nal uncle had mild intellectual disability and short stature. This
prompted an aCGH analysis, which revealed a heterozygous duplication
of the same 19p13.2p13.12 region. Deletion and duplication of
19p13.2p13.12 in two relatives alerted us to search for genomic
rearrangement of chromosome 19. FISH analyses of the three
generation family members confirmed that an intrachromosomal
insertion ( (ins(19)(q13p13.2p13.12)) was present in proband’s
mother and grandmother. Labour intensive and time consuming
karyotyping and customized FISH probes were utilized to recognize
previously unrecognized intrachromosomal insertion. We anticipate
that whole genome sequencing will play a crucial role in resolving
complex structural genomic rearrangement cases in the future. To con-
clude, we described an intrachromosomal insertion that gave rise tore-
combinant chromosomes 19 in two relatives, one with a deletion and
the other with a duplication of the inserted segment 19p13.2p13.12. Al-
though, most interstitial deletions and duplication arise de novo, one
should always think of the possibility of parental insertion. The detec-
tion of balanced parental chromosomal rearrangements is crucial in es-
tablishing familial recurrence risk.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Trichorhinophalangeal type II (TRPSII) or Langer-Giedion Syndrome
(LGS) combines intellectual disability (ID), short stature, microcephaly,
distinctive facial features and exostoses. TRPSII is a contiguous gene
deletion syndrome usually encompassing both TRPS1 and EXT1 genes
on chromosome 8q24.1-q24.13. Deardorff et al., (2012) identified a
causative association between deletions and mutations in the RAD21
gene, also localized on the 8q24.11 locus, and Cornelia de Lange
Syndrome type 4 (CdLS-4). TRPS type I, LGS/TRPSII and CdLS-4 af-
fected patients share many facial features. Deletions involving RAD21
and not TRPS1 result in typical dysmorphisms including thick eye-
brows, long and flat philtrum, and thin upper lip vermilion. These fa-
cial hallmarks might be partially resulting from RAD21 deletion. In
general, individuals with heterozygous intragenic mutations and de-
letions of RAD21 gene have clinical features reminiscent of those
seen in CdLS such as short stature, synophrys, micrognathia,
brachydactyly, mild radioulnar differences, vertebral anomalies, and
mild cognitive involvement. We report here the case of a girl carrying
a 1,7 Mb microdeletion encompassing EXT1 and RAD21 but not
TRPS1 with an atypical phenotype. She developed post-natal growth
retardation, mild neurodevelopmental delay, one fibular exostosis,
Solitary Median Maxillary Central Incisore (SMMCI) and pyriform aper-
ture stenosis but no distinctive facial phenotype of LGS or CdLS-4.
We will discuss the role of this interstitial microdeletion in this
phenotype overlapping 2 clinical entities. Our observations suggest
that the phenotypic consequences of RAD21 disruption might be
underestimated in TRPSII and CdLS patients.
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ıntroductıon
Genomic microarrays has been assumed to be the first genetic test
offered to detect genomic imbalances in patients with unexplained
intellectual disability / developmental delay, autism spectrum disor-
ders and multiple congenital anomalies.
In this study we report the frequency of imbalances in a cohort of
641 patients with the clinical diagnosis of intellectual disability/devel-
opmental delay and accompanying dysmorphic features and/or con-
genital malformations.
Methods
We have examined samples from affected individuals by targeted array
comparative genomic hybridization using a Cytochip ISCATM 8x60 v2.0
Illumina, over a 3-year period, between 2013 and 2016. When parental
samples were available, they were included in the analysis.
Results
Almost all the patients had at least one copy number variant (CNV)
independently of its clinical significance. Most of them classified as
benign (63,5%). In 87 patients had a pathogenic change that ex-
plained the phenotype, and 23 cases had a potentially pathogenic
change, total 17,2%. 147 patients had CNVs of uncertain significance.
Dıscussıon
The interpretation of the results is a great challenge due to the de-
tection of a large amount of CNVs found in patients and healthy
individuals.
Our studies provide more insights into the benefits derived by using
chromosomal microarray analysis and demonstrate the usefulness of
array CGH as a first-tier test in patients with intellectual disability and
developmental delay.
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Introduction
The 17p13.3 microduplication syndrome is characterized by variable
psychomotor delay and dysmorphia. Microduplications of 17p13.3
could be divided in class I duplications (that involve YWHAE, and are
associated with autistic features, speech and motor delay, subtle dys-
morphia and a tendency to postnatal overgrowth) and class II dupli-
cations (that involve PAFAH1B1 (+/− CRK and YWHAE) and are
associated with developmental and psychomotor delay and hypo-
tonia). Individuals with duplication that imply only PAFAH1B1 show
microcephaly and severe growth restriction, but not particular
dysmorphia.
Methods
We report a 9 years boy with short stature, developmental delay,
subtle craniofacial dysmorphia (long face, upslanting palpebral fis-
sures, broad nasal bridge, long philtrum, right clinodactily). Boy’s
mother presents intellectual disability. The proband was born at term
with 1900 g (small for gestational age). Magnetic resonance imaging:
Rathke pouch type I.
Results
We made chromosomal analysis (using cultures of lymphocytes and
GTG banding) – normal result 46,XY ; MLPA using P245-B1 Microdele-
tion Syndromes-1 – abnormal result with a duplication of PAFAH1B1
from 17p13.3. We applied array-CGH (Sure Print G3 ISCA V2 CGH
8x60K Array Kit (Agilent Technologies), NimbŀeGen MS 200 Micro-
array Scanner and NimbŀeGen MS 200 Software v1.1), and the result
confirm a 894 kb microduplication in 17p13.3 region in association
with a 33 kb microdeletion in 16p13.3 region, a 461 kb microdeletion
in 17q25.3 region and a 208 kb microdeletion in 22q11.23 - q12.1 re-
gion. Parents were not screened (adopted child).
Conclusions
The clinical signs in 17p13.3 microduplication syndrome are not spe-
cific and it needs array-CGH for diagnosis and to establish the gen-
omic coordinates of the duplicated region.
This study was supported by founding of PN-II-PT-PCCA-2013-4-133
Program of UEFISCDI (National Romanian organism of research).
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Infertility is major social and health problem affecting up to 15% of
couples of reproductive age. Male infertility accounts for about one
half of infertility cases, among them 50-60% of the cases are azoo-
spermia. The incidence of chromosomal abnormalities is especially
high in azoospermia cases, varying from 13% to 24%. Not only
chromosome anomalies, but also deletion of the Y chromosome re-
gion containing Azoospermia Factor (AZF) is frequently seen as a
genetic cause of male infertility. We aimed to evaluate the type and
frequency of chromosomal abnormalities and Y chromosome micro-
deletions in a total of 389 infertile men with azoospermia referred to
our clinics.
Conventional karyotyping were performed on peripheral blood lym-
phocytes, using GTG banding. FISH analysis was used in the samples
with suspicious translocations and for the detection of the mosai-
cism. Molecular diagnosis of Yq microdeletions were performed in
337 cases with normal karyotypes by the multiplex PCRs using 14
STS markers in the AZF regions on the Y-chromosome.
The overall incidence of chromosomal abnormality was 13.4% (52/
389) with the most frequent one being Klinefelter Syndrome in 42
(10.8%) patients. Out of the 52 patients with chromosome
aberrations; sex chromosome anomalies were observed in 46 cases
(88.5%) including Klinefelter Syndrome, 47,XYY Syndrome, 45,X/46,XY
mosaicism, 45,X/46,X,der(Y) mosaicism and 46,X,t(Y;2). Autosomal
chromosomal anomalies detected in 6 cases (11.5%) and the 3 of
them were structural aberrations of chromosome 12. Furthermore, in-
cidence of Yq microdeletions was 2.97% and AZF(c + d) was the most
frequent one. These results highlight the importance of chromosomal
analysis in azoospermia cases. The microdeletions in AZF regions
have shown to be pathologically involved in azoospermia. Therefore,
genetic screening would add useful information for genetic counsel-
ling in azoospermia patients prior to starting assisted reproductive
treatments.
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The Inmunodeficiency, Centromeric region instability and Facial
anomalies syndrome (ICF) is a rare autosomal recessive disease char-
acterized by recurrent infections caused by hypogammaglobulinemia
and characteristic rearrangements in the vicinity of the centromeres
(the juxtacentromeric heterochromatin) of chromosomes 1, 16 and 9.
The majority of the 70 ICF cases reported to date involve mutations
in the DNA methyltransferase gene DNMT3B. Dysregulation of this
gene contributes to immunodeficiency and to hypomethylation of
certain DNA regions resulting in particular chromosome rearrange-
ments found in these patients.
We describe two siblings (brother and sister) diagnosed as ICF born
of a consanguineous couple from Gambia. The boy was referred to
our hospital due to growth delay, recurrent pulmonary infections,
several episodes of sepsis and hypogammaglobulinemia. At the age
of 7, his sister was born with intra and extrauterine growth delay;for
this reason, a karyotype was requested in another hospital and
showed the characteristic ICF chromosome rearrangements involving
pericentromeric regions of chromosomes 1 and 16. A subsequent
karyotype performed in the brother showed similar results. Both pa-
tients present no memory B cells and facial dysmorphism was not
specific including broad flat nasal bridge and sloping forehead.
Molecular analysis in both siblings revealed a homozygous mutation
in DNMT3B consisting in a nucleotide change in exon 16 (c.1747G >
A) (p.Gly583Ser) predicted as pathogenic. Interestingly, this mutation
was also recently found (by Sterlin et al., J.Clin Immunol, 2016
36,149-159) in another two patients from Gambia suggesting the
possibility of a founder effect. These two new ICF cases highlight the
possibility of misdiagnosis of this syndrome due to lack of facial clin-
ical features and delay in performing karyotype analysis.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Mutations in Forkhead box protein P2 (FOXP2), are known to cause
an autosomal dominant condition characterized by developmental
dyspraxia with profound speech and language deficits. Interrupting
mutations in the gene sequence are sufficient for the development
of phenotype and haploinsufficiency is the likely etiology. We report
a 24-year-old male who was referred to the department for mild
speech and learning disability. The patient had seizures until the age
of three. Physical examination revealed some dysmorphic features in-
cluding downslanting palpebral fissures, macrotia, high palate and bi-
lateral single transverse palmar creases. His gross motor skills were
normal but he had mild mental retardation; speech disability started
in childhood. Conventional cytogenetic analysis revealed
46,XY,del(7)(q31). The karyotypes of the healthy, second degree con-
sanguineous parents were normal. Array Comparative Genomic
Hybridization (aCGH) analysis allowed fine mapping of the break-
points of the deletion and identification of the deleted genes and
confirmed a 18 Mb deletion at 7q31.1-q31.33 (108278159–
126460673) region where 11 OMIM-disease-causing genes are lo-
cated, including FOXP2 gene, as well. Although the 7q31 locus was
known as Autism Susceptibility locus9 (AUTS9), he didn’t receive aut-
ism spectrum disorder (ASD) diagnosis. Even though autism, severe
speech disorders and dysmorphic phenotypic features have already
been reported in the cases with such a large deletions, the clinical
features of our presented case were accordant with childhood
apraxia of speech(CAS). SNP array revealed a paternal FOXP2 dele-
tion. Although the FOXP2 gene has been defined as a maternally
imprinted and therefore paternally expressed gene, more recently, it
has been suggested that parent-specific-transmission effects are co-
incidental. We conclude that there is still a lack of consensus on the
phenotypic effects of FOXP2 disruptions. Therefore, further analyses
in larger CAS series should be carried out to understand the patho-
physiology of CAS and its haploinsufficient background.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Background
Turner syndrome (TS, 45,X) is one of the most frequent chromosomal
aberrations, with an incidence of 1/2500-3000 in newborn girls.
It is estimated than about half (50%) of the patients with TS present
an apparently mosaic karyotype, the cell line other than the 45,X be-
ing either a rearranged X chromosome, a Y chromosomal variant, or
other rearrangements.
Methods and Results
We report a 3 year-old girl who was referred to our medical genetics
department for a slow growth rate and a Turner-like facial
appearance.
A whole blood karyotype was performed. The result revealed a mos
45,X[43]/46,X,r(X)(p11.?q28)[28] formula.
Array-CGH (aCGH - Comparative Genomic Hybridization) analysis
using the Agilent SurePrint G3 v2, 8x60 platform was performed to
identify the breakpoints on the ring X and to evaluate the lost frag-
ment size.
The aCGH results reported terminal deletion of both arms of the ring
X chromosome (Xp11 and Xq28, respectively), with breakpoints be-
tween 38,011,254 and 153,242,719.
Discussions
Fertility options might exist in this case in the future.
A reproductive risk for the proband is a recombination event be-
tween the normal and the ring X chromosomes during meiosis,
which may lead either to a non-disjunction or to a structurally unbal-
anced chromosomal anomaly.
A classic and molecular (aCGH) karyotype have been recommended
for the mother of the patient. Pelvic ultrasound examination to iden-
tify possible existing gonadal tissue has also been indicated for the
patient.
Conclusion
The typical TS clinical symptomatology, although milder (due to the
presence of the second X chromosome), is a direct effect of the ring
structure and subsequent DNA loss. Mosaicism is credited for much
of the phenotypical variability, including the severity of ovarian
dysfunction.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Infertility is a reproductive health problem that is observed in ap-
proximately 15% of couples around the world. Although half of the
male infertility etiology is unknown, the other constitutes acquired
and congenital defects. The parameters of the conventional sperm
do not reliably reflect the male fertility potential. The defects in chro-
matin and DNA structure are important parameters in sperm quality
and it is well known that these parameters could be indicative of
male subfertility. Therefore, determination of sperm DNA fragmenta-
tion index (DFI) by using different assays has a great value in the
assesment of the fertility potential of spermatozoa. The Sperm Chro-
matin Dispersion (SCD) test is an assay for sperm DNA fragmentation
in semen. The present study was aimed to evaluate sperm DNA frag-
mentation and chromosomal aneuploidy in 50 infertile non-
normozoospermic cases, in comparison with 50 normozoospermic
control men of proven fertility. Semen samples from normozoosper-
mic and non-normozoospermic infertile cases were processed for
DNA fragmentation analysis by the SCD test: Big halo: no DNA frag-
mentation, small or no halos: nuclei with fragmented DNA. Fluores-
cent In Situ Hybridization (FISH) analysis was performed to identify
aneuploidy for chromosome 13, 16, 18, 21, X and Y on both groups.
The results showed a significantly higher DNA fragmentation rate
(small/no halo rate) in sperm of infertile group (45%) compared to
control group (24%) (p < 0.001).On the contrary, big halo rates were
70% and 96% in infertile and control groups, respectively(p < 0.001).
The autosomal and sex-chromosomal aneuploidy rates for the infer-
tile patients were higher than for fertile individuals in the control
group (p < 0.05). Our results also supported the utility of sperm DNA
fragmentation tests in the clinical management of the unexplained
infertile males.
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Background
The most frequently detected numerical chromosomal anomaly in
spontaneous abortions, apart from trisomy 16, is trisomy 22. Due to
its numerous severe phenotypical effects however, survival beyond
the first gestational trimester is uncommon and full trisomy 22 is ex-
tremely rarely seen in living babies.
Methods and case study
We report a female patient aged 7 months old who was referred to
our medical genetics department with the clinical suspicion of Down
syndrome.
The patient had multiple clinical features, including severe growth re-
tardation, muscular hypotonia, facial dysmorphism (depressed nasal
bridge, flat nose, high arched palate, dysplastic ears, hypertelorism,
epicantus, up-slanted palpebral fissures) and imperforate anus.
A classical whole blood karyotype was performed and revealed a
47,XX,+22 karyotype.
Array-CGH (aCGH - Comparative Genomic Hybridization) analysis
using the Agilent SurePrint G3 v2, 8x60 platform was performed to
identify the origin of the additional genetic material and confirmed
the full trisomy 22 diagnosis.
There is a very small number of postnatal cases reported with non-
mosaic trisomy 22, of which just a few showed longer survival (the
mean age at death is only 4 days). Our patient reached the age of
7 months, but is in intensive care at the moment with severe respira-
tory insuffiency and has a poor prognosis.
Conclusion
The clinical findings in this case confirm other reports in the litera-
ture showing that children with non-mosaic trisomy 22 may survive
birth and beyond.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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The Tricho–Rhino–Phalangeal Syndromes (TRPS) are rare autosomal
dominant genetic disorders characterized by craniofacial dysmorph-
ism and bone deformities. They are subclassified into three different
types (TRPSI, TRPSII, also known as Langer Giedion syndrome (LGS),
and TRPSIII) depending on either gross deletions or loss of function
mutations of the TRPS1 gene, located on 8q23.3 and EXT1 gene on
8q24.11. We report a female patient who was referred to our clinic
due to developmental delay and dysmorphic facial features. Our
4 years old female patient was the second child of healthy unrelated
parents. She had a healthy brother and no family history of TRPS1.
She was born at 41 weeks of gestation after an uneventful preg-
nancy but observed in incubator for 3 days for breathing problems.
Her developmental milestones was mildly behind her peers on in-
fancy. She was examined by pediatric psychiatrists for possible
attention-deficit/hyperactivity disorder. Physical examination revealed
a weight of 11 kg (<3rd percentile), a height of 93 cm (10th percent-
ile) and a head circumference of 46 cm (<3rd percentile). She had a
long face, macrotia, sparse hair, thin eyebrows and prominent long
philtrum. Cytogenetic and array-Comparative Genomic Hybridization
(aCGH) analyses revealed that the patient was a carrier of an intersti-
tial deletion at 8q22.3q24.11 (105352043–118391406) of 13 Mb. Par-
ental karyotypes were normal. The deletion included TRPS1 gene on
8q23.3 but not EXT1 gene on 8q24.11. The clinical features and gen-
etic analyses of the presented case were coherent with TRPS type I.
She had no multipl exostoses and no deletion detected on EXT1
gene that are specific for TRPS type II. We concluded that long term
follow-up and examination of psychomotor development of the pre-
sented case are necessary to evaluate the role of deleted genes.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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2q37 microdeletion syndrome is characterized by short stature, obesity,
characteristic facial appearance, brachymetaphalangy of digits 3–5,
joint hypermobility/dislocation and scoliosis, hypotonia, mild-moderate
intellectual disability and autism disorders. Phenotypic variability is ob-
served. Chromosome analysis confirms the diagnosis in 80%-85% of pa-
tients. In 15%-20% of patients the reduced size of the deleted fragment
can only be detected using deletion analysis. 2q37 microdeletion can
result, in some cases, from chromosomal rearrangements involving
2q37 region (e.g., inversion, ring or reciprocal translocation). No case of
mosaicism has been documented to date. Deletion size does not correl-
ate well with phenotype.
We present two patients with 2q37 deletion and rare associated
chromosomal abnormalities. One had a deletion due to a mosaic
translocation and the other patient had a del/dup rearrangement.
Case1- female, 4 years old. Clinical features – facial dysmorphism:
frontal bossing, fine highly arched eyebrows, deep set eyes, hypo-
plastic alae nasi, prominent columella, teeth anomalies, dysplastic
ears; brachymetaphalangy; ventricular septal defect; umbilical and in-
guinal hernia; joint hypermobility; mild developmental delay. Karyo-
type: 46,XX,1qh+ /46,XX,1qh+,t(2;9) (q37.3;q12) [30/8]. MLPA:
46,XX.mlpa 2qsubtel x1.
Case 2 – female, 5 years old. Clinical features – facial dysmorphism:
arched eyebrows, upper lids ptosis, broad nasal bridge, tented upper
lip, cleft palate, dysplastic ears; single transverse palmar crease; atrial
septal defect; moderate developmental delay; autism. Karyotype:
46,XX, add(2). MLPA: 46,XX.mlpa 2qsubtel x1,15qsubtelx3.
Deletion size will be discussed. The phenotypes of our patients will
be compared with other reports in the literature with 2q37
microdeletion.
Our cases illustrate the genetic heterogeneity of cytogenetic abnor-
malities in 2q37 microdeletion syndrome.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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In this report, we present a 13-year-old boy with chronic renal failure
and mental-motor retardation. By the age of five, this patient had
already undergone several surgeries: an anal atresia operation at
15 days old, an anorectoplasty at 13 months, and a vesicoureteral re-
flux operation at 5 years of age. Developmental delay, a dysmorphic
apperance, and strabismus were also observed. Additionally, a skel-
etal survey showed mild thoracal scoliosis, thoracal kyphosis, and
lumbar lordosis.
Chromosome analysis of the patient showed an exceptional inter-
chromosomal insertion of a segment of the long arm of 13q into the
short arm of 21. His karyotype was 46,XY,ins(21;13)(p13?;q32q14.1).
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Molecular karyotyping revealed two interstitial deletions in chromo-
some 13: 5.7 Mb at 101,012,528-106,764,677 and 4.5 Mb at
108,133,173-112,622,85. His final molecular karyotype was found to
be (arr[hg19] 13q32.3q33.2(101,012,528-106,764,677)x1, 13q33.3q34
(108,133,173-112,622,853)x1).
These deleted regions encompass the 47 RefSeq genes and include
genes, such as COL4A1 and COL4A2, which may impact renal devel-
opment. These deleted regions did not, however, include the EFNB2
gene, which was a candidate gene for anorectal atresia.
We will compare and discuss the phenotypic similarities between our
patient and those with VATER/VACTERL-like syndrome.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Subtelomeric rearrangements are a major cause of idiopathic intellec-
tual disability (ID). The combined use of MLPA kits has a relatively
high detection rate in ID patients. We report 5 cases with rare subte-
lomeric rearrangements resulting in deletion/duplication involving
the same chromosome. MLPA was performed using P070/P036 and
Telomere Follow-up. The unbalanced rearrangements were con-
firmed and completely characterized by aCGH. The mechanisms will
be discussed.
Case 1: female, 8 year old. Clinical findings: dysmorphic face,
obesity, hypotonia, moderate ID, speech delay. Karyotype:
46,XX,add(5)(p15.1); MLPA P358: deletion in 5p15.33 > 1.9 Mb and
duplication 5p15.31-5p15.2 > 7.1 Mb. Diagnosis: Inverted duplica-
tion deletion 5p.
Case 2: male, 6 months old; family history: two early miscarriages. Clin-
ical findings: growth failure, microcephaly, dysmorphic face, hypotonia.
Echocardiography: ASD, PDA. Karyotype: 46,XY,add(2)(q37); MLPA P264:
deletion in 2q37.3 > 1.77 Mb and duplication 2q37.3 > 2.6 Mb. Diagno-
sis: Inverted duplication deletion of 2q.
Case 3: female, 1.5 year old. Clinical findings: turricephaly, dys-
morphic face, pectus excavatum, hypotonia, severe motor delay; MRI:
corpus callosum agenesis. Karyotype: 46,XX,add(8)(p23.1); MLPA
P208: deletion in 8p23.3-p23.1 > 6.4 Mb; Array: 6.8 Mb deletion
8p23.3-p23.1 and 31.3 Mb duplication 8p23.1-p11.1. Diagnosis:
Inverted duplication deletion 8p.
Case 4: female, 4 year old; premature birth. Clinical findings: dwarf-
ism, dysmorphic face, small hands, severe ID. Echocardiography: ASD,
PDA, mitral and tricuspid regurgitation. Karyotype: 46,XX,add(3)(p25);
MLPA P208: deletion 3p26.3 > 1.1 Mb; P264: duplication 3q29 >
3.9 Mb. Diagnosis: deletion 3p and duplication 3q. For orientation
two color FISH is required.
Case 5: male, 2 year old. Clinical findings: asymmetric and dys-
morphic face, hypotonia, speech delay; Echocardiography: ASD, mi-
tral and tricuspid regurgitation. Karyotype: 46,XY; MLPA P249:
deletion 18p11.3 > 3.5 Mb; P320: duplication 18q22.3-q23 > 5.2 Mb;
Diagnosis: deletion 18p and duplication 18q. For orientation - two
color FISH.
Conclusion: MLPA is useful to detect aberrant chromosomes derived
from inverted duplication deletion.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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We present the results of the chromosomal, FISH, and microarray
analyses of an 8 years old female patient born to non consanguin-
eous parents. Phenotypically, she had severe developmental delay,
muscular hypotonia, hyperactivity, hypertelorism, outer ear dysplasia,
and glaucoma. At the age of 11 month, a first chromosome analysis
was performed showing three different cell lines: cell line 1 with a
chromosome 19 having additional material at the tip of the short
arm; cell line 2 with the aberrant chromosome 19 and a putative ring
chromosome X; and cell line 3 with the aberrant chromosome 19
and a second, aberrant X chromosome carrying a putative interstitial
duplication Xp. A second chromosome analysis in combination with
FISH analyses seven years later could prove the aberrant chromo-
some 19 as a derivative chromosome resulting from a translocation
(X;19)(p21.1;p13.3). The ring X could be confirmed, but the presump-
tive dup(Xp) could not be confirmed. Instead, array cgh analysis
could prove this structurally aberrant X chromosome to be a deriva-
tive X chromosome resulting from a translocation (X;1)(p21.1;q32.2).
The breakpoints of the r(X) could be determined as p11.22 and
q22.1. Altogether the patient showed the following imbalances: cell
line 1 with a deletion Xp21.1- > qter; cell line 2 with a deletion
Xq22.1- > qter; cell line 3 with a deletion 1q32.2- > qter. This case
again demonstrates that only the combination of different tech-
niques such as chromosome, FISH, as well as array cgh analysis is
capable of elucidating the complete picture of such complex
aberrations.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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We present the clonal cytogenetic abnormalities seen in the lympho-
cytes of 12 patients with clinical features of ataxia telangiectasia (AT)
seen at the Christian Medical College, Vellore, India from 2005–2016.
Metaphases obtained by culturing peripheral blood for 72 hours with
phytohemagglutinin stimulation following standard protocols were
analysed using an automated karyotyping system. At least 20 G-
banded metaphases were studied from each case. If a non-clonal
abnormality was seen, upto 50 or more metaphases were studied to
establish clonality. Our patients, eight of whom were males, ranged
in age from 4–13 years. All 12 had clonal abnormalities of chromo-
some 7 and /or chromosome 14. The inversion (7)(p14q35),
t(7;14)(q35;q11.2) and the t(7;14)(p14;q11.2) were the most com-
monly seen clonal abnormalities, being present in 50%, 40% and
25% respectively. The other clonal abnormalities seen were the t(7;7)
(p14;q35), the t(14;14)(q11.2;q32) and the inv(14)(q11.2q32). These
abnormalities were also present non-clonally in some patients. Sev-
eral unusual clonal abnormalities were present in addition to the
above, involving chromosomes 2, 16 and 22, apart from
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chromosomes 7 and 14. These were t(7;14)(q22 ~ q31;q22),
t(7;14)(q35;p11.2), r(2)(p25q37), t(2;16)(q13;p13.3), t(2;22)(q13;q13)
and add(16)(p13.3). The breakpoints of most of these unusual abnor-
malities did not involve regions in which T cell receptor subunits are
located. At the time of testing, none of our patients had evidence of
a neoplasm, but one child’s brother had died of leukemia. Informa-
tion about consanguinity was available for six patients, three of
whom had consanguineous parents.
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Characterization of five new patients with AUTS2 deletions
detected by aCGH
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The use of high resolution microarray analysis as a first tier approach
for the etiological investigation of patients with neurodevelopmental
disorders has uncovered several genes associated with these clinical
entities. Among them AUTS2, known to have a regulatory function in
brain development. Copy number variants involving this gene have
allowed the delineation of AUTS2 syndrome characterized by intel-
lectual disability (ID), feeding difficulties, microcephaly, minor dys-
morphic features and a specific behavioral phenotype.
Here we report five patients, referred to our medical genetics depart-
ment for ID, all carrying deletions involving the AUTS2 gene, de-
tected by aCGH (CGX-HD 180 k, PerkinElmer). The deleted regions
range from 174 kb to 1.59 Mb in size. Three deletions are intragenic
involving one or several exons, and the other two deletions are lo-
cated at the extremities of the gene, one at the 5´ end spanning the
promoter region and the other at the 3´end encompassing also two
downstream genes. Inheritance was possible to assess in only three
of the patients, and the deletion occurred de novo in all three.
All patients presented with dysmorphism and ID with speech delay.
Behavioral problems and attention deficit hyperactivity disorder were
also common findings, while autism spectrum disorder was present
in only one patient.
The diversity of cases reported here with deletions scattered all
across AUTS2 contributes to genotype/phenotype correlations and
further delineation of the AUTS2 syndrome.
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A report of mosaic Turner syndrome with a mild Kabuki like
phenotype
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We present a 5 year old girl who was born at term by sectio from a
second pregnancy of non-consanquineous parents. Her birth weight
was 2300 g, and length 43 cm. The patient showed a mild pheno-
type of Kabuki syndrome. Both parents were healthy. Her karyotype
was 45,X/46,X,r(X). FISH analysis verified that the ring was derived
from X and included XIST, which is important for the evaluation of
the phenotype.
We will present the array characteristics of the marker chromosome
and further evaluate the clinical phenotype of the patient.
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Background
Fanconi anemia (FA) is a rare heterogenous genetic syndrome which
clinical suspicion is mostly based on growth retardation and congeni-
tal defects associated with lifethreatening bone marrow failure. How-
ever, clinical manifestation are highly variable and some symptoms
may overlap with those observed in other syndromes, making a reli-
able diagnosis based on clinical features impossible. Analysis of
chromosome fragility induced by DNA interstrand crosslinking agents
(ICL), such as diepoxybutane (DEB) or mitomycin C (MMC) is still the
‘gold standard’ test for the diagnosis of FA.
Methods
Clinical and hematological data from 94 patients with suspicion of
FA were obtained from genetic counsel or hematology clinics. Cyto-
genetic studies were carried out on peripheral blood lymphocytes
from cultures supplemented with MMC (50nM, 150nM and 300nM)
or DEB (0,1 μg/ml). Chromosome instability data were analyzed and
calculated (number of metaphases with breakage, mean chromo-
some breakage number per aberrant metaphase, and tri-, tetra- and
multi- radials frequency). Multiplex Ligation-dependent Probe Ampli-
fication and Next-Generation Sequencing were applied to confirm
positive results of chromosomal breakage test. Clonogenic MMC sur-
vival test of fibroblasts was used to detect mosaics. All cytogenetic
tests were also done in healthy parents of ill children. The study was
conducted for over 6 years (2011–2017).
Results
Chromosome fragility was analyzed in all 94 patients. The MMC test
was positive in 6 patients and DEB test in 2 patients. In 13 patients
the result of MMC test was equivocal. According to results of
chromosomal breakage test, the patients were divided into three
subgroups: sure FA (8 patients), possible mosaic FA (13 patients) and
no FA (73 patients). In four FA patients mutation analysis was also
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done, confirming the cytogenetic diagnosis. The mutations were de-
tected in genes: FANCA, FANCD1/BRCA2, FANCD2 and FANCI.
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Rare genomic imbalances in patients with neurodevelopmental
disorders and complex phenotypes
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Structural variation is playing a major etiological role in neurodeve-
lopmental disorders (NDDs), and numerous studies have demon-
strated the relevance of both recurrent and rare genomic regions.
We report on the copy number variants (CNVs), not yet associated
with distinct clinical entities, identified by array-CGH in a cohort of
patients with NDDs and complex phenotypes.
From a larger study focused on genetic testing by array-CGH (Agilent
Technologies) in a pediatric population with NDDs, we selected 60
patients with intellectual disability (ID), epilepsy, autism, dysmorphic
features and/or malformations.
Pathological genomic imbalances were detected in 23 out of 60 pa-
tients (38%). Besides CNVs associated with distinct clinical entities (15
patients, 65%), rare CNVs were identified in 8 patients (35%) with the
following genomic distribution: chromosome 3 – two patients,
chromosome 9 – two patients, chromosomes 1, 11, 12, 13, and 16 –
one case each. The rare CNVs ranged between 0.97 to 11.5 Mb (me-
dian of 4.78 Mb) with 4 deletions (9p13.1p13.3, 9q34.11q34.12,
11q13.5q14.1, 16q24.1q22.3) and 5 duplications (1q21.3q22, 3p26.3,
3p26.3p26.2, 12q24.31q24.33, 13q11q13.3). Some of these rare CNVs
(e.g. 9p13.1p13.3 and 16q24.1q22.3) partially overlap syndromic re-
gions suggesting the possibility of distinct clinical disorders. Others,
have just recently been reported in association with NDDs, such as
3p26.3 duplication covering CHL1.
The data illustrates the utility of array-CGH to bring new information
regarding rare CNVs contribution to NDDs, thus paving the way for
defining new clinical entities.
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Introduction
Recurrent pregnancy loss is the consecutive loss of 3 or more preg-
nancies. Pregnancy loss occurs in approximately 15% of all pregnan-
cies, and recurrent loss in approximately 1%, depending on various
factors such as hereditary thrombophiles, autoimmune factors, endo-
crine factors, anatomic factors, infections and genetic causes. How-
ever, in most of the cases, no etiologic cause can be found. We
present a married couple with recurrent pregnancy loss and a history
of molar pregnancy.
Methods
Chromosome analysis was performed from peripheral blood samples
according to the appropriate protocol. Twenty metaphases stained
with the giemsa trypsin banding technique were evaluated accord-
ing to the 2016 International System for Human Cytogenetic Nomen-
clature (ISCN). A thrombophilia panel was studied and NLRP7 gene
sequence analysis, including all coding exons and exon-intron
boundaries was performed.
Results
Chromosome analysis showed a normal constitutional karyotype (46,
XY and 46, XX) in the couple. There was no genetic change that
would predispose to hereditary thrombophilia. Sequence analysis re-
vealed a homozygous mutation in the NLRP7 gene NM_206828.3:
c.1557_1557delA; (p.His520Thrfs*46) in the female, but not in the
male.
Conclusion
In this study a novel NLRP7 mutation is reported. According to In
silico analysis softwares, this mutation causes a premature stop
codon and therefore it could be the cause of the molar pregnancy.
Recurrent hydatidiform mole, 1(HYDM1, OMIM#231090) is an auto-
somal recessive inherited disorder characterized by trophoblastic
hyperplasia, hydropic placental villi and no embryo. HYDM1 is due to
mutations in the NOD-like receptor proteins (NLRP7) gene mapped
to 19q13.42 and plays a role in several inflammatory pathways. Re-
peated hydatidiform mole should be supported by molecular studies.

1.P71
Variable expressivity of the TPTPS SD4 phenotype in a family with
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The genomic region ZRS is a limb-specific cis-regulator of the
gene SHH (OMIM: *600725) localized in intron 5 of the LMBR1
gene (OMIM: *605522), about 800 kb from SHH. Duplications of
this region are associated with Syndactyly type IV (SD4), charac-
terized by complete cutaneous syndactyly of all fingers often
accompanied with polydactyly, and TriPhalangeal Thumb–Polysyn-
dactyly Syndrome (TPTPS) consisting of duplicated triphalangeal
thumbs, syndactylous fingers 3–5, and normal index fingers. SD4
and TPTPS are transmitted in an autosomal dominant manner
with variable expression and represent a phenotypic continuum.
We report a family with two affected individuals, father and
daughter: the daughter showed a typical TPTPS, while the father
had cutaneous syndactyly of 4–5 fingers on the right hand and
syndactyly of 3–5 fingers on the left. SNP-array analysis of the
daughter detected a microduplication of 268 kb in the region
7q36.3, overlapping with other cases already described in the lit-
erature and associated with SD4 and TPTPS. Real-Time PCR ana-
lysis on the trio suggested a de novo origin of the
microduplication. However, the presence of limb anomaly in the
father suggested a genetic cause segregating in the family.
Therefore, SNP-array and a locus-specific FISH analysis, both able
to detect diluted mosaicism, were extended to the parents, dem-
onstrating that the father was mosaic for the same microduplica-
tion (15%), justifying his milder phenotype, not completely
overlapping with the typical SD4/TPTPS spectrum. This family
highlights that phenotypic variability could be due to mosaicism
for a genetic defect. The detection of mosaicism is not only use-
ful to better understand the genotype-phenotype correlation of
limb anomalies, but also to give a correct recurrence risk to the
family members.
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Wolf–Hirschhorn syndrome (WHS) is a well-known contiguous gene
syndrome due to 4p16.3 deletion. The phenotype is characterized by
typical facial features (‘Greek warrior helmet’), intellectual disability,
pre- and postnatal growth retardation, seizures and additional find-
ings such as skeletal anomalies, congenital heart defects, midline de-
fects, ocular and renal anomalies. These malformations are more
frequent in the patients with larger deletions, involving a large por-
tion of 4p16 chromosome region.
In the last several years, the characterization of patients with micro-
array platforms allowed to elucidate the role of some genes mapping
to 4p16. WHSC1 is responsible for different WHS clinical features,
whereas LETM1 is the candidate gene for seizures.
We report on three new patients with small interstitial deletions
mapping to 4p16.3: two (P1 and P2) with deletions very similar
for localization and extent and both presenting with mild intellec-
tual disability, growth retardation, microcephaly and dysmorphic
features, the other (P3) with a deletion just partially overlapping
to the others and showing intellectual disability, growth retard-
ation, microcephaly, partial atrioventricular canal and the typical
WHS facial features. All deletions involved WHSC1 gene, but in
Patient 3 the deletion also encompassed the more proximal
genes NELFA, POLN and miRNA943. Interestingly, among the
three affected children herein reported, this patient presented
with a more severe malformative phenotype including a congeni-
tal heart defect.
These three new cases of interstitial deletions 4p16.3 highlight that
WHSC1 is not sufficient per se to generate the full clinical spectrum,
in particular the facial gestalt, of WHS. Moreover, it confirms that a
more proximal region of deletion, mapping approximately to 2 Mb
from the subtelomeric region is causative of congenital malforma-
tions, such as heart defects, shown by WHS patients with larger
deletions.
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Chromosome 18q- syndrome is a rare chromosomal disorder with an
incidence of 1 in 40 000 live births. The phenotype is highly variable,
depending on the amount of deleted genetic material, and is charac-
terized by mental retardation, developmental delay, hypotonia, sei-
zures, obesity, abnormal behavior, short stature and craniofacial
dysmorphisms.
We report a patient with mental retardation, dysmorphic features,
hypotonia, growth retardation, severe expressive speech delay and
Duane syndrome, with an insertion of 18q in 15q causing a 183Kb
deletion in18q.
Cytogenetic and SNP array analysis showed a female karyotype pre-
senting a de novo rare chromosome rearrangement: an insertion of
the 18q21q23 on the 15q22 region, with deletion 18q12.3
(chr18:42,484,980-42,667,966, [GRCh37]), involving only the MIR4319
and SETBP1 genes.
There are few reports of 18q12.3 deletion associated with mild dys-
morphic features, mental retardation and impairment of expressive
language. To our knowledge this is the smallest deletion described,
involving two genes: SETBP1 and a microRNA (MIR4319). SETBP1
gene is associated to expressive speech delay. The authors present a
literature review of 18q12.3 deletion.
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A 3-year-old male infant, was referred to our Cytogenetics Unit due
to his short stature and phenotypic features. The child was born after
a spontaneus conception and a pregnancy with no sign of abnormal-
ities (low risk prenatal screening test and no ultrasonographic alter-
ations), so no prenatal genetic study was carried out.
The karyotype in peripheral blood (PB) lymphocytes showed chromo-
some abnormalities in many regions, including in chromosomes 1,8
and 9, in a three-way balanced translocation. This finding was con-
firmed by the multiple FISH (M-FISH) technique.
Investigations by array-based comparative genomic hybridization
(array-CGH) revealed a 6.7 Mb interstitial deletion on the short arm
of chromosome 8 in the region 8p11.22 - 8p12. This de novo intersti-
tial deletion in 8p involves 37 genes. There is no evidence of this
constitutional deletion being previously described in the literature.
The karyotypes of the parents and the brother were normal. The
couple was recomended to attend a genetic counselling appoint-
ment and to undergo prenatal diagnosis testing for future pregnan-
cies, despite the low risk of recurrence.
This type of chromosomal rearrangements, involving 3 breakpoints,
is a very rare occurrence in the population. Either the interstitial loss
of 8p arm alone or such interstitial loss plus the triple translocation
are likely to be responsible for the child's pathology.
This case has shown once again the necessary contribution of each
cytogenetic technique to a comprehensive approach of any disease.
Through this work, the mechanisms that lead to the generation, the
selection and the stabilisation of such complex karyotypes —within
cells and human tissues— are discussed.
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Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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During the years 2015 and 2016, our Cytogenetics Unit detected 30
cases of mosaicism, 7 of them in prenatal samples and the remaining
23 in peripheral blood.
We will discuss the technical limitations of detecting mosaicism in
different tissues, the impact of detection and non-detection, implica-
tions of detecting mosaicism prenatally and after birth, and the is-
sues concerning genetic counselling

1.P76
Two siblings with alternate unbalanced recombinants derived from
a paternal inv(6)(p24q27): clinical and genetic characterization
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Carriers of chromosome 6 pericentric inversion (p24q27) have an in-
creased risk of chromosomally unbalanced offspring due to the size
of the chromosome and the inverted segment. Cross-overs within
the inversion during the gametogenesis of heterozygote carriers pro-
duce two recombinant products which are compatible with survival
to term.
We report on the clinical, cytogenetic, and molecular analysis of two
siblings with discordant phenotypes who were found to each have a
different recombinant 6 chromosome arising from a paternal
inv(6)(p24q27).
Conventional cytogenetic studies in the Patient 1 detected a
rec(6)del(6p)inv(6)(p24q27). She was born with hydrocephaly second-
ary to Dandy-Walker malformation prenatally detected, cerebellar
vermix and corpus callosum agenesis. OFC at birth was 39 cm (>99th
centile), clinical phenotype with exophthalmos, micrognatia, protrud-
ing tongue, hypotonia, generalized hyperreflexia and proximally
impantede thumbs. She died at 1-month of age due to respiratory
distress. Years later, a rec(6)dup(6p)inv(6)(p24q27) was postnatally
found in the step-brother (Patient 2), which was cytogenetically
undetectable and identified by oligo array-CGH (60 K). Array data de-
fined the unbalanced segments, a duplication of ~9.3 Mb (6p24.3-
pter) and a deletion of ~3.6 Mb (6q27-qter). He presented with less
severe brain anomalies, with partial hypoplasia of corpus callosum
and mild colpocephaly (supratentorial ventriculomegaly of posterior
predominance). He was born at term, with normal growth parame-
ters. Clinically he presented with mild language delay, divergent stra-
bismus and bilateral criptorquidism.
Since that Patient 1 was identified as having the “opposite” chromo-
somal imbalance of Patient 2, the phenotypic characteristics associ-
ated with these genotypes are compared in this family. In addition,
we compare similar genetic findings and phenotype in other patients
reported in the literature, and discuss about the role of FOXC1 and
other genes associated with the central nervous system malforma-
tions in these patients.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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The physiopathology of disorders of sex development (DSD) has not
been completely elucidated. Testicular tissue development can occur
in 46,XX patients who usually present heterogeneous male external
genitalia with various degrees of genital ambiguity and azoospermia.
We report on a 19-year-old male born with perineal hypospadias, un-
descended gonads, pectus excavatum, and aortic coarctation with a
46,XX karyotype. Orchiectomy of right gonad was performed during
infancy and his cardiac defect was surgically corrected at 11 months.
At first clinical evaluation, he was at Tanner 4 without androgen re-
position need. No Müllerian structures were evidenced by ultrasound
or tomography. Reviewed right gonadal biopsy confirmed ovotesticu-
lar DSD 46,XX. Molecular assays showed SRY negative, no mutations
in RSPO1 and SOX9; and no copy number variation in WNT4, NR5A1
and SOX9 by MLPA analysis. SNP-array technique showed a 3-Mb de-
letion and the result was arr[hg19]15q26.2(95127653_98146649) ×
1,15q26.2q26.3(98263048_98618586) × 1. In silico analysis showed
that the 15q26.2 deletion is a gene-poor region, containing four cod-
ing genes, one microRNA and three pseudogenes. The microRNA-
1469 is highly expressed in testis with no predicted mRNA targets
associated to DSD. One of the gene (NR2F2) is highly expressed in
ovary, uterus, vagina and artery-coronary. Although this 3-Mb region
is gene-poor, it seems to be a critical regulatory one, containing
more than 15,000 transcript factors binding sites (TFBS), with around
300 predicted binding sites to SRY and more than 100 to SOX5 and
SOX9. In addition to, this deletion seems to interfere in the three-
dimensional cis interaction between the FES and IGF1R genes, as well
as in the cis interaction between the NR2F2 and IGF1R genes. There-
fore, this 3-Mb 15q26.2 region probably has a regulatory role being
important for sexual and cardiac development.

1.P78
Patient with de novo 4q31.21 deletion and 9q34.2 duplication. A
case report
Matias Perez Sanchez1, Susana Garcia Linares1, Amanda Gonzalez Ramirez2,
Adelardo Mora Guijosa1, Margarita Martinez Atienza1
1Hospital Virgen de las Nieves Genetics, Granada, Spain; 2Instituto
Biosanitario de Granada FIBAO, Granada, Spain
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Structural aberrations of chromosomes are associated with various
syndromes, although there are a lot of chomosomal gains and losses
that are not yet associated with a specific syndrome. Most of the
cases are the novo, few cases are due to inherited unbalanced
rearrangements.
We present a thirteen months-old boy with microcephaly, trigonoce-
phaly, plagiocephaly and speech and motor delay. He was born at
36 weeks of gestation in a twin pregnancy obtained by in vitro
fertilization. The parents were healthy. His twin brother had no de-
tectable pathology.
Karyotype in leucocytes was normal (46,XY). Comparative Genomic
Hybridization (CGH-Array) with the Nimblegen CGX Cytogenetic Mi-
croarrays platform, supplied by PerkinElmer, was performed for the
patient, parents and brother.
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The CGH-Array was normal in both parents and brother, but the
patient presented a deletion of 3,04 Mb in 4q31.21 and a dupli-
cation of 212,03 Kb in 9q34.2 (arr[hg19] 4q31.21(143,272,775-
146,310,106)x1,9q34.2(137,103,263-137,315,288)x3 Abnormal Male).
Both duplication and deletion are “de novo” and not previously
described. The 4q31.21 deletion includes 14 genes (11 OMIM).
The 9q34.2 duplication includes the RXRA OMIM gene, without
triplo-sensitivity previously described.
The pathologic potential of chromosome aberrations detected “de
novo” can be difficult to determine, and it is necesary to have the
phenotype of the patient in mind as well as the genes involved in
the deletion/duplication. In our case we believe that both detected
chromosomal alterations, alone or in conjunction, are responsible for
the patient's phenotype.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Introduction
WAGR syndrome (OMIM#194072) is caused by deletions of 11p13
encompassing the PAX6 and WT1 genes. Almost all cases are spor-
adic. Four WAGR classical clinical signs rare present in complete com-
bination. The 1.6 Mb region is supposed to be critical for all classical
WAGR criteria, though clinical diagnosis is based on identified 11p13
deletion, aniridia in combination with at least one other feature.
Aims
Study of association between clinical criteria of WAGR syndrome and
11p13 deletion length and position.
Methods
MLPA-, FISH.
Results
14 Russian patients with WAGR region deletions, 4 males and 10 fe-
males from 2 months to 40 years old, were studied. 12 cases were
sporadic while 1 was familial. Unilateral nephroblastoma developed
in 6 patients within 2 first years of life, 4 adult patients had no tumor,
4 kids under 3 years old had not developed it (probably yet). 3 out
of 6 patients with WAGR syndrome and the largest deletions
(>7.5 Mb) showed unilateral nephroblastoma and severe neurological
deficit combined with mental retardation. The rest of the patients
with congenital aniridia or WAGR syndrome associated with narrower
deletions demonstrated milder cognitive and neurologic status. Uni-
lateral nephroblastoma developed in 1 out of 5 patients carrying the
narrowest deletions with the same right breakpoint at the WT1 level
(0.7–2.2 Mb). 4 patients under 3 years old are still in the high onco-
logical risk group despite the lack of tumor, as they possess gross de-
letions of critical region. They require rigorous monitoring.
Conclusion
Risk for Wilms’ tumor development in patients with 11p13 deletion
in a cohort of Russian patients is 43% – 71%. Prognosis for the
Wilms' tumor development and cognitive deficit worsens with dele-
tion region increase towards centromere from WT1 locus.
The research was partially supported by grants RFFR 17-04-00288;
15-04-01859, RSF 17-15-01051.

2.P2
The importance of conventional cytogenetic analysis in monitoring
the progression of haematological malignancies
Li Eng Loo 1, Lai Ching Lau 1, Alvin Soon Tiong Lim 1, Sim Leng Tien 2

1Singapore General Hospital, Molecular Pathology, Singapore, Singapore;
2Singapore General Hospital, Molecular Patholgy, Singapore, Singapore
Correspondence: Li Eng Loo
Molecular Cytogenetics 2017, 10(Suppl 1):2.P2

Aims
To highlight the importance of cytogenetic investigations in detect-
ing disease progression after cancer treatment.
Methods
Four leukemic patients were treated but subsequently developed
new haematological malignancies. A variable number of tandem re-
peat test was run to correlate the degree of transplant engraftment
for patients who did a bone marrow transplant (BMT).
Results
Case 1: A female patient in 2012 diagnosed with Acute Lympho-
blastic Leukaemia (ALL) had a t(9;22)(q34;q11.2) rearrangement. She
underwent a BMT in 2013 and remained in remission until 2015. Des-
pite VNTR showing 100% donor engraftment, cytogenetics revealed
that her bone marrow (BM) had undergone transformation to Myelo-
proliferative Disorder.
Case 2: A female patient with ALL in 1995 underwent a BMT and was
in remission with 100% donor cells. In 2015, a t(12;18) rearrangement
detected in her bone marrow. This was not seen previously, suggest-
ing either disease progression or donor cell constitutional rearrange-
ment. Donor karyotype was recommended to rule out constitutional
rearrangement but was not forthcoming.
Case 3: A female patient with Acute Myeloid Leukaemia in 1995 had
a complex karyotype. She had a BMT in 1997 and was in remission
until a relapse in 2007. A second BMT in 2009 showed 100% donor
engraftment. In 2014, cytogenetics detected a completely different
karyotype, suggesting malignant transformation.
Case 4: A male patient admitted in 2013 for Severe Aplastic Anaemia
and suspected MDS had a complex karyotype. He had a sex-
mismatched BMT in 2014. His BM never reached 100% engraftment
as the karyotype showed persistence of the malignant clone and nor-
mal donor cells. Three months later, cytogenetics detected disease
progression.
Conclusion
BMT is the only cure for haematological malignancies. Routine
karyotyping is necessary to detect malignant transformation. This
could alter the patient treatment. The study shows that 100%
donor engraftment does not necessarily mean 100% treatment
success.
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Cytogenetic analysis is not routinely performed in chronic
lymphocytic leukemia (CLL), but this may likely change, in view
of recent reports highlighting complex karyotype (CK) as a poor
predictive marker independently of the presence of the deletion
17p. We investigated whether two different culture procedures
can improve the number of metaphases and the detection rate
of chromosomal abnormalities in CLL. A total of 674 samples
were studied from patients with CLL (310 of 466 patients with
available data were at diagnosis, 39/310 needed treatment). Paral-
lel cultures of MNC were set up with the addition of either
phytohemagglutinin and Interleukin 2 (PHA/IL-2) or an immunos-
timulatory CpG-oligonucleotide DSP30 and IL-2 (CpG/IL-2). Overall,
639/674 (94.8%) samples had evaluable metaphases. Significantly
increased metaphases were observed in PHA/IL-2 632/674 (93.8%)
versus in CpG/IL-2 560/674(83%) (p < 0.0001). Clonal abnormalities
were identified in 290 cases (45.38%). Abnormal karyotypes were
observed more frequently in cultures with CpG/IL-2 (242/639,
37.9%) than these with PHA/IL-2 (192/639, 30%) p = 0.003. In 145/
639 samples (22.7%), the aberrant clone was detected in both
cultures. Clonal aberrations were detected in only one culture, ei-
ther in CpG/IL-2 or PHA/IL-2 in 97 (15.18%) and 47 (7.3%) sam-
ples, respectively. Trisomy 12 was the most common abnormality
95/639 cases (13.7%); del(13q) was detected in 31/639 cases
(4.5%); del(11)(q23) in 44/639 (6.9%) and del(17p)/-17 in 40/639
(5.8%) cases. CK revealed in 55/639 (8.6%) cases: in 24 of these
cases, the CK was detected in both cultures and in the remainder
only in one culture, 20 in CpG/IL-2 and 11 in PHA/IL-2(p = 0.29).
In conclusion, CpG/IL-2 stimulation increases the detection rate of
chromosomal abnormalities in CLL compared with the PHA/IL-2
technique. The combination of both cultures can provide more
comprehensive genetic information for CLL.
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Expression studies in the bone marrow of patients with
Shwachman Diamond Syndrome (SDS) and deletion of the long
arm of chromosome 20 encompassing the EIF6 gene relation with
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Shwachman-Diamond Syndrome (SDS) is a rare autosomal recessive
disorder with peculiar clinical signs and a high risk of developing
Myelodysplastic Syndrome (MDS) and/or Acute Myeloid Leukaemia
(AML). SDS is caused by mutation of SBDS gene in >90% of patients.
The most frequent chromosomal anomalies observed in the bone
marrow (BM) of SDS patients are an isochromosome i(7)(q10) and an
interstitial deletion of chromosome 20, del(20)(q), and they are gen-
erally considered benign prognostic signs. EIF6 gene is located on
the long arm of chromosome 20 and produces a partner in SBDS
pathways. We ascertained by array CGH (aCGH) that in 11/11 patients
carrying the del(20)(q), the gene EIF6 is invariably lost and we specu-
lated that its haploinsufficiency is related to a better “fitness” of the
clone carrying the deletion.
To confirm our hypothesis, we collected BM RNA from 3 patients car-
rying the del(20)(q) at various clonal percentages, and 2 patients car-
rying other different chromosome anomalies. We performed
quantitative real-time PCR for the study of the expression of EIF6
gene and we also performed an array-based whole transcriptome
analysis in order to focus on possible differences between the pa-
tients carrying the del(20)(q) and the others.
Hypoexpression of EIF6 was demonstrated. Whole transcriptome
analysis showed in patients with the del(20)(q) an overall expres-
sion pattern of BM more similar to the normal controls (in line
with the clonal percentages) than patients that do not carry the
del(20)(q). This preliminary study involved only few patients, but
we conclude that EIF6 loss due to the del(20)(q) clonal deletion
really represents a “rescue” mechanism for the clone carrying the
anomaly.
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Alterations of the AXSL1 gene which maps to chromosome sub-band
20q11.21 play an important role in the pathogenesis of hematologic
malignancies. In contrast to deletion 20q - del(20q) - recurrent muta-
tions in this gene, most frequently located within the exon 12, are
generally associated with poor prognosis. The aim of our study was
to determine the frequency of ASXL1 gene alterations in bone mar-
row cells of patients with isolated del(20q) and to characterize the
breakpoints with molecular cytogenetic techniques. Fluorescence in
situ hybridizations (FISH) with locus specific probes for 20q12 and
20q13 regions (Kreatech, MetaSystems) confirmed the cytogenetically
observed deletions of 20q in a cohort of 34 patients (25 male, 9 fe-
male, median age 68 years) with hematologic diseases (32 x myeloid,
2 x lymphoid). Metaphase FISH mapping with set of 4 bacterial artifi-
cial chromosome (BAC) probes (BlueGnome) distributed in 20q11.21
and 20q13.2 and ASXL1 BA Probe Set (Empire Genomics) were used
for determination of the breakpoints. According to the FISH results,
three groups of patients were established: in 11 patients (32%) the
proximal breakpoint in the ASXL1 gene was found, in 10 patients
(30%) this gene was deleted, in 13 patients the ASXL1 gene
remained unchanged with the proximal breakpoint below this gene.
Array comparative genomic hybridization (Illumina, Agilent) per-
formed on DNA samples of bone marrow cells of patients with ASXL1
breakpoint confirmed the high heterogeneity of the breakpoints with
deletion of the exon 12 in all studied cases. In conclusion, the ASXL1
gene was altered in 21 out of 34 patients (62%). The association of
ASXL1 alterations with the worse prognostic risk was proved in
several studies and relations with clinical data should be studied
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further. Supported by MHCR project 00023736, RVO-VFN64165,
GACR P302/12/G157, ProgresQ28.
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In 2006 a 34-year-old male presented with leukocytosis. Karyotyping
of bone marrow revealed t(9;22)(q34;q11.2) in all metaphases, FISH
was positive for BCR/ABL1 and he was diagnosed having CML. Treat-
ment with imatinib followed and after one year no t(9;22) positive
metaphases were found . At that time FISH showed 2.5% positivity
for BCR/ABL1. An unexpected finding was monosomy 7 in 75% of
metaphases. There were no clinical signs of MDS or AML. Treatment
with imatinib was continued and after three years monosomy 7 was
detected in 100% of metaphases and by FISH in 90% of interphase
nuclei. FISH for BCR/ABL1 was negative. Cytology of bone marrow in-
dicated AML and induction therapy was given. Subsequent. karyotyp-
ing of bone marrow showed the presence of 3 cell lines: 45,XY,-7[3]/
47,XY,+Y[5],46,XY[22]. The patient received a double cord blood
transplant in 2012. After 17 months of remission the patient relapsed.
Monosomy 7 was present again, BCR/ABL1 was not detectable with
FISH. After chemotherapy the patient received an allogeneic stem
cell transplant **.
The patient had a second relapse of the AML in 2016. At this time
cytogenetic investigation showed 3 related cell lines again and clonal
evolution: 45,XY,t(1;7)(p13;p13),del(6)(q13),-7[11]/45,XY,del(6)(q13),-
7,del(12)(p11.2)[12]/45,XY,del(6)(q13),-7,t(17;22)(q2?2;p11.2)[7].
Chemotherapy was started, but the patient died due to acute liver
failure.
Conclusion: patients who present with monosomy 7 in Ph negative
cells during imatinib treatment have a risk of developing AML. For
this reason these patients need to be checked at regular intervals for
cytogenetic or clinical sign of MDS or AML.
**See also
Cytogenetic studies on a chronic myeloid leukemia case developing
into acute myeloid leukemia after treatment with imatinib.”, Chromo-
some Research 2015 23:1 SUPPL. 1 (S99)
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Tumor suppressor TET2 gene is located on 4q24. It codes for TET2
protein, an α-ketoglutarate/Fe(II)-dependent dioxygenase which reg-
ulates DNA demethylation. TET2 is one of the most frequently mu-
tated genes in myelodysplastic syndromes (MDS). Nonsense,
missense mutations, and small insertions/deletions lead to the loss of
protein function and consequently to increased hematopoietic stem
cell self-renewal and myeloid transformation. 6–26% of MDS patients
exhibit the loss of TET2 function.
In 60 MDS patients del(4)(q24) was determined by FISH using com-
mercially available SureFISH probe (Agilent). For DNA probe a specifi-
city of 100% and a cut-off value of 5,7% was determined on normal
samples.
Del(4)(q24) was detected in 8,3% (5/60) of samples. IPSS-R cytogen-
etic group was determined in all patients while IPSS-R risk group was
determined in 55 patients only due to lack of data on cytopenias
and bone marrow blast count. We observed no significant correlation
between the gender and age distribution and the TET2 deletion. The
distribution of patients regarding IPSS-R cytogenetic groups was
similar to the general distribution in Slovenian MDS patients with
53,3% of the patients with a normal karyotype. TET2 deletion was
found only in patients with chromosomal abnormalities previously
confirmed by GTG banding. While TET2 deletion was significantly
more frequent (p = 0.042) in cytogenetically poor groups, no associ-
ation between the presence of deletion and IPSS-R risk group was
found. The most interesting case was a patient with apparently bal-
anced translocation involving 4q24 (46,XX,t(4;12)(q24;q14)[5]/
46,XX[16]) which turned out to be unbalanced with confirmed TET2
deletion in 15,5% of cells.
We found that TET2 deletions are significantly more frequent in MDS
patients with chromosomal aberrations with poor prognostic signifi-
cance. FISH can be used not only to validate molecular results but
also to detect TET2 deletions in cases with 4q rearrangements.
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KMT2A rearrangement through translocation inversion of
chromosomes 10 and 11
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Rearrangements involving the KMT2A (MLL) gene located at 11q23
are between the most common cytogenetic aberrations found in
acute leukemia (AL) generally and particularly in M4/M5 acute mye-
loid leukemia (AML). The heterogeneity of MLL-rearranged AL is
reflected by the identification of more than 50 different fusion part-
ners of this gene. Non-random chromosomal rearrangements involv-
ing chromosomes 10 and 11 were identified, but with the type of
rearrangements and breakpoints being variable. A significant propor-
tion of these 10;11 abnormalities was shown to result in KMT2A-
MLLT10 fusion. Here we present a case of 18 years old AML M5 male
patient with a complex KMT2A rearrangement involving chromo-
somes 10 and 11.
FISH analysis (LSI MLL, Abbot) confirmed KMT2A rearrangement in
47% of cells. GTG banding revealed rearranged chromosomes 10 and
11 in all analyzed cells. On the bases of pattern obtained by WCP
probes (WC10 and WC11, Leica), we assumed that reciprocal trans-
location between long arms of chromosomes 10 and 11
(t(10;11)(q22;q23)), followed by pericentric inversion of rearranged
chromosome 10 with breakage in KMT2A of translocated 11 resulted
in KMT2A- MLLT10 fusion gene. It is known that besides direct trans-
location this fusion can be also a consequence of translocation/inver-
sion mechanism. Fusion of both genes was soon excluded by
molecular genetics as well as by FISH (SureFISH MLLT10, Agilent
Technologies). Metaphase FISH showed that 3’KMT2A was located on
10q11.1 as a consequence of paracentric inversion of the translo-
cated chromosome 10.
The assigned chromosomal region 10q11 has some candidate on-
cogenes, but none of them known as KMT2A fusion partner and
even more - none of them is involved in AML carcinogenesis. Al-
though KMT2A rearrangements are known to be of poor prog-
nostic significance, very early relapse in the patient encourages
us to further explore the genetic background of the described
rearrangement.
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Introduction
There is little data available on cytogenetic profile of AML patients
from India. Using a uniform cytogenetic testing strategy we describe
cytogenetic profile of 392 (non APML) AML patients seen in a single
centre from 2011–2016.
Methods
Karyotyping was performed on all the AML patients. FISH for specific
probes were done on selective patients based on the analysis of
morphology, imunophenotyping and karyotype results.
Results
Of the 392 AML patients, 83 were pediatric (≤18 yrs) and 309 adults with
a median age of 36 years. Successful karyotype analysis was possible in
387 (98.2%) patients with 64.1% (248) showing abnormal karyotypes.
Favourable risk cytogenetic profiles were more frequent in paediatric pa-
tients (31.4% vs 15.9% in adults). Intermediate risk cytogenetics was seen
in 45.8% paediatric and 61.1% adult patients and adverse risk profile
was seen in 22.8% paediatric and 23% adults. The t(8;21) accounted for
24.5% of abnormal karyotypes (n = 61). Inversion 16 was seen in 5.2% (n
= 13),MLL rearrangement in 7.6% (19),3q abnormality 6.4% (n = 16),t(6;9)
in 2% (n = 5) of abnormal karyotypes. Monosomy 7/del7q and mono-
somy 5 /del5q were seen in 31 patients and 22 patients of which 11 and
18 were complex respectively. Complex karyotypes were seen in 40 pa-
tients(16.1%) and monosomal in 7 (2.8%). Ph positive AML was seen in 2
patients. Hyperdiploidy was seen in 8 patients. Amplification of the MLL
gene was seen in 3 patients. Rare translocations included
t(2;11)(q37;q23),t(10;11)(p12;q23),t(6;11)(q27;q23),t(8;16)(p11.2;p13.3) and
jumping translocations.
Conclusions
We report a lower frequency of normal karyotype AML and a
higher frequency of t(8;21) compared to literature. Selective FISH
analysis based on the clinicopathological features in the presence
of karyotyping is a cost effective strategy to identify the
spectrum of cytogenetic abnormalities in AML including rare
abnormalities.
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The PR/SET domain 16 (PRDM16) gene is located on chromosome 1
(1p36) and encodes a zinc finger transcription factor. PRDM16 has
high sequence similarity to MDS1 and EVI1 complex locus (MECOM),
and MECOM rearrangements are recurrent findings in myeloid malig-
nancies. Haematological diseases with the t(1;3)(p36;q21) transloca-
tion have overlapping characteristics of the MECOM AML and MDS
subgroup, a distinct entity in the World Health Organization (WHO)
classification. Other chromosomal aberrations involving 1p36 may
overlap similarly, and characterizing the distinct clinical presentation
may have prognostic and therapeutic implications. Cases of AML and
MDS with recurrent PRDM16 associated translocations without in-
volvement of chromosome 3 include t(1;2)(p36;q22), t(1;3)(p36;q21),
t(1;6)(p36;q15) and t(1;7)(p36;p12) as documented in the clinical
literature. Herein we present the unique case of an MDS patient with
a t(1;7)(p36;p12) evaluated for PRDM16 rearrangement.
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Chronic Myelogenous Leukemia (CML) is defined by the Philadelphia
chromosome (Ph) as a result of t(9;22)(q34;q11.2) and the generation
of BCR-ABL1 fusion gene. Variant translocations are found in 3-10%
of patients with newly diagnosed CML. They can be present either in
a simple form, involving 22q11 and one additional breakpoint, or in
a complex form, involving 22q11, 9q34 and at least one additional
breakpoint. In variant translocations, the distribution of breakpoints
exhibits a nonrandom pattern. Although the clinical and hematologic
features of these cases are not distinct from those seen in standard
t(9;22), however, the prognostic role of each individual variant trans-
location and its additional chromosomal abnormalities has not been
elucidated yet.
The aim of this multicenter study is to determine the type and the
frequency of variant Ph translocations and their additional chromo-
somal abnormalities in a large Greek cohort of CML patients.
The study included 1324 newly diagnosed CML patients. Among
them, 60 (40 males, 20 females) exhibited a variant translocation in
their karyotype (4,5%). A simple variant was found in 11 and a com-
plex in 49. The most frequent variants were: t(2;9;22)(p13;q34;q11) (n
= 3), t(6;9;22)(p21;q34;q11) (n = 3) and t(9;11;22)(q34;q13;q11) (n = 3).
Additional chromosomal abnormalities were observed in 11 out of
60 patients (18,3%): +8, −Y, −7, −3, +Ph, i(17)(q10), del(5)(q12q33),
add(21)(q22), t(6;14)(q23:q32), add(9)(q34), t(6;16)(p12;q22-24),
del(6)(q21), t(1;12)(p32;q24). Twenty one out of 60 variant transloca-
tions have not been reported previously and ten of them exhibited
involvement of new breakpoints: 3q11, 2q21, 5q14, 5q15, 5q21-22,
6q15, 11p11, 11q25, 12q13. Conventional cytogenetic analysis is the
only appropriate methodology for the identification of variant trans-
locations in CML. Reviewing of cytogenetic data during each patient’s
course of the disease is expected to point out the role of certain vari-
ants and additional abnormalities in prognosis.
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Complex karyotypes (CK) with dicentric chromosome (DC) often con-
tain more than one DC. It is usually missed and considered as mono-
somy when a conventional or mFISH analyses are used. To prove it
we revised monosomies in CK in bone marrow cells of 72 out of 607
adult patients with AML using FISH with centromeric and/or multi-
color multi-centromeric probes.
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DCs were detected in 24 patients already at the diagnosis. CK of
these patients were revised using centromeric FISH as non-
monosomy (n = 3); DC and monosomy (n = 12); DC, monosomy and
new DC (n = 7) and DC and monosomy within polyploidy (n = 2). In
other 48 patients, DC was newly identified in 27 of them. CK were
found to be non-monosomy (n = 4); monosomy and new DC (n = 22)
and monosomy with new DC within polyploidy (n = 1). Karyotypes of
remaining 21 of 48 patients were assessed as CK without monosomy
(n = 2); with confirmed monosomy (n = 17) and with monosomy
within polyploidy (n = 2). 51 total (often chromosomes 7 and 18) and
54 partial (without centromere, often chromosomes 17 and 15)
monosomies were found. DCs were often formed by chromosomes
17 and 20.
Frequency of DCs is higher than it was expected and FISH analyses
were essential for their detection. We proved hidden DCs in 34 cases
and confirmed monosomies in 63 out of 72 patients. The most fre-
quently involved was chromosome 17 in both partial monosomies
and DCs. In some cases, it was apparent that derivative monocentric
chromosomes were primary dicentrics. DCs can induce chromosomal
aberrations, new DCs, undergo variety of stabilization changes and
can be also important step for development of unbalanced transloca-
tions associated with monosomy.
Supported by MHCR project 00023736, RVO-VFN64165, GACR-P302/
12/G157, ProgresQ28.
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Complete or partial loss of chromosome 7 is a recurrent chromo-
somal aberration frequently found in myeloid disorders such as mye-
lodysplastic syndromes (MDS) and acute myeloid leukemia (AML).
This finding is an important prognostic indicator associated with
poor response to the treatment and faster disease progression.
During the years 2006–2016, we examined 1463 adults with AML (n
= 615) and MDS (n = 848). In bone marrow cells of 151 patients
monosomy 7, deletion of 7q/7p or other structural rearrangements
of chromosome 7 were found. Karyotypes were analyzed using con-
ventional and molecular cytogenetic techniques: FISH (Abbott, Krea-
tech), mFISH/mBAND (MetaSystems) and array CGH/SNP (Illumina,
Agilent). In 143 patients (95%) chromosome 7 aberration was proved
in combination with other changes or as a part of complex karyo-
type, in 8 patients (5%) monosomy 7 was a sole aberration. The most
frequently altered regions were identified in bands 7q22, 7q31 and
7q33-7q35. Ring chromosome 7 was found in 9 cases (in one patient
a sole aberration). Dicentric chromosome 7 was demonstrated in 27
(19%) patients. Translocations of chromosome 7 often involved part-
ner chromosomes 17 (n = 8; 5,5%), 2 (n = 6; 4%) and 11 (n = 6; 4%). In
two cases clonal evolution was found: in the first patient three separ-
ate clones were detected with monosomy 7, r(7)(p11.2q21) and
del(7)(q21q36). In the second patient, only del(7)(q11q31) was found
initially, in the next sample after 5 months two clones with
del(7)(q11q31) and with monosomy 7 were proved, and in the last
sampling after 2 months only monosomy 7 was observed. These
findings correspond to the theory of multi-step process, when dele-
tion 7q occurs in the early stage of the disease as the first step of
the clonal evolution, which later on leads to the complete mono-
somy 7.
Supported by MHCR project 00023736, RVO-VFN64165, GACR P302/
12/G157, ProgresQ28.
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Soft tissue sarcomas (STS) are rare solid cancers of mesenchymal cell
origin accounting for <1% of adult cancers and they represent histo-
logically and molecularly heterogeneous group of tumors. The diag-
nostics of STS is difficult because of heterogeneity and low
incidence, but it is necessary to diagnose the highly malignant sarco-
mas early and accurately. Specific genetic findings as translocations
of SS18, COL1A/PDGFB, EWSR1, DDIT3 genes have been found in
30% STS, and they can be detected by fluorescence in situ
hybridization (FISH).
Between January 2014 and January 2017, in our laboratory, 17
formalin-fixed, paraffin-embedded (FFPE) tissues were examined by
FISH using probes: Kreatech ON SYT (18q11) Break, ON EWSR1
(22q12) Break, ON CHOP (12q13) Break, ZytoVysion SPEC COL1A1/
PDGFB Dual color.
A total of 17 cases were evaluated, namely a Ewing sarcoma (7
cases), Synovial sarcoma (8 cases), Liposarcoma (1) and Dermatofi-
brosarcoma (1). Rearrangements of investigated genes were identi-
fied in 11 samples (64,7%): rearrangement of SS18 in 3 cases of
synovial sarcoma, rearrangement of EWSR1 in 4 cases of Ewing sar-
coma, rearrangement of genes COL1A1/PDGFB in one case of derma-
tofibrosarcoma and rearrangement of gene DDIT3 in one case of
liposarcoma. In 2 cases of suspect Ewing sarcoma with rearrange-
ment of EWSR1 the final histopathological diagnosis were olfactory
neuroblastoma and extraskeletal myxoid chondrosarcoma; this gen-
etic change in both diagnosis has been described in literature before.
6 FISH negative cases (35,3%) were reported as stromal endometrial
carcinoma, malignant peripheral nerve sheath tumor, leiomyosar-
coma, adenocarcinoma, sarcomatoid carcinoma.
Rearrangements of investigated genes have been identified by FISH
in 64,7% cases, the findings were corresponding with the final diag-
nosis and with literature.
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Chronic lymphocytic leukemia (CLL) exhibits a highly heterogeneous
clinical course, where genomic aberrations with known clinical rele-
vance are mainly gains and losses, rather than balanced rearrange-
ments. This observation justifies the application of a-CGH technology
in the clinical practice, in particular using a-CGH + SNPs (SurePrint G3
Cancer CGH + SNPs 4x180K platform, Agilent) that allows the identifi-
cation of loss of heterozygosity (LOH) and uniparental disomy (UPD),
events that play a critical role in haematological diseases.
So far we analyzed 50 selected patients: 26 using classical cytogen-
etic, FISH and a-CGH + SNPs and 24 with classical cytogenetics along
with a-CGH + SNPs.
The most recurrent anomalies identified by the array platform, with
proved or possible prognostic significance, included losses in
2p11.2(4%), 3p26.3-p25.3(4%), 6q14.2-q22.3(8%), 9p21.3(8%),
10q22.2-q26.3(12%), 11q22.1-q23.3(16%), 14q24.2-q32.33(6%), 15q14-
q15.1(6%), 17p13.3-p12(12%), gains in 2p25.3p14(4%), and 8q12.3-
q24.3(4%) and trisomy 12(16%). Moreover, two distinct subtypes of
13q14 deletions were identified: type I exclusive of RB1(21%) and
type II inclusive of RB1(18%) characterized by a worse clinical
outcome.
LOH was observed at: 1q21.2q44(2%), 5q23.3(8%), 6q13q14.1(2%),
7p21.1p15.3(2%), 8q11.21q11.23(2%), 9q33.1q33.3(2%) and
12q13.3q14.1(4%). UPD was detected for the whole chromosome
13(2%), 17q(2%), and 20q(2%).
In one case UPD was present in 18q in association with a duplication
of qter region. In conclusion, combined a-CGH + SNPs analysis im-
proved the characterization of genomic aberrations, allowing also
the detection of clonal heterogeneity and low-grade mosaicism up
to 10%. The flow chart we applied since 2015 that includes conven-
tional cytogenetics and a-CGH + SNPs replacing FISH, turned to be a
valid approach both in term of diagnostic/prognostic efficacy and
saving time procedure.
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Cancer can be caused by mutations that activate oncogenes and/or
inactivate tumour suppressor genes. In addition to such mutations,
chromosome aberrations are a hallmark of cancer cells. Karyotyping
by multiplex-FISH (M-FISH), a single cell assay, not only allows a
genome-wide screen for gross chromosome rearrangements, but can
also detect aberrations that are present in a subset of cells, thus mak-
ing it an important tool in cancer research. In this study, we karyo-
typed 39 mouse primary pancreatic tumours using M-FISH. These
tumours were induced by known mutating oncogenes and/or
tumour suppressor genes in order to recapitulate the development
of human pancreatic cancer, and were divided into three cohorts ac-
cording to the gene(s) targeted.
From each tumour, 10 random metaphases were karyotyped using
M-FISH and DAPI-banding. Apart from delineating the structural and
numerical rearrangements in each tumour, M-FISH karyotyping re-
vealed a variable level of karyotype heterogeneity and instability.
More interestingly, we observed apparently characteristic rearrange-
ments for each cohort, involving the chromosomes carrying the tar-
geted mutations.
Kras and Cdkn2a cohort: 18 tumours were induced by mutations in
the Kras oncogene (chromosome 6) and the Cdkn2a tumour suppres-
sor gene (chromosome 4). Eleven tumours showed gains or re-
arrangement of chromosome 6, eleven showed deletion, loss or
rearrangement involving chromosome 4, and seven showed aberra-
tions involving both chromosomes.
Nfkb2 cohort: 17 tumours were induced by PIK kinase mutation
(Nfkb2, an oncogene on chromosome 19), and 16 of them showed
gains of chromosome 19.
In the third cohort, induced by Kras mutation and by knocking out
tumour suppressor genes, three epithelial and mesenchymal tumours
from the same mouse carried a common translocation involving
chromosomes 9 and 11, indicating a common origin. This study is
ongoing.
In conclusion, M-FISH karyotyping is a robust tool for the character-
isation of genomic rearrangements in cancers. The karyotype hetero-
geneity data will enable a better interpretation of genomic data
generated by comparative genomic hybridisation and next-
generation sequencing, which generally use pools of cells.
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Introduction
Classical conventional cytogenetics and FISH (Fluorescent In Situ
Hybridization) analysis provide great support for clinical diagnosis in
the identification of leukemia diagnosis, prognosis and treatment op-
tions. In acute myeloid leukemia (AML), chromosomal arrangements
that are 50-70% non-clonal are observed and more than 50 structural
chromosome anomalies are described. Cytogenetic translocations de-
termined according to the WHO criteria in de novo AML; t(8; 21)(q22;
q22), t(15;17)(q22; q11-12), inv16 (p13q22), 11q23. It was aimed to
diagnose the case with AML indications, to determine the prognosis
and to assist with the treatment.
Methods
In interphase fish scanning; t(15;17)(q22; q11-12), inv16(p13q22),
11q23, TP53 (17P), del (5q), −7 del (7q) and del (20q) target regions
were analyzed. Chromosome screening and examination were also
performed by classical cytogenetic method.
Results
Approximately 35% of the cells examined were determined the dele-
tion in p53 gene region and, detachment has been detected, sug-
gesting translocation in the MLL (11q23) probe. In addition, two
fusion signals were detected in 80% of patients suggesting transloca-
tion. Again, in the same cells, it was seen that there was one more
signal from both chromosomes 8 and 21. In bone marrow culture
studies, a small number of metaphases were obtained with the rea-
son of the difficulty of the metaphase and found to be 46, XY in 3
areas and 46, XY, −1, der (1) +8 in 3 areas.
Discussion
MLL, rearrangement is observed in 85% of newly born B-ALL and is a
poor prognosis for ALL. De novo AML is present in 3% of the cases
and 10% in the secondary AML, reducing treatment success. t (8; 21)
is observed in 10% of all AMLs mainly M2 AML. Recurrence after
treatment is frequent. Trisomy 8 is a common finding, especially in
myeloid leukemia. There are publications on the impact of imprinting
on the clinic. t(9; 11), t (11; 19) and t (6; 11) of other chromosomal
abnormalities may be associated with trisomy 8 at 5%. Trisomy 8 is
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rated as moderate and poor prognosis. No prognostic evidence has
been reported with trisomy 21. By conventional chromosome ana-
lysis, trisomy 8 was detected and correlated. As a result, the classical
cytogenetic method is extremely important since the FISH scan will
probe known regions only.
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The arrangement of the genome within the cell nucleus is organised to
consent optimal gene expression. Overall, transcriptionally inactive re-
gions are mostly found towards the nuclear periphery, and active regions
in the nuclear interior. We previously showed that the radial distribution
of human chromosome 7 in the nucleus of lymphocytes depends on the
chromosomal band gene density, with gene rich regions protruding to-
wards the nuclear interior and gene poor regions remaining at the per-
iphery. Our hypothesis is that chromosomal rearrangements such as
translocations cause a disturbance in the distribution of chromatin in the
nucleus, bringing regions of the genome closer together or further apart,
depending on the chromosomal bands affected by the rearrangements.
Disturbance to genome organisation, and thus gene expression, is a rele-
vant factor in the development of disease. In this study, we focused on
the characterisation of chromosome 7 abnormalities and the radial posi-
tioning of specific genes, in particular HLXB9, mapping at 7q36, in acute
myeloid leukaemia (AML) patient samples and in the AML derived cell
line GDM-1. The latter harbours a t(6;7)(q23;q36) with breakpoint distal
to HLXB9. We used dual-colour fluorescence in situ hybridisation (FISH)
using probe combinations to discriminate the normal chromosome 7
from the der(7). In GDM-1, the HLXB9 on the der(7) mapped at the nu-
clear periphery, whereas the non-translocated allele was in the nuclear
interior, considered the transcriptionally active compartment. Moreover,
a combination of dual colour FISH and in situ reverse transcription
showed that HLXB9 transcripts emerged from the allele repositioned to-
wards the nuclear interior. This rather unusual finding indicates that
regulation of gene expression in cancer cells carrying chromosomal
translocations might be more complex than previously thought. Further
studies will elucidate the impact of gene repositioning and HLXB9 ex-
pression in AML diagnosis and prognosis.
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Double minute chromosomes (dmin) are rare in Acute Myeloid
Leukemia (AML) and their genesis, as well as their impact on the
tumor transcriptome, are still poorly understood. Recently, the emer-
gence of dmin was explained by chromothripsis; however, our results
did not support this possibility in tumor cell lines with MYC-dmin. In
addition, MYC is not overexpressed when amplified in leukemia, sug-
gesting a nonlinear correlation between amplification and overex-
pression. By integrating DNAseq, SNP array, RNAseq, FISH and PCR,
we reconstructed the internal structure of head-to-tail amplicons in
23 leukemia cases with MYC-dmin. For the majority of them (19/23),
we could identify an “ancestral” amplicon as the most prevalent
amplified structure. Furthermore, amplicons displayed variable levels
of molecular heterogeneity. Our analyses excluded chromothripsis as
the driving force underlying amplicon genesis in our samples. Fur-
thermore, we detected neocentromeres emerging at ring chromo-
somes that harboured tandemly amplified sequences. Interestingly,
dmin were accompanied by a number of novel fusion transcripts in-
volving 8q24 amplified genes (mainly PVT1), validated by RT-PCR and
Sanger sequencing. Several of these chimeras were recurrent among
samples and showed multiple transcript isoforms, although not being
supported by genomic rearrangements. Interestingly, RNA-seq ana-
lysis of 20 AML cases with normal karyotype, obtained at The Cancer
Genome Atlas, and of two remission samples of dmin cases, failed to
identify any of the validated chimeras. Furthermore, we detected a
significant over-expression of a PVT1 circular RNA (circPVT1), de-
scribed as a molecular sponge for miRNA with tumor-suppressor ac-
tivity, in cases with 8q24 amplifications versus cases with normal
karyotype. Our results open new scenarios on the genesis and tran-
scriptional impact of 8q24 amplifications in AML, suggesting that the
role of post-transcriptional chimeras and circular RNAs accompanying
amplifications needs further clarifications.
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Introduction
Oral squamous cell carcinoma (OSCC) is frequently diagnosed in ad-
vanced stage, presenting a poor 5-year survival rate. Cell lines de-
rived from tumors are extensively used as cancer models in research
increasing the understanding of cancer biology and enabling the
prediction of patient response to drugs. Nevertheless, only a small
number of primary tumor cell lines have been successfully devel-
oped, since human carcinomas exhibit a wildly growth in the body,
but in culture they are particularly difficult to establish and grow. In
this study we aimed to establish and perform a detailed
characterization of numerical and structural aberrations in OSCC pri-
mary cell cultures.
Methods
Primary cell cultures were established from three surgically resected
OSCC samples (tongue and retromolar trigone tumors, stage II and
IV). The (cyto)genomic characterization was assessed by karyotype
and array comparative genomic hybridization (aCGH) using sex-
matched controls.
Results and Discussion
These primary cell cultures are near-triploid. Chromosome analysis re-
vealed complex karyotypes with several numerical and structural
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alterations, involving almost all chromosomes. Isochromoses are
present in these cultures, including i(5)(q10), i(9)(q10), i(1)(q10) and
i(8)(q10), which are common aberrations of the carcinogenesis
process. Genomic imbalances were detected by aCGH, such as in
chromosomes 3, 5, 8, 9, 18 and X, being the most of these aberra-
tions in agreement with cytogenetic results. Some of these alter-
ations were also observed in commercial OSCC cell lines previously
characterized in our laboratory. The identification of complex rear-
rangements in primary cultures is useful to establish the OSCC gen-
etic profile, contributing for the identification of diagnosis and
prognosis biomarkers. Additionally, the concordance between pri-
mary cultures and commercial cell lines shows the utility of these
cells in further studies, enriching the resources available for oral can-
cer research.
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Cytogenetic findings are among the most important prognostic
factors in acute myeloid leukemia. Deletion of the long arm of
chromosome 5 is a common abnormality. The association of 5q
loss with complex karyotype, occurring only in 13% of the pa-
tients older than 55 is less frequent. 5q deletions are most com-
monly accompanied by abnormalities affecting chromosmes 7, 20,
13, 12, 17, 18, and 3.
Our aim was the analysis of genotype-phenotype correlation in a
case of AML with complex karyotype.
Chromosome analysis performed by G-banding and extended fluor-
escence in situ hybridization (FISH) tecniques were used to deter-
mine the cytogenetic abberrations.
Chromosome banding and extended FISH analysis revealed an 5q
deletion and a complex karyotype harbouring ≥5 abberrations. How-
ever along the aforementioned chromosome 3 and 7, chromosomes
11, 22 and 6 were also affected and the following karyotype could
be described:
44,XY,-3,del(5)(q13q33),del(6)(q13),der(7)del(7)(p10)-
dic(7;11)(p10;q10),-11,i(22)(q10),der(22)t(3;22)(q26;p11)add(3)(?)
These complex karyotypes are classified as adverse genetic risk.
The patient received 7 + 3 induction therapy with idarubicin. Con-
trol biopsy showed 20% of residual disease. Due to the poor
prognosis and the residual disease, allogenic transplantation was
an option and search for a donor for transplantation was
initiated.
The patient reached complete remission after a treatment with
FLAG-IDA. During this period consolidation therapy was given. An ap-
propriate donor wasn’t available therefore the treatment continued
with 2 cycles of intermedier Ara-C. After 4 months a relapse occured
and low-dose Ara-C was given again as palliative treatment. Despite
the therepeutic efforts the patient deceased because of sepsis, kid-
ney failure and respiratory distress.
In accordance with other studies, we found that complex karyo-
type is associated with unfavorable prognosis and rapid disease
progression. This case further emphasizes the importance of
identifying therapeutic targets for these subset of patientes. For
this accurate cytogenetic and molecular characterization is
indispensable.
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Chromosomal aberrations are recognized as a valuable biomarker
of genotoxic exposure and cancer susceptibility. Increased fre-
quency of chromosomal aberrations indicates an increased risk of
cancer. Phytohaemagglutinin-stimulated whole blood lymphocytes
were cultured in complete RPMI1640 medium at 37 °C for 72 h.
Colcemid was added two hours before the end of cultivation.
The cells were harvested and dropped on microscopic slides ac-
cording to a standard procedure. The slides were denatured in
0.07 M NaOH and hybridized with fluorescently labeled painting
probes for chromosomes 1 (red), 2 (green) and 4 (green). 1000
metaphase cells from each sample were scored under a fluores-
cent microscope and aberrant cells were captured and classified
according to the Protocol for Aberration Identification and No-
menclature. Genomic frequencies of stable chromosomal ex-
changes were calculated. The non-parametric Mann–Whitney U
test was used for statistical analysis.
We investigated 53 healthy control individuals recruited through
the outpatient clinic of preventive oncology who have not suf-
fered from cancer and live and work in a non-hazardous environ-
ment (average age 48.2 ± 11.0; group A), 128 patients with newly
diagnosed cancer (average age 59.7 ± 11.9; group B) and 10 pa-
tients with metastatic disease who have been receiving chemo-
therapy for at least 3 years (average age 58.9 ± 10.4; group C).
Genomic frequencies of translocations per 1000 cells (FG) in
groups A, B and C were 22.9 ± 16.2, 33.6 ± 21.5 and 347.5 ± 288.7,
respectively. Differences in FG between groups A and B can be
probably ascribed to higher age in group B. We detected highly
significant correlation of FG with age (R = 0.36 in group A, R =
0.40 in group B). We detected significantly higher FG in group C
and high variability among individuals.
Supported by Ministry of Health of the Czech Republic, grant no. 15-
33968A
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Acute lymphoblastic leukemia is a disseminated malignancy of
B- or T lymphoblasts imposing a rapid diagnostic process to
support an optimal therapy. The cytogenetic and Molecular
hematology laboratories of Institute Pasteur of Tunis drain all
Tunis city ALL cases. The purpose of this study was to determine
the frequencies of chromosomal abnormalities among ALL
Tunisian patients and to report the rare detected cytogenetic al-
terations. Our cohort included 133 consecutive patients, who
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presented with ALL during 2016, from January to December.
Chromosomal abnormalities were evaluated by R-banding karyo-
types and RT-PCR. RT-PCR determination was carried out for
BCR-ABL1, KMLT2A-AFF1 (MLL-AF4) rearrangements. Among ana-
lyzed cases, 56 were de novo ALL. The current study includes in-
fants leukemias (5.3%), chidren leukemias (44.3%) and adult
leukemia (48.9%). Concerning de novo ALL, 89.3% were B-ALL
and 10.71% were T-ALL .Conventional karyotype and RT-PCR re-
sults were highly concordant (96% of cases). B-ALL cases
showed, t(9;22)(q34;q11) in 16%, with recurrently additional cyto-
genetic abnormalities, KMT2A rearrangement in 2% of cases,
hyperdiploidy in 8% of cases and complex karyotypes in 14% of
cases . For T-ALL , two rarely described translocations were no-
ticed, t(11;14)(p15;q11)and t(11;14)(p13;q11). These rearrangements
involve LMO1 (11p15), LMO2(11p13) and TCRD/A ( 14q11). Their prog-
nostic significance is not well defined because of their low frequency.
The follow up of one of these cases does reveal no cytogenetic remis-
sion after first induction therapy. One case of T-ALL have shown
t(6;14)(q24;q23). This translocation has never been reported to our best
knowledge. Finally, as far as we know, this is the first series of cytogen-
etic findings in patients with ALL reported in Tunisia.
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Cytogenetic alterations represent interesting biomarkers for diag-
nosis, prognosis assessment and treatment adjustment of acute
leukemia. We studied the cytogenetic and the molecular findings
in 101 consecutive Tunisian patients who presented with de
novo acute myeloid leukemia (AML), during 2016, from January
to December. Analysis was achieved in Cytogenetic and Molecu-
lar Hematology Laboratories of Institute Pasteur of Tunis, drain-
ing most Tunis city AML cases for diagnosis and follow up. The
study included pediatric and adult leukemia. Chromosomal ab-
normalities and genes rearrangement were detected by R-
banding karyotype and RT-PCR, carried out for PML-RARA,
RUNX1-RUNX1T1 (AML1-ETO) and CBFb-MYH11 transcripts. 51%
of patients had cytogenetic abnormalities in their karyotypes,
36% had normal karyotype and 13% of patients had no ad-
equate metaphases for karyotype analysis. Based on karyotypes
findings, analyzed AML were categorized into four cytogenetic
risk groups. The first is favorable cytogenetic risk group (21% of
cases), includes patients presenting t(15 ;17)(q24 ;q21), t(8
;21)(q22 ;q22) and inv(16)(p13q22) found respectively, in 10%,
5% and 6% of cases. The second is intermediate cytogenetic risk
group (49% of cases), includes patients presenting normal karyo-
type, trisomy 8, −Y. The third is unfavorable cytogenetic risk
group (21% of cases), includes patients presenting del(5q)/-5, −7/
del(7q), 11q23 translocations/trisomy 11, t(9;22)(q34;q11), del(9q)
and complex karyotype. Remaining eight patients (9% of cases)
had miscellaneous clonal aberrations considered to have un-
known prognostic significance because of their low frequency in
AML. We have compared the incidence of specific clonal abnor-
malities in our series, to the results of cooperative studies includ-
ing higher number of patients. In this study, we aimed to
determine the frequencies and subtypes of chromosomal abnor-
malities among AML patients in the Tunisian population, and to
report the rare detected cytogenetic alterations in this series of
patients.
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An E2A-PBX1 fusion gene produced from a t(1;19)(q23;p13) trans-
location is commonly observed in childhood pre-B acute lympho-
blastic leukemia. The t(1;19) translocation is detectable in
neonatal Guthrie cards in 10% of pediatric ALL cases. Although
chromosomal abnormalities have been reported in limited extra-
nodal natural killer (NK)/T-cell lymhoma cases, with the deletion
of 6q22-25 being the most frequently seen, recurrent transloca-
tions, especially the constitutional t(1;19)(q23;p13) translocation,
have not yet been described in NK/T-cell lymphoma in the litera-
ture. Here, we present the cytogenetic characterization of a 46-
year-old Turkish female who was clinically diagnosed with extra-
nodal NK/T-cell lymphoma. Using cytogenetic analysis and FISH
on the patient’s bone marrow, peripheral blood, and skin biopsy,
it was found that the sole constitutional chromosome abnormal-
ity was the t(1;19) translocation. While the E2A- PBX1 fusion gene
was detected in both of the bone marrow and the peripheral
blood samples, it wasn’t detected in the skin biopsy by using RT-
PCR technique. In conclusion, we believe that having the consti-
tutional t(1;19) translocation may predispose to the development
of NK/T-cell lymhpoma with the presence of secondary events.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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The location of genes and chromosomes in the interphase nucleus of
healthy human cells is non-random, therefore understanding the mech-
anisms that regulate nuclear genome organization is an emerging field
of interest. In disease states such as cancer, changes in the location of
genes from their normal position in the cell nuclei have been observed
and can be linked with abnormal gene expression. HLXB9 is a homeo-
box gene mapping at 7q36 that is expressed during foetal develop-
ment and is important in the genesis of organs from the ectoderm and
endodermal germ layer. Overexpression of HLXB9 has been reported in
various cancers including hepatocarcinoma, insulinomas and colorectal
cancer. Our previous work showed that overexpression of HLXB9 corre-
sponds to a mis-location of this gene to the inner part of the nucleus in
a specific subset of childhood leukaemia.
In our current study, we performed Real Time Quantitative PCR, indir-
ect immunofluorescence and fluorescence in situ hybridisation in
three breast cancer derived cell lines and as controls we used the
MCF10a cell line and a number of human mammary epithelial cells
(HMECs) samples. All these samples were investigated for both
HXLB9 expression levels and nuclear localisation. In non-cancer cells,
HLXB9 resides typically at the nuclear periphery. Our studies show
that HLXB9 is downregulated in BC cell lines compared to the
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controls although the HLXB9 gene is localised in the inner part of
the nucleus in the cancer cells. These findings suggest that HLXB9
expression in breast cancer might be regulated by other factors and
is not dependent on nuclear positioning. Further studies aimed to in-
vestigate the structure of the nuclear envelop in breast cancer cells
might shed some light into the mechanisms of nuclear gene posi-
tioning and expression in these diseased cells.
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Introduction
Neuroblastomas are one of the most common solid tumours in
children. Molecular cytogenetic studies are of paramount import-
ance in the prognosis and treatment stratification of patients with
this tumour, and are recommended by The International Neuro-
blastoma Risk Group Staging System (INRGSS). In particular,
tumour cell ploidy, MYCN amplification, deletion of chromosome
1p and 11q, and gain of chromosome 17q portend an unfavor-
able prognosis. In this study, we report 16-years’ of experience at
the Cytogenetics Laboratory, KK Women’s and Children’s Hospital
(KKH), Singapore.
Methods
Interphase fluorescence in situ hybridization (FISH) studies of neuro-
blastoma specimens from 2001 to 2016 were reviewed. These studies
were performed on tumour imprints, formalin-fixed paraffin-
embedded tissues (FFPE), fresh frozen tissues and bone marrow
specimens, using locus-specific (MYCN, 1p and 11q or 17q) commer-
cial fish probes.
Results
Our work summarises the results of 404 neuroblastoma samples, of
which 32 were primary tumours and the other 372 were post-
treatment tumours. A total of 166 neuroblastoma tumours (18 pri-
mary and 148 post-treatment tumours) exhibited one or more of the
three genetics parameters being investigated. Less than 20% of these
166 tumours showed two or more of the three genetics parameters
investigated. Of the 18 primary tumours, 14 correlated with unfavor-
able histology.
Conclusion
Our data suggests that MYCN amplification, 1p and/or 11q deletion
are reliable independent parameters correlating with an unfavour-
able histology and poor prognosis of patients for primary tumour.
Furthermore, our data also suggests that detection of these genetic
parameters via FISH is also useful in follow up of post-treatment
neuroblastomas.
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Structural aberrations of chromosome 1p36 involving in tranloca-
tions, inversions, deletions and duplications are very common in
most hematologic malignancies. They are observed in myeloprolifera-
tive disorders (MPD), myelodysplastic syndrome (MDS) and multiple
myeloma (MM). Also, 1q36 abnormalities are rare in other myeloid
malignancies, acute lymphoblastic leukemia (ALL), chronic lympho-
cytic leukemia (CLL), and non-Hodgkin’s lymphoma.
We present deletions and rearrangements of breakpoint 1p36 in 18
patients with hematologic malignancies in this study.
Rearrangements occur via translocations with diffrent chromosomes,
additions and inversions. Our cases consist of 3 MDS, 2 AML, 2MM, 6
CML, 2 Lymphoma, 1 B-ALL, 1 ITP and 1 Aplastic anemia patients. We
have shown t(1;3)(p36;q21) at 3 patients (1AML M2 and 2 CML). The
t(1;3)(p36;q21) leads to fusion of PRDM16 (containing 16 gene) at
1p36 with RPN1 at 3q21. AML and MDS with t(1;3)(p36;q21) were first
described by Moir et al. (1984). Translocations of PRDM16 lead to its
overexpression, and those patients have a poor prognosis. Also 7 pa-
tients (1MDS, 2 MM, 2 CML, 1 AML and 1 Aplastic anemia) have
translocation 1q36 with other chromosomes or rearrangements. One
ITP patient has der(1)t(1;1)(p36;q21) and another CML patient has
der(1)t(1;1)(p36;q12). 1p36 region consists of genes which are import-
ant in oncogenesis. der(1)t(1;1)(p36;q11-q32) are reported in litera-
ture for both myeloid and lymphoid neoplasias.
23 candidate tumor suppressor genes have been mapped in the
1p36 region, and it is the smallest region of deletion (SRD). Terminal
1p36 deletions are frequent in both myeloid and lymphoid neopla-
sias. We have also demostrated several terminal deletions from 1p11
to 1p36 at five patients, that are 2 MDS, 2 Lymphoma, and 1 B-ALL.
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Bladder cancer is one of the common cancers in the world. The ma-
jority (70%) of bladder cancers (urothelial carcinoma) are superficial
including papillary pTa (40%), pT1 (30%) and carcinoma in situ (Cis)
(2-5%), at the time of diagnosis.
Genetic studies of bladder cancers observed that chromosomal
changes are one of the important factors that act in tumorigenesis
and behaviour of the tumor. Polysomies of chromosomes 3, 7, and
17 and deletions of p16 gene located at 9p21 are used as biomarkers
in diagnosis of bladder tumors. Loss of both alleles of p16 has been
shown that occur at early stages whereas polysomies of chromo-
somes 3, 7, and 17 are associated with progression of the tumor. A
multicolor fluorescence in situ hybridization (FISH) assay, UroVy-
sionTM, was developed to detect these abnormalities in urine speci-
mens for diagnosis of bladder cancer. It can also be applied to
parafin-embedded tissues.
In this study, we applied UroVysionTM on archival paraffin-embedded
sections from 21 patients with superficial grade T1 tumors. All cases
were FISH-positive. In 14 cases, polysomy of at least two chromosomes,
in similar frequencies for all combinations, with biallelic deletion of p16
were observed. Six cases had only biallelic deletion of p16 and one case
had polysomy of at least two chromosomes.
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Nuclear factor kapa B(NF-kB) is a transcription factor protein fam-
ily and an important role in tumor development and aggressive-
ness by enhancing tumor angiogenesis, antiapoptosis and
proliferation. The NFKB1 gene located at chromosome 4q24. The
polymorphism is a 4-basepair insertion/deletion located 94 base-
pairs upstream of the gene (−94ins/del ATTG). Researchers indi-
cated that the functional −94 ins/del ATTG polymorphism in the
NFKB1 gene may be associated with cancer risk. We aimed to in-
vestigate the NFKB1 -94ins/del polymorphism using PfLMI restric-
tion enzyme on breast cancer patients by Restriction Fragment
Length Polymorphism (RFLP).
We analysed primary tumor core biopsies from 80 high-risk pri-
mary breast cancer patients (tumors ≥2 cm and/or lenfatic metas-
tase and/or distant metastases and/or under 40 years) DNA was
isolated after deparaffinization stage from the tissues of 80 pa-
tients, which belong breast cancer patients. After amplification
the products digested at spesific sites by using PfLMI restriction
enzyme. DNA fragmentation were analyzed using electrophoresed
on 2% agorose gels.
We observed that 13.63% of patients are homozygous del/del
(240, 45 bp) and 86.37% of patients are heterozygous ins/del
(281, 240, 45 bp). Homozygous variants were cleaved by PfLMI
restriction enzyme into two fragments of 240 and 45 bp. On the
other hand, heterozygoutes showed all three bands, 281, 240 and
45 bp.
In this study we investigate the relationship between NFκB1-94 pro-
motor site and risk of breast cancer. These results showed that
NFκB1 promotor-94 ins/del ATTG gene polymorphism is related with
breast cancer progression.

2.P31
Concomitant KMT2A (MLL) GIGYF2 and TRA MYC gene fusions in
an infant B cell precursor acute lymphoblastic leukemia (BCP ALL)
Sabrina Haslinger 1, Andrea Inthal 1, Karin Nebral 1, Margit Koenig 1,
Astrid Mecklenbraeuker 2, Rolf Marschalek 3, Claus Meyer 3,
Renate Panzer-Grümayer 2, Oskar A. Haas 1

1Ccri, Children's Cancer Research Institute, Cytogenetics And Molecular
Cytogenetics, Vienna, Austria; 2Ccri, Children's Cancer Research Institute,
Biology of Leukemia, Vienna, Austria; 3Institute of Pharmaceutical
Biology, Goethe University, Diagnostic Center of Acute Leukemia,
Frankfurt/main, Germany
Correspondence: Sabrina Haslinger
Molecular Cytogenetics 2017, 10(Suppl 1):2.P31

With 135 different and 94 already molecularly characterized rear-
rangements, the transcriptional co-activator KMT2A (MLL) is the most
promiscuous gene that is involved in various types of acute leuke-
mias. We present the case of a 20 month old boy with BCP-ALL and
two translocations, a t(2;11)(q37;q23) and a t(8;14)(q24;q11) which re-
late to a novel KMT2A-GIGYF2 and a rare TRA-MYC gene fusion. FISH
analyses with KMT2A, TRA and MYC specific dual color split-apart
specific FISH probes, revealed the involvement of the former in the
t(2;11) and the latter two in the t(8;14). Although copy number ab-
normalities (CNA) are rather uncommon in cases with KMT2A fusions,
array analysis nevertheless uncovered a 1.1 Mb intron 17 deletion of
GIGYF2 on chromosome 2 and another 38 kb exons 9–36 deletion of
KMT2A on chromosome 11. The combination of these deletions was
therefore not only highly suggestive of an underlying KMT2A-GIGYF2
gene fusion but their location also eased its direct confirmation with
RT-PCR on the RNA and with LDI-PCR on the DNA level. Although the
multitude of CNAs that accompany the physiological rearrangement
of the TRA region prevented us to obtain a similar rewarding infor-
mation in case of the t(8;14)(q24;q11), we found additional intragenic
PAX5 and homozygous CDKN2A/B deletions as well as a copy-neutral
loss of heterozygosity of 9p24.3q21.3. The Drosophila GIGYF2 (GRB10
interacting GYF) protein ortholog is a modulator of autophagy that
controls neuron and muscle homeostasis. It is involved in siRNA-
mediated post-transcriptional silencing by selectively blocking the
process of translation of distinct capped mRNAs. TRA-MYC fusions
are encountered in 0.5 to 1.3% of primarily BCP ALL in children and
young adults with a male preponderance and in the context of
Down syndrome and a t(9;22).
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Several recurrent conventional cytogenetic abnormalities have been
detected in acute lymphoblastic leukemia. The greatest impact on
patient’s management has been the finding that the cytogenetic re-
sult is an independent prognostic indicator. Certain karyotypes are
associated with a very poor outcome.
The aim of our study was to determine the cytogenetic profiles of a
series of 11 adulthood acute lymphoblastic leukemia. Patients treated
at our clinic in the last 4 years were studied by standard cytogenetic
analysis or fluorescent in situ hibridization. Mean age of three female
and 8 male patients was 37 years (18–68), 8 B-cell and 3 T-cell cases
were included of our series. We evaluated karyotype results of bone
marrow specimens and/or peripheral blood. The frequency of cyto-
genetic abnormalities, including numerical and/or structural changes,
was 72%. We observed 11q23 involvement: t(4;11)(q21;q23) in 2
cases, translocation of Philadelphia chromosome: t(9;22)(q34;q11)
was identified also in 2 cases. Complex cytogenetic aberrations were
detected in 4 cases. Following the report of the unfavorable cytogen-
etic results 6 of 11 patients were organized to recieve allogeneic
hemopoietic stem cell transplantation. Therapeutic results without
allogeneic stem cell transplantation are disappointing in these cases.

2.P33
Conventional cytogenetics findings t(12;21)(p13;q22) translocation
and 9p21deletion in pediatric ALL patients
Esra Manguoglu 1, Sibel Berker-Karaüzüm 1, Hakan Akkurt 1, Koray Yalçin 2,
Alphan Küpesiz 2
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Acute lymphoblastic leukemia (ALL) is one of the most common
childhood malignancy. t(12;21)(p13;q22)/ ETV6-RUNX1 (TEL-AML1)
and 9p abnormalities are among the major chromosome aberrations
in pediatric and adult acute lymphoblastic leukemia. A total of 21
pediatric ALL patients were included in this study. Conventional cyto-
genetics analysis and FISH analysis for t(12;21)(p13;q22) translocation
and 9p21 aberrations using dual color FISH probes were performed.
Conventional cytogenetics analyses revealed hyperdiploidy in three
patients and a complex karyotype in six patients. Ten patients had ei-
ther heterozygous or homozygous deletion of 9p21(p16). On the
other hand two of the five patients with the t(12,21)(p13;q22) trans-
location were also positive for 9p deletion and two patient had tri-
somy 21 in addition to t(12,21)(p13;q22) translocation. In addition,
the deletion of 12p was detected in six patients while either duplica-
tion or amplification of 12p and 21q were observed in three patents
without t(12;21) translocation. These and other cytogenetics results
are evaluated with regard to clinical findings.
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Introduction
Overexpression of EVI1, due to rearrangements of the locus MECOM
in 3q26, has been described in 10% of acute myeloid leukemia (AML)
and of myelodysplastic syndromes (MDS) as a marker of poor
prognosis.
Case report
In March 2016 a 62-year-old female patient presented with hepatos-
plenomegaly, anemia, reduced platelet count and leukocytosis (Hb
9.5 g/dl; PLT 85000/mm3; WBC 16690/mm3; PMN 50%, Lymph 18%,
Mono 22%, Blasts 10%). The patient was diagnosed as a severe MDS-
EB2 (WHO 2016). Flow cytometry of bone marrow biopsy showed
15% of CD13+, CD33+, CD34+, CD117+ myeloid blasts. The patient
received 5-Azacitidine chemotherapy and is currently in remission.
Methods
Cytogenetic analysis of bone marrow aspirate showed a homoge-
neous karyotype 46,XX,t(3;12)(q26;q21) [20]. The constitutional karyo-
type was normal 46,XX [17]. FISH analysis with three-color EVI1 probe
(Metasystems, Germany) showed the translocation of 5’MECOM on
chromosome 12q. Using a panel of BAC clones (Technogenetics,
Italy) by FISH analysis, we mapped the breakpoint site within a re-
gion 2.6 Mb in size at 12q21.31.
Discussion
Despite yet uncharacterized, chromosome 12q21 is critical for
chronic idiopathic myelofibrosis (CIMF), and the t(3;12)(q26;q21) has
been described only in two patients, with AML secondary to treat-
ment (Poppe et al., 2006), and CIMF JAK2-negative (Mešanović et al.,
2014), respectively. In both cases EVI1 partner genes remained un-
known. Our ongoing analysis has narrowed the breakpoint region in
an interval of 2.6 Mb at 12q21.31, in view to enlighten 12q21 role in
the pathogenesis of MDS/CIMF.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Tumor cells often show abnormal karyotypes, indicating the occur-
rence of chromosome rearrangements and the accumulation during
clonal evolution. This causes difficulties in the analysis of mutation
profiles when multiple variants are detected. Chromosome sorting by
flow cytometry produces flow karyotypes that enable the isolation of
abnormal chromosomes and the generation of chromosome-specific
DNA. In this study, approximately 2000 chromosomes of a derivative
chromosome t(9;14) and its homologous normal chromosomes 9 and
14 from an endometrial cancer cell line were used for the prepar-
ation of genomic DNA fragment libraries. Chromosome-specific se-
quencing identified the breakpoint junction in the der(9) at 9p24.3
and 14q13.1 and revealed the formation of a fusion gene. Different
from single cell analysis, comparisons of mutation profiles between
normal and abnormal alleles permits their precise mapping. This re-
veals additional variants that have occurred not in the abnormal al-
lele but in an apparently normal allele, implying that chromosomes
can be stable through fusions. Expression patterns have been investi-
gated based on comparisons between the allele-specific variant pro-
files and the RNA sequencing. We demonstrate that allele-specific
mutation profiles can be determined precisely by chromosome se-
quencing and show how chromosome rearrangements can influence
chromosome instability.
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Rare recurrent chromosomal abnormalities in CLL detected by
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Traditional chromosomal aberrations /i.e. del(11q), +12, del(13q),
del(17p)/ occupy an important position in chronic lymphocytic leu-
kaemia (CLL) as significant indenpendent prognostic factors.
FISH and conventional chromosome banding (CBA) stimulated by
CpG oligonucleotides (CpG-ODN) and interleukin-2 (IL-2) are standard
methods for capturing chromosomal abnormalities. We focused on
the incidence of rare recurrent chromosomal aberrations (RCAs) that
can provide new prognostic information in CLL.
Metaphase cytogenetic techniques and molecular-cytogenetic ana-
lyses were performed in 849 CLL-patients from 2008 to 2016 (319 fe-
males, 530 males, median age at the time of analysis: 66 years). CBA
was performed on peripheral blood or bone marrow samples culti-
vated in medium with stimulants. I-FISH was performed on unstimu-
lated cells for detection of del(11q), +12, del(13q), del(17p). RCAs
were confirmed by I-FISH, multicolor FISH or multicolor banding.
A total of 778/849 (91,6%) cases were succesfully stimulated for
metaphase analysis. Chromosomal aberrations were detected in 714/
849 (84,1%) of patients by combining both methods.
RCAs were found in 214 cases (214/778, 27,5%). Most frequent RCAs
were 3,7% gain of 2p, 3,7% del(6q), 3,5% rearrangement of IGH
(translocations partners: 2, 6, 8, 9, 11, 12, 13, 15, 16, 18, 19), 2,6%
del(14q), 1,7% gain of 8q (MYC gene), 1,2% +18, 1,2% +19 and other
less known RCAs were also identified.
Cytogenetic results are highly relevant in defining the prognosis of
CLL patients. I-FISH as gold standard for detection of important
chromosomal aberrations and CBA after stimulation with cocktail of
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CpG-ODN and IL-2 are efficient tools in routine analysis of chromo-
somal aberrations. The importance of RCAs in CLL will be discussed
in the poster.
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Acute myeloid leukemia (AML) is a heterogeneous group of disorders
characterized by excessive proliferation of myeloid progenitor cells.
Although cytogenetic lesions are described in ~ 50% of de novo
AMLs, the rest of the patients need further testing in order to obtain
genetic data that informs the diagnosis, prognosis and response to
treatment.
We report on the results of microarray investigation of genomic vari-
ants in 12 patients with AML and normal cytogenetics (AML-NC).
Genomic profiling was performed on 4x180K CGH + SNP platforms
(Agilent Technologies) using genomic DNA extracted from bone mar-
row samples obtained at diagnosis, prior to any therapy. DNA ex-
tracted from buccal swab samples was hybridized on microarrays for
4 patients. Targeted NGS testing with Ion AmpliSeq™ AML Research
Panel is ongoing for the patients tested by microarray.
Several copy number anomalies (CNA) and copy-neutral loss of het-
erozygosity (CN-LOH) were observed in our patient group. Three pa-
tients presented CN-LOH larger than 10 Mb affecting chromosomes
6 and 13: a patient with a 47 Mb CN-LOH on 6p25.3-p12.3, a patient
with a 50 Mb CN-LOH on 13q14.2-q32.1 and a patient with co-
occurring CN-LOH on 6p25.3-p21.2 (37 Mb) and 13q12.11-13q34
(94 Mb). Both 6p and 13q regions are recurrently affected by CN-LOH
in AML and considered to contribute to leukemogenesis by doubling
an oncogenic event. Among CNAs, we report a 12p deletion includ-
ing CDKN1B gene previously reported as haploinsufficient in AML.
Our study proves the value of genomic investigation of hidden
anomalies, highlighting the complexity of the molecular profiles in
AML-NC. The ultimate goal of these genomic investigations is a bet-
ter understanding of cancer biology and improvement of patient
care.
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In the process of carcinogenesis, there is a time point of cellular gen-
ome destabilisation, a frequent symptom of which is chromosomal
aneuploidy of chromosomes 3, 7 and 17 and a loss of locus 9p21
(UroVysion Test). In the course of 5 years, we carried out 512 UroVy-
sion tests; in 68%, the patients were referred for diagnostics of
urinary bladder cancer, in 8.4% for therapeutic effect follow up, in
2% it was dysuria, in 2.7% haematuria, in 0.5% chronic, recurrent
cystitis, other indications - 1.4%, no precise indications - 13.1%. Diag-
nostic criteria: 25 morphologically abnormal cells were evaluated. A
result was regarded positive when more than 10 cells demonstrated
a loss of 9p21 fragment (the presence of one or the loss of both sig-
nals) or if more than 4 cells showed polysomy of two chromosomes
(among chromosomes 3,7,17) or if more than 10 cells indicated
polysomy for one of the above-mentioned chromosomes. Positive re-
sults were obtained in 56% of the cases. In the group with negative
results, our attention was drawn to a statistically higher percent of
rearrangements in 9p21 region, compared to changes in chromo-
somes 3, 7, 17. That observation did confirm the known fact that the
change in question is the earliest one in the process of carcinogen-
esis. What was a surprising new observation was that the change
was found in the group with negative results.
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Fanconi anemia (FA) is an autosomal recessive genetic disorder.
FA patients have physical abnormalities, organ defects, and an in-
creased risk of certain cancers. As there is a DNA repair defect,
patients are more likely to develop bone marrow (BM) failure,
myelodysplastic syndromes (MDS) and acute myeloid leukemia
(AML). The cytogenetic clonal patterns in FA-related AML differs
from this one in de novo AML. Presence of +1q, −7, +3q, 7q−,
+13q, or 20q − are more frequent in a FA patient with AML. Un-
balanced t(1;16), e.g. trisomy 1q and monosomy 16q, is a rare
non-random cytogenetic abnormality associated with myelodys-
plastic syndrome. Duplication of the long arm of chromosome 1
has been mostly described as a secondary event in MDS, and has
been preliminarily associated to cytogenetic and/or clinical pro-
gression toward AML. We present a 13 year-old girl with FA diag-
nosed with MDS in July 2013. Chromosome analysis on BM aspirate
revealed:46,XX,add(1)(p34.3),add(6)(p22),der(16)t(1:16)(q11:q11)[3]/47,sl,
+8[12]/46,sl,add(1)(p34.3)[1]/46,sld,del(12)(p11p13)[3]/46,XX[5]. The de-
rivative chromosome 16, was described on the basis of fluorescent in
situ hybridization result. The patient received treatment with anti-
thymocyte globulin and then cyclosporine (CsA) for six months . She
was progressed to AML in February 2014 and she was treated with
Idarubicin hydrochloride and Cytarabine without response and then
Mitoxantrone and Cytarabine. The patient died cause of bacterial
sepsis in April 2014. The literature review revealed that
der(16)t(1:16)(q11:q11) was found in three MDS cases evolving to-
wards AML. As a sole anomaly in one MDS patient and with add-
itional trisomy 8 in the two others. Because of the rarity of this
cytogenetic abnormality, additional cases need to be studied be-
fore its clinical impact is fully appreciated.
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Mantle cell lymphoma (MCL) is agressive type of lymphoma. The re-
arrangement of genes IGH and CCND1 is a crucial diagnostic marker
to distinguished by the other lymphomas. Additional genetic aberra-
tions occur in many cases and help assess thein prognostic
importance.
Our case is 77 years old woman with suspected MCL. The classical
cytogenetic analysis presents two patological clones with complex
karyotype and common translocation t(11;14). FISH analysis detected
bialellic and monoalellic deletion of CDKN2A, deletion of TP53 and
gain of BCL6 and MYC. CDNK2A and MYC aberrations are associated
with a high MCL international prognostic index (MIPI). CDKN2A/TP53
losses correlated with an unfavourable outcome. The examination
was done from bone marrow and material from lymph node. Histo-
logic biopsy identifies difuse growing lymphoma with nodular bear-
ing. The cytology examination finds lymphoid elements with
irregularly nucleolus of centrocytoid morphology. The clonal popula-
tion of B-lymphocytes in peripheral blood and bone marrow is dem-
onstrated by immunophenotyping.
MIPI score 7,2 of patient is associeted with high-risk prognosis with
median survival 29 months. The combination of chemotherapeutic
treatment R-CHOP/ R-ARAC and Rituximab was brought.
The patient died for central nervous system attack after 4 months.
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Background
Fanconi Anemia (FA) is a rare genetic disorder that is mainly inher-
ited in an autosomal recessive pattern and is rarely X-linked. Clinical
features of FA patients include various congenital abnormalities, the
classical features, however, may be absent in 25-40% of patients.
We report on two female patients, aged 1 and 4 years old referred to
the Department of Medical Genetics of Athens University for genetic
investigation due to clinical suspicion of FA.
Methods
Cytogenetic analysis
For clastogen-induced chromosome damage, lymphocyte cultures
were set up with the addition of Mitomycin (MMC). The sample was
considered as FA-positive if the percentage of breaks and radial for-
mations detected were 7–10 times higher compared to an aged-
matched control.
Molecular analysis
Molecular analysis was performed for FANCA by MLPA and Sanger
sequencing for FANCA, FANCC, FANCE, FANCF and FANCG.
Results
Cytogenetic analysis
Induced breaks and radial formations were noted in 96% of analyzed
metaphases in both patients.
Molecular analysis
The first patient was carrier of c.3521G > A,(p.W1174*) in exon 36 and
c.3788_3790delTCT,(p.Phe1263del) in exon 38 of FANCA (FA-A
subtype).
In the second patient a homozygous substitution, c.1313 T > C
p.(Leu438Cys) in exon 7 of FANCE was revealed (FA-E subtype).
Conclusion
The c.3521G > A,(p.W1174*) in exon 36 of FANCA is a stop codon mu-
tation, and is reported for the first time in the literature. Two out of
five family members tested were heterozygotes.
In the FA-E patient, the c.1313 T > C p.(Leu438Cys) substitution in
exon 7 of FANCE is also reported for the first time.The patient does
not present any congenital abnormalities, and although she hasn’t
been transplanted, two years after the diagnosis, no typical
hematological manifestation is apparent. Although both parents are
Greeks, are not related and come from different areas of the country,
they are carriers of the same rare substitution.

Prenatal Diagnosis
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Non-invasive prenatal testing/screening (NIPT/NIPS) based on cell-
free fetal DNA (cffDNA) in maternal circulation has been widely ac-
cepted worldwide since 2011, however, the limitations of cffDNA-
based NIPT/NIPS, such as maternal malignancy and fetoplacental mo-
saicism, preclude its fully replacement of invasive prenatal diagnosis
using amniocentesis and chorionic villus sampling. Despite the reper-
toire of NIPT/NIPS had been recently expanded into microdeletion/
microduplication disorders by a few commercialized service pro-
viders, the consensus of the academic communities still regards the
scope of cff-DNA based NIPT/NIPS is limited to fetal aneuploidy in-
volving common trisomies and monosomies. On the other hand, cell-
based noninvasive prenatal diagnosis had been the aim of another
group of researchers with the booming of new technologies origin-
ally developed to isolate and enrich the circulating tumor cells
(CTCs). Here we present a nanostructure, microfluidics based novel
automated system Cell RevealTM to demonstrate the feasibility of
capturing fetal cells including both the extravillus cytotrophoblasts
(EVT) and the nucleated fetal red blood cells (fnRBC), followed by
cytogenetic analyses using fluorescence in situ hybridization (FISH),
array comparative genomic hybridization (aCGH), and next gener-
ation sequencing (NGS), to detect fetal aneuploidy and de novo copy
number variation (CNV). We also performed paralleled cffDNA-based
NIPT/NIPS and confirmed the results with those obtained by invasive
procedures.
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Maternally inherited Xp;Yq translocation in male fetus
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Xp;Yq translocations are relatively rare events and may be a chal-
lenge in genetic counseling. Female carriers of Xp;Yq translocation
may be phenotypically normal or have short stature. In males,
phenotypic consequences depend on the genes deleted in derivative
X chromosome.
We report a prenatal case of Xp;Yq translocation in a male fetus.
A 31-year old woman underwent amniocentesis at 15th week of
pregnancy due to positive maternal serum screening test.
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Cytogenetic analysis of the fetus showed male karyotype with
additional material attached to Xp. Chromosomal microarray ana-
lysis (CMA) was performed to discover possible imbalances. It
showed a 8.5 Mb homozygous terminal deletion of Xp from
breakpoint Xp22.31 and an at least 12.5 Mb heterozygous dupli-
cation of Yq from region Yq11.221. The deleted region of Xp har-
bours 39 genes, including SHOX, ARSE, NLGN4 and STS. The loss
of these genes may result in a contiguous gene syndrome with
short stature, chondrodysplasia, mental retardation and ichthyosis
in male individuals. The duplicated region of Yq is not expected
to cause phenotypic manifestations. The karyotype of the fetus is
46,Y,der(X)t(X;Y)(p22.3;q11.2).
Cytogenetic investigation of the parents showed the same deriva-
tive X chromosome in the mother. The father´s karyotype was
normal. So the mother of the fetus is a carrier of the Xp;Yq trans-
location. Her karyotype is 46,X,der(X)t(X;Y)(p22.3;q11.2). She is a
phenotypically normal woman, but had a period of infertility and
irregular menarche. She has no other children. Cytogenetic ana-
lysis of her parents gave normal results. So, she has a de novo
translocation.
After genetic counseling the family decided to continue the preg-
nancy. A precise clinical examination and the follow-up of the baby
will be offered to the family after birth.
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Chromosomal abnormalities are the most frequent cause of early
pregnancy losses. Thus, cytogenetic analysis of spontaneous mis-
carriages is essential to establish their etiology and to assess pa-
tients about risks of recurrence in future pregnancies.
Conventional tissue culturing of products of conception collected
after evacuation is laborious and impaired by bacterial contamin-
ation, and at risk of diagnostic error due to overgrowth of ma-
ternal cells present in the specimen. Recent studies using
microarrays, which don’t require cell culture, have proved to be
useful to detect chromosomal abnormalities in these samples,
but they also present limitations. We analyze the cytogenetic re-
sults obtained in a large series of first trimester miscarriages,
using a diagnostic approach with a high success rate and no
maternal contamination, and underline some advantageous as-
pects when comparing with the molecular studies. A total of
1119 chorionic villi samples were obtained before evacuation
and karyotypes were performed after short-term culture (STC). In
603 samples a long-term culture (LTC) was also performed. Cyto-
genetic result could be achieved in 1011 samples (90.3%). An
abnormal karyotype was detected in 70.3% of the samples. Sin-
gle autosomal trisomy was the most frequent abnormality
(64.6% of the abnormal cases), followed by triploidy (13.1%) and
monosomy X (10.4%). Chromosome rearrangements were found
in 5.2%, combined abnormalities in 8.9%, and placental mosai-
cism in 3.5% of the cases with STC and LTC performed. The
3.1% of the samples showed an unexpected chromosome re-
arrangement. Our study offers reliable information on the inci-
dence and types of chromosome abnormalities and placental
mosaicism in miscarriages. Compared to microarray-based stud-
ies, our series gives a higher rate of chromosome abnormalities
causative of pregnancy loss, including poliploidies and structural
abnormalities which can increase the recurrence risk.
3.P4
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Chromosomal microarray is increasingly used in prenatal diagnosis.
However, higher resolution can bring problems when interpreting
some copy number variants. Using SNP array and array CGH, more
than 750 amniotic fluid and chorionic villi samples were investigated.
In total, 15 cases of microduplication/microdeletion and 7 cases of
variants of uncertain significance on the X chromosome were found.
Using databases, publications and familial genealogy, pathogenicity
was not definitely proven in these cases. In one case, the pregnancy
was terminated due to pathologic ultrasound findings, the remaining
6 pregnancies have continued.
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Confined placental mosaicism for a chromosome abnormality is de-
tected in 1-2% of pregnancies undergoing first trimester prenatal diag-
nosis in chorionic villi samples (CVS), mostly aneuploidies. Mosaicism
for structural rearrangements is a rarer event that complicates interpret-
ation. Among these cases, those involving chromosome 18 are fre-
quently found in CVS analysis. Subsequent fetal studies are needed to
discriminate between a confined placental abnormality and a chromo-
some rearrangement involving fetal tissues, therefore with potential
phenotype consequences. Here we report five cases with different fetal
chromosome 18 structural abnormalities in mosaic, detected at CVS
(short and long term culture) by karyotyping and FISH analysis. These
rearrangements involved: 18p deletion, isochromosomes for 18p and
for 18q, addition to 18p, and a ring chromosome 18. Additional fetal in-
vestigations using ultrasound scan, QF-PCR, FISH and/or chromosome
analysis from amniotic fluid contributed to differentiate a confined pla-
cental mosaicism from a true fetal mosaic and allowed a correct pre-
natal diagnosis. Among five cases with chromosome 18
rearrangements, one of them underwent directly gestation termination,
since fetal malformations were detected by ultrasound scan (case 1); in
four cases, an amniocentesis was performed for additional fetal cyto-
genetic analysis. In one of this (case 2), karyotype was normal in 100
fetal amniocytes, therefore the rearrangement was considered confined
to the placenta and a normal baby was born. In the three remaining
gestations, however, the cytogenetic analysis performed in amniotic
fluid cells confirmed an abnormal fetal karyotype: in cases 3 and 4, only
one cell line with 18p deletion was found, while in case 5, the abnormal
cell line found in CVS with an extra i(18p) was in mosaic with a normal
cell line. Possible cytogenetic mechanisms for the different rearrange-
ments and clinical consequences are discussed.

3.P6
Clinical Experience with a Single Nucleotide Polymorphism Based
Non Invasive Prenatal Test for Five Clinically Significant
Microdeletions
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Single-nucleotide polymorphism (SNP)-based noninvasive prenatal
testing (NIPT) can be used to screen for a subset of sub-
chromosomal deletions (<10 Mb) associated with severe clinical phe-
notypes. Over a one-year period of test referrals to Natera, Inc. (San
Carlos, CA), 74,938 tests were performed for fetal 22q11.2 deletion
syndrome (22qdels) and 39,678 for 1p36, cri-du-chat, Prader-Willi,
and Angelman microdeletion syndromes. The screen-positive rate
(SPR) for 22qdels was 0.38%. Based on follow-up information on 54%
of these cases, the false-positive rate (FPR) was 0.33% and the posi-
tive predictive value (PPV) was 15.7%. Six maternal 22qdels were
identified. Similarly, for the other four microdeletion syndromes com-
bined, the SPR was 0.59%, there was a 58% positive test follow-up in-
formation rate, 0.56% FPR, and 5.3% PPV, with zero maternal
deletions. A minimal estimate for the prevalence was approximately
1/1,255 for 22qdels and 1/1,464 for 1p36, cri-du-chat, and Angelman
syndromes combined. A protocol improvement was prospectively
evaluated. This included reflex re-sequencing of positive call cases at
a higher depth of read, which increased the PPV for 22qdels to
44.2% and lowered the FPR to 0.07%. For the other microdeletion
syndromes combined, the PPV increased to 31.8%, and the FPR was
reduced to 0.07%. Given that the original study was carried out on a
high-risk cohort, modelling was performed to estimate PPVs for
average-risk populations. The results show that the PPVs would re-
main similarly high.
The results of this study demonstrate that these microdeletions are
relatively common in the test referral population, SNP-based screen-
ing is effective and the performance is improved with high-depth
resequencing. Invasive testing with microarray analysis is indicated
for all women with positive microdeletion screening test results.
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The study of chorionic villi samplings (CVS) by conventional cytogen-
etics reveals chromosomal abnormalities in 12% of cases, and in 1-
2% of pregnancies mosaicism is observed. In order to increase the
diagnostic yield, new molecular techniques that offer higher reso-
lution have been developed, such as chromosomal microarray-based
analysis (CMA). Similar to cytogenetically visible chromosomal abnor-
malities, cryptic chromosomal abnormalities (CCA) may also be pre-
sented as confined placental mosaics, leading to misinterpretations.
The purpose of the present work was to establish the frequency of
CCA and confined placental mosaicism of CCA in CVS, and to evalu-
ate the reliability of the strategy used.
We performed CMA in CVS of 90 pregnancies with normal karyotype
or a balanced familial rearrangement, in both trophoblast and mes-
enchyme. Thirty-three percent of them belonged to the pathological
group as they were referred for ultrasound abnormalities, and the re-
mainder 67% was the control group referred mostly due to abnormal
first trimester screening.
The overall frequency of reportable non-mosaic CCA was 7,8%, but
only a 6,7% with phenotypic consequences, and in 1% of samples a
CCA was only found in trophoblast. Most of the CCA were diagnosed
in the control group.
Although the cohort presented is relatively small, it seems that the
rate of CCA is higher than other previous prenatal diagnosis reports.
Placental mosaicisms of CCA present a frequency similar to that of
cytogenetically visible chromosomal abnormalities during the first tri-
mester of pregnancy. However, CCA do not seem to be generally as-
sociated with ultrasound abnormalities in the first trimester of
gestation. The strategy used is reliable for the detection of placental
mosaicisms of CCA.
Partial results from the case study have been previously presented
(Eur J Hum Genet 2015, Vol 23 Supp 1, 55)
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Introduction
Cystic hygroma is a vascular-lymphatic malformation and can occur
either as an isolated finding or as a part of syndrome (chromosomal
abnormality; Noonan, Smith–Lemli–Opitz, Escobar, Fanconi pancyto-
penia syndromes). The incidence of cystic hygroma is about 1:1000–
1:6000 births.
Objective: The analysis of the ultrasonographic and karyotyping data
of fetuses with cystic hygroma.
Methods
A complete fetal sonographic examination was performed, followed
by fetal karyotyping. For cytogenetic analysis of biopsy samples a dir-
ect method of processing the villi was used and for fetal blood a
halfmicromethod.
Results
A total of 48 (0,7%) fetuses with cystic hygroma were identified in
6919 high-risk pregnancies referred for fetal karyotyping. Cystic
hygroma was diagnosed in 50% of the cases at 12–14 weeks of
gestation.
A karyotype abnormality occurred in 29 (60,4%) of fetuses, including
trisomy 21 (20,7%), monosomy X (62,1%), trisomy 18 (10,3%), and
other (6,9%). Despite well-known association between maternal age
and frequency of aneuploidy, there were only 4 (13,8%) pregnant
women over 35 years among diagnosed aneuploid cases. The pro-
portion of pregnant women under 25 years was 2 times higher than
in other age groups among euploid fetuses with cystic hygroma.
Besides hygroma, associated congenital anomalies were observed in
12 (63,2%) of 19 fetuses with normal karyotype. Among them the
most frequently diagnosed were cardiac abnormalities – 10 (83,3%)
cases.
Conclusion
Cystic hygroma is associated with high rates of karyotype abnormal-
ity, major congenital malformations. Monosomy X was the most com-
mon form (62,1%) among aneuploid cases of cystic hygroma (n = 29).
Only 7 (14,6%) fetuses were euploid and without ultrasonographic
detectable structural anomalies.
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Introduction
Embryo selection for monogenic diseases has been mainly per-
formed using targeted disease-specific assays. Recently we have de-
veloped haplarithmisis, which is based on genomic haplotype
reconstruction of cell(s) biopsied from embryos. This provides infor-
mation not only about the inheritance of Mendelian disease alleles,
but also about numerical and structural chromosome anomalies and
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haplotypes genome-wide. Reflections on how to use this information
in the diagnostic laboratory are lacking.
Methods
Here we present the clinical outcome of 164 embryo transfers follow-
ing PGD for monogenic and/or chromosomal disorders using haplar-
ithmisis. Given that (1) our main aim is selection against the genetic
disorder that occurs in the family and (2) embryo selection is per-
formed on day 3 biopsied material, we opted for a relaxed aneu-
ploidy testing model, according to which only embryos carrying
viable trisomies and trisomies of meiotic origin are excluded from
transfer. Embryos were approved for transfer based on (1) the haplo-
type in the region of interest, (2) genome-wide copy number profile
and (3) embryo morphology at the blastocyst stage.
Results
From January 2015 until December 2016, 164 embryos had been
transferred in 152 single and 6 double embryo transfers. This led to
44 singleton and 2 twin pregnancies which gives a pregnancy rate of
30% per embryo transfer. Interestingly, 38 embryos with one or more
aneuploidies had been included in the transfers, 6 of which gave rise
to a clinical pregnancy and resulted in the birth of 4 healthy babies
and 2 ongoing pregnancies.
Conclusions
Haplarithmisis allows the distinction of meiotic and mitotic trisomies
enabling the use of embryos that would have otherwise been dis-
carded as inappropriate for embryo transfer. With regard to preg-
nancy outcome, our data show an improved pregnancy rate per
embryo transfer in case of chromosomally normal embryos (33% ver-
sus 15.8%). Importantly, a remarkable 15.8% of the aneuploid em-
bryos seem to be leading to normal pregnancies and life births,
stressing the value of correct interpretation of detected aneuploidies
on day 3. Both findings underline the added value of genome-wide
based haplotyping used in preimplantation genetic diagnosis.
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After the discovery of circulating cell free fetal DNA, non-invasive
prenatal testing (NIPT) for Down syndrome was permitted by mas-
sively parallel sequencing technologies with low-pass whole genome
sequencing. Since 2015, we have been performing NIPT using a pan-
genomic strategy with a semiconductor sequencer (H+ Consortium)
and WISECONDOR for data analysis.
After 1000 tests, we have identified 20 trisomies 21, 1 trisomy 18
all confirmed after invasive testing, no trisomy 13 and 6 other
autosomal aneuploidies. A trisomy 15 was suspected for a
45 years-old patient. Amniotic fluid karyotype was normal but
molecular testing demonstrated maternal uniparental heterodis-
omy for chromosome 15 (Prader-Willi syndrome) leading to ter-
mination of the pregnancy while ultrasound scans were normal. 4
patients had a NIPT profile suspicious of trisomy 16. Patients
were informed considering potential consequences on fetal
growth during the last trimester and complications leading to
intrauterine fetal death (ACLF Guidelines). None of them had an
invasive test but two pregnancies are still ongoing. The two
others were complicated by intrauterine growth delay for the first
one and preeclampsia for the second one with respective births
at 34 and 27 weeks of gestation. Postnatal karyotype was normal
in both cases with mosaic placental trisomy 16 demonstrated for
the only placenta sample available. Finally, a trisomy 8 was sus-
pected for a 42 years old patient who refused invasive testing
considering normal ultrasound scans and was later lost to follow-
up. With 6 cases over 1000 tests, we are close to the attended
0.7% all-chromosome confined placental aneuploidy probability
based on chorionic villus sampling data. Ideally, all observations
should be confirmed postnatally on a placental sample. Herein
we stress the interest of a pangenomic strategy and the role of
cytogeneticists facing situations experienced with chorionic villus
sampling.

3.P11 Microarray
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In prenatal diagnosis, chromosomal microarray analysis (CMA) has
not yet fully replaced conventional cytogenetic but has rapidly be-
come the recommended genetic test in pregnancies with ultrasound
abnormalities. This methodology allows the identification of patho-
genic small copy number variation (CNVs) in 5-10% of pregnancies
with ultrasound abnormalities and a normal karyotype, increasing
the diagnostic yield. However, this increased resolution can also re-
sult in the detection of incidental findings.
Here we report a fetus referred for prenatal diagnosis due to skeletal
dysplasia. Affymetrix Cytoscan HD chromosome microarray analysis
was performed and a 204 kb gain was detected at Xp21.1 region
(chrX: 31993622_32191110 [GRCh37]) in a female fetus, encompass-
ing the intron 44 of the DMD gene, for the largest gene transcript.
Nevertheless, if we considered the smaller transcripts it encompasses
exon 1. The gain was maternally inherited.
The DMD gene is involved on Becker muscular dystrophy, Cardiomy-
opathy, dilated, 3B and Duchenne muscular dystrophy. Intron 44 is a
preferential breakpoint in about 30% of all DMD deletions, being the
DMD transcript NM_004006.2 responsible for dystrophin expression
in the skeletal muscle.
The FGFR3 gene sequencing revealed the presence of the c.1118A >
G, p.Y373C mutation associated to Thanatophoric Dysplasia, type 1
(TD1) justifying the ultrasound abnormalities.
With this case, we reinforce that the discovery of CNVs in prenatal
CMA goes beyond the correlation with the CNV and the ultrasound
abnormalities. Incidental findings can also have a larger impact to
the family clinical managing, even if not for the ongoing pregnancy
for the reproductive future of the couple.
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Microdeletion 19p13.12 has been rarely reported. Only five post-natal
cases with intellectual disability, dysmorphism and overlapping dele-
tions involving the 19p13.12 chromosome region have been docu-
mented. Two critical intervals were previously defined: one of 700 kb
for branchial arch defects and another interval of 350 kb for hypertri-
chosis, synophrys, protruding front teeth. We describe the first pre-
natal case, a fetal death in utero at 39 weeks of gestation presenting
dysmorphic features, cupped ears and pre-auricular skin tag, bilateral
renal hypotrophy and placental pathology with chorionic villous is-
chemia. 180 K array-CGH analysis identified a 745 kb microdeletion
in 19p13.12. FISH analyses with probes RP11-79P23, RP11-81 K14 and
a control 9p telomeric probe showed that the deletion occurred de
novo. The maternal inheritance of the deletion was demonstrated by
molecular studies.
Included within the 745 kb microdeletion in 19p13.12 are at least 6
functionally relevant genes: SYDE1, NOTCH3, BRD4, AKAP8, AKAP8L,
WIZ, encompassing both previously reported critical intervals. SYDE1,
primarily expressed in placental trophoblasts, is an important candi-
date gene for placental abnormalities observed in this case. Syde1
−/− KO mice placenta exhibit placental defects associated with intra-
uterine growth restriction. NOTCH3 is strongly expressed in renal
blood vessels, the glomerular tuft, cytotrophoblasts and placental
endothelial cells. NOTCH3 (MIM *600276), gene mutation in CADASIL
syndrome with ischemic strokes and white matter lesions, is another
candidate gene for renal hypotrophy and placental ischemia in this
fetus. BRD4, AKAP8, AKAP8L, WIZ highly expressed in branchial
arches are candidate genes for ear malformations in the fetus. We re-
port a new interstitial deletion at 19p13.12 and also refine more pre-
cisely a critical interval for renal hypotrophy, branchial arch defects,
facial dysmorphism and placental pathology.
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We report a case of twin IVF pregnancy with a balanced de-novo
translocation between chromosomes 5 and 17 in one fetus. The
couple underwent several cycles of IVF treatments and the last one
(used method was ICSI) resulted in a dichorionic diamniotic preg-
nancy. Extensive ultrasound investigation of the twins at 13 weeks of
pregnancy revealed a microretrognathia in one fetus. The other had
no visible abnormalities (both fetuses had NT = 2,0 mm). Subse-
quently, the chorionic villus sampling was performed to the first
fetus. Cytogenetic studies by G-banding revealed a karyotype
46,XX,t(5;17)(q22;q23). Parental karyotypes were normal.
Chromosomal microarray analysis (CMA) was performed to exclude
imbalances. No alterations were detected. In case of a balanced
translocation that is ascertained by chromosomal microarray analysis,
the predicted outcome of the pregnancy can be expected as normal.
Pregnancy is going on and a follow-up of the newborns was
proposed.
Translocations, when detected prenatally, remain a challenge for the
geneticists. Molecular approaches often give additional beneficial in-
formation in the counseling process.
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In recent years, it has been positively demonstrated that molecular
methods represent an improved diagnostic tool for prenatal detec-
tion of chromosome abnormalities.
We report two prenatal cases where molecular diagnosis failed
while conventional cytogenetic leads to the diagnosis in these
fetuses.
The first patient was addressed at 26 WG to our prenatal center be-
cause of a congenital heart defect observed on ultrasonography. Am-
niocentesis and fetal blood sampling were performed. Prenatal BoBs
on amniotic fluid did not find any aneuploïdy. Three days later, meta-
phases from fetal blood showed 46 chromosomes with one dicentric
chromosome 21 in all the metaphases. Rapidly, amniotic fluid culture
showed also the presence of this dicentric in all metaphases resulting
in fetal trisomy 21. Surprisingly, FISH on uncultured amniotic fluid re-
vealed the existence of two cellular populations in equivalent propor-
tion: one with the dicentric (trisomy 21) and one with only one
chromosome 21 (monosomy 21). Prenatal BoBs is an assay based on
quantitative dosage. In this case, the co-existence between the two
populations compensate for chromosome 21 dosage making Trisomy
21 invisible to the molecular diagnose.
The second pregnant patient was referred because of ventriculome-
galy and abnormal corpus callosum in one twin. Amniocentesis was
performed. Prenatal BoBs and CGH-array did not reveal any abnor-
mality but karyotype analysis showed a fetal apparently balanced de
novo translocation:46,XX,t(16;17)(p13;p13.3). Fetal brain RMI revealed
lissencephaly. Interruption of 17p13.3 region spanning LIS1/
PAFAH1B1 gene by the translocation breakpoint was demonstrated
by FISH and explained the Miller-Dieker brain phenotype of this
fetus.
These two cases illustrate the interest and contribution of morpho-
logical cytogenetic methods, such as FISH, associated with these
purely quantitative molecular techniques. However, the molecular
techniques alone can lead to a false negative diagnosis at first, thus
very difficult for parents once the diagnosis is established.
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Chimerism occurs when two or more stable and genetically distinct
cell lines, originated independently from one another, are present in
an individual. Sex-chromosome discordant chimeras are rare in
humans, with only a few cases reported and investigated at molecu-
lar level.
We report a prenatal diagnosis performed at 16 weeks because of
hyperechogenic bowel, intrauterine growth restriction (IUGR) and an
abnormal appearing placenta. The karyotype of amniocytes revealed
two different cell lines: one 46,XX and another 46,XY. The fetus was
female and maternal contamination was discarded. Combination of
the cytogenetic result and molecular analysis with polymorphic DNA
markers was compatible with the presence of two cell lines: one bi-
parental and another androgenetic. These results were confirmed in
skin fibroblasts after termination of pregnancy. The molecular study
was crucial to differentiate between a chimera and a mosaic and also
to propose a mechanism for its origin.
Phenotypic expression in sex-discordant chimeras is highly variable,
depending on the distribution of the two cell lines in the gonads,
and may range from normal to various degrees of ambiguous geni-
talia. The presence of an androgenetic cell line in these cases is fre-
quently associated with placental mesenchymal dysplasia. The
associated fetus may be normal, but IUGR and features common to
Beckwith-Wiedemann syndrome (BWS) may occur.
Prenatal genetic counseling is difficult in cases of chimerism, since it
is not possible to predict the phenotype at term. The possibility of
sexual ambiguity, infertility and the possibility of developing gonado-
blastoma should be discussed. Chimeras may be phenotypically nor-
mal males/ females and since there are a limited number of cases
studied, some authors assume chimeras may be under-diagnosed.
Chimerism is an interesting biological issue with the genotype-
phenotype correlation still far from being defined.
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Inversions are frequently innocuous. Nevertheless, rarely, it may in-
duce a submicroscopic alteration, with a locus or a small number of
loci being disrupted or removed.
Excluding those involving the heterochromatic regions and others
considered harmless variants, inversions are uncommon, with a fre-
quency range from about 0,12% to 0,7% (pericentric) and 0,1% to
0,5% (paracentric).
We report two cytogenetically identical pericentric inversions on
chromosome 22(p13q11.21), prenatally detected. To guarantee the
integrity of proximal region on chromosome 22, including the critical
region for DiGeorge syndrome, MLPA (P250) was performed. Family
1 showed a normal result but in Family 2 a small deletion in
22q11.21 of about 600Kb was found. This deletion, as well as the
pericentric inversion was inherited from the father.
Inversions of chromosome 22 are rare with only 8 cases reported. All
involve a larger segment, with the breakpoint in 22q in a more distal
position than it is in our two cases.
The deletion identified in Family 2 is an atypical deletion in the distal
part of the “22q11.2 microdeletion syndrome” critical region and
shows a great inter- and intrafamilial phenotypic variability, with
some patients reported in Decipher database with deletions that
overlap the one we report.
The inv(22) seems to be a rare event. However, this may be due to an
under diagnosis considering the difficulty in identifying the recombinant
chromosome by conventional cytogenetic. The accurate characterization
of these alterations requires the use of molecular techniques.
The two inv(22) we report were inherited from apparently normal
parents. Even in those situations the integrity of the 22q11.2 region
must be guaranteed, since it contains a cluster of LCR that mediates
non-allelic homologous recombination that results in deletions/ du-
plications in the region.
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Non-invasive prenatal testing (NIPT) approaches, based on whole
genome sequencing of circulating free DNA (cfDNA) has become
more and more standard prenatal care. A whole genome analysis en-
ables not only the detection of fetal chromosomal imbalances of
chromosomes 13, 18 and 21 but (partial) aneuploidies of all other
chromosomes can be detected as well. Because fetal cfDNA origi-
nates from the apoptosis of placental trophoblast cells, there is also
a chance of a positive screening result attributable to fetoplacental
mosaicism. Moreover, an abnormal result from NIPT may also be
caused by a vanishing twin or even from malignant cells of an occult
maternal malignancy. We present three incidental findings detected
in our diagnostic setting during the Dutch NIPT study TRIDENT-1
(Trial by Dutch laboratories for Evaluation of Non-Invasive Prenatal
Testing): a double aneuploidy (A), a segmental duplication (B) and an
unbalanced translocation (C) and demonstrate additional pre- and
postnatal follow-up testing elucidating the origin of the finding.
Case A: cfDNA screening showed a combination of trisomy 15 and
21. Case B: cfDNA screening showed a duplication of 9p. Case C: in
the first trimester cfDNA screening was done (elsewhere) indicative
for a structural duplication of 7p and a small deletion of 13q.
From April 2017, in the Netherlands cfDNA screening is implemented
as first screening test for all pregnant women (national TRIDENT-2
study) and parents will have the option to choose between targeted
(chromosome 13, 18, and 21 only) or whole genome analysis. Based
on the experience of analysis of chorionic villus samples and the re-
sults of NIPT in TRIDENT-1 thusfar, we expect that more incidental
findings will be detected. Because of their possible clinical relevance
and for pregnancy management, extensive laboratory testing and
clinical follow-up is needed to clarify these findings.
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Chromosomal Microarray Analysis (CMA) is becoming more useful
in prenatal diagnosis(PND) than karyotyping in the last years.
Some laboratories exclusively use CMA for PND. Karyotyping is
still needed for couples experiencing multiple abortions and for
oncology cases.
Here we present 3 examples which emphasise the CMA limitations.
Example No. 1: a case showed about 18 mega-bases deletion of
chromosome 9p24.3p22.1, and about 22 mega-bases duplication
of chromosome 12p13.33p12.1. We assumed that the fetus inher-
ited an unbalanced translocation. Karyotyping of the parents re-
vealed that the mother is carrying a complex translocation
46,XX,t(5;12;9)(p15.1;p12;p22).
Example No. 2: a case with de-novo balanced translocation
t(3;10)(p14.1;p13), with normal CMA result. Missing the translocation
causes misleading counselling.
Example No. 3: misleading counselling in 2 cases where we missed
low level mosaicism (20-30%) of 45,X.
In summary, although CMA is considered an advanced and potent
technique in PND, yet it still has some limitations, as it still lacks data
regarding many unknown deletions and duplications which are de-
fined as: variants of unknown significance (VOUS) or no other speci-
fied (NOS). Also, while we know exactly where the deletions are
located we cannot know definitely, where the duplications are lo-
cated. It also misses balanced translocation and low level mosaicism
as shown here. This decreases our ability to give more precise coun-
seling. It is suggested to keep doing CMA routinely, without giving
up totally karyotyping in PND.
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Conventional prenatal screening for fetal aneuploidies relies on bio-
chemical and sonographic measurements in the first and second tri-
mesters followed by invasive confirmatory test for women who are
deemed to be at high risk. Noninvasive prenatal testing (NIPT) is an
expanding clinical application in which circulating cell-free DNA
(cfDNA) in the pregnant woman’s blood is analysed, preferably by
next-generation sequencing (NGS), to detect potential fetal chromo-
somal aneuploidies.
Our aim is to introduce NIPT in clinical practice in Estonia.
We collected blood samples from pregnant women with high-risk of
fetal aneuploidies who undergo an invasive aneuploidy test (Group I;
n = 203) and blood samples from pregnant women with no indica-
tions for an invasive procedure (Group II; n = 174). Massive parallel
single-end sequencing of cfDNA was performed on the NextSeq500
platform (Illumina, Inc). Data analysis were performed using an in-
house developed analysis algorithm in which time- and resource-
consuming sequencing read mapping is replaced by composing and
counting k-mer lists.
To date, 343 samples were analysed. Five trisomies 21, five trisomies
18, and one trisomy 13 were detected among Group I pregnancies,
which was in concordance with the invasive test results. No aneu-
ploidies were found among Group II pregnancies. The samples collec-
tion and analysis is ongoing to estimate the sensitivity and specificity
of the method before it can be offered as a screening test.
In general, it was demonstrated that NIPT provides greater sensi-
tivity and specificity compared to traditional aneuploidy screening
programs while reducing the number of invasive procedures. This
makes NIPT an attractive alternative to the current possibilities in
prenatal diagnostics.
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cf-DNA testing is the most sensitive and specific noninvasive prenatal
screening test for trisomy 21 (T21). However, the test performance
for other common aneuploidies is lower as compared to T21. The
false positive and negative results of this test are associated with
technical limitations and biological factors. The mosaicism either in
the fetus or placenta is the most important biological factor of these
discordant results.
Here, we report the cytogenetic follow up studies of eight cases with
discordant cf-DNA results. Two cases were positive for monosomy X
(MX) by cf-DNA test, but 45,X/46,XX mosaicism has been found in
amniotic fluid cells. Follow-up studies in term placentas exhibited a
third cell line (47,XXX) in both cases.
A mosaic trisomy 21 has been detected in amniotic fluid cells of a
case with normal cf-DNA test result but abnormal ultrasound find-
ings. Following the termination of the pregnancy, the placental stud-
ies showed that the rates of trisomic cells were different in 4 regions.
A monozygotic diamniotic twin pregnancy with negative cf-DNA test
has been karyotyped due to the pathological ultrasound findings in
one of the twin pairs. Amniocentesis revealed trisomy 13 (T13) in af-
fected fetus, while twin pair was normal. Term placenta work-up re-
vealed mosaicism.
Cytogenetic work-up in term placentas of four unconfirmed cases
(two positive for MX, one case for T21 and one for T13) revealed nor-
mal results.
All together, placental studies showed that the mosaicism was the
causing factor in 50% of discordant cf-DNA testing results.
Term placentas in all discordant cf-DNA cases and mosaic fetal karyo-
types should be investigated cytogenetically to understand the
underlying biological mechanism of the discordant results and to de-
termine the role of mosaicism, which is necessary for the genetic
counseling.
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Here we present three prenatal cytogenetic diagnoses from four
pregnancies in a mother carrying a balanced reciprocal translocation
46,XX,t(21;22)(q22.3;q11)pat.
First, amniocentesis was performed due to ultrasound abnormalities of
CNS. Fetal karyotype was 47,XY,+der(22)t(21;22)(q22.3;q11)mat. This
karyotype is the result of a 3:1 meiotic segregation in the oocyte. The
karyotype results in partial duplication 22 from pter to q11 and partial
duplication of the terminal segment of chromosome 21 distal to q22.3.
Chorion biopsy (CVS) was performed in the second pregnancy, result-
ing in the karyotype 46,XX,+der(21)t(21;22)(q22.3;q11)mat,-22. This un-
balanced karyotype resulted from an adjacent 2 segregation with
partial duplication of chromosome 21 and partial deletion of chromo-
some 22. The third pregnancy ended in spontaneous abortion without
cytogenetics. The fourth pregnancy followed by chorion biopsy (CVS)
showed a normal karyotype. This karyotype is the result of alternate
segregation in mothers gametogenesis. Array CGH was suggested in
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the subsequent amniocentesis, but ultrasound examinations are in nor-
mal range and a normal outcome is expected.
These results showed three different types of meiotic segregation in
gametogenesis of mother carrier of familial balanced translocation
involving chromosome 21 and chromosome 22.
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Karyotyping of chorionic villi and/or amniotic fluid cells was long
used to detect chromosomal abnormalities when foetal ultrasound
abnormalities were seen. However, the resolution of such karyotyp-
ing techniques is low. In 2011 we therefore introduced array analysis,
to increase the resolution from approximately 8 Mb to 150 kb and
here show that the use of array techniques increased our diagnostic
yield. Array analysis was only offered after genetic counselling and
when both parents were available for interpretation of copy number
variations (CNVs) and uniparental disomy (UPD).
In the last six years, 2011–2017, we analysed 852 samples, first with
CGH array [Agilent 180 K] and later with an 850 K SNP array [Illumina
Omni Express] including UPD analysis (for chromosomes 6, 7, 11, 14
and 15). Deletions larger than 150 kb and duplications larger than
200 kb were reported. A CNV was defined as a polymorphism when
it was present in our department database (at 0.5%) and in the Data-
base of Genomic Variants. A CNV was considered causative if it was
not seen in the parents and/or the literature described similar ultra-
sound abnormalities. Known pathogenic CNVs that did not explain
the ultrasound findings were considered as incidental findings.
No chromosomal abnormalities were seen in 789 samples (93% of
total). The array results explained the ultrasound findings in 52 sam-
ples (6%), while incidental findings were seen in 11 samples (1%).
Karyotyping would have missed 21 of the causative CNVs.
Thus, using arrays instead of karyotyping led to an extra 40% of caus-
ally related chromosomal abnormalities being detected.
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We are presenting case reports where we used several different tech-
niques (QF PCR, array CGH, karyotyping, FISH and MLPA) to find “the
true” in our prenatal samples.
Case 1: Noninvasive test (NIPT) for the most common aneuploidies
was performed in the gravidity of 29 years old woman at 14 weeks
of pregnancy with low PAPP-A but normal ultrasound (US). NIPT
called chromosome 13 as “inconclusive”. At 17 weeks the pregnancy
led to a miscarriage. Due to the abnormal result of NIPT we wanted
to determine the status of chromosome 13 in the fetus and placenta.
The result of QF PCR and standard karyotyping of the fetus was nor-
mal female. On the other hand, in placenta, QF PCR did not find an-
euploidies of chromosomes 13, 18, 21 but ratios of STR markers on
chromosome X were either uninformative or inconclusive. Cultivated
cells from the placenta were of poor quality and contaminated in
~50% with maternal cells (confirmed by QF PCR). In native placental
DNA a monosomy of chromosome X in mosaic using array CGH was
detected. Indeed, deep reanalysis of contaminated cultured cells re-
vealed several cells with monosomy X.
Case 2 is more complicated and will be clearly demonstrated on pos-
ter. Shortly, chorionic villi (CVS) were biopsied from a 24 year old
woman at 13 weeks of pregnancy with abnormal US. Array CGH ana-
lysis of uncultured CVS revealed three pathogenic aberrations on
chromosomes 11 and 13 but FISH (on cultured cells) showed a dis-
crepant result. Furthermore, array CGH on cultivated CVS found dif-
ferent aberrations on the same chromosomes in accordance to FISH.
Due to the discrepant results from cultivated/uncultivated CVS, amni-
otic fluid was taken at 18 weeks of pregnancy. Finally, array CGH ana-
lysis of native amniotic fluid confirmed the result of cultivated CVS.
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From January 1st 2013 to August 31st 2016, 24408 pregnant
women received the first trimester Combined test and contin-
gently offered second trimester maternal serum screening to
identify those women who would most benefit from invasive pre-
natal diagnosis (IPD). The screening was based on first trimester
cut-offs of ≥1:30 (IPD indicated), 1:31 to 1:899 (second trimester
screening indicated) and ≤1:900 (no further action), and a second
trimester cut-off of ≥1:250. From January 2014, analysis of fetal
cells from peripheral maternal blood was also offered to women
with positive screening results. For fetal Down syndrome, the
overall detection rate was 96,6% for a false-positive rate of 2.8%
resulting in an OAPR of 1:11 (equivalent to a positive predictive
value of 8.1%). Additional chromosome abnormalities were also
identified resulting in an OAPR for any chromosome abnormality
of 1:6 (PPV 14.1%). For a sub-set of cases with positive contin-
gent test results, FISH analysis of circulating fetal cells in mater-
nal circulation identified 7 abnormal and 39 as normal cases with
100% specificity and 100% sensitivity. We conclude that contin-
gent screening using conventional Combined and second trimes-
ter screening tests is effective but can potentially be considerably
enhanced through the addition of fetal cell analysis.
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In 2016 the participants of the CEQAS (Cytogenomic External Quality
Assessment Scheme) prenatal array EQA were invited to participate
in an on-line survey to review how they would classify a series of
copy number variants (CNVs).
A total of sixty out of eighty contacted laboratories participated.
Nine case scenarios were prepared by the EQA assessors who
agreed in advance the expected classification of the presented
CNV.
The laboratories were supplied with a referral card, clinical details
and the nature, size and genomic co-ordinates of the reported
CNV and asked to classify each CNV according to the American
College of Medical Genetics standards and guidelines for report-
ing copy number variants as either: pathogenic’, ‘likely patho-
genic’, ‘uncertain significance’, ‘likely benign’, and ‘benign’. The
expected outcome for the CNVs as assessed by the assessors
was: 3x ‘pathogenic’, 1x ‘likely pathogenic’, 2x ‘uncertain signifi-
cance’, 1x ‘likely benign’ and 1x ‘benign’. There was a good con-
cordance of classification for the pathogenic and benign CNVs
but variation for the classification of the other categories. This
survey highlights the need for established guidance for reporting
CNVs consistently between laboratories in a prenatal setting. The
findings of the survey will be presented.
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A dicentric chromosome 18 detected with NIPT
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A 27 year old woman performed a Non Invasive Prenatal Test
(NIPT) at a gestational age of 13 weeks + 4 days. The indication
for performing NIPT was the personal request of the patient
since PAPP-A testing did not reveal a high risk for trisomy 13,18
or 21.
NIPT analysis, showed no trisomy 13, 18 and 21. Nevertheless, we
found an indication for a duplication on chromosome 18 including
the centromere. However, NIPT is unable to distinguish between ma-
ternal and fetal aberrations.
Using array CGH, a 9.5 Mb duplication of chromosome bands
18p11.22-q11.2 was detected in the blood of the mother. This
duplication explains the NIPT result and encompasses 23 genes,
including GATA6, MC2R, PTPN2 and AFG3L2. At first, we thought
about the presence of a marker chromosome, however FISH ana-
lysis on interphase cells could not confirm this hypothesis. After
conventional karyotyping and FISH on chromosomes and in com-
bination with the array result, we detected a dicentric chromo-
some 18 with a 9.5 Mb duplication of chromosome bands
18p11.22-q11.2, namely 46,XX,der(18)dupl(18)p11.2q11.2. In the
meanwhile, the mother was seen at the genetics clinic and she
presented with mild intellectual disability and had always been in
a special education program. This duplication can thus explain
the phenotypic features of the mother.
After genetic counselling, the patient decided to refrain from invasive
prenatal procedures and at this moment, we do not know if the fetus
has inherited this duplication or not. Postnatal samples will be
requested.
We report on a dicentric chromosome 18 with a 9.5 Mb duplication
of chromosome bands 18p11.22-q11.2, illustrating that the diagnostic
yield of NIPT analysis can reach beyond the frequent aneuploidies.
The importance of using the combination of tests for genetic diagno-
sis is also illustrated. A follow-up after birth is needed, including
micro-array analysis in the child.

Animal and Plant Cytogenetics
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This abstract is not included here as it has already been published.
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Combined method of immunofluorescence and FISH (immuno-
FISH) is a unique method to assess relations between DNA and
proteins at the single cell level. This approach has some descrip-
tions for human and animal somatic cells, but lacking for sperm
cells. Our goal was to develop a combined method for animal,
namely bovine sperms, and to analyze the expression of a sur-
face antigen transglutaminase (TGM1) on X- and Y-chromosome
bearing cells.
We have modified and simplified existing protocols and to our
knowledge give for the first time a method of simultaneous
visualization of immunostained surface antigen on the X- or Y-
chromosome bearing bovine sperms identified by FISH. The
method was applied to analyze sperms of 4 Holstein bulls. Immu-
nostaining of TGM1 was performed with the bovine specific
polyclonal anti-TGM1 antibody (LSBio, Inc., USA) and FISH using
DNA-probes specific for bovine X- and Y-chromosome (Empire
Genomics LLC, IDLabs, NY). In total 5823 cells were visualized
and images analyzed. Our results showed that the ratios between
X- and Y- spermatozoa were normal, ranged 0.98-1.1 (p > 0.05) in
different subjects. The TGM1 was clearly expressed with variable
intensity on the surface both of X- and Y-sperms. It was more
frequently observed on X-cells being statistically significant (p <
0.05) in one bull. Some individual differences were detected be-
tween the bulls.
In conclusion, the developed immuno-FISH method has enabled us
to analyze on the same image every X- or Y-chromosome bearing
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bovine spermatozoa also for surface antigen immunoreaction. We
have found that among individual bulls TGM1 was differentially
expressed on X- or Y-spermatozoas being slightly more frequent on
X-cells.
Supported by project ETKY 616215780004.
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Molecular cytogenetic data show that owl monkeys (genus Aotus)
are characterized by rapid chromosome evolution. The eleven spe-
cies currently recognized have diploid numbers ranging from 2n = 46
to 58, but even species with the same diploid number can differ dra-
matically. We analyzed a male and female of wild captured Aotus
infulatus from the Fundação Zoobotânica de Belo Horizonte, Brazil.
The diploid numbers were 2n = 49 (male) and 50 (female). Chromo-
some painting identified 11 conserved HSA chromosomes (HSA 6, 9,
12, 13, 17, 18, 19, 20, 21, 22 and X). Other chromosomes were frag-
mented into two or three segments and 14 associations were found:
HSA 1/3, 1/16, 2/7, 2/20, 3/21, 4/15, 5/7, 5/15 (twice), 7/11, 8/18, 10/
11, 10/22, 15/14/15/14 and 16/22. The Y chromosome was translo-
cated to AIN16 (HSA 3a). Hybridizations with BAC-clones shed light
on its evolutionary history, revealing that, after the fusion, the AIN16/
Y chromosome underwent a pericentromeric inversion followed by a
paracentric inversion. Moreover, we found evidence of satellite DNA
relicts where the chromosome Y centromere was originally located,
suggesting that it was inactivated sometime after the fusion. A com-
parison with the chromosome painting pattern of three other species
of Aotus and the putative ancestral Platyrrhini karyotype (APK)
allowed us to propose an ancestral Aotus complement with 2n = 52.
Financial support: CNPq, CAPES, PRIN 2012
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The study of reptilian genomes is crucial for the accurate investiga-
tion of genome evolution across amniotes. So far the genomes of
only thirteen reptile species have been sequenced and published. Al-
though draft assemblies are often all that are required to answer
some important biological questions, a greater level of resolution is
needed for more detailed research into evolutionary processes. This
can be achieved through building high-quality chromosomal maps
and anchoring genomes to chromosomes.
We report on a preliminary work aimed at identifying the chromo-
some sequences of the Komodo dragon Varanus komodoensis, the
world’s largest lizard, using an integrated approach based on flow
sorting and next generation sequencing (NGS). We isolated V. komo-
doensis chromosomes by flow sorting, assigned each peak to a pair
of chromosomes by FISH, and finally amplified chromosome-specific
DNA pools for NGS sequencing.
The resultant data will provide necessary database for anchoring
newly sequenced and assembled Komodo dragon genome se-
quences to chromosomes, helping to provide a better insight into
the evolution of squamate genomes. Integration of our results with
chromosome painting data will allow the comparison of genome
organization among squamates and facilitate the reconstruction of
the ancestral amniote karyotype. Moreover, the production of high-
quality genomic information will be of great benefit to the identifica-
tion of molecular markers for further understanding of the evolution-
ary history of wild Komodo dragon populations.
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Grapevine (Vitis vinifera L.) significant role in fruit and wine produc-
tion makes it one of the most interesting crop plants existing, par-
ticularly from a genomic point of view.
We recently published the first inter-varietal atlas of structural variation
(SV) and single nucleotide variants (SNVs) for the grapevine genome,
obtained combining high throughput biotechnologies and bioinformat-
ics tools (Cardone et al., 2016) . Coming from the comparison among
four different grape varieties, our data disclosed genomic variations of
which the effects are involved in inter-varietal, phenotypic differences.
Among these, differences in gene dosages likely playing critical roles in
response to biotic and abiotic stresses, such as drought, have been
showed. Due to the effects of climate change, many arid and semi-arid
areas will be particularly vulnerable to the risk of a significant reduction
of their water resources. Besides, table grapes vegetative growth cycle
requires high water consumption; thus, cultivation of varieties with
lower water requirements are needed to prevent the disappearance
from some of its current areas of cultivation. We then integrated our
inter-varietal atlas of structural variations and single nucleotide variants
with agronomic, chemical and transcriptome analyses of table grapes
exposed to different levels of water stress. Our data allowed us to iden-
tify specific genes and metabolic pathways differentially involved in the
adaptation of the plant to water stress. Our work provided the assess-
ment of the variability of drought resistance related to genotype and
selection of table grape varieties having a high tolerance to such stress.
Cardone, M. F., et al. (2016). "Inter-varietal structural variation in
grapevine genomes." Plant J 88(4): 648–661.
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Segmental duplications (SDs), also known as low-copy repeats (LCRs),
are stretches of DNA that typically share a high level of sequence
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similarity (≥90%) and map to two or more locations. In-tandem or inter-
spersed SDs may contain genes and common repeats. In order to create
an integrated view of SDs evolution among mammalian genomes, we
here aim to identify and characterize the pattern of SDs in one of princi-
pal species within the Boreoeutheria group: Equus caballus. Our ap-
proach may help in defining breakpoints related to SDs in horse species
and at the same time to refine the assembly looking at specific loci
enriched in duplications. Both the whole horse genome and 50 selected
BAC clones have been inspected for SDs content by using two in silico
approaches: the whole-genome shotgun sequence detection (WSSD)
and the whole-genome assembled comparison (WGAC). BAC clones
were fully sequenced both by Illumina and PacBio platforms. Fluores-
cence in situ hybridization (FISH) technique allowed us to validate and
characterize predicted segmentally duplicated regions. The merged out-
put of WGAC and WSSD methods revealed that 4.56% (113.4Mbp) of
the whole horse genome is made of SDs. The 82% of these in silico pre-
dictions were confirmed by cytogenetic analyses. Contrarily to what ob-
served in human genome, horse in-tandem duplications appear to be 3
times more abundant than interspersed ones. Flanking SDs regions
were also inspected for gene content using NCBI RefSeq gene database.
Our results showed the existence of 26 different genes among which
major histocompatibility complex (MHC) gene or gene belonging olfac-
tory receptor family. Thanks to this reliable dual approach, high level du-
plicated regions, difficult to sequence and assemble, may be solved.
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Cytogenetic investigation is an excellent check system for the evaluation
of the health and genetic control of breeding animal farms. In veterinary
practice the most common requirement for a cytogenetic examination
is related to fertility investigations. This work presents our observations
concerning the role of chromosomal abnormalities as causes of repro-
ductive failure in subfertile buffalo females. Considering these premises,
the karyotype analysis of 36 Romanian buffaloes belonging to the R&D
Station for Buffalo, Sercaia has been performed. In this study we identi-
fied 4 buffalo females with abnormal configuration of the chromosomal
complement, represented by a large number of mono-and bi-
chromatidic breakages on autosomes and heterosomes, loss of chromo-
some fragments and gaps. Our investigation continued through SCEs-
test and for animals with many chromosomal breakages the number of
sister chromatid exchanges (SCEs) was very high (11–23 SCEs/cell) com-
pared to the normal animals. Although the carriers have had a normal
phenotype, the analysis of their reproductive activity revealed a degrad-
ation of the reproductive performances characterized by repeated in-
seminations, lack of oestrus and loss of pregnancy. According to these
results the chromosomal instability, identified in four of the 36 investi-
gated buffalo females, demonstrated once again the role of these struc-
tural defects in the ethiology of different levels of infertility.
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Recombination rate and crossover distribution along chromosomes
vary considerably between the animal species. Several hypotheses
explaining this variation were developed. However, most data on re-
combination patterns were obtained from mammals. The variation in
recombination is strongly dependent on karyotypic diversity of the
species comprising this taxon.
Squamate reptiles present a good model to study recombination due
to more conservative karyotypes. Using immunolocalization of
SYCP3, the protein of the axial elements of synaptonemal complex;
MLH1, the mismatch-repair protein associated with the mature re-
combination nodules; and the centromere proteins we investigated
chromosome synapsis and recombination at pachytene in two
closely related species of iguanian lizards: the toad-headed agamas
Phrynocephalus guttatus and Ph. alpherakii.
The karyotypes of the studied specimens consisted of 23 acrocentric
bivalents: 12 pairs of macrochromosomes and 11 pairs of microchro-
mosomes (2n = 46 FN = 46). Average SC length was equal to 223.9 ±
31.7 mkm (compared to 140–150 mkm in Anolis, another iguanian).
We found that the toad-headed agamas show very high recombin-
ation rates, on average 50.1 ± 17.5 MLH1 foci per cell (compared to
21–22 in Anolis). The distribution of the crossovers along the chro-
mosomes was almost even, not showing centromere effect and inter-
ference. This is in strict contrast with other vertebrates, which show
prominent peaks of recombination near the telomeres and a de-
crease in recombination near the centromere.
This intense and evenly distributed recombination would lead to very
low linkage disequilibrium in the population, efficient selection, and
high genetic diversity. These lizards live in very harsh desert condi-
tions. Perhaps high recombination serves to ensure efficient adapta-
tion to their extreme habitat.
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The purpose of this study is to present the modern methods of
karyotyping, using MetaSystem Ikaros in bitches and the presenta-
tion of a case report in a bitch with mosaicism. To fulfil this goal,
classical techniques were used in order to visualise chromosomes
in lymphocytes sampled form peripheral blood. The metaphases
were analysed, both in classical Giemsa staining and in G-banding.
The microscope which was used in the study was a motorized Zeiss
Axioscop 2 with a capture camera connected to a computer and
MetaSystem Ikaros software. Processing of the chromosomes is
done in two stages: the first one allows us to capture the meta-
phase and to separate and overlap the chromosomes and the sec-
ond stage assigs the chromosomes in pairs and allows their
magnifying and extra- staining. Several studies were carried out on
different bitches for classical routine examinations. Among these
cases there was one bitch, a Golden retriever, which presented ab-
normal oestrus cycle and in which hormonal therapy was without
any result. The cytogenetical studies led us to the diagnosis of 77,
XO - 78, XX mosaicism. Utilization of MetaSystem Ikaros software is
very facile compared to classical karyotyping methods and for this
reason we recommend it to be used in animals with increased bio-
logical value or for diagnosis purposes in the cases where classical
therapy has no effect.
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Heterochromatic chromosome regions are commonly represented by
repetitive sequences of different nature, which makes them difficult for
careful cytogenetic analysis. Previously, we showed that the approach
of giant lampbrush chromosome (LBC) microdissection allows to ex-
plore comprehensively various chromosomal loci as small as an individ-
ual chromomere. In the present study we applied LBC microdissection
to investigate heterochromatic chromosomal blocks of Japanese quail
(Coturnix c. japonica), a galliform species closely related to chicken. Par-
ticularly, using microdissection technique we isolated centromeric chro-
momeres from macrobivalents and the material of heterochromatic
short arms from submetacentric microbivalents. The distribution of
these sequences in karyotype was investigated by FISH on metaphases
and lampbrush chromosome spreads. The hybridization pattern indi-
cated that in contrast to chicken machrochromosomes, which are
known to possess chromosome-specific centromere sequences, quail
macroautosomes share common centromere repeats. Besides, com-
parative FISH with dissected material of quail centromeric regions to
chicken chromosomes supported our previous data on centromere re-
positioning events during Galliform karyotype evolution.
Heterochromatic arms of microchromosomes also proved to accumu-
late common DNA sequences that homogeneously constitute the
whole material of the arms. Present findings together with earlier ob-
tained data on epigenetic status and polymorphic nature of such
segments allow us to believe that this specific heterochromatin is
formed by some interspersed repetitive retroelements. Interestingly,
the same sequences as well as the repeats from centromeric regions
of macrochromosomes seem to compose the heterochromatic sex
chromosome W, whose genetic nature has not been characterized
yet. Finally, we investigated three-dimensional architecture of iso-
lated repeats in quail interphase nucleus and discuss its involvement
in radial genome organization during interphase.
The work was supported by a grant of the President of the Russian
Federation (MК-1630.2017.4). Technical support: Resource Centers
Molecular and cell technologies”, “Chromas” of SPbU.
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In birds, females are heterogametic sex (ZW) and males are homogam-
etic (ZZ). The Z chromosome is very similar in size, gene density and
AT-content to macrochromosomes. The chromosome W is small, gene
poor and late replicating. It is detectable as a W-heterochromatic body
in the interphase nucleus. In evolution, avian W chromosome, as mam-
malian male-specific Y-chromosome, has undergone extensive degrad-
ation and accumulated repetitive DNAs. It’s estimated that the chicken
W chromosome could harbour 44 Mb of repetitive DNA including at
least 6 Mb of unknown repetitive sequences. The chicken W chromo-
some assembly has been currently found to contain 26 genes being of
only about 7.08 Mb in Galgal5 of expected 50–55 Mb. Unlike other se-
quenced sex chromosomes chicken W does not contain genes specific-
ally expressed in reproductive tissues.
In this work we succeed in annotation of high copy number tandem
repeats from unassembled short raw reads. Tandem repeat
(GGAAA)n has been identified and found to be the second most
abundant in the chicken genome. Also we have shown that it forms
expanded arrays on the both arms of the chicken W chromosome. In
autosomes the repeating units (GGAAA)n were identified within pro-
moter regions of some sex specific protein coding genes.
Together with previously studied EcoRI, XhoI, SspI high copied se-
quences our finding not only fills the gaps in the chicken sex W chromo-
some map but also highlights the importance of repetitive sequences
and invites further exploration into their role in sex determining in birds.
Financial and technical support: RFBR #16-04-01823, Research Re-
source Centre “Chromas” and Theodosius Dobzhansky Centre for
Genome Bioinformatics of Saint Petersburg State University.
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Brachiaria spp. (Poaceae) includes forage species distributed across
tropical and subtropical regions. Cytogenetic analysis demonstrates dif-
ferent ploidy levels and intraspecific variability in chromosome morph-
ology and in number of rDNA sites. Repetitive DNA sequences have
been widely used in cytogenetic analysis. However, the use of low copy
sequences is little explored. Analysis on the sequences that comprise
the centromere in Brachiaria spp. chromosomes, as well as detailed
karyotyping with localization of specific sequences in Brachiaria decum-
bens are lacking. The present study aimed to contribute to the con-
struction of physical maps of chromosomes of Brachiaria brizantha, B.
decumbens and B. ruziziensis. This was done using repetitive se-
quences from 5S and 45S rRNA, centromeric retrotransposons (CRs),
and low copy genes, for which probes were developed using RNAseq
and sequencing data. With detailed karyotypes of the three species, it
was possible to identify the chromosomal pairs, and to observe hetero-
morphic pairs, as well as intra- and interspecific differences in the num-
ber and size of the ribosomal DNA sites. CRs were not identified in all
chromosomes of the species studied, but low copy genes were in syn-
teny with ribosomal gene sites, which was essential for the identifica-
tion of certain chromosome pairs. In these Brachiaria species, some
chromosomes with conserved segments were observed. Rearrange-
ments involving the rDNA sites and chromosomal breaks were part of
the karyotype diversification of the species studied. The use of genomic
sequencing data was of fundamental importance in enabling the de-
tailed cytogenetic analysis.
Financial support: Capes, FAPEMIG AND CNPq
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The genes of vitellogenin, from which the main egg-yolk proteins of
oviparous animal species arise, are an excellent example to under-
stand how a gene family origins and has been changing during the
evolutionary history. In this study several sequences belonging to
vertebrates, included those of the “fossil species” coelacanth and
lungfish, have been investigated through phylogenetic and micro-
syntenic analyses. The results provide new insights into the evolu-
tionary history of this gene family that was characterized by
different/independent duplication events occurred in teleosts, basal
sarcopterygians, amphibians, and amniotes. Moreover the sequences
obtained in the coelacanth Latimeria, compared to those of other
oviparous vertebrates, present conserved domains but also some
sites similar to those of teleosts and others to those of tetrapods,
emphasizing the intermediate characteristics of this living fossil.
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Sex determining mechanisms in reptiles are in general remarkably
variable. The sex is determined by the temperature or different exter-
nal factor in species with environmental sex determination and
males and females share the same genotype. On the other hand,
under genotypic sex determination, males and females differ in
genotype and sex is determined by the combination of sex chromo-
somes. There are lineages with male as well as lineages with female
heterogamety among reptiles, with highly differentiated as well as al-
most undifferentiated sex chromosomes. In this contribution, I will
present latest data showing that some groups have evolutionary very
stable sex chromosomes (iguanids, lacertids, advanced snakes) while
some others possess great variability in sex determining systems
(geckos and acrodont lizards). We will present new information about
sex chromosomes in several important species and lineages in evolu-
tionary context, including the discovery of previously unknown sex
chromosomes. Also, I will introduce a rare case of dedifferentiation of
sex chromosomes in one group of geckos and discuss the possible
mechanisms behind it. This contribution summarises new trends and
findings regarding the evolution of sex chromosomes in a very im-
portant and interesting group of vertebrates and suggests new views
on some aspects of sex chromosome evolution in general.
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Iguanas (Squamata: Pleurodonta) form one of the most diverse
groups of squamate reptiles. The group includes almost all imagin-
able ecomorphs – species from deserts as well from rainforests, from
high mountains or living on the seashore, climbing on rocks, trees or
even diving in the sea. The genus Anolis with over 400 species is
well-known as a model of adaptive radiation on Caribbean islands.
One of the species of this genus, Anolis carolinensis, is also the first
squamate reptile with a fully sequenced and well-annotated genome.
Despite all these facts, the iguanas are still quite poorly studied cyto-
genetically. From the 60ˈs and 70ˈs there have been studies reporting
karyotype formulas for many species; however up to now, the more
detailed knowledge about genome organization and sex determin-
ation was scarce as in other groups of reptiles due to the lack of ad-
vanced molecular-cytogenetic, genetic and genomic methods. In our
contribution we report current findings about karyotype evolution.
We present the reconstruction of the ancestral karyotype and evalu-
ate the rate of chromosomal rearrangements among iguana families.
Also, we describe sex chromosomes and although they differ be-
tween lineages, we prove they have a common origin in the whole
group. We also review evidence on (non)homology of iguana sex
chromosomes with those of other amniotes. Altogether, we offer an
overview of investigations about iguana cytogenetics highlighting
their synapomorphies and contrastingly, the plesiomorphic charac-
ters they share with other reptiles to enlarge our knowledge and un-
derstanding of evolutionary biology, in particular the evolution of sex
determination and genome organization.
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Dogs (Canis familiaris) have been our companions for millennia. As
our pets, they share our environment and develop similar diseases.
Cancers cause as much morbidity and mortality in dogs, as they do
in humans and are leading cause of death in dogs over the age of
10. One of the most frequent skin neoplasias in dogs are mast cell
tumors (MCTs) which account for up to 21% of all canine skin tu-
mors. Despite the importance of MCTs in veterinary medicine, little is
known about the genetic background of this disease.
To find associations between cytogenetic abnormalities, gene muta-
tional status, histological grade and clinical outcome, we performed
the molecular analysis of c-kit gene and cytogenetic analysis by FISH
using a panel of whole chromosome painting probes in fresh and
FFPE samples. However, the mutations in c-kit gene were found only
in 15.9% of all our examined MCTs, and FFPE samples could not be
analyzed by FISH. Therefore, to shed light on the other genetic cause
of this disease we used the whole exome sequencing (WES) to
search for molecular aberrations in the coding part of the genome.
Paired sample approach was used when tumor tissue and blood
from the same animal were subjected to WES for detection of causal
mutations and for elimination of non-causative genetic variants.
Identification of new MCT-associated genes will improve our under-
standing of the genetic background of canine MCT, provide data for
accurate diagnosis and prognosis and offer a perspective of novel
targeted treatment strategies.
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An essential pre-requisite to whole genome analysis is an unbroken
length of contiguous DNA sequence along the length of each
chromosome. Most de novo sequenced assemblies are however,
highly fragmented. This fragmentation restricts their use in studies of
gene mapping, trait linkage, phylogenomics and genomic organisa-
tion. In order to overcome these limitations, we recently presented a
novel scaffold-to-chromosome anchoring method combining
Reference-Assisted Chromosome Assembly (RACA) and fluorescence
in situ hybridisation (FISH) to map the scaffolds of de novo se-
quenced avian genomes (Damas et al. 2016).
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In order to test this method in non-avian species, we present
preliminary work on a set of universal FISH probes developed
using BAC clones isolated from evolutionarily conserved se-
quences from the cattle (Bos taurus) genome. Using the cow as
the reference genome, a selection of BACs were labelled and
tested on multiple mammalian species using FISH in order to re-
fine our selection criteria, with the ultimate goal of mapping scaf-
folds using these probes.
Successful hybridisations were achieved on the chromosomes of all
species attempted including (among others) human, pig (Sus scrofa),
sheep (Ovis aries), chevrotain (Tragulus javonica). These results pro-
vide preliminary evidence that our combined FISH and bioinformatics
approach developed for avian species can also be applied to the
mapping of genome assemblies in other orders, allowing compara-
tive genomics research at a higher resolution than previously
possible.
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An extraordinary degree of genome conservation has previously
been illustrated in the macrochromosomes of distantly related birds
through chromosome painting, however the application of micro-
chromosomal paints in this context, has been limited (due to tech-
nical difficulties associated with flow sorting of microchromosomes).
To overcome these limitations, and to assess whether the degree of
genome conservation identified in the macrochromosomes extends
through avian genomes to the microchromosomes, we developed a
cross-species BAC based approach using clones isolated from evolu-
tionarily conserved sequences from the chicken and zebra finch
genomes.
Using the chicken (Gallus gallus) genome as the reference, two dis-
tally located BACs per microchromosome were labelled and tested
on over 25 avian species using fluorescence in situ hybridisation
(FISH). Results were achieved successfully on all species attempted
including (among others) Japanese Quail (Coturnix japonica), Black-
bird (Turdus merula), Budgerigar (Melopsittacus undulatus), Pharoah
Eagle Owl (Bubo ascalaphus) and Peregrine Falcon (Falco peregrinus).
Interchromosomal rearrangements involving the microchromosomes
were restricted to only two orders - the Falconiformes and Psittaci-
formes, while in all other species tested, the microchromosomes
remained intact as discrete individual units. Further testing of these
probes on non-avian reptile species (turtles and anole lizard) re-
vealed a level of microchromosome conservation extending far be-
yond avian species.
Our study provides new insight into the nature of avian genomes
and genomic stability, revealing an extraordinary degree of previ-
ously undetected genome conservation throughout the avian phylo-
genetic class and beyond.
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Raphicerus (Antilopini, Bovidae) is a group of small-sized African
antelope comprising three species, R. sharpei, R. campestris and R.
melanotis. In spite of marked phenotypic differences, they are note-
worthy for possessing identical karyotypes (2n = 30) based on FISH
and conventional banding analyses. Identical Robertsonian transloca-
tions predominate in shaping of their autosomal genomes. Unlike au-
tosomes, however, the morphology of the X chromosomes differ
among species. The differences in morphology are largely attribut-
able to the amplification of large heterochromatin blocks that, im-
portantly, comprise different repetitive DNA sequences. The DNA
blocks were isolated by laser microdissection, cloned, sequenced and
the data examined from a phylogenetic perspective. We reflect on
the accumulation of the repeats in the different positions of the X
chromosomes, and postulate how these could affect the species‘
evolution.
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Reciprocal chromosomal translocations have been shown to affect
fertility in most agricultural species, leading to reduced litter sizes in
pigs and lower birth rates in cattle. With an increasing emphasis in
modern farming on the use of a small population of males for artifi-
cial insemination, the potential economic and environmental costs of
using hypoprolific boars and bulls impact on global food production
strategies. Traditionally, translocation screening has been performed
using standard karyotype analysis, however this approach relies on a
significant level of expertise and is limited in its ability to identify
cryptic translocations. In cattle, the complex karyotype (2n = 60) usu-
ally restricts analysis to Robertsonian translocations alone. To address
this problem in pigs and cattle, we developed novel screening tools
using subtelomeric probes and multi-target fluorescence in situ hy-
bridisation strageies based on Cytocell MultiProbe devices.
Probes were designed using BACs from the most subtelomeric re-
gion of each chromosome in pigs and cattle and were directly la-
belled with FITC or Texas Red. Probes were subsequently applied
to a ‘Multiprobe’ device, enabling simultaneous detection of each
chromosome on a single slide, therefore significantly shortening
analysis time. Initial experiments led to the discovery of a series
of incorrectly mapped regions in the porcine genome assembly,
highlighting the importance of accurate physical mapping of
newly sequenced genomes. After screening of around 400 sam-
ples, multiple porcine translocations have been identified using
this approach, including previously cryptic translocations un-
detectable at the karyotype level. The cattle device is still in the
developmental stage but has the potential to detect previously
untractable reciprocal translocatins.
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The ultimate aim of a genome assembly is to create a contiguous
length of sequence from p- to q- terminus of each chromosome.
Most assemblies are however, somewhat fragmented, and this
impedes their use in investigations involving e.g. genomic
organization and mapping, trait linkage and phylogenomics. In
order to overcome these limitations, we present a novel scaffold-
to-chromosome anchoring method combining Reference-Assisted
Chromosome Assembly (RACA) and fluorescence in situ hybridisa-
tion (FISH) to position scaffolds from assemblies with N50 > 1-
2 Mb on chromosomes.
Recnetly we presented an approach whrre scaffolds generated
from de novo sequenced genomes were ordered and orientated
using RACA against a reference and outgroup genome into ‘pre-
dicted chromosome fragments’ (PCFs). PCFs were verified using
PCR prior to mapping with FISH. A universal set of FISH probes
has now been developed through selection of conserved regions
were then previously used to map PCFs of the peregrine falcon
(Falco peregrinus) and rock pigeon (Columba livia) genomes. We
previously reported we were able to physically map 87% of the
peregrine and 84% of the pigeon genome, improving the N50 of
both seven-fold, as well as identify a series of intra and interchro-
mosomal rearrangements. Here we report the mapping of three
additional genomes mapped using this method and more sophis-
ticated multi-plex FISH strategies, namely the ostrich (Struthio
camelus), the saker falcon (Falco cherrug) and the budgerigar
(Melopsittacus undulatus). This illustrates the universal application
of this method to avian genomes and doubles the number of
chromosomally mapped genomes.
The approach presented here, that involves a combination of zoo-
FISH and bioinformatics approach permits comparative genomic re-
search at a higher resolution than previously described and opens
up, new avenues of investigation into genome karyotype evolution
and the role of Evolutionary Breakpoint Regions (EBRs) and Homolo-
gous Synteny Blocks (HSBs).
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The aim of the present study is investigate cytogenetical proper-
ties, constitutive heterochromatin (CH) and nucleolar organizer re-
gions (NORs) of the endemic Turkish loach species Cobitis
simplicispina Hanko, 1925 (Teleostei, Cobitidae) from Küfi Creek,
Denizli, Turkey. Specimens were transported alive to the labora-
tory. Metaphase chromosomes were prepared from kidney cells
according to the “air drying technique”. From each specimen, at
least 10 chromosome slides were prepared. C-banding technique
and Ag-NOR staining were performed to the slides. Chromosomes
were investigated with a Leica DM 3000 microscope and photo-
graphs of good metaphases were taken with AKAS software. For
determining diploid chromosome number 100 metaphase plaques
were analyzed. The diploid chromosome number of C. simplicis-
pina was found as 2n = 50. The karyotype was consisted of eight
pairs of metacentric, eight pairs of submetacentric and nine pairs
of subtelo-acrocentric chromosomes. Fundamental arm number
was calculated as 82. CHs were identified on the centromeric re-
gion of most chromosomes. Totally 64 silver nitrate stained meta-
phases were counted. 90.63% frequently of these metaphases
have two NORs on the largest metasentric chromosomes and
9.37% frequently metaphases have four NORs. In conclusion the
obtained results present the first cytogenetic features of C.
simplicispina.
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A chromosomal study of endemic loach Cobitis phrygica Battalgazi,
1944 was conducted by means of Giemsa staining, C-banding and
silver staining procedures. The specimens were collected from Salda
Lake, Burdur, Turkey. They were transported alive to the laboratory
and kept in well-aerated aquaria until analysis. Chromosome prepara-
tions were obtained from the head kidney by using the “air drying
technique”. On the average of 12 slides were prepared from each
specimen. Also, C-banding technique was used for determining con-
stitutive heterochromatin regions and silver staining was used for de-
termining nucleolar organizer regions (NORs). All preparations were
scanned with a Leica DM 3000 microscope. Photographs of good
metaphase plaques were taken with AKAS software. At least 100
metaphase plaques were counted to determine the diploid chromo-
some number (2n). 2n of C. phrygica was determined as 50 and
karyotype was consisted of four pairs of metacentric, four pairs of
submetacentric and 17 pairs of subtelo-acrocentric chromosomes.
Fundamental arm number was calculated as 66. Heteromorphic sex
chromosomes were not detected. Constitutive heterochromatin re-
gions were found on the centromeres of almost all chromosomes.
NORs were observed on the terminal regions of one pair of metasen-
tric chromosomes. This study may contribute to cytogenetics of Ana-
tolian Cobitis species.
This work was supported by the Ahi Evran University Scientific Re-
search Projects Coordination Unit. Project Number:FEF.E2.17.019
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Previously, we showed that long-term cultivation of Chinese hamster
fibroblasts CHLV-79 RJK at elevated temperature resulted in the se-
lection of a thermoresistant line with genetic changes at the level of
karyotype. These cells had chromosomes with homogeneously stain-
ing regions (HSRs) and new markers resulted from chromosome
breaks near centromeres.
In this work we studied the karyotype of CHLV-79 RJK progeny survived
after heat shock (HS) (40 ° C, 1 hour). Cells were karyotyped by G- band-
ing on the 4th passage after HS. These cells have high level of karyo-
typic instability. About 90% of metaphase plates were defective. These
abnormalities were manifested mostly as variable chromosome number
and breakages of chromosomes. Damage on the chromatid level, in-
volvement one or two sister chromatids, were revealed in some meta-
phase plates. The chromosomes 2, Z1, Z3 and Z4 were involved in
breakages more frequently than other chromosomes.
Interestingly, chromosome 2, Z3 and Z4 were involved in the forma-
tion of marker chromosomes in the thermoresistant line. The karyo-
type in control cells was stable – about 95% population.
In conclusion, changes in the structure of CHLV-79 RJK karyotype in
response to HS are genetically programmed and important tool for
adaptive changes in the genetic structure. The work was supported
by Russian Science Foundation (project 14-50-00068).
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Over recent years a growing number of studies suggest that the
(TTAGGG)n repeats, characterizing telomeres of Vertebrates, can be
detected not just at the traditional position of chromosomal ends,
but at interspersed sites as well. Cytogenetic and molecular studies
indicate these interspersed sequences, known as Interstitial Telomeric
Sequences (ITSs), as important elements affecting genome plasticity
and evolution. Even if ITSs role is still not fully understood they have
been associated to (1) chromosomal rearrangements; (2) mechanism
of genome reorganization, such as double DNA strand break repair,
involving retrotransposons; (3) process of recombination and amplifi-
cation of the terminal end of chromosomes; (4) mechanism of
centromere/telomere interchanges. In this context, to elucidate ITSs
role and distribution, we mapped through Fluorescence In Situ
Hybridization (FISH) the telomeric PNA (TTAGGG)n probe on 16 spe-
cies representative of each major primates groups and Tupaia minor
(Scandentia). Our PNA mapping results, as expected, showed
hybridization signals at telomeric ends of chromosomes in all sam-
ples and consistently at several centromerical and interstitial position
in many analyzed species. The distribution of ITS in primates species
have been analyzed in a phylogenetic perspective using Tupaia
minor as outgroup. In particular in Tupaia the probe hybridization re-
vealed many bright ITSs on at least eleven chromosome pairs, both
bi-armed and acrocentric; our comparative analysis shows probe sig-
nals, both in correspondence to fusion points of human syntenic as-
sociations, and on other chromosomes uniformly composed of a
single human synteny. These data compared with that of literature in
Primates let us to support the hypothesis about a correlation be-
tween ITSs and rearrangements, thus indicating their possible role in
genome organization and evolution.
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Low quality of the existing quail genome assembly is an important
limiting factor for using the Japanese quail as a developmental biol-
ogy animal model and applying genomic selection to quail breeding.
Japanese quail Coturnix coturnix japonica has a relatively small gen-
ome (≈1.41 Gb) packed into 39 chromosome pairs. Its karyotype is
very similar to the chicken one. It is accepted that quail and chicken
chromosomes are orthological, a few intrachromosomal rearrange-
ments were described. The microchromosome morphology is differ-
ent in these two species. Quail microchromosomes are mainly
submetacentric having heterochromatic short arms while in chicken
they are acrocentric. In 2016, the quail genome assembly was pro-
duced on the chicken genome assembly galGal3 as a reference. Cur-
rently, it includes 32 (of 38 + Z and W) linkage groups. However, the
quail assembly contains a number of sequence gaps because of re-
petitive coding and non-coding DNA elements. In this work, we have
identified new highly repeated tandem sequences within unassem-
bled quail short raw reads and mapped them to Japanese quail gen-
ome. To verify the quail draft genome assembly we performed
systematic ZOO-FISH experiments on Japanese quail chromosomes
with chicken BAC clone probes from CHORI-261 chicken BAC library.
BAC clones were selected according to their chromosomal positions
and assigned for specific sequence markers and high cross-species
hybridization efficiency. All BACs used were positioned in the quail
genome assembly. In some cases we have found discrepancies be-
tween positions of the markers in the quail genome assembly and
physical maps, caused by the newly identified interspecific
rearrangements.
Support: “Chromas” Research Resource Center (Saint-Petersburg State
University), RFBR #16-04-01823.
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A selection of research techniques and quality of obtained meta-
phase plates plays a crucial role in diagnostic cytogenetics. The
dynamic development of high-resolution cytogenetic techniques
such as array CGH allows increasing the accuracy of diagnosis of
chromosomal disorders and the early elimination of breeding in-
dividuals carrying aberrations. Therefore, the aim of the study is
a broad range analysis of chromosome abnormalities, including
unbalanced microrearrangements, with the use of a highly pre-
cise technique of array comparative genomic hybridization
(aCGH), in individuals affected by reproductive and/or develop-
ment disorders.
One of the examined animals was 19 -year old mare, which has over-
all female body conformation and oestrus, however, has not had a
foal. A karyotype analysis showed that of 333 metaphases,7 had
the normal karyotype 64, XX while 326 had 65, XXX. In the next
step, we carried out DNA labeling using SureTag DNA Labeling
Kit (Agilent). The labelled DNA was then subjected to 40 h
hybridization onto 2x400K custom equine CGH microarrays (Agi-
lent). The washed microarrays were scanned with SureScan
G2565CA Scanner (Agilent). The obtained raw data were analysed
using Agilent Genomic Workbench (7.0).
The comprehensive analysis using aCGH technique revealed 426 ab-
errations, including 377 amplifications and 49 deletions, in the gen-
ome of the investigated horse. As many as 3 deletions and 374
amplifications were identified on chromosome X. The largest number
of aberrations was detected on ECA1 and 12 and they mainly em-
braced genes connected with MHC II - DRB and DQA. The obtained
results allowed characterising genes and pathways which are altered
in the genome of the investigated mare.
Financed: BIOSTRATEG2/297267/14/NCBR/2016.
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Abnormalities of chromosome number or morphology often lead to
embryonic or perinatal death, subfertility or infertility in horses. Aber-
rations can be either inherited from parents or can appear de novo.
In the case of mares, a long lasting adolescent period causes their
withdrawal from the breeding program after a second non-pregnant
season, which leads to significant economic losses associated with
maintaining mares with breeding difficulties for an average of 5 years.
Concerning measurable economic losses caused by the carrier state
of chromosomes disorders, cytogenetic diagnostics are of great im-
portance for animal husbandry.
Research conducted in 2003–2007 showed that in a population of
500 young horses, sex chromosome aberrations are at the level of
about 2% while concerning aberrations occurring only in mares value
rises to 3.7%. The cytogenetic investigation was conducted based on
classic staining methods (CBG, GTG).
The development of molecular methods increases the accuracy of
diagnosis. In this study, we validate the results of cytogenetic exam-
ination using the fluorescence in situ hybridization (FISH) technique
with molecular probes specific to the sex chromosomes, examined
on 500 young horses (up to 2 years) that belong five breeds.
Until now, we collected blood samples from 244 animals including
93 Hucul, 88 Arabian, 20 Sztumski and Sokolski draft horses, 13 Polish
Konik and 10 Malopolska breeds; from which lymphocyte cultures
were established and cultivated. Thirty animals were karyotyped by
molecular cytogenetic analyses – FISH. Each karyotype analysis con-
sisted of the examination of 300 metaphase plates which precludes
any aberration in the form of a mosaic at the 1% level. The prelimin-
ary karyotyping results of 30 horses show normal karyotype in all in-
vestigated animals: 64, XX in mares and 64, XY in stallions. This study
is to be continued to enlarge to the maximum examined the popula-
tion of horses in Poland.
Financed: BIOSTRATEG2/297267/14/NCBR/2016.
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Chinese hamster ovary (CHO) cells are a widely used mammalian ex-
pression platform in the industrial production of therapeutic recom-
binant proteins. The choice of CHO cells as the biopharmaceutical
industry’s workhorse is largely due to its high adaptability to various
culture conditions, ease of genetic manipulation, ability to produce
vast amount of recombinant products and proven safety record. Cell
line development (CLD) for expression of biopharm assets is a
lengthy process with significant time and resource dedicated to the
identification of top performing lines from a myriad of less suitable
phenotypes. Efforts are underway to improve cell line performance
and streamline the identification of top performers through rational
design of our biopharm platform. Here, we describe the use of fluor-
escence in situ hybridisation (FISH) to compare and contrast two in-
house targeted integration approaches to CHO CLD.
Firstly, we have developed a Rapid-FISH screen which has been
successfully embedded as an integral step of the CLD process for
cell lines generated using our in-house Chromos Artificial
Chromosome (AC) Expression technology. The application of
Rapid-FISH at early stage CLD allows us to rapidly screen clones
and determine those with high level, on-target AC integration for
subsequent progression, ensuring Chromos technology is dictat-
ing cell line performance. Secondly, high-sensitivity FISH has been
used to confirm successful targeting of genes of interest into
pre-defined CHO genomic loci using genome engineering and ex-
pression cassette flipping technologies; indeed we have success-
fully confirmed both mono- and bi-allelic genome targeting and
have established integration profiles for a number of our CHO
cell lines using FISH.
The use of molecular cytogenetics has afforded us significant com-
prehension of various cytogenetic phenomena underpinning the per-
formance of our biopharm cell lines and continues to play an
important role in the ever-changing CLD landscape.
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The free nuclear endosperm of an Avena magna x A. longiglumis am-
phiploid (2n = 6x = 42) and their parental species was investigated by
the classical and molecular cytogenetic methods. The number of
chromosomes in endosperm was established. Endosperms of oat
amhiploid and species are the mosaics of cells with different ploidy
levels. The expected triploid number of chromosomes in endosperm
was observed sporadically. The genomic compositions of endosperm
nuclei has been established for Avena magna x A. longiglumis, tetra-
ploid A. magna and diploid A. longiglumis. The in situ hybridization
technique with the use of total genomic DNA probes derived from A.
nuda and A. eriantha allowed to discriminate the C genome as well
as two closely related forms of the A genome in endosperm of an A.
magna x A. longiglumis amphiploid. The number of translocations
between genomes has been determined. The results show that the
gain of genome segments in the endosperm nuclei is genome-
specific. Double fluorescence in situ hybridization was used to deter-
mine the chromosomal localization of 5S and 18S-5.8S-25S rRNA
genes in endosperm. The number of rDNA sites on chromosomes of
amphiploid corresponds to the total number of signals in their par-
ental species. The number of signals after combined DAPI + PI stain-
ing corresponds to the number of 25S rDNA signals detected by
fluorescence in situ hybridization. The maximum number of nucleoli
observed in endosperm nuclei reflects the number of 25S rDNA sites
on chromosomes.
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Many useful guides and guidelines exist for those working with cell
cultures to be aware of contamination with microorganisms, pheno-
typic and genetic instability or even cell-line misidentification. A lot
of these problems are avoidable with the necessary foresight.
Though, simple rules are frequently ignored. With depressing regular-
ity retraction or modification of these data is seen.
Among the problems that continue to affect cell culture, genetic in-
stability is an important mosaic stone. Depending on the cell type
(senescent or immortal cell lines, human or not human, iPSC, cancer
cell line) the chromosomal content can be euploid, aneuploid (abnor-
mal chromosome content) and heteroploid (variable chromosome
content within the population). Aneuploidy, heteroploidy or even
special structural aberrations can be typical for specific cell lines. The
latter can be very useful for authentication. Descendents of normal
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lines or iPSC lines usually are euploid. Anyway, pluripotent stem cell
lines (i.e. iPSCs), which are usually clonal in origin, are well known to
be susceptible to developing chromosomal changes. Therefore, they
need to be periodically karyotyped.
The primary purpose of this poster is to increase awareness for gen-
etic instability to those new in the field and those engaged in teach-
ing and instruction. Results of conventional karyotyping (which has
the advantage to detect balanced structural aberrations compared to
array technologies) of different cell types and cell lines (mainly iPSC)
will be presented.
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FISH assays are among the most widely used diagnostic tests for hu-
man cancers. The combination of the high cost of DNA probes used
in a labor intensive, complex workflow and shrinking cost reimburse-
ments is causing mounting economic strain on cytogenetics
laboratories.
We describe a simple, slide based system for FISH with stream-
lined workflow that reduces up to 10 fold the probe cost per test
and decreases up to 75% hands-on technologist time. The meth-
odology uses an eight-well, microvolume slide for performing up
to eight independent FISH assays in batches of up to 12 slides
(MicrofISH Assay Slides; Sunnyvale, CA). Automation of the front
part of the workflow is carried out using a high-speed liquid dis-
pensing robot that performs both cell dropping and probe
addition (Art Robbins Instruments, Sunnyvale, CA) onto the micro-
volume slides. After application of a single coverslip (rubber cement
not required), slides are briefly heated, incubated and automatically
washed using a calibratible thermocycler, hybridization incubator and
washing robot (CytoBrite System, MicrofISH Oven and Little Dipper Pro-
cessor; SciGene, Sunnyvale, CA).
The MicrofISH system provides several important advantages over
existing methods. Assays can be now be performed using 1ul of sam-
ple and probe per assay preserving precious samples and dramatic-
ally reducing probe cost per test. Automation of slide dropping,
probe application and slide washing allows reduction of technologist
time and potential human error. Automated inventory control, move-
ment log, and generation of patient specific scoresheets yields add-
itional quality control points. Eliminating of a coverslip sealant
removes a time consuming and tedious step in the workflow and re-
duces repetitive motion.
We will present the clinical validation of this system along with
optimization studies of several steps in the workflow that has pro-
vided consistent high quality clinical results on over 20,000 patient
samples.
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Despite the widely usage of Fluorescence in situ hybridization (FISH)
probes for clinical diagnosis, number of commercially available and
FDA approved assays are restricted. Custom designed or home-
brewed FISH assays and probes meet these essential requests. Both
probes, FDA approved or home-brewed, need validation and/or veri-
fication studies before clinical usage and reporting. However the
needs of these kind quality control issue, there is no consensus
guideline or protocol for these tests. Additionally, FISH assays can be
complicated for validation and verification studies. Metaphase FISH
analyses are qualitative tests, and the other hand, interphase FISH
analyses are semiquantitative tests and therefore validation studies
must be designed differently. Generally validation studies are classi-
fied as qualitative, semiquantitative, and quantitative. Like analyses
methods and assays, validation procedures could vary between
laboratories.
In this study we would like to share our interphase and metaphase
FISH validation methods which includes assessment of a probe's
technical specifications, establishment of its standard operational
procedure (SOP), determination of its clinical sensitivity and specifi-
city, development of its cutoff, confirmation of its applicability to a
specific clinical setting, testing of samples with or without the abnor-
malities that the probe is meant to detect, staff training, and report
building.

Molecular Mechanisms of Chromosome
Rearrangements
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Introduction
Balanced chromosomal translocations/inversions (BCR) may cause
disease by long range position effects (LRPE) due to rearrangements
of regulatory landscapes. One consequence of this may be enhancer
adoption, where the ectopic action of an enhancer dysregulates an-
other gene. We have defined >400 Topological Domains (TAD) and
TAD clusters enriched for evolutionary conserved non-exonic ele-
ments (CNEs), as high-risk candidates for LRPE. These CNE-TADs
might also be high-risk regions for enhancer adoption and poten-
tially even more complex regulatory disturbances.
Methods
We compared published cases of enhancer adoption with CNE-TADs,
and looked for the double involvement of CNE-TADs in published
and unpublished affected and healthy carriers of two-way BCRs. We
exemplify the deleterious nature of this by a 46,XX,t(2;13)(p25;q32)dn
associated with severe intellectual disability and microcephaly, where
we performed mate-pair sequencing and 4C-Seq analysis.
Results
Ten/eleven cases with proven enhancer adoption involved either one
or two CNE-TADs. Furthermore, 13/283 affected BCR carriers (4.6%)
had breakpoints involving two CNE-TADs, vs. 0/116 healthy BCR car-
riers (p = 0.024). The t(2;13)-breakpoints were located within the
regulatory domains of SOX11 on chr2, and SOX21 on chr13. 4C-seq
analysis of t(2;13)-fibroblasts showed ectopic interactions between
the SOX11 promoter and the translocated SOX21-domain segment,
and between the SOX21 promoter and the translocated SOX11-
domain segment.
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Conclusion
CNE-TADs are high-risk domains for enhancer adoption events, and
dual exchanges between CNE-TADs are high-risk mutations. We term
this enhancer swapping, due to the simultaneous removal of CNEs
and gain of ectopic CNEs in both domains, with potentially unpre-
dictable phenotypic consequences.
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Dicentric chromosomes are products of genomic rearrangements
that place two centromeres on the same chromosome. Due to the
presence of two centromeres, dicentric chromosomes are inherently
unstable. Instability is overcome by epigenetically inactivating and/or
deleting one of the two centromeres resulting in functionally mono-
centric chromosomes that then segregate normally during cell div-
ision. Our current understanding of dicentric chromosome formation,
behavior and fate was largely inferred from observational studies in
plants and humans. Other clues come from artificially de novo dicen-
trics produced in yeast and human cells. We investigated the most
recent product of a chromosome fusion event fixed in the human
lineage, human chromosome 2 which produced a difference in
chromosome number between humans (2n = 46) and great apes (2n
= 48). Chromosome 2 stability was insured by the suppression of one
centromere. Using molecular cytogenetics, and comparative sequen-
cing data, we deeply characterize the relicts of the chromosome 2q
ancestral centromere and its flanking regions. We developed two
possible centromere inactivation hypotheses to explain the evolu-
tionarily stabilization of human chromosome 2 and gained insight
into the ancestral organization that can be easily applied to the cen-
tromeres of all acrocentric chromosomes. Our analyses traced the
evolutionary history of rDNA and satellite III sequences among great
apes, suggesting a novel hypothesis for the preferential inactivation
of IIq and other human centromeres. Our results strongly favor
centromere excision through a one-step process.
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Genomic disorders are human diseases caused by chromosomal rear-
rangements of unstable regions flanked by Low Copy Repeats (LCRs).
LCRs act as substrates for Non-Allelic Homologous Recombination
(NAHR) leading to structural aberrations. Preliminary data suggested
that some fathers of children affected by genomic disorders showed
an increased susceptibility to NAHR that could be either restricted to
one specific region or generalized to several regions.
The aim of this study was to analyze the incidence of de novo sperm
deletions and duplications in fathers of children affected by Williams-
Beuren syndrome (WBS) (n = 6; 7q11.23 deletion), Prader-Willi
syndrome (PWS) (n = 17; 15q11-q13 deletion) and 22q11.2 deletion
syndrome (22qS); (n = 6; 22q11.2 deletion) of proven paternal origin.
The final endpoint was to check whether NAHR mechanisms are
restricted to the region involved in the syndrome (cis effect), or asso-
ciated to a general instability of LCR-unstable regions (trans effect).
Semen samples were processed by FISH using a customized combin-
ation of probes. All samples were analyzed for the three regions,
compiling retrospective and new acquired data. The frequencies of
deletions and duplications were individually compared with an in-
ternal control dataset.
Significant increases of sperm anomalies were observed in 13 out of
29 fathers. Of them, eight PWS and two 22qS individuals showed in-
creases restricted to the critical region of the corresponding syn-
drome. In one of the PWS fathers, anomalies affected the 15q11-q13
and 7q11.2 regions, while in one PWS and one WBS individuals the
three analyzed regions were affected.
Recurrent NAHR could be mediated by cis and trans effects, thus sug-
gesting differences in the mechanism that originate anomalies during
spermatogenesis. The observation of trans events should be considered
of worse prognosis for the recurrence of genomic disorders.
Financial support: CF-180034 (UAB, Spain), SGR2014-524 2 (Generali-
tat de Catalunya, Spain), SAF2016-77165 (Gobierno de España, Spain)
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Forty five percent of the human genome is composed of retroposed
elements consecutive to cis or trans activity of the L1 machinery. Ret-
rocopies of human genes have been mainly studied in an evolution-
ary context but patient-focused descriptions are very rare. Herein we
describe sequencing results for a 450-gene panel in a 10 years old fe-
male patient presenting with mild intellectual disability, obesity and
dysmorphic features. After sonication and library preparation using
SureSelectXT capture (Agilent), 2x75 paired-end sequencing was per-
formed on a NextSeq500 (Illumina). While no clearly pathogenic SNV
was identified, depth of coverage analysis using DeCovA revealed a
duplication of all 15 exons of DKC1 (Xq28). Careful sequence align-
ment observation revealed a surprising pattern for paired-end se-
quencing with a clear shift between exonic depth of sequencing and
immediate flanking nucleotides. Moreover, many pairs were encom-
passing consecutive exons from the 5’UTR region to the 3’UTR re-
gion. Subsequent visualization of soft-clipped sequences evoked the
presence of a processed retrotranscribed inverted copy of DKC1
inserted within the second intron of IQCH on the long arm of
chromosome 15. Fragment junction and cDNA amplifications con-
firmed these findings and showed paternal inheritance. Inheritance
from an unaffected parent added to testis-restricted IQCH expression
profile and absence of in silico gene fusion makes this fortuitous ob-
servation of an inserted processed transcript likely benign. However,
this DKC1 aberrant copy is absent from public databases (Retrofinder
UCSC) and doesn’t harbour any single nucleotide variation compared
to X-copies of DKC1 suggesting a relatively recent evolutionary
event. These retrocopies of human genes will likely be more fre-
quently observed with the spread of whole genome sequencing mo-
tivating data analysis with a cytogenetic point of view, which
provides careful attention to potential mechanisms leading to patho-
genicity including aberrant expression, gene disruption, gain of func-
tion, gene fusion and siRNA.
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Next-generation sequencing (NGS) has revolutionised the mapping
of balanced chromosomal rearrangements (BCRs), associating specific
diseases to truncated genes and to regulatory landscapes associated
with long range position effects (LRPE). The large majority of the
published BCRs are from affected individuals, and very few BCRs
from healthy carriers have been mapped by NGS.
We present the first data from The International Breakpoint Mapping
Consortium (IBMC), a world-wide effort to NGS-map ultimately thou-
sands of BCRs, including BCRs from healthy carriers. We mate-pair se-
quenced BCRs from 87 affected and 117 healthy carriers, doubling
the number of mapped two-way breakpoints to >800. The propor-
tion of truncated genes were similar in unaffected and affected car-
riers (44%-40%, respectively), but we observed a significant excess of
truncated autosomal dominant (AD) disease genes (p = 0.0024) and
loss-of-function (LOF)-constrained genes (p = 0.0016) in the affected
carriers. However, truncation of known AD genes in apparently
healthy carriers does occur, e.g. ABCC9, DCC, CACNB4 and TGFB2. In-
deed, the breakpoint within ABCC9 orginates from a founder inv(12)
with presently >120 known inversion carriers. Strikingly, 23% of the
truncated genes in healthy carriers are LOF-constrained, at odds with
exome sequencing data.
We also show that ~70% of the known LRPE-associated breakpoints/
loci overlap with topological associating domains (TADs) that are
highly enriched in evolutionary conserved non-exonic elements
(CNEs). As the tip of the iceberg, we define ~400 CNE-TADs with this
hallmark, covering ~16% of the genome, as high risk regions for
LRPE. Breakpoints truncating CNE-TADs are more frequent among af-
fected versus healthy BCR carriers (p = 0.003), and even more so are
intergenic breakpoints within CNE-TADs (p = 0.0015).
Our study illustrates the importance of NGS-based mapping of BCRs
irrespective of phenotype, and the potential of IBMC to confirm
known disease genes, identify numerous novel candidate disease
genes and dissect potentially hundreds of LRPE-regions. Mapping of
healthy BCR carriers reveal a new resource for the study of why ap-
parently normal individuals carry assumed deleterious mutations.
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Copy number variation (CNV) is one of the main forms of critical gen-
etic variation. It is well known that CNV might directly or indirectly
lead to some diseases, including cancer. During the past decade
array-based methods were de-facto standard technologies for detect-
ing CNV. Today Next-generation sequencing (NGS) based methodolo-
gies are occurring for identification of CNV.
Here we used 20 samples, for which CNVs were found using Affyme-
trix CytoScan HD Array (as standard approach) and Illumina sequen-
cing with Agilent SureSelect Focused Exome capture in order to
compare standard approach with NGS. For CNV detection we used
CNVkit, method based on reads depth approach.
As a result for all 20 samples we detected 605 CNVs by array based
method. For detected CNVs we used clinically stringent filtration:
CNV should have length at least 25 kb or 50 kb and at least 25 or 50
probes for losses and gains respectively. For NGS data we found 28
CNVs. Then we intersected these CNVs between two sets of data in
order to find precision/recall metrics for NGS based method. We
found growth of recall metric with growth of CNV length, with recall
up to 100% for CNV length > 3mb. The same tendency was observed
for CNV divided by origin (losses and gains) and CNV that were de-
tected in on-target regions. For off-target CNV we got only 7% recall
for CNV length > 3mb. On the other hand precision is independent
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from CNV length and best precision metrics (up to 100%) were col-
lected on CNVs that were detected in on-target regions.
We conclude that reads depth approach for CNV calling have low
amount of false positive discoveries independent of CNV length. We
also demonstrated that NGS data works reproducibly compared with
array-based methods on large-scale CNVs.
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Introduction
Chromosomal diseases caused by inherited CNV are frequently char-
acterized by incomplete penetrance, but its mechanisms remain un-
explored. Transgenerational epigenetic modifications may be one of
such mechanisms. Here, we report about DNA methylation of several
gene promoters in a pedigree with inherited microduplications.
Methods
We have analyzed 5 probands with intellectual disability using aCGH.
The presence of microduplications in the patient, parents and
healthy siblings was investigated by real-time PCR. Bisulfite sequen-
cing of CpG-islands within a region of inherited microduplications
was performed using targeted NGS.
Results
Various microduplications were identified in analyzed probands:
12q24.12-q24.13 (2 probands from different families, both of mater-
nal origin, including ACAD10, ALDH2 and MAPKAPK5 genes), 5q33.1
on maternal chromosome (including AFAP1L1, GRPEL2 and PCYOX1L
genes), 17p13.3 of maternal origin (including RPH3AL, VPS53,
GEMIN4, GLOD4, RNMTL1 and NXN genes) and 18p11.32 of paternal
origin (including SMCHD1, METTL4 and NDC80 genes). The bisulfite
NGS of ACAD10, GRPEL2, GEMIN4, SMCHD1 and METTL4 gene pro-
moters revealed no differences in the level of methylation between
probands, healthy sibling without microduplication and parents both
with and without microduplication.
Conclusion
DNA methylation of gene promoters in analyzed inherited chromo-
somal microduplications is not the cause of their incomplete
penetrance.
This study was supported by Russian Science Foundation (grant №
16-15-10229).
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The use of human mesenchymal stromal/stem cells (MSCs) is a prom-
ising strategy for cell therapy in injured tissues recovery. However,
ex vivo expansion can lead to accumulation of genetic and epigen-
etic alterations, featuring a genetic instability that may explain, at
least in part, their tumorigenic potential. Therefore, the genomic
integrity of stem cells (SC) should be monitored carefully for uses in
basic research and clinical trials to confirm the absence of genetic in-
stability. Differently from embryonic SC, where there have been sev-
eral reports of genetic abnormalities and tumor formation in rats,
human adult SC, especially MSCs, seem to maintain their genomic
stability during cultivation. The genomic integrity of 158 MSCs sam-
ples of 47 patients was evaluated using three techniques: G banding
karyotyping, fluorescence in situ hybridization (FISH) and chromo-
somal instability test with Diepoxybutane (DEB). MSCs from different
sources were compared: bone marrow, dental and adipose tissue.
Chromosome and chromatid gaps, breaks and tetraploidy were ob-
served, which could indicate an intermediate step for tumorigenesis.
Moreover, we detected the emergence of clonal chromosome aber-
rations at cultivation early stages in one patient. They were also com-
pared during the cultivation time: early, intermediate and late stages,
where one of the 13 patients showed clonal chromosome aberra-
tions. In the DEB test all samples shows normal index and in the FISH
it was observed one patient with TP53 loss in 24% of the cells. The
results confirm the importance of chromosome analysis, especially G-
banding, once this technique shows chromosomal instability signs
and is able to detect both numeric and structural alteration, includ-
ing balanced rearrangements and mosaicism. In 97.87% of the cases,
MSCs maintained normal karyotypes during the early stages of culti-
vation. However, some cases may have clonal chromosomal aberra-
tions and these samples should not be used in clinical protocols,
because we cannot rule out its tumorigenic potential.
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A peculiar aspect of mammalian spermatogenesis is that the
chromatin structure of spermatogenic cells undergoes a dramatic
compactation due to histone replacement by the protamines in
the final stages of differentiation. This process is correlated with
global epigenetic changes during sperm differentiation. In this
context we have examined the dynamics of histone H4 acetyl-
ation and DNA methylation at the level of both protamine genes
(Prm1 and Prm2). Immunohistochemistry technique and ChIP
assay were used for deciphering some important features of
chromatin compactation in murine spermatogenesis. ChIP assay
provided a new insight into specific relationship between histone
acetylation and DNA methylation. Using bisulfite mutagenesis
techniques we found differences in DNA methylation pattern be-
tween spermatogenic cells (e.g. pachytene spermatocyte, round
spermatids and spermatozoa). The study of epigenetic profile in
spermatogenic cells could help to elucidate the molecular mecha-
nisms of male infertility.
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The discovery of induced pluripotent stem cells (IPSC) has created
several interesting prospects not only for basic research, but also to
medical treatment and pharmaceutical industry and IPSc represent a
virtually unlimited source of pluripotent cells. IPSCs have been gener-
ated from different somatic cell types commonly using retrovirus- or
lentivirus-based delivery systems. However viral integration into the
host genome can cause insertional mutagenesis, malignant trans-
formation and genome instability. In our study we used Sendai viral
(SeV) reprogramming, actually the most frequently used reprogram-
ming methods, because is efficient, safe and simple to use. To assess
genome stability, karyotype analysis has been performed.
We obtained several IPSC clones starting from peripheral blood
mononuclear cells (PBMC), reprogrammed by nonintegrative Sendai
virus. We investigate human IPScell line derived from control donors
and patients with syndromes showing defects in DNA repair mechan-
ism and alteration in cell cycle progression.
In IPSC derived by donors we detected 4 isolated chromosome
anomalies. Unexpectedly, considering the intrinsic defects in DNA re-
pair and cell cycle progression of the analyzed diseases, we observed
only one clone of AT IPSCs reporting a complex rearrangement with
a partial dup1q, not evident in the patient karyotype on blood cells.
Our results suggest that episomal SeV-based reprogramming method
must be preferred since integrative methods combine low repro-
gramming efficiency with a higher risk of cytogenetic abnormalities.
SeV-based IPSC clones have been shown to carry some isolated
chromosomal alterations at early passages, that were probably ac-
quired during reprogramming due to selective pressure in culture
conditions. Since genomic aberrations may have detrimental conse-
quences on stem cell application, we have verify if the identified iso-
lated abnormalities have be fixed in IPSC genome by re-testing the
clones after additional passages and in long term culture.
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To preserve material for future genetic studies, whole blood samples
are routinely used to establish lymphoblastoid cell lines (LCLs) by in-
fection of human B cells in vitro by Epstein-Barr-Virus (EBV). The
resulting cell cultures can be grown for a long time span. But these
cells are neither immortal nor remain genetically unaltered. Only a
small percentage of LCLs finally reach a condition which comes close
to immortalization, but these cultures have lost karyotypic stability
long before.
To study chromosomal changes during the course of long term culti-
vation, we established 10 LCLs (from overall 8 individuals) with nor-
mal karyotype (3), supernumerary small marker chromosomes
(sSMCs, 3) or other aberrant karyotypes (4). Chromosome analyses
were done in 8 week intervals over a period of at least 1 up to
3 years. The most common acquired aberration was trisomy 12,
which emerged as a clonal change in all cell lines within 22 to
64 weeks after culture set up (median 29.5 weeks). Telomeric associa-
tions and telomeric fusions were found as indicators for the shorten-
ing of telomeres in a small percentage of metaphase plates earliest
after 24 weeks. After a cultivation time of 1 year, within a certain cell
line the percentage of cells displaying the original karyotype ranged
from 0% (4 lines), up to 10% (3 lines) and more than 50% (60% to
96.7%; 3 lines).
Surprisingly, during chromosomal evolution even clones constituting
up to 80% of the cells analyzed at a certain time point, can later dis-
appear completely and be replaced by a cell population with another
aberration. Therefore, LCLs could be taken rather as “model organ-
isms” studying clonal evolution than for preservation of cases with
certain aberrant karyotypes.
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Aneuploidy results from chromosome loss, gain or mis-segregation
during mitosis, and is the most commonly observed type of genomic
instability in cancer. We have tested α-cypermethrin, a pyrethroid in-
secticide widely used in modern agriculture, for its ability to lead to
mis-segregation of chromosomes in anaphase and induce aneu-
ploidy in human peripheral blood lymphocytes. Two concentrations
relevant for real scenario exposure, one in terms of residual exposure
level (0,0036 μg/ml) and another a common concentration of 3 μg/
ml, were tested. After treatment according to cytokinesis-block mi-
cronucleus assay, nuclei of binucleate cells were analyzed by fluores-
cence in situ hybridization (FISH) using centromeric, directly labelled
probes for chromosomes 9, 18, X and Y looking for presence of the
selected chromosomes. The results have shown that both concentra-
tions of α-cypermethrin significantly affected the ratio of mis-
segrated sex chromosomes (up to 94.5% for X and up to 96.5% for Y
chromosome compared to 35.5% and 71.5% in the negative con-
trols). No effect on somatic chromosomes was observed. However,
we detected a decrease in the occurence of aneuploidy regarding
both sex chromosomes (up to 4.5% for X and 3.5% for Y compared
to 40% and 20% in the negative controls, respectively), and chromo-
some 18 at the higher concentration tested (7.5% compared to
14.0%). Overall, we conclude that α-cypermethrin has across the
tested concentrations significant effect on chromosome mis-
segregation and aneuploidy induction for chromosomes X, Y and 18.
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Intellectual disability (ID) is a common but extremely complex neurode-
velopmental disorder with a strong genetic component. Genetic causes
of ID range from microscopically visible chromosomal abnormalities to
point mutations. The introduction of array-based comparative genomic
hybridization (aCGH) proved instrumental in ID investigation, allowing
for discrete pathological CNVs to be detected. Besides aCGH, detection
of regions of homozygosity (ROH) combined with sequencing repre-
sent a new approach for the investigation of gene defects in ID.
We report on 20 families, 16 families with 2 siblings with ID and 4
families with 3 affected siblings, investigated by aCGH and CGH +
SNP array using 44 k, 105 k and respectively 180 k microarray plat-
forms (Agilent Technnologies).
The siblings presented complex phenotypes including ID and other
clinical findings such as dysmorphic features, autism or other behav-
ioral disorders, epileptic seizures etc. The genomic variants identified
in our patients covered the entire spectrum of clinical significance,
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from benign to pathogenic. Among the pathogenic variants identi-
fied within a family we mention 4p duplication/10q deletion and
22q13.3 deletion. The heterozygosity status was investigated in 17
families. Several ROH that include genes involved in neurodevelop-
ment, were identified. However, further sequencing studies aimed at
mutation detection within these candidate genes are needed for es-
tablishing their contribution to the pathological phenotype.
The genomic investigations on our study group, although including a
small number of families, has proved informative with regard to eti-
ology and family counseling.
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Using of mesenchymal stem cells (MSCs) in regenerative medicine re-
quires their genetic stability in culture. Currently, there is no clear evi-
dence about genetic stability of MSCs in vitro. To evaluate the
genetic stability of cells for medical purposes it is possible to use dif-
ferent methods of chromosome analysis
The aim of this study was to assess the genetic stability of 4 lines of
endometrial mesenchymal stem cells (eMSC) in the early stages of
cultivation (5–6 passages) using G-band and molecular karyotyping.
G-band karyotyping revealed cells with a normal karyotype and cells
with chromosome abnormalities. The 4 eMSC lines differed in the de-
gree of karyotype stability. The abnormalities were related to aneu-
ploid cells and rearranged chromosomes (ectopic conjugation,
Robertsonian translocations, breakages).
Molecular karyotyping of the eMSC lines showed duplications and loss of
heterozygosity at several chromosome loci. The number of chromosomes
with duplications and loss of heterozygosity was individual for each line.
In conclusion, combination of G-banding and molecular karyotyping
data provides a more complete picture of the genetic stability eMSC.
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Molecular karyotyping is continuously replacing the classical cyto-
genetic techniques in patients with mental retardation and/or con-
genital anomalies and in prenatal cases with abnormal ultrasound
findings. The application of genome-wide array-CGH/microarray al-
lows us to detect not only submicroscopic chromosomal imbalances,
but also to identify causative mutations in genes related to mono-
genic and complex disorders. Recent studies showed that
microdeletions and/or microduplications underlie up to15% of all the
causative mutations responsible from the monogenic diseases.
Here, we report 20 cases in which the diagnosis of a monogenic dis-
order was unraveled by array-CGH performed by different platforms
and resolutions. 16 of these cases were found to carry gross dele-
tions encompassing the whole gene or various number of exons and
four cases had duplications of 0,2 - 3.5 Mb in size in the critical gene
regions. Genomic imbalances have been detected in genes (PAX6,
WDR1, NOG, GRIP1, PLP1, SHOX, NSD1, MECP2, PMP22, DMD, RSPO2,
MAPT1, GAN) which were associated with known syndromes.
Our findings support that the array methodology, complementary to
other molecular techniques, is a valuable tool not only in the diagno-
sis of submicroscopic genomic imbalances but also for the mono-
genic syndromes.
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Recurrent pregnancy loss (RPL) is defined by two or more failed clinical
pregnancies and affects 3–5% of women. Aneuploidies play a signifi-
cant role in the pathogenesis of miscarriage, but 40% of women with a
RPL have no identifiable aneuploidies, therefore, they are classified as
having idiopathic RPL. In this study, we investigated the loss of hetero-
zygosity (LOH) in 16 paired first-trimester miscarriages with normal kar-
yotypes from 8 women with RPL. Search of LOH was performed using
microarray SurePrint G3 Human CGH + SNP 4 × 180 K (Agilent Tech-
nologies). The results were visualized using the Cytogenomics program
(Agilent Technologies). A total of 30 regions with LOH were found in 10
miscarriages (1p31.2-p31.1, 1q41-q42.13, 2q23.3-q24.2, 3p14.1-p13,
3q26.31-q26.33, 4p14-p12, 4q13.2-q21.1, 5p13.3-p13, 6q14.1, 7q21.11-
q21.13, 7q31.2-q31.31, 7q31.33, 8q11.21-q11.23, 9q33.2-q34.11,
10p12.31-p12.1, 10q21.1, 11p15.3-p15.1, 11p12, 12q12, 14q21.1,
14q21.1-q21.2, 14q31.3-q32.12, 17q22-q24.1, 18q12.1-q12.2, 22q12.3-
q13.31). Several LOH were observed in more than one embryo: four
LOH were found in two embryos (1q41-q42.13, 7q21.11-q21.13,
10q21.1, 11p12) and one LOH – in three embryos (18q12.1-q12.2). One
of the mechanisms of implementation of the negative effect of LOH
may be the presence of imprinted genes. In regions with identified
LOH , there were five genes, predicted to be imprinted according to
the Geneimprint Database: OBSCN, HIST3H2BB, LMX1B, CELF4, and
FAM59A. The results of this study indicate that the loss of heterozygos-
ity may play a role in the etiology of RPL.
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Angiotensin II receptor blockers (ARBs) are a widely used type of
drugs due to their excellent blood pressure control and tolerance.
The intake of medication requires documentation of long-term safety
and efficacy, including sensitive information on genotoxic damage.
The in vivo and in vitro genotoxicity of five ARBS (Valsartan,
Candesarta, Eprosartan, Telmisartan and Olmesartan) was tested for
their ability to induce structural chromosomal aberrations (sCA) and
micronucleous (MN) on peripheral blood lymphocytes (PBLs) of ARB-
treated patients and controls, measured by the analysis of sCA, the
expression of fragile sites (FS), and the cytokinesis-block micronucl-
eous assay (CBMN).
Regarding the incidence of sCA, our data revealed a significantly in-
creased rate of sCA in vivo, and mostly in vitro. Most of the break-
points were identified as specific FS, and among them, chromosomal
location analysis pointed at chromosomes 2 and 17 as preferential
targets for the clastogenic effects of ARBs drugs. The locus 17q21
was only expressed in ARBs-treated patients, supporting the finding
for a new FS in a telomeric locus on chromosome 17 linked to hyper-
tension. In relation to the CBMN assay, the results showed significant
increas in the frequencies of MN and binucleated cells with MN
(CBMN) in the in vivo analysis, and specially in the in vitro study.
The results are consistent with our previous studies of beta-blockers
genotoxicity and provide evidence for an association between anti-
hypertensive therapy, arterial hypertension and DNA damage in hu-
man lymphocytes.
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Introduction
Psychomotor retardation and epilepsy are variable and genetically
heterogenous conditions affecting 3% of general population. In the
last decade, molecular karyotyping has become one of the most sig-
nificant diagnostic tools for these patients. Within this report, our
newly established clinical experience has been evaluated.
Methods
The total of 46 submicroscopic aberrations were detected by molecu-
lar karyotyping (HumanCytoSNP, iScan, Illumina) in patients with psy-
chomotor retardation and epilepsy referred to our Clinical Genetics
Policlinic. We developed our own clinical interpretive pipeline for
molecular karyotyping that was performed in a certified clinical la-
boratory in order to identify the genetic etiology.
Results
The clinical interpretation of the molecular karyotyping results was
done on the basis of detailed clinical re-phenotyping by the experi-
enced clinical/medical geneticists in our newly established depart-
ment. Molecular karyotyping identified 9 (41%) microdeletions, 7
(32%) duplications and 3 (50%) both del/dup in mental retardation
patients; 1(16%) microdeletion, 2 (34%) duplications and 3 (50%)
both del/dup in epilepsy patients; and 6 (33.3%) microdeletions, 8
(44.4%) duplications and 4 (22.2%) both del/dup in mental retard-
ation with epilepsy group. Most interestingly, there is also one pa-
tient in the epilepsy group with uniparental disomy.
Conclusion
Our results provide further evidence of an increased diagnostic yield
using molecular karyotyping and interpretation by a medical geneti-
cist. This supports its use as a first line diagnostic tool for psycho-
motor retardation and epilepsy patients.
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Marfan syndrome is a pleiotropic multisystemic disorder of connect-
ive tissues with autosomal dominant inheritance mainly due to muta-
tions in gene FBN1 encoding fibrilin-1. The most serious clinical
manifestations are cardiovascular defects which account for the most
common cause of death of patients. Other symptoms include tall
stature with disproportionately long limbs, arachnodactyly, hypermo-
bility of joints, skeletal and eye anomalies.
We describe a 4-year-old male patient with Marfan syndrome. De
novo deletion of FBN1 gene was identified by MLPA analysis. As
there was hypotonia and psychomotor delay we performed add-
itional array-CGH analysis for to determine the exact size of the aber-
ration. Array-CGH analysis revealed a 1.6 - 1.8 Mb microdeletion in
chromosome 2q13 affecting 16–18 genes. The same microdeletion
was detected in the phenotypically normal father. Deletions in 2q13
have an incomplete penetrance and are associated with developmental
delay or intellectual disability, dysmorphic features, congenital heart de-
fects, hypotonia and others. This microdeletion is probably the cause of
hypotonia and psychomotor delay in the patient.
Supported by MZ 0064203 and NF-CZ11-PDP-3-003-2014
Consent to publish: The authors confirm that written informed con-
sent was received by the patient for publication.
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Introduction
The pluripotent stem cells are able to differentiate into any cell of
the three germ layers, so their research has a great scientific interest
in the field of cell therapy and experimental models. The induced
pluripotent stem cells (iPSC) are generated from adult cells repro-
grammed to a pluripotency condition, thus they can give rise to sev-
eral cellular types of the organism, which increases the therapeutic
potential, and do not present ethical problems regarding by the use
of embryos. However, the fact that they are cultivated in vitro and
the genetic reprogramming increases the genetic instability, which it
could explain, at least in part, their tumorigenic potential. Maintain-
ing genetic stability after reprogramming is the aim for possible
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clinical application and studies in experimental models. Such instabil-
ities may be characterized by chromosomal abnormalities.
Objectives
To standardize a protocol for the cytogenetic study of iPSC lineages
and to verify the chromosomal alterations frequency.
Methods
For standardization of G-banding test was used different mitotic
interruption times and hypotonic solution concentrations. The slides
analyses were made using the LUCIA program, and whenever it was
possible, twenty karyograms were analyzed for the conclusion of the
final karyotype.
Results
Sixty nine samples from 24 iPSC lines were evaluated. A total of 378
metaphases were analyzed, which presented the following chromo-
somal alterations: acentric fragments, chromosomal fusions, prema-
ture division of the centromere, double minutes, figures, ring
chromosome, polyploidy, inversions and trisomy. These signals are
often described in tumor cells, although without specificity.
Conclusion
It was possible to establish a protocol for conventional cytogenetics
by G-banding for iPSCs. This technique has proved to be essential to
detect chromosomal alterations, with important repercussion in the
applications of iPSC lines.
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In Brazil, the Unified Health Care System serves 80% of the population
but specific policies for genetic conditions in this system are still lim-
ited. Since 2006, the Cranio-Face Brazil Project has been working on
strategies to improve diagnosis of genetic disorders, including 22q11.2
deletion syndrome (22q11.2DS). This is the most common microdele-
tion in humans with a prevalence of 1/4000 live births and an extensive
clinical variability. Delay in diagnosis leads to inappropriate clinical
management and inadequate genetic counseling. Based on clinical cri-
teria defined in a previous study of our research group, 13 centers use
a standard protocol and investigate 22q11.2DS using a low cost ap-
proach. This includes G-banded karyotyping and Fluorescent in situ
Hybridization (FISH) or Multiplex Ligation Probe-dependent Amplifica-
tion (MLPA) as the first tier techniques, followed by Chromosomal
Microarray Analyses (CMA) if no abnormality is found. The aim of this
study is to describe preliminary results of 305 cases with a clinical suspi-
cion of 22q11.2DS evaluated with this protocol. All patients were
screened by FISH or MLPA and a deletion was detected in 84 (27.5%)
cases. In addition, karyotype analysis revealed atypical deletions in the
22q11.2 region in 10 (3%) cases, and chromosomal rearrangements
outside the 22q11 region in 14 (4.6%) cases. In total 110 individuals
were screened with the CMA. Of these, 13 (12%) showed pathogenic
genomic imbalances and another 13 (12%) showed variants of uncer-
tain significance (VOUS). This study shows the utility of CMA for investi-
gating individuals with a clinical suspicion of 22q11.2DS. It also
reinforces the importance of lower cost strategies as an alternative ap-
proach in developing countries. It is worth mentioning that karyotyping
should not be discarded as a diagnostic tool, especially for complemen-
tary investigation of the family, for genetic counseling purposes.
Support: Fapesp, Capes, CNPq.
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