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Historical Introduction

1956-1984'

In 1956 Tjio:and Levan, in their now classic article, reported that the human chromosome
number was 46 and not 48. This work. which was carried out on cultured human embry-
anic cells; was rapidly confirmed by studies of testicular material by Ford and Hamertop
{1856}, These two articles stimulated a renewed inlerest in human cyiogenetics, and, by
1959, several laboratories were engaged in the study of human chromosomes and a vanety
of classification and nomenclature systems had been proposed. This resulled in confusion
in the literature and a need to establish a common system of nomenclature that would im-
prove communication belween workers in the held,

For this reason, 2 small study group was convened in Denver, Colorado at the suggestion
of Charles E. Ford. Fourteen investigators and three consultants participated, representing
each of the laboratories that had published human karvotypes up to that time. The syslem
proposed in the report of this meeting, entitled A Proposed Standard Systern of Nomencla-
ture of Human Mitotic Chromosomes,” more commonly known a5 the Denver Conferengs
(1960), has formed the basis for all subsequent nomenclature réports and has remained vir-
tually unaltered, despite the rapid developments of the last 25 vears. It is fair to say that the
participants-at Denver did their job so well that this repart has formed the comerstone of
human cytogenetics since 1960, and the foresight and cooperation shown by these investiga-
ters have prevented much el the nomenclature eonfusion which has marked other areas of
human genetics.

Three yeéars later, a meeting ¢illed by Lionel 5. Penrose was held in London (London
Conlerence, 1963) to consider developments since the Denver Conference. The most sig-
nificant result of that conference was to give official sanction to the classification of the
seven groups of chromosomes by the letters A to G, as originally proposed by Patau (1960)

The next significant development came in Chicago at-the Third International Congress
on Human Genetics in 1966 when 37 investigators, representing the major cytogenetic lab-
oratories, met 1o determine whether it was possible to improve the nomenclature and thus
eliminate some of the major problems that had resulted from the rapid proliferation of new
findings since 1960, The réeport of this conference (Chicago Conference, 1966) proposed o
standard system of nomenclature for the provision of shori-hand descriptions of the human

‘thromosome complement and its abnormalities, a system that, in its hasic form, has stood

' Adapted fram 1SCN (1985).

kel jerihargrinn a2 Karger ALl Bupel
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Chromosomes,

In his introductary address to the Chica
fallowing prophelic statemend

It is casy 1o be carried away by the detectab : :
bying varighility 15 still hidden from view until some new technical device discloses the fing,
5|1'||L:.‘l1,l1'L' of chromosomes, a8 in (he Drosophili salivary glind cells, Sl

T veats later (1968 1he second major |1r|.::|hr|ll'lr1t}_‘.E| ,1._--.;..urrn:ull 1J'.-'|1L:r| Forbiden €aspars-
iy .:md-l'n'; colleagues, working in Sweden, published the first fradding |uL'1|tt:l.". ol plant aliry-
mosomesstained with guinacrine diydrochloride or guinagrine mugtard (Caspersson ¢p al
1968). These studies were rapidly expanded to human chromosomes by these workers, who
published the st banded humag Kiryotype in: 190 (fora review of this worl, see Caspers
san et al,, 1972, Soon, several other téchnigues that also |_'rrmlu|.'t*|.f chromosame Bands were
developed, This led 10 the realization that, iis cach human chromosome could now be identi-
fied very precisclv, the exist ing system of nomencloture would no longer be adequate.

A group of 50 workers concerned with human cytogenetics met in 1971 on the oocasion
of the Fourth International Congress of Muman Genetics in Paris 1o agree upon a uniform
system of human chromosome identilication. Their obijective was ageomplished and extend-
ed by the appointment of a Standing Committee, chaired by John Hamerton, which met
initially in Edinburgh in January 1972, and then with a numbér of expert consultants at Lake
Placid in New York in December 1974, and agnin in Edinburgh in April 1975,

e 1971 meeting in Paris, together with the 1972 Edinburgh meeting of the Standing
Committee, resulted in the report of the Paris Conference (197 1), a highly signmificant docu-
ment in the annals of human eyvtogenetics. This document proposed the basic system for
designating not only individunl chromesomes but also chromosame regtons and bands, and
it provided a way in which structural rearrangements and variants could be described in
terms of their band composition,

By 1974 it had become clear that the number of workers in the field was now too preat to
allow the holding of such conferences as the Chicago and Paris ones, where the majority of
laboratories involved could be represented. The Standing Committee therefore proposed
holding smaller, nonrepresentative conferences, each on o number of fairly spécific topics
and that would utilize expert cansultants for each topic. The [irst meeting of this type was
held in 1974 in Lake Placid and the second in 1975 in Edinburgh, a1 which a number of spe-
gific topics = including heteromorphic chromosomes of the Hominoidea, and chromosome
registers — were discussed. These discussions were reported in the 1975 supplement to the
Paris Conference report (Paris Conference, 1971, Supplement, 1975),

A further change came about in 1976 @ the Fifth International Congress of Human Ges
netics 1 Mexico City, when & meeting of all interested human evtogeneticists was held to
elect an International Standing Committee on Human Cytogenetic Nomenclature, These
ulf:'::'rimn provided a trulv international and geographic representation for the Standing Com-
mittee and provided a mandate 10 the commitiee to continue its work in Proposing wavs in
which humin chromosome nomenclature might be improved. Jan Lindsten was appointed
the chajrman ol this commitlee:

. I'he committee met in Stoekholn in 1977 and, following past pr
o expert consultants to meet with ir. 1t was decided at this meeling to cease labeling reports
geographically and lU_IlTlii'}' the various con ference roports reviewed above intaa document
enm_]-:d “An International System for Human Cytogenetic Nomenclature (1978)." 1o be ab-
Breviated |5f1':-' (L978). ISCN (1978) included all major decisions of the Denver, London,
[:;_l:]::f::di?fh:l| l;.::wl.jf;j::?;:: i::::::t“:n: .“HUN u.'.!ulmptrs h“E edited for consisteney and

- 4 complete system of human cy

o Conference (1966), Lol Penrose made th

¢ peculinritios and teforget that much under.

actice, invited a number

togenetic nomen-
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1.2

clature that has stood rh::_wﬁt af timé and‘has: ]?-1:1'*':*1:&11 1.13111'.: ﬂ!":'j.ljli_uu nol only {d those énter-
'ing. the field forthe first me bt slul.m. K] Lx_l'ltrit.l_n:c:dl:,} (& é.cnl., i.,_ |s.ll.a.. ) |

The next major area to be considel RdcRy e viRacing Lom mitice was the nomenclature
of chromosomes stained 10 shiow _‘*h:g‘h resolution |}ill1‘ldm|5'.. In ]_kl‘." Fa ?n-:':rkmg party was
cstablished under thechairmanship f}J Bernard Dutrillaus to consider this malter.

It had heen recognised for some time that prophase and prometaphase chromosomes re-
veal-a much farger number of bands than can be seen even in the best banded metaphase
chromosome preparations, Techniques were devised to mnr{mllyr synchronise peripheral
Bivod cultures so as to vield sufficient cells in the early F’j1135'¢ of mitosis for detailed study,
These all essentially use some method of blocking cells in the S-phase, releasing the hlock
and then timing the subsequent harvest (o abtain the maximum number of cells at the ap-
propriate stage (Dutrillaux, 1975, Yunis, 1976), Several studies showed that technigues of
this kind required a new nomenclature (Francke and Oliver, 1978; Viegas-Pequignot-and
Dutrillaux, 1978; Yunis ¢t al, 1978).

The working group met on several occasions. There was a remarkable degree of agreement
on the number of bands, the width of the bands and their relative positions. There was, how-
gver, considerable difficulty in reaching a consensus on the origin of certain bands and on the
stige of their appearance relative to other bands. A broad measure of agreement was; however,
reached at a meeting in Paris in May 1980 and this was published as “An International System
for Human Cytogenetic Nomenclature — High Resolution Banding (1981)" or ISCN (1981).

A new Standing Committee was elected at a specially convened meeting of cytogeneticists
held during the Sixth International Congress of Human Genetics in Jerusalem in 1981, Da-
vid Harnden was appointed chairman of the new commiitee.

A revision of the International System for Human Cytogenetic Nomenclature was pre-
pared in 1984, 1o be published as ISCN (1983), partly because a reprint was 1n-any case nee-
essary and partly because, once again, it was Tell to be important to try to Keep all statements
on nomenclarure togetherin a single volume, The opportunity was (aken to correct errars and
make @ small number of amendments but no attempt was made to make a major revision.

The widely accepted international nomenclature for human chromosomes has proved to
bean important-element in improving and maintaining international collaboration. The de-
velopment of this systém has been made possible by the collaboration of many people. [ would
liketo thank not only members of the Standing Committee but others who have acted as con-
sultants or who have contributed 1deas or materials to these publications. In particular I would
like to express the gratitude of the international cytogenetic community to the March of
Dimes Birth Defects Foundation for its consistent-and substantial financial support over the
past 19 vears. Without its help none of these developments would have been possible,

David Hamden
Cldtober 1984

1985-1995

Anew Standing Committee was elected at a meeting of eytogeneticists altending the Seventh
Congress of Human Genetics held in Berlin in 1986 and Uta Francke was appointed as chair-
man, The Committee was aware of & considerable increase in the amount and variety of data
on chromosome aberrations associated with neoplasia. and considered that a terminology
was necessary for those acquired chromosome aberrations that were not adequately de-
seribed by the nomenclature for constitutional aberrations as published in ISCN (1983). A
subcommitiee under the chairmanship of Felix Mitelman was established and ¢ha raed “‘i]h
the task of producing a nomenclature Tor cancer cytogeneties. The report of this subcommit-
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tee was adopted by the I1SCN Standing Com milluu and Ptlhhhht‘l‘j f"" HE;‘:{ lt rlciiml.; :.=.~:n|.-.
lines for Cancer Cylogenetics,” These guidelines x‘:ururﬁujﬁc:fll:"lt':; 1ty Lok i re mendy-

fons qine togenati avi sinee come into-gensril i
I“w}:1::1::?::;::;{?:::;:;:.:;:rf:# elected at the F.i".g.ihth .InlL‘rn:tllun:.i]. L'Hl.l_'_ﬂi'L‘j-'ﬁ U' .| |1.I|1|~u|
Genetics held in Washington, DC, in 1991 and Felix Mlte.lmun wils appointed h..l'ldl.”'l.hll.'l
The new commiltee considered that il would be timely to TeVIEwW and update tl_"" ESCN | Il"_:_':""
nomenclature in the light of developments in the held, including advances n lhl.‘. wse of iy
Situ hybridization techniques. and to incorporate all revisions and t!n: gl:||11l:1||1|:5 for caneer
cytogenetics into a single document fa-be published as [SCN (1395). Cytogeneticists e
.-l.:.!.ud, through notices published in relevant journals, to forward to the Committee ey
comments an any defects in the ISCN 1978-1991 publications, as'well as'any sugpesiions
for alterations and improvements.

The Standing Committee and consultants met in Memphis on October 9=13, 1994, a1 the
kind invitation of Professer Avirchan Tharapel, The Committee considered all the recom-
mendations that had been submitted to it and updated, modified, and umnigmhuwfi the L985
and 1991 documents into a single text with the intention of this being published in £33,

H.J. Exvans
P.A, Jacohs
Octaber 1994

1.3 1996-2004

The Ninth International Congress of Human Genetics was held in Rio de Tanelro in 1996,
A new Standing Committes wits tlected at the satellite meeting of 1he cytogeneticists, Patri-
cia AL Jocobs wis appomted as the chairperson of the Committee. In light of the exlensive
revision of ISCN (1995}, the new Committee elected not 1o implement additional changes
during s term:

The Tenth Intermational Congress of Human Genetics was held in Vienna, The congrega-
tion of cytogenericists present at the satellite meeting elected a new cammittee and Niels
Tommerup was appointed as chairman, The extensive use of ISCN {1995) by the scientific
community identified seéveral areas that eeded clarifications. deletions and addinons,
Fherefore. the Committee decided 1o review and update the ISCN (1995). The seven TEM=
bers of the Committes and nine external consultants met in Vancouver, BC, December 8-10.
2004 st the invitatiog of Niels Tommerup and Lisa G, Shaffer. The primary changes includ-
ed replacing G- and R-banded karyotypes (Figs. 2 and 3) with new ones reflecting higher
band-level resolutions, the addition of a new idiogran at the 300-band level, and introduc-
tion of & new Tband-level idiogram that reflected the actual size and position of bands;
The 7 sirn hybridization nomenclature was maodernized, simplified. and expanded. New
examples reflecting unique situations were added, and a basic nomenclature for recording
Array comparative genonic hvbridization résults was mtrodiuced,

The Committee adopted changes to jts membership structure for the future, The number
of members was expanded to-eleven from the current seven to reflect better representition
of the geographic distribution of Eytogeneticists. The voting constituency and guidelines far
the election of members and chairpersons was redefined. Lisa Shaffer was appointed as chair-
man of the newly elected Cominities. Finally. the Committee rebommended that ISCN
(2005) be published in 2003,

D.H. Ledbetter
AT, Tharapel
December 2004

e
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2005-2009

Falv in 3006, Lisa Shaffer and N_iu[s Tommerup organized the election for the next Stand-
ing Commitice. Ballots were dislrﬂn{tcd and clullr:-::tlcd worldwide, gund_ at the Eleventh Inter-
national Congress of Hunian Genetics, h'::ld in Brlsh_am:, Australia, in 2006, the results of
the election were announced, n:,t.'ulltmg in [.E.’l]?ﬂ!ﬂlllﬂﬂ ol elevin gluultd menibers, The
newly elected Committee received feedback on [SCN (2005) and duu:aim} to hold a meeting
in 2008 {o discuss potential changes aj?d additions toa new edition of [SCN AL the invita-
tion of Lisa Shaifer, Chair, the Commitlee arldlt‘wn cxlqrna] consultants met in Vancouver,
RO, October 8=10, 2008, The primary change in Cancer was }h;: decommodation for either
idem or sl/sd] in the nomenclature to describe clonal evolubion. The in sitw hybridization
nomenclature was further clarified and additional examples provided. The basic microarray
nomenclature was revised and expanded to accommodate all platform types, with more ex-
amples provided. Finally, a nomenclature for MLPA was introduced. The Committee rec-
ommended that ISCN (2009) be published in 2009,
Lisa G. Shaffer
Marilyn L. Slovak
Lynda J. Campbell
December 2008

2010-2013

In the fall of 2011, Lisa Shaffer organized the election for the next Standing Committee. The
Committee was reduced to eight members including three from the Americas, three from
Europe, one from Asia and one from Africa/Australia/New Zealand/Oceania. Ballots were
distributed and collected worldwide, and the results of the election were announced. The
newly elected Commitlee received feedback on ISCN (2009) and decided to hold a meeting
in the spring of 2012 to discuss potential changes and additions to a new edition of ISCN.
At the invitation of Lisa Shaffer, Chair, the Committez and two external consultants met in
Seattle, Washington, April 10-11, 2012, During the meeting, Jean McGowan-Jordan was
clected as the new Chair of the ISCN Committee. The Committee spent substantial time
discussing that the primary purpose of the ISCN is to foster communication among cytoge-
neticists using a standard nomenclature that can be used to describe any genomic rearrange-
ment identified either by standard karyotyping or molecular methodologies. The primary
changes to the new edition of ISCN include additional illustrative examples of uses of no-
menclature, inclusion of some definitions including chromothripsis and d uplication, and the
use of the gi:n_i:mt: build when describing microarray results, In ISCN (2009) MLPA nomen-
clature was introduced. The Committee considered adding nomenclature for other targeted
guantitative assays such as QF-PCR, real-time-PCR and bead-based multiplex technigues,

but decided to delete section 14,4 on MLPA and rather introduce a new chapter | 5 for no-
menclature that can be used for any Region-Specific Assay (RSA). Finally, the Committee

decided to delete any symbols that are not used in the nomenclature, With these changes,

the Committee recommended that ISCN {2013) he published, _
Lisa G. Shaffer

Jean MeGowan-Jordan

May 2012
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1.7

2014-2016

In the spring of 2014, Jean McGowan-Jordan, as Chair, c'gum:acwcl the members of the Stan .
g Committee regarding the accumulating need to des::nife ch Ft:}mi}ﬁf}mﬂ] :ehnm-n_u.:lnm-.
identified by sequence-based technologies: The relatively brief period Sinet Fhﬂ publicatioy
of ISCN 2013 and the willingness of Committee members to maintain their commitmen
facilitated a meeting of the Committee in San Diego, Calif,, October 22-23, 2014, which
included two invited advisors. Prior to the meeting, input on required changes and correc.
tions to ISCN 2013 was sought from the Cytogenetics community. Various approaches 1o
describing chromosome abnormalities characterized by DNA sequencing were considerc
and discussed during a special joint session with the members of the Human Genome Vari.
ation Society (HGVS) Sequence Variant Description Working Group. Due to the long-stand.
ing use of HGVS terms and rules for description of sequence-based changes, it was decided
that the HGVS and ISCN would collaborate on the development of a new nomenclature
which would work for both the Molecular Genetics and Cytogenetics communities, It was
agreed that this new scheme would form a new chapter of ISCN 2016. The Committeeagreed
upon required corrections and changes and the addition of new examples, particularly for
miicroarray and region-specific assays, including the requirement to incorporate the geriome
build in the HGVS-standard format whenever nucleotide numbers are specified. Changes in
the main text compared to the previous edition would be marked in the margin for the con-
venience of the reader. The decision to modify the name of the Standing Committee and
nomenclature scheme to reflect changes in technology under its purview, by incorporating
the term “Cytogenomic™ (as replacement for Cytogenetic), was also made. The Commitiee
then recommended the publication of ISCN 2016, An International System for Human Cy-
logenomic Nomenclature (2016).
Jean McGowan-Jordan
Annet Simons
December 2015

2017-2020

In the fall of 2018, Jean McGowan-Jordan, as Chair, organized the nomination and election
of three new members for the next Standing Committee. Input on required changes and cor-
rections to ISCN 2016 was sought from the Cytogenomies community. A meeting of the Com-
mittee vecurred in Gothenburg, Sweden, June 13-14, 2019, Due to the increased use of tech-
nologies such as microarray and sequencing which orientate chromosomes by nucleotide
number from pter to gter, the Committee decided to standardize this approach across all
technologies, including banded chromosomes. The resolution to standardize the presentation

of sex chromosome abnormalities before those affecting avtosomes for all technologies was

also made. It was decided to adopt a nomenclature for inherited abnormalities that clarified

whether the rearrangement is inherited intact or partially as a derivative, The Commitiee

identified the needs for specific nomenclature to the analysis of polar bodies, and to improve

the existing nomenclature based on sequencing technology. The changes in the main text

compared to the previous [ISCN 2016 version are marked in the margin to assist the reader.
With these improvements, the Committee recommended the publication of ISCN 2020.

Jean McGowan-Jordan

Ros J. Hastings

April 2020
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Large metacentric chromosomes. readily distinguished from each
other by size and centromere. position.

3 Arge sentric chromosomes,
Group B (4-5) Large submetacentric ¢ ! :
Group C(6-12, X)  Medium-sized metacentric or submetacentric chrrumulﬂumcs. The X
chromosome resembles the longeér chromosomes in this group,

Group A (1-3

Giroup D (13=15) Medium-sized acrocentric chromosomes withl satellites,
Group E (16-18) Relatively short metacentric or submetacentric chramosomes.
Group F (19-20) Short metacentric chromosomes.

Group G (21-22, Y) Short acrocentric chromosomes with satellites. The Y chromosome
bears no satellites.

The definition of metacentric, submetacentric, and acrocentric traditionally rel?ws 10 the
ratio of the chromosome arms in unbanded preparations (Levan et al., 1964; Al-Aish, 1969).

Banding Techniques

Numerous technical procedures have been reported that produce banding patterns on meta-
phase chromosomes,

A band is defined as the part of a chromosome that is clearly distinguishable from its ad-

Jacenl segments by appearing darker or lighter with one or more banding techniques. Bands
that stain darkly with one method may stain hightly with other methods. The chromosomes
are visualized as consisting of a continuous series of light and dark bands, so that, by defini-
tion, there are no “interbands.”
The methods first published for demonstrating bands along the chromosomes were thase
that used guinacrine mustard or quinacrine dihydrochloride to produce a Auorescent band-
ing pattern. These methods are named Q-staining methods and the result ing bands Q-bands
(Fig. 1). The numbers assigned to each chromosome were based on the Q-banding pattern
as given by Caspersson et-al. (1972). Techniques that demonstrate an almost identical pat-
tern of dark and light bands along the chromosomies usually use the Giemsa dye mixture as
the staining agent. These technigues are generally termed Gr-staining methods and the result-
ing bands G-bands (Fig. 2). Some banding techniques give patterns that are opposite in stain-
ing intensity to those obtained by the G-staining methods. viz. the reverse staining methods,
and the resulting bands are called R-bands (Fig. 3).

The banding techniques fall into two principle groups: (1) those resulting in bands dis-
tributed along the-dength of the whole chromosome, such as G-. €)=, and R-bands. mcluding
techniques that demonstrate patterns of DNA replication, and {2) those that stain specific
chromosome structures and hence give rise to a restricted number of bands (Table 1), These
include methods that reveal constitutive heterochromatin C-bands) (Fig. 4), 1elomeric bands
(T-bands), and nucleolus organizing regions (NORs), For the code to describe banding tech-
niques, see Table 2.

The patterns obtained with the various C-banding methods do not permit identification
of every chromosome in the somatic cell complement but. as demonstrated in Table 1, can
be used to identify specific chromosomes, The C-bands on chromosomes 1,9, 16, and Y are
all morphologically variable. The short<arm regions of the acrocentric chromosomes also

demonstrate varigtions in size and staining intensity of the Q-, G-. R-. C-. T-, and NOR-

bands. These variations are heritable features of the particular chromosome.,
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Fig. 1. Gubanded human keryogram. (Courtesy of Dr. B Mugenis.)

X-and ¥Y-Chromatin

Inactive X chromosomes, as well as the heterochromatic segment on the long arm of the Y
chromosome, appear as distinctive structures in interphase nuclei, for which the terms X-
chromatin (Barr body, sex chromatin, X-body) and Y-chromatin (Y-body), respectively,
shiould be used,

Chromosome Band Nomenclature

identification and Definition of Chromosome Landmarks, Regions, and Bands

Exch chromosome in the human somatic cell complement is considered to consist of 4 con-
tinuous series of bands, with no unbanded arcas. As defined earlier, a band 15 a part of a

chromosome clearly distinguishable from adjacent parts by virtue of its lighter or darker
staining intensity. The bands are allocated to various regions along the chromosome arms,
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Cytopenct Genome Res 2020; 1 60341503 g
OO0 10011390005 (0090



T g PRSI
3 1w e poagms s
S
=

R U
[ 1 2 ‘ 3
\{ : A RV
| “ ¥ iwuou i
TR AN T
13 14 15 16 :ﬁ 18 |
MM X ZZ 5!, |

Fig. 2. Gi-banded human karyogeany, (Cotrtesy of N L, Chiad

and the regions are delimited by specific landmarks. These are defined as consistent and
distinet marphologic features impartant in identifying chromosomes. Landmarks include
the ends of the chromosome arms, the tentromere, and certain bands. The bands and the
regions are numbered from the centromere outward, A reggion is defined as an area of & chro-
mosome Iving between two adjocent landmarks.

Theoriginal banding pattern was described in the Faris Conference (1971) report and was
based on the patterns observed in different cells stained with either the Q=, G-, or R-banding
technique (Appendix, Chapter 199, The banding patterns obtained with these staining meth-
ods agreed sufficiently 1o allow the construction ofasingle diagram representative of all three
techniques. The bands were designated on the basis of theis midpoints and not by their mar-
gins. Intensity was taken into consideration’ in determining which bands should serve as
landmarks on cach chromosome in order (o divide the chromosome into natural, easily rec-
ognizable morphologic regions. A list of bands serving as landmarks that were used in con-
straeting this diagram is provided in Tahle 3,
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Fig. 3. R-banded homan karvogram, (Courtesy of Dr. M. Prnour.)

2.3.2  Designation of Regions, Bands, and Sub-Bands

Regions and bands are numbered consecutively from the centromere outward along each
chromesome arm. The symbols p and g are used to designate, respectively. the shon and tong
arms of each chromosome. The centromere (cen) itsclf is designated 10; the pan facing the
short arm is p10, the part facing the long arm is q10. These-are not shown in the idiograms;
The two regions adjacent to the centromere are labeled as 1 in each arm; the next. more dis-
tal regions as 2, and 50 on. A band used as a landmark is considered as belanging entirely to
the repion distal to the landmark and is accorded the band number of | in that region.

In designating a particular band, four items are required: (1) the chromosome number,
(2) the arm symbol. (3) the region number, and (4) the band number within that region. These
ltems dre given in order without spacing or punctuation, For example, 1p31 indicates chro-
masome 1, short arm, region 3, band |,

Whenever an existing band is subdivided, a decimal point is placed after the original band
designation and is followed by the number assigned to each sub-band. The sub-bands are
numbered sequentially from the centromere outward. For example, if the ariginal band 1p3]
15 subdivided into three equal or unequal sub-bands, the sub-bands are labeled 1p3l.d,
1p31.2, and 1p31.3, sub<band 1p31.1 being proximal and 1p31.3 distal (o the centromere.
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cen = Centromerg, b = heterochromuting v = inversion. p = short jrm, q = long arm,
Claly. the most commoniy seen heteromorphismes are lisped.

All centromerss show, constittive heterachiomalin varintion.

Ol the brillidnt and interisity-varlable Q-Banils are |iied,

DA-DAP] = Distamyein A and 2" b-diamiding-2-phenylindole.

AR A T

If a sub-band is subdivided. additional digits; but no further punctuation. are used; e.p.. sub-
band Ip31.1 might be further subdivided mfo 1p31.11. Ip21.12, ete Although in principle
2 band can be subdivided into any number of new bands at any one stage, 4 band is usually
subdivided into three sub-bands.

2.4  High-Resolution Banding

The nomenclature for high-resolution preparations of prophase and prometaphase chromo-
somes set forth by ISCN (1981) is an extension of the nomenclature for the banding patterns
for metaphase chromosomes established at the Paris Conference (197 Jand in ISCN (1978);
The original system was specifically devised to allow for expansion as more chromosome
bands were recognized.

High-resolution banding technigues can be applied to chromosomes in different stages of
the cell cyele, e.p., prophase, prometaphase, or interphase (by methods that induce premature
chromosome condensation), F urthermore, the number of discernible bands depends not only
on the state of condensation but also an the banding technique used. The level of resolution
15 determined by the number of bands seen in a haploid set (22 autosomes + X and Y). The

e .
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Fig. 4. C-banded human karyogram. The chromesames were not prevdentified with other handing 1ech-
niques. (Courtesy of Dr, N, Mandalil)

standard idiograms shown in Fig, 5 provide schematic representations of ehromosomes cor-
responding to approximately 300, 400, S50, 700 and 850 bands. Altho ugh larger numbers of
‘bands can be visualized. 550- to 850-band idiograms are sufficient for praclical purposes.
The 400- and 550-band idiograms are taken from ISCN (1985), and the 850-band idiogram
was introduced in ISCN (1981) (Francke. 1994). The original nomenclature was based on
patterns ra'ti_mr than on measuréments. Also, variation in intensity of staining, which is de-
pendent on the staining technique, was not reflected in the ISCN (1981 ) idiograms. At high-
&r resolution, however, an idiogram depicting only patterns of black and white bands he-
comes difficult to use, Therefore, the ISCN (1981) 850-band idiogram has been replaced by
previously published idiograms that are based on measurements of trypsin-Ciiemsa bands
on prometaphase ¢hromosomes and include five different shades of staining intensitics to
facilitate orientation among the large number of bands (Francke, 1981, 1994),

_ TRe ISCN (2005) added the 300- and 700-band idiograms as additional references. The
Idiograms, which show a G-band pattern, are provided o represent the position of bands in
G-, Q-and R-stained preparations, Although the appearance of bands visualized by Gestain-
;:g-mgy differ from that revealed by Restaining (Fig, 6), the sequence of the bands is the

me.

Two kinds of variable regions are indicated by different ¢ross-hatching patterns, one in-
volving the pericentromeric heterochromatin regions on all chromosomes and the other in-
volving the variable regions 1q12, 311.2,9q12, 16q11.2, 19p12, 19912, Yq12, and the short
arms of all acrocentric chromosomes; The representations of these variable regions are not
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5 Jardmarks that dlvide the chromasames into eytalogically defined realons. The omission
orchratiostme prm indicates thit githerboth arm or the aem s question cnnsists sfanly nie
fittomere pnd the end ol the ehromasnime amn

Table 3. Hands serving
of an enlirechrmoome
restan, delimited by il ee

Chrimosome M mbg'r Landmarks"
ot e S
Mumber A ons

| P * Proximal band of mediam immt_r-ilrzr (214 median band of mediam intensity (31)
i 4 Proximal negative: band (21) distal to variable region, median intense band
(31), distal band of medium intensity (41)
¥ P | Mechan negative band (21)
g 1 Proximal negative band {2 1), distal negative band (31)
3 P 2 Medinn negative band (21)
q F] Median negative band(21)
4 i 3 Proximal negative band (21), distal negative band (31)
5 q 3 Median band of medium intensity (21, distal nepative band (31)
o & 2 Median negative band (21)
d 2 Median negative band (21)
T u] 2 Distal band of medium intensity (21)
q 3 Proximal band of medium intensaty (21 median band of medium intensiy (31
5 P 2 Median negative band (21)
q 2 Median band of medium intensity (21)
4 P 2 Median intense band (21)
q i Median band of medium intensity (21), distal band of medium intensity (31}
1 q 2 Proximil intense band (21)
i1 q 2 Median negative band{21)
e 0 2 Median band of medium intensity (21)
i3 q 3 Medmn intense band {213, distal intense band (31)
14 0 3 Proximal intense band (21), distal band of medium intensity (31)
15 i 2 Meidian imtense band (21)
16 q & Median band of medium imtensity (21)
s q 3 Proximal negative hand (21)
18 q 2 Mediin negitive band (21)
21 ] 2 Median intense hand (21}
X i 2 Proximal band of medinm intansity (21)
q 2 Proximal band of medium intensity (21)

# The numbers in parentheses are the region and band numbers as shown in Fig. 5.

(G-dark bands, R-light bands) are AT-rich, late replicating, and gene poor; whereas, Giemsa-
negative bands (G-light bands, R-dark bands) are CG-rich, early replicating, and relatively
gepe rich.

Centromeric DNA and pericentromeric heterochromatin, composed of a-repetitive DNA
and various famil ibﬂ of repetitive satellite DNA, are easily detected by C-banding. The telo-
mere is composed of 5 to 20 kb of tandem hexanucleotide minisatelhite repeat units,
TTAGGG, and stains darkly by T-banding. The 188 and 288 ribosomal RNA genes ar¢ clus-
tered together in large arrays containing about 40 copies of each gene. These are located on
the agrocentric short arms, al the nucleolar organizer regions or NORs, and are detected by
silver staining. ' ' '
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Fig. 6. (b) R-banded chromosomes arranged in increasing order of resolution from approximately the 400- to the 850-band

levels, (Courtesy of Dr. E, Magenis.)
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underscore ()

chromosomes and breakpoints (4.1)! surround
d Y in normal and abnormal results: surroung
) in abnormal result (14, 15, 16)

Surround structurally altered
chromosome numbers, X. an Y
coordinates (or nucleotide positions
Paternal origin (4.1, 14.2.3) ‘
Premature chromosome condensation (10.2.1)
Premature centromere divisic:n?;l(}.l 1)

Partial chromosome paint (13.

Separates various techniques (13.2, 14.2, 16.2, 16.3)

Philadelphia chromosome (9.2.3) : _
Additional normal or abnormal chromosomes (4.1, 8.1); inerease in length

(7.1.1): locus present on a specific chromosome (13.2)

Two hybridization signals or hybridization regions on a specific chromosome (13.2)
Detection of a rearrangement for which testing was conducted (15.4)
Proximal (12.1)

Satellited short arm of chromosome (7.1.1, 7.1.2)

Pseudo- (9.2.4)

Terminal end of the short arm

Pulverization (10.2.1)

Long arm of chromosome (2.3.2)

Quadruplication (9.2.14)

Quadriradial (10.1.1)

Satellited long arm of chromosome (7.1.1, 7.1.2)

Terminal end of the long arm

Questionable identification of a chromosome or chromosome structure (5.1)
Ring chromosome; a defined structure with chromosome ends fused (9.2.15, 16.3.6)
Recombinant chromosome (4.5, 9.2.3)

Reverse (13.5)

Robertsonian translocation (9.2.17,3)

Indicate univalent, bivalent, trivalent, and quadrivalent structures (12.1)
Region-specific assay (15)

Satellite (7.1.1, 7.1.2)

Sister chromatid exchange (10.1.1)

Sideline (11.1.4)

Separates altered chromosomes and breakpoints in structural rearrangements
involving more than one chromosome (4.1, 4.3.1, 12.1); separates probes on
different derivative chromosomes (13.2)

Separated signals (13.3.5)

Sequencing (16)

Stemline (11.1.4)

Separates clones (4.1, 11.1.1, 1'1.1.6, 11.3), or contiguous probes (13.2, 13.3)
Separates chimeric clones (4.1, 13.3.4)

Spermatogonial metaphase (12.1)

Shallow next-generation sequencing (14.2.8)

Satellite stalk (7.1.1, 7.1.2)

Subtelomeric region (13.2.7)

Additional (supernumerary) sequence not attached to other chromosomal
material (16.2, 16.3.6)

Translocation (9.2:17, 16.3.7)

Telomeric association (9.2.16)

Terminal (end of chromosome) or telomere (4.3.2.1)

Denotes intervals and boundaries of a chromoseme segment or number of
chromosomes, fragments, or markers (5.2): denotes a range of number of copies
of a chromosomal region when the exact number cannot be determined (14.2)
Triradial (10.1.1)

Tricentric chromosome (9.2.18)

Triplication (9.2.19)

Used to distinguish homologous chromosomes (4.1,9.2.3,9.2.17.1)

Used to indicate range of nucleotide positions (14, 15, 16)

upd Uniparental disomy (8.4, 14.2.1)

var Yariant or variable region (2.4, 7.1)

wep Whole chromosome paint (13.2)

xma Chiasmaf(ta) (12.1)

Zye Zygotene (12.1)
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4.1

Karyotype Designation

General Principles

In the description of a karyotype the first item to be recorded is the total number of chro-
mosomes, including the sex chromosomes. followed by a comma (,). The sex chromosome
constitution is given next. The autosomes are specified only when an abnormality is present.
Thus, the normal human karyotype is designated as follows:

46,XX Normal female
46, XY Normal male
46,X? Where sex is not to be disclosed

* In the description of chromosome abnormalities, sex chromosome aberrations are pre-
sented first, followed by abnormalities of the autosomes listed in numerical order irrespec-
tive of aberration type. Each abnormality is separated by a comma. Details regarding the
order of chromosome abnormalities are presented in Chapter 6.

* Letter designations are used to specify rearranged (i.e., structurally altered) chromosomes.
All symbols and abbreviations used to designate chromosome abnormalities are listed in
Chapter 3.

* Insingle chromosome rearrangements, the chromosome involved in the change is speci-
fied within parentheses ( ) immediately following the symbol identifying the type of rear-
rangement, e.g., inv(2), del(4), r(18). If two or more chromosomes have been altered. a
semicolon (:) is used to separate their designations. If one of the rearranged chromosomes
is a sex chromosome, then it is listed first; otherwise, the chromosome having the lowest
number is always specified first, e.g., 1(X;3) or t(2:5). An exception to this rule involves
certain three-break rearrangements in which part of one chromosome is inserted at a point
of breakage in another chromosome. In this event. the receptor chromosome is specified
first, regardless of whether it is a sex chromosome or an autosome with a number higher
or lower than that of the donor chromosome, e.g.. ins(3;2). For details. see Section 9.2.9

* For balanced translocations involving three separate chromosomes, with one breakpoint
in each chromosome, the rule is still followed that the sex chromosome or autosome with
the lowest number is specified first. The chromosome listed next is the one that receives
a segment from the first chromosome, and the chromosome specified last is the one that
donates a segment to the first listed chromosome, The same rule is followed in four-break
and more complex balanced translocations (see also Section 9,2.17.1).
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e Inorderto distipguish htmm].ogn'us chromosomes, one of the n umerals may be underlined
(single underlining). The derivative ch_romnsonws produced by reciprocal translocations
should be described using the conventions outlined in Section 9.2.3. '

A plus (+) or m?n_us (-) sigq is_ placed before a chromosome or an abnormality designation
to indicate additional or missing. normal or abnormal chromosomes. e.g..+21,-7, +der(2)
for details, see Section 8.1.

The + or — sign placed after a r.'hlromorsumc arm symbol (p or q) may be used in fext £
indicate an increase or decrease in the length of a chromosome arm (e.g., 4p+, 5g-) but
should not be used in the description of karyotypes. See also Sections 9.2.1 and 9.2.2.

Variations in length of heterochromatic segments. satellites. and satellite stalks are dis-
tinguished from increases or decreases in arm length as a result of other structural altera-
tions by placing a plus or minus sign after the appropriate symbol for these normal vari-
able chromosome features (see Section 7.1). The use of + and — signs in the description of
results obtained by in situ hybridization is described in Chapter 13.

When normal chromosomes are replaced by struct urally altered chromosomes, the normal
ones should not be recorded as missing (see Section 9. | ). In the description of karyotypes
containing dicentric chromosomes or derivative chromosomes resulting from whole-arm
translocations, the abnormal chromosomes by convention replace both normal chromo-
somes involved in the formation of the dicentric chromosome or derivative chromosome.
Thus, in these situations the two missing chromosomes are not specified (see Sections
9.2.4 and 9.2.17.2).

The multiplication sign (x) can be used to describe multiple copies of a rearranged chro-
mosome but should not be used to denote m ultiple copies of normal chromosomes (see
Section 9.3).

Uncertainty in chromosome or band designation may be indicated by a question mark (?)

or a tilde (~). The term or is used to indicate alternative interpretations of an aberration.

For details, see Chapter 5.

The karyotype designations of different clones or cell lines are separated by a slant line

(/).

Square brackets [ |. placed after the karyotype description, are used to designate the ab-

solute number of cells in each cell line or clone (see Sections 8.1, 8.2, 8.3. and 1 LL.2),

In order to distinguish between a mosaic (cell lines originating from the same zygote) and

a chimera (cell lines originating from different zygotes) in constitutional cases, the symbol

mos or chi. respectively, preceding the karyotype designations, may be used: for example,

mos 45,X[10)/46,XX[10] and chi 46,XX[10]/46.XY[10]. In most instances the abbrevia-
tions will be needed only for the initial description in any report; subsequently, the simple
karyotype designation may be used. A space should follow mos or chi.

All abbreviations that precede a number will have a space that follows.

A normal diploid cell line, when present, is always listed last, e.g., mos 47, XY,+21[10)/

46.XY[10]; mos 47 XXY[10]/46.XY[10].

Il there are several abnormal cell lines, they are presented according to their size; the larg-

est first, then the second largest, and so on, e.g., mos 45, X[15]/47, XXX[10)/46,XX[23].

Likewise, the largest cell line in chimeras is presented first, e.g.,chi46,XX[25]/46,XY[10].

When equivalent numbers of cells are found in two cell lines, one of which has a numer-

ical abnormality and the other of which has a structural abnormality, the numerical is

listed first, €.2..45,X[25)/46.X.i(X)(q10)[25]. When both cell lines have numerical ahnor-.
malities they are listed according to the altered autosome number, e.g., 47.XXh.+8{25]f
47.XX.+21[25]: a cell line with a sex chromosome abnormality always RONOS first, €8
47.XXX[25]/47,XX.+21[25]. For order of clone presentation in neoplasia, see Sections
11.1.2,11.1.4, and 11.1.6.
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hich has undergone endoreduplication. (Courtesy of Dr. N. Mandahl.

Fig. 7. Metaphase chromosomes in a cell w

* In chimerism secondary to stem cell transplant, the recipient cell clones are listed first.
followed by the donor cell line(s). The recipient and donor cell line(s) are separated by a
double slant line (/) as shown in the following examples.

46,XY[3]//46.XX[17]

Three cells from the male recipient were identified along with 17 cells from the female donor.

46.XY,1(9:22)(q34:q11.2)[4]//46,XX[16]

Four male recipient cells showing a 9:22 translocation were identified along with 16 female donor cells

1146, XX[20]

All 20 cells were identified as derived from the female donor.

46, XY[20)//

All 20 cells were identified as derived from the male recipient.

* Ahaploid or polyploid karyotype will be evident from the chromosome number and from
the further designations, €.g.. 69.XXY. All chromosome changes should be expressed in
relation to the appropriate ploidy level (see Sections §. and 9.1), e.g., 70,XXY.+21.

. Endored‘upiicalion is the replication of the chromosomes without chromatid separation
or cytokinesis (Fig, 7), Technologies such a SNP microarray may be helpful in differenti-
g[:r_:g between endoreduplication and other mechanisms (.e.g.. hhoned mitosis and cell
fusion) which may produce a similar copy number change,

N,
Borir e ———— ==
380 Reprint from: 2CN 2
. m: ]
40 Cytogenet Genome Res 2020:160:341-503 SEN2000

DOL: 10.1159/0005) 009

‘__‘



4.2

e When it is known that a particular chromosome invols
herited. the term inh may be used. e.g.. 46 XX.t(3:6)(q
the aberration is inherited from the mnihc‘r or the Iatt
is evident by the use of the abbreviation mat or pat, respe
the designation of the abnormality. e.g., 46 XX, 1(3:6)(g34:q2:
However, if only part of an aberration (e.g., one derivative chromc

some from a balanes

parental translocation) has been inherited. the abbreviation dmat, dp‘][ or dinh is used to
distinguish it from the complement in the parent. If it is known that e
somes are normal with respect to the abnormality, the abno ) : ie
novo (dn), e.g., 46.XY.1(3:6)(q34:q23)mat.inv(14)gl2g31)dn. \‘- hen dn follows another
abbreviation, a space is inserted. e.g., 47.XY.+mar dn[14]/46 XYT [16]

« The same rules for designating chromosome zberrations are follow ptior
of constitutional and acquired chromosome aberrations. Terms and recommendations
related to abnormalities seen in neoplasia ar¢ described in Chapter |

» When an acquired chromosome abnormality is found in an individual with a constitu-
tional chromosome anomaly, the latter is indicated by th o ter i
constitutional abnormality designation (see Sections 8.3 and 11.3).

 In the interest of clarity, complex rearrangements necessitating |
should be written out in full the first time they are used in a report. A
sion may be used subsequently, provided it is clearly defined immediately after 1l
plete notation.

» Nomenclature guidelines for meiotic chromosomes are presented in Chapter |

baen in
Nnas been In-

may be designats

U
e
"

-

-
""i

Specification of Breakpoints

The location of any given breakpoint is specified by the band in which that break has oc-
curred. Since it is not possible at present to define band interfaces accurately. a break sus-
pected to be at an interface between two bands is assigned arbitrarily to the higher of the two
band numbers, i.e., the number of the band more distal to the centromere.

A given break may sometimes appear to be located in either of two consecutive bands. A
similar situation may occur when breaks at or near an interface between two bands are stud-
ied with two or more techniques. In this event, the break can be specified by both band num-
bers separated by the term or, e.g.. 1q23 or q24, indicating a break in either band ig23 or
band 1q24 (see also Section 5.3). If a break can be localized to a region but not to a particu-
lar band, only the region number may be specified, e.g.. Ipl. Uncertainty about breakpoint
localization may also be indicated by a question mark, e.g., 1p1? (see Section 5.1). If the
breakpoint can be assigned only to two adjacent regions, both suspected regions should be
indicated, e.g., 1q2 or g3. For the use of the tilde to express uncertainty. see Section 3.2,
Breakpoints within the same rearrangement or karyotype string can be at different levels of
resolution reflecting the precision of the karyogram; however. if an overall banding resolu-
tion is stated it should be done so in accordance with national regulatory agencies as appli-
cable.

When an extra copy of a rearranged chromosome is present. the breakpoints do not need
1o be repeated; the breakpoints are specified only at the first time they appear in the karyo-
ype, e.g., 48 XX +1.+der(1)t(1:16)(p13:q13).t(1:16).
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46.X,ins(3:X)(pl4:g21q25)
46.XY.ins(5:2)(p14:922932)

When an insertion within a single chromosome occurs, the breakpoint at which the chromo-
some segment is inserted is always specified first. The remaining breakpoints are specified
in the same way as in a two-break rearrangement, i.e., the breakpoints of the inserted sep-
ment are specified with the one closer to the pter of the recipient chromosome listed first.

46.XX.ins(2)(q13p13p23)

Insertion of the short-arm segment between bands 2p23-and 2p13 into the long arm at band 2413 with 2p13
being closer to pter than 2p23.

46.XX.ins(2)(g13p23p13)

Insertion of the short-arm segment between bands 2p23 and 2p13 into the long arm at band 2q13 with 2p23
being closer to pter than 2pl3.

For translocations involving three chromosomes, with one breakpoint in each, the rule is
still followed that the sex chromosome or autosome with the lowest number is given first,
The chromosome listed next is the one that receives a segment from the first chromosome,
and the chromosome specified last is the one that donates a segment to the first chromosome
listed.

46,XX.1(9:22;17)(q34:q11.2:q22)
The segment of chromosome 9 distal to 9934 has been translocated onto chromosome 22 at band 22q11.2,
the segment of chromosome 22 distal to 22q11.2 has been translocated onto chromosome 17 at 1722, and
the segment of chromosome 17 distal to 17922 has been translocated onto chromosome 9 at 9434,

46, Y ((X:15;18)pl1.1:pll.1;ql11.1)
The segment of the X chromosome distal to Xpl11.1 has been translocated onto chromosonme 15 at band
I15pl 1.1, the segment of chromosome 15 distal to 15p11.1 has been translocated onto chromosome 18 at
18ql1.1. and the segment of chromosome 18 distal to 18¢11.1 has been translocated (o Xpll.l.

Four-Break and More Complex Rearrangements
Whenever applicable, the guidelines for three-break rearrangements should be used.

46,XX.1(3;9:22:21)(p13;q34:q11.2:921)
T!‘IE segment of chromosome 3 distal to 3p13 has been translocated onto chromosome 9 at 9q34, the segment
of chromosome 9 distal to 9934 has been translocated onto chromosome 22 at 22q11.2, the segment of chro-
mosome 22 distal to 22q11.2 has been translocated onto chromosome 21 at 2 1g21, and the segment of chiro-
mosome 21 distal to 21q21 has been translocated onto chromosome 3 at 3pl3.

46,.XY,1(5:6)(q13q23:q15q23)
eciprocal translocation of two interstitial segments. The segments between bands 5q13 and 5q23 of chro-
mosome 5 and between 6q15 and 6g23 of chromosome 6 have been exchanged.

l:I-I'I'D'&%aru:vzzd rearrangements will lead to at least one derivative chromosome and in these
situations the use of the symbol der to describe the derivative chromosome(s) is recommend-
ed (see Sections 4.4 and 9.2.3). It will usually not be possible to adequately describe all com-
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i xan always be used to deseril,.

| ments with the short form. The detailed form LJITI;U lkr'u- e Crihg

X rearrangements w sho R B NECESSATY USIrale L€ rearrangemey,

e rt(;ﬂ (m';glil\ however complex. Still, it may be necessary (01 T
any abnormality, =Y :

& e ste clarity.
and/or describe it in words to ensure complete clarity

ions
43.2 Detailed Form for Designating Structural Chromosome Aberration

Structurally altered chromosomes are deﬁnr:d’ by ll"l.t‘i!' hm'z.d mmPo?‘m{.‘;:ij-‘l:-? L;t.‘:g\_';‘:‘illlxﬁrl,\
used in the short form are retained in the detailed form, except lh_t‘ﬂ an -‘- . 1F'~ :1 €d descrip.
tion of the band composition of the rearranged chromosome(s) 1s spcul_lc:d W t‘th‘m I_hc.lu_q
parentheses, instead of only the breakpoints. It is acceptable to Cf‘l’nt’jnt .lllu. %hml torm
(4.3.1) and the detailed form for designating complex karyotypes, especially to describe ye.

quired chromosomal abnormalities.

4.3.2.1 Additional Symbols

A single colon (:) is used to indicate a chromosome break and a double colon () to 1r1d1cfnc
break and reunion. In order to avoid an unwieldy description, an arrow (— or =>), meaning
from ~ to, is employed. The end of a chromosome arm may be designated _elth.cr by its b;m_d
designation or by the symbol ter (terminal), preceded by the arm designatfun, 1.¢., pter znq»
cates the end of the short arm and qter the end of the long arm. When 1t is necessary o in-
dicate the centromere, the abbreviation cen should be used.

4.3.2.2 Designating the Band Composition of a Chromosome

The description starts at the end of the short arm and proceeds to the end of the long arm,
with the bands being identified in the order in which they occur in the rearranged chromo-
some. If the rearrangement is confined to a single chromosome. the chromosome number is
not repeated in the band description. If more than one chromosome is involved. however.
the bands and chromatid ends are identified with the appropriate chromosome numbers,
The aberrations should be listed according to the breakpoints of the derivative chromosome
from pter to gter and should not be separated by a comma.

If, owing to a rearrangement, no short-arm segment is present at the end of either arm.
the description of the structurally rearranged chromosome starts at the end of the long-arm
segment with the lowest chromosome number. However, if a portion of the proximal short
arm is present, the description begins with the material on the end of that chromosome arm
even if the recipient segment is from a long arm or from a chromosome with a hieher or
lower chromosome number, For use of the detailed form, see examples in Section 9.-2.3‘

4.4 Derivative Chromosomes

A derivative chromosome is a structurally rearranged chromosome generated by (1) more
than one rearrangement within a single chromosome, e.g., an inversion and a deletion of the
same chromosome, or deletions in both arms of a single chromosome. or (2) rearrangements
involving two or more chromosomes, e.g.. the unbalanced product(s) of a lransloc:-n-inn. An

abnormal chromosome in which no part can be identified is referred to as a marker chromo-
some (see Section 9.2.12),
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4.5

. {u balanced reciprocal translocation ol materny) Ofi:
bal d s derived from segregition of i BEE
Table 4. Passible unbalanced gametes deri
The pachytene configuration is givenin Fig. B

Clhiomosomal Karyotype of potential female zygotes

Segregation Schiematic
ten complement of

pattern segregants :
pametes -
S SI(2:5)(g2 g3 1 )dmal
ARReER 2[[;?!3) fh_:i(l;l}t 55l jgiiigtigilgzﬁih:l | :z]|."- I)dmal
A BAD ) s i fder(2)(2:5)(q2 131 )dmat,—5
AR gg ?‘1]: ; jt:—g; igjii:-.{’!ii-fjciii)l(fl:%]fql ;31 )dmat
AB AB 2 2 46,XX,+2,-5 . i
AD AD der(2), der(2) 46.XX der(2)u2:5)(g21:931)dmat, + Lr(uJIL_,L_ 5
CBCB der(5), der(5) 46.XX =2, der(5)1(2:5)(q21:q31 )Jdmat,+der(5)1(2;5)
CDCD i 46,XX,=2,+5
2"  ABCDCB 2,5, dex(3) 47 XX +der(S)H(2:5)(a2 1:q31)dmat
AD der(2) 45 XX der(2)t(2;5)0q21;q31)dmat,—5
AD CD CB der(2), 5, der(5)  A7.XX(2:5)(q21;931)mat,+5
AB 2 45 XX,-5
AB AD CD 2. der(2),'5 47 XX Ader)(2:5)a21:93 1 )dmat
CB der(5) 45 XX.~2.der(5)1(2;5)(q21;q31)dmat
AB AD CB 2 der(2), der(5)  47.XX,+2,1(2:5)(g21;931)mat
CD 5 45,XX,-2

*  Adjacent-2 disjunction minimally results in the first two unbalanced gametic types shown (AB AD, CD
CB). Crossing-over in the interstitial segments between centromeres and points of exchange is necessary
for the origin of the remaining four types.

b A further eight segregants can occur if there is crossing-over in the interstitial segments, making a total
of 12 types of gametes with three chromosomes derived from the translocation quadrivalent.

Recombinant Chromosomes

A recombinant chromosome is a structurally rearranged chromosome with a new segmental
composition resulting from meiotic crossing-over between a displaced segment and its nor-
mally located counterpart in certain types of structural heterozygotes.

Whereas derivative chromosomes are products of the original rearrangement and segre-
gate at meiosis without further change, recombinant chromosomes arise de novo during ga-
metogenesis in appropriate structural heterozygotes as predictable consequences of crossing-
over in a displaced segment.

Recombinant chromosomes are designated by the symbol rec. The recombinant chromo-
some is specified in parentheses immediately following the symbol. The chromosome desig-
nation used is that which indicates the origin of the centromere of the particular recombinant
chromosome.

Recombinant chromosomes are most likely to originate from Crossing-over in inversion
or insertion heterozygotes. To exemplify the method of designating these chromosomes, a
maternal pericentric inversion of chromosome 2,46.XX,inv(2)(p2 1q31), is shown diagram-
man'claily in Fig. 9. In this case, crossing-over results in a duplication (dﬁp) of 2p in one re-
combinant chromosome and of 2q in the other. The respective karyotype could be recorded
as 46,)§X,rec(2)d up(2p)inv(2)(p21g31)dmat and 46,XX,rec(2)dup(2q)inv(g)(pg 1gq31)dmat,
specifying, in the first example, a duplication from 2pter to 2p21 and a deletion from 2q3!
to 2qter and, in the second example, a duplication from 2931 to 2qter and a deletion from
2pter to 2p21. Note that, in analogy with the nomenclature for derivative chromosomes, the
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Fig. 9. Diagram of an inv(2)p21]

(arrows on original) are sh
ginal)

pachytene diagram. the cross indicates crossing-over within the inversion loop. For t}
those two of the four chromatids that are involved in crossing-over and give rise to the recomb

S0mes are indicated.

aberrations following the designation rec are not separated by a comma. The symbol rec
should only be used when a parental inversion or insertion has been identified. If this is not
known, an apparent recombinant chromosome should be written as a derivative. For ex-
ample, 46,XX rec(2)dup(2p)inv(2)(p21g31)dmat designates a recombinant from a known
maternal inversion. 46, XX.der{2)(pter—q31::p21—pter) designates a derivative chromo-
some with duplication of pter—p21 and deletion of q31 —gter. The net imbalance is the same
in the two examples, with the first derived from a known inversion carrier.
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//’;”Order of Chromosome Abnormalities in the
Karyotype

Sex chromosome aberrations are specified first (X chromosome abnormalities are
before those involving Y), followed by abnormalities of the autosomes listed in num
order irrespective of aberration type. For each chromosome. numerical : '*Hm
listed before structural changes. Multiple structural changes of homologous ct

-;* the abnorma

arc presented in alphabetical order according to the abbreviated term o 1ormality
For order of clone presentation, see Sections 4.1, 11.1.4 and 11.1.6.

SO0X +X.-Y +10,+14,+17.+21[5]/46.XY[15]

The numerical abnormality of the X is listed before that of the Y.

47.X.4X:13)(q27:q12),inv(10)(p13g22),+21
The sex chromosome abnormality is presented first, followed by the autosomal abno
number order, irrespective of whether the aberrations are numerical or struc

47 Y.1(X:13)q27:q12),inv(10)pl13g22),+21

The samie karyotype as in the previous example in a male.

46.0(X:18)(pl1.1:g11.2),t(Y:1)(ql1.2:p13)

The abnormality involving the X chromosome is listed before that of the Y chromosome.

48 X 1(Y:12)(ql11.2;p12).del(6)(q11),+8.1(9:22)(g34:q11.2).+17.-21.+22

The translocation involving the Y chromosome is presented first, followed by zll autosomal abnormalitics
in strict chromosome number order.

49.X.inv(X)(p21g26),+3,inv(3)(q21q26.2).+7.+10.-20.del(20)(g11.2).+21
The inversion of the X chromosome is listed first. The extra chromosome 3 is preser
of chromosome 3 and the monosomy 20 before the deletion of chromosome 20. Note
also be written as: 49, X,mv(X)(p21926),+inv(3)(q21926.2).+7.+10,-20.del{20)(g! 1.2).+21 and is prefemad
as it gives the shortest karyotype string,

50.XX.+1,+del(1 )p13).+dup(1)(q21g32).+inv(1)(p31q41).+8.o(10)p! 12q23).-
There are four abnormalities involving different copies of chromosome 1. The numernical changs
ed first, followed by the structural aberrations listed in alphabetical order: del, dup, 13

46, XX der(8)ins(8;2)(p23:7)del(8)(q22)
There are two abnormalities involving one chromosome 8, The chromosome 8 18 descnbed 85 3 ¢ _
with the structural aberrations listed from the distal p arm to the disial ¢ arm, rather than in alphabetaca
order, because the insertion and deletion are present on the same derivative chromosome

Ol'dﬂr of Chromosome Reprint from:

Abnormalities in the Karyotype Cytogenet Genome Res 2020;160:341-503
eenithe Kagiobip POL: 10.1159/000510090






>

/;—'—Normal Variable Chromosome Features

7 b

Variation in Heterochromatic Segments, Satellite Stalks, and Satellites

Variation refers to the differences in size or staining of chromosomal segments in the popu-
lation (see Wyandt and Tonk, 2008, and Table 1). The following sections outline a means to
deseribe these variations: however. to avoid misinterpretation, it is strongly recommended
that these variants not be included in ISCN nomenclature descriptions. Rather, they should
be reserved for report text descriptions as required. The variation may be useful to distin-
guish between two or more distinct cell lines or clones, e.g., chimerism or transplant.

Variation in Length

Variation in length of heterochromatic segments (h), stalks (stk) or satellites (s) should be
distinguished from increases or decreases in arm length as a result of other structural altera-
tions by placing a plus (+) or minus (-) sign after the symbols h, stk or s following the ap-
propriate chromosome and arm designation.

16gh+ Increase in length of the heterochromatin on the long arm of chromo-
some 6.

Yqh- Decrease in length of the heterochromatin on the long arm of the Y
chromosome.

21ps+ Increase in length of the satellite on the short arm of chromosome
paly

22pstk+ Increase in length of the stalk on the short arm of chromosome 22.

I 3cenh+pat Increase in length of the centromeric heterochromatin of the chro-

mosome 13 inherited from the father.

Igh-,13cenh+,22ps+ Decrease in length of the heterochromatin on the long arm of chro-
mosome 1. increase in length of the centromeric heterochromatin on
chromosome 13, and large satellites on chromosome 22.

I Scenh+mat, 1 Sps+pat Increase in length of the centromeric heterochromatin on the chro-
mosome 15 inherited from the mother and large satellites on the
chromosome 15 inherited from the father.

l4cenh+pstk+ps+ Increase in length of the centromeric heterochromatin, the stalk, and
the size of satellites on the same chromosome 14.

Normal Variab mosome Reprint from: 393
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Aeguired autosomal abnormalities i

emplified above for sex chromosome abnormalities,

I 1.3) after the constitutional abnormality designation

An acquired extra chromopsome 21 L
46.XY,+21c.-21

Acquired loss of one chromosome 21 in a patient wilh Down
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9

9.1

structural Chromosome Rearrangements

General Principles

Structural aberrations, whether constitutional or acquired. should be expressed in relation
1o the appropriate ploidy level (see Section 11.2), i.e., in near-haploid cells in relation to one
chromosome of each type. in near-diploid cells in relation to two chromosomes of each type.

in near-triploid cells in relation to three chromosomes of each type. in near-tetraploid cells
in relation to four chromosomes of each type, and so on.

69, XXX, del(7)(p11.2)

T'wo normal chromosomes 7 and one with a deletion of the short arm

69.XXY.del(7)(q22).inv(T)(p13g22),1(7:14)(p15:ql1.1)
No normal chromosome 7: one has a long-arm deletion..one has an inversion. and one is involved in a bal
anced translocation with chromosome 14.

TOXXX +del(7)(pl1.2)
Three normal chromosomes 7 and an additional, structurally abnormal chromosome 7 with a deletion ot the
short arm,

92 XXYY.del(7)pl1.2).t(7:14)pl5:ql l.1)
Two normal and two abnormal chromosomes 7: one has a deletion of the short arm, and one is involved in
a balanced translocation with chromosome 14,

92.XXYY.del(7)(pl1.2),del(7)(g22).del(7)(q34)

One normal chromosome 7 and three with different deletions.

: N P " - . AU
When normal chromosomes are replaced by structurally altered chromosomes. the normal
ones should not be recorded as missing.

46, XX,inv(3)(g21g26.2)
An inversion of one chromosome 3. There is no need to indicate that one chromasome
karyotype should not be written 46,XX,-3,+inv(3)

T is missing, e

45 XX dic(13:15)(q22:q24)

It is apparent from the symbel dic (see Section 9.2.4) and from the specification of the chromas:

UNES 1INVOEYed

ere o nead to indicat the
that the dicentric chromosome replaces two normal chromosomes. Thus there is no n o indicate
Ii!m-‘”]g normal chromosomes
e ~ i 1040
Structural C . Reprint from !
clural Chromosome I it eningiL $08 =
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9.2

9.2.1

46.Y.1(X:8)(p22.3:q24.1)
Male karvotype showing a balanced tri 4
scasea’Y,

location between the X chromosome and chromosome 8. Note tha
insloc

. . i« ehiown first.
the normal sex chromosome. in thi is she

46, XY der(1)t(1:3)(p22:q13.1)
The der(1) replaces a normal chromc
some, The description implies that the

o
MOSOMes a.

is no need to indicate the missing normal chromy.

ysome | and there . .
15 one normal.chromosome I and two normal chrg.

karyotype contail

46 XX der( Dins(1:2)(p22:7)
Material of unknown origin has been inserted
some 1 18 normal.

at band p22 in one chromosome 1. The homologous chromo.
at bz 22

45.XY ~10.der(10)t(10;17)(q22:p12)
Fhe der(10) replaces a normal chromosome 103 the h
missing chiromosome 10 must be indicated.

omologous chromosome 10 1s lost. In this situation the

Specification of Structural Rearrangements
Examples of structural rearrangements, whether constitutional or acquired, are presented
below. Each abnormality is described first with the short form and, when appropriate, also

with the detailed form.

Additional Material of Unknown Origin

The svmbol add (Latin. additio) should be used to indicate additional material of unknown
origin attached to a chromosome region or band. Such abnormalities have often been de-
scribed using the symbols t and ?, e.g.. t(1:2)(p36:7). but it is only rarely known that the rear-
ranged chromosome has actually resulted from a translocation. The symbol add does not
imply any particular mechanism and is therefore recommended.

Additional material attached to a terminal band will always lead to an increase in length
of a chromosome arm. Unknown material that replaces a chromosome segment may, de-
pending on the size of the extra material, result in either increase or decrease in the length
of the chromosome arm. Designations suchas“ 1 p+” or *1p~"may be used in text to describe
such abnormal chromosomes, but should not be used in the karyotype,.

46. X X.add(19)(pl13.3)
46.X X, add(19)(T:pl3.3=qter)

Additional material attached to band [9p13.3, but neither the origin of the extra segment nor the type of
rearrangement is known, -

46.XY .add(12)(ql3)
46 . XY.add(12)(pter—ql3::7)

Additional material of unknown origin replaces the segment 12¢13qgter.

When additional material of unknown origin is attached to both arms of a chromosome and/
or replaces more than one segment in a chromosome, the symbol der (see Section 9.2.3)
should be used.

400 Reprint from: ISCN 2020
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9,2.2

46.X X . der(3)add(3)pl3.3)add(5)(q23)
46,X X der(5)(?::p15.3—q23::7)

Additional material of unknown origin is attached at band 5p15.3 in the short arm {ad
i 5 L dnd ac

replaces the segment Sq23qter in the long arm. ditional material

Unknown material inseried in a chromosome arm should be described by the use of th
3 : ¢ sym-

bols ins and 2.

46 . XX.der(5)ins(5:7)(q13:7)

46,X X, der(5)ins(5:?)(pter—q13::2::q13—qter)
Material of Llnkmm'l_'l origin has been inserted into the long arm of chromosome 5 at band 5q13. Use of the
symbol add in this situation, i.e., add(5)(q13), would have denoted that unknown material |1i1tl-!'-u[?lilu.'d |l.|.‘.

segment 5q13gter,

Deletions

The symbol del is used to denote both terminal and interstitial deletions. A deletion is a loss of a
chromosome segment. No arrows are used in the short form to indicate the extent of the deleted
segment. This is apparent from the description of the breakpoints. Note that designations such as
“5q-"or “del(5q)”. which may be useful abbreviations in text. should not be used in karvotypes.

46.XX,del(5)(q13)
46.XX del(5)(pter—q13:)

Terminal deletion with a break (:) in band 5q13. The remaining chromosome consists of the entire short arm
of chromosome 5 and the part of the long arm lying between the centromere and band 5q13.

46.XX.del(4)(p15.2)
46. XX del(4)(:pl15.2—qter)

Terminal deletion with a break (:) in band 4pl5.2. The remaining chromosome consists of the part of the
short arm of chromosome 4 between band 4p15.2 and the centromere and the entire long arm.

46, XX del(5)(q13q33)
46, XX. del(5)(pter—q13::q33—qter)

Interstitial deletion with breakage and reunion (::) of bands 5q13 and 5q33. The segment lying between these

bands has been deleted.

46. XX del(5)(gl3g13)
46,XX,del(5)(pter—ql3::q13—qter)

Interstitial deletion of a small seement within band 5q13, i.e., both breakpoints are in band 5g13.

46, XY.del(3)(q?)

Deletion of the long arm of chromosome 3, but it is unclear whether it is a terminal or an interstitial dele-
tion, and also the breakpoints are unknown.

46.Y del(X)(p21p1 1.4)
Interstitial deletion of the segment between bands Xp21 and Xpl1.4.

46,XY.del(20)(q11.2-13.1q13.3) ks
and 2 Yy

Interstitial deletion identified at 300-band resolution with breakpoints at 20q11.2-13.1

Multiple deletions of the same chromosome should be expressed using the symbol der (sce
Section 9.2.3).

int £ 401
Structurs Reprint from: .
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9.2.3

Derivative Chromosomes

- prat o] s

A derivative chromosome (der) is a structurally rearranged Chmmff"@::“: ﬁe:;itii =
a rearrangement involving two or more chromosomes or by multip Lfa 2 N : :,H e
single chromosome. The term always refers to the chromosome that has an "_-'I iy
A recombinant chromosome (rec) is a structurally rearranged chrommotr}? ot
segmental composition resulting from meiotic Crossing-over: Conseql{?]}ﬂ'\' fs “:T
not be used in the description of acquired chromosome abnormalities, nor 'hox.‘
from malsegregation. If parental karyotypes are unknown or a paieats e
been identified, the abnormal chromosome should be designated as a der. not a rec

46, XX der(6)(pter—q25.2::p22.2 —pter)

S
rcnromo-

When parental karyotypes are known and a parental inversion or an intra- or inie
somal insertion is identified, rec should be used.

46. XX, rec(6)dup(6p)inv(6)(p22.2q25.2)dmat
46,X X, rec(6)(pter—q25.2::p22.2 = pter)dmat =t

Recombinant chromosome 6 containing a duplication of segment 6p22.2 3 :
to bgter due to a meiotic crossing-over in the mother. The mother is carrier o an myersio

6p22.2 to 6q25,2.

to Gpler and a delenon of 6g2

e R -
n ot ST

46, XX rec(21)del(21)ins(21)(p13g22.2g22.3)dpat
Recombinant chromoesome 21 containing a deletion of segment 21q
in the father. The father is carrier of an intrachromosomal insertion of the bands 21g

pl3.

22 222 3 due to a meiotic crossing-oves
222 10219223 int

46.XY.rec(1)dup(5g)ins(1:3)(q32:q11.2q22)dinh.rec(5)del(1q)ins(1:5)dinh
Recombinant chromosomes 1 and 5 resulting in a duplication of seement 5g22 to Sgter and deletion of the
segment from 1g32 to Igter due to a meiotic crossing-over in a parent who carries an interchromosomal in-
sertion of the segment from 5q11.2 to 5922 into band 1q32.

A derivative chromosome generated by more than one rearrangement within a chromosome is
specified in parentheses, followed by the type of abnormality. The detailed form is helpful

in these cases.

46.XY der(9)del(9)(p12)del(9)(q31)
46.XY.der(9)(:p12=q31:)

A derivative chromosome 9 resulting from terminal deletions in both the short and long arms with break-
points in bands 9p12 and 9q31.

46.XY.der(9)inv(9)(p23p13)del(9)(q22q33
46.XY.der(9)(pter—p23::;p13-p23::pl 3—q22::q33~qter)
A derivative chromosome 9 resulting from an inversion in the short arm with breakpoints in 9p23 and 9pi 3.
and an interstitial deletion of the long arm with breakpoints in 9922 and 9q33. -

46.XX.der(7)add(7)(p22)add(7)(q22)
46 XX, der(7)(2::p22—-q22::7)

A derivative chromosome 7 with additional material of unknown origin attached al band p22. Simitarly.

>

additional material of unknown origin is attached to 7922, replacing the segment Tq22qter.

402 Reprint from: P 902
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46 X X.der()add(S)(pl5.)del(5)(q13)

46, XX der(5)(7:ipl5.1=-q13:)
A derivative chromosome S with additional material of unknew
deletion of the long arm distal to band 5q13 '

A derivative chromosome resulting from one rearrangement involving two or }
"4 ) OF MMOYE CRromio-

somes is specified m parentheses, followed by the type of abnormalis
. - ¥ IALILY

46.Y «der( X(X:8)Mp22.3:924.1)

A male showing a derivative X chiromosome derived from a translo ation between

46.X Xoder(Dt(1;3)(p22:q13.1)

46.XX.der(1)(3gter—3q13.1::1p22 ~1qter)
The dernvative chromosome 1 has resulted from a translocation of the chire
3131 to the short arm of chromosome 1 at band 1p22. The der(1) rep
there is no need Lo indicate the missing chromosome (see Section 9.1). There are tw: ,-'. e W P

3. The karyotype is unbalanced with loss of the segment 1p22pter and gain of 3g1 3, lates

43 XY . der(Dt(1:3)(p22:q13.1),-3
The derivative chiromosome | (same as above) replaces a normal chromosome 1,
mal chromosome 3. One can presume that it is the der(3) resulting from the ((1;3) 1
karyotvpe cannot make explicit such assumptions, .

47 XX 7. der{Dt(1:7)q12:p22)x2
In addition to one normal copy of chromosome 7, two copies of the derivative chromos
location between chromosomes | and 7 with breakpointsat 1q12 and 7p22 are present. There are two normal
copies of chromosome L.

47 XY +der(d(4:11)(q21:23).1(4;11)(q21;923)
In addition to the balanced translocation between the long arms of chromosomes 4 and 11, there is an ad-
ditional copy of the derivative chromosome 4 from this translocation. The derivative chromosome is lisied
before the translocation,

The term Philadelphia chromosome is for historical reasons retained to describe the deriva-
tive chromosome 22 generated by the translocation 1(9:22)(q34:q11.2). The abbreviation Ph
(formerly Ph') may be used in text, but not in the description of the karyotype, where der(22

1(9:22)(q34:q11.2) is recommended. Similarly, the derivative chromosome 9 resulting from
the 1(9:22) is designated der(9)t(9:22)(g34:q11.2).

A derivative chromosome generated by more than one rearrangement involving two or more
chromosomes is specified in parentheses, followed by all aberrations involved in the genera-
tion of the derivative chromosome. The aberrations should be listed according to the break-
points of the derivative chromosome from pter to gter and should not be separated by com-
mas.

46.XX der(D(1:3)(p32:q2 Dt(1:11)(a25:q13)

46, XX.der(1)(3gter—3q21::1p32—1qg25::1 1q13-1l1qter) g
A derivative chromosome | generated by two l.r;lnslucaliuns,‘om.? in\-'uI\_mg the short arm with a breakpoint
in 1p32 and the other involving the long arm with a breakpoint in 1925

e e
int [ 403
D B Reprint from: . )
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Al XY Aer( T2 THa2 g 22ns(7,0)(g22;17)

A6, XY der(7)Tpter < Tq22:0:2q 21 = 2gler)
A derivative hramsome 7 whieh materiol of unknown origin-has replaced the segment 7q22gter. and
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An isoderivarive chromosome, abbreviated ider. designates an g Rromosoim. _
one of the arms ol a derivative chromosome, Tlhe breakpoints are fi .-.|1:|P1-',I| |r: ”|“M”“ll o
merie bands p1O and g 1O according to the mor phology of the isoderiva |-..I.'.I, | : l!p e
Section 9.2.11). shrvLhTomosame (see

46, XX der22)(q 122X 341 1.2)
46, X X, ider(22)(Vqler—9¢34:22q11.2 220 10:22¢10 2211.2::9434 Diter)

Anisochromosome for the long arm of o derivative chromonome 22 pon filed by a 1(9:22) i

| an soehre
miosome for the long arm of a Ph chriomosome tasachro

46. XY, ider(D)(p10)ins(9:12)(pl 3a22q13)
4[:.NY.i;lul'[‘}j[*)‘plcr "'J}'!l Al | _1t|]? + | )ljl J.::‘)p' 3 'Upl”::r”'ﬂ () 't)|'l| 7ol '{” -
12022:9p13~9pter)
An isochromosome [or the short arm of @ derivative chromosaome Y9 resulting from an insertion of the s
ment 12q13422 at band 9p13 with band 1222 closer to Ypter than band 12¢13 :

When a derivative chromosome is dicentric and contains one or more additional abnormal-
ities, the two centromere-containing chromosomes are given within parentheses, separated
by a semicolon, followed by the specification of the aberrations,

A5 XX, der(S: 7S T)a225p I3N(3: )2 1:g21)

45, XX den(3:7)(Spter=5q22:7p13-7q21::3q21 3qter)
A dicentric derivative chromosome. Breakage and reunion have oceurred at band 5022 in the long arm of
chromosome S and at band Tpl 3 in the short arm of chromosome 7. In addition, the segment 3g2 1 gter has
been translocated onto the long atm of chromosome 7 at band Tg21,

45, XY, der(S: 3 5)q2 1:g22)4(3;7)(g29:p1 3)
45 XY der(5;7)(Spter—=5g22:3g21 -3q29:7pl13-Tqter)

A dicentrie derivative chromosome composed of chromosomes 5 and 7. The same acentric chromosomie 3
sepment as in the previous exampleis inserted between the long arm of chromosome 5 and the shortarm of

chromosome 7.

45 XY . der(5:U3:5)(q2 1:g22)t(3: 7)(q29:p 1 3)del(7)(g32)
45. XY der(5:7)(5pter—5q22::3921 -3¢29:7p13-7q32:)

The same dicentric derivative chromosome as in the previous example but with an additional terminal dele-

tion of the long arm of chromosome 7 al band 7q32.

45 XX der(8:8)q10:q10)del(8)(q22)(8:9)g24.1:q12)
45, XX der(8:8)(:8q22-8q10:8q10-8q24.1::9q 12-9qter)

A derivative chromosome composed of the long arms of chromosome 8 with material from chromosame Y
trinslocated to one arm at band 8q24. 1 and a deletion al band 822 in the other arm.

i ’ s A Ler—
46, XY, der(N9:22)(q34:q11),+22,der(22;22)(22pter—22q 1 1::9934=9qter: Jatern
9434::22q11-22pter) . o U9:22), Fi an isoetitaimasome for the
An isochromosome for the derivative chromosome 22 generated h)_; all #2184 A0 !.l ; .”w R
long arm of a Ph chromosome. There are also two normal copies of chromosome 2.2 anc

mosome 9 generated by a ((9;22).

¢ e 3 ; 1ore distal parts of
When the centromere of the derivative chromosome is not known, hl“[ ﬂilmi‘n;.:--ll..-:-l d[:-rt"}
o . » vy » desig Y
the chromosome can be recognized, the abnormal chromoesome may be designi

e e ' ' T 405
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47 xY,+dcr{?_)1{?19}f?'-q22), 22-49.€It€f) g from pand 9q22 has been translocated 1, i og
47.XY +der(?){?...-?cen-;'?1- e n{chromosﬁﬂfrigin iy,
‘e dis sni{ of the 1ong nown -
e dhli:i;sjﬁ:;:::ive chronmaﬂﬂw of unk
contam &

el .a11.2a32
ove(2-Q)(7: as( (%4 L 7a32:7) .
?}t(:‘.f})(’.’,pl3}1.,¢_.cenmz.-7q1 12-74  ocated i its SHOFt arm the s

47.XX,+der( " 2-74
3 : . e e which is tr8 cate : it ( A
47.XX.+C[(_3I'( i)}fi?rig:omc]?:funknown;nﬁlaloél';‘;mains an insertion m the long arm of the \‘11.—\-.::"'\"!._

A derivatiye S whil s

) di d9pl3. an ‘
mosome 9 distal 10 ban a2,
scgrr‘wm hetween bands 7ql1t.2 and 74
P e 9
4?.XX.+der{?)t(?:9){?,pl3}hslr{.) R -
x . ri.g;ln \Lvith the same translocation in its short arm ag iy, ey

: o Prevy,

47 XX +der(7)(Opter— _
A derivative chromosome of unknow:g o - oy

: he long arm.
example, and a Immcgeneously staini

omeres are unknown should be placed after 4 deny
140

+s whose centr B
hromosomes romosomes, marker chromoson ,
= dlig

¢ unidentified ring ch
(see Chapter 6).

Derivative ¢ ;
fied abnormalities but befor
double minute chromosomes
53.XX... . +der(?)1(?;9)(?;q22).+r.+mar,dmm

ndicate which homologue is involved in a derivative chrop,
from the karyotype description. If both homologues g
ivative homologous chromosomes.

There is usually no need to i
some because this will be apparent
involved. this will result in two der

2)(q34:q11.2).der(9)t(9:1 2)(p13:g22)inv(9)(q13q22)

One der(9) is the result of a deletion of the short arm and a translocation involving the long arm; the oty
der(9) is the result of a translocation affecting the short arm and a paracentric inversion in the long ar
the homologous chromosome 9. There are two normal chromosomes 12, two normal chromosomes 22,

no normal chromosome Y.

46.XX.der(9)del(9)(p12)t(9:2

When homologous chromosomes cannot be distinguished within this nomenclature syster
he of the numprals may be underlined (single underlining). There is in particular one il
gtmn‘where this may be helpful: When the two homologous chrombsomcs are involved
identical aberrations resulting in two identical derivative chromosomes.

46, XX.der(1)t(1;3)(p34.3:921),der(1)t(1:3)(p34.3:q21)

The two homologous
) chromosomes 1, as | ifie ;
identical translocations, y identified b)’ C-band pOlymorphism. are iI‘lYl.!!\'L‘d in apparel

406, - .
e (IC1:3)(p34.3:021)[20)/46, XX, der(Lyt(1:3)(p34.3:q21){ 10]

The two homolo

- EOUS Chl’DmoSOmEs 17 = :

two abnormalities represent two diﬂeigznrmw'd in apparently identical translocations in i
clones; the homologous chromosomes | in each ¢lone ®

46.XX der(_l_)t(l'l)( ;
«der(1)t(1:1)(p31:932
46HXX.dcr(1)l(l:;l)(p3l;q32;

The two derivati io:
¥O derivative chromosomes A diai wall
> LAl be dlst_mguished b ¢, the dervt

homoI0%"

‘observed is the hom _ :
: 10 itha A
a breakpoint in p3| OBUE with a break g 432.In the ¥ underlining, In the first exampl i

second example, the derivative is the

= Res2020:160:341 53 St
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barivatiy
in the denva L

7. XX U9 220Mq84.q

\
COmMmpICh & oLy
LN L | wi u
descenbed by the s
sl |
WCOCPDLADIC 1K i | +

924 Dicentric Chromosomes

I'he symbol dic 15 used 1o descs

and Irom the specilicaty

replaces two normal chromosomes. A dicents

with the normal chromosome count then becoming 42

ing normal chromosome(s) (cf., wi R <
0.2.17.2 and 9.2.17.3). T'wo breakpoints are spec

have arisen from the two separate chromosomes

Ihis 15 1n contrast to the mechanism from which an 1s e

gle hreakpoint on sister chromatids and a subsequer

count is therefore 46. Isodicentric chromosomes are designated dic
I'he term der mayv be used instead of dic, but the combinat { der dic
used

45 XX, die(13;13)(gql4:q32)

45 XX dic(13:13)(13pter—13q14::13g32—13pter)
Breakage and reunion have occurred at bands 13q14+
[ a dicentric chromosd ¢re 15
osome has onginateg gh breakage d re

ING14g32)

A3 XX .dwcl 13 !‘;!ll.{:._\ l!.“l}
45 XX dic(13:15)13pter—13g22::15g24—135pter)

Hnc ot [ with breaks and et
I 15 are not sed since they are repla ¢
I i chir \ 13 e normal ¢l s
] i loss of the segments distal | 112 ‘
Structural Chromosome Reprimd
Rearrangements L yiogenes Lic " '







9.2-5

92,6

majority of cells, is always written first. I the
smallest chromosome

. . active Centromere cannot he
Number g Written first,

determined, the

45. XX psu dic(15: ] 3)al2;q12)
45.XX,psu dic(15:] 3)(15pter— 5q12:13g12 Shter)

A pseudodicentric cly romosome has replaced one chromosome 13 and one chromosome 15

CONLaIns one normal chromosome I3, one normal chromosome | 5. and the psy dic(15;

The karyotvpe
of the chromosome stated first, i.e., chromosome 15, js

: 13). The centromere
Cactive one,

46, X X, psu idic(20)(q1 1:2)

46, X X, psu idic(,?())(plcr—'q 11.2:

A pseudodicentric chromosome has
The psu idie(20) has one

all.2—pter)
replaced one ¢

hromosome 20, resulting in thre
aclive centromerg,

€ copies of 20pterqgl 1,2,

Duplications

The symbol dup indicates a duplication, Duplications are a gain of a chromosome segment
observed at the original chromosome location, When g gain of a chromosome segment is
found clsewhere in the genome, der or ins should be used depending on the rearrangement.
The orientation of the duplicated segment is indicated by the order ui:lhc h.a nds from pter
to gter. Note that no arrow is used in the short form to indicate the orientation.

46, XX,dup(1)(p34p31)
46, XX, dup(1 )(pter—p31::;p34-qter)

icati i sen bz 4 /i change in orientation.
Duplication of the segment between bands 1p34 and Ip31 with no chang

CX.dup(l) 3][.134) il e T I o
46X du i R and et ter P34 p3l p3d a3l pter)

< 10 BB TR g . el -\_"0 ser and qter.
Duplication of the segment between bands 1p34 and Ip31. in reversed nr:anmtmn relative 1o
Mication « sep ; LS S0 A0 i >
Nl:il that only the detailed form will clarify the location of the duplicated segme
ote only i

46.XX.dupil)(q.?]q]ﬁ}- ; 4
46. XX, dup(1)(pter—q25::q22—qter)

‘n bz 22 and 1q25.
Duplication of the segment between bands 1G22 and Ig

22 . i Y TS
46.X\?,dupl ”(I.]ES(I.._"S 25-q225a25—ater) of dup(1)(pter—q22:: ESI"QE%"Q:M?;:I?F
BT e A - i - = : RS .. ; : -)Illv‘ 0 L‘ ‘
46,X Y. dup(l )(PlU A [- .Iil'twm:n bands 1g22 and 125, in rev Lrngi L?Tj}tj]ll I::?:,ILEL ativeto p
Dtip!i-.;atmn rl :::L S;‘\!E:;;.._»l:j |1;-m will clarify the location of the duplicated segment,
Note that only the det:

Fission
A aa f1e '_}”_
The symbol fis is used to denote centric fissic

A7.XY 10, +is(10)(p10), +fis(10)( 1.0)] g yis
4?:XY:—10.+ﬁs( 10)(pter—p10:),+fis(10)(q

"the s and long arms. re-
SOMEs © nsed of the short an - e
ine in two derivative chromosomes &fm:ill: the morphology of the derivative
Break in the centromere rcs“!t}l = "‘l\‘\‘i med to plo and ql10 according tc
; i The sakpoints (1) are assig
speeu-vc!y. he breaky

chromosomes.
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0.2.7

9.2.8

Fraglle Sites

9 i : P e i vl f oy Bas
Fragite sites, sbbreviated fra, may oceur as normal variants (see Section 7.2) or by 4885
aled with speeihie diseases and/for phenotypic abnormalities. In both situations he SAME 1,

menclabure i used

40, X TeadX)g27.3)

A fragedle wiie b subebannd Xg2 7.3 on one X ehromosome in i female.

A6.Y fradX g2 7. 3)

A gl wite T subeband X273 on the X chromosome in i male.

As (X )(g27.3)

A Dgeile shre b subsbind Xg27. 3 0n the X chromosome in a Turner syndrome paticnt

AT XY TratXNy27.3)

A fragtle siee an subsband X273 on one X chromosome in a Klinelelter syndrome patient

Homogeneously Staining Regions

The symbol hsr is used to deseribe the presence, but not the size, of a homogeneously stain-
(g region i o chromosome arm, secgment. or band,

A6, XX hsr(1)(p22)
A6, XX hsi( 1) (pter—p22:hseip22 - qter)
A homogencously stndning region in band 1p22,

A6, XY hse(21)(g22)
46, XY hsr(2 D (pler—=q22:hsrig22=qter)
A homogencously stuining region in band 21422,

When a chromosome contains multiple hsr or one hsr and another structural change, it is by
definition a derivative chromosome and should be designated accordingly (see Section 9.2.3),

A0 XX der(Dhsr(D(p22)hsr(1)(g31)
4({.)( Xoder(D(pter—p22;ihsrip22-q31 thsrq3 1 =qter)
Iwe homopencously staining regions in chromosome 1: one

oo in band 1p22 in the short arm and the other in
bind 1931 in the long urm, i R A e Othe

40, XY der(Ddel(1)(p33p21 Yhse(1)(p21)
40.XY der(| Jpter=p33:hse:p2 | =(ler)
Uhe segment between bands Ip21 and 1p33 is replaced by

smaller or larger than the deleted segment. The hsris by ¢
paint band,

& homogeneously staining region that may be
onvention assigned to the proximal deletion break-

w \ " "y i . Al - i e 3 Lo s s
; hen a hmuugi.nmu:xly staining region is located af the interface between segments of dil-
lerent ehromosomes involved in a rey

drrangement, the hsr is assigned to the breakpoints in
both ¢hre : i A ) LALLs S ASSIgned 1o the breakm :
hromosomes according to the standard nomenclature for structural chromosome aber-

rations, i.e., the two chromosomes i

. ol B osomes involved are presented iy irs ses and the
: _ . pr * st pare 2ses and the
breakpoints in the second. i pentnoess oo

410 Reprint from; ; =
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_ : ithsrz: -
segment 7p2 | p | L2 into the long arm S, i)

: with breakag,
ains an hsrat 1he interf; i

5 act bBetween (he
€ segment inserie from chromosome 7

and reunion at band

mes. The hsr is located distal (o () fesipient and donor

ion between hombgeneomly stainin i
. s & Tegions and abnormally i
.that has been used o describe regions co it o Ao,

B oeen: nlaining amplified genes. 15 ambigu-
th _t::.l::gj.l‘-n.cu'on between abnormally banded regions and any region of un‘kncim
aderivative or marker chromosome. Therefor

- or: : efore, until better defined, no symbol
ormally banded regions should be used in karyotype descriptions,

iq?’_isused for insertions. The orientation of the inserted segment is indicated
of the bands of the inserted segment with respect to the centromere. For clarity.
f the detailed form is recommended,

in a chromosome

r—pl 3::q31-q21:p13-q21:q31 —qter)
! cft between bands 2g21 and 2431 has been inserted into the short arm at band 2pl§.
ion of the inserted segment relative to pter and gter has been reversed in its new DOSi-
1 is now closer to pter than band 2g21.

between bands 222 and 232 has been inserted into the sho has been reversed
i _ban .s 4 f h ..'nseﬂl’rd' segment relative to pter and qte:;r 2 Note that the
| I t.;g;;:e'rt't: :ﬂér of the recipient chromosome than 2¢22. ¢

; ot
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9‘201 2

» Including isoderivative o
~om 5 e chromo 5, are deser :
o chromosomes, et Secticns ) 10s0mes, are described as deriva-

46,XX.1(17)(q10)

46,XX.1(1 ?)(qter—-qu::qJOHqter)
An isochromosome for the entire
signed to 17q10. There is one normal chromos

46,X,1(X)(q10)
46,X,1(X)(gter—q10::q1 O—gqter)
One normal X chromosome and an isochromosome for the

. ; . long arm of one X chromosome. This i o
anced as there is a single copy of Xp and three copies of Xq. omme, “Lhis it wnibal

47.XY.1(X)(q10)

A male showing an isochromosome of the long arm of the X chromosome in addition to a normal X and Y.

46, XX.idic(17)(p11.2)
46,XX.idic(17)(gter—p11.2::p1 1.2—qter)

‘An isodicentric chromosome composed of the long arms of chromosome 17 and the short arm material be-
tween the centromeres and the breakpoints in 17p11.2.

46,XX,i(21)(q 10)
An isochromosome of the long arm of chromosome 21 has replaced one chromosome 21. There are two cop-
ies of the long arm of chromosome 21 in the isochromosome and one normal copy of chromosome 21. Even
though there are effectively three copies of the long arm of chromosome 21, the normal chromosome 21 is
not designated with a plus sign (+). Note that an alternative description for this same chromosomal rear-
rangement based on G-banding is found in Section 9.2.17.3 and makes the additional copy of chromosome
2] more obvious.

45, XX,-21,1(21)(q10)
An isochromosome of the long arm of chromosome 21 has replaced one chromosome 21. The other chromo-
some 21 is lost. There are two copies of the long arm of chromosome 21 in the isochromosome and no nor-

mal copies of chromosome 21.

Marker Chromosomes

A marker chromosome (mar) is a structurally abnormal chromosome that cannot be unam-

biguously identified or characterized by conventional banding cytogenetics. Numerous terms

have been used in the literature to describe markers, including “supernumerary marker chro-
mosomes (SMC),” “extra structurally abnormal chromosomes (ESAIC),” “supernume‘rary
ring chromosomes (SRC),” and “accessory chromosomes (AC)”; see Lichr et al. (2004) for a
review of these abnormalities. Whenever any part of an abnormal chrorposome can be rec-
:'Qgﬂi-.'zf:d., it is a derivative chromosome (der) and can be adequately described b_?r the nomen-
clature for derivative chromosomes (see Section 9.2.3). For placement of mar in the karyo-
type, see Chapter 6. In the description of a karyotype, the presence of a n;jarI nu{:strbtiazgr;_
ceded by a plus sign (+). No attempt should'be made to describe the‘ m(;)_'rp‘ 0 og)e (;) !sf ot
markers in karyotypes. Using min mar, A-size mar, acro mar, etc., 1s discouraged.
information is relevant, it should be described in words in the text.

- . T 413
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47. XX, +mai

One addiional marker Hpoamosome

PN 2:16)g 1 3ipl].2) Hmal

)
One marker chromosome in addition to 1{12:16)

IO I8P 1. 2:g1 1.2), 4 2mar

I 3)
Fwo marker chromosomes in addition to x|

47-51.XY.A(11:22)(q24:q12).+ 1 ~Smarfcp1 0] =
: I 17, five clomally occu o miarkers, but not all ¢
In this tumor there are, n addition toat(11:22) five clonally occurring ma

the markers

they may be indicated by an Arabi

tc. It must be stressed that this does not

When several different markers arc clonally present.

marl. mar2, €

pumber after the symbol mar, ¢.g.,

mean derivation of the marker from chromosome : ; :
jtiplication sign aiter the mar designation.

1. chromosome 2. and so on. “-{LJ|1i;‘;';:_l

copies of the same marker are indicated by a mu

e.g.. marl x2 indicates 1wo markers 12 marlx3 indicates three markers 1, and so on.

'~ r = - = 2 ) o Tl B |
48.XX.i(17)(q10).+marl,+mar2[17)/31.XX.1(17)(q 10).+marlx3,+mar2.+mar3{13]
There are two different markers (marl and mar2) in the ¢l . D
of mar2. and in addition a third marker (mar3)

sne with 48 chromosomes. The clone witl

chromosomies has three copies of mar I, one copy ¢

As soon as any part of an abnormal chromosome can be recognized, even if the origin of the
centromere is unknown, this abnormal chromosome 1s referred to as a der and not as a mar

(see Section 9.2.3).

47 XX +der(M(%15)(q22)
The centromere of this abnormal chromosome is unknown and hence it is designated der(?). but part of the
chromosome is composed of the chromosome 15 segment distal to band 1522,

Double minutes, abbreviated dmin, represent a special kind of acentric structures that should
be recorded in the karyotype when present in more than one metaphase cell. Note that the
dmin should not be included in the chromosome count. and that the symbol should not be
preceded by a plus sign. It 1s placed after any centric marker. The num_ber of dmin per cell
should be presented before the symbol either in absolute numbers or as a2 mean or a range.

S0 +3mar.ldmin

A tumor with one dmin per cell.

49 XY..... +3mar.~l4dmin

A tumor with approximately 14 dmin per cell.

49 XX...., +3mar,9~>50dmin

A tumor with 9 to more than 30 dmin per cell

Acentric fragments (ace) other th
h}' presented in the karyotype,
Chapter 10).

; an dmin, even if present in more than one cell. should not
Put must be recorded in chromosome breakage studies (see

Reprint from
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9.2.13 Neocentromeres

9.2.14

A neocentromere is a funct onal centromere that hay
not known to have a centromere. , .

with the symbol neo or as a deriva Ive chromosome v\uti,i Irnl-“-'.r.““'”w ]
mere has arisen (or has been activated) wi”,-,',, ”“; e
segment was derived,

VILEIREN Or Been sict fys

el o 4
A chromosome with Fwithin i region

iy be described
mpliomn

Lhat o new « il
. ¥ I
FER1ons) from whic g

b the o hromosome

47.XX +der(3)(gter—g28:)
An additional derivative chromosome containing segments 3q24 throush y
ally does not contain a centromere, (his example iy A lirom m..uu w:lnlﬂ-J sl
neo could be used instead of der; 47, XX +heof Dater —q28:). Al ol
be indicated by the symbol neo; 47, XX 4 der(3)grer ;
adequate 1o describe this chromosome.

Ause Thas segment use
‘ocentromere, In this examply
g the loeation of the meoc e eold

Q2B =neo 028, Note thal the ghort form may not by

47.XX.der(3)(:p1 1 =q11:),4nco(3)(pter—pl 1:q1 |-
Chromoesome 3 has been replaced by a derivativ
mere and by a large chromosome composed
has been activated at 3q26.

(26~ nco-q26-qler)
esmall ehromosome ontaming the chromosome 3 centio
ol the remaining partof chromosome 3 where g necc ntromert

Unlike duplications in which the orientation of the duplicated segment is indicated by the
order of the bands from pter to qter, a supernumerary marker chromosome containing a
neocentromere may require the use of the detailed form depending on the circumstance.

47 XX +dup(10)(gter—q25::q25~qter)

47, XX.+dup(10)(gter—q235::q25—q26 =neo—q26 —qter)
A supernumerary chromosome that is a duplication of the segments between bands 10g25 and 1 0gier, Be
cause this segment does not usually contain a centromere, this example is a derivative chromosome with 4
neocentromere. The location of the neocentromere could be indicated as shown.

Quadruplications

The symbol qdp is used. It is not possible to indicate the orientation(s) of the segment with
the short form.

46, XX.,qdp(1)(q23g32)
46, XX, gdp(1 )(_ptcr—'q32::q23—-q32::q23~q32::q23 —qter)

Quadruplication of the segment between bands 1g23 and 1g32.

Ring Chromosomes

A ring, designated by the symbol r, may be composed of one or several chromosomes.

Ring chromosomes derived from one chromosome

: 5 > s semicolon between
As in other rearrangements affecting a single chromosome, R

the band designations.

e
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hr_omoscmé,s w.ua utowme Wwith the lowest
I'be apparent from the or-

Ftre r(1:3; :;’)(-1;!36. 1932:926.3p24;p 1 223,
)("'l'p—:’ﬁ"-l“Isgji{igq?ﬁ-}ﬂﬂkzl2p12~. 12923
With 3926.3, 3p24 wir, 12p132, al:c?12<;.2)3 with 1p36
=2 Wilh Ip36, 1,

. the presence of the ring,

: : preceded by a plus si
Pe, but before any other Y a plus sign

marker chromosome (see

 may be indicated by an Arabic number after

. dic _ : the symbol r, e.g.. rl, 2, ete..
| copies of unidentified rin

gs are indicated by the appropriate number before

different clonally occurring rings. Note that the ring designations rl and r2 do not mean

chromosomes 1 and 2. When the origin of a ring is known, the appropriate chromosome is
lhese's: e.g. r(]-_)) r{z)g ete.

rings but it is not known if any of the rings are identical.

sociations

is used to describe a telomeric association, which is typically a single cell ab-
therefore not reported as a clonal abnormality. In telomeric associations be-
'-' oﬁdmes, the sex chromosome or the autosome with the lowest number 1s
/hen more than two chromosomes are involved. the “end” chromosome
west number, or is one of the sex chromosomes, is specified ﬁm.’ follow;d_
ymosomes in the order they are associated with the c.:h'r_Omos_n_l_'n__é:_l;l_s_ted. ’E_'t_-r_stf
SO thé'dir_omosomes involved in telomeric assocz_atmn(s_):are_gwen-m t]}_e

the orientation of the chromosomes will be apparent f:rqg:;..t_he Olfde(;m
¢ listed. Chromosomes involved in telomeric asse:cla_tmns_:are-_qf)t?t&_ aS
fes: dsit is ot proven that there is true chromosome fusion with termi-

. 13pter)
dgter— 13qter— 15pter. : : “
25;1'!'¢I lsqghe Jong arms of chromosomes 12 and 13.

e telomeric regions o

print from: " : AT
gffggf,i{“ﬁmmm-zm1-ﬁ0:341—303-
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46,1(X:18)(p) 1.2:q1 1.2),1(Y:+ | Mall.2:p3p)

46.1{X:18)uqucr 1 8¢
. = qII.2::Xpll.2—#x e
(Ypter—Yq1.2:. Ip31- ll)lcr:YL[tcrﬂYqTIL;'l ?pl}elrﬁ
2 p?

!.I“l! I'LL” i ’ Ir i

/i o ra ].‘!I()L it ns

WOCH 1 «ilons, l..'cl(,h lI]\rﬂIV]II J

I.“"“’h XIII l.-.] nl"d Il”(.{[ I...: as VI'L” as:at I)dll(‘i

el . o Seé ol I!‘ ('\ O os, Mg

l'.‘.\“..d I')Ll("(,. ”'I( o Lh '. l” (0]
ISC L=H

118q] 1‘2::)(1)] 1.2
—Lqter)
one sex chrc,mrnosome Br,
o R ruukﬂgg and reunjop have oce
p3l, Abnurmah{ics of the x chr(':n?;:dllr‘::fd -
SOME are

Xpler).tmn

Three-break rearrangements

46,XX,1(2:7;5)(p21 1022:q23)
40, XX U2:7:5)(5qter—5q2 3:2p21-2qter
5q23::7q22-7qter)

The segment on chromosome 2 dis;

segment on chromosome 7 distal 1o 7922 has been translocated ontg cf
E nto chr

iy ¥ ol 1ot O i 5 W
ment of chromosome 5 distal 1o 5423 has been translocated onto chrnmoq-ar:-nl'?:(’]mte?s :;ll e e
M OS Lat 2p2],

;?ptcr-?q22::2p2 ] —2pter;Spter—

46,X,1(X;22:1 )a24:q1 1.2:p33)

46.X L(X'22‘I)(Xptcr—+Xq74"Ip33 I
O 22 “ieiRao=Ipter;22pter—22q11:2::x 24-Xqter:2 =
22ql1.2: Ip33—-Iqter) ’ = AR
glwlslc%mcnl .?n one X chromosome distal to Xqg24 has been translocated onto chromosome 22 at band
2q -2, the segment distal to 22q11.2 has been translocated onto chromosome 1 at band 1p33, and the seg-
ment distal to 1p33 has been translocated onto the X chromosome at band Xq24.

46, XX.1(2:7:7)(q21:q22;p13)

46‘XX,t(2;7;_7_)(2pter~*2q2 1::7pl 3—»2pter;?pter—-7q22::2q2 I-2qter;7qter—7q22::7p1 3~

Iqgter)
The segment on chromosome 2 distal to 2421 has been translocated onto chromosome 7 at band 7q22. the
segment on chromosome 7 distal to 7q22 has been translocated onto the homologous chromosome 7 at band
7p13, and the segment distal to 7pl3 on the latter chromosome has been translocated onto chromosome 2
at 2g21. Underlining is used only to emphasize that the chromosomes are homologous. However, this is usu-
ally not necessary since if the same chromosome 7 had been involved, the resulting chromosone 7 would
have to be described as a derivative chromosome.

Four-break and more complex rearrangements

46,XX,1(3:9;22:21)(p13:q34:q11.2:q21)
46,XX,(3;9;22:21)(21gter—21q21::3p13-3qter;9pter—9q34::3p13—3pter:22pter—
22q11.2::9q34—9qter;2 1 pter—21q21::22q11.2-22qter)
gl'hi s%gn%gnl of?c[n(']omosomz 3 distal to 3p13 has been translocated onto chromosome 9 at 9934, the segment
Dféhromosonzc 9 distal to 9q34 has been translocated onto chromosome 22 at 22q1 1.2, the segment OEt?h[L'l-
mosome 22 distal to 22q11.2 has been translocated onto chromosome 21 at 21q21. and the segment of chro-

mosome 21 distal to 21g21 has been translocated onto chromosome 3 at 3p13.

46.XX.1(3:9:9;22)(p13:922:q34:q11.2)
=XX_"(3=.9’~’ 2)(13 ge54 1.2::3 13_.3'qter'9pter—'9q223?3p13—'3pter;2pler*
46,XX.1(3;9;9;22)(22qter—22q11.2::3p 34-.9gter)
9934::9g2: :22pter—22q11.2::9934—9qter I ent on chromosome 3
ﬁqiiur?&igk_;gg’::#gzigm invoivcilng the two 11omolog*;ustC;“}??S:ggmﬁlz'sggl:iﬁtg g::;;l;:;;orgl;;odisfﬂl
S S ted onto chromosome 9 at ba Rttt latter chro-
g;%alQ?f? plitfﬁiﬁﬂﬁiﬁ?i& the homologous chromosome 9 ‘})‘ gq_?:' : Il] qucﬂ.ﬁmc:;:eosgézaec:ﬂ t:n chro-
mo ?:1 Qaiii tal to 9a34 has been translocated onto chromosome 2 a‘ts. h% 15, t :
!‘l'io:a;l: 22 -dsistal to ngl 1.2 has been translocated onto chromosome 3 at 3pi2.
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45 XY t{5:6)gl3g23:q15q23)
46 XY . 1(3:6)5pter—5q13::6q15—-6q23::5g23=5qter:6pter—6q15::5q13—+5923::6q23 -
6gter)

Four-break rearrangement involving two chromosomes. The segment between bands 5g13 and 5q23 in ch o=
mesome 3 and the segment between bands 6g15 and 6g23 in chromosome 6 have been exchanged,

46. XX.1(5:14:9)gq13g23:q24q21:p12p23)

46 XX .1{5:14:9)(Spter—3q13::9p12—-9p23::5g23—5qter:14pter—14q21::5q 13—

Sq23::14g24—14qter:9pter—9p23::14g21—14g24::9p12-=9qter)
Reciprocal six-break translocation of three interstitial segments. The segment between bands 5q13 and 523
on chromosome 3 has replaced the segment between bands 14g21 and 14g24 on chromosome 14, the seg-
ment 14g21g24 has replaced the segment between bands 9p23 and 9p12 on chromosome 9, and the segmeny
9p23p12 has replaced the segment 5q13q23. The orientations of the segments in relation to the centromere
are apparent from the order of the bands: The segments 9p23p12 and 14921924 are inverted.

The derivative chronosomes produced by malsegregation of a reciprocal translocation should
be described using the conventions outlined in Section 9.2.3.

9.2.17.2 Whole-Arm Translocations

Whole-arm translocations are described by assigning the breakpoints to the centromeric
bands p10 and g10 according to the morphology of the abnormal chromosomes. In balanced
whole-arm exchanges, the breakpoint in the chromosome which has the lowest number, or
1s a sex chromosome, is assigned to p10.

46 XY .1(1:3)(p10:q10)
46, XY.1(1:3)(ipter—1pl0::3q10—3qgter:3pter—3p10::1q10— 1 gter)
Reciprocal whole-arm translocation in which the short arm of chromosome | has been fused at the centro-

mere with the long arm of chromosome 3 and the long arm of chromosome 1 has been fused with the short
arm of chromosome 3.

46.XY.t(1:3)(p10:p10)

46.XY.t(1:3)(1pter—1p10::3pl0—3pter; 1qter—1q10::3q10-3qter)
Reciprocal whole-arm translocation in which the short arms of chromosomes | and 3 and the long arms of
these chromosomes. respectively, have been fused at the centromeres,

In the description of karyotypes containing derivative chromosomes resulting from unbal-
anced whole-arm translocations (see Section 9.2.3), the derivative chromosome (der) replac-
es the two normal chromosomes involved in the translocation. The two missing normal

chromosomes are not specified. The imbalance(s) can be inferred from the ka ryotype desig-
nation.

45.XX.der(1;3)(p10:q10)
45.XX.der(1:3)(Ipter—1p10::3g10~3qter)

o (.h.gﬁ‘.'?“_i‘_',e'-Chf?f:_ﬂ?sﬂm'#'._f:'ﬁnsi;lin'g-.of the short arm of chromosome 1 and the long arm of chromosome 3.
The_'m_is&lns:chron_m_fgmesrf1_ and 3 are not indicated since they are replaced by the derivative chromosome.
Thek‘:fyr‘;gm mmﬁ}}?ﬁ _OFI_:; rtormn{_.ghramnsame 1, one normal chromosome 3, and the der(1:3). The result-
ing net imbalance of this abnormality is monosomy for the long arm of chromosome | and monosomy for
the short arm of chromosome 3. & nd monosomy

: 2020160341503 L0




46, XX, +1,der(] :3)(p10:q10)
A derivative chromosome consicri
T onsisting of the s

45 replaced one chromaog
. (—‘
chromosomes L, i.e.. an addit .

sequently, this gain is indica
chromosome 3. and the der(]

hort arm of ch IOMmMosome
[ e

1onal chronmsomc
ted as +1, The kar
13)- The resulting n

I and one ¢} ]
romosome 3 Th
e o . CIC are, howey CF, IWO normal

YOlype contains IWo norpys
b + ORE normal
monosomy for 3p.

46,XX.der(1:3)(p1 0:q10),+3

A derivative chromosome consisting of the shart arm of chrompsome I and the lon
ome | and ope chromose

‘ re)l d ¢ 1e 3. et Bve

Chmmorﬁmﬁ 3, Le.. an additiona] chromose i gx;em:—(?il;l:sa:j: I.:O\t;“tcli-‘ 1“I“*‘.n{lmmi

e ; 5 €10 the der(1:3). Con.

:,ngmmc:r : anﬁ [I:l‘ ZIIIUIIF‘;![CG as +3. Tt_u ktl]’}-(?typt.‘ CONLAINS one normal chromosome 1. two m:rma}t éh?"r:

3, ¢ der(1:3). The resulting net imbalance is monosemy for 1qand trisomy for 3g -

Earm of chromosome 3

47, XX +der(1;3)(pl 0:q10)
An extra derivative chromosome
some 3 (same as above). There
der(1:3). The resulting net imb

consisting of the short arm of chromosome | and the long arm of chromao-
are ;wo‘normal chromosomes 1. two normal chromosomes 3, and the
alance is trisomy for Ip and trisomy for 3q,

44 XY .~1.der(1 :3)(p10:q10)

A derivative chromosome consisting of the short arm of chromosome | and the long arm of chromosome 3
(same as above) has replaced one chromosome 1 and one chromosome 3. There is. however. no normal chro-
mosome I, indicated as —1 in relation to the expected presence of one chromosome 1 due to the der(1:3),
The karyotype contains no chromosome |, one normal chromosome 3, and the der(1;3). The resulting net
imbalance is nullisomy for 14, monosomy for 1p. and monosomy for 3p.

9.2.17.3 Robertsonian Translocations

These special types of translocations originate through translocation of the acrocentric chr?-
mosomes 13-15 and 21-22, The breakpoints mostly oceur in the short arms. resulting in
dicentric chromosomes. Breaks may also occur in one short arm and one long arm o_f' lhp
participating chromosomes, resulting in monocentric rearrangements. Usually there is si-
multaneous loss of the remaining short arms. Although either rob or der can adeqr.uat‘e]y de-
scribe these whole-arm translocations, der is the preferred designation. The abbreviation rob
should never be used in the description of acquired abnormalities.

' 21)0gl0:g10) y ‘ -
45§§§i2;rgig;§u3€§n hzﬁe oceurred at band 13q10and band 2110 in the centromeres of uh:?mu:émzu 13
1vati 5 as reple ¢ chromosome 13 and one chromosome 21 and there is

2 erivative chromosome has replaced one ¢ : ‘ h 1
i _::;!-I;geigdli.cale the missing chromosomes. The karyotype contains one nurm:al chromosome Ii?_.;nz.
:grgfal chromosome 21, and the der(13; 21). The resulting net imbalance is loss of the short arms of chro-

mosomes |3 and 21.

46,XX . der(13:21)(q10;q10),+21

; he long arm of chromosome
derivati isti long arm of chromosome 13 and t . .
A derivative chromosome consisting of the i (R e lons enm 0f hromosns
e 3 and one chromosome 21.
- replaced one chromosome |° ) { R
2.1 (salinehas abovﬁel;ai] ?e an additional chromosome 21 in relation t_o the c]:p;,;]t;idc;l(;;mowme %
EOJ.(T;'ZCI-}I%TESSquuenGyI tl;is’gain is indicated as +21. The kayyot)'PE Filﬂlf;'m‘gr}i ]:“ fihe short Aot
l_EI' rmal chromosomes 21 and the der(13:21). The resulting net imbalance is loss
wo normal chromosomes 21, g

s 21.
chromosome 13 and trisomy for the long arm of chromosome

—
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46.XX,+13.der(13:21)(q10:a 10)

S ; : (¢ osome 13 and the long arm of chromos

Whascsmray A » Jong arm of chrom : IMOSOTE

derivative chromosome consisting of the ' ¢ a3 Thie ki it

'-;Ald{m dll{ above) has replaced one chromosome 13 and oné chromosome 21. The karyotype contains twe

21 (same a5 & 'c S TCPd N et 3 - 2 S UET e &<s !

normal chromosomes 13, one pormal chromosome 21, and the der(13:21). Consequently, this gain s indi.
P 3.

3 s loss of the : - chromasome 21 and trisomy for the long
cated as +13. The resulting net imbalance is loss of the short arm of ¢ )@ ymy for the long
arm of chromosome 13.

[f only a single chromosome is involved in the rearrangement, the extra chromosome is in-
dicatéd by the 46 count in the presence of a whole-arm rearrangement and the addition of a

normal chromosome.

46 XX, +21 der(21:21)(q 10:q10)
A derivative chromosome composed of the long
arm of chromosome 21 in the derivative chromosor
count, The normal chromosome 71 is designated with a (+)
seription of this same rearrangement.

arms of chromosome 21. There are two copies of the long

some and one normal chromosome 21, indicated by the 46
sign. See also Section 9.2.11 for an alternate de-

If it is proven that the derivative chromosome resulting from a whole-arm transigcgtiurl is
dicentric. i.e., the breakpoints have been assigned to pl1.2 or gl 1.2, lhe_abbrevaanon dic
should be used and the dicentric chromosome should be described accordingly (see Section

9.2.4). ﬁ

9.2.17.4 Jumping Translocations

These can be described by the standard nomenclature for translocations. The clones are pre-
sented in the same order as unrelated clones, i.e.. in order of decreasing frequency (see Sec-
tion 11,1.6).

46 XX t(4:7)(q35:q11 2)[61/46,XX.t(1 :T)(p36.3:ql1 2)[41/46, XX t(7:9)qll 2:p24)[3]
Three clonal translocations involving band 7q11.2. The segment 7q11.2qter is translocated to bands 1p36.3.
435, and 9p24.

Tricentric Chromosomes

The symbol tre is used. The “‘end” chromosome which has the lowest number. or is 0ne of
thc sex chromosomes, 15 spec1ﬁec{ first. The other chromosomes are listed in the order the}
are attached to the chromosome listed first. The orientation of the chromosomes will be 2p-

;?arcnt from thc order of the breakpoints specified in the second parentheses. A tricentric
chromosome is counted as one chromosome.

44 XX tre(4:12:9)(q31.2,922p13;q34)
44, XX tre(4:12:9)(4pter—4g31.2::12q22-12p13::9q34 —9pter)

A tricentric chromosome in which band 4q31.2 is fused with 12922 and 12p13 is fused with 9934,

422 Reprint from: ;
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03 XX XX.1(8:14)(q24.1:q32)=2.der(14)t(8: 14)=2 +der(14)t(8:14)

A hypertetraploid clone with two balanced t(8:14) and three extra copies of the deriva
i.e.. there are in total five der(14). four of which replace the normal chromosomes 14 conseq

no normal chromosome 14,

04 XXYY.1(8:14)(q24.1:q32)x2 .+ 14.der(14)1(8;14) =2, +der(14)1(8:14)
A hypertetraploid clone with two balanced t(8;14), three extra copics of the derivati
onc normal chromosome 4.

47 XX +8.i(8)(q10)=2
47 XX.a(8)(q10).+1(8)(ql10)

Alternative descriptions of the same chromosome complement with one normal chromosom:

ies of an isochromosome for the long arm of chromosome 8.

C Cnromosome |14 sne

424 Reprint from: ISCN 2020
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10

10.1

10.1.1

Chromosome Breakage

This section prm:idc.s 4 nomenclature for the chromatid and chromosome aberrati

may be ohscr.\'cd . for example, constit utional chromosome hreu-kemt; 5) n:j?{mf.d““m i.hm
"_lg clastogenic ex piflsure. Since many aberrations of this kind are scnhr.u:i'nn u:i?'t::::: :““‘;1‘-'\.-
= recommendations are given first for non-banded preparations and lhund!‘nr‘u;arj:;%
preparations. &

Chromatid Aberrations
Non-Banded Preparations

A chromatid (cht) aberration involves only one chromatid in a chromosome at a given locus.

A chromatid gap (chtg) is a non-staining region (achromatic lesion) of a single chromatid
in which there is minimal misalignment of the chromatid.

A chromatid break (chtb) is a discontinuity of a single chromatid in which there is a clear
misalignment of one of the chromatids,

A chromatid exchange (chte) is the result of two or more chromatid lesions and the sub-
sequent rearrangement of chromatid material. Exchanges may be between chromatids of
different chromosomes (interchanges) or between or within chromatids of one chromosome
(intrachanges). In the case of interchanges, it will generally be sufficient to indicate whether
the configuration is triradial (tr) when there are three arms to the pattern, qguadriradial (gr)
when there are four. or complex (ex) when there are more than four. The number of centro-
meres may be indicated within parentheses (1 cen, 2 cen. etc.). When necessa ry. exchanges
may be classified in more detail. Asymmetrical exchanges inevitably result in the formation
of an acentric fragment, whereas symmetrical ones do not. In complete exchanges all the
broken ends are rejoined, but not in incomplete ones. In asymmetrical exchanges. the incom-
pleteness may be proximal when the broken ends nearest the centromere are not rejoined or
distal when the ends farthest from the centromere are not rejoined. Intra-arm events include
duplications, deletions, paracentric inversions, and isochromatid breaks showing sister re-
union. It should be noted that these terms are only descriptive and do not imply knowledge
of the origin of the aberrations. :

Sister chromatid exchange, detectable only by special ﬁiilillil?g methods, results llwm the
il}terchange of homologous segments between two chromatids of one chromosome. [he sym-

ol sce can be used to describe this event.

— - - — l..,
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10.1.2 Banded Preparations

10.2

10.2.1

an be defined more precisely or can be rc‘wgnixcd With ces
e.g. a chromatid deletion (cht del) is the absep.,. r,;-,.
wo chromatids of a single ch romosome. A ¢ hramm,:,
inversion (cht inv) is the reversal of a banded sequence qf only one of the two ch FOMatids o
a single chromosome. Both are subclasses of chromatid ejtchqnges _(ch(e)_ |
Where it is desired to specify the location of a ch romatid aberration, the appropriate

bol can be followed by the band designation.

Some chromatid aberrations ¢
tainty only in banded preparations;
banded sequence from only one of the t

chtg(4)(23) Chromatid gap in chromosome 4 at band 4425.

chtb(4)(q25) Chromatid break in chromosome 4 at band 4g25.

chte(4;10)(q25:q22)  Chromatid exchange involving chromosomes 4 and 10 at bands 4425
and 10g22.

cht del{1)(q12q25) Chromatid deletion in chromosome 1 with loss of the segment be.
tween bands 1q12 and 1g25. _

cht inv(1)(q12q25)  Chromatid inversion in chromosome 1 with reversal of the segmen,
between bands 1g12 and 1g25.

see(4)(q23q33) Sister chromatid exchanges in chromosome 4 at bands 4425 and
4q33.

Chromosome Aberrations
Non-Banded Preparations

A chromosome (chr) aberration involves both chromatids of a single chromosome at the same

locus.

A chromosome gap (chrg) is a non-staining region (achromatic lesion) at the same locus
in both chromatids of a single chromosome in which there is minimal misalignment of the
chromatids. The term chromosome gap is synonymous with isolocus gap and isochromatid
gap.

A chromosome brefzk'- (chrb) is a discontinuity at the same locus in both chromatids of a
single chromosome, giving rise {0 an acentric fragment and an abnormal monocentric chro-
mosome. This fragment is therefore a particular type of acentric fragment (ace). and chrb
should be used only when the morphology indicates that the fragment is the result of a single
Zven{. The term chromosome break is synonymous with isolocus break and isochromatic

reak.

A chromosome exchange (chre) is the result of two or more chromosome lesions and the
subsequent relocation of both chromatids of a single chromosome to a new position on the
same or on another chromosome. It may be s ebiical ta s : ‘

R S ¥ D€ symmetrical (e.g., reciprocal translocation) of
asymmetrical (e.g.. dicentric formation). o =

- l;i:'.in_l_tie i anacentncf;agmem smaller than the width of a single chromatid. |
may be single or double. In the special situation when double minutes are present clonally it
mm_;?j cells, the symbol dmin is used; see Section 9.2.12

Pu pen'za&oﬂ(pu .indi'cales‘ TS . s Ay ." £La . :
mosome gaps an d'-brlakg wmchamam Where a cell contains both chromatid and/or chro-

: m be?;;mmed'mmys one or more chromosomes
?inmhfmmmﬁm of normal morphology: ¢-&-
e lemm chromothripsis (cth) describes complex pat

ISCN 2020




10.2.2

10.3

terns of alternating copy number changes (common)
bl Only

loss) along the length of a chromosome or ¢ch
these complex Fearrangements Lannot be visy
this symbol is used after micmnrr:w anulvs‘:i\ (see
Premature chromosome c'(mu’v.-f.s:r.frm;; {'pclcj Inc;;ur' 1 '
turely induced 1o enter mitosis. A PEC may involve *?(""v]m-rl fm i
S-phase nuclei undergoing pee often ileC;l Is ln. be ;;uI:-* f_” o
The term premature centromere division (ped) may h;lt:ftill
tion of centromeres in metaphase, The ped m ‘ e
tion of the cells.
A marker chromosome (mar) is 3 structur
can be identified (see Section 9.2.12),

alterngy
romosome segme
alized on b

mg disomy ang |
nt (Stephe
anded or non
Section 14.2.7,

1eterozypous
nset al., 201 1), As
-banded uhmn-m«;mnus.
rphase nueleys IS prema-
nucleus. The chromatin of

e seribe prematy e Separa-
dy altect one oy more L'hrﬂnmsnmcs in a frac-

ally rearranged chromosome in which no part

Banded Preparations

When banded preparations allow adequate identification of ch romosome segments or chro.-

mosome aberrations, the nomenclature system recommended throughout this book can be
used. When not, the observations can be described in words,

Scoring of Aberrations

In the scoring of aberrations, the main types are chtg, chtb, chte, chrg, chrb. ace. min, 1, dic,
tr, qr. der, and mar. and reports should, where possible, give the data under these headings.
It is recognized, however. that aberrations are frequently grouped to give adequate numbers
for statistical analysis or for some other reason. When this is done, it should be indicated
how the groupings relate to the aberrations listed above, e.g.:

chromatid aberrations chtg, chtb, chte
fragments ( = deletions) chrb, ace. min
asymmetric aberrations ace, dic. r

The data should not be presented as deduced breakages per cell but in such a manner that
it is possible to calculate the number of aberrations per cell.

—— — ' 427
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11141

Neoplasia

Described below are definitions of terms and recommendations related to abnormalities

commonly seen in neoplasia.

Clones and Clonal Evolution

Definition of a Clone

A clone is defined as a cell population derived from a single progenitor. It is common prac-
tice to infer a clonal origin when a number of cells have the same or closely related abnormal
chromosome complements. A clone is therefore not necessarily completely homogeneous
because subclones may have evolved during the development of the tumor. A clone must
have at least two cells with the same aberration if the aberration is a chromosome gain or a
structural rearrangement. If the abnormality is loss of a chromosome, the same loss must be
present in at least three cells to be accepted as clonal. The term may need to be operation-

ally defined because the criteria for acceptance will depend on, e.g.. the number of cells ex-
amined. the nature of the aberration involved, the type of Lll]ll.lf{.,. and the time cells spend
in virro prior to harvest. In the special situation when in situ preparations are analyzed. the
ame structural rearrangement or chromosomal gain must be present in at least two meta-
phase cells from either different primary culture slides, or from well-separated areas or dif-
ferent cell colonies on the same slide. Loss of a single chromosome must be detected in at
least three such cells. Howev er, two cells with identical losses of one or more chromosomes
and the.same chromosome gain or structural aberration(s) may be considered clonal and in-
¢luded in the nomenclature.

'!l

46.XY del(5)(ql3933).~7.+8[2]/46,XY[18]
46, XX.1(6:11)(q27:q23)[ 16]/45.X X, t(6:11)(q27:q23)[2)/46,X X[ 1]

The karyotype designations of different clones and subclones are separated by a slant line
(/). For order of clone presentation, see Sections 11.1.4 and 11.1.6.

‘ The general rule in tumor cytogenetics is that only the clonal chromosomal abnormalities
found in a tumor should be reported. If, for special reasons, nonclonal aberrations are pre-
sented. then these must be clearly separated from the clonal abnormalities and should not
be part of the description of the tumor karyotype. When the same abnormal clone has been

428 Reprint from: ISCN 202
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found in an initial and follow-up study

karyotype. €ven in a single e

11, it should be reported in the
46.XX1(9:22)(@34:q11.2)[1)/46,X X[ 19

Similarly, when a single abnormal cel] is confirmed by a diff;
iffere

thus shown to be clonal, it should be reported in the karyotyp nt method (e.g., FISH), and
= )

(see Section | 3.

46.XX.del(20)(q11.2913.3)[1)/46,XX[19].nuc ish(D20S 108 1){40/200}

whfse?izj;?ngl_t:;bnnrmalilies are seen in a single cell. but not proven t
anot ethod, they shou!d not be listed in the nomenclature b o ol rea o
s 1€ but, if appropriate, can be

&i;}e pu?ilbe;‘l'of cells that constitute a clone is given in square brackets [ ] after the karyotype
| __lgn .a; cel sare normgl, the pumber of cells is still specified. Cytogenetically related clone;
are written in order of increasing complexity. irrespective of the size of the clone.

‘A normal female karyotype identified in 20 metaphase cells.

46, XX,1(8:21)(q22;922)[23]
A clone with t(8:21) identified in 23 metaphase cells.

C 46.XX.1(9:22)(g345q11.2)[1 81/45.XX.der(7;9)(q10;q10)t(9;22).der(22)t(9:22)[2]
A clone with 46 chromosomes identified with a t(9;22) as the sole aberration in 18 cells. A subclone with 435
chromosomes was identified in 2 cells with the derivative chromosomes 9 from the 1(9:22) further involved

in a whole-arm translocation with chromosome 7.

4 =§,t(8_:;2-1_)(_(12-2;:122)[26]!47,XY,t(8;2l),+2 1[7]
. XY.1(8;21)(g22:q22)[26]/47 idem,+21[7]
Y.t(8:21)(q22;922)[26]/ 47.s1,+21[7]
o1 | 46 chromosomes identified with a t{8:21) as the sole aberration in 26 cells and a subclone with
omes with the 1(8;21) and trisomy 21 in 7 cells. Alternatively, the terms idem or sl may be used
describe subclones (see Section 11.1.4 for details); however, the terms idem and sl must never be inter-

when describing a single tumor sample.

Wline is the most frequent chromosome constitution of a tumor cell popul_atio_n. It
d does not necessarily indicate

2 - quantitative term to describe the largest clone, an

0st basic one in terms of progression. In some situations, when two or more clones are
ame size, a tumor may have more than one mainline. The terms idem and sl
sed to describe subclones (see Section | 1.1.4 for details).

429
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46.XX.1(9:22)(q34:q11.2)[31/47. XX +8,1(9:22)[17]
46.XX.1(9:22)(q34:q11.2)[3)/47.51.+8[17]
46.XX.1(9:22)(q34:q11.2)[31/47 idem.+8[17]

The clone with 47 chromosomes represents the mainline, although it has most probably evolveg from the
clone with 46 chromosomes.

46._)()(‘der[3)t(2:5](p33:q35][1U}fd?.XX,+2.dcr(2]l(2;5}[161
46 XX der(2)t(2:5)(p23:035)[10)/47 51, +2(16]
46.XX.der(2)t(2:5)(p23:q35)[10]/47.idem,+2[16]

The clone with 47 chromosomes fepresents the mainline. although it has most probably evolved from 1,
clone with 46 chromosomes.

11.1.4 Stemline, Sideline and Clonal Evolution

Cytogenetically related clones (subclones) are presented. as far as possible, in order of in-
creasing complexity, irrespective of the size of the clone. The stemline (sl) is the most basic
clone of a tumor cell population and is listed first. All additional deviating subclones are
termed sidelines (sdl). To describe the stemlines or sidelines. these symbols, or the term idem
(Latin = same). can be used. If more than one sideline 1s present, these may be referred to as
sdll, sdl2. and so on.

In tumors with subclones the term idem can be used, followed by the additional changes
in relation to the stemline. which is listed first. Note that idem always refers to the karyotype
listed first. This means that in tumors with multiple subclones each clonal change in addi-
tion to the first karyotype will have to be repeated. It also means that all plus and minus signs
only refer to changes in relation to the stemline karyotype. As an alternative, for more than
one sideline. sl and sdl could be used. Note that when two or more stemlines are present,
there may also exist two or more sdll. sdI2 and so on. which will reduce clarity. In such in-
stances idem is preferred.

46, XX 1(9:22)(q34:q1 1.2)[3)/47 s1.+8[17]/48.5d11.+9[3]/49.sdI2 +11[12]

46 XX .1(9:22)(g34:q11.2)[3)/47,idem.+8[17]/48.idem . +8.+9[31/49.idem .+ 8,+9.+ 1 1[12]
The clone with 46 chromosomes represents the stemline; the three subclones with 47, 48 and 49 chromo-
somes are sidelines. In the subclone with 47 chromosomes. the designation sl indicates the presence of the
abnormal chromosomes seen in the stemliine, 1e,, 1{9;22)(g34:q11.2) in addition to +8: this subclone is side-
line I (sdll). In the subclone with 48 chromosomes (sd12). the designation sdll indicates the presence of the
abnormal chromosomes seen in the first sideline. 1.e.. 1(9;:22)(q34:11.2),+8 in addition to +9. and so on. As
an alternative, in each subclone the translocation 9:22 is replaced by idem.

46,XX,1(8:21)(q22:q22)[12)/45 51, -X[19)/46,5d11,+8[5)/47.5d12.+9[8]
46,XX.1(8:21)(q22:922)[12)/45,idem~X[19]/46.idem.—X . +8[5]/47 idem,- X, +8.+9[8]
The clone with t(8:21) as the sole anomaly is the most basic one and hence represents the stemline: the oth-

e;' sub;:]o_nes are listed in order of increasing karyotvpic complexity of the aberrations acquired during clon-
al evolution. e

48,XX.1(12:16)(q13:p11.1)....[23]/49 51.+6[8]/50,5d1.+7 -8 .+9[4]
48, XX 1(12:16)(q13:p1 1.1).....[23)/49.idem . +6[8]/50,idem. +6.+7 8, +9[4]
The subclone with 49 chromosomes has all the abnormalities seen in the stemline plus an extra chromosome

6:_the su;x:lone with 50 chromosomes has all sdl abnormalities in addition to trisomv 7. monosomy 8, and
trisomy . Y *s .
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26.X.+4.+6.+2 l[3]/52,idem x2[13]

A near-haploid clone with two co i;- :

! 25 of chr :
somes is the stemline, Ap abnor Ree ol LP”“"‘“”"“‘-\ 4.6, ang 2].

=i e : mal subclon ST g and a single o -
plication), is also identified. & & doubling of (he Near-haploig ]L?il;n"c;?; ULF all other ehromg.
€ lhkely dye 1o endored
) %

46.XY.1(9:22)(g34:q1 L.2)[31/92.51%2[5)/93 54 +8[2]
46,XYJ(9423}(Q34?QI ].2][3]/92,idcmx2[5]-/91 id.ch
The clone with the t(9:22) is the stemline. Twa uddil-i;;naf
product or tetraploid subclone of the stemline (s1) ang an
some 8. As an alternative, idem may be used, byt aj| subc

mx2 +8[2]

abnorma] subtlones
car-tetraploid (sdjy o
lones refer back to t]

are identified, onea doubling
ubclone with gain of chromo-
1€ stemline,

46.XY.1(9;22)(q34:q1 1.2)[3]/47 s1,+8[ 1 0]/48.sdl,+der(22)1(9:2>
46,XY,t(9;22)(q34:q1 1.2)[3]x47.idem.+8[1o]f4s,idem.'+3.+dcr(

Tha cvlone with lhp 1(9:22) as the sole abnormality is the stemline. Three
identified, one with a trisomy 8 from the stemline (sh)
tive chromosome 22 in the previous clone or sideline (

J4)/47,51,+19[3]
22]1_(9;22}[4];47"1dem.+19[3]
additional abngrmal subclones are
(now termed sdl), one that has an additional deriva-
sdl), and one with trisomy 19 of the stemline.

45,XY,-7[5]f46,$l,+8[6]/46,XY.t(9;22)[q34;ql I.2}[3}’92.512*2[5]!93.51?.><2,+8{2]

45,XY.r-?[5]/46,idem.+8[6}/46.XY,t(9;22)(q34;q 11 .2}[3]!92.XXYY,1(9;22)}< 2[5]/93, XXYY.

1(9:22)x2,+8[2]
In tumors with unrelated clones, there may be clonal evolution arising from each unrelated clone. In this
instance. the first stemline shows monosomy 7 and is designated sl in the subclone showing trisomy 8. The
second stemline shows 1(9:22) and is designated s12 in the subclone showing tetraploidy. Further clonal evo-
lution is found in a sideline showing gain of chromosome 8, but to avoid confusion between sidelines of 511
and si2. the use of the term sdl is avoided when referring to a second stemline. The alternative use of idem
15 listed below for comparison.

48 XX 1(12:16)(q13:p11.1),+17,+20[31]/96 51x2[6]
48 XX 1(12:16)(q13:p11.1),+17.+20[31]/96,idemx2[6]

The subclone with 96 chromosomes represents a doubling product of the stemline with 48 chromosomes,

: . : 27)/97.51x2,+8[3]
48.XX,1(12;16)(q13;p11.1),+17.+20[27]/97 sIx2,+
48 XY 1(12:16)(q13:p11.1),+17,+20[27]/97 idemx2.+8[3]

The subclone with 97 chromosomes represents a doubling product of the hyperdiploid stemline and also has
subc W roduct : S
an extra chromosome 8. i.e.. there are five chromosomes 8 in this near tetraploid subclone.

i ' 2.inv(3)(g21g27).1(3;6)(p25:921)[19]
48.XX,1(12;16)(q13;p11.1),+17.+20[7)/96.s1x .:1]2\1(i n)\%}( 32 e

= : . +20[7]/96,1demx A el as in additian
4..3=XX,t_(} 2‘, 1 6)('q 3ipl L ?; is 4 [do]ubiing product of the hyperdiploid stem! me‘alruli -};-;:-:1:::;\:01'!18-‘5 -
Thc m{a;;t]mg w::hl o cgr:;gfg)soinle 1]here are two normal chromosomes 3 and three normate :
an inv(3) and a balance 16), 1.€.,

1in this near tetraploid subclone.

21[32]/49.s1,+6[17]
48.XX,1(12:16)(q13;p1 1.1).1(14;19)(@23;p li)ji:;‘_igjgg‘:;:%32%!49,idcm.+6[117] e
I X ¥ * a v 4w Ly = i . an extra chromosome
483'( ,tglg..;16)(%l43g;phl 1.1):_:}(n1l :; .',fffﬂ%f;ﬁin O)rm”m e stemline plus an extse
~the subclone wit chromos ;

g
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11.1.5

S3XY +1+12.+14.1(14: 18)(932:921),+15,+16.+1 8.+20[21)/5 3.sLdel(7)(q21)[9)
S3XY . #1.+12.+] 4.1(14: 18)(q32:q21).+1 5,4+16,+18,+20[21 ]fSS.idcm,del(?J(qE 1)[9]

The sideline has a deletion of the long arm of chromosome 7 in addition to the abnormalities Seen in e
stemline,

JS,XY.t(l:(\){pﬁ-lzqil).d[l3]!49.si.+3.+dcl{7){ql 1.2),+8,49[22]

45.XY. (1 10)(p34:922).-3[1 3]/4‘),id-:m.+3.+de!{?]I{qI 1.2).+8,+9[22]
Fhere are four additional changes in the subclone with 49 chromosomes in relation to the stemline, Nope,
however, that the stemline has monosomy 3 whereas the sideline has two normal chromosomes 3, j¢._ +3in
this situation does not denote that the clone has trisomy 3,

4?..-\')(.im‘(6)(p3 1g25).+12[1 ?]fSO.sl.~i11\-'(f:}.+7,+8,+9,+mur[I 1]

4?.Xx.in\'(6}{pl 1q2 5}.+I-3[]?]Xa’()_.idenn—in\-'(t‘n},+7',+8.+LJT.+I11"-’!F[l 1]
The inv(6) present in the stemline has not been found in the sideline with 50 ¢hromosomes. The breakpoints
in the inv(6) need not be repeated. Note that there is monosomy 6 in the sideline, If the sideline was disomie
for chromosome 6 then it would be written:
5.Uislﬁ.f\.—in\‘(m,+?.+8.+9.+m;|r| H]or 50.idem +6,~inv(6).47,+8 49 +marf | 1].

Composite Karyotype

In many instances. especially in solid tumors, there is great karyotypic heterogeneity within
the tumor, but different cells nevertheless share some cytogenetic characteristics. Every effort
should be made to describe the subclones so that clonal evolution is made evident. However,
in some instances, a composite karyotype (cp) will have to be created. The composite karyo-
type contains all clonally occurring abnormalities and should also give the range of chromo-
some numbers in the metaphase cells containing the clonal abnormalities. The total number
of cells in which the clonal changes were observed is given in square brackets after the karyo-
Lype, preceded by the symbol] cp. The term cp should not be used to describe random loss:
in an otherwise normal result, random losses or gains should be interpreted as consistent
with technical artifact and should not be included in nomenclature, This is distinet from
composite karyotype where clonal changes are identified in the context of nonclonal abnor-
malities,

47~355,XX,del(3)(pl 2}.+i(6){p10].dc1(7_](q1 1.2)+8,dup(l 1)(q1 3q25).+16,+1 7.der(18)t(18:20)
(g23:q1 I.I].+21,+21.+32[cp24]
Each of the abnormalities in this example has been seen in at least two cells, but there may be no cell with
all abnormalitics, The fact that it is a composite karyotype is obvious from the symbol ¢p and also because
the chromosome number is given as a range,

It is not apparent from a composite karyotype how many cells have each abnormality. This

information may be expressed by providing the number of cells in square brackets after each
abnormality.

45~48,IXX.del{_3)(pl ?.)[2],—5[4],+8[2]. +11[3][cp7]
In this COI_“_DOS{tC karyotype, constructed on the basis of a total of seven cells, each with at least one of the
abnormalities listed, two cells had a terminal deletion of the short arm of chromosome 3 with a breakpoint

in 3p12, four cells had monosomy 5. two cells had trisomy 8, and three cells had trisomy 11. Some cells had
more than one of these abnormalities,

s
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a4 composite kar

48. XX, +7.49

48 XX.+7.+11
48 XX, +9,+11
48 XX . +9 413
48 XX, +13,+21

then the composite karyotype will be

48 XX, +74+9.+11.+13[cp5]
The chromoesome number in each of the tiv
the chromosome number of the composite k
a chromosome number of 50. No cell with 3

e ¢ells containing 4 clonal abnorm
aryotype, although the sum tot:
0 chromosomes was observed.

ality is 48, which is given as
il of all clonal changes indicates

Note also that a composite karyotype may contain such seemingly paradoxical abnormalities
as loss and gain of the same chromosome. For exan ple, if the following six cells are karyo-
typed

45 XX ~15.del(17)(gl1.1)

46 XX.+7.~15.del(17)(ql1.1)
46, XX, +12.-15

47 XX . +7

47 XX +15,del(17)(q11.1)

48 XX, +12,+15

then the composite karyotype will be

45~48 XX +7,+12,+15,-15.del(17)(q1 1.1)[cp6]

Trisomy 15 and monosomy 15 are both clonal changes, present in two and three cells, respectively.

42 XX ~2,-16,-21,-22
44.XX,~1,-7,+8,~11
44 XX ~7+8 ~12,~13
43.XX 718,20
46,XX,~7,+8

Composite karyotype:

43~46, XX -7, +8[cp4] P b o
Note that the cell with 42 chromosomes is not included because the abnormalities seen are due to r2
loss and are not part of the clone,

ILXY +1,-7,+8,1(9;22)(q34:q11.2),+11,+13.+19,+der(22)t(9:22)
'5I.XY,H,+5,-?.+8.t(9;22)(q34;q1 1.2),+11,+19,+der(22)1(9;22)
SI,XY,H,+5,-7.+3,1(9;22)(q34;q| 1.2),+13,419,+der(22)t(9;22)
52;XY.+1.+5.—?,+s,t(.g;zz-)(q34;q1 1.2),+11,+13,+19, +der(22)1(9:22)
46,XY .1(9:22)(q34:q11.2)[5]

e
Neoplasia

T 433
Reprint from: _ ) 39‘
Cytogenet Genome Res 2020:160:341-503 5
DO 10.11539/0005 10090







113

Near-haploidy (23%) <34

Near-pentaploidy (115+)

Hypohaploidy <23 104-

H peihaploidy 24-34 Sl 0cA1s

R ¥ - lyperpentaploidy

Near-diploidy (46%) 35-57 Near-hexaploidy (138+ e
Hypodiploidy 35-45 kel be7okd9
]—]}';“n:l'd[p|mt1}" 47-57 Hyperhexaploidy : ;:" o

Near—-lripllﬂ‘ld.\' .[691) 58-80 Near-heptaploidy (161+) li)—lﬁ‘}
!l}'pomplmqy SS—:‘:R ”Yl‘u‘:hcr:lapfmdy 2 ::;l{l—l?:
Hypertriploidy 70-80 }.15-pf1,|,cnwmui{'|v ]'(n:_m[,:

Near-tetraploidy I(‘”i‘l 81-103 Near-octaploidy (1 84.+'J |,":"‘;_‘l .
]‘i'\'pdli:ll'ﬂ])]-(\ﬂd}’ 81-91 Hypooctaploidy - 1-;‘7,_1;;5“
Hypertetraploidy 93-103 Hyperoctaploidy 1 3?;] n;;

Ploidy levels are recommended but exceptions may be made if biologically significant.

31{3n;~,xxx.+x.+x,+x1+x,+x.+ 1 414343, +14,+14,+14,-15,+21

A tumor in a female shows §1 chromosomes but is reported relative to triploid since most chromosorties are

trisomic and this is biologically significant for the disease in question, although the count is in the near-
tetraploid range.

Pseudodiploid, pseudotriploid, etc.. are used to describe a karyotype, which has the num-
ber of chromosomes equal to a multiple of the haploid number (euploid) but is abnormal
hecause of the presence of acquired numerical and/or structural aberrations. All chromosome
numbers deviating from euploidy are aneuploid.

The description of sex chromosome abnormalities poses a special problem in male tumors
with uneven ploidy levels (haploid, triploid, pentaploid, etc.) because the expected sex chro-
mosome constitution cannot be deduced. For example, the sex chromosome constitution of
a triploid tumor might theoretically be X XY or XYY. By convention, in males all sex chro-
mosome deviations should be expressed in relation to X in haploid tumors, to XXY in trip-
loid tumors, to XXXYY in pentaploid tumors, and so on:

68<3n>,XY,-X[10]

A tumor in a male shows triploidy with loss of a sex chromosome,

Constitutional Karyotype

The same clonality criteria (see Section {1.1.1) apply to cells containing the constitutional
karyotype as to cells containing acquired chromosome abnormalities. A normal diploid
clone, when present, is always listed last.

A constitutional anomaly is indicated by the letter ¢ after the abnormality design ation. In
the description of the karyotype, the constitutional anomaly is listed in chromosome number

order (see Chapter 6). A clone with only a constitutional anomaly is, as the normal diploid
clone, always listed last.

47,XXY<c[5)/46,XY[15] or 47,XY,+X[5)/46,XY[15]

Tumor cells in a male with either constitutional mosaicism for an extra X chromosome, or acquired gain of
one X chromosome,
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12

12.1

Meiotic Chromosomes

During late prophase-first metaphase, the bivalents may be grouped by size, and bivalent 9
can sometimes be distinguished by its secondary constriction. At these stages, the Q-and C-
staining methods are particularly informative. The autosomal bivalents generally show the
same Q-band patterns as somatic chromosomes. The C-staining method rcw::als the centro-
mere position, thus allowing identification of the bivalents in accordance with the conven-
tionally stained somatic chromosomes. There are, however, minor differences in the C-band
patterns between the bivalents and mitotic chromosomes.

When the Q- and C-staining methods are used consecutively, further distinction of the
bivalents is possible. Measurements of the relative length of orcein-stained bivalents, pre-
viously identified by these special techniques, are in good agreement with corresponding
mitotic measurements. Chiasma frequencies have been determined for individual biva-
lents.

The Y chromosome can be identified at all meiotic stages by the intense fluorescence of
its long arm. Both the Q- and C-staining methods have revealed that the short arm of the Y
is associated with the short arm of the X in the first meiotic metaphase.

Terminology

The symbols PI, MI, AI, MII, and AII are used to indicate the stage of meiosis. namely,
prophase of the first division, first metaphase (including diakinesis), first anaphase second
metaphase, and second anaphase. This is followed by the total cou,m of separ;m} ;‘};mmo-
somal elements. The sex chromosomes are then indicated by XY or XX when associated and
as XY whfen scpz!rate. Any additional, missing, or abnormal element follows, with that ele-
ment specified within parentheses and preceded by the Roman numeral I Ii 111 m‘tl\' to

;nd;c:te 1}1‘ it 115 a uni;:a{enz: bivq[_em. trivalent, or quadrivalent. respectively. The absence of
particular element is mfi_nc;lted by a minus (<) sign. The plus (+) sign is used in first meta-
phase only when the additional chromosome :

: : 15 not included i ivale e chromo-
somes involved in a rearrangement are listed num. n a multivalent. The chromc

by a semicolon (3). erically within parentheses and separated
A more detailed description, for i . :

arrangement may be i“:‘]l?ltﬂllzg‘:voi:ﬁ?;t;z::;ﬁf the chromosomal segments involved in a re-

which this meiotic notation has been design S using the standard nomenclature, with

bols fem and mal is recommended for jé"maid;:: dconf?m. When necessary, use of the sym-
3 male, respectively, a : . . de-
- Y, and when a more d¢
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qailed description of diffe
pols may be used:

spm Spermatogonial metaphqge
aom Oogonial metaphase

lep Leptotene

g Zygotene

pac Pachytene

dip Diplotene

dit  Dictyotene

dia  Diakinesis

COL premeo 1€ and me

it Stae
Afees

= Fl:fill.','_f:g! ha ¢

The symbol xma is suggested for chiasmat gy, -

be designated by placing this symbo|. |;,1|;,.N".Jri ,:l:“': s

in parentheses, €.£., (xma=52). In the case ”‘L- o

a single digit should be preceded by 4 zero .o (3 o Wil
The number of chiasmata in 2 bivalent ( r'b“ x-”.m:%}'

B it co. (xmo-d), T multivalent or their arms m
L_ncalion of c{hiasmalu can be indicated by the stand:

mgnt({d by prx for proximal, med for medial dis ’“‘]_‘i;:_:f;f:d‘efrrn Sy,

or reglon number can be used when such precise irJZr:;rr-:I-iij; mj-,.d,‘?r bl

” Chromosomes participating in a bivalent or [f]l]:l[i'.‘.’-_:}:r;t mrl . d 5%

after the Roman numeral that describes the bivalent -‘Ilhr rd'."« D—-

ete.). If the number of chiasmata within the muili'.-'aicnjr : Pl;v :-;r}-r

parentheses in consecutive order, i.e.. the number of Lﬂau"iu:{‘ :

chromosome is given first, between the second and the third xu :

4l number of ¢ Hisdsmats :

% t &asTata in
an equal sign (=)and a I
4 meiotic ¢ e

tWes-¢

N parentineses

ent (1L IV,

indicates the number of chiasmata between the last and first ;::r;r.'J_rﬁ_:]
chiasmata in non-interstitial and interstitial segments can be specifi
should be represented by a plus (+) sign. The number of r_-hjg,_:!n—-,;d-,_a -
segment i written first, e.g.. (xma=2+1), indicating two chiasmata in
‘one in the interstitial segment, It is assumed that a careful description
type of the subject will be given scparately.

1211 Examples of Meiotic Nomenclature

MI,23,XY
i A primary spermatocyte at diakinesis or metaph
« Mgk

ase | with 23-elements, Incil

ot iakinesi 450 | with 24 €l ate including X-and Y univalents.
‘A primary spermatocyte at diakinesis or metaphase | with 24 clements, inCiucin

MI23XY, 1)
A primary spermatocyte with 2
resented by a trivalent.

: L
1 elements from a male % ith trisomy 21,

:Y’+I(2 b 31. The extra Chiomosome 2l ise=pr
ary spermatocyte wi
by a univalent.

| ale wi trisomy
th 24 elements from 4 male with trisom}

020:1 f!U'.:\*“—f‘U;

Reprint from:
Cviogenet Genamc'Ru 2
DOL: 10.1159/000510090




R A T R ——

MI1.22.XY,1H(13q14q) or(13:14)(q10:910) heterozygote. The transloe

A primary spermatocyte with
MOSMTNE 18 I'rpl'uscnlctl by @ (rivalent.

32 elements from a d 40N ch,

nts, including an XY hivalcf‘n, The total number
and Y chromosomes being counted as one chigg

MI1.23.XY,(xma=52) :
Spermatocyte in first metaphase with
association betwe

Uh'-’.-l_-..
ma.

23 eleme

mata in the cell is 52, the en the X

fem dia 11(2.2)(xma=4)

Oocyle in diakinesis in which bivalent 2 has four chiasmata.

fem dia.lI(.”Z.2)(&111a1=4)(p=2,q=2)
Female diakinesis in which bivalent
(xma=4)(p=2.q=2) indicates that the
precise lacation of the chiasmata could then
tively, il the chiasmata have been localized to
(xma=4)(pter,pl.q2.qter).

ata. The positions of the chiasmata are known, Ty,

the short arm and two on the long arm, 3-1[:.".
by (xma=4) (pter.pprx.amed.qdis). .-\ltcrﬁat
these could be indicated, eg,

2 has [our chiasm
re are two chiasmata on
be indicated, €&
specific regions,

mal MIIII(14,14g21q,21)(xma=3)
Male first metaphase with a trivalent composed of one chromosome 14, one 14q2 1¢q Robertsonian translo.
¢cation chromosome, and one chromosome 21. There are three chiasmata, the positions of which have not

been specificd.

MI1.23.X.Y.ITI(13,13q14q.14)(xma=2, 1).(xma=51)

Spermatocyte in first metaphase with 23 clements. univalent X and Y chromosomes, and one trivalent com-
posed of one chromosome 13, one 13q14q Robertsonian translocation chromosome, and one chromosome
14, There are two chiasmata between the normal chromosome 13 and the 13g14q translocation chromosome
and one chiasma between the translocation chromosome and the normal chromosome 14. Altogether. there

are 51 chiasmata in the cell.

fem dia.lV(2,der(2),5,der(5))(xma=2+!,],l+0‘1)
Ooeyte in diakinesis with a quadrivalent composed of two normal chromosomes and two derivative chro-
mosomes of chromosomes 2 and 3. respectively. There are three chiasmata between chromo 'otmc-; 2 and
der(2), of which two are in the non-interstitial segment and one is in the interstitial s-‘. ment b11 3 4-'1: n
there is one chiasma between der(2) and chromosome 5, one in the nnn-imersti;hl ar.d'“ﬁl B‘ X Ih a{ m'l'L 'I'.
tial segment between chromosome 5 and der(5), and finally one between der(5) a‘d 1 o l - lql-ml]’,:“
chiasma indicates that the quadrivalent has a ring shape. B iosoome 2. The b

Mlézf.?l(.,lY,lIl(2_,51e1‘(2),5)(xma§4),l(der{5)),(xma=5 1)
;nr:dr::n':: {a):iﬁﬁilci:lgl‘sxz:;\?;?g:tas:?ﬁ::‘lh-2:1](:!em:e“t&‘-, including univalent X and Y chromosomes, one trivale:
as well as one normal chromu‘ 5md ent is composed of one normal and one derivative chromosome
2 some 5. This trivalent has a total of four chiasmata, the positions of which

not known. One univalent is composed « :
: 1posed of one d i
thecellis 51, e derivative chromosome 5. The total number of chiasmatd

MIIL,22. X ,~16,+16¢ht,+16¢cht

Oocyte at second meioti ¢
10lic met Y ok
aphase in which chromosome 16 is absent, but is represented by its two sing

chromatids,
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2 Correlation between Meiotic chromosomes and v
12.1.

----Illlllllll'

totic Banding Patterns
Meiotic chromosomes from Pachytene

mere patterns without any pretreatmen
‘somatic chromosomcs. SUggesting that
malian chromosome, Jygq asin the

spcr:_muucylus have been shown Lo exhibit chromg-
L. which Correspong 'iicrns;;~de1rk bands of
both Tepresent 4 hac: - i re of the mam.

€ase of somatic ch bands, the umber of chyg.
omeres that can be fecognized is 4 function of the 5 :
m

. The chrnmmncrc
atterns of human 00Cyte pachytene chrumnsom::s are app; imilar {g those of sper-
fnamcwe chromosomes, although

the former exhibit Je

nlog;;: 10 is an idiogram of the : _ ;
ing the nomenclatyre of the Somatic chlrornumm‘u banding pattern : :

emplo)" nomenclature because this stage of Contraction corresponds approximately (o
ba.nd . e of spermatocyte meiosis. The ch romomeres gare given the numbers of Giem-
m’d-p?c'hwsn;ds and inler—c'hromomere Iegions are given the numbers of Giemsa-negative
sa-pc?:lt}:&vsepe?:ial feature of human Pachytene chromosomes js the D oence of a particulate
bands.

uff-like structure located at the heterochromatic region (9q12). The structure is transient
or puff- )
and is limited to the pachytene Slage.

22 dutosomal bivale

S using the 85(.
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Fig. 10. Chromomere idiogram of the 22 autosomal bivalents

the 850-band stage ol somatic chromosomes (ISCN 1981), Chromomere numbers are equivalent 10 those o
Giemsa-positive bands of somatic chromosomes and inter-chromomere region numbers are equivalent ©© this:
of Giemsa-negative bands of somatic chromosomes, Individual bivalent idiograms compared with photome™”

graphs of bivalents (two Giemsa-stained and one quinaerine-stained). Lines between idiograms and pi
crographs connect ccnlmmurgs and chromomeres that correspond to landmark bands of somatic ghromos?=
(Method of Janwar et al,, 1982; courtesy of Drs. RS K. Chaganti and § (‘. Ih”n‘n ll} |

K, A€ Thanwar).
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Fig. 10. continued (see legend on p 442)
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13.1

In situ Hybridization

Introduction

! - i N (1988) 3vichicta s
Major advances in human cytogenomics since the publication of ISCN (1985) include

development and implementation of a variety of non-isotopic r"f-’."-':':'f hybridization
Mquces to detect (Lichter et al., 1990; Trask, 1991), and in some instances quantify (Kal-
lioniemi et al.. 1992), specific DNA sequences and to locate them to specific chromosoma
sites. The ever-increasing availability of a number of sequence-specific DNA probes,

amplification by the polymerase chain reaction, and the availability of fluorochrome-tagged
reporter molecules that are bound to DNA probes. have all contributed to bridging the £ap
between the microscope and the molecule.

Techniques utilizing fluorescence i situ hybridization (FISH) allow the use of a number
of fluorochromes so that the locations of different and differently tagged probes. and the
relative positions of their binding sites, may be visualized microscopically on a single chr
mosome segment or DNA/chromatin fiber (Wiegant et al., 1993). In addition. the use
composite probes, coupled with suppressive hvbridization (Landegent et al., 1987). en
whole chromosomes. or chromosome segments, to be specifically “painted” and uniquely
visualized (Lichter et al., 1988: Pinkel et al.. 1988: Guan et al., 1994). FISH banding meth-
ods are available and reviewed in Liehr et al. (2006). These developments have also enabled
the cytogeneticist to detect the presence of specific DNA sequences in interphase nuclei anc
to visualize their distribution (Cremer et al.. 1986). FISH applied to free. linearly extended
chromatin fibers or naked DNA strands has increased the resolution of FISH interphase
mapping to <1 kb (Wiegant et al., 1992: Parra and Windle, 1993). .

FISH techniques have provided the C¥togeneticist with an increased ability to identify
chromosome segments, to correlate chromosome structures with gene locations, to reveal
cryptic abnormalities that are undetectable using standard banding techniques, and to ana-
lyze and describe complex rearrangements.

By convention, fusion genes decribed in text are indicated by use of a hy phen (e.g.. BCR
ABL1) while FISH probe cocktails are described using slashes (e.g, BCR/ABL).

Where multiple rc_chniqu_cs are used, the karyotype is listed ﬁ;sl. followed by FISH. tol-
lowed by rcsuirls uhl:jmml w‘nrh other techniques, each Separated by a period (.). Alternative-
ly, results obtained using different techniques may be presented on separate lines withou
periods.

446 Reprint from: Sl g =
. - ! 3
106 Cytogenet Genome Res 2020, 160:34] - 303 ISCN 2020
DOL: 10:1159/0005 10090




R )

32 Prophase/Metaphase in situ Hypyigy,y. (ish)

Ifa standﬂft;Cl lc?'t;:genetlc Ubﬁcr\-'atic_:'n has been mg e, it may b g;

(). the symbo ish. a space, apd the ish results, If 4 Standg (j“_\ 3C given followed b
peen made, the ish observations only are gjven, 1 Ytogenetic Obsery
- 'If F'S}-{hﬁ?hz{. clar;tles the karyot}-'pc and, in p, ‘
'Z_eﬁ w‘gno:‘“a;ﬁ& _l‘lfz kar_yol}’pe May be re-written to reflect ti(:ixn“m?a_l'[?' can be visual-
Ifthea normality is cryptic and cannot be Visualized by bandine new FISH information.
not be listed in the banded kar}'olypc_ nding, the ahnc:rma]il}- should
The locus designations (In capital letters by poy in italics) are

the status of each locuys is given immediate]y after the Joc AT Separated by commas ;
« When available, the clone name is preferred
If the clone name is not available, the
Ensembl Genome Browsers (v

used in order as they would appedr on the chromosome being described from pter to gter

¥ 4 period
ation has not

et rospect, the

menclature (www.h ugo-imemational.orgf),

» Atthough gene acronyms are usually italicized, they should not be italicized in the nomenclature.

e the o At the_ discretion of the mvestigator or laboratory director the probe name, clone name,
ech- accession number, gene name, or D-number can be used.
Kal- . When contig p}‘ob&s are used eaFll locus may be listed, Separated by single slant lines (/) or a
mal single designation may be used 0 the nomenclature and the composition is described in the
heir report.
oed * The band designation for the locus should be based on the current UCSC Genome Browser
gap * Observations on structurally abnormal chromosomes are expressed by the symbol ish. fol-
lowed by a space and then the symbol for the structural abnormality (whether seen by
ber standard techniques and ish or only by ish), followed in separate parentheses by the
the chromosome(s), the breakpoint(s), and the locus or loci for which probes were used. Pres-
TO- ence (+) or absence (=) is indicated within the same parentheses as the locus designation.
of When the number of signals on an abnormal chromosome can be counted, this may be
les indicated by multiple “+” symbols. When FISH results are used to clarify or extend the
ely breakpoints identified in banded chromosomes, these are presented in the ish description.
th- * Observations on normal chromosomes are expressed by the symbol ish followed by a space
ed and the chromosome, region, band, or sub-band designation of the locus or loci tested (not
nd in parentheses), followed in parentheses by the locus (loci) tested, a multiplication sign ()
ed :
and the number of signals seen. _ . :
Se * The breakpoints need not be given in the FISH nomenclature unless it clarifies or extends
; the breakpoints given in the G-banded nomenclature.
Y
al
A=
Normal Signal Pattern
Q’ - = d s
: . o] % : * son e was performed and no evidence
4_6,Xx.lsh X(DXZ]._X_,_SRY 0) for the X centromere and li‘n SR} gene W il‘-Ii)[ % aopropriateto ndicate
2 A normal female. FISH with probes for the A cei whether SRY is present or nol, itis
- OF SRY was found. Where the clinical question is
>~ the status in the nomenclature.
18

| S)ydmat] was tested by ish using probes for

pies of both probes.

46.XY.i .3(D4F26,D4596)x2 6
A t:::r:rsngl ililleﬁ[jg(., father of a child with der(4)i(4:11(p

ST ated co
loci D4F26 and D4896, There were two apnroprmlcly loc

R —
e Reprint from: Res 2020; 160:341—503 107
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13.2.2

| ’ 3 copies) as de Fo
46, XY.ish 1 7pl1.2(RAI1x2) 17 is present in the normil copy number (two copies) as determiney by,
The RALI locus on chromosome 1718 Prese
with a locus-specific probe.

/D21§341/D215342x%2)

and the Down syndrome critical region on Chrom
' g) as determined by ish with a oy 2

21921 .3(0215259
hromosome 17 ek
copy number (1wo copie

46,XX.ish | 7p11.2(RAI1x2),
A normal female, The RAZ locus on ¢
some 21 are both present in the normal ‘
ic probe. All loci of the contig probe are listed.

"SSP

.XY.. 22 .2 DZES?sz . 4 using a probe i 5 .
0 Con \*;:Ennaﬂ:lvllugc(nctic amlls'sis)shuw'-‘d anormal male kary Utfpc;nni::;[l]{asc cl?ro?nos:r:l:hf;'lrt).lfmm'u"
syndrome region (D22575) showed a normal hybridization pattern Fe HHEConL o)

probe is not given.

Abnormal Signal Patterns with Single Probes

In these FISH examples cither the clinically relevant pmbﬂ. or the .iniormauve COH‘t'rol probe
has an abnormal signal pattern. The control probe is not given if it has a normal signal pa;.

tern.

46,XX.ish der(X)t(X:Y)(p22.3;p11.3)(SRY+)

A presumed unbalanced translocation between the X and Y short arms resulting in a derivative X contaiy.
ing SRY at Xp22.3.

46.XX.ins(2)(p13g21g31).ish ins(2)(wep2+)

A direct insertion of the long-arm segment 2q21g31 into the short arm at band 2pl3 was confirmed as de-
rived from chromosome 2 by ish using whole chromosome paint 2.

46,XY.ins(5;2)(p14;932q22).ish ins(5;2)(wep2+)

An inverted insertion of a chromosome 2 segment into the short arm of chromosome S was confirmed as
derived from chromosome 2 using whole chromosome paint 2.

46,XX,1(2:17)(q32:q24)[20L.ish ¢(2;17)(AC005181+;AC005181+)[20]

Transloc‘atio’n disrupts the region corresponding to BAC clone AC0051 81,at 17q24, resulting in a signal on
both derivative chromosomes. Cell numbers are given as this is an oncology sarﬁp]c g

46,XX.ish del(7)(q11.23q11.23)(ELN-)
A female with a normal karyotype by cytogenetic analysis ha i lonti ALy
region of chromosome 7 identified by ish with an elasiifl gene ?;L%c;?ggiﬂ!on e

47,XY,+mar.ish der(8)(D8Z1+)
An extra marker chromosome identified by i e S5
satellite probe. by ish to be derived from chromosome § using an 8-specific alpha-

46,%(1‘1”&5_11 dup.(l"?-)(pl 1.2pl L.2)(RAIL ++)

ere i ' :

mosonilzg.n'lelt-:::: lig l: !g‘;t;?ge‘::llifnl(t)g:shc::nc;rﬂ{;r;f:t;}l::g;z is duplicated as detected by ish on metaphase chr”
- L vmosome 17, not indicated in'the ka 'pe

3 ¢ : i r)JUt}pL.
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46,XX[20]-.ish inv(21)(q11.2922.1)(q1
A ¢ryptic inversion f“ the sepment 21ql1.2 “:
jocus. Note that the inversion breakpoints are 1-
ent.

JRUNX |-
EIQEE,I Wi F){(‘IEE'I}
N Separ,

15 identifip i]{ UNX 1-)[5]
; A by ish using - .
4le parentheses 1o m“Q::‘;:SE]-._;'SF'I”‘”‘C fOF the RUNX

1 information 2 ppar-

46.XX.ish del(22)(q11.2q1 1.2)(D22875-)
A female with a normal karyotype by cytogenetic

5 analvsic hae
tegion (DGCR) on chromosome 22 ide alysis hag 4 del

ntified by ish Using a prohe €O in the DiGeorg

. ¢ syndrome eritics
for loeys D22§75 yndrome critical

ish del(22)(q11.2q1 1.2_)(D22S?5—}
Conventional cytogenetic analysis was not performed byt

i I R e a deletion ¢ P
identified by ish using a probe for locus D22§75, eletion in the DGCR on chromosome 22 was

ish del(22)(q11.2q1 1.2)(D22875-),del(22)(q1 1.2q11.2)(D22575
Conventional cytogenetic analysis was not performed by 3 deletion in th >—D)(' R
was identified by ish using a probe for locus D22875, € DGCR in both chromosomes 22

ish del(22)(q13.3q13.3)(ARSA-)

Conventional cytogenetic analysis was not perfc : i i
T 5 . WS ormed but an interstitial delet; o e g
by ish using a probe to the ARSA locus. ttial deletion of distal 22q was identified

Abnormal Signal Patterns with Multiple Probes

46,X.1(X).ish 1:(X)(p22-..3q21}(KAL+.DXZI+,XIST+.DXZ4—)
A ring X was further defined by ish as containing the short arm marker K47 /. the X alpha-satellite DXZ1
and the XIST gene on the long arm. It does not include DXZ4 at Xq24.

46. X, +r.ish r(X)(p21g21)(wepX+,DXZ1+)
A ring chromosome was identified by ish as a derivative X chromosome using whole chromosome paint X
and X alpha-satellite probe DXZ1.

46 XX.1sh X(DXZ1x2).der(7)q3?7)(SRY+) . :
FISH with probes for the X centromere and the SRY gene was performed, and the SRY gene was found to
be located in one of the chromosomes 7, in band g3, sub-band not known.

46,X,2i(Y)(p10).ish idic(Y)(ql 1)(DYZ3+.DYZ1-DYZ3+)

A presumed isochromosome for the short arm of Y was shown by 1sh to have two centromeres and no het-
erochromatin,

Gz OO LT DR
A ! e somes 2 and 17. The breakpc as been located be
A translocation between the long arms of chromosomes = anc e Ch i e

stame S950M22 ¢ TD-311518 on chromosame ; S 24
E]?,-(,C,,:(I,ZE;.IEl':]alnzagmtql;:}c]i\dcz‘? being retained on chromosome 1 7. Cell numbers are given for an oncol

Ogy sample.

il - 8+ . WHS+,
46,XX.add(4)(p16.3).ish dup(4)(p16.3p15.2)(wep4+RPLI-1076P
RP11-1076P8+ WHS+) . 1

A chromosome 4 has extra material ﬂ“m-.hm { region of
extra chromatin was identified as a u.IupI.c;-t“,'L.l “qﬂ: iica
FISH and G-banding to be 4pl6.3 to 4p15.2. Thee lp\ for Wolf-Hi
covered by the RP11-1076P8 BAC probe =l"d. . _[“;“.T"i‘,-l-i\-cri accordn
tation relative to 4pter. Note that the order oi_pl‘n wLn\ t‘ht FISH nome
riVﬂliVB chromosome. The bl‘cilkpll)il‘ll}i are given |

relative to those obtained by banding,

tilizing @ whole chromosonte paint _-l, th“
determined by a combination of
ains two copies of the region

1 7

at band 4pl16.3, U
chromosome 4,
: e SO

ed chromosome Col \ of the regl
: rschhorn syndrome in the original oren-
w10 their relative position on |luf- dg
I':t']."l!lll't.‘ as they are further clarified

prom 449
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11-1076P8+ WHS+ WHS+
46,XX.add(4)(p16.3).ish dup(4)(p15.2p16.3)(Wep4+.RF
RP11-1076P8+) 16.3. Utilizing a whole chromosome pajpy 4 the
o t band 4pl6.3. e 4, g
A chromosome 4 has extra material nltil_r:‘:l;fgdamgign of chromosome 4. f]cl“s:jlg(i{ihc}mlz?lll_ II;; fa ]‘11’ -
extra chromatin was identified as a duph < of the region cover ; o 163

s T copie Sl g St
s e S GR mmgm;::;c‘)rhepduplicated region is in the reverse orientatjoy
i irel rome.
probe and a probe for Wolf-Hirschhorn syn

tive to dpter.

Iela.

dd(4)(q34)(wepd-)
46.XX.add(4)(q31).ish der(4)dup(4)(q31 QSzﬁﬁE; :{Jasing( w%wle SMEIMUEIE REInt 4 the

. A ati d at s i i pata
- chrr:‘mlt‘)sc:-r;i‘;e'ﬂl_ hd:fm? Chrrm:;l;]zi:ric?;he derived from chromosome 4. G-banding suggested 4 dupl.
part of the additional material w ’

cation of bands 4q31 to 4q34. However. there was additional materi:l dis{a;:i;iilhc duplication which g
‘ anes ad, = i : unknown :
not hybridize with whole chromosome 4 paint. and is therefore of

Proximy

- :DAF26+.wepl 1+
Ao, X X ishiy(4] L(p16.Sliwepd I+’Dh4F22:;r£)e:S:19zg1;‘?14\%:1];3?;“"1% by iﬁll‘l}. The]dcrm} Was
A cryptic reciprocal translocation between chrom ; oion) 2 alpha-satellis,
pcn;jlsi Ee];ith:fI:ole ch:'omos:)mc paint 11. a probe for D4596 (W[ﬂr'..Hlrf-ChtE;);;;?;:]:eﬁ:?:::;12'::' ::tt.dht.c
but negative for D4F26 (4p telomere region). The der(11) was positive for - ‘ S
some paint 11.

oy . +)dmat
46,XX.ish der(4)t(4:11)(p16.3:p15)(wepl 1+.D4F26-,D4596+,D4Z 1[‘ﬂ é)gioﬁ - .
This child is an unbalanced offspring from the segregation of the cryptic tran; Sl e e R0
normal chromosome 4 and two normal chromosomes 1 1. The ish results of the der(4) are the same as (he
der(4) of the mother.

47.XY,+der(4)t(4;1l)(p34;q13),t(4;1 1)[20].1sh der(4)(3' KMT2A+).t(4:11)(3'KMT2A+:

5'KMT2A+,3’KMT2A~){5] : e . .
A male karyotype with a t(4;11) plus an extra copy of the der(4). There is a 3'KMT24 signal on both copies
of the der(4). There isa S'’KMT24 signal on the der(11) component of the t(4;11).

46,XY,£(9;22)(q34;q1 1.2)[20].ish t(9;22)(ABLl-;BCR+,ABLI+)[5]
A male karyotype with a (9;22) that has been characterized by ish using a single-fusion probe. The probe
sequence from the ABL 1 locus is missing from the derivative chromosome 9 and is present on the derivative
chromosome 22 distal to the BCR locus.

47.XY,1(9:22)(q34:q11.2),+der(22)1(9;22)[20].ish 1(9:22)(ABL1-:BCR+.ABI 1 +),der(22)
(BCR+,ABL1+)[5]
A male karyotype with a 1(9,22) plus an extra copy of the der(22) that has been characterized by ish using a

single-fusion probe. The ABLI locus is missing from the derivative chromosome 9 and is present on both
derivative chromosomes 22 distal to the BCR locus.

46,XX,1(9:22)(a34:q1 1.2)[10Lish t(9:22)ABL14+,BCR+;BCR+ ABL14)(5]
A female karyotype with a t(9:22) detected using dual-fusion probes for BCR and ABL . One copy of ABLI
and one copy of BCR are found on each derivative chromosome.

46,XX,1(9:22)(q34:q11.2)[20].ish -der(9)t(9;22)_del(9)(-q34q 34)(ABL1-,BCR+).der(22)
1(9:22)(BCR+,ABL1+)[5]
A female karyotype with a t(9;22) detected us

ing dual-fusion probe for 3 . There is a deletion
on the derivative 9, encompassing the ABL. ] | P lor BCR and ABI./ ere is

©0CUs, not detected using conventional cytogenetic analysis.
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Xx,|(9:231((|34iq| 1:2)[20].ish der(9)1(9:22)del(
;';_,-,][[0;22]l‘li('R*\..-’\Hl.|-o- (5] </0el)(434g34)0A ¢
"r,\"t':mu!ukar_\ur)pr with a 1(9:22) detected using 4 (he 1= ABLL- BoR
rhere is a deletion on the derivative 9 '-""L-':l.|:.<_:._..|I.::.”|J.|,I: ol :’I"'I- I=fusion e I
jonal cytogenetic analysis 155 Fand Ay gy, I, i B |
I Jﬁ_’_\",\'.l{‘;".::;IIJ}{q_H:q 11.2:922)[21).ish der( 9)t(9:22: 1
,\Hl_l—‘“':p“'}ﬂ'dc” 10)6(9:22:10)del(22)(q11.241 .l.__j_, Ndel(9)(q 34434)(wen
'q:m‘_l())[\s-cpihali('R-#-.;—'\HI.I+}||r|| 412N wepl 0+, BCOR ANCga
\ female karyotype with a three-way 1(9:22:10) detected Pit)der(22)
s a single BCR-ABI f fusion signal and loss of :1:1. Ji;,f-.-,r BINg dual-fusion probe fi:: 1
sis with probes speeific for chromosome 9, 10, aned 27 I"“I-l':f :,k BER sipnal. Whete ot .J( Kand Al
- COnhirmed th A HTOSGmE o

47 XX1(9:22:10)(a34q1 1.2:922), +der(22)1(9:22;10)[20

[ABLl—}.dcr{ 10)0(9:22:10)del(22)(q11.2¢1 1.2)(BC

A female karyotype with a three-way 1(9:22;10) and 4 -R.‘ )-der(22)1(9;22; 1OMBCR+.ABL1+)(4
' detected using dual-fusion probe for BCR and ABL | Ti additional copy of the derivative o
'I the derivative chromosome 22, with loss of an -H"f ;'- ...I"r'f 153 BCR-ABLI analion
J signa! from the derivative chromosome 10 -4 slgnal irom the derivative mosome 9 - H(C 2
) : R 3 K
'Y 1€ Ty : =
46,XX[20].ish £(12:21)(p13:q22)(ETV6+ RUNX 1 RUNX 1+ ETV6+)|
Normal female chromosomes in an oncology sample whicl IRUNXT+ETV6+)[5]
2 al £ wWhic 1was a -"_"1 i : 3

fusion probe and found to have an ETV6-RUNX | gene fu
chromosomes 12 and 21. e

45.XY.der(14:21)(q10:q10).ish dic(14:21)(p11.2;

A Robertsonian translocation, der(14;21), is shown to b

from the Prader-Willi/Angelman region are deleted.

A male with a normal karyotype by c:.mguﬂuli-.' analvsis
region of chromosome 15 identified by ish. The delet
SNRPN and D15S10 loci.

46, XY ish del(15)(q11.2q12)(D15S11+
A microdeletion of chromosome |5 defined
GABRE3. SNRPN and D15510 are deleted while

by ish us

D155

47.XY +dic(15:15)(q11.1:g11.1).
D15Z4+,D15Z1+)
A supernumerary dicentric chromosom
D15Z4, but negative for SNRPN.

e 15 was shown

46.XX[20]ish ins(15;17)(q22:a2142)(PMLF 1

A eryptic insertion of the segment 17921 from the 1ong

4 . g " . 0 18
long arm of chromosome 15 identified UsIng probes K

— - =
T si hED z 2eprint from;
$ilu Hybridization i.t_:uwm Ger
[}-(”: 1001 159

the FISH nomenclature as they are further clarified relative to those

46.XX.del(15)(q11.2q13).ish del(15)(SNRPN-,D15510-)

A cytogenetically detected deletion ofbands 15q] |.2q13 characterized by ish. Tw

46,XY.ish del(15)(q11.2q]1 1.2)(SNRPN-,D15510-)

SNRPN-,DI15SI (-.GABRB3+)

ish dic(lS:]ﬁJ(DlSZl+

1150 der(9)1(9:22;10)del(9)(q 34034
0344 34)

sion from & cryplic re

pl1.2)(D14Z1/D22Z1+:D13Z
ieh ikpoir

¢ dicentric v

1/D21Z1+)

1sh. T

has a microdeletion of the

jon includes the reg

ng probes for loci D13S11, SNRPN, D135]

1| and G {BRB3 are retained

.DIl ."‘;/.-1+.SYRP\—'.S\'RI‘\--

bv metaphase FISH to be pusitive for DI5Z1 and

22 band ol Lhe

f\R,\+:R_-\R.-\+}iﬁ]__ T

arm ol chromosome 17
i

PMI and RARA.

me Res 020; 1601341 203
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13.2.4

g ' 1
npl1.|uﬁ'(‘!ii-muq:_‘l!.ﬂ BEB+)[5]
= ' i locus into the 5 prok
Inversion of chromosome |6 separates the two probes lor thi fH.-: / I ‘li"\ eyl sl
probe o the long arm: Note in this and the followimg examples 1hat L el
in separate parentheses to make the FISH information ap

40NN anv( 16X p13.1g22)[20].ish inv(16

und the 3
parent

ANRP11-620P11+)(q220RP1 1-620P 4+

' =S TA A
6. XX inv(16)(p13.1g22)[20]ish inv(16)(p] BAC probe RP11-620P1

.l VTS ng o
Inversion of chromosome 16 separates the region carresponding

m the short arm and on the long arm

46.XX.inv(16)(p13.1422)[20).ish inv(16)(p13. INMYHIT1+.CBFB+)(q22)
(MYHI1+.CBFB+)[3] 16q22

- s «d at bz g16p13.1 and
Pericentric inversion in which breakage and reunion have occurred at bands 16¢ }

robes for MYH I T and CBFR.

46, XXa(16:16)(pl13.1:q22)[20).ish H]h'.lhil."('HFIH:_‘1'(‘[.3FBT1[5]_ b
Franslocation disrupts the CRFB locus resulting in translocation of the 3" probe from 1622 10 l6p)

the other homologue

47, XX +mar.ish add(16)(p or glwepl6+.D16Z1+) _
Anextra marker chromosome identificd by ish to be partially derived from chromosome 16 (arm unk;
using whole ¢hroniosome paint 16 and the 16 alpha-satellite probe. Additional material of unknown

15 present in the marker.

47. XY, +mar.ish der(17)(wepl 7+.D17Z1+)

An extra marker chromosome identified by ish as derived from chromosome 17 using whole chromosan

paint 17 and a 1 T-specific alpha=satellite probe,

47.XY +mar.ish add(17)(p12)(wepl 7+.CMT 1A+ D17Z1+)
An extra marker chromosome identified by ish to be partially derived from chromosome 17 using whal
chromosome paint 17 and probes for CMT 14 and D17Z1. Additional material of unknown origin

placed the segment distal to 17p12,

47 XX +mar.ish der(18)t(18;19)(wepl8+.D18Z1 +.wepl9+)
An extra marker chromosome identified by ish to be derived in part from chromosome 18 tsing whole cf
mosome paint 18 and an 18 alpha-satellite probe, and from chromosome 19 using whole chromosome pa

19

Abnormal Mosaic and Chimeric Signal Patterns with Single or Multiple Probes
Cell numbers are given when mosaicism or chimerism is present in constitutional samples

mos 46, X +r[15)/45,X[10].ish HX)wepX+,DXZ 1+)
A female with two cell lines, one 45.X and another with 46 chromosomes including a minute ring B
the ring was identificd as an X using the whole chromosome paint \ an .i. lht' ': 1}‘1. sl -.Il-\w probe. |
number of cells, not percentage, is gIven in square brackets, Note lh;tl ;Iu: lm;u.st :.'L.IH '[‘“,‘f ,: |,I:1.-.I first

46 X, 1.ish rOX(WepX+,DXZ1H){15)r{X Y wepX-+.DXZ1 44)] 10]

A minute ring chromosome replacing 4 sex chromosome was identified by i5h as X using whole chromosait

. 4 Y ¥ ;
paint X, Probe DXZI, for the X alpha-satellite. showed (ha
tric in other cells, > ¢d the ring to be monocentric in some cells and dic

452 Reprint from: - - o .
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B2s

r!ds_)([_’%l;’él(‘a.)(‘t’[ll].ish X(DXZ1x]1 SRy
’ ith two cell lines, one 45X and the othe
omplement of an individual, i .

<O)[321/X (D

\
With a normal male

A male W
| *1)[68]

Wwome © - ™
;;|'Il'l)l'l'|l B * : + 15 Approprigte Karvotvn :
i > C > with a single se ate (o pe. For de
Using ish. IhL-LJ}J” ].;:"L\'“\'”h ;Il .\_mgln SeX Chromosome wye L_““'I ndicate (e stitus o L|I‘ !} termining th

A sV The X "y Ly N Qa It \ ol SR g
contain on T II“ Y L|t line was confirmed 1o have a/sin I”“\d 10 have one X gy | i otk cellfines

oy oene on the Y chromosome. / ; AVE A Single X A CRIGMOSome hut mer
cated §RY gene on the Y chromosome. A multiplication i .J A thromosome sl me butnot 1.
¢ nal pattern for the single X chromosome, Note diat i N IS USEd, 0L+, for (e i one appropriatc|
S i ¢ normal gel ¢ ish X as this is 4 1

: - » 4 Normal

I line is listed Jasi

E pimerie individual, two cell lines, one with 1wo \

[nac : Ey & chrome
chromosome, were identified in five metaphases each UW”- =2Omes and the other with one ¥
ch £-probes for DX71 4 _ 1one X and one Y
L and SRy
47.XX,+ 12[20].ish dc‘.( | ?_)_(pl 3p13)(TP53-)[ V1 7p13(TP53x2
A female CLL s;-u“l’l‘f with trisomy 12, FISH with a quis—xTn-—tiI'i o -l!h” el
50 metaphases examined. € probe detected a TP53 deletion in 7 of the
ish del(14)(q21.2921.2)(RP11-453F20-)dn[6]/14421 2(RP1 1-453F20x2
A de nove cryptic deletion within band 14¢21.2, originally !LI'L‘_!]'Il.f'.lL‘d 1 l;1;‘l i
= 4 - Y croarray, was present in 6 of 10

metaphases.

ish del(14)(g21.2921.2)(RP11-453F20-)dn[16)/dup(14)(q21.2g21.2)(RP11-453F20++)
mat[4] i RIE]

A denove cryptic dlﬂl‘-hf‘vll \Jl'-'nhln‘ h;‘_lnd 14q21.2, originally identified by microarray, was present in 16.0f 20
metaphases, and a duplication within band 14q21.2, inherited from the mother, was present in 4 of 20 meta-

phases.

47.XX.+mar[10]/46,XX[20].ish der(15)(;p11.2—q11.2:)(D15511+SNRPN+D15S10-,
GABRB3-)[20]/15q11.2q12(D15S11.SNRPN,D15510,GABRB3)=2[10]

A female mosaic for an additional marker chromosome of unknown origin. FISH identified the marker as
chromosome 15 which included the region defined by probes for the DI3S11 and SNRPN loci. The level of
mosaicism detected was different using FISH.

ish 21g21.3(D215259/D215341 /D21S342x3)[20]/21g21.3( D218259/D218341/

D21§342x2)[30]
A mosaic female with three chromosome
region, in 20 of 50 metaphases analysed as determine
lig probe are listed in the nomenclature.

5 21 present, each with a single copy of the Down syndrome eritical
- probe. All loei of the con-

d by ish with a locus-specilic

: Present
Oncology-Specific Exceptions where Multiple Copies of the Same Gene Are F'res

own in these examples

i .ur in cancer, assh
‘alicati 3 an occur i cancer, d: :
miIHplCANon e of signals should be listed.

An exception to using the
ounte

; > ; s pumber
below. When the number of signals can be ¢ d, the

 found in 20 50 copies pet cell.
(&

18h dmin(MYCN=20~50)[20]

Double minutes, identified to contain MYCN, ar

ish i { 5 e o RUNNX | copies in
. ider(?_]}(ql()}duple ){q22¢|22)( RUNF\ ll'x-:]slvl'lllu- pand q22 18 uh'!{t;l:rul Dy AR
An isoderivative chromosome 21 with a dupheatit? . wonies of RL
b b ¥ - £ 7 . t yur Cc (AL
each arm of the jsoderivative chromosome, for a jotal ol It
453
' m———r 3 113
— ant from: >0 160:34) 503
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13.2.6 Use of dim and enh in Metaphase in situ Hybridization

13.2.7

ber of signals cannot be enumerageq . 13,3

. o o I »num '
he abbreviation amp can be used 1l 1|1‘_- he gene under consideration
the clinical definition of amplification for the g

X1 amp)l3]

21 with additional uncharacterized materi;
{ amplification

8 IN

ish ider(2 1)(gl0)add(21)(q11.2Y(RUNXD

AN isochromasome derived from chromosame (initicn o
crease i RUNX T copies meehing the clinical delin

ish der(21 )N RUNXI illl'll"'““” v it RUNX L copies SO numerous that the
\ derivative chromosome 21 that has an inerease i A
tilwed relialyly,

46,Y.del(X)(pl 1.4p11.2).ish del(X)(RP11-265P11 dim.RP1-112K5 dim)

4 ; p stanhase: FISH on the deleted chromosome
Deletion of the short arm of chromosome X. From metaphase F ISH on | 3 HoSom

’ et ¢ intense than o 1
of clones RP1-112K5 (Xp11.2) and RP11-265P11 (Xpll.4) ar¢ consistently less intense tha .
the proximal and distal breakne

13.:

homologue. indicating that they are partially deleted and recognize
speetively

46, XX.ish 17p11.2(RAII enh)

Enhanced signal at 17p! 1.2 by metaphase FISH using a probe to the R {11 locus.

Subtelomeric Metaphase in situ Hybridization

Subtelomeric FISH is usually performed in panels so that the 41 unique chromosome ends
are hybridized simultancously. A short form is appropriate to describe a normal result afie
using a subtelomeric FISH panel. for example:

ish subtel(41x2)
Normal result using 41 probes to the 41 sublelomeric regions,

ish der(13)1(13:20)(g34-.p13+)(RP11-63L17-RP5-] 103G7+)
An unbalanced translocation between the distal long arm of chromosome 137and the distal short am
chromosome 20. The subtelomeric region of 13q is deleted and repl
The designation pter and gter may be used instead of the distal b
used.

aced with the subtelomeric region
ands. Alternatively, clone names m

1sh 1(13;20)(q34~,p13+:p13-,q34+)(RP1 [-63L17-,RP5-1103G7+:RP5-1103G7-.RP1 -
63L17+)
A balanced translocation between the distdl lon

some 20, garm of chromosome 13 and the distal short arm o!

454 Reprint from:
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1331

mterphase!Nuclear in situ HYbfidization (Hitic g

]nforﬂlmmn of interc_SI in f'f:{fr,!:-im_w ish. signified by,

I of sigﬂ*?]S an_d []1_4311-.;)()51(10:15 relative 1o each mly ‘lht‘ “ish, ing

o band designation in interphase FISH. T i ce e o PEOVIded o the g
J at the discretion of the mvestigator 4 -'Jmldcr : ldle P

u:::vided that does not indicate chz-umcm:; [‘4;;}'*"111(11'}' - i orm o b

h“gbridizﬂtio“ .localri(m in interphase nt\lclcitindrfileh')rr | S::l:;::m .bccn‘

somes). Especially in the case Uf“ampliﬁcatinn, the skll::rfr;;i i b (;il::;]gl

IS recommended.

_cd an option
Irector,

m description
When contig probes are used each locus
a single designation may be used in the
the report.

ay be listed, ge

Parated by g;j .
nomenclatyre ‘ by single slant lines (

= . 'gle sl /) or
and the composition is descrip

ed in

Number of Signals

To indicate the number of signals in inte ; S1a
mediately in parentheses by the locus d[:sri];:zf:oz”flc" [lh.e S.}“ml?ois nuc ish are followed im-
of signals seen. If the detailed form is used, a Sp:?lzcm;:];l]_ﬂi;c;:;?n :st'gn (%), and the number
designation. For simplicity and readability, the short form is pre[l)‘:rr:icliL e
_prrqbes for two or more loci are used in the same hybridization, they follow one anoth-
<y g mecactol Da.nl’emhcscs_ separated by a comma (,), and a multiplication sign (x) out-
side the pgrenlheses if ThE’.: numpc.r of signals for each probe is the same and inside the pa-
rentheses if the number of hybridization signals varies.
* If multiple probes on the same chromosome are used, they are listed pter to gter, sep-
arated by commas.
* For a single locus visualized with probes to the 3’ and 5' ends of a gene, the probes
should be listed as they reside on the chromosome from pter to gter.
* If loci on two different chromosomes are tested, results are reported in a string, sepa-
rated by commas, in the order sex chromosomes and autosomes 1 to 22,
* [f the study is on a cancer specimen, the number of cells scored is placed in square
brackets for each technique.
» Cell lines and clones are listed from largest to smallest number of cells.
» Normal results from multiple hybridizations can be combined in a single set of paren-
theses: however. if different numbers of cells are studied in mu}tiplc hybridizations in
a cancer specimen, the results are presented in separate sets of pilrenlh'r:ses. ‘
* If two or more technigues are performed, such as Chl‘(J.mtb}SDI‘ﬂe an;lys:s_and!ordmt:n'al-
phase FISH and interphase FISH, each is reported within the string, separated by a

period (.).
interphase FISH in tis-

- i <oF
~mi-guantitative nature -
L the nomenclature;

ISH probe, are not presented in
e text.

Caveats of techniques, for example the s
Sue sections or the design of a particular FISH
instead they should be stated in the interpretiy

e S
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13.3.2 Normal Interphase Signal Pattern

13:33

nuc ish(KAL1,D21S65)x2

. ; : 1565.
Two copies of locus KAL ! and two copl

=
os of locus D2

nuc ish(ABL1,BCR)x2[200] 4
“ug'\ifh 9(1_34(;!\]3!?!' x2),2écz£r LHE(;[EEE;:‘%‘I)‘[C]-S.'O;DD cells. expressed with of without band designation,
'O COpIEs O each locus /4

g P53x2)[200]
46,XY[20].ish 9q934(ABL1x2).22q! 1,2[BCR“IZJ‘[‘ggg‘ig;i:,sgi;fems in 2[1[ metaphases using probes
Normal male karyotype in 20 metaphases. A normal iy = b
for ABL 1 and BCR and in 200 nuclei using a probe for LE2:

00]

s showing two copies of each of the probes useq.
hen same numbers of cells are scored.

nuc ish(ATM,D12Z3.D135319,LAMP1,TP53)x2[2
Normal hybridization patterns from different hybridization
Note that they may be listed within one set of parentheses W

P1)x2[200] :
howing two copies of each of the probes used.
rs of cells are scored 1n sepa-

nuc ish(ATM.TP53)x2[250](D12Z3,D13S319,.LAM
Normal hybridization patterns from different hybridizations sh :
Note that they are listed in separate sets of parentheses when different numbe

rate hybridizations.

46.XY[20].nuc ish(TP33x2)[200]

Normal male karyotvpe in 20 metaphases. A normal hybridization pattern in 200 nuclei using a probe for
TP33. '

nuc 1sh(D17Z1.ERBB2)x2[100]
Twao copies of ERBB2 (HER-2) were found in 100 cells with two copies of the centromere 17 probe D17Z1.

nuc 1sh(D21565x2)
nuc ish 21g22(D21565%2)

Two copies of locus D21565.

Abnormal Interphase Signal Pattern

When normal and abnormal cells are found, the number of abnormal cells is listed over the
total number of cells scored for each abnormal locus. The normal cells are not listed as it is
implied that they are the remainder of the total. Probe sets co-hybridized are included in the
same parentheses. The probe set with the lowest chromosome ﬁumbEr is listed first.

nuc iIsh(KAL1,GK.DMD)x |

One copy of cach locus, listed pter to gter.

nuc ish(DXZ1 x3.SRY x0)
Three copies of locus DXZI1. The SRY signal e S .
s gndt patiern is given as this is clinically relevant for sex determina-

nuc ish(DX_lez,Dme1,01821_x3),(R31,D215259,*1)215341;5215342 3
Thr:?e copies of 13, 18 and 21. two copies of}.( and one copy of Y were NG et )K' S ol
69.XXY. Note that the chromosome 21 contig probe shows each Iocus listed' Sep;ra::?b:;ns{;c:[ ?’mcs

456 Reprint from:
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sing a probe for

nue sh(DXZ1, DY Z3)=1[34/501/(DX
Cine copy of X and one copy of Y in 34 of

Z1x1.DYZ3«0)[12/50/(DXZ1x1.D"
50 puclel, m additior Z nudie th r

.-
uc

with one X and two Y chromo

an exception is made to mclude the r

nuc ish(TP73x1 ANGPTL=2)| 107/200](ZNF443%2 GL1T
{nterphase ish shows onc TP73 (maps to 1p36) 1al witl N
second hybridization, interphase ish shows two ZNF443
in 105 interphase nuclei. Thus, the specimen shows loss of both

nue sh(CDKN2C%2,CKS1B=3)[90/ IUU].(FGFR]XZ.IGH131[93' 100].(MYCx2)[100]
(CCND1=2,1G} Ix3)[35:’I(Jf_l].l:“.'['M.TPSB}xE[ll_'iU],(lGHxEHB'IGH sep S'IGHx=1)[5:
(IGHMAF)=3(1GH con MAFXE}{R?#’]UfJ].([GHXS.MAFBXJl[91 100]
Interphase ish showing gain of 1q(CKS18)and an JGH- \AF rearrangement. An ¢
15 seen with the IGH/CCNDI, IGH/FGFR and IGH/MAFB dual fusion probes. The
shows separate 3 /G and 5'1GH signals.

nuc ish(ATM. TP53)=2[100](D1 273x3,D135319x2 LAMP1x2)[50/1 00]
Two separate hybridizations were performed. In the first, there wasa normal hyvbridization patterr
iwo copies each of the probes for the foci ATM and TP323 in all 100 cells. In the second hybn
were three signals seen for the probe for the locus D127 3 and two signals each fort he probes forloca D1
and LAMP! in 50 out of 100 cells.

nuc ish(ATMx 1, TP53x2)[ 100/200],(D12Z3x3,D138319x2 LAMP1x2)[50/200]
Two separate hybridizations were performed. In the first. loss of ATM signal is found in 100 cells. The re-
maining cells scored, 100, had a normal signal pattern. In the second hybridization. a gain of signal 1s seen
for D127Z3 in 50 cells; One hundred and fifty cells show the normal patiem. Note. D135§319. 7P53 and
[LAMP] each showed a normal hybridization pattern in 200 cells analyzed.

nuc ish(D13S319x0)[50/200]

Homozygous deletion of D13S319 in 50 among 200 cells scored, One hundred and fifty cells show a normal
patiern:

nuc ish(D135319x0)[100/200]/(D138319x1){50/200]
Homozygous deletion of D135319 in 100 among 200 cells scored. Fifty cells show a heterozygous deletion
The 50 remaining cells show a normal pattern. Note that the larger cell ling is given first, even though the
smaller cell line in this example is likely to represent the stem line.

nuc ish(D1358319x0,LAMP1 x2)[100/200]/(D1 383191, LAMP1x2 )[50/200]
Homozygous deletion of D135319 in 100 among 200 cells scored, Filty cells show a heterozygous deletion
The remainder, 50, cells, show a normal pattern. L [MP1 is used as a control locus and shows two normil
hybridization signals in the 200 interphase cells analyzed.

nuc ish(MYCNx=12~>50)[200]

Twelve to more than 50 copies of MYCN found in 200 cells,

nuc ishiMYCN amp)[200]
Nuimber of MYCN copies cannot be quantificd hecause 1t 1s
¢an be counted reliably,

inercased 1 copy number beyondd that whic I

In situ Hybridization Reprint from A%
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® = probe for ABL. |
O = probe for BCr
‘Obe

on. SE A : ik CS iﬂdi{.‘ - ed
of parentheses describing the relative pos; Aling the number of

| . wfng,BCR)xE(ABLI con BCRx

1)[100]

® = probe for AL}
O = probe for BCR

found to be juxtaposed on
- lwo ¢ . .
as: hromosomes using dual-fusion probes, the results

® = probe for ABL I
‘O = probe for BCR

ua "'rMemeﬁ't has occurred resulting in the juxtaposition of one BCR locus
111 loci, the results are expressed as follows:

_1,BCR)x3(ABLI1 con BCRx1)}(ABLI con BCR con ABL1x1)[100]

@ = probe for ABLI
O = probe for BCR

using a dual-fusion probe are as follows:

"R)x2(ABL1 con BCRx1 )[100]

= -
-BCR fusion on one derivative chromosom

R 1)[100)

ne derivative

1x2,BCR=3)(ABL1 con BC
| Agffltz;;az(fmm one fusion on o

chromosome.

B i n;gcax.})[’l%] T
zgﬁﬁf r};:aoﬁhmuuh gain of one deriVaiE e
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single Fusion Probes

ol he 13.3-5-1
; - g 2/ ; -
' I Al Ih-h[,'l\l}] 1. 13¢ I{)x,_[.\l‘”.lltnll B( H"”ll“l”
gingle fusion ol the ABL T and BCR loci on g single L']I‘Ill!lln\;u”l- idaniss
l dentifigy throygh interphase analvsic
ith Ext ign:
‘ 1;'3.5-2 single Fusion wit ra Signal Probes
' Cish(ETVOx2, RUNX I x3)ETVE6 ¢ X
we ish(ETV6x ) INETV6 con RUNX 1 «
: e and RU NXT fusion with an extra RN v/ 5,1_.”.} L ”[ ] UHE“”I
ent o) v 7 e
nuc ish(E |1\;f;f\!{|:~llifﬂ)\ 1 xl-)’:(:” V6 con RUNX | x] [110/200]
) 1 !N Tusion e SR 1
ETVo-and i on-and-deletion of ETV6 with an extra RIN Y1 signal,
133.5.3 Dual Fusion Probes
nuc ish(ABL1.BCR)x3(ABL1 con BCR%2)[200]
Dual fusion of the ABLT and BCR loci in interphase,
E8sed y v e ~ .
nuc lﬁh(_[)?-{/- | )flM‘n ( .x_l_l(n_l ]x?-_]{M YC con ](.illxl}{I(](L“EUD]_(I(;[-Ixj‘B(“[_jxj);1(}(_;3“:';(}]
|_)1:|-.ll tusion ol the MY and IGH loci in mnterphase in 100 cells. Ina separate hybridization. three cnpi'u.nn
IGH were seen as compared to two copies of BCL2 in 100 cells, indicating an !Ih'H translocation is present
but it does not involye BCL2, J RS
nuc Ish(MYHI1'1,.CBFB)x3(MYHI1 1 con CBFBx2)[100/200]
Dual fusion of the MY 11 and CBEB loci in 100 interphase nuclei.
Al 13.3,5.4 Break-Apart Probes
Given that break-apart probes are made of two probes. the short form does not convey that
the normal situation is the presence of two fusion signals. The long form conveys both the
normal situation followed by the signal fusion pattern seen.
nue ish(MLLx2)[200]
auc ish(S'MLL,3'MLL)x2(5'MLL con 3'MLLx2)[200]

< e cir=licxivion e et s R e
I'wo MLL probe fusion signals in interphase cells, indicating no disruption ofthe .

| nue ish(CBFBx2)[200] “BFI
tipe huc ish(S'CBEB.3'CBFB)x2(5'CBFB con 3'CBFBx

Two CBFB prabe fusion signals in normal interphase cells.

2)[200]

Abnormal cells show the separation of signals.

g 'I,‘ih{!w LLx2 )[4 5'MLL sep 3I'MLLx I }l ".'[]_[]_l the 5' probe and the 3’ probe, presumably Secatselore
Tdn . > signals : has .%c;'l'.lrnlt:d mto the -
L ]'.N'Uhi. hlgll‘l[:s‘ bhut L\'I'l.L_ P
translocation involving the KMT2 gene.
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nie dahi SN s lI'\||I| ane I |u-.|.:l ::::|‘ e Wil fos of the reciprocil derivayiye
Tsvir 5ONELE ool s slgnnindie aing 2N i i
VEbe e DR S \

By Bgeaune ol o deletion o 1.

i veon STDDIT 3wy
DI 1v.|:|:||1.un1'll"”’” = DDITS
e NV 32, 509
Vi1 i abserved witl lifieutia
VTN amp |]l||; ||||| I BB ,'|.-,|.u-|ll|'.'-'""'“l witk abserved with amplitication .' 3
i the DTV Brenk Ar] RO §

froan preria 1

Vil ot O e e Ll e b

® - probe 1ol sSihbll
- oDl

)
]
!
& iuuin' I

| SHGHH % D[ 210/237
COUTTRR B L 5 1l IHH"H‘-“" VIGH Hl r-.|\~.|I!|.|nuxll.| V' sipnal, Note (
Flsing the 1CHHE brgik=a e, G rentrhl .

Crtem o b i pler ot

et wis abserys =

e shCRE S S CREDB sep VCRE B ”II”H|

phrated into (e &' probe and 37 probe, presumably because of 5
Hepiri T

Ty COIRE I prperoes skt Bt o s

DRl OF Translocaiion

13,055 Tricolor Probes

e s GOLIMA L MECOM =2, MY NN» N[55/200]

A deletion of the prosimal tegion of the long aom al one heomosome 3 oancluding the GOLING pene e
ol 200 interphise moelel by FISHL Phare are bwo MECOM and two MY NN probe signals

nue shGOLIMA 2 MECOM 3 MYNN=2YGOLIMA con MECOM sep MECOM con
MYNNx 1) 38/100]
T W5 of 100 puedel, there i ome dntaet set of fused GOLIMA, MECOM, MYNN probe sipnils, Due (o i1
mrvan et with i l»l-'.ﬂ.|\1\llll within the MECONT pene there is also one GOLIM4 wonnected o one Ml
COM signal which w sopaeated Trom o MECOM signal connected toa MY NN signal

nue sh(DAS 1036, CTIC2 DASYS6) <2 200]
e ShIRASTO36,CHIC2, DASIS6)%2(D4S1036 con CHIC2 con D45956x2)[200)

Pwo DASTO30, CRIICT, DASYSE probe Tusion slgnals in nterphuse cells, indicating no disruption of th
M) gene

hue 1SH(DAS1030x2 CHIC2x 1, DASIS6x2)DAS1036 con 1D4S956x 1) 150/200]
Ere mnet set ol DASTO3, CHIC2, IDASYHS6H prabie slpnals, ‘H”“I' with one D48 1036 probe sl conng

B o EYASDSG signnl without o CHIC?
y i due to an interstial dele ! s Al {
180/al 200 niicle: mterstial deletion including the CHY

U AShEASTOR6,CLHLC 2.D48050) )
con CHIC2 sep DAS986% I 50/200]
Lne inthel sor of DAS 10, (| HIC2, Das
SISO connected 1o one CHIC? wigna) due 1o
' prabes oy 1351046 gl !?'lﬁ‘ﬁh I

(L) s

| SErangement of the CHIC? gene, in 15001
aredubeted with the same uoroeh rome
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gh I it Hybridization on Extended Chromatin/Da ipq,,

(fib ish)

Hybridization can be carried out op Exlended chromatj, /DN
i 1 I

= ‘ht'rk
TOm., ; lei, abbreviated fip i« o A fibors e
Mo mtm?hasc.nuc 5 _"fl.{'d fibish. 1y 1hie Situation, (he h.“"“‘# Usually obtaine ftom
osition of the loci at a particular chromosomal lncali;‘i W“ JECL of interest is the refati
i S m, v b ative
is known, they are recorded in the order PLET 10 qter g 0 Ilnrn the order of the loci tested
! ¥ €¢ e 4] k- : =
Con - DI5511 MOsomal band ig indicated.
5" Si = SNRPN
xxxx =GABRB3
fibish 15q11.2(D15S]1 l+=SNRPN+,GABRB?+j
.~ Signifies that the three loci are present and in the (1. .
en At and in the order DI15S11, SNRPN, GABRp2
per— - QOO0® —woo gter
At the
135 Reverse in situ Hybridization (rey ish)
>f an 3@?"59 fﬂ‘Sle hybrfdizazfofg (rev ish) refers to the in sit hybridization of complex DNA
prgbes derived from atest tissue to normal reference chromosomes. Chromosomes or chro-
Igosome scgr_nen.ts with enhanced (enh) or diminished (dim) fluorescence intensity ratios in-
dicate a relative increase or decrease of the copy number with regard to a basic euploid state.
For example, a chromosome present in three copies in a near-diploid cell line would show
an enhanced fluorescence intensity ratio, while a chromosome present in three ¢opies in a
near-tetraploid cell line would show a diminished ratio. This method can only reveal altera-
o0 tions in copy number of chromosomes or chromosomal segments.
als, Another method of reverse in situ hybridization uses DNA probes derived from parts of
the genome from a test tissue, such as the DNA of sorted or microdissected marker chromo-
iy somes. /n situ hybridization of such DNA probes to normal reference chromosomes or to
DNA arrays reveals the composition of the isolated chromosome. This method is applicable
.{r;: both to constitutional and acquired abnormalities, and can reveal structural rearrangements
not involving copy-number changes (c.g., inversions, balanced translocations).
135, ' £ ived from Sorted or Microdissected Chromosomes
...... 1 Chromosome Analyses Using Probes Deriv
the
%_XY_,add{S)(pIS).I'CV ish der(S}t(S? IO}‘p] S,qz;ijlh: long arm of chromosome 10 translocated onto
Signifies a derivative chromosome consisting of part (
the short arm of chromosome 5.
ed
il _ -
4?DXX,+H13IIEV ish lSQ g sed largely or wholly of material from 139
Signifies that the marker chromosome is compo: 8
36
ne
=N

e
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13.6

13.7

Multi-Color Chromosome painting

: ) paint ¢ :
ding are techniques used to pa n ‘L.hl'ﬂl'l’l.f’hk‘.l\lcg With .
24-color karyotyping and FISH ban be used as @ tool to clarify the G-bandeg L

= 1ey can
distinet color or spectrum of w|0{f- :Lai .
e e - s Writle . . w atatad i )
ysis. The karyotype can t?e re e FISH techniques should be stated in the repo
using these techniques. The use © s. However, a nomenclay,

s sse technique
special nomenclature has been devlbﬁd t'o; ﬂ;‘; ased.
ilar to that used for wep (Section 13.2) may

owledge gained from the Fisy ]\_‘Ln;;l'_..
ESultg

it. Ng

@
- 3.

Partial Chromosome Paints

can be used as partial chromosome paints (pep), 1y
). The

(13.2).

Band-specific or arm-specific prabes
nomenclature is similar to that of wep

46, XX i cpl8pl1.24)
46.XX.7dup(18)(p11.3p11.2).ish dup(1 Sj{c%nilinespl 1.2 material by a partial chromosome pajn;.

A questionable duplication on 18p is shown

46,XY.inv(8)(p21q13).ish inv(8)(pcp8p++) .
tial chromosome paint.

An inversion of chromosome § is confirmed by a par

I
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Microarrays

introduction

Microarray-based chromosome analysis is princ ipally an adjunct to traditional chrom
: ' i . omosome

1d§ h\..L““l{_ ”lL Jc.{i Jra
O T tory n LI]ll)d
; I‘}I(" I1|| I'[I”}”'\( “hrllllll:lllll]l JI ..Il“!”]”\””“, -ihl][”l]nij”.]L

analysis and FISH; for prenatal an Postnatal analysis. it |
in cancer studies either as g stand alone tesy Or 1n combination w; > i.l IQ“ ”]C“fas”lg]y used

5 nation with FISH. Microarray no-
menclature includes the genomic ¢ oordinates for banded chromosomes which are defined in
the translation tables provided by N BI (hgl 9/GRCh3s. I|Iln::’/lli.'_thm-'nlue':(l.cse.ucsc.cdu.ﬁ
goldenPath/hg 1 9/database/cyi Band.1xt.gz and hg38/GRCh38. h[[p://hgdt1w'nloud.c.'sc.ucsc.
edu/goldenPath/hg38/database/ yloBand.txt.gz), Platforms differ and evolve: coordinates
provided reflect this and are provided only for guidance,

Microarrays can be constructed in at least two ways: with the use of large pieces of cloned
DNA such as bacterial artificial chre masomes (BACS), or with small. synthetic sequences of
DPNA, termed oligonucleotides. which may be designed to detect copy number or to detect
single nucleotide pe lymorphisms (SNPs). Each segment of DNA has a known position with-
in the human genome. These DNA segments are spotted onto a solid support, usually a glass
slide or silicon chip, and serve as a target for the genomic DNA sample,

In array-based comparative genomic hybridization (aCGH) using BACs or oligonucle-
Otides, a test DNA and a reference (control) DNA are differentially labeled and simultane-
ously applied to the microarray. In SNP-based microarray analysis, the patient DNA is hy-
bridized to the microa rray and compared by computer analysis to a pool of normal individ-
uals, In either approach, the DNA of the pati¢nt is compared ln‘lhc L‘()I]H'O% or rt;f'crc_nce DNA
and gains or losses can be detected. The ISCN nomenclature is appropriate fn-r either I}'[’TC
OFarray data and for arrays that contain combinations nl‘ﬂligi-?“l“-'“_’f‘“dc’* and SNPs. In _l_h_'s
llunurnLluluru the number and type of clones used as targets (BAC, cosmid, fosmid, oligo-
lllli..'I.L-['llﬂil.'. ete.) are nol nu:hu.iul, _ » o0 iricilides the Gran DRIHE AN GHITal Mk

I'wo systems have been devised; a detailed form that includes ; el e
0= JJeotides. and a short form that includes only the
cleotides as well as the bordering normal nucleotides, anc

L s ¢S 1 5 drl iven el Wi htht ut
L Y b [ 3 I"}L‘-]'b f“t‘gl\’{,n Ll[hcl “rlth or wi )
}” m; lenticdne » ' y 1C HIILJLUI |(.|L num : o
‘ nu”l '” i I ““d 1l I” [h . Il(]” '“”“ rl c (ICI?I”'L‘(I H)f]’"ﬂ ”'IL HUCICU“(IU l'.ll.ll'.!'l].!t'lb are

*Ommas 1o indicate thousands and millions. In th det b
BIVen without the demarcating commas. The span f’f ill‘fL‘rt“Ii:'.Lil IIIL;LGLVS} rc;-@mnendmmns{\m-w_
Uerscore (), in line with the Human Genome Variation Soc I-L['[}'](i. S e
l“iVSWW‘armnwn) e wptecolas pearts nn”wndmur%.l'tic:\:-ithin a cytogenomic profile.
detaileq form and short form to describe different abnormalitics
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14.2

14.2.1

14.2.2

Normal

arr(X,1-22)=2

arr(X.Y)x1 (1-22)=2

The descriptive narrative, or interpretation, in the report sh rm used
he resolu e

Abnormal

If the results are abnormal. list only the aberrations. Regardless of w hether there is a cop'

=
number gain or loss. the aberrations of sex chromosomes are listed first followed
B GO 121530 TUMIUWE

somes which are listed from lowest to highest numbe
of only the abnormal genomic regions are

pter 1o gter. consistent with the public databases of current senome buildc am T1C<
sembl S genome builds on UC
sembl Genome Browsers (www.genome.ucse
used to indicate that the gain or loss encomp

r chromosome. The band

125
C Ualla Juc>

shown. The aberrant nucleotides are |

-du or www.ensembl.orz). An und
d55es thc Scf’n‘jent b 3 15 1 e 11
; - g €iween the listed nucleoli
When nucleotide coordinates are used to define an agm’mal rc'uti:‘ 1, sted nu

build (e.g., [GRCh38] referring to the Genome Reference e

sembly) is placed within the string as illustr

he specified ge
: nce Consortium Human Build 38 as-
ated in this chapter. Note that there is 2 space

466 Reprint from:
126 Cyiogenet Genome Res 2020: 160:341-303 ISCN 2020
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( .
k"'\ h?-,”--w

bracket. The specific genome

, square . build is ney
»or female result or an ancuploidy

"l\.(,\\.' A-h n
Ary 4 C

”llhl S [Il\{l”' Iil!l;‘
l . h m . t 4

: i ¥ Ror.
]suall?cd ALEIFLTS n In l?— I§ ¢ thL
Mation I vixl
¥ shouly = is shows a single ¢ of tha %
Stive of yr1a) y&1 BIE COpy gain of the X tlll’lll!)nu.n,,‘ & g
| or |
ong v gt,(]-iZ)".‘
y analysis shows triploidy 69 XXy
Oy may
“lg nc " : |
the vari- ey analysis shows triploidy 69 XXX
sighated 1
s X,1-19,21,22)x3 |
by s Microar: analysis shows a near-triploid female with only two copies of chrOmonome
n kb or .
a] ngﬁ or qull(l 557908?;’_] 36030895 or 56959145 721741811
v analysis shows a single copy terminal loss of the PICUSORUIONMmAl remion thas - s
S) tech- ' and Yq12. It 1s not possible (o determine if the Joss 1s from X or Y in ,‘ : t:n; ) wfoud
enome, analysis is required 1o confirm the origin of the loss o i FISH or chromosome
is toch-

137) (X)%2,Yp11.31(2,650,140 2,841 956)x
-'ngl”is!hﬂlﬂi it single copy gain of Ypl1.3| chromosome maicrial with no discernabie loss from
MOSOMes .nur ﬁ'ﬂm autosomes. FISH or chromosome analyys is reguired sonfirm the s
! _-orthe gain which includes the SRY gene

7) Yql11.23(26887746 2701 9505)x0.20q13.2q13.33(51840606 62375085)«3

analysis shows an interstitial loss of the proximal long arm of the Y chromosome and garn of
il long arm of chromosome 20. Note that the sex chromosome shnormality is listed first

8] 1p36.33p36.32(827048 3736354)x3,1q41q44(221649655 247175095 )« 1

Yy analysis shows 8 terminal gain of the short arm of chromosome | and 3 termnal loss of the long
somosome |. This result may indicate a duplication/deletion recombinant chromosome from s
. but further studies of the parents and/or child by FISH or chromosome analyws are re

RCh38] 4q32.235.1(163,146.681_183.022.312)x1

2.2 2x1,184322231%2)
4932.2, 3002425x2,163146681_183022312 B
i‘ﬁlzﬂﬁ:‘rggﬁlﬂixﬂf the long arm of chromosome 4 ::::; «;:: ‘-.:;“::h‘ =
ast 19.9 Mb in size. The detailed form shows (hat the next negh

il sacieutade that S
a loss is 144,256 nucleotides away and the net nn;h!wm;;t"ﬂ:‘ :‘N -
.3 Mb away from the alteration.

Note that delimiting commas

b | 1213 of chrodm
28 1012900000 149 00 o
21 throug '-w’rm a single copy gain (trisomy) of R

, gand 2
FAnalysis shows a single copy gai0 Of chromasomes § 45 -
- ’ ) —— ‘_'-
ad o ——— '.'.,
_— . . wi-8
i R Genaue s 203012
' DOl 10.1159/0005100%

-
¥




22 3877984_64683663

arr[GRCh38)9p24.3p13.1(204166_38756057) % 1,18q21.33922.1(6 )21,

21ql L.2921. 1013600026 20175986)x3 . . : e ) S
Microarray analysis shows three abnormalities; a terminal deletion of l.l.i:-i|?}:1L;T111£3:s?al I:_:ngpat::::\?cdh}rtn:hu
array, an interstitial deletion of the long arm <3f-cl1|-nmusa>|lne |18 anda [, SO e sl.mw e 0
some 21, Note that the chromosomes are listed in numerical order, regardles ; a gain
or loss.,

:ll‘l'[(“i('h.?ﬂ] Lpl2(37741458 39209912)x3

or

arrfGRCh38] 1 1p12(37003221 ><2,37'?4I-c1f58_39.'£0‘%)12_><3,39'?_‘5.’-10\01?;’>:H?3t)1(m(j e Theri
Microarray analysis shows a single copy gain of the shurl_arm of cln-omo:»f:me v 'n(i-; 72)3 T-;W ‘J-clim Is at
least 1.47 Mb in size. The next neighboring distal nucleotide that dﬂcﬁf not :.hug =l‘gl” 1 -‘I ‘xr‘*' i t_m,’d“s
away from the alteration and the next neighboring proximal nucleotide that does not show a gain is 542 kb
away (rom the alteration.

arf{GRCh38) 14c|31.1(82695844_8285538?)x1,14q32.33(10564309'13_:122‘:2331?3):% .
Microarray analysis shows two abnormalities on chromosome 14, Note that the ab § are shown
from pter to gter. irrespective of whether they are gains or losses.

arr[GRCh38] 15q11.1913.2(20,366,669_30,226,235)x4 et fala0 e
Micmnrr;l_\- analysis shows a two copy gain of proximal 15g, resulting ”:l ictrz_isomy tal ]-' q] P N"?—
guishing a supernumerary marker chromosome or an interchromosomal insertion from a triplication of this
region requires FISH.

arr(16g)x3

Microarray analysis shows a single copy gain of the whole long arm of chromosome 16.

arrffGRCh38] 18p11.32q23( 102328 79093443)x3
or
arr(18)x3

Microarray analysis shows a single copy gain of the entire chromosome 18, consistent with trisomy 18,

arr[GRCh38] 18p11.32p1 1:21(102328_15079388)x1,18422.3q23(69172132_79093443)x1
Microarray analysis shows a single copy terminal loss of the distal short arm of chromosome 18 and a single

copy terminal loss of the distal long arm of chromosome | 8, likely indicating a ri ng chromosome 18, although
FISH or chromosome analysis is required to confirm,

arr[GRCh38] 20q13.1 3q13.33(5I001876_623?5085)xl,22qI3.32q13.33(485332l I
49525263)x3

Microarray analysis shows a single copy interstitial loss of 20q and a single copy gain of 22q.

arr[GRCh38] 21q11.2q22.3(13531865_46914745)x3
Microarray analysis shows a single copy gain of the entire long arm of chromosome 21, likely indicating tri-
somy 21. Note that most microarrays will not haye coverage of the repetiti
short arm is not designated. Trisomy 21 is implied, but FISH or chro
a Robertsonian or other translocation.

468 Reprint from:
128 Cytogenet Genome Res 2020;160:341-503 R
DOI: 10.1159/0005 10090



14.2.3

Inheritance

Microarray analysis can demonstrate only a relative gain or loss of DNA: thus FISH analy
sis or karyotype is necessary to demonstrate the structure of deletions. duplic-qtinnq in:;{.'_r
tions, unbalanced translocations, etc. definitively. The parental origin of the '

3 i : abnormality
may follow the copy number (x1, x3, etc.). There is a space between the copy number and

the inheritance symbol (dn, mat, pat, inh, dmat, dpat, dinh) but no space if the inheritance
symbol follows a parenthesis in the detailed form.

arrf{fGRCh38] Xq25(126228413_126535347)x0 mat

or

arr[GRChSB] Xq25(126023321x1,126228413 126535347x0,126556900x 1)mat
M icroarray analysis shows an interstitial loss of the long arm of the X chromosome at band 25 in a male.
The hemizygous l0ss is at least 306,934 nucleotides. The next neighboring proximal nucleotide that does not
show a _Ims 15 205,092 nucleotides away, and the next neighboring distal nucleotide that does not show a loss
is 21,553 nucleotides away from the alteration. This deletion was inherited from the mother,

arrfGRCh38] Xq25(126,228.413 126,535,347)x1 mat
or
arffGRCh38] Xq25(126023321x2,126228413_126535347x1,126556900%2)mat

Same abnormality as the above example. but found in a female,

arrffGRCh38] Xp22.31(6467202_8091950)x0 mat

Microarray analysis in a male shows an interstitial loss of the short arm of the X chromosome at band p22.31,
inherited from a carrier mother.

arr[GRCh38] Xpl 1.22(53215290_53986534)x2 mat -
Microarray analysis in a male shows a gain of the short arm of the X chromosome at band p11.22, inherited
from a carrier mother.

arf{GRCh38] Xp11.22(53215290_53986534)x3 mat

Same abnormality as the above example, but found in a female.

arffGRCh38] 4¢q28.2(1281 84801 129319376)x3 mat,16pl 1.2(39581354_3(}066_] 86)x3 pat
Microarray analysis shows a gain of 4q, inherited from the mother, and a gain of 16p. inherited from the
father, .

arf{GRCh38] 4q32.2q35.1{163146681_183022. 12)%1 dn

or

arr[GRCh38) 4q32.2q35.1(163002425x2,16314668 11 8302231% l,1843222h313d(2)fi? ot
Microarray analysis shows an interstitial loss of the long arm of chromosome 4 between bands §7=.= £
g35.1. The heterozygous loss is de novo.

1 dn,
arffGRCh38] 9p24.3(1310386_1 709409)=1 mat,9p22.3p22.2( 16455330 _16763471)*
18921.33q22.1(62747805_67920791)=1 dn i s ety
Micrc_:ar?ay a.nafl)'sis shows three abnormalities. The first abnnrmal_ily isan t_l'l'(h‘f st 1_““]_ l"jf ftlfl.:dal::l::?f-zrﬁll fr
the other two abnormalities are de movo interstitial losses. Therefore, the lnll‘fr:!d:‘:; I'ron': pter to gter.
the specific gain or loss. Note that the two abnormalities on chromosome 9 are liste

. 469
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14.2.4 Multiple Techniques
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Note that the convent enc £ d53iE e
d chromosomes. w h g assignm -
ers. These are 101 alwan COr
46, X . dertY n(y .""J‘-_,:l | 3:a 7 rf GR( 18] Y 23(2688 46 _2
20g13.2q13.33(51840606 623750851x3
Microarr: ynal "
irm Y I
il the sex chroy 1
il
46, XY . der(20(Y:20)(g11.23:q13.2).arrfGRCh37] Yql 1.23(2688774
20g13.2g13.33(51840606 ¢ SOR3 ) x|
Micraoarray analysis shows d SIOC e
of the ¥ chromosome T e & 2
y terminal deletion of ¢ ). IN¢ C
first and that there 15 a n Y u g .
vidual
46 XX.arrffGRCh38] Xp22.31(6923924 7253485)x3.5g14.3(8801R76¢
Normal female karvorvpe with mice analvsis shows a s & CODPY galr
X chromosome and a single i ss of part of the P 5
hromosome abnormality 1s list
46X der(Y)UX:Y)(p22.33;q12).arr[GRCh37] Xp22.33(701 2.67

(2.709,521_15,955,588)x2,Yq11.221q11.2
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ini-

SOUGY)(P22.33pLL2)SRY +).arr( G

' RCh37) x
: , =11 Xp23, :
ish dufm"’ﬁl’-’ 664,962_1553,232,907)%2,Yp1 1 32 | 2(11 r;aiﬂ“ﬁh'ﬁ‘“’- 2,664,272,
9 33qeot= 2011 211
xp:';g48 2“872.2415%(0 . 3-”)3,(\44],].\.-]_)]] '}q] 23
‘?[I-'.Ilun'rnﬂ.\- analysts .Iﬁ I‘I:!L'II'E‘J:‘L‘JI::.':: I-jt‘][l}[w- u.nj}::\t of metaphage FISH whie 7
N 1.:|il"" derived from |5,i.|r.i. EII .1 ¢ 1. L tween |lea..hur[ arms of the x 4 ]J(llt:lltlllul 40 Unbalanceq gy,
m.k.] 11|; distal xp “”'I‘I "‘”N of the ‘( ‘“]”‘""”‘ﬂ!n]t:: I'he rr'nmlumlctl D‘c:;-lliiil _‘3J1r-'!mcmmu;_ 1.L‘“‘__!‘|mll' ‘”.J 3
“N';a.n parbouring SRY can be attributed to the y chromosome S OEYp Mcluding pag | -un!'J”‘J :
regle ) & PART gy

?W‘,{mm,m-r[cil«z(‘l137].Inlﬁ.lm 1.2(1 1759642!__12134(361()):«1 it
¢ icronrmay analysis shows a single copy gain of the shory arm of chromosome 1 o
M, likely identifying the marker t..'}‘lnl]‘l'hl.l.‘s'ﬂlll'lk‘-. Because mogy MICTOrrays
J{in near the centromeres, the centromeric bands are rarely included ip
mmk'r‘i aiter microarray analysis, although (he eentromere is probaly
:::J:j :u‘ be confirmed by FISH. An amended resyly alter FISH

e J.ip;mnlng.',
Will not cony
the nomene
Iy included in the ab
analysis could be wrilten

Approximately 3.4
am the heterachro.
lature of ings and
CTration and would
as;

47.XY +marish f((p13.1q121)(D1Z1+).arr[G
121346616)%3 dn

or
47 XY, +mar

ishr(D(p13.1q121)(D1Z1+)

arffGRCh37] Ipl3.1pl 1.2(117596421_121346616)x3 dn

RCh37] Ip13.1p11.2(1 17596421

47.XY +mar.art{fGRCh38] 1p12pl11.2(1 17596421_121013236)x3 dn,15g25.1926.3
(78932946_100201136)x3 dn _ e |
: Microarray analysis shows two de novo aberrations: a single copy gain of part of the s}_mn arm of chromo-
some | an.d a single copy gain of part of the long arm of chromosome 15, 'I'his_]ikci}' identifies a c_nmplf.-.\
mﬁ.fkcr comprised of material from chromosome | and chromosome 15, but FISH would be required for
confirmation.

46, XX.arr{GRCh38] 3p12.2(80395073_83498191)x3 inh.l?p[2,I{2;45:1312.:1.1.11‘?:23‘525\1'2;'1‘;15:
‘Nurn;.m female karyotype analysis showing a gain :}!‘c}a;-g::11t>:,-L;11nc : at hfnr;tlj .E)I”.,.:ri .iyn] i a) \
inherited from a p;lvn':n'l‘ and an interstial loss of 12p at band 12p12.1 ol de nove origin.

< 3 26.2426.3(96062102_
ar{GRCh38] 8g23.1g24.3(105171556_146201911)x3,15q26.2926.3(
10020| 136)x] : : opy gain of
Microarray analysis shows a single terminal copy gal i |
0f 159, Often, double segmental imbalances are indica T fer chromosom analysis
Tays can only detect relative imbalances in DNA copy numbct.
alization, the nomenclature can be written as follows:

art of 8q and a single terminal copy loss of purlt
ke translocations. Huwc\'cr_. qmnjm-
and FISH visu-

43112+.RP11-

. 11
er(IMELIRP b 63

46,XY der(15)t(8: 15)(q22.3:926.2)dmat.ish d 620191 1)x3,159

14C10-).arr{GRCh38] 8q23.1q24.3(105171556_
(96062102 _100201136)x1

or

46.XY der(15)1(8; 15)(22.3:926.2)dmat
iSh der(15)t(8: 15)(RP11-1143112+.RP1
a{GRCh38) 8q23.1q24.3(105171556_
100201 136)x |

LIS placed after the conventional i
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14.2.5

46,XY rec(18)dup(18q)inv(18)(p1 1.32g2 1)dpat.arr[GRCh38] 18p11.32(102328

2326882)x1,18921.31¢23(56296522_76093443)x3

Chromosome analysis shows an abnormal chromosome 18 which is irftcrprclcd in the context of microarray
and paternal karyotype, Microarray analysis shows a terminal loss of the short arm of ch romosome |8 and
a gain of the terminal region of the long arm of chromosome 18. Kal')l-‘ﬂl}'P“ ﬂﬂ_ﬂl)‘?!-‘i in 1|1£‘_lﬂlhcr of this in-
dividual demonstrated a balariced pericentric inversion. Thus, this is duplication/deletion recombinant
chromosome that is derived from an inversion carrier parent.

47 XX, #mar.arff GRCh38] 21q11.2g21.1(13461349_17308947)x4,2122.3(46222759_
46914885)x3

Microarray analysis shows a two copy gain of 21q11.2q21.1 and a single copy gain of 21g22.3, indicating
that the marker chromosome is likely a complex rearrangement involving two different segments of chromo-
some 21, resulting in partial tetrasomy of proximal 21q and partial trisomy of distal 21,

47, XX, +mar[11/20L.arf{GRCh38] 21q11.2q22.3(13461349_46914885)x3
Microarray analysis of a cancer sample shows a gain of 21q11.2g22.3, indicating that the marker chromo-
some is likely a complex rearrangement involving chromosome 21.

Mixed Cell Populations and Uncertain Copy Number

To indicate a mixed cell population, the proportion of the sample with the abnormality can
be estimated and included in brackets following the copy number. If the proportion of ab-
normal DNA cannot be estimated. the copy number range should be given using a tilde (~)
or mos may be used.

Note that the gains and losses are reported relative to the normalised ploidy and that it may
not be possible to distinguish between a one copy gain in a high proportion of the sample and
a two copy gain in a low proportion of the sample. Similarly it may be necessary to use a differ-
ent method to determine the ploidy of a sample, e.g., to discern tetraploidy from diploidy.

arr(X)x1[0.6]

or

arr{GRCh38] Xp22.33q28(168,546_155,233,730)x1[0.6]
?dicr?array analysis shows 4 single copy loss of the X chromosome in approximately 60% of the sample ina
emale.

arr{GRCh38] Xp22.33q28(168,546_155,233,730)x1~2
or
arr{GRCh38] Xp22.33¢28(168,546_155,233,730)x1 mos

Microarray analysis of a female shows copy number loss of the X chromosome in a proportion of cells which
is not determined.

arr[GRCh37] Xp22.33926.2(61090 13235 3367)x1 [0.8],Xq26.2q28(1 32435273
151904036)=1 5
In a female. microarray analysis shows that 100% of cells are missing one copy of Xq26.2 to Xq28: 80% have

one normal X chromosome only, while 20% contain a normal X and an X chromosome with a terminal de-
letion of Xg26.2 to qter.

arrfGRCh38] Xp22.33pl 1.23(701_48.643,784)x1[0.75],Xpl 1 23q21.1(48.,643,785
77,1?3},85%)“[0.25],)(:;2‘1 1928(77,173,853_155,270,560)x1[0.75] -
In a female, micr‘obarray analysis shows mosaicism for X chroimosome “lJ] : e o
u? Xg21.1 exhibiting a lower level of abnormality than the Xpter ar:i isqﬁf:r\:::ghn:gﬁ&6851:11;;1;5:1]‘2:1(]?;10'5;“:
e Chir-?-mosumc X. FISH or chromosome analysis is required to determine the structural nature of the ab-
normalities. 5
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arrfGRCh38] (X.1-7)x1.(9-12)x1,13q12.11q14.2(19438807 48800573)x1.13q14.2

[489_3646]_49 176936)x0~1,13q14.2q34(49176999_115095706)x 1 {.II ﬁ- 20 J q’m e
Microarray analysis in a cancer in a female shows u near haploid genome, with :ain :I?-T ].x. I '(_“—Jx I
1to7.9to 12, 15 to 20, 22 and X. The result for chromosome 13 -\hm‘\-s re ;”nt' 5 ;T(:‘-FILM” chromosomes
region in 13g14.2 with a mixture of homozygous loss and single copy loss \.‘im "h:l h’!‘_g;c'c”m" loss and a
termine whether the two mono-allelic deletions occur in ¢is or in trans. f-iunmm‘ ‘microarray cannot de-
the normal two copies. omes 8, 14, and 21 show

ish mos del(2)(q11.2q13)(RP11-478D22-)[10]/2q12.1(RP1 1-478D22+4)[25]
arr[GRChP-S] 2q11.2q13(100982729 112106760)x1 [0.4] e
FISH and microarray analyses show a mosaic deletion in the |

: _ ong arm of chromosome 2. By microz g
proximately 40% of cells have the deletion. B g i

47.XY +mar.ish der(2)(p11.2q13)(RP11-478D22+)[5)/2q12.1(RP11-478D22+)(25]

arrffGRCh38] 2p11.2q13(90982729_112106760)x3[0.15] =fets
Microarray and FISH analyses demonstrate a mosaic marker chromosome derived from chromosome 2. By
microarray approximately 15% of cells have 3 copies of the defined region. ' C oz LY

arrffGRCh37] (5.6)x3[0.3],7q34(138588953_140233585)x2~>2
SNP microarray analysis of a solid tumor shows three copies of chromosomes 5 and 6 in 30% of the sample.
There is mosaic gain of a region within 7q34, but the copy number is uncertain. There is allelic imbalance
demonstrated in the B allele frequency plot for this region, but it is not possible to determine the exact copy
number. Where clinically relevant, copy number should be confirmed by FISH. '

arrf[GRCh38] 7pl1 .2(54290345_55087100)amp
Microarray analysis of a solid tumor shows amplification of a region in 7p11.2. The exact copy number is
too high to be enumerated accurately by array.

arr{GRCh38] 11q22.3q23.2(104669588_113439979)x1[0.3],13q14.13q14.3(46290874_
51390298)x1[0.8]

Microarray analysis of DNA from a CLL patient shows deletion in the long arm of chromosome 11 in ap-
proximately 30% along with a deletion in the long arm of chromosome 13 in approximately 80% of the

sample.

arrffGRCh38] 12p13.33p11.1(84917_34382567)x2~4
Microarray analysis shows a two copy gain of the short arm of chromosome 12, resulting in tetrasomy 12p.
Although this result likely indicates an isochromosome of 12p, such as those found in Pallister Killian syn-
drome. FISH or chromosome analysis is required to confirm, The approximate sign is used to indicate that
the number of copies of this region varies from 2 to 4.

arr[GRCh37] 13q14.2(50,487,993_50,512,864)x1[0.9],13q14.2q14.3(50,531.767_
51,375,971)x0[0.9],13q14.3(51,379,765_51,711,436)x1[0.9]

or

arr[GRCh37] 13q14.2(50,487,993_50,512,864)x1~2,13q14.2q14.3(50.531
51,375.971)%0~2,13q14.3(51,379,765_51,711,436)x1~2

The oncology microarray profile shows three contiguous deletions on the 101“1g arm‘ar ¢ -
ing in a region of homozygous loss with regions of heterozygous loss on cither side. Note tha
cannot determine whether the two heterozygous deletions occur in €18 or in trans.

J67_

hromosome 13 result-
microarray

;
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14.2.6 Nomenclature Specific to SNP Array

Single nucleotide polymorphisms (SNP) can be iden“ﬂe{j,u?;:]% Eﬁ*?f;:;:;g;;::[ nllgf}n Hcle.
otide microarrays. The use of SNP arrays may u,-?cove{ Tbg ml';ols htz and hmz : lh‘u- ave
been reduced I‘n')m previously known lwteroz}_fgosu}’- i liri)’_ 0 o nsedin th;:i f)“
to define the zygosity of the chromosomal region. SNP array te
of abnormalities relative to genome ploidy.

Useqd
Cli('jn

2 hmz
arr[GRCh38] 11p12(37741458_39209912)x2 ) at band p12. at leact | 4-
:ENP array aialys?s sh(ows homozygosity in the short arm Rl e L e SRl it least 1 Mb
in size.

hmz mat[0.6]
e short arm of chromosome 11, at band p12, 4 least

d of maternal origin.

arr[GRCh38] 11p12(37741458_39209912)x2
SNP array analysis shows mosaic homozygosity l.n th
1.47 Mb in size in approximately 60% of the sample an

arr[GRCh38] 15q11.2q26.3(23123715_101888908)x2 hmz pat,21q11.21922.3(14595263_

48084819)x2 hmz pat : ) :
SNP array analysis shows homozygosity for the entire long arms of chromosomes 15 and 21, respectively.

Based on additional SNP array analyses in the parents, both regions of homozygosity reveal uniparental
isodisomy obtained from the father.

arr(15g.21g)x2 hmz pat

or

arr{GRCh38] (15g11.2g26.3(23123715_101888908),.21q11.21922.3(14595263_
48084819))x2 hmz pat

Same example as above. In some circumstances, a short form may be sufficient to describe the abnormali-
ties. Note the use of the parentheses in the detailed form with multiple regions of homozygosity being

grouped.

arr(7)x2 htz mat
SNP array analysis shows maternal uniparental heterodisomy for chromosome 7.

arr[GRCh38] 11p15.5p15.4(2265338_6275434)x2 hmz ¢,19q1 3.33q13.43(49759500_
58586384)x2 hmz
This is a possible example of a Beckwith-Wiedemann syndrome patient with constitutional segmental UPD
for 11p15.5p15.4 and an acquired region of homozygosity of I‘Juqll3.33qter,'Segmema| UPD may be better
referred to in cancer cases as copy neutral loss of heterozygosity (LOH) and in constitutional cases as absence
of heterozygosity (AQH). "

arrffGRCh38] llpl5.5p15.4(226533&6275434}*2 hmz, 19 500
58586384)x2 hmz : ,19q13.33913.43(49759500_

In this second example, both regions of homozygosity are acquired or the inheritance is not known.

arrfGRCh37] (X,3.7,9q.13-1 7,19,20,22)x 1
T -~ - oo -
itfoﬁ f:iar;ai ngfsi.lcgremlag—-l?zdlcaupg near-haploidy in a female wi th acute lymphoblastic leukemia. Chro”
sized since;l;;is rel;r'e‘seiff.s the no 18 s I‘show a heterozygous state, which does not need to be empha-
ity \a:hich also does not to b il Situation, whereas the other chromosomes and 9 show homozyEos
0 bl ?s ._r;:a fl:ﬁli;as_rzcd I:.E:]:ause’ this is already clear by the x1 notation. Based on ”nlé
ta, Ways possible 1o conclude/deduce whe - : -haploi
complement or a mixture of near-haploid and doubled nea;;i‘;‘:;f::;ﬁ:;{l:{;;z:z concerns a near-nap
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qeribe the above as-a doubled clone: arf{GRCh37] <2

Ti’d" : A 5 ey i i “
Ee(8.9p)xa\(9a)<2 mz(10-12)x4,(13-17)x2 hmz (1g)ug (1 20yes DL 24,3y,

Y

(his way. it becomes clear that all chromosomes = hmz (2 1) 4022
II':er yy copy iumber or by being homozygous,
ther bY €5F

(X))
2 hmz (4 ~0) x4 (Tyx?

are actually 122 limg

‘Ih I -
aAbnorma| Compuared

hormal diplojdy. el-

~2(1-13)%2 mos hmz,(14)x2 ~. =
Y)x1~2,( (14)%x2~4 (16-20)x2 MOos hmz,(21)x24 (2232
= les )X mos hmy

o .
: ‘i doubled near-haploid ¢c e
Consistent * nh[a fi al ; ploid complement ip 4 Male with acyie |

g mixture of DNA from normal and leukemic cells; thus, SNp array anal ¢ IYmphoblastic leukemia, Th
oy analysis shows mosai d- Hhereas
& ' OS5

- ) & .
chromosomes 110 13, 1610 20, and 22. There was COpY number ¢

. s ¢ homozyp &
Edin for L‘hl'[‘]'!]u_tmml..‘ YEOSILY for

X, Y, 14, and 21,

7[GRCh37] 12q11~q13.13(37,876,400_51,566,350)x2

(51,566.541_133.777,645)x2 hmz[0.3] 2 hmz[0.2~0.3],12q13.1324 33

r
:rr[GRC]ﬁ?] 12q11~ql :" 13(37.876,400 51.566
(519566-54]—’33~7?7-64-“_)"3 mos hmz
By SNP micrm_irra}‘l}'lw region of chromosome 12 between qQll andq13.13 dis :
of heterozygosity (CN-LOH). and there is gradual increase in separal |-n-!'| of II}\TI
gous plot indicating that there are numerous subclones with slightly J.IiH'ctrin -]1:
ween the clmmmffnn_ml breakpoints indicates a range to demonstrate :
The mosaicism of this region, as caleulated from the BAE,

.350)x2 mos hmz, | 2q13.13q24.33

ays mosaic copy neutral loss
B allele frequency heterozy-
reakpoints, The tilde (~) be-
_ these multiple subclone breakpoints.
ranges from : imately 2 Yo ¢

gample. The contiguous region from 12q13.13 10 (24.33 L!ispi;nitnur\:lnilt :‘I:\I']-rli?)]lr;“:!i'l-]}1 J'J o “'IJ lﬂli"}:c
with no discernible subclonal variation, ‘ : SRR

arr[GRC[137] 1Tp13.3~p13.1(8.547 7.184.396)x1 [0.7~0.9).17p13.1p11.2(7,184,481
17,446.103)x1[0.9]
SNP microarray demonstrates loss of 17p with a range of deletion breakpoints between 17p13.3 and | 7p13.1,
as indicated by the use of ™~" in the break point designation. There is similarly change in the level of mosa-
ieism across this region from 70 to 20% of the sample. Deletion of the region between 17p13,1 and 17p11.2
appears as a single block with no discernible subclonal variation.

arf[GRCh37] 17p13.3~p13.1(8,547_7.184,396)x1~2,17p13.1pl 1.2(7.184,481_
17,446,103)x1~2

The same microarray profile as above, bul
determined.

the proportion of the sample bearing the abnormalities was not

ar{GRCh37] 13q14.13q14.2(46389795_50424677)x2 hmz[0.40].13q14.2q14.3(50438236.
5I6921?4}xu[[}_4]_ 13g14.3g34(51 692548 | l:‘w[(_.‘ﬂi_j«)}xl Imu.ill,;ll(_?]r i Shromotame 13/ Thisre
SNP microarray demonstrates 40% mosaic homozygosity for most u: 1‘|15 I!Ol:i“: T

i5 a deletion within the homozygous region that is therefore a biallehic defetion.

0424677)x2 mos hm?_.l3ql4‘2q|4.3(50438236_

Z
5103529)x2 mos hm Y
0 osaicism was not determined.

ar{GRCH37] 13q14.13q14.2(46389795_5
51692174)x0~2,13q14.3q34(51692548_1

. . level of m
The same microarray profile as above, but the level of

asome.

AT<3n>(X)x2,(Y)x1

R . - fe ; sne Y chrom
A triploid cytogenomic profile with disomy X and ¢

g : e S t .
L 1laplﬂid encme,; I 90’3& Oi the sa np i
el it

Ar<dn>(7)x3[0.9]

ive to th
S of one copy of chromosome 7, relative to

"-—.‘-—'_“"—-——.—_——————'—_ g from: . 60“‘.‘.41_5(}3
licroarr, gprint s 2020:1
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14.2.7

0.31.(21)%4[0.3]
arr<2n>(X.4.6,8,10,11)x3[0.3],(14)x4(0. 3.1 ?i.: ﬂ["h—"’[[hi hl_ndcd karyotype:
A near-triploid cylogenomic profile for an ALL samp 51 +21[5)/46 X Y[} $]. Since it is
58:211.:-1)(Y.+X.'+4.+5,+8_+|U.+| |.+1d+ t4.+17,+l§-_'t;cd relative to the diploid genome
in this case the abnormal array profile has been descrt

v

Complex Array Results

o Itiple caomni
- ement is used for multiple compiay -
The sy . . 2x chromosome rearrang : .
he symbol ex for complex cl  region of the genome.

rangements across the entire genome Or within

arr{X, 1-22)ex v et e o o
2 - : e 5 across the entire genome m 2 female
Microarray analysis shows multiple complex rearrangement

arr(1-22)cx in chromosomes | through 22 The
Microarray analysis shows multiple complex rearrangements 1o © i e =
mosomes appear normal and are therefore not shown.

arr(X.Y, 1=22)cx = o

Microarray analysis shows multiple complex rearrangements across the entire genome

art{GRCh37] 3p26.3q12.1(61495_98386666)cx[0.5] -

Microarray shows 4 complex pattern of chromosomal copy number changes in the shott arm
3. It affects approximately 50% of the sample.

Chromothripsis (cth) refers to complex patterns of alternating copy number changss (com
monly alternating disomy and heterozygous loss) clustered along a chromosome or chrome

somal segment.

arr(1p)cth
Microarray analysis shows multiple alternating changes (normal segments. gains, and/or losses withm the

region) in the short arm of chromosome 1. Only the short arm of chromosome | is affected.

arr(1,13)cth
Short description of a microarray analysis that shows chromothripsis in chromosome | and chromosos

Only chromosomes | and 13 are affected.

arr[GRCh38] (1)cth,6q25.1927(149100000_170899992)x 1,(13)cth
Microarray analysis shows chromothripsis as in the aboyve 1 ; s of the long arT
chromosome 6 at bands g25.1 through q27. /& Srémpie and concomitant Joss of the long

arr[QRCh3?] 2p24.3p21(1 3 l97725_46386298)cth[0.9]
Sh::;;c]::.rray shows chromothripsis ocurring within the region 2p24.3 to 2p21 in approximately 90% of 1

Chromoanasynthesis (cha) refers to a complex pattern of copy number changes (commont
deletions and one and two copy gains) which oceur as a result of DNA replication machinen

defects and which affect a single chromosome or chromosome region, The chromosomal P2t

tern includes copy number variants without the clustered breakpoints of chromothripsis.

arr(6)cha

Microarray analysis shows multiple changes of copy RUSHher between 1 and ~4. affecting chromosome o

———
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: of copy numbe
r, bC[WeE
S Was evident i 5 " Land -4 affeqting
PProximately sno; CCUNg most of
¥:30% of the = Of the short
Sample,

menclature for chromatid loss and gaiy

o ._ i
¢ cytogenomic techni pola

S T bodies .0 5
/ the _ ques of microarra ' I 1espective oocytes
allow NGS). Y a

nd shallow next-generation se-

sis 1, the first polar body (PB1) consi
DEYEL ' Onsist At
ymosome for 1-22 and the X, ® of two chromatids, usually from a
n, meiosis 2 is completed forming the second 0
S 1 . olar b : .

chromatid for 1-22 and X. R i
bing normal or abnormal PB results, the term cht (chromatid) is used. For PBI it

ormal hz:tplmd set of two chromatids for 1-22 and the X. For PB2 the nomen-
en-t_mre;_ly-' in relation to the number of chromatids where the normal haploid set
_ atid for 1-22 and X. These terms however, are also appropriate to describe the
ctive oocytes. I_t-:jshﬂuld also be noted that although PBs are analyzed, the deduced result
e O needed to make a diagnosis, i.e., whether or not the oocyte is chromosomally
be fertilized for further development into an embryo.

1 and 2 have different numbers of chromatids, and the microarray/NGS pro-
ing copy number should be interpreted accordingly.

NGS is used, replace “arr™ with “sseq” for normal and abnormal results. As the
of the shallow NGS is approximately 5-10 Mb, the normal result can be described.
imitations of the technique.

lar body 1 \using microarray.

ody 2 using microarray.

outlined in the interp
piairations of the test are
§. The limitatio

pody | using shallow NG

e outlined in the interpre-

imitations of the test &
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Abnormal, aneuploidy PB1

ar PRI
- T ids) for |
The normal copy number is x2 (2 chromatids

arr cht(X)x|

\
singe nueraurm
Polar body 1 has loss ol one chiromatid X using

are chi( X)x1.cht(5)x0 toth chromaitids 3 using micronrri
Polar body 1 has loss of one chromatid X and has lost
chromatid abnormality is deseribed Hirst

- ] b %9

arr cht(4)=x0.cht( 1 7y=4.¢chi( [:\"'“-\“”' “)X ' I iwo L heomatids 17, and gan
Polar body 1 las lass of both chromatids 4 and 18, ginan ol iy
USTIE MICroarry

arr chi(4, 14)x0.cht( 1 Tyx4.chi(22)x3 S

" { painof two chiromatids 1/, and gai

Polar body | has loss of both chromatids 4 and 14, gain'e

USIRG NICroareny,

arr ¢hi(8,19)=3
. 5 y ¢ CRIETE
Polar body | has gainof one chromatid 8 and a gain of one chromatid 19 using microa i
chromatids in total for each ancuploidy, Note that parentheses can be used to group abno

SAme copy numlber

arr cht(18,21)x3

' ; 31 waing .
Polir body | has gain of a chramatid 18 and g gaim of a chromatid 21 using microarray

Abnormal, aneuploidy PB2
I'he normal copy number s x1 (1 chromatid) for PB2.

arr cht(X)x(

Polar body 2 has loss of the ¢chromatid X USIIE IMIeroanmay

arr chi( Dx0,chi(19)x2

Polar body 2 has loss of the chromatid | and a gain of one chiromatid 19 using micronrriy

arr cht(13)x2,cht(21)x0

Polar bady 2 has gain of one chromatid 13 and o loss ol the chromatid 21 USINE MICTONrTay

arr cht(13,18.21)x2

Polar body 2 has gain of one chromatid each for 13, 18 aned 21 using micronrray
- a ] . .

arr chit(13,14)=2 (18)x0,(21)x2
Polar body 2 has gain of one ehromatid o

ach for 13, 14 and 21
Array |

and has lost the chromatid 18 using m

478 Reprint rom

138 Cytogengr « wenome Ros 'J“_!“‘“‘“ )40 15¢ ‘N 220

DO 10,11 S9/0005 0000




Abnormal, structural PB1

| arf{GRCh37] chtlp. 36.3pl2

249.197,778 f)x3.cht(21)x4

Polar body 1 hasch romatid loss of ther

two chromatids for 21 using micr

g33(616.2 353

arff GRCh37] cht7p2
(19.812,720_80, 581.454)x4 dmat

Polar body 1 has loss of two chromatsd

region 13q12,

11q31.1 using microa

46 XX t(T:13)g33qg31. 1)

arffGRCh37] cht8p23.3g11.2 21( 1

Polar body 1 has partial gain of F oT
21 by microarray.

Abnormal, structural PB2

arf{GRCh37] cht1p36.3p12(995.002_12

Polar body 2

array.

249 197.778)x0.cht(21 )x0
Polar body 2 has chromatid gain of the reg
the chromatid for 21 using microarray.

arrfGRCh37] cht7p22.3g33(616.233
80.581. 4‘\4}10 Lh[] »q«i lq~ ;

arr{GRCh37 ]cmp_:._qn 21(125 '=*~_5n_s

Polar body 2 has chromatid

Microarrays
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15 Region-Specific Assays

15.1 Introduction

Several diagnostic technologies exist that can be used to qU?}'llll."_‘hc number of copies of 4
particular locus. Multiplex ligation-dependent probe 31“13]‘“‘-"“{'03 (MLPA), quantitatiye
fluorescent PCR, real-time PCR, non-invasive prenatal diagnosis (NIPD), and bead-based
assays can all be used to determine the number of copies of a chromosome and/or chrome.
somal region. These assays have collectively been referred to in this chapter as region-spe-
cific assays (rsa). which can be applied also to small, targeted arrays that are limited 1o 4
number of regions that can be reasonably listed in the nomenclature. rsa cannot be used for
screening technologies, e.g., NIPT. The written description should indicate the resolution

and limitations of the test.

When a kit is used, the name of the kit can be designated if the genomic coordinates are not
known: however. the greatest precision is achieved by providing nucleotide numbers. As is
done for microarray, the span of the abnormal nucleotides, with or without commas. is sep-
arated by an underscore. When nucleotide numbers are used or exons are given, the specified
genome build (e.g.. [GRCh38]) must be placed within the nomenclature string. Although not
presented in the nomenclature, the reference sequence should be presented in the written
description. To indicate a mixed cell population, the proportion of cells with the abnormal-
ity can be estimated and included in brackets following the copy number. If the proportion
of abnormal cells cannot be estimated, the copy number range may be given.

Normal chromosomes and aberrations are listed from lowest to highest chromosome; sex
chromosomes should be listed first. The decision to list the normal loci included in the assay
is at the discretion of the laboratory.

15.2  Examples of RSA Nomenclature for Normal and Aneuploidy

46,XX.rsa(X,13,18,21)x2

!\??rmal female karyotype and normal copy number of chromosomes 13. 18 21. and X using a region-spe-
cific assay. 513, 18, 21, sing g

480 Reprint from:
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sl Y1 (13.18.21)x
Nor=ial copv number of chromosomes 13, 18, 21. X. and Y in a male using a region-specifis

=

d55aY

rsa(21)x3
_-\_;‘31\‘\ I RYK

2.(21)=3

chromosome (trisomy) in a
or chromosomes 13, 18, and the
1 were also tested. may be included in the nomenclature

-specific assay. For clarity, the normal disomic states |

sl X2 (Y )ix1.(13)=<2(18)x3.(21)x2

0 : It for chromosomes X and |8 showing a gain for the whole ¢k romosome 18 (tri-
on-specific assay. For clarity, the normal disomic states for chromosomes
mcluded m the nomenclature.

rafX)x2(13)=<3 (18.21)x2
chromosome 13 showing a gain for the whole chromosome (trisomy) in a
larity. the normal disomic states for chromosomes 18, 21. and X

psalX)x 1 (13.18.21)x2

Absormal cop ber showing a loss of one sex chromosome using a region-specific assay, consistent with

moncsomy X using a region-specific assay. For clarity, the normal disomic states for chromosomes 13, 18.
g 71 miay be mcluded in the nomenclature.

sl (Y )x1.(13.18.21)x3
Avmormal copy number showing an additional X chromosome plus gain of chromosomes 13, 18, and 21
filses copies) in 2 male using a region-specific assay. This result may be indicative of triploidy.

saXpe2 (Y)x1,(21)x3
Absormal copy number result showing an additional X chromosome in a male along with an abnormal copy
sember for chromosome 21 showing a gain for the whole chromosome (trisomy) using a region-specific assay.

sa(X)x2 (13.18)x2.(21)x2~3 _
Abaormal copy number result for chromosome 21 showing two to three copics for the whole chromosome
21 (mosaic trisomy) in a female using a region-specific assay. For clarity, the normal disomic states for chro-
mosomes 13, 18. and X may be included in the nomenclature when tested.

rsa(X . 13)x2 (18)=3[0.6].(21)x2 ok =l |
Abnormal copy number result for chromosome |8 showing mosaicism tor the whole chromosome 18 (mo-
S2IC trisomy) il:l = female. 60% of the cells have this gain using a region-specific assay. For clanty, the normal
disomic states for chromosomes 13, 21 and X may be included in the nomenclature when tested.

Examples of RSA Nomenclature for Partial Gain or Loss

rsa[GRCh38] Xp21.1(32,448,538_32,472,228)x1 R
rsaf GRCh38] Xp21.1(32441314x2,32448538_32472228x1 .;_4,349,0:_1“ R
Abnormal copy number result showing loss within the DMD gene by Nll;l‘t ina hl!:.l.‘:‘ L':.L‘l.l. )
shows that the next neighboring nucleotides that do not show & loss are 7,224 and L2, /9= RUCICQUILES SIS

from the alteration

D
481
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+ 21 33.457.670)%1
rsa[GRCh38] Xp21.2p21.1(31,037.731 df_'_')"ii;,r’;,mh Joss wit
Abnormal copy number result for Xp21.1 show Mg G

dosage using NIPD.

hin the DM D gene by relative hani

rsa[ GRCh38] 1p36.33(849.466_2.432.509)x1 .  region-specific assay.
Abnormal copy number result for 1p36.33 showing & ot

rsa 1p36.33(P070-B3)x1 the MLPA kit PO70-B3. The kit numh..

Abnormal copy number result for 1p3
given as the nucleotide coordinates are not known.

6.33 showing a 1055 using

rsa 20q13.3(P070-B3)x1.22ql 3.3(P070-B3)* I“_ 1.3 showing a loss of both subtelon
Abnormal copy number result for both 20gl 3.3 and _“'q.I o ﬁ‘ R ;ii.d:: coordinates 4ar
defined by the MLPA kit PO70-B3. The kit number 15 given as the nucic s

94 76950
arr[GRCh38] 8p23.1(8.479,797_11,897,580)x1.rsa[GRCh38] 8p23.1(11.676.939_
1 !.?60.0”2)7‘1 = ¥ - yonfirmed using a

Microarray analysis shows a deletion of 8p at sub-band 8p23.1 %\'thl'l was l:(_ :1._1r ](; L.: g 2
assay targeting the GATA4 locus. The coordinates using the region-specific assay co not.con
of the 8p deletion.

rsaf GRCh38] 4q32.2¢ 35.1(163,146,681_183.022,312)x1
q q

Abnormal copy number result for 4g32.2g35.1 showing a loss using a region-Spec

HIC assay.

rsa 13q14.2(RB1,DLEU2)x1,13g34(LAMP1)x3

Abnormal copy number result showing a loss of the RBJ and DLEU?2 genes and gain of the ZAMP[ sene
using a region-specific assay. Genes are listed from pter to gter.

rsa 13g14.2(D13S319)x1,13g34(LAMP1)x1.17p13.1(TP53)x1
Abnormal CLL result showing a loss of the marker D138319 plus the LAMPI gene and loss of the TP33 gene
using a region-specific assay. Loci and genes are listed in chromosomal order.

rsa 15q12(GABRB3)x1.16p11.2(LAT)x3

Abnormal copy number result showing a loss of the G4BRB3? gene and gain of the LAT gene using a regio
specific.assay.

rsa 15g11.2(UBE3A)x1.15q12(GABRB3)x3

Abnormal copy number result showing a loss of the UBE3A gene and a gain of the GABRBJ gene using 2

region-specific assay.

rsa| GRCh38] 16q11.1924.3(37,633,407_90,218,850)x3

Abnormal copy E 24 i : < . s
/ py number result for 16q11.1g24.3 showing a gain using a region-specific assay.

rsa 22q11.2( kit name with version”)x |
Abnormal copy number result showing-a loss of 22q11.2 usi ; e b
5 = r .= usin N o = o= the kit can bB<
serted in the parentheses without the quotation ]T]aqfks BB MLRAkIL Thename-of the ki

rsa 22q11.21(HIRA)x1

Abnormal copy number result showi . 7IRA
Sl owing a loss of 22(21] 121 using a rcginn-speciﬁc assay targeting the HiR4
482 Reprint from: =
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rsa 2211 21(MICAL3.HIRA)x1 224 L21(MED15)5 5,

(ARSA)K] : TR : 44l I‘EI(I'”(‘E}:-:I 22q13.33
Abnormal copy number result showing a Jogg Within 2241 » =e413.33
Genes MICALS, HIRA, HIC2, and ARSA g aloss. MEp | 8nd 22913 3 USing 4 re
jisted from pter to gier within the same chromosome rﬁﬁ,illira- Ly hormal gopy 1ot h-SPecific 155ay

T
. “VRY Tmber. Ty
. to the BENome by 5
le Ahnurﬂs;tlil i

qumber for MEDI5 is given as thisg clarifies the cxtent of ||“L'““5'dlny £6nes are

Id. The g

rmal Copy

rsd 22(]i IEI{CLD\IS-(Jpl BB)’ I :2(|1 1.21 (SN,\])MJ PPIL 2ys5

(RTDR1)x1 S EX2.22q11.00q11.23
Abnormaf.m—_]?)' nullil_"cr rc51_J]| showing a partial loss within 2241
several loci. The proximal (CLDNS and GPIBB) and distal (R ;;}LL’;] USINE @ tegion-speoific SRa

o larye ]
PPIL2 have a normal copy number., TCR100S genes gy deleted, S i

1P29 and

Examples of RSA Nomenclature for Balanced Translocations of Fusion Genes

rsa(BCR:ZABL [ )neg

Normal result using a region-specific assay to identify a BCR-ABE 1 translocation or juxtaposit
3 I Iranslogy JUuxtaposition,

rsa(BCR::ABL 1)pos

Abnormal result using a region-specific assay that shows a BCR-ABLI translocation or luxtaposition

alT[GRCh33] (8)X3.9q34,] 1934.3(129,300.000 140,273,252)% 1 JSa(BCR:ABLI )pos,
(CBFB:MYHI 1 )pos
Abnormal array result showing a gain of chromosome 8 and loss of chromosome band 934, In addition,
two translocations were identified (BCR-AR/ I and CBEB-MYH11) with region-specific ASSAVS.
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16

16.1

16.2

Sequence-Based Nomenclature for Description of

Chromosome Rearrangements

Introduction

tion of numerical and structural chromosome

Historically, the ISCN has covered the descrip ; _
d molecular cytogenetic techniques while

changes detected using a variety of traditional an
the Human Genome Variation Society (HGVS: varnomen.HGVS.org: den Dunnen et al.,
2016) covered the description of changes at the nucleotide level. Both ISCN and HGVS have
developed methods to describe variants detected by microarrays, PCR, MLPA and other
technologies. e.g.. to detect copy number variation (CNV). Given the increased use of se-
quencing technologies to characterize chromosomal abnormalities (Schluth-Bolard et al.,
2013: Ordulu et al.. 2014: Newman et al.. 2015). and the standards already established by
ISCN and HGVS. it has become evident that a combined ISCN and HGVS standard for the
description of large chromosome rearrangements identified by sequence-based technologies
is required. The method of combining ISCN-like description of chromosome rearrangements
with HGVS-like nucleotide variant descriptions, developed jointly between the ISCN and
HGVS. was initially introduced in ISCN (2016).

General Principles

Key aspects of the combined standard:

e Where details of the chromosomal structure described have been derived from se-
quencing techniques, both the ISCN-like description of chromosome aberrations and
the HGVS-like nucleotide variant descriptions should be included for clarity and com-
pleteness. When only breakpoint information is available without the information suf-
ficient to describe the nature of the structural rearrangement. HGVS standards should
be used alone. For description of large structural variation (see Section 16.3) the ISCN-
like portion of the description appears first and can be modeled using the ISCN short
or detailed form (see Chapter 9). Where several aberrations are described in one result. |
the short form may be used for some aberrations and the detailed form for other aber- |
rations. For description of large copy number variation (see Section 16.4) the ISC N-like |
portion of the description appears first and can be modeled using the ISCN short or §
detailed foz_-fn description of microarray (see' Chapter 14). [

s 'I_’he ISCN'hkg_ et of the deSCEipt.ion.'be'gin's with se:i to indicate that the aber™
tion was characterized by sequence-based techn Sloey It > ome build
msquzebri A FCHROIORY. must include the gen _

atter seq. When observations of other techniques such as bande
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* In runs of identical nucleotides. t

107 Desc

chromosome analysis or microarrays gre available
prod () precedes the sequencing nomenclature (,ge s
l'hcwmhiuu‘d nomenclature uses the EXISLing IIEI\;I:‘

rion (see below and htips: varnomen, hg . el
additional recommendations outlined h:.

Each deriy ative chromosome is describec

ATe prege y

C Presented lirst ang a pe
nel andars
VS.org; den Dunp
low for the

S-like por-
along with
aberration,

VS-like portion,

: Icn CLoal., 2016)
description of an
i ale Imuu!'l]w HG
S e reference 1
1 i wder to have consiste ey, :¢ for the deriyatiy
somes. In < rder to have consistent dmcrmlmn& the direct; ]T' e i
. onahty of the derivar:
\ erivative

ality of the chp

S dt‘ri\“l‘ll ) Of the thmmm.amc segment that
ative 0Some may be the
it If so, the derivatiy
W pler to gter, st

A | il] b Separ
The segment containing the centromere

chromosome should be defined by the direction
includes the centromere. The “prer”

SR ) : : chro
sqter of a chromosome involve "

original
b € chromo-
o ~ \ > . ;“‘lllll Wi \ T
chromosome with the lowest number, and not necessarily the m:i fl‘lll; lhT e
i = e A Y1V s = = P Mer o 1€ chr e
with the lowest number involved, Aberrations affecting sex chromo e o
o 3 : "\ £ = \ . b o 085 6 gre liste
first (X then Y) followed by those aftecting autosomes in ascendin Umh“ 5 e
Sex chromosomes are not listed if normal. but the se e
description.
Lhe genomic reference sequence contains undefined ucleotides (N's)
end of the chromosome (telomeres). i

‘ . din g rearrangeme
somes should be described from their ne

X may be indicated in the written

_ at the start and
chry me. making the use of specific nucleotide positions
problematic. The beginning and end of a ch romosome are therefore re
and qter,

Multiple breakpoints in one chromosome are described from pter to gter of the de-
rivative chromosome, anchored in the positive strand.

presented as pter

The presence of an additional sequence which is not attached to other chromosomal
material (1.e., trisomy, marker or ring chromosome) is indicated by sup (supernumer-
ary chromosome) in the HGVS-like portion.
For all rearrangements, when the breakpoints have not been determined at the precise
nucleotide level, both the maximal (a_d) and minimal extent (b_c) of the rearrangement
are indicated: format (a_b) (c_d) (ranges of uncertainty given in parenthesis). Un-
Known nucleotide positions should be indicated using a “7”. e.g., g.(?_b)_(c_?)del. For
deletions extending from a known nucleotide position (#) to an unknown position in
the direction of the telomere the format “(pter)_# or “#_(qter)” is used. .
Complex results can be presented in a tabular form with the ISCN-like portion in one
column and the HGVS-like portion in another column. o
Commas may be used in nucleotide numbers to indicate IhOll‘S'clﬂdS and mlihj}rl':.reqr
When large copy number variations are idcmmeq by sequencing, the llf‘-l_”r.L . d A
i ' 5 el is not determined and should not be inferred since
g S L ons chmnw»on‘:fﬂ lu_- o i he affected chromosome bands and the
only copy number information 1s Ohl:.lmt‘d'. The . s etael i L
span of the aberrant nucleotides are given in @ m\,l;: l;kﬁtmﬁllllt‘t\"}{idt' variant description.
ISCN-like description. This is followed by the HGVS-

ng:

Briefly, existing HGVS standards include the lu_“‘m1 o example, g.123_456del indicates 2
. An Undel'SCOrtf indicales q ranec 'U!' jluulﬂﬂll For exe . 5

des.

g 5 : 156 ne T y (123 234)
deletion of nucleotides 123 to 456. qintywith pnren[he.».cﬂhus,g.tl- i
Uncertainty is indicated by enclosing the uncertaint known position between RUEE>”

| yisindicated by S s 450 and 8S6:
s c T . ation § Jeotides 450 anc
(450_856)dup indicates that a duplica e € A
e 19 ) p-n ~tends to an unknown position = the R
£ 123 and 234 and exten ™ .! most 3’ 0 ucleotide 1n 1€ Lg
a SL - 2 10 .
e For example, g.4delT (¢

tarts atan un ;
1 between nuc : ;
pun is designalc :
2delT or g.3delT)

ant. This is termed the HGVS “3' rule-

: o TTA.
deseribes the change CTTTA to € =
o EEECT 5
I a
- —— .341-303 ‘
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= helYGRCHhA7 hlln:ffl:pdm\:uIn;ul.csc‘ucsc.cclufg,uldcnPallllhgl ‘”diltilhflﬁc-‘t)'ln}ium_i

. S 2. 123 456inv).
* Inverted sequences are described using iny (EEih . coordinates
* Molecular databases store variants based on gCn‘:lﬂl"‘- tL 'lRl"IIi( -;'ll“l}i .L|1r:'nlnr
banding patterns. ISCN recommends the use of the transiation tables proy;

NCBI to translate banding pattefiis in chromosome 1 ucleotide positions:

X50my|

ded b

Axt.p

a1y P atabase/cv et

o hedS/GRCH3S h[Ip:mmdm\rnk,ad_cgc,ucsc.cclufguld.r.n! _‘ll]'ll"‘l'i'g.?&l'jdfll:i’]'hll.“UL y trI:HLs nd.txt g,
* A double colon (i) is used to designate break point junctions creating a ring chromg.

T'o ¢

gest

-\pp

ot

Chr2:

SOMme. ;

Non-templated sequences (inserts of nucleotides that d‘n not ﬂ_l‘}—gﬂ ]L"l(."d.Hl:r 1o the reference
chromosome sequence) are described using ins (€.8., me\A(r FAC). When the Inserteq
sequence is long. the sequence can be replaced with a rc?er.encc sequence accession,yer.
sion number (e.g.. im[Ng__(]|23;;3_[;;;_4566_8?81]] specifying specific nucleotides.
The term delins is used to describe a sequence change where, compared to a refereng,
sequence, nucleotides are replaced by other nucleotides (e.g., derivative chromog Mes,
whether part of balanced or unbalanced translocations).

fetermine the location of the breakpoint, the general HGVS rule of maintaining the jop,.
unchanged sequence applies (the 3" rule).

lication of the 3’ rule to chromosome rearrangements:
| 3’

TCAGC | ATC | CGTTGE cen ater

Chrl8: CAGTT| ATC|TCTGCC_ cen_gter

der?:

I
CAGTT ATC CGTTGG cen gter

derl8: TCAGC ATC TCTGCC cen gter

In th
cordi

¢ example above, a translocation joins chromosome 2 and chromosome 18 (bold). Ac-
ng to the chromosome 2 and chromosome 18 reference sequences (first two lines), there

are two options to align the breakpoints (dashed and solid vertical lines). The 3' rule deter-
mines that, starting with the lowest chromosome number involved (here chromosome 2). the
sequence should be aligned as far 3" as possible, aligning with the solid vertical line. The cor-
rect description of the rearrangement is therefore:

seq[GRCh38] t(2:18)(p25.3;p11.32)

NC_000002.12:g.pter_8delins[NC _000018.10:2.pter_8]

NC_000018.10:g.pter_8delins[NC_000002.12:g.pter_8]

NOTE: A 5" alignment would give NC_000002.12:¢.pter_Sdelins[NC_000018.10:g.pter_3]
and NC_000018.10:g.pter_Sdelins[NC_000002.12:g,pter_5]

16.3

Examples of Sequence-Based Nomenclature for Description of Large Structural

Variation

16.3.1 Deletions

seq[GRCh38] del(X)(q21.31g22.1)
NC_000023.11:2.89555676_100352080del

Base

in the long arm of one X chromasonie from ban
includes the segment from nucleotide 89

d on genome build GRCh38, genomic reference sequence NC_000023.11, an interstitial deletion Wit

d Xq21.31 to band Xq22.1 has been identified. The delet0Z

e : ke 1o 00.5485.0/12
el 1335,676 to nucleotide 100.352.080. joining nucleotide 89,532

486
146

- - —
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Tial

1h38] del(X)(a21.31g22.1) del(X)(
- 9eL ) delX)oy 5,
12 [89555676_100352080dc] g5 o2
based on genome build GRCh3s, gen:amic y o
e om0 o
¢ 10nSs inc b i ' ;

VS portion each allcle ?s"dfsi’r‘ﬁ,iﬁgﬂéi“ﬂ”ﬂm fucleotide g 55 1d X
e hywtiﬁges?ye}rc brackegs ( ] :e 6 10 nucleoige Iﬂu?szélog?;
tten: seqlGRCh38) dcl{X)(q21,3lq22‘ ”x; ming one oflh-::m: Aljzz:::?vht) i Scmiml"“?l In
I ; Ciyithe ISCN p{)‘ﬂ’iun

rm&’&)jszosnmu
Omes from 1ot NC_000023,14 .
%5 Dand Xqaj 5 - b HOMOzygous
el ar

138] del(X)(a21.31922.1) del(X)(q21 3 1q22.1)

0023.11:2.[89555674_100352088del] (g0 1 7
bt = - i : ; 3 ]
, based on genome build GRCh38, genomic rcrcijzg ;2]?'5:2:7;33%&1]

us interstitial deletion within the long arms <
! | . | . F ot s 0231 1, acon
been identified. The o $ Sromoso 310 bng
deletions mclude the segment from nuci;?)ffdfr%? - el s
. C89,555 674 to I00.35_2.088

- a] 1€, 'ani:l frOIIJ nuc]eﬂ‘ide 90,] ! l 2 ;6 1o 99 8;8 2(} on ]!e l)lher vV
'm_ N 3 £l L] ]
| 1 .- m ogu . . .. s nt ; - .holn'lolugue. ]“ the HG S
:h a“dc 15 desc] 1bﬂd beth‘een E’quale b’aCkBIS [I ]) iepalale‘j b} d SCI“ICO B]11 {:J

ve Chromosomes

RCh38] der(2)t(2;11)(p25.1:p15.2)
02.12:g.pter_8247756delins[NC 000011.10:
0002. ] 624 § = -LUig.pter_15825272

ative .cMomosome 2 from a translocation between the short arms of chro!no‘sorncs 2 and 11 with
ints at 2p25.1 (between nucleotides 8.247.756 and 8,247,757) and 11p15.2 (between nucleotic;{cs

25.272 and 15,825.273). based on genome build GRCh3ig.

GRCh38] der(3)(3pter—3q25.32::8q24.21 -8qter)
2 J _3.12_:_3.l.'58_5-?3':1_8?_qterdel_iI‘lS[_NC_OOOOOS'.1 l:g.(‘128534000‘128546{}00} qter]

A derivative chromosome 3 from a translocation between the long arms of chromosomes 3 (breakpoint be-
nucleotides 158,573,186 and 158,573,187) and chromosome & (breakpoint at an unknown position

een nucleotides 128,534,000 and 128,546,000).

der(4)ins(4:X)(g28.3;:q22.2q21.31)
£.134850793_134850794ins[NC_000023.11:2.[89555676_89556011;
519998):100351999_100352080]inv] o -

ced interchromosomal insertion with X chromosome long arm material inserted into the long
i of chromosome 4. The inserted sequence from the X chromosome is inverted in orientation r_a:latlf: to
osome X reference sequence. Sequence data arc from the site of the insertion f13_4-3§0-;g-§ [IG
nd from the inserted sequence from positions 89,555,676 to 89,556,011 and 100.351.999 to

.e., at the junction breakpoints.

0(pl3.3q21.3) __
658442delins[NC_000010.11:2.67539995 . qeriny] e
reveals ti'ﬁe chromosome 5 from a Lransloca-_n.o;} h:::g::ﬂ é:t; 3 i ;:_5.8_ e
The sepment including pter o NUCICOUTE =780+ S
m_ﬂfchff?mosgn}t_‘: 10'51;2?93;55?0 gter from chromosomé 10, wh ich are ir::‘;!} ;Il:

by nucleotides 67,339.99- e rance sequence (the original seque :

n relative to the orientation of the re

38] der(5)t(5:1

romosome




16.3.3

16.3.4

1(6:13)(gl 3.3:q31.1)inv(6)(q14.3q14 3
0013.11 :g.SU()SQﬁ{J‘)_qtcrl
12:2.[85897899_85900540inv:

seq[GRCh38] der(6)1(6:13)(q13.3:q31.1).der(13)
NC_000006.12:2.85897871_gterdelins[A:NC_00
NC 000013.11 :g.SUt’:.‘?i)()()'?_qlcrde]ins[NC_()OOOOﬁ.
85900541_86488291:93909933 gter]] : L T B
A comiplex rearrangement between chromosomes 6 and 13. Thercis4 single bp (an ""_J' ‘”"L;”'-f‘--‘l al the brea
point on the derivative chromosome 6. There is a 2-bp deletion of chromosome 13 matcrial (80,659 607
80.659,608) and a 28-bp deletion (85,897,871 to 85,897,898) of chromosoric 6 material at the breakpoiny
The derivative chromosome 13 has a 2.6-kb inversion (85,897,899 10 £5,900,540) along with a 7.4-Mb dele.
tion (86,488,292 10 93,909,932) of chromosome 6 material.

¥

seq[GRCh37] der(6)(6pter—6q14.1:21q22.12—qter),der(] 2)(6qter—q23.2::12p13.2 -
gter),der(21)(21pter—q22.12::12p13.2—12pter)
NC_000006.11:2.79.662,191_qterdelins{NC_000021.8:2.36,414,387_dter]
NC_000012.11:g.pter_12,031,320delins[NC_000006.11:g. 132.835.666_qterinv]
NC_000021.8:¢.36.411,882_qterdelins[NC_000012.11:8.12,031,429_pterinv]

A rearrangement between chromosomes 6, 12, and 21 resulting in three derivative chromosomes. There are
53-Mb, 109-bp and 2.5-kb deletions of the chromosome 6, 12, and 21 sequences, respectively, evident from
the nucleotide coordinates for the two breakpoints given for each chromosome.

Duplications

seq[GRCh38] dup(8)(q24.21q24.21)
NC_000008.11:2.128746677 _128749160dup

The sequenced breakpoint of a 2.4-kb duplication within chromosome 8, reference sequence NC_000008.11
band g24.21 including nucleotides 128,746,677 to 128,749,160 based on genome build GRCh38. The ori-

entation of the duplicaled segment is the same orientation as the reference sequence.

seq[GRCh38] dup(8)(q24.21¢24.21)

NC_000008.11:g.1 28746676 12874677ins128746677 _128749160inv
The insertion of 4 2.4-kb duplicated sequence within chromosome 8. reference sequence NC_000008.11,
band q24.21. between nucleotides 128,746,676 and 12,874,677 including nucleotides 128,746,677 1o
128.749.160 based on genome build GRCh38. The orientation of the inserted (duplicated) segment is in-

verted relative to the reference sequence.

seqGRCh38] dup(8)(q24.21q24.21)
NC_000008.11:g.128749 160_128749161ins128746677_128749160inv
The insertion of a 2.4-kb duplicated sequence within chromosome 8, reference sequence NC_000008.11,
band g24.21. between nucleotides 128,749,160 and 128,749,161 including nucleotides 128,746,677 to
128.749,160 based on genome build GRCh38. The orientation of the inserted (duplicated) segment is in-

verted relative to the reference sequence.

Insertions

seq[GRCh38] ins(4:X)(q28.3:q21.31¢22.2)
NC 000023.11:.89555676_100352080del
NC_000004.12:¢.134850793_134850794ins[NC_000023.11:¢.89555676_100352080]

A balanced interchromosomal insertion of chromosome X long arm material (nucleotides 89,553,676 1©
100,352,080 into the long arm of chromosome 4 (between nucleotides 134,850,793 and 134,850,794). The
inserted sequence from the X chromosome is in the same orientation as the reference sequence.

488 Reprint from: .
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seq[GRCh 38]

NCJ\UOOZ},I l:g.ﬁ‘,!ﬁiﬁh'.-'(v_

N(‘_u(}()mm.ij:g.k 34850793
A balanced interchromosoma
100,352,080} mnto the long arm of
inserted sequence
(hat the aberration of

Inversions

16.3.5

seqlG RCh38] inv(6)(pter—p=
NC_000006.12:2.(

Using the detailed form,
aTteC nucleotide substifution at

seq[GRC1138] inv(2)(pter—p

NC_UO{]OOQ A2:g]
Using the detailed form.,
171.827,243)witha =

bp insertion (a G) at the long ¢

a single

scq[GRCh}S} nv
NC_D()ODﬂl.lE:g.[B,.

Using the short form, a
171,827.243) with a 2
arm breakpoint.

41}

10
() at the short

seq[GRChBS] inv((\](pll}pll,l)

NC_000006.12:2.[20
Using the short form, a parac
40.000,000) with a single nuc

16.3.6 Ring Chromosomes
seq[GRCh381 r(8)(p23£q24.3)
NC#OOOOOS,I {:g.pter_

A ring derived from chromosomn
to nucleotide 1

seq[GRCh38] +r(8)(p23<25134-3)
NC_000008.1 1:g.[pte

A supernumerary ring

otide 3,300,001 to nucleotide | 39,

?gq‘gncequscd Nomenclature
r Deseription of Chromosome
Rearrangements

i.nsl4:X‘;(q28.3:qu.’lqll 31
100352080del
: 134.55[_17\}—\'111313\4‘(' 000023.1 1:2. 89555676 _100352080inv]
| insertion of chromosome X long e el Eale I-‘:‘--“Nm:\i
" chromosome 4 (between nud-:-\. :
arted in orientation relativ

from the X chromosome 15 mny
1 10 the HGVS-like portion

the X chromosome is listed fir

776788 _931915451nv
a pericentric inversion in chromosome

the breakpoint (nucleotide

22.3:q31.1-p22
32310435_ 333]0?1001:1:3".—.3]07]]
a de nove pericentric inversion in €

276-bp deletion (nucleotides 32,
yrm breakpoint

(2)(p22.3g31 .1)mat
2310435 323 10710de
aternally inberited
976-bp deletion (nue

111150:32310711_]

pericentr
leotides 32.31 04351

0000 L](L_4()('J0l'l(]£li!in\".4000000 1T7>C]

entric inversion n
leotide substitution a

33000000d el::l 40000000_ate rdel

e & with break
39,999,999, based on genome build GRC

r__330(}000()del:: 1400

derived from chromosome

099,999, based on genome

s5 67

arm material (nucl
otides 134,850,79

toth

25.3:q16.1 —p25.3:q16.1—qter)
:03191546T>C]

& {nucleotides 776,788 to ¥ 31.191,545) with

93,191.546).

3:qg3l.] —qter)dn
i) 1827243inv:insG]
leotides 32310,711 to

hromosome 2 (nuc
ikpoint and

710} at the short art

T bred

310.43510.32.314,

71827243inY]

¢ inversion in ch romosome 2 (nu
o 32,310,710) and a single

cleotides 32,310,711

bp insertion (3

rm of chromosome 6 (nucleotides 20,000,000 to

the short a
{40.Lmu,t‘n'n T toC).

t the preakpoint

points al hand p23:2 and q24.3 joining nucleotide 3,300,001

h38.

DO(IUU_qlL-:rdc'l]sup .
8 with preakpoints at hand p23.2 and q24.3 jomning nucle-

build GRCh38.
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16.3.7 Translocations

Translocations that appear balanced karyotypically often show imbalance by *cqutnci.w
The following examples use ISCN to deseribe the gross structural c:hamgg to ch FOMOSomes 1\
the result of a translocation that was identified by NGS. The nucleotide positions

: & in the
HGVS-like portion show the extent and nature of any loss or gain.
46.XX1(2:11)(p24:p15.1).5eq[GRCh38] t(2; 1 1)(p25.1:p15.2)
NC‘_(]OOOOZJ2:g.ptcrmszéi?’?.ﬁédclins[NC_OO(}UI 1.10:g.pter_15825272]
NC_000011., lO:g.pler_S8252?2dclinS[NC_OOUUOQ.12:g.pter__824??56] _
A translocation between the short arms of chromosomes 2 and 11. T}lﬁ breakpoints. at bands 2p24 ang
LIpl5.1 by banding, were further defined by sequencing of bands 2p25.1 and 11p15.2, Based op genome

build GRCh38, there is joining of chromosome 11 nucleotide |5,825._]27’3 to chromosome 2
8,247,757 on the derivative chromosome 2, and joining of chromosome 2 nucleotide 8,247,756 ¢
some 11 nucleotide 15,825,273 on the derivative chromosome 11.

nucleatide
0 chromg.

seq[GRCh38] 1(9:9)(9qter—9q22.33::9p21.2—9qter;9pter—9q22.33::9p21.2-9pter)
NC_000009.12:g.pter_26393001delins102425452_gterinv
NC_000009.12:¢.102425452_qterdelinspter_26393001inv

A translocation between homologous chromosomes with breakpoints at 9p21.2 and 9q22.33.

seq[GRCh38] t(2;11)(q31.1:q22.3)
NC_000002.12:¢g.1 7450009_gterdelins[NC_000011.10:2.108111987_qter]
NC_000011.10:g.10811 1982_gterdelins[NC_000002.12:g.17450009_gter]

A translocation between the long arms of chromosomes 2 and 11. There is a 5-bp deletion of chromosome

I sequence evident from the nucleotide numbers given for the two chromosome 1 1 breakpoints (108,111,982
and 108,111,987).

seq[GRCh38] t(3;14)(14qter—14q12::3p22.2—3qter; 14pter— 14q12::3p22.2—3pter)
NC_000003.12:g.pter_36969141delins[ CATTTGTTCAAATTTAGTTCAAATGA:
NC_000014.9:2.29745314_gterinv]

NC_000014.9:2.2974531 4_gterdelins[NC_000003.1 2:2.36969141 _pterinv]
A translocation between the short arm of chromosome 3 (between nucleotides 36,969,141 and 36.969,142)
and the long arm of chromosome 14 (between nucleotides 29,745,313 and 29,745.314) with insertion of non-

templated sequence (CATTTGTTCAAATTTAGTTCAAATGA) at the breakpoint on the derivative chro-
mosome 3.

seq[GRCh37] t(12:21)(p13.2;:g22.12)
NC _000012.11:g.pter_12,027,787delins[NC_00002 | .8:2.36,326,005_gterinv]
NC_000021.8:8.36,325,405_gterdelins[NC_000012.11:g. 12,026,106_pterinv]

A translocation between the short arm of chromosome 12 and the long arm of chromosome 21. There is &
1.6-kb deletion of chromosome 12 sequence evident from the nucleotide numbers given for the two chromo-
some 12 breakpoints (12,026,106 and 12,027,787), and a 600-bp deletion of chromosome 21 sequence evi-
dent from the nucleotide numbers given for the two chromosome 21 breakpoints (36,325,405 and 36,326,003,

490 Reprint from;
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16.4

Examples of Sequence-Based Nomenclature for Description of Large Copy
Number Variation

Copy number variation (CNV) can be identified by ‘ncxl-gclwmlinn sequencing (.'\j'(r'Sj mf'h_
nologies, also known as massively parallel sequencing (M_P:‘.i). In exome sequencing or tar-
geted sequencing breakpoints in introns will not be identified precisely. The following cx-
amples demonstrate this breakpoint uncertainty. ' » r .
Ifa CNV is identified by shallow NGS, sseq should be used in the ISCN description of the
variant (see Chapter 14.2.8).

seq[GRCh37] 12g21.32q21 .33{:83923623x2,83939469_38939?43KU.EBUTE‘JEBXEJIHU‘ pal

NC_000012.11:¢.[(88928629_88939469)_(88939743_88973992)del;[(88928629_

88939469) (88939743 88973992)del] oo ..
An initragenic, homozygous loss is detected in the KITLG gene on chromosome 12 using CNY PEEADINE L
analysis. The breakpoints are uncertain due to the technical limitations of the method. Both parents are
known heterozygous carriers of this loss.

seq[GRCh37] ]p22.3p22.3(86558(]71XE,BGS?Sl9i_8738(}894><1.37458685¥2)d”-
1g31.2932.2(193219034x2,196197301_200619865%1,200628117x2)dn,2q33.1q34
(202010213%2.202013624 209436863x1,210517832x2)dn _
NC_000001.10:2.(86558072_86578191)_ (87380894 8745 8684)del(:)(193219035_
196197301)_(200619865_2006281 16)del
NC_000002.11:2.(202010214_202013624)_(209436863 21051783 1)del

Three interstitial de novo losses are detected by CNV calling in exome data analysis: a loss of approximately

900 kb in 1p22.3, a loss of approximately 5 Mb in Ig31.2932.2, and a loss of approximately 8 Mb in

2g33.1g34. It is not determined whether the chromosome 1 deletions are on the same allele (cis) or in trans,

as indicated by () in the HGVS portion. The breakpoints are uncertain due to the technical limitations of
the method.

seq[GRCh37]) Xp22.31g28(6302018x 1.6968382 qterx2).Ypl 1.2q12(9384903%1,
10316153 gter=0)
NC_000023.10:2.(6302019_6968381)_(qter)dup
NC_000024.9:2.(9384904 103161 52)_(gter)del
CNV calling in exome data analysis detected two copies of the X chromosome in
one copy of the approximately 6.3-Mb distal end of the short arm is present, There is also one copy of the
distal end of the short arm of the ¥ chromosome: the rest of the Y chromosome is absent. The hrL~:«]cpn1tn:s
are uncertain due to the technical limitations of the method, Follow-up testing using routine c\u.nz‘.:r]c:j‘;.:

analysis and FISH 1s essential to confirm the structural nature of i i "thi
¥ : the imbalance since the karvotvpe o 5
man is most likely 46, X der(Xt(X:Y)(p22.31:p11.2). e

4 male patient, but only

seq[GRCh37] 14931.3q32.33(83159 163%2,85994993 104647150%3,104710536x2).
14g32.33(1 06237752x2,106303366_qterx 1)

NC 000014.8:0.(831591 64 85994993) (104647150 104710535 : 5
- 85 3) dup(:)(106237753
106303366)_(qter)del 5 va )
(.‘N\a_' calling in exome data analysis detecte
proximately 18 Mb in 14q
copy number (7
proven that the

d two imbalances in chromosome 14: an interstitial gain of ap-
o 31.3932.33 and a terminal loss of approximately | Mb in 14g32.33. A normal
= 2) is found for the region of approximately 1.5 Mb between these two imbalances. It is not
o follig: gained t‘hrt_Jmoﬁumle 14 material is within chromosome 14 or inserted elsewhere in the ge-

» 10TOW-Up 1esting using routine cytogenetic analysis and FISH is essential to confirm the structural

nattre uf_{hcllmbalancc. Also, it is nof proven that the aberrations are in cis or trans which is indicated by
the use of ;) in the HGVS portion.
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ands as observed with the Q-, G-, and

Diagrammatic representation of human chromosome b
aining method only (Paris

R-staining methods; centromeric regions are representative of Q-st
Conference, 1971).
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Gap. chromatid 425
chromosome 426
isochromatid 426
isolocus 426

Ghand 348, 350, 354, 356. 170

Genome build 382, 466, 480, 484

Haploid 352, 356,434

Hepraplond 435

Heterochromatin 348, 175, 393

Heterogeneity 432

Heteromorphism 352

Heterozygosity 375, 474

Hexaploid 435

High resolution banding 352

History of ISCN- 341

Homogeneously staining region

Homologous chromosomes
single underlining 379, 406, 418
Homozygosity 375, 474

375. 410
379,391,406, 418

Human Genome Variation Society (HGVS) 484,

485

Hybnidization, comparative genomic 4635

in situ 375, 446

Hyperdiploid, -triploid, -tetraploid 434, 435

Hyphen 375, 446

Hypodiploid, -triploid, -tetraploid 434, 435

Idem 375, 429,430
Identification, questionable 376, 38K
Idipgram 347, 356, 442

Incomplete, exchange 425

karyotype 3785, 390

Inherited 375. 381. 469

Insertion 375. 383, 411, 488

In sitw hybridization. extended fiber
fluorescence (FISH) 446
interphase 375, 455
metaphase 447, 454
nuclear 3735, 455
prophase 447
reverse 463

Interchange, chromatid 425
Interpretation, alternative 375, 389
Interstitial. chiasma 439
deletion 401
189
Intrachange. chromatid
375,412, 489
chromatid 426
4]2
pericentric 387, 412
Isochromatid, break 426
gap 426
Isochromosome

Interval
425

Inversion

paracentric

175,412
Isoderivative chromosome
Isodicentric chromosome
Isolocus. break 426

gap 426

375, 405

Index

463

175, 407,412

Karyoly Mg i 4
onstitut }
delinits 14
icsignatio 178
n nplet 174 100
normial 17TR

Karvolypic heterogeneity $312

Landmark 349, 355, 442

1 eplotene 378 430

Level of ploidy 380, 195, 434

List of abl tions 354, 374, 439
Locus designation 447

Loss of heterozygosity 474, 475

Marker chromosome 375, 384, 392, 413
485
Maternal onigin 375, 381, 386, 469
Medial 375,439
Meiotic chromosomes 438
Microarray 465
nomenclature 466
Minus sign 375, 379, 393, 395, 430, 438
Minute 426
double 375, 392, 414, 426
Modal number 434
Mosaicism 379, 452, 466
Multi-color chromosome pamting 464
Multiple copiles 375, 379, 414, 423, 453
Multiple technigques 470
Multiplex ligation-dependent probe
amphfication (MLPA) 480
Multiplication sign 375, 379, 414, 423, 4

435
Multivalent 439
Near-diploid 395 434
Near-haploid 395, 434
Neocentromere 375,
428
Next-generation sequencing 466, 49|

. .

Neoplasia

Nomenclature, chromosome band 349
meiotic 439
microarray 4635, 466
region-specific assay 480, 481, 483

4
sequence-based 484, 486, 491
SNP array 474

Nonclonal aberration 428

3
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Non-invasive prenatal diagnosis (NIPD) 480
Normal karvotype 378
Nucleolus organizing regions (NORs) 348, 352
Number of cells, designation 379,429
Numeral, Arabic 414, 417
Roman 376, 438
Numerical abnormality 379, 390, 391, 395,
435, 437
501
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Octaploid 435

Oligonucleotides 465

Oogonial metaphase 3735, 439

Or 375,379, 381, 389

Order, abnormalities 378, 391, 466, 485
clones 430, 434
karyotype 391

Pachytene 375,439, 441, 442
diagram 385, 387
Paint, partial chromosome 376, 464
whole chromosome 376, 448
Paracentric inversion 412
Parentheses 376, 378, 382, 384, 438, 447, 455, 485
Partial chromosome paint 376, 464
Paternal origin 376, 381, 469
Pentaploid 435
Pericentric inversion 387,412
Period 376, 446, 447, 455, 470, 485
Philadelphia chromosome 376, 403
Ploidy level 380, 395, 434
Plus sign, double 376, 447
single 376. 379, 393, 395, 413. 417, 430, 438,
439, 447
Polar bodies, abnormal 478, 479
normal 477
Polyploid 380, 431, 435
Premature centromere division 376, 427
Premature chromosome condensation 376, 427
Probes, break-apart 461
dual fusion 461
single fusion 461
tricolor 462
Proximal 376. 439
Pseudodicentric, -tricentric 408
Pseudodiploid, -triploid 435
Pulverization 376, 426

(Q-band 348, 349, 354

Quadriradial 376, 425
Ouadrivalent 438

Quadruplication 376,415
Questionable identification 376, 388
Question mark 376, 379, 381, 388

R-band 348, 351,354,372
Rearrangement, balanced 378, 385, 418, 420, 437,
483
complex 374, 381, 383,419, 476
four-break 383,419
three-break 382,419
two-break 382,418
Recipient 380, 383, 458
Reciprocal translocation 385, 386, 418
Recombinant chromosome 376, 386, 387, 402
Region, abnormally banded 411
‘definition 349
homogeneously staining 375, 410
Region-specific assay 480
Ring chromosome 376, 415, 489

dicentric 416

monogentric 416

tricentric 416
Robertsonian translocation 376, 42|
Roman numeral 376, 438
3' Rule 485, 486

Satellite 348, 376, 393
satellite stalk 376, 393
Semicolon 376, 378, 382, 405, 415, 438

Separated signal 376, 460
Sequencing 376, 485, 490, 491

Sex, chromatin 349

chromosome abnormality 377, 379, 391

196, 435, 466
Short form 382, 454, 455, 458. 465, 484

Sideline 376, 430
Sign
equal 375, 439

minus 375, 379, 393, 395, 430, 438, 447

multiplication 375. 379,414, 423, 447,
455

plus 376, 379, 393, 395.413, 417, 430,

438, 439, 447
Signal, adjacent 459
amplified 374, 454, 460
connected 374,459
intensity 454, 463
number 447,454, 455
position 455, 458
separated 376, 439
Signal pattern, abnormal 448, 452, 456
chimeric 432
normal 447, 456
Single fusion probes 461

Single nucleotide polymorphism (SNP) 463,

474
Sister chromatid exchange 376, 425, 426
Slant line, double 376, 380, 458

single 376, 379, 428, 447, 4535
SNP-array 474
Spermatogonial metaphase 376, 439

Square brackets 374, 377, 379, 429, 432, 455,

484
Stemline 376, 430
Sub-band 351
Subclone 428, 430
Subtelomeric region 376, 434
S,.uppressed centromere 408
Symbols, list 354, 374, 439

T-band 348

Telomeric association 376, 417

Terminal 376, 384, 439

Terminal deletion 401

Tetraploid 395, 434

Three-break rearrangement 382, 419

Tilde 376, 379, 389, 472,475

Translocation 376, 379. 383, 418
balanced 378, 418, 483
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complex 419

jumping 422

reciprocal 385, 386, 418
Robertsonian 376, 421

segregation 386
whole-arm = 420
Tricentric chromosome 376, 422
Tricolor probes 462
Friplication 423
Triploid 434
I'riradial 376, 425
Frivalent 438
Two-break rearrangement 382, 41
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Uncertainty, breakpoint localization
chromosome number 389
copy number 472

nucleotides 485

Index

nderlining 376, 379, 406
Inderscore 376, 465. 466

mivalent 438

Uinknown material 400, 40]

|
|
Uniparental disomy 376
|
1
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nrelated clones 434

Variable chiromosome region

193

Whole-arm translocation

Whole chromosome paint
X-Chromatin 349
88, 485, 491

Y-chromatin 349

Zypotene 376, 439
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The Normal Human Karyotype G- and R-bands

PholooTanns ol [

ielaphase chromosomes and their diagrammatic repre-

e diag identical in the position and width of
he G-band diagram (left) the G-positive bands have
nosomal bands in the photographs. In the case of the
s have been shaded to match the photographs. In both
- For convenience and clarity, only the G-positive bands
to Fig. 5. (Modified from ISCN 1985).

a

¢. Cviogenet Cell Genet 31:24 (1981) and the R-banded

sce of her technicians, in the laboratory of Professor M. Veke-
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The International System for Human Cytogenomic Nomenclature (ISCN) offers
standard.nomenclature that is used to describe any genomic rearrangement identified

by techniques ranging from karyotyping to FISH, microarray, various region-specific
assays, and DNA sequencing. Suggestions from the international cytogenetics community
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nominated and elected by their peers.

In this new edition ISCN 2020 the Committee decided, apart from making regular
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Due to the increased use of technologies such as microarray and sequencing

which orientate chromosomes by nucleotide number from pter to gter, the Committee
decided to standardize this approach across all technologies, including banded
chromosomes.

It was decided to present sex chromosome abnormalities before those affecting
autosomes for all technologies.

The nomenclature now also clarifies whether rearrangements are inherited intact or
partially as a derivative.

Finally, the Committee identified the needs for specific nomenclature to the analysis
of polar bodies, and to improve the existing nomenclature based on sequencing
technologies.

ISCN 2020 is an indispensable reference volume for human cytogeneticists, molecular
biologists, technicians, and students for the interpretation and communication of
human cytogenomic nomenclature.
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