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La unidad hereditaria básica. Por definición molecular, es una 
secuencia de DNA necesaria para brindar un producto funcional a 
la célula: proteína o RNA. 

Gen

Locus
El lugar donde se localiza el gen en el cromosoma.

El locus puede incluir varios genes que se encuentran físicamente 
muy cerca uno del otro.

Los genes localizados en un mismo locus tienen poca probabilidad 
de sufrir eventos de recombinación.

Célula haploide especializada 
involucrada en la reproducción sexual.

Gameto

Cruza
Apareamiento entre dos individuos 
que conduce a la fusión de gametos.

Cigoto
Célula producto de la 
fusión de gametos.

Revisar conceptos en los videos



Alelo
Forma alternativa de un gen:
- Cambio en la secuencia de DNA
- Cambio en la función del producto
- Cambio en el fenotipo

8 Chapter 1 • Genetics and the Organism

the endoplasmic reticulum and Golgi apparatus, and or-
ganelles such as mitochondria and chloroplasts. The nu-
cleus contains most of the DNA, but note that mitochon-
dria and chloroplasts also contain small chromosomes.

Each gene encodes a separate protein, each with spe-
cific functions either within the cell (for example, the
purple-rectangle proteins in Figure 1-9) or for export to
other parts of the organism (the purple-circle proteins).
The synthesis of proteins for export (secretory proteins)
takes place on ribosomes that are located on the surface
of the rough endoplasmic reticulum, a system of large,
flattened membrane vesicles. The completed amino acid
chains are passed into the lumen of the endoplasmic
reticulum, where they fold up spontaneously to take on
their three-dimensional structure. The proteins may be
modified at this stage, but they eventually enter the
chambers of the Golgi apparatus and from there, the se-
cretory vessels, which eventually fuse with the cell mem-
brane and release their contents to the outside.

Proteins destined to function in the cytoplasm and
most of the proteins that function in mitochondria and
chloroplasts are synthesized in the cytoplasm on ribo-
somes not bound to membranes. For example, proteins
that function as enzymes in the glycolysis pathway fol-
low this route. The proteins destined for organelles are
specially tagged to target their insertion into specific or-
ganelles. In addition, mitochondria and chloroplasts
have their own small circular DNA molecules. The syn-
thesis of proteins encoded by genes on mitochondrial or
chloroplast DNA takes place on ribosomes inside the
organelles themselves. Therefore the proteins in mito-
chondria and chloroplasts are of two different origins:
either encoded in the nucleus and imported into the or-
ganelle or encoded in the organelle and synthesized
within the organelle compartment.

1.2 Genetic variation
If all members of a species have the same set of genes,
how can there be genetic variation? As indicated earlier,
the answer is that genes come in different forms called
alleles. In a population, for any given gene there can be
from one to many different alleles; however, because
most organisms carry only one or two chromosome sets
per cell, any individual organism can carry only one or
two alleles per gene. The alleles of one gene will always
be found in the same position along the chromosome.
Allelic variation is the basis for hereditary variation.

Types of variation
Because a great deal of genetics concerns the analysis of
variants, it is important to understand the types of varia-
tion found in populations. A useful classification is into
discontinuous and continuous variation (Figure 1-10). Al-
lelic variation contributes to both.

DISCONTINUOUS VARIATION Most of the research in
genetics in the past century has been on discontinuous
variation because it is a simpler type of variation, and it
is easier to analyze. In discontinuous variation, a charac-
ter is found in a population in two or more distinct and
separate forms called phenotypes. “Blue eyes” and
“brown eyes” are phenotypes, as is “blood type A” or
“blood type O.” Such alternative phenotypes are often
found to be encoded by the alleles of one gene. A good
example is albinism in humans, which concerns pheno-
types of the character of skin pigmentation. In most peo-
ple, the cells of the skin can make a dark-brown or black
pigment called melanin, the substance that gives our skin
its color ranging from tan color in people of European
ancestry to brown or black in those of tropical and sub-
tropical ancestry. Although always rare, albinos, who
completely lack pigment in their skin and hair, are found
in all races (Figure 1-11). The difference between pig-

MESSAGE The flow of information from DNA to RNA to
protein is a central focus of modern biology.
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Figure 1-10 Examples of discontinuous and continuous variation in natural populations.
(a) Fruits of the sea blush, Plectritis congesta, have one of two distinct forms. Any one
plant has either all winged or all wingless fruits. (b) Variation in height, branch number,
and flower number in the herb Achillea. [Part b, Carnegie Institution of Washington.]

(a) (b) 
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Cuando un gen tiene
muchas variantes (alelos)

Polimorfismo
Un organismo diploide contiene
dos alelos iguales o diferentes para
cada gen, ubicados en cada uno de
coromosomas homólogos

Los Alelos de un gen en los cromosomas
homólogos pueden ser diferentes

Alelo para fenotipo 1

Alelo para fenotipo 2

Cromosomas
homólogos

Revisar conceptos en los videos



Término que describe a un alelo cuya
función SOLO se observa en la
condición homocigota.

Término que describe a un alelo cuya
función se observa tanto en condición
homocigota como heterocigota.

RecesivoDominante

HeterocigotoHomocigoto Homocigoto

Relación entre los Alelos de un Gen

A nivel de Fenotipo:

A nivel genético:



91.2 Genetic variation

mented and unpigmented skin is caused by different al-
leles of a gene that encodes an enzyme involved in
melanin synthesis.

The alleles of a gene are conventionally designated
by letters. The allele that codes for the normal form of
the enzyme involved in making melanin is called A, and
the allele that codes for an inactive form of that enzyme
(resulting in albinism) is designated a, to show that they
are related. The allelic constitution of an organism is its
genotype, which is the hereditary underpinning of the
phenotype. Because humans have two sets of chromo-
somes in each cell, genotypes can be either A/A, A/a, or
a/a (the slash shows that the two alleles are a pair). The
phenotype of A/A is pigmented, that of a/a is albino,
and that of A/a is pigmented. The ability to make pig-
ment is expressed over inability (A is said to be domi-
nant, as we shall see in Chapter 2).

Although allelic differences cause phenotypic differ-
ences such as pigmented and albino coloration, this does
not mean that only one gene affects skin color. It is
known that there are several, although the identity 
and number of these genes are currently unknown.
However, the difference between pigmented, of whatever
shade, and albinism is caused by the difference in the al-
leles of one gene—the gene that determines the ability
to make melanin; the allelic composition of other genes
is irrelevant.

In some cases of discontinuous variation, there is a
predictable one-to-one relation between genotype and

phenotype under most conditions. In other words, the
two phenotypes (and their underlying genotypes) can
almost always be distinguished. In the albinism exam-
ple, the A allele always allows some pigment forma-
tion, whereas the a allele always results in albinism
when present in two copies. For this reason, discontinu-
ous variation has been successfully used by geneticists
to identify the underlying alleles and their role in cellu-
lar functions.

Geneticists distinguish two categories of discontin-
uous variation. In a natural population, the existence of
two or more common discontinuous variants is called
polymorphism (Greek; many forms). The various forms
are called morphs. It is often found that different
morphs are determined by different alleles of a single
gene. Why do populations show genetic polymor-
phism? Special types of natural selection can explain a
few cases, but, in other cases, the morphs seem to be
selectively neutral.

Rare, exceptional discontinuous variants are called
mutants, whereas the more common “normal” pheno-
type is called the wild type. Figure 1-12 shows an ex-
ample of a mutant phenotype. Again, in many cases,
the wild-type and mutant phenotypes are determined
by different alleles of one gene. Both mutants and poly-
morphisms originally arise from rare changes in DNA
(mutations), but somehow the mutant alleles of a poly-
morphism become common. These rare changes in
DNA may be nucleotide-pair substitutions or small
deletions or duplications. Such mutations change the
amino acid composition of the protein. In the case of
albinism, for example, the DNA of a gene that encodes
an enzyme involved in melanin synthesis is changed,
such that a crucial amino acid is replaced by another
amino acid or lost, yielding a nonfunctioning enzyme.
Mutants (such as those that produce albinism) can oc-
cur spontaneously in nature, or they can be produced
by treatment with mutagenic chemicals or radiation.
Geneticists regularly induce mutations artificially to

Figure 1-11 An albino. The phenotype is caused by two doses
of a recessive allele, a /a. The dominant allele A determines
one step in the chemical synthesis of the dark pigment
melanin in the cells of skin, hair, and eye retinas. In a /a
individuals, this step is nonfunctional, and the synthesis of
melanin is blocked. [Copyright Yves Gellie/Icone.]

Figure 1-12 Wild type and mutant Drosophila. A Drosophila
mutant with abnormal wings and a normal fly (wild type) for
comparison. In both cases, the two phenotypes are caused by
the alleles of one gene.

Wild type Vestigial wings
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AA AAAA

AA

Aa

AA

aaAlelo mutante

Variante “rara” del gen; no es
común en la población

Silvestre

Recesivo: pérdida de función

Dominante: ganancia de función

Mutante

Pérdida de función por 
una mutación
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Fertilización

Ciclo reproductivo humano



Crecimiento del 
tubo polínico

Tubo 
polínico

Semilla:
Embrión (2n)
Endospermo (3n)

Un núcleo espermático 
(n) fecunda a la célula del 
endospermo (2n) = 3n

Un núcleo espermático 
(n) fecunda a la célula 
huevo (n) = 2n

Ciclo reproductivo de plantas con flores



Constitución genética de
un individuo, en todos los
loci o frecuentemente, en
un solo locus

Genotipo

Fenotipo

Expresión observable del
genotipo, como rasgo
morfológico, bioquímico
o molecular.

¿Cómo se heredan los Fenotipos en la 
descendencia? 

Gregor Mendel 
1822 - 1884



Polinización CruzadaAuto-polinización

Polinizaciones de Mendel



Diseño experimental:

1. Obtener líneas puras para
fenotipos diferentes (2 años) –
control experimental

2. Realizar Polinización cruzada
entre las dos líneas puras (F1) –
registro de fenotipos

3. Cruza entre hermanos de la F1
(F2) – registro de fenotipos

4. Análisis de resultados (estadística)
5. Conclusiones

Cruza entre líneas puras

F1

F2

1

3:1

Fenotipo parental F1 F2 Relación F 2

1. Semilla lisa x rugosa
2. Semilla amarilla x verde
3. Pétalos púrpuras x blancos
4. Vaina hinchada x hendida
5. Vaina verde x amarilla
6. Flores axiales x terminales
7. Tallo largo x corto

Todas lisas
Todas amarillas
Todas púrpuras
Todas hinchadas

Todas verdes
Todas axiales
Todos largos

5474 lisas; 1850 rugosas
6022 amarillas; 2001 verdes
705 púrpuras; 224 blancos

882 hinchadas; 299 hendidas
428 verdes; 152 amarillas

651 axiales; 207 terminales
787 largos; 277 cortos

2,96:1
3,01:1
3,15:1
2,95:1
2,82:1
3,14:1
2,84 1

Cruzas Monohíbridas
En la F1 siempre 
observó solamente 
un Fenotipo

Las Proporciones 
Fenotípicas en la F2 
fueron siempre  3:1



Primera ley de Mendel

1. Principio de Dominancia. En un heterocigoto, un alelo podrá ocultar
la presencia de otro.

Este es un principio acerca de la función de los genes. Algunos alelos controlan el
fenotipo incluso cuando están presentes en una sola copia.

2. Principio de segregación. Los alelos de un gen se separan uno del
otro durante la formación de gametos.

Este es un principio acerca de la herencia de genes. Aunque se observe sólo el
fenotipo dominante siempre se transmiten ambos alelos (dominante y recesivo). Las
bases biológicas de este fenómeno están en el apareamiento y subsecuente separación
de cromosomas homólogos durante la MEIOSIS.



Interpretación de los Resultados de Mendel:

La carácterística está determinada por un factor heredable (Gen)

Los individuos parentales tienen 
dos copias del Gen (alelos)

Los gametos producto de la 
MEIOSIS portan un solo alelo 
del gen

La F1 tiene un alelo
proveniente del padre
y otro de la madre

+



F1

Cruza

1 Genotipo

YY yy

YyYyYyYy

homocigoto homocigoto

heterocigoto

DOMINANTE recesivo

Y y

2 tipos de gameto

Y

Y

y

y

Yy

Yy yy

YY

3:1

F2

Cuadro de Punnett

Y

y Yy

Y

Yy

Yy Yyy

F1
Y y

Y y Y y

amarillo : verde

3 Genotipos:
1 homocigoto dominante
2 heterocigoto
1 homocigoto recesivo

2 Fenotipos:

1 Fenotipo
amarillo



Cuando el 100% de la descendencia se parece a uno de los padres

Cruza recíproca

El resultado es el
mismo independiente-
mente de qué planta se
utiliza como donadora
de polen

Principio de uniformidad

X X



Cruza de prueba

El parental de prueba 
debe ser homocigoto 
recesivo

El objetivo es distinguir el genotipo de una planta que expresa el fenotipo 
dominante.

yyX

¿YY ó Yy?

YY  x  yy  =  100%    Yy

Yy  x  yy  =  50%      Yy      50%     yy



Conclusiones:

Al cruzar las dos razas puras, todos los individuos hijos (F1 o primera generación 
filial) presentan un solo fenotipo, aunque tienen información para ambos 
caracteres (híbridos o heterocigotos).

El fenotipo que se manifiesta en esta cruza es dominante y al factor hereditario 
(gen) que codifica dicho carácter se le designa con letra mayúscula.

El fenotipo que no se manifiesta es recesivo, y el factor se simboliza en letra 
minúscula.

Al cruzar entre sí los híbridos obtenidos en la primera generación, los factores 
presentes en estos se separan y se combinan al azar en la descendencia.



1. Como Mendel descubrió, el color amarillo de los chícharos es dominante sobre el verde. 
En los siguientes experimentos, padres con fenotipo conocido, pero genotipo desconocido 
produjeron la siguiente progenie:

PADRES PROGENIE 
AMARILLA

PROGENIE 
VERDE

Amarillo x verde 82 78
Amarillo x Amarillo 118 39

Verde x Verde 0 50

Amarillo x verde 74 0
Amarillo x Amarillo 90 0

a) Cruza(s) donde ambos padres son heterocigotos
b) Cruza(s) prueba
c) Cruza(s) donde no podemos saber con certeza los genotipos parentales

PROBLEMAS



PROBLEMAS

2. En la mosca de la fruta, Drosophila melanogaster, ebony (e) es un mutante 
recesivo que causa que el color del cuerpo sea oscuro cuando es homocigoto, en 
oposición al color normal (E).

a. Si un macho color ebony es cruzado con una hembra homocigota con cuerpo 
color normal ¿cuál será el color de la descendencia?

b. Si los machos y las hembras F1 son cruzados ¿qué fenotipos se esperaría que 
aparecieran en la F2 y en qué proporción?

a. Tomando en cuenta que el fenotipo de los individuos EE y Ee es idéntico 
¿Cómo se pueden distinguir estos genotipos mediante cruza genética?



3. En el perro, el pelaje ondulado (R) es dominante sobre el pelaje liso (r). Se 
realiza una
cruza prueba para un perro con pelaje ondulado y la descendencia es la mitad de 
pelaje
ondulado, mitad de pelaje liso. (Problema de la serie I)

a) ¿Cuál es el genotipo del perro?
b) ¿Qué proporciones de descendencia se obtendrá cuando se cruce con una 

hembra de pelaje ondulado heterocigota?

PROBLEMAS


