CRESTS – Predicting Exhibition Forms   by George Clarke

Introduction
When a breeder of Crested budgerigars reviews his breeding results, and attempts to understand the reasons behind those results, he can see none of the usual inheritance patterns with which he is familiar. It is not surprising that he concludes the results must be totally random. This conclusion is reinforced by the historical absence of any theory entirely consistent with breeding results, which can explain those results.   

In late 2004, the development of the PE (Penetrance Expressivity) theory (Refs 2&3) enabled breeders to calculate the expected percentages of visual (crested) and non-visual (crestbred) progeny from various Crest pairings. 

This article takes the next step, providing breeders with the means to subdivide that expected percentage of visuals into the three Exhibition Crest forms, (Full-Circular, Half-Circular, and Tufted). It is an empirical solution to the Expressivity component of the PE theory. 

While individual results or even the average of small groups of results can appear to be random, an extensive analysis of a large sample of breeding results (over 3000 progeny) from Australian and UK breeders has uncovered some very strong correlations. These empirical correlations are very simple and quite unexpected. Using these correlations we are able to formulate simple Expressivity Rules for the calculation of expressivity expectations.

The Rules are shown to be sufficiently accurate for the needs of practical breeders. 
The Expressivity Rules

%Circular Progeny = %Visual Progeny x  %Visual Progeny 



or   (%C) =  (%V) x  (%V)    …… Rule No 1.
%Full-Circular Progeny = %Circular Progeny x %Visual Progeny

 
 
or   (%FC) =  (%C) x  (%V)   ….. Rule No 2. 

(All percentages are expressed as % of total progeny for the mating.)

The correlations underpinning these Expressivity Rules are apparent in Figs 1&2 where the Rules are plotted together with actual breeding results. Rule No1 is shown by the red diagonal line on Fig 1. Rule No2 is shown by the red diagonal line on Fig 2. 

Each breeding result shown in Figs 1&2 is the average result for each Pairing type included in the total sample. Results are labelled showing the Pairing type and the total number of progeny included in the average result. Other results labelled APCF (Any Parental Crest Form), are average results for breeding results falling within small ranges of %Visuals, ignoring Pairing type or parental crest form. The APCF results are seen conform to Rules 1&2 confirming that %V is the key determinant when calculating progeny expressivity expectations for any crest Pairing.

Not only are the correlations unexpected, the agreement between actual results and the empirical correlations is surprisingly good, given the well-known difficulties breeders face when classifying some individual crests.
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Calculating Breeding Expectations
By definition, %Tufts = %V - %C, and %Half-Circulars = %C - %FC
The Expressivity Rules together with the PE theory and the above two equations allow the calculation of progeny Genotypic and Phenotypic expectations for particular pairings.

All these calculations are embodied in Table 1. The breeder can use this table directly without the need to make any calculations. (For simplicity Table1 is based on Psf = 20%)

Table 1   Crest Genotypic and Phenotypic Expectations

	Mating Group
	Pairing Type
	Progeny Genotypes
	Progeny Phenotypes

	
	
	Crest
	Crestbred
	%

Visual
	%

CB
	%

Tuft
	%

HC
	%

FC

	
	
	%

DF
	%

SF
	%

SF
	%

ZF
	
	
	
	
	

	Crest

 x Crest
	DF x DF
	100
	0
	0
	0
	100
	0
	?  
	? 
	?

	
	DF x SF
	50
	10
	40
	0
	60 
	40
	24
	14
	22

	
	SF x DF
	50
	10
	40
	0
	60 
	40
	24
	14
	22

	
	SF x SF
	25
	10
	40
	25
	35
	65
	23 
	8
	4

	
	Average
	56
	8
	30
	6
	64
	36
	23 
	15 
	26

	Crest

 x Crest-bred
	DF x SF
	50
	10
	40
	0
	60
	40
	24
	14
	22

	
	SF x SF
	25
	10
	40
	25
	35
	65
	23 
	8
	4

	
	DF x ZF
	0
	20
	80
	0
	20
	80
	16
	3
	1

	
	SF x ZF
	0
	10
	40
	50
	10
	90
	9
	1
	0.1

	
	Average
	19
	13
	50
	19
	31
	69
	21
	7
	3

	Crest 

x Normal
	DF x N
	0
	20
	80
	0
	20
	80
	16
	3
	1

	
	SF x N
	0
	10
	40
	50
	10
	90
	9
	1
	0.1

	
	Average
	0
	15
	60
	25
	15
	85
	13
	2
	0.3

	Crest-bred x Crest-bred
	SF x SF
	25
	10
	40
	25
	35
	65
	23 
	8
	4

	
	SF x ZF
	0
	10
	40
	50
	10
	90
	9
	1
	0.1

	
	ZF x SF
	0
	10
	40
	50
	10
	90
	9
	1
	0.1

	
	ZF x ZF
	0
	0
	0
	100
	0
	100
	0
	0
	0

	
	Average
	6
	8
	30
	56
	14
	86
	12
	2
	0.3

	Crest-bred x Normal
	SF x N
	0
	10
	40
	50
	10
	90
	9
	1
	0.1

	
	ZF x N
	0
	0
	0
	100
	0
	100
	0
	0
	0

	
	Average
	0
	5
	20
	75
	5
	95
	5
	0.2
	0.01


Notes to Table 1.

Note 1. The average figures for each Mating group in Table 1 are based on %V values which assume equal numbers of each Pairing type listed in the Mating group. 

Note 2. The breeding expectations for each Pairing type in Table 1 are also average expectations over a large number of nests. As always, wide variation from the tabulated percentages can be expected in individual nests.
Note 3. All percentages are percentages of Total progeny.

Note 4. Abbreviations used in Table 1. Double Factor (DF), Single Factor (SF), Zero Factor (ZF), Crestbred (CB), Half-Circular (HC), Full-Circular (FC).

Note 5. Phenotypic percentages for the DF x DF pairing type require further research. Very few results are currently available. There is no evidence to show that Expressivity Rules 1&2 are valid for the DF x DF pairing.

How to use Table 1.

Eg. To find the breeding expectations for a Full-Circular x Tufted Pairing.

(1) If the number of crest factors carried by the parents is unknown, select the “Average” pairing in the Crest x Crest Mating group, and read across the Table on the Average line. 

(2) If the number of crest factors carried by the parents are known, select the appropriate line in the Table. For example assume we know the FC is a Single Factor (SF) crest and the Tuft is a Double Factor (DF) crest. We select the Pairing SF x DF within the Crest x Crest Mating group and read across the Table on the SF x DF line.

The breeding expectations for this example are then found to be,

Genotypes: 
DF Crests 50%


Phenotypes:
Crestbreds 40%



SF Crests 10%





Tufts 24%



SF Crestbreds 40%




Half-Circulars 14%



ZF Crestbreds 0%




Full-Circulars 22%

While the Genotypic expectations show that all Crestbreds from this particular mating are SF for the Crest gene, we are unable to determine which of the visual crests are DF or SF. It is probable that each of the visual crest phenotypes will include a mix of DF and SF progeny.

Testing the Expressivity Rules

Previously the Fullilove Data (Ref 4) has been used to demonstrate the accuracy of the PE Theory. (Ref 5)

We can use this large sample of old UK data to test the accuracy of the Expressivity Rules.

Fullilove Data

	Mating

Group
	Actual Progeny

	
	CB
	T
	HC
	FC
	Total

	Crest x Crest
	100
	62
	35
	63
	260

	Crest x CB
	681
	190
	59
	41
	971


Predicted Average %Progeny versus Actual Average % Progeny

	Progeny Form
	Crest x Crest Matings
	Crest x Crestbred Matings

	
	Actual
	Table1 Prediction
	Actual
	Table1 Prediction

	CB
	38%
	36%
	70%
	69%

	Visual
	62%
	64%
	30%
	31%

	Circular
	38%
	41%
	10%
	10%

	Tuft
	24%
	23%
	20%
	21%

	HC
	13%
	15%
	6%
	7%

	FC
	24%
	26%
	4%
	3%


The agreement between the predictions of Table 1 and the actual recorded results is clearly sufficiently accurate for the needs of practical breeders.

Concluding Comments.
Crest inheritance, including expressivity, has been shown to have an underlying predictability in the case of large samples. This knowledge can assist breeders in developing optimal breeding strategies. 

Not withstanding the predictability found in large samples, variability due to penetrance effects, expressivity factors, and classification issues, combined with natural variability associated with small samples, will ensure breeding results for individual nests always retain an appearance of randomness. 

The Crest gene is autosomal dominant having low penetrance and variable expressivity. The actual causes of low penetrance and variable expressivity are unknown. Analysis of a large sample of breeding results has yielded a penetrance value and enabled the formulation of Expressivity Rules covering the standard exhibition crest forms. This information allows the calculation of average progeny expectations for all crest matings other than the DF x DF pairing. Further research is needed to determine expressivity rules for the DF x DF pairing.
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