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Figure 2.3: Human life, from a chromosomal viewpoint.
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Figure 2.7: From DNA duplex to metaphase chromosome.
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Figure 2.8: The functional elements of a yeast

chromosome.
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Table 2.2: Mitosis and meiosis compared

Mitosis Meiosis
Location All tissues Only in testis and ovary
Products Diploid somatic cells Haploid sperm and egg cells

DNA replication and cell division

Extent of prophase

Pairing of homologs

Recombination

Relationship between daughter
cells

Normally one round of replication per
cell division

Short (~30 min in human cells)

None

Rare and abnormal

Genetically identical

Only one round of replication but two cell divisions

Meiosis | is long and complex; can take years to complete

Yes (in meiosis |)

Normally at least once in each chromosome arm

Different (recombination and independent assortment of
homologs)
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Figure 2.12: Development of the germ line.
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Figure 2.17: G-banded prometaphase karyogram of mitotic chromosomes from lymphocytes of a normal female.




Table 2.3: Human chromosome groups

Group Chromosomes Description

A

m O O

1-3
4,5
6-12,X
13-15
16-18

19,20
21,22,

Largest; 1 and 3 are metacentric but 2
IS submetacentric

Large; submetacentric with two arms
very different in size

Medium size; submetacentric

Medium size; acrocentric with satellites

Small; 16 is metacentric but 17 and 18
are submetacentric

Small; metacentric

Small; acrocentric, with satellites on 21
and 22 but not on the Y
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Figure 2.19: Origins of triploidy and tetraploidy.



Entstehung von Trisomien und Monosomien:

Chromosomenfehlvertellung wahrend der Meiose
(--> Keimzellen mit einem Chromosom zu viel oder zu wenig)

Ursache von Mosaiken (z.B. 46,XX/45, X0 = Turner-Mosaik):

- Mitotische Chromosomenfehlverteilung wiahrend der frithen
Keimesentwicklung (‘somatic nondisjunction’)

- oder ‘Reparaturversuch’ eines meiotischen Fehlers (Verlust eines
tiberzahligen Chromosoms in einem Teil der Korperzellen be1 Trisomie)

Sonderfall ‘uniparentale Disomie’: cuploider Karyotyp (z.B. 46,XX),
beide Chromosomen eines Chromosomenpaares stammen jedoch vom
gleichen Elternteil (z.B. beide Chromosomen 15 von der Mutter -->
Prader-Willi-Syndrom). Ursache meist wie oben (hier: Verlust des
einzigen vaterlichen #15 nach (letaler) Trisomie 15)



Table 2.4: Consequences of numerical chromosomal abnormalities.

Polyploidy

Triploidy (69,XXX, XXY or XYY)
Aneuploidy (autosomes)

Nullisomy (missing a pair of homologs)
~ Monosomy (one chromosome missing)

Trisomy (one extra chromosome)

Aneuploidy (sex chromosomes)
- Additional sex chromosomes

Lacking a sex chromosome

1-3% of all conceptions; almost never live born; do not survive

Pre-implantation lethal
Embryonic lethal

Usualiy lethal at embryonic or fetal stages, but trisomy 13 (Patau syndrome) and trisomy 18 (Edwards

~ syndrome) may survive to term and trisomy 21 (Down syndrome) may survive to age 40 or longer

(47, XXX 47, XXY; 47, XYY) present relatively minor problems, with normal lifespan

45X = Turner syndrome. About 99% of cases abor’[spontaneously;survinrsare ofnormal
intelligence but infertile and show minor physical signs. 45,Y = not viable



| Spermatogonia |

@ Reactivation @ PR
React:vatlon @

Barr body

Single X @ (inactive X)

is inactive
(Barr body)

Early
zygote

¥ N

¥\ ¥\
NN KN
Late Random inactivation of
+ blastocyst maternal or paternal X in
different cells resulting in
Example of Example of mosaicism
paternal X inactivated maternal X inactivated
v N\ ¥ N
¥\ ¥\ ¥\ ¥\
Y NN NN ¥ NN KN KN
All descendant All descendant
cells have paternal X cells have maternal X
inactivated inactivated
(stable inactivation) (stable inactivation)
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Nomenclature of chromosome abnormalities

Numerical abnormalities:

Triploidy 69, XXX; 69,XXY; 69, XYY
Trisomy e.g. 47, XX, +21

Monosomy  e.g. 45,X

Mosaicism  e.g. 47, XXX/46, XX

Structural abnormalities:

Deletion e.g. 46,XY, del(4)(p16.3); 46, XX, del(5)(ql13q33)
Inversion e.g. 46, XY, mnv(11)(pllpl5)

Duplication e.g. 46,XX, dup(2)(q22q25)

Insertion e.g. 46, XX, ms(2)(p13q21qg31)

Ring e.g. 46,XY, 1(7)(p22q36)
Marker e.g. 47,XX, tmar
Translocation, reciprocal e.g. 46, XX, t(2;6)(q35;p21.3)

Translocation, Robertsonian e.g. 45,XY, der(14;21)(q10;q10)
(may give rise to 46,XX, der(14;21)(ql10;q10),+21)



Table 2.5: Structural abnormalities resulting from misrepair of chromosome breaks or recombination between
nonhomologous chromosomes

One chromosome involved Two chromosomes involved

One break  Terminal deletion (nealed by adding telomere) -

Two breaks  Interstitial deletion; Reciprocal translocation (Figure 2.21)
Inversion; Robertsonian translocation (Figure 2.21)
Ring chromosome (Figure 2.20) Duplication or deletion by unequal recombination (Figure 9.7)
Duplication or deletion by unequal sister-chromatid
exchange (Figure 9.7)

Three breaks Various rearrangements, e.g. inversion with deletion,  Interchromosomal insertion (direct or inverted)
intrachromosomal insertion




2 breaks in same arm 2 breaks in different arms

1!

N\
(@,

O Q 0O T O
® Q o T P

—h
—h

a a

b b f

C C e

d d d

f g c

e b

g g
Paracentric Interstitial Pericentric Ring
inversion deletion inversion chromosome

Figure 2.20: Possible stable results of two breaks on a
single chromosome.
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Figure 2.21: Origins of translocations.
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Table 2.1: Variation in chromosome number and
genome size

Species Haploid Haploid
chromosome genome
number size (Mb)

Saccharomyces cerevisiae (yeast) 16 14
Dictyostelium discoideum (slime mold) 7 70
Caenorhabditis elegans (nematode) 11/12 100
Drosophila melanogaster (fruit fly) 4 170
Gallus domesticus (chicken) 39 1200
Mus musculus (mouse) 20 3000
Xenopus laevis (toad) 18 3000
Homo sapiens (human) 23 3000
Zea mays (maize) 10 5000

Allium cepa (onion) 8 15000




_Box 2.4. Nomenclatur

r'_‘ Numencal ebnormahtles.

Trploidy 6K, 6XXY, 69, xw
Tsomy  eq ATXK+22

~ Monosomy ~ eg. 45X
 Mosaicism e.g 47XXK 46 XX

 Structural abnormalities:

 Delstion

Inversion e.g. 46XV inv(11)(p11p15)
 Duplication ~ e.g. 46 XX dup(1){g22025)
Insert_ion_ e 46XXins(2l(p13g21g31)°
Bg e 46XYr(7)(D22q36)

Marker ~ e.g. 47 XKmar®
. Translocatson recmrocal ‘

~ Translocation, Robertsonian ~e.q.45,XY.der(14:21)ig10,410)f
(glves rise to ong denvatwe
ﬁ:' chromosome) |

£ 46XV dell4p163), 43X del(5)(q 3q33)b -

e 6265 3)6

A6 XKder(1421)(g10g10)4219

‘Notes - |
~ %Gainofa ohromosome IS mdlcated by +; Ioss of 3 chromosome by—

"Terminal deletion (hreakpomt it 4p163) and mterstrtra[ deletlon |

 (5g13-33). - ‘
 “Arearrangement of one copy o ohromosome ) by mserhon of segment '
2021031 mtoabreakpomt atp13. 1
‘ dI(ar\/otype of a cell that eontams a marker ehromosome (an extra', |

unidentified chromosomel.

. balanced reolprocal translocahon whh breakpomts n 2q35 and
* 6p213 | |

A balanced carrier of a 1421 Robertsoman translooahon qh] s ot

~ really a chromosome band, but indicates the centromere; der means
 derivative chromosome (used when one. ehromosome hom a‘_*
~translocation is present). ' '
~ Translocation Down syndrome apahentwdh one normal chromosome- '
14, a Robertsonian translocation 14:21 chromosome and two normal_

copies of chromosome 21.

 This is a short nomenclature; a more comphoated nomenclature ls;_
- defined by the ISCN that allows complete description of any
- ohromosome abnormahty see Furtherreadmg L
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