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MECANISMOS DE REPARACION DEL DNA

a. Reparacion de Fracturas de Doble Hebra del DNA
b. Reparacion por Escision de Bases (BER)
c. Reparacion por Escision de Nucleotidos (NER)

d. Reparacion de Bases Mal Apareadas (MMR)
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Excision repair. Human DNA domaged
by UV light is repaired by excision repair, in
which the pyrimidine dimerand a few
sUrrounding kiSeS are remo\fed ﬂnd rep‘ﬂcecl

Repaired

figure 11.14

Mismatch repair. In this form of DNA
repair, enzymes detect loops and bulges in
newly replicated DNA that indicates
mispairing. The enzymes correct the error.
Highly repeated sequences are more prone
1o this type of error.
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TABLA 1.- CLASIFICACION DE LOS CROMOSOMAS HUMANOS

Grupo Cromosémico Pares de Descripcion de los cromosomas
Cromosomas

A 13 Metacéntricos grandes

B 4-5 Submetacéntricos grandes

€ 6-12+X Submetacéntricos medianos

D 13-15 Subtelocéntricos grandes con NOR y satélites.

E 16-18 Metacéntrico (16) y submetacéntricos (17-18)
mas bien pequefios.

F 19-20 Metacéntricos pequefios.

G 21-2+Y Subtelocéntricos  pequefios con NOR y
satélites, exceptuando el cromosoma Y.

Placa metafasica humana tenida con Giemsa.
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Placa metafdsica y cariotipo humano con bandeo G.

Los miembros de los pares de autosomas presentan igual
morfologia, tamafio y patrén de bandas 6. Los cromosomas
sexuales (X e Y), en cambio, difieren en todas estas
caraceristicas.

Representacion grafica del cariotipo humano normal
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Mutaciones cromosomicas
Estructurales

« Con variacion en el nimero de genes:
* Deleciones-Duplicaciones

» Con variacion en la disposicion de los genes:

* Inversiones, Translocaciones




Deleciones, duplicaciones e
Inversiones

Normal sequence of genes: ”

a. abecdef ghijkimn
Deleted sequence of genes: m

b. abe ghijkimn
Duplicated sequence of genes: M
c. abcdefdef ghijkimn
Inverted sequence of genes: @I OmE—

d. abcfed ghijklmn

figure 12.15

Chromosome abnormalities. If a hypothetical normal gene sequence appears as
shown in [a), then (b) represents a deletion, (c] a duplication, and (d] an inversion.

Tipos de delecion

Normal chromosome
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Duplicaciéon cromosomica
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Isocromosomas
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figure 12.22

Isochromosomes have identical arms.
They form when chromatids divide along the
wrong plane (in this depiction, herizontally
rather than vertically).
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Cromosoma Filadelfia en Leucemia
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A translocation syndrome.  |n one family with Alagille syndrome, a reciprocal translocation *‘ ' -
3

occurs between chromosomes 2 and 20. Distincfive facial features are part of the condition.
figure 17.6

The Philadelphia chromoseme. A tiny chromosome that appears consistently in the.
white blood cells of patients with chronic myeloid leukemio was named the Philodelphia
chromosome in honor of the cily where researchers identified it in 1960. Note the poor quality
of the chromosome preparation, compared io the intricately banded and DNA-probed
chromosomes we view today.
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A translocation that causes cancer.  The cause of Burkitt's lymphoma is franslocation of
4] 22 gq 22q.. (Ph) a protfo-oncagens on chromosome 8 to chromosome 14, nexttoa high|y expressed cnﬁbody
gene. Overexpression of the moved proto-oncogene, now an oncogene, friggers the molecular
Fig. 1. Philadelphia (Ph) translocation. Reciprocal translocation of genomic mate and cellular changes of cancer.

rial from the long arms of chromosomes 9 and 22, The resulting (usion genes ane ABL-
BCR on chromosome 9q+ and BCR-ABL on chromosome 22q-.




Table 1

Chromosomal Translocations Observed in Leukemias (Selection) (1-4)
Translocation Genes Disease?
1(1:19)(g23:p13) PBXI, E2A B-ALL
1(8:14)(q24:q32) MYC, IgH B-ALL
1(2:8)(pl12:q24) Iegx, MYC B-ALL
1(8:22)(q24:q11) MYK, Igh B-ALL
t(4:11)(q21:q23) AF4, MLL B-ALL
t(12:21)(p13:q22) TEL,AML1 B-ALL
t(7:19)(q35:p13) LYLI. TCR-p T-ALL
t(1:14)(p32:ql1) TALI.TCR-6 T-ALL
1(7:9)(q34:932) TCR-. TAL2 T-ALL
t(11:14)(p13:ql1) RHOM-2, TCR-6 T-ALL
t(10:14)(q24:q11) HOXI11, TCR-6 T-ALL
t(15:17)(q22:q21) PML, RAR«x AML M3
1(6:9)(p23:34) CAN, DEK AML M2, M4
1(8:21)(q22:q22) ETO, AMLI AML M2
inv(16)(pl3:q22) CBFf3. MYHI1 AML M4Eo
1(9:22)(q34:q11) c-ABL, BCR CML, ALL
t(8:13)(pl1:q12) ZNF198; FGFRI 8pll MPD
1(9:12)(q34:p13) ABL, TEL Ph-negative CML, MDS
1(5:12)(g33:p13) PDGFR-$, TEL CMML

“B-ALL, B-lineage acute lymphoblastic leukemia; T-ALL, T-lineage acute lymphoblastic leu-
kemia; AML, acute myelogenous leukemia; CML, chronic myelogenous leukemia; MDS,
myelodysplastic syndrome; CMML, chromic myelomonocytic leukemia.
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Mutaciones cromosomicas
numericas
» Poliploidia:=> Aumento del set completo

de cromosomas. Mdltiplos de 23.->
triploidia, tetraploidia...

» Aneuploidia: Pérdida o ganancia de uno o
mas cromosomas—> 2n+1; 2n-1
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figure 12.11

Polyploids in humans are lethal. Individuals with three copies of each chromosome
[triploids) account for 17 percent of all spontaneous abortions and 3 percent of stillbirths and
newborn deaths.

Origen de poliploidias
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Cariotipo bandeado G de un individuo que presenta el sindrome de Klinefelter
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47 XY+ 2L

Trisomy 21 Down syndrome. (o) Wendy Weisz enjoys studying art at Cuyahoga
Community College. [b) A karyotype (chromosome charti] for frisomy 21 Down syndrome
shows the extra chromasome 21.
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833.000
Children

5165

The Fate of a Million Implanted Human Zigotes

1.000.000

850.000
Live births

17.000
Perinatal deaths

Chromosome abnormalities

1849 Sex Chromosome Y1427 Males

aneuploids 427 Females

42 Trisomy 13
1183 Autosomal
trisomics 100 Trisomy 18
1.041 Trisomy 21

758 Balanced
Robertsonian
Translocations

117 Inversions

500 Ultrabalanced
Structural
Aberrations

/ Conceptions \

150.000
Spontaneous abortions

75.000
Chromosome abnormalities

| 39.000 Trisomics

(3510 Trisomy 21

[— 13.500 XO
[— 12.750 Triploids

— 4.500 Tetraploids

— 5.250 Others




Aneuploidias

Table 1 | Incidence of aneuploidy during development
Gestation (weeks)

aneuploidy

& 20 40
Sperm Qocytes Pre-implantation Pre-clinical Spontaneous Stillbirths Livebirths
embryos abortions abortions
Incidence of 1-2% ~20% ~20% 7 35% 4% 0.3%
Maost common Various Various Various 7 45.X; +16; +13; +18; +13;+18; +21
aneuploidies +21; +22 +21 XXX KXY, XYY

Comparing and Contrasting Trisomies 13, 18, and 21

Type of Percent of Conceptions That
Trisomy Incidence at Birth Survive 1 Year After Birth
13 (Patau) 1/12,500-1/21,700 <5%

18 (Edward) 1/6,000-1/10,000 <5%

21 (Down) 1/800-1/826 8§5%

RELACION ENTRE EDAD MATERNA Y TRISOMIAS CROMOSOMICAS

mal 508
Noture Roviews. | Genatics

(Tomado de Hassold T and Hunt P: "To err ( meiotically) is human: the genesis of human
aneuploidy”, Nature Rev Genet 2: 280- 291, 2001).
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Origen parental de las aneuploidias

Paterno % Materno %
Trisomia 13 15 85
Trisomia 18 10 90
Trisomia 21 5 95
45,X 80 20
47, XXX 5 95
47 XXY 45 55
47.XYY 100 0

* Un individuo 47,XXY puede originarse
por...

* Una mujer 45,X0O puede originarse por....

» Aprox. 2% de casos con Sindrome de
Down corresponde a mosaicos.

Ej. 50% de células 46,XY
50% de células 47,XY +21

¢, Como se explica?

Métodos diagndsticos de
anomalias cromosdomicas

 Bandeo G
» Fish (Fluorescent in situ hybridization)

» SKY (Spectral Karyotype)




a. Amniocentesis

b. Chorionic villi sampling

c. Fetal cell sorting

4 Fetal cells suspended % ? I s s % 3
in the fluid around 1) § i e 1
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Cells of the chorion i ,
are sampled.

Sex chromosomes
d. Fetal karyotype (normal female)

figure 12.6

Three ways of checking a fetus’s chromosomes.  (a) Amniocentesis harvesis

fetal cells shed during development into the amniotic fluid by drawing out some of the
Fetal cells in fluid. (b) Chorionic villus sampling removes cells that would otherwise develop into the
maternal blood- placenta. Since these cells came from the fertilized ovum, they have the same
stream are sampled.  chromosemal constitution as the fetus. [c) Improved techniques at identifying ond
extracting specific cells allow researchers o detect fetal cells in a sample of blood
from the woman. (d For all three techniques, the harvesied cells are allowed to reach
metaphase, where chromosomes are most visible, and then broken open on a slide.
The chromosomes are siained or their DNA probed, then arranged into a karyotype.

Note. the “conlrol probe” helps identify

the #7 chromosomes.

Contral probe

* Elastin gene

- 4= Elastin gene

’ N w44 Control probe

¥ Control probe only

?

- N
X ¥~ Control probe

Elastin gene

S. Williams

wild-type FISH

Homlogous (i ) | S e—
chromosome: { X ) . §

Reciprocal

translocation

Homologous

Sl m Dﬂ(:)

Azul, cromosoma 18

Verde, cromosoma X

Rojo, cromosoma Y
Verde, cromosoma 13
Rojo, cromosoma 21

Los cromosomas extras pueden
ser estudiados por medio de sondas
fluorescentes.




TRANSLOCACION ROBERTSONIANA 13/14 EN CELULAS DE LA LINEA GERMINAL

Figura 4. Espermatozoides de un portador de una translocacion Robertsoniana [t{13;14)],
tratados con la técnica de FISH aplicando sondas especificas para los cromosoma 13
(rojo) y 14 (verde). Las cabezas de los espermatozoides fueron tefiidas con DAPI (azul).

Tomado de Morel et al, (2001), A&/ 5
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figure 11.1

Red hair. This child'’s red curls make her
the proud possessor of an unusual genetic
variant.




