¥

Genetics

2020

ISCN

An International System for
Human Cytogenomic Nomenclature (2020)

Editors

Jean McGowan-Jordan
Ros J. Hastings

Sarah Moore

- 2.5 e

Ka rger < RESEARCH



A9 11980 YT LI P P
A n".uuiu.la‘h SV LN RGOSV UNVAM

ISCN 2020

An International System for
Human Cytogenomic Nomenclature (2020)

f
. v ‘ L T St S PR N
MUNVIAUANMIINGIAITY I TN i

CHIANG MAI UNIVERSITY LIBRARY

Editors

Jean McGowan-Jordan, Ottawa, ON
Ros J. Hastings, Oxford

Sarah Moore, Adelaide, SA

Recommendations of the International Standing Committee
on Human Cytogenomic Nomenclature Including Revised
Sequence-Based Cytogenomic Nomenclature developed in

collaboration with the Human Genome Variation Society (HGVS)

Sequence Variant Description Working Group

10 figures, 4 tables, and foldout, 2020

K \'I; Basel - Freiburg - Hartford - Oxford - Bangkok - Dubai - Kuala Lumpur -
arger- Melbourne - Mexico City - Moscow - New Delhi - Paris - Shanghai - Tokyo
ty 8



The regular page numbers refer to Cytogenet Genome Res Vol. 160/7-8/2020
The page numbers in italics are used only in this reprint

Please always use the regular page numbers when citing ISCN 2020

Contents

1.1
1.2
1.3
14
15
1.6
1.7

2.1
2.2
2.2.1
222
2.2.3
2.3
2.3.1
23.2
24
25

4.1
4.2
4.3

4.3.1
4.3.1.1
4.3.1.2
4.3.1.3
4.3.2
4.3.2.1
43.2.2
4.4

4.5

Historical Introduction......................c.coooiiiiiiiii 341|1
TO5B—TOBA ... et 341|1
TOBE=T995 s v s s sss v i s mins 478 578 5 5558 5 K55 55 508 5 64 s mmsim ot s i i i 343|3
19962004 .....veveeeee ettt ettt ettt e 3444
20052009000t 345|5
IR o i 0050525505 S s s e s s e R 345|5
20T4-20T6. .0 u i e 346|6
2007202005 sonsvn o m s s v 58 o550 68s 530575 19508 £5565 0565 55568 S48 i vt s 346|6
Normal Chromosomes ..................c.ooooeiiiiiiiiiiiiccee 347|7

| VO UCEION s 5.0 5555 55255 63508 55655 it emma ammmn snmmn s s s s s s s mmon 347|7
Chromosome Number and Morphology.............ceeeeeeeiiiiiiiiioeeiieeeiieee 347|7
Non-Banding TeChNIQUES ........c.uviiiiieiiiiiieccce e 347|7
Banding Techniques...........c.ocooiiiiiiiiiiiiiiiee e 348|8
X-and Y-Chromatin..........ueureeriiiiiiiiiiiisie e e e 349|9
Chromosome Band NOMENCIAtUIe ........uuuueeuriiiciece e ceee e 349|9
Identification and Definition of Chromosome Landmarks, Regions, and Bands.. 349|9
Designation of Regions, Bands, and Sub-Bands ................ccoovevivieeiiiiinnnennnn. 351|171
High-Resolution Banding ..........coeeiiuieiiiiiiieiiieee e 352|712
Molecular Basis of BaNding ...........ceiviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 354|714
Symbols, Abbreviated Terms, and General Prinkipleg . ."%........... 374|34
Karyotype Designation..................ccccooviiiiiiiiiicccc e 378|38
General PrinCiples .........uuuuiiieeiiiiiiiiiii e 378|38
Specification of Breakpoints..........uuuuriiiiiiiiiiiee e 381471
Designating Structural Chromosome Aberrations by Breakpoints and

Baricl COPMBOSTUION s cow s amumomenosnms s s oriomn 055, 5558 54 085 5055850 B35 i s mmmn 382|42
Short Form for Designating Structural Chromosome Aberrations ................... 382|42
Two-Break Rearrangements..........oovvueviiiiiiiiiieeeeiesiciiiiieiee e 38242
Three-Break Rearrangements........ccceeuiiiiiiuirirriiiiieeeeeeeeciiiiieeeeeeeeeeeeeeeenns 382|42
Four-Break and More Complex Rearrangements................vevveviivennnnnnnnnennnn 38343
Detailed Form for Designating Structural Chromosome Aberrations ............... 384|44
Additional SYMbBOIS ..........cccciiiiiiiiiiiiiiiie e 384|44
Designating the Band Composition of a Chromosome..........c.cccuveveevevnneennn.. 384|44
Detivative ChEOMOSBITES s svus susss sasis 2555 63558 vos o bntora enna amsnn anwns cmms s asmmn an 384|44
Recombinant ChromoSOMES............uveiiiiiiiiiiieeeciiieee e 386|46

karger@karger.com
www.karger.com/cgr

il
Karger<

© 2020 S. Karger AG, Basel



v

5.1
5.2
53
54

7:1
7.1.1
7.1.2
7.2

8.1
8.2
8.3

9.1

9.2

9.2.1
9.2.2
9.23
9.24
9.25
9.2.6
9.2.7
9.2.8
9.2.9
9.2.10
9.2.11
9.2.12
9.2.13
9.2.14
9.2.15
9.2.16
9.2.17
9.2.17.1
9.2.17.2
9.2.17.3
9.2.174
9.2.18
9.2.19
9.3

Uncertainty in Chromosome or Band Designation ....................... 388|48

Questionable Identification .........c.uuueiiieeiiiiiiiiiin e 388|48
Uncertain Breakpoint Localization or Chromosome Number................coocoen. 389|49
Alternative INTerpretation............euuuuiiieeiiiiiiie e 389|149
INCOMPIELE KaryOTYPE ovvvneerieiiiie it 390|50
Order of Chromosome Abnormalities in the Karyotype................ 391|517
Normal Variable Chromosome Features..................ccccceeiiiiinnnnn 393|53
Variation in Heterochromatic Segments, Satellite Stalks, and Satellites ............ 393|53
VarTation: I LENGTN . cvnecenenseoomns umsesinsso s sanss ianss sssss soves saess s s a8 55500 0505 4575 393|53
Variation in Number and POSItION ........cccoevuuuiiinieeiiiiiiieeciiii e 394|54
Fragile SItES cun cunes venns cusomemsoas susms smsen smses s o 5w s §5600 £9508 T8 £530% S48 £8s0s D R0 394|54
Numerical Chromosome Abnormalities................c.cccooceenniinn, 395|55
General PANCIDIES . ..o uuisin ssnas s snivs oo 58 o3 555 6558 65505553500 S5 Sl 54508 5aR S owass 395|55
Sex Chromosome Abnormalities.........ccoveueiiiiniiiiiiniinni i, 396|56
AutosoMal ADNOTMAIITIES . «uues s cnsmansin svasn svs anmwen cvwsnawevuveswsss vwaws sus vt ssawws 397|57
Structural Chromosome Rearrangements..................ccccccceeeeennnns 399|59
GENEIal PANCIDIES ... v s susis sosios oo co i 5o 55508 rims i85 obaia AR 65 S wREAS 5505 43000 39959
Specification of Structural Rearrangements ...........ccoeeiiiiiiniiiiiniiniin i, 400|60
Additional Material of Unknown Origin...........ccooiiiiiiiiiiiiiiiiiin i, 40060
DEIETIONS ettt ettt 401|617
Derivative ChromOSOMES ......cvvuuiiiiniiiieiiieii e 402|62
DICENTIIC CIOMOSOMES . i: ivsarinssnsin e avsss susas sineesebinnssns snens shbes iasss eewe sbnuninsoss 407|167
DUPHICATIONS vttt ettt ettt ettt e e 40969
FISBIONY s v s s s smam i 03 e 5w i 690 53 WIS K Wsn Ve £ 065 6808 WUFES £9A Sogm St s 409|69
Fragile SIS «oeeeeeiiii e 410|170
Homogeneously Staining REGIONS .....vuuiviniiiiiiiiiieeiieee e 410|70
INSEITIONS: i s o i o inis ms s i e s 5 el i 3 558 665 563 55050 0605 8 56936 45 411|71
INVEISIONS . ettt ettt et ettt e e 412|72
| SOER O OSOITVES: s s 5084 5 5 A BI5GB 8 412|172
Marker ChroMOSOMES. ....ccvvvuuiiieeiiiiiiiiie et 413|73
NEOCENTIOMEIES ....ieee ettt ettt e ettt ettt e e 415|75
QUATTUPIICATIONS s wovsn ssamnaossn samnn saiswn ssis omns CHEAS #5855 o3 050 65 54 53038 6055 05465 55505608 415|75
RING ChIOMOSOMES ... eeiiiiiiiii ettt 41575
TeloMEric ASSOCIATIONS s sxsusss ves smuasswsss smas swwss swses ouss sunes somws svaes'vousis £rams voses oss 417|177
TN OCALIONS .. s e 0 i i snins moims 6.5 55565 65565 88935 65,653 ¥ 5663 S50 5563 K5035 £5955 58 418|78
Reciprocal Translocations..........coooiviiiiiiiiiiiiiiiii e 418|78
Whole-Arm TransloCatioNns. .......c.uveiiuiiiiiiiiiiiiii e 42080
Robertsonian TransloCations............uuuiiiiiiiiiiiiiinieiii e 421181
JUMPING TranSIOCAtIONS ..evvvuneeieteeeeiii et e e e e e e e ere e eeaaeeaeens 422|182
Tricentric CRrOMOSOMIES: v swwws swss sass sias 5 3555 53455 5755 H5758 (5598 £0003 4894 FEV55 095 422|82
THPHCATIONS .ttt e ettt 423|83
Multiple Copies of Rearranged ChromoSOMES........ccuuvviiiieiiieeiiineiieiiieeennnes 423|83

Contents



10
10.1
10.1.1
10.1.2
10.2
10.2.1
10.2.2
10.3

11
11.1
11.1.1
11.1.2
11.1.3
11.1.4
11.1.5
11.1.6
11.2
11.3
114

12
12.1
12.1.1
12.1.2

13
131
13.2
13.2.1
13.2.2
13.2.3
13.24
13.2.5

13.2.6
13.2.7
13.3
13.3.1
13.3.2
13.3.3
13.34
13.3.5
13.3.5.1
13.3.5.2
13.3.5.3
13.3.54
13.3.5.5

Chromosome Breakage....................cccoooiiiiiiiiiiiieieceee e 425|85

Chromatid ADEITations ...........cevviiiiiiiiiiiiiiiiiiiis e 425|85
Non-Banded Preparations ...............oooiiiiiiiiiiiiiiiiiiiiieeee e 425|85
Banded Preparations ..............ceeeiveeriiiiiiiiiiieieeiee et 426|86
Chromosome ADErrations ..........ccccuuvreeeaiiieeie e 426|86
Non-Banded Preparations ............ccccouviviruuriiiirieieeeeisciiiiiieeeeeeeee e 426|86
Baridlad ProaparatiQrs ; cuss evssess s s s 6665 566 skt amam vassn aasrs e sarwes sasn s 427|187
Scoring of ADErTations ........c...euuiiiiiiiiiie i 42787
NEOPIASIA...........ooiiiiiiiiii e 428|88
Clones and Clonal EVOIUTION .........cuuvviierniiiiiie e 42888
DERNTTION OF 8 CIONE,50x cxvs cxmmmun saumssimsesss i 55845 st nomans s sns armas s s s e 42888
CHOTNE BT corirn 551555 15,550 st mmas oo s s sson sy 54 s oy 6948 WSS S5 $993 6558 3 42989
MaINIINE. ... 429189
Stemline, Sideline and Clonal EVOIUtion ..............ceeeieiiiiiiiiiiiiiiiiiee e, 430]90
COMPOSItE KArYOYPE cevveeeiiiiiie ettt 432|192
LIPHQIEtEEl CHOMBE 1o s somsiomssminsmansmasess a5 .6 555.0 55w e s s s cms s 434|194
Modal NUMDET ..ottt 434(94
Constitutional KaryotyPe. ... . ovieiiiiiiice e 43595
Counting Chromosome ADErTations............ccuuuuvviereeeeeeeiiiciiiieeeeeeeeeeeeeeens 437|197
Meiotic Chromosomes ...................c...ccoooiiiiiiiiieeeeeeeee e, 438|98
TEIMINOIOGY w.viii e e, 43898
Examples of Meiotic Nomenclature ..............coovevviieiiiiiiiciicieceeeeeeeee 439|99
Correlation between Meiotic Chromosomes and Mitotic Banding Patterns....... 441|101
In situ Hybridization................................ooooii e, 446|106
IVEP ORI UICEIONT; s s s 55565 5555 mm e s snm macnms mn s s s v s 0 0883 s 5514 5510858 56 446|106
Prophase/Metaphase in situ Hybridization (ish) ...........ccoeveuuveisseeeneiriieeennn 447|107
NOrTYal SIGIal PATEEIT s s.os oo smins sassn sx50s.ia i0n ammme wnsms sssas enmrnsasmasamenssvmemsmes suss s 447|107
Abnormal Signal Patterns with Single Probes ..........cooeeeveeeiieieieeeeeieeieeeeaa 448|108
Abnormal Signal Patterns with Multiple Probes ..............cc..ccovvvveieecneennnn.. 449|109

Abnormal Mosaic and Chimeric Signal Patterns with Single or Multiple Probes . 452|112
Oncology-Specific Exceptions where Multiple Copies of

Contents

the Sarmie Gene Are PrESENT.....ccuu: wsesuies sssmnnmnes rassssvoms smres conmemssssrsssansure secns 453|113
Use of dim and enh in Metaphase in situ Hybridization ....................ccccuveen.. 454|114
Subtelomeric Metaphase in situ Hybridization ...............ccccoeeeeeeeeeieeesieeennnn. 454|114
Interphase/Nuclear in situ Hybridization (NUCTSN) ....eveeeeeeeeeeeeeeeeeeee 455|115
NUMDBEr Of SIgNalS........cooiiiiiiiiiiiiiiiee e 455[115
Normal Interphase Signal Pattern ............ccccuuuviiieeiieeieiiiiieeeeeee e 456|116
Abnormal Interphase Signal Pattern .............ueeeieiieemeieeeeeeeeeeieee e, 456|116
Dy YErsUs BOchDlSNE o s s e om0 6.6 257 sams s oxsmmommons 458|118
Relative Position of SIgNals ..............ccoiiiiiiiiiiiiiiic e 458|118
Single FUSION Probes ...........uviiiiiiiiiiiiis i 461|121
Single Fusion with Extra Signal Probes ............eeeeeeeeeeeeeeeee e eeeeeeeeeeen 461|121
Dual FUSION Probes. ...........uviiiiiiiiiiie e 461|121
Break-Apart Probes..........cccuuiiiiiiiiiiiie e 461|121
THACOIOT PIODES i s s s s 15555 55 0 mmme smms s sns s swm s o s s 853 558 K80 462|122
A%



VI

13.4
135
13.5.1

13.6
13.7

14
14.1
14.2
14.2.1
14.2.2
14.2.3
14.24
14.2.5
14.2.6
14.2.7
14.2.8

15

15.1
15.2
15.3
154

16

16.1
16.2
16.3

16.3.1
16.3.2
16.3.3
16.3.4
16.3.5
16.3.6
16.3.7
16.4

17

18

19

20

In situ Hybridization on Extended Chromatin/DNA Fibers (fibish) ....cevvvvvnnnene. 463|123

Reverse in situ Hybridization (rev ish)........ccooooiiiii 463|123
Chromosome Analyses Using Probes Derived from Sorted or Microdissected

GNP OMOSOMIES .. eeeeeettevaeii e e e e ettt e e et e tea e e e e e e e e e s bbb eeerennn e e s e 463|123
Multi-Color Chromosome Painting .........cocouvveiiiiiiiiiiiiiniii 464|124
Partial Chromosome Paints..........ccouiiiriiiineiiiiine e 464|124
IMECTOANTAYS . 5.5 o smsmm snmmvonnsmssns pooms o s saam e s emns smats v E5%5 S35 T8 5 465|125
1517070 18 Lot 1o] s FOUUUN R SRR RR U UOTE RN 465|125
Examples of Microarray Nomenclature..........ooooveviiiiiiini, 466|126
oY 3371 IO PP U PRSPPI 466|126
ABNOIMNEA L .evvvvvvvevmeseereenssanssomnns smnne s s 8608585550003 55543 £8 508 50 05 34383 Fnws s o wwe s 466|126
I3 A= 1= Lol SO ISPPIPPTISPPPP PP 469|129
MUIEIPIE TECHNIGUES ..ot 470[130
Mixed Cell Populations and Uncertain Copy Number..........voiieiiiieiiiinnennen 472|132
Nomenclature Specific to SNP ArTAY ..cc.uuuuriveeriiiiiiiiiineeee e 474|134
Complex Array RESUIES ..cceeeeeeummmrririiiiiiiiiniiiiinnnnsnsessssssssreetssessssesessinanes 476|136
POlar BOGIES . .iiiieiiiiiieeee ettt 477|137
Region-SPecific ASSAYS...........c.ccciiiiiiiiiiiiiii e 480|140
IV L OTUCEION. 1o v v e e s s i S35 8 55 i 5 355 5 w60 w0508 £ w0 40w e s 480|140
Examples of RSA Nomenclature for Normal and Aneuploidy.............ccceveennnn 480[740
Examples of RSA Nomenclature for Partial Gain or LOSS ......c...evvieiiiiiiiinnnnnn. 481]141

Examples of RSA Nomenclature for Balanced Translocations or Fusion Genes ... 483|743

Sequence-Based Nomenclature for Description of

Chromosome Rearrangements.............ccccooeeieiiiiiiiiiiiiniecniiinn, 484|144
[P OTUEHION. . v i oo wmms s o e s 5355 3555 80 5 5 545 8 e 50 #0053 88 Wi s 484|144
General PrINCIPIES ...vvvvieiiiee e 484|144
Examples of Sequence-Based Nomenclature for Description of

Large Structural Variation ..........oooiiiiiiiiiiirmiiiiiiiriiiiiiinieiiii s 486|146
DEIETIONS. e eeeeeettiie e e e e et et e ettt e et a e et 486|146
Derivative ChIrOMOSOIMES .....vvevueererreiiiiiineeieirineesariesaesirasesesnre s aesaians 487|147
DUPHCATIONS 11vvvvteeeeeeeeietiiie et 488|148
TTUSEILIONS 1 e wmmen o e s 550 5 ¥05 55 55558 50 55 4 08 ¢ e i o0 4w i s 488|148
INVEESIONS . ceeeeiertrtuseeeeeeeertun e eereeenussa s e sesrnas s s s s e s e s anes s e s e e nbaaaa s e s aes 489|149
RING ChIOMOSOMES ...eeiiieeiiieieiiiiiiiiiit et bbb 489|149
THANSIOCAtIONS e vervverevnnnvsenwnenemis ssses savansasvs sosas daass sy sesorsemsnvs s wawsis vuwvnss 490[150
Examples of Sequence-Based Nomenclature for Description of

Large Copy NUMbeEr Variation ..........coeeveeerrrmreiieinnneeniiiii 491|151
REFEIEICES ...ttt 492|152
Members of the ISCN Standing Committee.................................. 495|155
APPCIVHIN .. e csamesmnsorns i pvssissisasnsss sr e vupam e ewos W 41 w543 sa43 souw 497|157
INA@X ..ottt 499|159
The Normal Human Karyotype G-and R-bands......................... after Index

Contents



	20220823131051065_0001
	20220823131104627_0001
	20220823131115690_0001
	20220823131137565_0001
	20220823131147947_0001
	20220823131207405_0001

