Linked Genes

When two genes are on different chromosomes, such as seed color and seed texture in peas, the genes segregate independently (law of independent assortment).

Linked genes reside on the same chromosome, cannot segregate independently, and therefore are linked together.

In fruit flies, Drosophila meloganster, some flies raised in the lab have unusual characteristics (traits).  These traits are due to mutations , or molecular changes in the DNA.  

Two of these mutations, body color and wing shape, are linked.

· The normal wild color is gray (B) and the mutant allele is expressed as black (b).

· The other mutation in wing shape is expressed as vestigial wings (v).
(it’s confusing, but in Drosophila, the gene notation uses the letter for the mutation!)

So we might think of a Punnett square for a normal fly (BvVv) with a black vestigial (bbvv) would be crossed as,
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But because the genes are linked, Bv and bV gamets are not produced, and a cross between a normal fly (BvVv) with a black vestigial (bbvv) would be crossed as 
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Producing just two genotypes (and two phenotypes).
However,  instead of a 50:50 ration expected, the actual ratios usually work out as follows:
BbVv –   41%
bbvv   –  41%

Bbvv   – 09%

bbVv   – 09%

That’s right,  it’s never simple.  There’s crossing over to consider.  Remember this happens during meiosis I (during Prophase/Prometaphase I).  

In Drosophila, crossing over occurs about 18% of the time.
What do you believe is the greatest factor in that potential for crossing over?  

Draw a chromosome to show DISTANCE is the biggest factor.

To show relationships between genes, researchers create a linkage map.  The greater the distance between two genes (usually in “map units”), the greater their potential for separation during crossing over.

A map of the true position of the genes is called a cytological map, and it’s much more complicated to interpret and to develop it.

Sex-Linked Genes

The sex chromosomes (x and Y) have different genes than the autosomes.
Sex-Linked (usually X-linked) are genes that reside on the X chromosomes.  (Very few genes reside on the Y chromosome, and Y-linkage is rare.)

Females receive two X chromosomes, so they can receive two copies of these special genes.  

Males do not receive two, so whatever gene is on the X chromosome is the one that is expressed, regardless of whether it is dominant or recessive.

Hemophilia is a sex-linked recessive gene (h) in humans.  So, the gene is not expressed in the following:

XHXH
XHXh
XHY

A male XhY or a female XhXh*  would express the trait.  

* This is not always true for females, due to X-inactivation.
A male could receive the trait from a mother that does not express the trait.  But for a female to receive the trait, her father would have to be a hemophiliac.
This is why sex-linked traits are so much more common in males.

Baldness is slightly different.  Baldness isn’t fatal, it often doesn’t appear until well into or after child-bearing age, so it’s very likely that the gene will be passed.  We may even see an increase in female baldness now that women universally consider baldness to be so sexy!

X-Inactivation

So how is it that males survive with only half of the genes delivered by chromosome 23?

Not only is it a small percentage, but during female embryonic development (in mammals), one of the two X chromosomes does not uncoil into chromatin.  Instead it remains coiled, and is called a Barr body.
The selection of which of the two chromosomes becomes inactive is random.  Subsequent daughter cells (after mitotic divisions) will have the same inactive X chromosome as the parent cell.  So in a fetus, there could be a mix of active and inactivated X-linked alleles.

This is another way a female could  express a recessive trait.
Calico cats colors (yellow, black and white) are coded by a gene on the X chromosome.  If yellow is inactivated, black is expressed, and vice versa.

So for hemophilia, a carrier XHXh would usually be be normal, but if a significant portion of the XH are inactivated, the trait could be expressed in that portion of cells.
