
Key Concepts for Exam 2
CHROMOSOME THEORY OF INHERITANCE


Terminology
X-linkage:
The pattern of inheritance resulting from genes located on the X chromosome (in comparison to autosomal genes).
Wild type:
The most common form of a trait occurring in a natural population is considered the wild type. Wild type is often symbolized by a plus sign (+); letters are usually based on the mutant (unusual) phenotype.
Reciprocal crosses:
A paired cross in which the phenotype of the female in the first cross is present as the phenotype of the male in the second cross, and vice versa.
Crisscross pattern of inheritance:
X-linked recessive traits are passed from affected mothers to her sons but not her daughters, whereas, an affected father passes the trait to his grandsons through his daughters but never to his sons.  In other words, X-linked recessive characteristics seem to alternate between the sexes.
1910: X-linked genes (located on X chromosome) reported by Thomas Hunt Morgan


chromosomes are the location of genes

studied Drosophila (fruit fly)



4 pairs of chromosomes




3 pairs - autosomes




1 pair - sex chromosomes



gene responsible for eye color on X chromosome




red phenotype is wild type



white is mutant phenotype


Original cross



Parental generation: white-eyed male X true-breeding red-eyed female


F1 generation



males: red-eyed (hemizygous)
females: red-eyed (heterozygous)


conclusion: all F1s red-eyed, so allele for white eyes 
recessive


F2 generation (F1 males x F1 females)




classical 3:1 phenotypic ratio, but all white-eyed F2s were male



females: all red-eyed (½ are heterozygous)




males: ½ red eyes: ½ white eyes




conclusion: only males have white eyes, so white-eyed 


phenotype somehow connected with sex

Reciprocal cross (phenotypes of male and female parents reversed)



Parental generation: red-eyed male X white-eyed female


F1 generation




males: all white-eyed (hemizygous)



females: all red-eyed (heterozygous)


F2 generation (F1 males x F1 females)



females: ½ red-eyed: ½ white-eyed



males: ½ red-eyed: ½ white-eyed




conclusion: reciprocal and original crosses produced 




different results, indicating transmission pattern of sex 




chromosomes
Human sex chromosomes

X and Y chromosomes have distinctive pattern of inheritance


males inherit the X chromosome from their mothers

females inherit an X chromosome from both parents
Sex-linked: linkage of genes with the sex chromosomes of eukaryotes; these genes, as well as the phenotypic characteristics these genes control, are called sex-linked

X-linked gene



any gene located on X chromosome


no homologous allele on Y chromosome


Y-linked gene


any gene on Y chromosome



Y chromosome largely heterochromatic (condensed inactive chromatin)



Y chromosome is male-determining



SRY gene



factor responsible for stimulus of testis development



absence of SRY – gonads develop into ovaries

Y-linked traits


very few Y-linked genes are known



Y-linked traits present only in males


genes on Y chromosome transmitted father to son


X-linked recessive traits and phenotypes

color blindness: 

inability to see red (red color blindness) as a distinct color

inability to see green (green color blindness) as a distinct color

hemophilia: inability to form blood clots

Lesh-Nyhan syndrome: metabolic defect caused by lack of enzyme hypoxanthine-guanine phosphoribosyl transferase ; causes mental retardation, self-mutilation

muscular dystrophy: Duchenne-type, progressive; fatal condition accompanied by muscle wasting
X-linked dominant traits and phenotypes


hypophosphatemia: low phosphate levels in blood and skeletal deformaties

Gender determination


sex of fertilized eggs affected by temperature



Sea turtle species and species of geckos



≤25oC eggs hatch as males



≥32oC eggs hatch as females



between 25 and 30oC males and females hatch


effects of site of attachments: slipper limpet



attachment to sea floor: matures as female



attachment to other limpets: matures as male


ploidy and sex determination



bees, wasps and ants



queen is diploid



drones are haploid


chromosomes and sex determination

sex determination associated with sex chromosomes (all others called “autosomes”)

most animals and many dioecious plants

heteromorphic sex chromosomes

chromosomes differ in size, shape and gene content (designated X and Y)

males XY (heterogametic)



females XX (homogametic)



pseudoautosomal region: region of shared X-Y homology

meiosis insures sex ratios are equal

Alterations of chromosome structure


deletion: loss of segment


duplication: repeated segment, often tandem


inversion: reverse orientation of segment

translocation: transfer of segment to other nonhomologous chromosome (can result in partial trisomies)

fragile sites: chromosomal regions susceptible to breakage under certain 
conditions
Alterations of chromosome number
Definitions:

Ploidy: change in number of chromosomes


Aneuploidy: change in number of individual chromosomes


Trisomy: one extra chromosome (2n + 1)



Monosomy: one fewer chromosome (2n – 1)


Polyploidy: more than two genomic sets of chromosomes (3n, 4n, etc)

Causes of aneuploidy


Chromosome lost during mitosis or meiosis (eg. if centromere deleted) 
Nondisjunction: Failure of homologous chromosomes or sister chromatids to 
separate in mitosis or meiosis

Nondisjunction is reciprocal event at meiosis


one daughter cell gains chromosome (n + 1)


other daughter cell lacks chromosome (n – 1)


higher frequency of trisomics than monosomics

Effects of aneuploidy


usually alters phenotype drastically


aneuploid mutations lethal in most animals and many plants 



affects no. of gene copies, not nucleotide sequences; creates unbalanced 

gene dosage in zygote


2% of human fetuses with a chromosome defect survive to birth

in mammals, aneuploidy of sex chromosomes better tolerated than aneuploidy of 
autosomal chromosomes (exception: small autosomes such as 21)


in humans, most autosomal trisomies lethal



in humans, autosomal monosomy lethal

Causes of polyploidy


Nondisjunction of all chromosomes in mitosis or meiosis (autopolyploidy)


Hybridization between two species (allopolyploidy)

Effects of polyploidy


In humans, polyploidy is lethal


common in plants (wheat (6n), peanuts (4n), potatoes (4n), sugar cane (8n), 
bananas (3n)

less common in animals, but well known in lizards, amphibians, and fish

major mechanism of evolution in new plant species

Chromosomal abnormalities and phenotypes
Cri du chat syndrome (5p-): infants have catlike cry, some facial anomalies, severe mental retardation

Retinoblastoma (13q-): cancer of eye; increased risk of other cancers

Prader-Willi syndrome (15q-): infants – weak, slow growth; children and adults – compulsive eating, obesity

Trisomy 21 (Down syndrome): in US ~1 in 700 live births; epicanthal folds over eyes, mental retardation, heart defects; observed in other primates including the chimpanzee

Klinefelter syndrome (XXY, XXYY, or XXXY): males with poor sexual development

Turner syndrome (XO): females with short stature, rudimentary sexual development

47,XYY condition: males, above average height, predisposition to behavioral problems?

Epigenetics terminology
Epigenetic Inheritance (non-Mendelian):   A mechanism that regulates gene expression independently of the underlying DNA sequence, relying instead on the chemical modification of DNA
A change in phenotype without a change in genotype

Genomic Imprinting:  An epigenetic process that involves a modification to a single gene; alters gene expression but is not permanent over the course of many generations
Imprinting governs whether an offspring will express a gene that has been inherited from its mother or its father
X-chromosome inactivation: The transcriptional silencing of one X chromosome in female mammalian cells that equalizes dosage of gene products from the X chromosome between XX females and XY males
Barr body:  The inactivated chromosome in mammals in known as the Barr body Under the microscope, the Barr body can be seen in the nucleus due to its dark-staining, highly condensed, heterochromatic structure 
X-chromosome inactivation
Dosage compensation and equality of the sexes
Barr body in female nuclei 
random inactivation of X chromosomes causes mosaic of X-linked gene activity in tissues

consequences:


dosage of expressed X chromosome genes constant in both sexes (equalization of number of active copies of X-linked genes)

normal female is a mosaic for X-linked genes


calico cats
anhidrotic ectodermal dysplasia
mechanism:
RNA plays an important role in the epigenetic control of X inactivation
Two noncoding, complementary RNAs (Xist and Tsix) initiate and control the inactivation process
Chromosome condensation makes DNA sequences physically unavailable for transcription

EXTRANUCLEAR INHERITANCE
Chloroplasts (cp) and mitochondria (mt) contain their own genes
inheritance pattern is called extranuclear inheritance

Mendel’s principles do not apply (no segregation or independent assortment)

when gametes formed, meiosis has no influence on chloroplast and mitochondrial genomes
Sperm/flowering plant pollen: transfer little or no cytoplasm to egg
Chloroplasts and mitochondria reproduce within the cell through binary fission (organelle genomes follow cytoplasmic divisions) 
Multiple copies (several hundreds or thousands) of mt genomes present in individual cells
MtDNA mutations are an important cause of inherited disease
Common features of mitochondrial disorders are muscular and neurological problems (e.g., muscle weakness, exercise intolerance) due to the high energy demands of muscle and nerve cells 
Mitochondrial genetics presents unique clinical and experimental challenges

Mouse models support a link between mtDNA mutations and the ageing process

EXTENSIONS OF MENDELIAN GENETICS

Genetic Terminology

Multiple alleles:
genes with more than two alleles; any individual can carry only two 
alleles of a gene, but in a population, many alleles of a gene can be 
present.
Dominance: expression of a trait in the heterozygous condition; single dominant allele produces sufficient product for full expression of the phenotype in the heterozygote

Incomplete dominance:
heterozygote has an intermediate phenotype between both homozygotes; incomplete dominance is more frequent for morphological traits than for molecular traits

Codominance:
heterozygote fully and simultaneously expresses the phenotypes 
associated with both homozygotes; codominance is more frequent for 
molecular traits than for morphological traits

*The important thing to remember about dominance is that it affects the phenotype that genes produce, but not the way in which genes are inherited
Extending Mendelian genetics


to organisms other than pea


to more complex patterns of inheritance

Typical features of wild-type alleles and mutant alleles

wild type usually encode functional product and are dominant


mutant alleles fail to encode functional product and are recessive

mutant alleles that are exceptions: some mutations responsible for human cancers Proto-oncogenes

gene product stimulates cell division 





called gain of function mutation




dominant mutations are often gain of function




(recessive mutations are often loss of function)
Exceptions to principle of complete dominance


Incomplete dominance


dominance not always complete


F1 intermediate between pure breeding parents


inheritance of flower color in snapdragons



pure breeding parents: red (RR)  and white (rr) flowers



F1 hybrid pink flowers




Underlying cause:




R allele codes for functional enzyme




r allele fails to code for functional enzyme




amount of functional enzyme limiting in hybrid




limiting enzyme levels produce less pigment in this case


Codominance


heterozygote shows characteristics found in each homozygote


ABO blood groups (described below under multiple alleles)

Multiple alleles
genes can exist in more than two allelic states

example: ABO blood groups in humans

three alleles (IA, IB, and i)

Blood groups differ by alteration of cell surface glycoproteins

Four phenotypes



type A blood: display type A glycoproteins 


type B blood: display type B glycoproteins


type AB blood: display both type A and B glycoproteins


type O blood: do not display either type A or B glycoproteins



IA and IB alleles both completely dominant to i allele




IA and IB alleles codominant to each other


Allelic series among mutant alleles (sometimes called dominance series) 

relationships among members of a series of multiple alleles

example: dominance hierarchy at the c locus in rabbits



four alleles of c gene



wild-type allele completely dominant over all other alleles in series 



C>cch>ch>c  (agouti, chinchilla, Himalayan, white phenotypes, 



respectively)



Heterozygous at a single locus for two different mutant alleles 


example: PAH gene is humans




several mutant forms (190 forms) cause same disorder (PKU)


heterozygotes for different alleles (compound heterozygotes) have same disorder

GENETIC EXPRESSION

Leaky recessive alleles



mutant protein may retain some function



final product leaks through



over 100 alleles at eye-color locus in Drosophila



w1 blocks synthesis brown and red eye pigments




other w alleles allow synthesis of some pigment 
Pleiotropy: single gene responsible for several phenotypic effects


pleiotropic genes



Mendel observed flower color gene affected leaf axil and seed coat colors

sickle-cell anemia gene

Epistasis: pattern of inheritance in which one gene influences the phenotypic expression of genes at a different locus


interaction of alleles at least two (sometimes more) loci that affect single trait

modifies 9:3:3:1 phenotypic ratio in dihybrid inheritance

effects of biochemical pathways:



several enzyme-encoding genes help form pathway final product




one gene in pathway influences how another is expressed


examples of epistasis


purple flower color in sweet pea (ornamental pea species, not Mendel’s 


garden peas)




independent loci A and B




each encodes different enzyme of anthocyanin synthesis pathway



F2 ratio (progeny of cross: AaBb x AaBb)
9/16 A_B_ purple flowers (has both pA and pB enzymes producing functional pathway)




3/16 aaB_ white flowers (defective pA enzyme)




3/16 A_bb white flowers (defective pB enzyme)




1/16 aabb white flowers (defective pA and pB enzyme)

F2 ratio 9 purple:7 white



coat color in mice




two independent loci B and C



BBC_ or BbC_ produces black coat




bbC_ or bbC_ produces brown coat




cc is albino




F2 ratio 9 black: 3 brown: 4 white 



There are many forms of epistasis, each with a predictable pattern of 


inheritance


coat color in Labrador retrievers

Penetrance and expressivity

penetrance: percentage of individuals having a particular genotype that express 

the expected phenotype




If the phenotype is always expressed, the penetrance is 100% or 



complete; otherwise it is incomplete


penetrance can be expressed as a percentage of population showing trait
if 975/1000 people with blood type A gene show type A phenotype penetrance is 97.5%

expressivity: defines degree or range in which a phenotype for a given trait is 

expressed
causes of incomplete penetrance and variable expressivity


genetic background (all genes in individual except one under study)


non-genetic factors (external and internal environments)


Interaction between genes and environment
expression of some genotypes depends on presence of a specific environment


expression of the ch allele in Himalayan rabbits: dark color fur depends on 

temperature of tissue; extremities are dark, warmer portions of body are 


light

color of hydrangeas: pH dependent

polygenic inheritance: transmission of a phenotypic trait whose expression 
depends on the additive effects of a number of genes

inheritance of each individual gene follows a Mendelian pattern


continuous or quantitative traits 
additive effects of genes at many loci on single trait 
phenotype described numerically (60 mm, 40 g)

exhibit continuous variation (human height and skin color)



individuals differ by small increments over wide range 



polygenic characters—which is most characters—tend to be more 



influenced by environment



controversial: intelligence in humans as measured by IQ scores
Extension of Mendelian Genetics (Summary)
Epigenetic inheritance 
modification to a nuclear gene or chromosome that alters gene expression (not permanently changed) 


epigenetic modifications do not change DNA sequence
environmental and behavioral factors can alter epigenetic status (e.g., food, drugs, exposure to toxins or even stress)
Epigenetic changes usually persist for an individual’s lifetime and permanently affect phenotype of individual
Two examples of epigenetic inheritance: genomic imprinting and dosage compensation 
Genomic imprinting occurs prior to fertilization 


affects a single gene or chromosome

segment of DNA marked (mark retained throughout life of organism)

expression of gene depends on whether the gene inherited from male or female parent

establishment of imprint during gametogenesis

phenotypes caused by imprinted genes follow non-Mendelian pattern 

Prader-Willi (PWS) and Angelman (AS) syndromes: examples of sex-specific gene silencing in mammals

result of small deletion in chromosome 15 



PWS if deletion inherited from paternal parent PWS



AS if deletion inherited from mother 



consequences:




offspring express only one of the two alleles 
mechanism: differential methylation

LINKAGE

Linkage: linked genes are physically part of the same chromosome

linked loci tend to remain associated in gamete formation

likelihood of crossing over increases with linkage distance


genetic recombination

distantly linked genes are inherited independently

two of Mendel’s seven pea traits on chromosomes I, two on chromosome IV, three loci are on different chromosomes

crossing-over in duplicated chromosomes



sister chromatid crossing over of no consequence



nonsister chromatid crossing-over causes recombination of linked genes


linkage and recombination frequencies can be used to make genetic maps



1 percent crossover = 1 map unit = I centimorgan
Note: The terms linkage and sex linkage are different in meaning.  If two or more genes are linked, it means they are located on the same chromosome.  If a single gene is sex-linked, it means it is located on a sex chromosome.
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