gli
PIPADOR REVISION #

MRCOG Part 1 Revision Notes

Chromosomes and Karyotyping

VISUAL EXAMINATION REVISION NOTES

2026 Edition

CELL BIOLOGY « LECTURE 104



Lecture 104: Karyotyping | MRCOG Part 1

MRCOG Part 1 Revision Notes
Lecture 104: Chromosome Structure and Karyotyping

Cell biology e Visual revision edition

COLOUR CODE USED THROUGHOUT THESE NOTES

ACROCENTRIC /
CHROMOSOME / NORMAL CENTROMERE / ANEUPLOIDY TRANSLOCATION STRUCTURAL / MOSAIC TELOMERE / CLINIC

LEARNING OBJECTIVES — tick off as you go

[0 Describe chromosome anatomy and classify by centromere position.
[0 Know the normal karyotype, Denver groups and banding methods.
[0 Explain karyotype preparation, timing and limitations.

[0 Read and write ISCN nomenclature, including mosaicism and arrays.

[J Recognise structural abnormalities and clinical indications for karyotyping.

1 Chromosome Structure

IN ONE LINE: 46 chromosomes = 22 autosome pairs + XX/XY. Each has a centromere, p (short) and q (long)
arms and telomeres; position of the centromere defines its shape.

Chromosome anatomy and shapes (telocentric = none in humans)

Readingaband: 17p 13.1

= chromosome 17, short arm,

region 1, band 3, sub-band 1

(numbered OUTWARD from centromere)

p arm (short, 'petit') satellites
(rRNA genes —
NORs)

CENTROMERE
— (kinetochore; a-satellite) Acrocentrics:

« ROBERTSONIAN
fusions

* NORs make the
nucleolus

- « Y has no satellites
q arm (long)

— N

TELOMERE (TTAGGG)

S
METACENTRIC SUBMETACENTRIC ACROCENTRIC
1,3, 16, 19, 20 2,4-12,17,18, X 13, 14,15, 21,22 (+Y)

Figure 1. Chromosome anatomy and shapes.

MNEMONIC / MEMORY HOOK

'p = petit' (short arm). Acrocentrics 13, 14, 15, 21, 22 — 'thirteen to fifteen, twenty-one, twenty-two: the
Robertsonian crew'.
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Normal male karyotype 46,XY (schematic — G-banded, paired, ordered by size + centromere)

JET LT
1L

5

Denver groups

A1-3 large; 1, 3 metacentric

B 4-5 large submetacentric

% % 5 C6-12,X medium submetacentric
B 2 21 22 v D 13-15 medium ACROCENTRIC

17 18

E 16-18 smaller

X
F 19-20 small metacentric
G21-22,Y smallest ACROCENTRIC

Figure 2. Normal karyogram and Denver groups.

2 Banding and Preparation

Banding ‘ Key points

Trypsin + Giemsa: DARK = AT-rich, gene-poor, late-replicating; LIGHT = GC-rich,

G-banding (standard) gene-rich; ~400-550 bands per haploid set (up to ~850 high-resolution)

R-banding Reverse of G

Q-banding Quinacrine fluorescence — similar to G

C-banding Constitutive (centromeric) heterochromatin, e.g. 1q, 9q, 16q, Yq variants
NOR (silver) Active nucleolus organiser regions on acrocentric satellites

Making a karyotype from cultured cells

FIX + SPREAD BAND + READ

amniocytes, CVS,

fetal bleod, blood grow until many spindle poison = cells swell =

(PHA-stimulated cells divide arrest in METAPHASE chromosomes spread
lymphocytes), marrow

G-banding (trypsin +
Giemsa); count ~20
cells

methanol:acetic acid,
drop on slides

Amniocytes CVs (direct + culture) Blood lymphocytes QF-PCR meanwhile
~10-21 days days = ~2 wk ~3-5 days 24-48 h
Figure 3. Preparation workflow (from Lecture 96).

¢ Timing: blood (PHA-stimulated lymphocytes) 3—-5 days; amniocytes ~7—14 days; CVS direct 24—48 h (+
culture); marrow 1-3 days. Usually ~20 cells counted (more if mosaicism suspected). QF-PCR gives the rapid
answer meanwhile.
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Reading ISCN karyotypes

[45.)0(

normal female

[ 47,%Y,+21

male with trisomy 21 (Down's)

Turner syndrome

Klinefelter syndrome

46,XX,del(5) (pl5.2)

deletion of 5p15.2 — cri-du-chat

balanced reciprocal translocation (commonest recurrent)

[ 46,XY,t(11;22) (q23;q11.2)
[ 45,XX, rob(13;14) (q10;q16)

balanced Robertsonian carrier (45 chromosomes)

[ 46,XY,inv(9) (p12q13)

pericentric inv ¢ — comman HARMLESS variant

[mos 47,XX,+21[5] /46, XX[20]

MOSAIC: 5 of 25 cells trisomic

S L i JC JC L

[ arr[GRCh38] 22q11.21(..)x1

] microarray: one copy (deletion) at 22q11.21

Format: TOTAL number, SEX chromosomes, then abnormalities (ISCN). Symbaols: +/- gain/loss  del « dup « inv « t (translocation) « der (derivative) « rob e i (isochromosome) « r {ring) « mar (marker)  mas (mosaic) « chi (chimera)

« ish (FISH) » arr (array) « fra (fragile site)

Figure 4. Reading karyotypes.

e |ISCN is updated regularly (2020, 2024 editions); array results start arr and name the genome build. Brackets
[ ] give cell counts in mosaics.

4 Abnormalities

Structural and numerical abnormalities (schematic)

DELETION

segment lost (del)

ISOCHROMOSOME

two copies of one arm,
e.g. ilXq) in Turner

DUPLICATION INVERSION RECIPROCAL ROBERTSONIAN

segment repeated (dup) PERIcentric includes centromere; segments swapped between two acrocentric long arms
PARAcentric doesn't (inv) 2 chromosomes (t; der) fused (rob) — 45 chromosomes
RING MARKER INSERTION POLYPLOIDY
both ends lost, ends join (r} small extra unidentified segment moved into another extra full SET: triploidy 69
— e.g. r{X) Turner chromosome (mar) = array chromasome (ins) (Lecture 103), tetraploidy 92

Figure 5. Structural and numerical abnormalities.

Chromosome ‘ Clinically important features ‘

11p15
15q11-q13
21

22

X/Y

Imprinted: Beckwith—-Wiedemann (overgrowth) / Silver—Russell (undergrowth);
11p13 WT1 (WAGR); 11923 KMT2A leukaemias

Imprinted: Prader—Willi (paternal loss) / Angelman (maternal loss)

Smallest autosome; T21 commonest viable autosomal trisomy; rob(14;21),
rob(21;21)

22q11.2 deletion; 2213 Phelan—McDermid; BCR (Philadelphia t(9;22))

X ~800 genes, random X-inactivation (largely random in human placenta too); Y
~57 Mb — SRY (Yp), AZF (Yq11), PAR1/2
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5 Clinical Use and Limits

Karyotyping in clinical practice
Clinical indications

Why karyotype (not just QF-PCR) a baby with Down's
l Primary amenorrhoea + SHORT stature

’, Turner 45,X (or mosaic 45X/46,XX; i(Xa), r{X)) — if Y material present = GONADECTOMY (gonadoblastomal)
. Primary amenorrhoea, normal/tall, female

46,XY DSD — complete AIS, Swyer (gonadoblastoma risk — gonadectomy)

Down's

syndrome l Ambiguous genitalia
urgent karyotype/QF-PCR in DSD MDT: 46,XX virilised — CAH; 46,XY under-virilised — AlS, Sa-reductase

. Male infertility

Klinefelter 47 XXY; Y microdeletion (PCR, not karyotype); CFTR (CBAVD)

FREE trisomy 21 TRANSLOCATION MOSAIC ~1% . Recurrent miscarriage
r;iﬁ?f:::;f& ';Z{’R?Nt;s“ J::L;‘U\ L parental karyotypes ONLY if unbalanced rearrangement in pregnancy tissue (RCOG 2023)

. Leukaemia / tumours

marrow karyotype: CML t(9;22), APL t(15;17); synovial sarcoma t(X;18)

Figure 6. Clinical indications.

Which test sees what? (green = yes, yellow = partly, red = no)

Balanced Microdeletion UPD / Low-level Point
Aneuploidy translocation (< 5Mb) Triploidy LOH mosaicism variant Speed
- v v x v x i x 1k
- i’ x x v x i x 2a-ash
“ i t i’ t x v x 13 days
v x v v = = x Tk
i x i x i x v ek

Resolution: karyotype ~5-10 Mb « FISH probe ~100-500 kb (targeted) » microarray ~50-200 kb genome-wide « sequencing to single base.
Arrays measure DOSAGE — so balanced rearrangements (no gain/loss) are invisible; SNP arrays add genotype — isodisomy, LOH, consanguinity, triploidy.

Figure 7. Karyotype vs other tests (from Lecture 94).

¢ Limits: ~5—-10 Mb resolution, needs culture, operator-dependent, misses CNVs, UPD and point variants. Still
essential for balanced rearrangements, Robertsonian/translocation Down's, mosaic sex chromosome
disorders, DSD and leukaemia.

% PEARL

Karyotype = the only routine test that sees BALANCED translocations. Microarray first-line for
anomalies/developmental delay.

Primary amenorrhoea + SHORT stature - Turner (45,X); look for Y material (gonadoblastoma).
Translocation Down's - karyotype the parents.

6 MRCOG Exam Pearls — Last-Minute Page

Numbers to know

46 5 7 400-550

Chromosomes Acrocentrics (+Y) Denver groups (A-G) Bands per haploid set
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~5-10 Mb ~20 95/4/1% ~57 Mb

Resolution Cells counted DS: free / transloc / mosaic Y chromosome

HIGH-YIELD CHECKLIST

Centromere, p/q arms, telomeres; bands numbered outward (17p13.1).
Metacentric 1, 3, 16, 19, 20; acrocentric 13, 14, 15, 21, 22 (+Y).

Denver A—G; acrocentric D and G.

G-banding: dark = AT-rich, gene-poor.

Blood + PHA, colchicine, hypotonic, fix, band; ~20 cells.

ISCN: number, sex chromosomes, abnormality; mos [cells]; arrf[GRCh38].

del, dup, inv (peri/para), t, der, rob, i, r, mar, ins; polyploidy.

DS 95% free / 4% translocation / 1% mosaic = parental karyotype if translocation.
Turner short stature; tall 46,XY DSD; Klinefelter; DSD MDT.

Karyotype misses CNVs, UPD, point variants; sees balanced rearrangements.

OodooOoOoooooad

Self-assessment — cover the right-hand column

Question ‘ Answer ‘

Which chromosomes are acrocentric? 13, 14, 15, 21,22 (and Y)

What do dark G-bands represent? AT-rich, gene-poor, late-replicating DNA
Mitogen used for blood karyotypes? Phytohaemagglutinin (PHA)

ISCN for Turner syndrome? 45,X

ISCN for mosaic T21 in 5 of 25 cells (female)? mos 47,XX,+21[5]/46,XX[20]
Isochromosome seen in Turner? i(Xq)

Common harmless inversion? inv(9)(p12q13)

Which DS type needs parental karyotypes? Translocation Down's (~4%)

Short girl with primary amenorrhoea — test? Karyotype (Turner); check for Y material
What can karyotyping NOT detect? Submicroscopic CNVs, UPD, point variants
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