The Amazing Tale of Sooty the Guinea Pig: a case study in AHL Genetics (dihybrid crosses an linked genes)
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Sooty was (he’s since been flushed to the guinea-pig paradise round the U-bend) round-eared and long-whiskered.  These are both dominant characteristics, so his owners did not know whether he was homozygous or heterozygous until his night-time escapades. 

Luckily, all of the females were pointy-eared and short-whiskered. 

1. Devise an allele key for ear shape and whisker length. 

2. What is the genotype of these pointy, short females? 

3. What are the possible genotypes of Sooty?
4. Why do we consider the cross with the pointy-eared, short-whiskered females a test cross? 

    All of the offspring produced were round-eared and long-whiskered. 

        5. What was Sooty’s genotype? Why? 

     6. Use a punnet grid to deduce what ratio of phenotypes you would expect if two individuals from the  

         F1 generation were to mate. 
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Pen pal: Snoty after his one- night stand  back in his cage and he slept for two day:

Guinea pig harem
says ‘hello Sooty’

A GUINEA pig called Sooty had a night to
remember after escaping from his pen and
tunnelling into a cage of 24 females.

He romanced each of them in turn and was
yesterday the proud father of 43 offspring.

Staff at Little Friend's Farm in Pontypridd,
South Wales, have now secured Sooty’s pen —
and begun looking for homes for the guinea
pigs.

His owner, Carol Feehan, 42, said: “I'm sure
a lot of men will be looking at Sooty with envy.

“We knew that he had gone missing after
wriggling through the bars of his cage.

“We looked for him everywhere but never
thought of checking the pen where we keep 24
females. We did a head count and found 25
guinea pigs — Sooty was fast asleep in the
corner.

“He was absolutely shattered. We put hi





 All of the F1 generation were heterozygous for an agouti (grey) coloured coat. The allele for                     presence of colour (C) is dominant to the allele for absence of colour (albino = c). If colour is present, the dominant colour is agouti (A), the recessive is black (a). 

7. If we mate two F1 guinea pigs, why would we expect a 9:4:3 ratio instead of a 9:3:3:1 ratio in the phenotypes? A punnet grid might help. 
 8. After a few months, all of the F1 generation had mated and produced offspiring. The outcomes of the F2 generation were recorded as below. Carry out a χ2 test (p=0.05) to determine whether these data meet the expected ratio. 

	
	Observed
	Expected
	    
	
	

	Agouti
	134
	
	
	
	

	Albino
	67
	
	
	
	

	Black
	49
	
	
	
	

	
	T = 
	T = 
	Χ2=
	


The allele for soft fur (S) is dominant to the allele for rough fur (s). Also, the allele for sharp nails (N) is dominant to the allele for smooth nails (n). 

9. A group of rough-furred, smooth-nailed males were mated with heterozygous soft-furred, sharp-nailed females. What ratio of phenotypes do you predict in a normal dihybrid cross? 
   Ratio: 

10. Here are the observed phenotypes of the offspring. Do they fit the expected outcome? 

	Fur   ,   nails
	Observed
	Expected
	    
	
	

	Soft  ,   sharp
	13
	
	
	
	

	Soft,    smooth
	0
	
	
	
	

	Rough, sharp
	0
	
	
	
	

	Rough, smooth
	11
	
	
	
	

	
	T = 24
	T = 24
	Χ2=
	


12. Differentiate between autosomes and sex-chromosomes. 

A linkage group is defined as genes that are located on the same chromosome type and do not assort independently during metaphase I. 

13. Differentiate between autosomal linkage and sex-linked traits. 

      - autosomal linkage refers to genes which are carried on the same chromosome. 
      - sex-linked traits are any characteristic associated with genes on sex-chromosomes. 
14.   How do we know from these data that the traits of fur softness and nail sharpness must be    autosomally linked? Use a diagram or punnet grid to explain your answer. 

This is standard notation for autosomally-linked alleles: 

15. What ratio would you expect in this cross now? 

16. Perform the Χ2 test again. Do the observed data fit the new expected ratio? 

	Fur   ,   nails
	Observed
	Expected
	    
	
	

	Soft  ,   sharp
	
	
	
	
	

	Rough, smooth
	
	
	
	
	

	
	T = 24
	T = 24
	Χ2=
	


Before moving on to the next section, make sure you understand how recombination due to independent assortment in metaphase I and crossing-over in prophase I are a source of genetic variation. It is key that you understand these. 
Allele Key: 

















