CRESTED GENETICS
OLD THEORIES, NEW IDEAS BETTER PREDICTIONS?

By Ken Yorke (2014)

Back in 2002 | wrote an article “The Crested Budggarin Australia” in which | expressed
my opinions on Crested budgerigars, including gesgbased on my own personal
experience with the variety. That article inclugegd own summarised breeding statistics of
about 400 Crested related progeny. A couple ofsyleder when perusing my library of
Crested trivia | came across some 1960s breedatigtsts (about 1200 progeny) from the
UK in an article by Alan Fullilove.

Recently, | found some more UK breeding data (aidG0 progeny) from the mid-1980s.
This new data was the impetus to revisit my owretireg data (both old and new) and see
how it stacks up against my previous thoughts f20®2 and also against the various
theories on Crested genetics which have been paloliby others. | managed to collate an
additional 400 progeny from my own post-2002 bregdi

A few quick points from my 2002 article probablyosiid be restated here as they have some
bearing on the remainder of this article:-
» Allvisual types of crests are caused by a swirtimgchanism of the feather quills
resulting in existing feathers being misdirecteahirtheir usual direction.
» The more feathers affected by the swirl, the steoritg visual appearance.
» Swirls and partial swirls located near skin bouretasuch as the cere and eye cause
tufts and stray feathers.
» Small “disappearing” (or temporary) crests andysteathers around the eye have
similar genetic potential to Tufteds.
» The crested variety is likely to be a polygenicie®r caused by two or more separate
genes at least one of which is dominant or payt@ddiminant.
* The nice neat categories of Tufted, Half Circulad &ull Circular have little
relevance in predictive genetic theories.

Hair Whorls

In 2011 Don Burke published an article “Crested @gerthars - A New Whorled View” in
which he made the astute observation that the sividathers of a crest parallels hair whorls
in mammals. Hair whorls are swirls of hairs whiem@ppear on the head or other body
parts, singly or in multiple and vary in size amhdse.

Numerous studies into the genetics of hair wharlsiammals have been undertaken with
varying degrees of success. One of the more prog&udies by Julius Nordby on swine in
1932 showed a likely mode of inheritance beingra@raction between two complementary
dominant genes. In 1933 C Warner and W Craft furtsted this theory on 438 swine and
produced staggeringly accurate results compar#tketdlordby predictions. This theory
accurately predicted the presence or absence aif avhorl. It did not predict the location of
the whorl. Nordby’s swine had a whorl on the naslarner and Craft's swine had whorls on
the rump, loin and face. It was noted that paresits a whorl in a particular location tended
to produce offspring with a whorl in the same lamat In short, the genes controlling
presence or absence of a whorl are different tgémes which control the location of the
whorl. Warner and Craft tried to apply the samagple to cattle and horses without
success. So a one theory fits all species mayepbbsible.

They proposed two separate dominant genes& S (the letter “S” for Swirl) and their wild



alleles $:and $.. To have a visible swirl (whorl) the animal regadra minimum of one;S
and one Sgene. All other genetic combinations lacking batithese genes had no swirl.

The promising part of this theory is that if we aeme the gene symbol ® C;and $Sto G
and the respective wild alleles tg.@nd G., this theory (that works for swine) is identical t
J.E. Fox’s existing Initiator Theory for Cresteddigerigars. The difference is the swine
theory predicts PRESENCE OR ABSENCE ONLY and thealtor Theory additionally tries
to incorporate the type of swirl (e.g. tuft, halfcte, full circle crest). Despite that, the
Initiator Theory predictions for crest type areuadly reasonably close.

| am proposing a slight modification to the Initairheory to remove the nice distinct types
of crest, as in practice there are actually manyemwariations in size and shape. | will use the
swine gene notation “S” for consistency and alseasily differentiate my theory from the
Initiator Theory.

As such, the visual Cresteds have the followingggres:- 351+, $51+5S,, SSSS,

S+ S$$,S,. These genotypes have two, three, three and vadrgenes respectively. |
propose to call the first one “LgyCrest” the next two, “Medium,Crest”, “Medium

Crest” and the last “High,, Crest” (The subscripts in the names refer to whioth how

many S and $ genes the types have).The higher the order ofrst the more swirl genes it
has AND the more individual feathers form the cfeather swirl.

As a starting point, the LowCrest category has the lowest number of swirlethéxa and
certainly includes tufts, “disappearing” (or temg@ag) crests and stray feathers around the
eye and perhaps weak half circulars. At the othdra# the scale the Highy, Crestcategory
has the highest number of swirled feathers andagonery strong crests (predominantly, if
not exclusively, strong full circular crests).

Both types of Medium Crest contain all the otheauail crest types with a medium number of
swirled feathers (e.g. probably strong half circsilaveaker full circulars and perhaps even
extremely strong tufts). At this stage | do notgwee any obvious visual difference between
the two Medium Crest types. There are no striaialislemarcation lines between each
category as it is based solely on the number afleavfeathers, no matter where they are
located or what they look like.

Many experienced Crested breeders have long usiedilar ranking for crest breeding
potential, even using a pointscore system (e.@if@for Normal, 1 for Crestbred, 2 for
Tuft, 3 for Half Circular etc). The aim being to keapairings based on the scores of both
parents to maximise the strongest type of creftarprogeny. This old system, despite not
being based on sound science, is actually sinoléné above, where we are counting genes
and hence in effect counting swirled feathers.

Inheritance of the L ocus (Crest L ocation)

The swine study showed that the location of a swihherited separately to the genes which
cause presence or absence of a swirl. | proposgvaare recessive geng &nd its common
wild allele L. (“L” stands for “Locus” with the subscript “S” fd'Skull”). The Ls gene is
responsible for putting a locus on the skull savalsan potentially form. It is not important
at this stage to identify exactly where on the lsthd locus lies, just that it is somewhere on
the skull.

The following genotypes are possible:-
e Lgls POTENTIALLY creates a visible locus on the skull;
o Lgl+ wild type split for skull locus (no visible locirs most cases);



o L.iL+ wild type (no visible locus)

| have emphasised the word “potentially” above hiseaa visible swirl on the skull of any
type requires two recessive genes AND at least one each of the domina@in8 $ genes.
This added complication to crested genetics inee#se number of crest related genotypes
from the 9 used in the Initiator Theory to 27 in thgory. Table 1A gives a full list of all the
genotypes and possible matings.

Based on real breeding statistics, it is likelyt@@mall percentagegpr oximately 20%) of
the Crestbred no.s 10-13 may in fact show a swidisappearing swirl. Even though they
only have one ¢ gene it may be similar to the way that some Nosmsglit Danish Recessive
Pied show a visible head spot.

Recent research undertaken at the University df idtentified the EphB2 gene which acts
like an on-off switch to create a head crest oe@ms. It is believed to be a recessive gene.
They also believed other genetic factors (whicly tid not study in detail) determined the
shape of crest.

Overestimation of Visual Cresteds

Table 1A is still only one piece in a larger puzttiat is Crested genetics. One of the major
criticisms of the Initiator Theory has been thajaherally overestimates the percentages of
the visual crest types in many matings.

One of my favourite benchmark matings to test argst@d genetic theory is the mating of

Full Circular Crest x Normal. Using the Initiatoh&ory we have two possible matings:-
Full Circular(df) x Normal = 100% Tuft ....Mating(1)

and  Full Circular(sf) x Normal = 50% Tuft + 50% Gtered  ....Mating(2)

In my own breeding results | have achieved 13% pluf$ 8% small disappearing crests and
permanent stray feathers at various locations emskill plus 79% birds with no swirls. The
UK results that | have were 17% Tuft, 8% Half Clesu9% Full Circular (some of the
Halves being attributed to misidentification of yestrong Tufts and the remaining
appearance of Halves and Fulls being attributebdedNormal parent being a misidentified
Crestbred and not a pure Normal). In any case ¢heeptage of visual Cresteds does not
approach either 50% or 100% as suggested by tti@tdmiTheory.

In my theory using Table 1A, Mating (1) becomes:-
No. 1 Highi22Crest x No.27 Normal(pure)
=100% No.13 Crestbregg ... Mating(1A)
= 80% No0.13 Crestbregk (no swirl)+20% No0.13 Crestbredos (small swirl)

Mating (2) becomes:-
No. 2 Mediumy, Crest x No.27 Normal(pure)
= 50% No0.13 Crestbregk+ 50% No.17 Crestbred ... Mating(2A)
= 40% No.13 Crestbregs (no swirl) +10% No.13 Crestbredi,s (small swirl)
+ 50% No0.17 Crestbregl(no swirl).
and/or No. 3 Medium; Crest x No.27 Normal(pure)
= 50% No0.13 Crestbregs+ 50% No.15 Crestbred ... Mating(2B)
= 40% No.13 Crestbregs (no swirl) +10% No.13 Crestbredi,s (small swirl)
+ 50% No0.15 Crestbreg (no swirl).



TYPE NAME
GENOTYPE PHENOTYPE 1 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | u | 12 | 13 | 1 | 15 | 6 | 7 | 18 | 19 | 2 | 2 | 2 | 3 | P2 | 2 | % | 27
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2. Med;p;Crest 50%- 1.2 . H H
3 i 259 - 1.7
medium nurmb & Table 1A - List of Crest Related Genotypesand M atings
SiS1:SSlds of feathers 1 75
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r b
S$I5:$S:Lds of feathers 1 B 75
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7. Crestbred 100% -2 50%- 2.7 25%-24.78, 100% - 4 S®8 1009% -7
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Ld . 5 a0
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Ld Bt 375§ E 26
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11. Crestbredizs ( 2 10,1 125% 1234 |6 60 1378, |25% - 3412, 2506 - 2.7,11,06 | 1252478 Joe, 451517 6.25% - 17,1925 Approx Maximum % Includes Multi-Swirls and Temporary Swirls.
% may have 125% 171006011283 10123617 12.5%-3812.47 11131617 25%-1011  |25%-11 o o : SN .
" swil) L L [ L L L L L L L L Progeny with Swirl§Excludes Absent Swirls ( reduction in value applies
3 3 & 26ps%
Normal (small : 25%-312  |125%-341213 : 259 - 413 125% 131921 [12:5% - 10.11,12,1412.5% - 3,10,14,2
12. Crestbreduzs | o, ¢ 2% - 13,1004 125 1234 6.25% - 1256,10 2 oSSl 24913 25% - 4,6.13,15 6.25%-1234  [6.25%-1519.23
% may have 112 12.5% - 151018111415 1314, 125% 261115 2s%-1012 | 19202122
SISS; Spulds swirl) [ 4 4 &3
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121417.18 A 13% -3589.21.2326
L [ ond of wf 2 o £ e D sl o EEEC L L
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16. Crestbredsss o211 | 25927008 25%-2411. 43750 P00 oo -a13 [ 2o -ag 130 sm-736 | 2sw-7eeafsn-1r (20627 25% -24.7,
Normal 13167 20222526 25%-1113  [125%-11131617  [25%-4.22 125% - 4822.26 [50%- 16
L [ of o of  eof fe o f p £ s e pon 1% 750 L
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17. Crestbred,s Normal P i raiear oo 2670, |79 4613105 o0 08 o 781607 25 -8.9.17,18 122.25: 6.25% - 26,2024 yo 30 o0 222426 6.25% - 7.0.2527
1250 -261128 73 0 125% - 791618 2501113 [y 1) 106125 ik 267020262557 1335 |1op 13151714125 782526 [25-17
Ld [ o’ { asf 25 3o 1o o 5 2 B0 1% 26fos% 1413% 75% 87
- 2689 25 - 422 12:5% - 13,15,17,1412.5% - 4,6,22.246.25% - 4,6,89,22,24,26 [F0%6 - 15, 125%- 692427 [s0%-17, 125%-8926.27 [s0%-18,
18. Normals s -413 | 259 -48131 25%-4613432 500 400 |os-615 [ 26 -60.154 s6-817 | 25%-89.171 095918 6.25% - 4689
Normal 15 50% - 13 2202621 [o5%-1315  |125%-13151718  |25%-6.24 25%-1518  [25%-8.26 s%-1718  [os%-9.27
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L.l [ [ 15 1 1 b o % hio% 5% 10% 75% % 5 E o o
50% - 12 253 - 1213 50% - 13 12.5% - 10,14,19432:5% - 12.13,21.22 25% - 1322 5056 - 21,
21. Crestbreds s, s0%-1012 | 25%- 10111203 0% - 9,13 s0%-1315 | 25%- 1012.102 125 - 101112 6.25% - 1011,0415,  |25%- 12,1421,28 1250 1283040560, 11 1320,20 25% - 1315222 50% - 1921 25% - 192021p2
Normal 25%-1014  |125% - 101114, 25% - 11,15 19202122 25% - 1221 19202324 21222324 12.5% - 11,15,20,2 25% - 19,23
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10121617 [10111415 12141718 125% - 11,1516 19212526 grosied 14168, 21232627 20242521 T1921254325% 192025,
12,16 L34 625% - 104,16 14T, 21.25: 19202324 (1923252 2326 24,25 6.25% - 15.7.9
Lo El) 5 15 LD A b <) low £ ) b W s El| a7 b o o % e
23. Crestbreds; Normal |12 | o113 | sow-r22e 5%-1415 | 100%-13 50%-1315 100%-15 | sama1 25%- 2182122 20~ 121021 570 2 Heone 1425 25% 14152324  50%-1322 25% - 1213 |50%-1524 | 100%-21| 50%-2122 50 -21.23 283222324 | 100% - 2
L.l 200 209 1 bt o 0% 5% % % % 10% 5% % % % %
o5-1322  [125%- 12:5% - 13.15,22.24 259% - 1524 5096 - 22, 25% - 22,20, 505 - 24,
24. Crestbred; o123 (300733 foswe- 1213104870 500 Lo -aans [S90 70 feoms-13a7 | 2s- 13571 so%- 158 | 2o 12131415 [625%-121417.18,  [25% - 14152324 2% - 13,1722 12 500 1515 T M a0t 15,1020 0% -2, 259 - 21.22.23.24 505 - 23,2
Normal g 1417, - 125% - 1217212421.222324 (21232627 12:5% - 14182321 24,26 25% - 21.26 125% - 21,2326.2 25 - 2327
L I r r wof 4 4 u g b b o % abe % o % o S o of o
25, Crestbreds, Normal [t |s-nse | swenss | ome-russisdr saom  [sow-isar | aome-1s 50%-1617 | 100%-17 |  sema0 25%- 11162025 25%- 111320fZ 20 BASIOL Jeong- 1322 25%-1317.2226  50%-16.25 25% - I | 50%-1726 | 100%-20| 50%-2025 503 - 2022 29022,2526, | 100%-24 5%-226 100% -5
L.l [ 204 10 10 bt o f f oo P o 0% % hio% 5% % % % % % %
50% - 13 253 - 1317 50% - 17 w1322 |125%- 131072226 125% - 16,1825 5056 - 22, 259 - 22,26, 50% - 26,
26. Crestbred, s0% - 1113 | 25%- 11131647 51335 (200 o [soe-1807 51738 | 259- 11132024 1250 113161 o25%- 1115168, |25%-13152224 (1250 154 Mosa; 16172525 259 - 17,18.26.97 50% -202p 25% - 2022.25p6 0% - 22240 2 222 5000 - 252
Normal 250- 1115 [12:5% - 111516, 15 125% - 791618 22 125% - 11,15,20420.24.25.27 24 25061726 250 - 2024 125% - 2024252 - 25% - 25.2
Ll [ 204’ aof asff 75% 106 f F o Fos 5% 5% 3lrs % 5% % % % % o o o o
27. Normal (pure) Normal |1 | so-terr | swetsas | ame-saisards saows  [sow-ssis | aome-17 s0%-1718 | 100%-18 |  sema 25%- 13172226 250 - 133522 > IS o150 25% 15182427 50%-17.26 25% - GIE |50%-1827 | 100%-22| 50%-2226 503 - 22,24 290242627 | 100%-24 50%-2447 100% -6 SOMETRO0% - 27]
L [ 204 10f 10 f 4 a i b p 1o % 2 EN 0% 0% % % 0% 0% 0% 0% % % o
1 2 3 4 5 3 7 8 9 10 ) ) ] 1 5 16 7 18 19 0 21 2 3 2 2 % 27




Notice there are NO TRUE CRESTED genotype progerilie above example matings, only
Crestbred genotypes, some of which show a swal Igirds which look like LowCrest but

are not). The overestimated values of 50% and 18@how only 10% and 20%
respectively in my theory.

Population Genetics

| will diverge slightly now to discuss populatioemetics which is probably more easily
discussed using a simple example of the Danishd2a@=Pied. In the total worldwide
population of budgerigars there will be a smallceetage which are Recessive Pieds (with
two pied genes), a bigger number of Normals / Bgee Pied (with one pied gene) and the
vast majority of birds are Normals (with no piedhgs). So if you grab a random normal
looking bird from the large population there isighhprobability that it has no pied genes and
a small probability that it has one pied gene §pit recessive pied). In an ideal world the
relative proportions of each type might reach seaplibrium based on their genetic
breeding rules. However man interferes with thisalyitrarily applying selection processes
to his matings (e.g do you only breed with viswaald not the splits etc). If you did the same
example using Green, Green/Blue and Blue you wgetdentirely different relative
proportions of each compared to that of the Reeed3ied. So the moral of the story is that
in a captive breeding situation like ours the freey of variety genes is heavily influenced
by how popular is the variety, its genetic ruleswirecently the mutation occurred and
personal preferences of how we breed them.

This principle will now be applied to the;lgene. In Table 1A there are three different
genotypes for Normal (i.e. a bird with ne & S genes). They are:-
. No. 27. :51:$:+Sp+LsiLs+ - the true pure Normal with no skull locus gernéss
would be the majority of Normals in our worldwidegulation.
ii.  No. 18. 9:51:$5:S,:LsLs+ - a Normal that is split for the skull locushge
ii.  No.9. 9:5:$:S:Lsks - a Normal having 2 4 genes but still does not display a
skull locus because it also has n@a8d $ genes.

Let’'s now revisit the benchmark Full Circular x Nwal mating and for brevity | will only
look at the equivalent of Mating (1) above. In rhgdry Mating (1) becomes any of the

following:-
No. 1 High2, Crest x No.27 Normal (pure)
=100% No.13 Crestbregg ... Mating (1A)
No.1 High1,, Crest x No. 18 Normal
=50% No.4 Low,Crest + 50% No0.13 Crestbred ... Mating (1B)
No.1 High2, Crest x N0.9 Normagk
=100% No.4 Low.Crest ... Mating (1C)

Any single mating will be any one of Matings (1A}B) or (1C).

For demonstration purposes only, let's assumettieaieneral population of “Normal”
budgerigars has 75% No.27 Norralre), 20% No.18 Normahnd 5% No.9 Normagé. That
means that taken across the whole population ofydudl Circular x Normal mating, 75%
will be mating (1A), 20% will be mating(1B) and 584ll be mating (1C). The resulting
average percentage of No.4 Lo@rest progeny is (75% x 0) + (20% x 50) + (5% x 190
15%. In addition the percentage of No.13 Cresthredavith a small swirl will be ((75% x
100) + (20% x 50) + (5% x 0)) x 20% £7%. Thus the grand total of birds showing a swirl
is 15 + 17 =32% . The equivalent overestimated figure using thedtoti theory is 100%.



To be more complete you could add in the possytittiat the Full Circular parent could also
be a No.2 Mediun3,Crest or No.3 Medium,Crest. In that case the grand total of birds
showing a swirl across all 9 possible mating81% . The equivalent overestimated figure
using the Initiator Theory is 75%.

* Any Crestbred progeny from any true visual Crest@dire Normal (no.27) mating
are guaranteed to have ongdene. Any Crestbred progeny from a true visuabtegk
X true visual Crested mating are guaranteed to tvavé s genes. Therefore the latter
Crestbreds will on average subsequently produce wisual Cresteds than the
former Crestbreds.

* The Initiator Theory does not cover the impactha ks gene on the Crestbreds and
on average, overestimates percentages of the WWsaateds bred from the general
Crestbred population.

» Crestbred birds with a swirl will, on average, puod less visual Cresteds than true
visual Cresteds.

The above examples show how the inclusion of thgdne into the Crested model not only
addresses the separation of swirl genes from Igenss but also substantially removes the
flaw of overestimation of the quantity of visualeSteds in the Initiator Theory.

Time Shifting

If the population breakup idea is correct then #uds extra vagueness to a theoretical
Crested mating table as the breakup proportionsrageown (but you could make an
educated guestimate by working backwards frombesgding statistics). However, since
the breakup is influenced by man and his ficklesfdebn this breakup may vary over time

In the last fifty years the Crested variety hagigedly become more popular. Crested
breeders tend to produce a lot of excess Cressiboe#t which are sold to the general bird
population and the majority of these birds andrtdescendants will inevitably be used as if
they were Normals. In short, as the Crested vagetg more popular the frequency of the S
S; and Ls genes in the “Normal” population is likely to iease. Thus when Crested breeders
purchase outcross “Normals” the chance increasastoélly buying in Crestbreds (carrying
any of the § S or Ls genes) and/or Normals carrying thedene without knowing. This
means it is likely that the number of visual Crdst&éom matings involving apparent
“Normal” parents will increase significantly oveme until some maximum limit is reached.
Any Crestbred progeny from those same matingslaoenaore likely to carry more;SS,

and Ls genes and hence a downstream spin off of thisatswhen they eventually breed they
may cause a minor increase in the proportion afali€resteds in their matings also over
time. With an increased frequency afé®d $ genes also comes a minor increase in higher
order Cresteds versus lower order Cresteds frormgsabver time. Table 2 below shows the
time shift data based on a study of 3825 records 50 years from my archive. (The
definitions of “Normal” and “Crestbred” used in Tlal® are not strictly genotype based but
based on older more practical definitions.)

Table 2 - Percentage of Visual Crested Progeny Over Time

Mating Summary UK 1960s UK 1980s Aust Pre-2002 | Aust Post-2002
% Visual % Visual % Visual % Visual
Visual x Visual 62% 69% 58% 55%
Visual x “Crestbred™* 30% 39% 29% 30%
Visual x “Normal™* 14% 29% 15.5% 16.5%

* “Crestbred” = Non-visual with at least one visu@lrested parent.
** “Normal” = Non-visual with no visual Crested pants



Reviewing the UK data, as expected, there is amobkvncrease in the percentage of visual
crests from all matings over time. My personal thaigan crest data does not show the
increases of the UK birds because | have a higttdyeid family of Cresteds which rarely uses
outcrosses and hence | am not injecting any neay sinknown § S or Ls genes into my
stock from outcross “Normals”. The increase inthéVisual x Visual matings seems a little
high to me so this hints to another additional na@e$m in play, probably affecting not only
this category but all three categories.

Modifiers

Experienced breeders will be familiar with the témodifier” and in particular “modifier
genes”. Modifier genes are genes whose actionanflea or modify the action of other genes.
They have long been cited as causing lots of stibfiziral variation” in otherwise stable
budgerigar varieties.

Genetic science has progressed and discoveredflotser ways in which the action of
genes can be modified. These include, but areimded to, duplicated genes, tandom repeat
DNA, junk DNA (all of which change the DNA code)dgene regulators and other
biological processes (which do not change the DNdeg. As far as budgerigar varieties are
concerned it appears that the number of true nmesdienes is less than we first thought and
most of the natural variation we see is causedhbyed other mechanisms. The details of all
these mechanisms are beyond the layman so | wilrabvem all with the one umbrella term
of “modifiers” since it is a term that budgerigaebders are already familiar with.

These modifiers can increase, decrease, stampitist action of a gene. In his writings on
this subject Don Burke uses the apt analogy of fresdibeing akin to “volume controls” for
a gene’s action. The tricky part of these modifisrthat some can be inherited and some
cannot, and some can be affected by external faftom the environment.

In Crested genetics we can look at the potentfates of modifiers on the;&nd $ genes as
increasing or decreasing the number of swirlechirat So now the number of feathers in a
swirl can be determined both by the number c&i®&l $ genes AND additionally the
modified “strength” of each;Sand $ gene. There may also be a threshold effect where
below a particular strength swirls may not be \eslespite having all the required genes.

Since we as breeders are more likely to seledtifds with stronger swirls, then over time
we will inadvertently be selecting for those intapie modifiers which strengthen our feather
swirls. The result is all our visual Cresteds Ww#l stronger now than they were in the past. It
also means that some of those birds which prewaudly had one stray feather or a
disappearing crest which many breeders completdinat see at all, will now have more
swirled feathers and be more obvious and permaiins we will actually have a small
practical increase in the number of visual Crestemta our matings (particularly the lower
order matings). This forms another piece in thezfmiand helps further explain why in Table
2 above we see an increase in the %visuals overitirall categories.

The Crested variety basically started to gain pagiylin the UK from the 1960s. In

Australia that similar movement did not start utitg 1980s, so the UK has a 20 year head
start on the Australians with regard to the timiétst, modified and improved quality of the
feather swirls. In my 2002 article | mentioned th&tory of my own Australian Cresteds and
related how one branch of my family of pure AustralCresteds had an outcross to a single
bird likely containing UK crested genes. | remarkgdhe time that this branch of the family
tended to produce Cresteds that were of a highiar dhan they should have been, and that |
suspected that the UK Crested variety might be rfyrtent” than, or slightly different to the
Australian Crested, albeit that the overall geneties seemed identical. The above 20 year



head start on “improvement” of the UK crests expdany previous observation perfectly.
For better or worse, the vast majority of Crestedlsin Australia (excluding my own) is
now based on UK bloodlines since importation of Otesteds in the 1990s.

Multiple Crests

The effect of modifiers on theslgene has the potential to affect the number ofdadi the
position of loci. These modifiers could move theus to slightly different areas on the skull
e.g. forward, back, left or right. (These variaia@an however also be explained simply by
variation in embryonic growth.) Early Crested brexsdwere of the opinion that at least two
separate strains existed, Continental with a mam&drd locus and American with a more
rearward locus. If this is true, this can be expdi by modifiers acting on the;gene or

even a second very similar multiple allele gf L

The most obvious expression of modifiers actind.ers a change in the number of loci. If
you ramp up the ¢ gene you get multiple loci on the skull, i.e. M@rests. If you ramp up
the Ls gene in Crestbred no.s 10-13 (which hayeSsand only one g gene) then it is
possible to ramp up from no locus to one locuschame reason why some (originally about
20%) of these particular Crestbreds can show d.siiis observed 20% value is an
approximation and will vary from family to familynd likely be more prevalent in families
that have Multi-Crests, and the value will likelgry over time.

If you ramp down the § gene you have the potential to reduce the numidecioirom one
to none, hence no visual swirl on a bird whichtlseowise genotypically Crested. These
examples may also be another piece in the puzaleaky the Initiator Theory has poor
estimates of the percentage of visual Crestedsamymmatings.

Since the number of feathers in a swirl is deteadiby the $and $ genes and its modifiers,
then it is now possible to have Multi Low CrestgjiMMedium Crests and Multi High
Crests. This is exactly what we see in our reatdireg results.

Frills

Feather swirls (and hence their loci) can also appe the chest, back and wings. All these
birds were called Frills or Frilled, although otmarmes have come into vogue. Feather swirls
in these areas will never be as strong as thegratke skull because every budgerigar has a
higher density of feathers on the skull than oreptiody areas. The common theme of all
Frill variations is that they have a locus thagemerally level with the shoulder area and
almost all also has a skull locus. The positiothefshoulder locus is generally central (on
the mantle) but can be left or right (onto the vgirog around to the upper chest) or up (to the
neck) or down (on the back).

| confess that | have never bred a single Frillafuhy approximately 800 Crested related
progeny. This suggests that a separate gene ivad/avhich | do not have in my Crested
family. The variety is only seriously encouragedsia and the Middle East and is actively
discouraged in most other countries. As a resalathount of serious genetic study on Frills
is virtually zero. My hypothesis below is basedoaservation and discussion with a handful
of Frill breeders and some extremely limited puidid breeding statistics.

Taking a very broad view at the possibilities, IEnhight be caused by:-
I.  Genes unrelated to Cresteds, or
ii.  Modifiers acting on the $S and/or s genes, or
iii.  Genes similar to, or multiple alleles of thg S and/or ls genes.



Option i) is unlikely and will not be explored hef@ption ii) requires modifiers to extremely
ramp up the kgene and either or both of the&hd $ genes, essentially becoming the
“super” form of a Multi-Crest and would breed witle same genotypes as Table 1A
(however based on limited actual breeding dataethex some possible anomalies with this
option that require further future study, but It rule this option out). Option iii) will be
explored below.

| am proposing a new rare recessive allel¢“L” for “Locus” and subscript “F” for “Frill”).
Lris a multiple allele of g and L.. An order of dominance exists with being dominant

over Ls which in turn is dominant over:LLr creates TWO loci zones, one on the skull AND
one near the shoulders. This Frill hypothesis dibedl examined breeding records to date
but the amount of data is so small that | fully @esfpthat modifications to this hypothesis may
occur in the future. It may still be possible thatis not a multiple allele but only a similar
acting gene to ¢ at a different gene location, but early data satggeot.

The following genotypes are possible:-

* LeLg POTENTIALLY creates a Frill with a skull locus aadshoulder locus;
* LsLg POTENTIALLY creates a Crested with a skull locusl s split for Frill;
* LgLs wild type split for Frill (no visible loci in mostases);

A visible swirl on the skull and the shoulder regsgitwo recessiverdlgenes AND at least
one each of the dominant &1d $ genes. Allowing for the above:lallele then the previous
Table 1A can now be extended to include Table lBvize

Table 1B - List of Frill Related Genotypes

Type Name Genotype Phenotype

28. High 1o Frill SiSS;S,LelLr Skull and shoulder swirls with high number of feat
29. Mediumy, Frill SiS:SS,LeL e Skull and shoulder swirls with medium number aftfers
30. Medium; Frill S:S:S,S Ll Skull and shoulder swirls with medium number aftfers
31. Low, Frill S:1S1:S5S Ll Skull and shoulder swirls with low number of feath
32. Frillbred ¢ SiS:S,:S Ll e Normal

33. Frillbredg; SiS1:S5:S:Lele | Normal

34. Frillbred SiS1:SS,LeL e Normal

35. Frillbredegr Si:S1:S,S,:LeLe | Normal

36. Normag Si:S1:5:S:LLe | Normal

37. High 1,.Crest / Frill SS,S,SLelr Skull swirl with high number of feathers

38. Medium,,Crest / Frill | $S,.S,S,L sl Skull swirl with medium number of feathers

39. Mediumy; Crest / Frill| $S;S, SyiL<Lr Skull swirl with medium number of feathers

40. Low,Crest / Frill SS1:S,S Ll Skull swirl with low number of feathers

41. Crestbreds / Frill S:S:S,:S.Lsl e Normal

42. Crestbregd / Frill S:S1:S,:S:LsLe | Normal

43. Crestbregs / Frill Si1:S1:S,S,Lsl ¢ Normal

44. Crestbregd / Frill Si1:S1:S,S:LsLe | Normal

45. Norma¢ / Frill S1:S1:5,:S,:LsLg | Normal

46. Frillbred 12 SiSiS;S,LeL . Normal (small % may have swirls)

47. Frillored SIS SS,LeL Normal (small % may have swirls)

48. Frillored s SiSiS, SyiLel s Normal (small % may have swirls)

49. Frillbred SiS1:S,S Ll s Normal (small % may have swirls)

50. Frillbred ¢ SiS:S: Syl s Normal

51. Frillbrede S:S1:5,:S: Ll | Normal

52. Frillbred SiS1SSLEL Normal

53. Frillbrede Si:S1:S,S:LeLy | Normal

54. Normaj Si:S1:5:S:LeLy | Normal

As with Cresteds, the number of feathers affeciesMirls (on both skull and shoulder of a
Frill) is proportional to the number of 8nd $ genes (hence LawFrills, Medium1Frills,




Mediumy 2 Frills and HighioJrills) and their respective modifiers. The loweder Frills
tend to be called BackFrills (or chest Frills). Thigher order Frills tend to be called
Helicopter or Japanese. It is also possible tisaall percentage of modified Frillored no.s
46-49 (which have $S and only one Egene) may in fact show a swirl or disappearing
swirl for the same reasons as modified Crestbresl @13 mentioned above.

The number of Frill loci is affected by modifierstimg on the k gene. Increases cause
multiple loci on both the skull and the shouldexaaand/or migration of the loci to nearby
areas. The multiple loci on the shoulder can spteaéch wing, these being called various
names including Japanese, Helicopter, Pharaohastdon visual differences (the Pharaoh
type having some loci further out toward the exiter®s of the wing). Decreases in the
number of loci could remove the shoulder locus (mgkhe bird look like a conventional
Crested), or remove the skull locus and leave hioelsler locus (apparently a moderately
rare occurrence), or potentially removing both saat shoulder locus looking like a Normal
(there is no hard evidence of the latter yet)htidd be noted that many lower order Frills
and/or those with ramped down & S genes may have a “disappearing” shoulder swirl but
still retain some skull swirl as the head has &éiglensity of feathers. Such birds may look
like lower order Cresteds despite being genotypyicaill. This is probably why very few
obvious visual Frills have low order head swirl$ imstead have medium or high order head
swirls.

Again as with Cresteds, selective breeding forehmedifiers will time shift the percentage
of visual Frills from various matings, as will cliges in the frequency of the currently very
rare Lg alelle in the wider outcross “Normal” population.

The avid Frill breeder could draw up a 54 x 54 squmatrix to work out all the theoretical
progeny involving Frills, Crests etc but this a dising task and as | will show below, such
tables are only of modest use for budgerigar viagedis complex as Crests and Frills.

Practical Breeding Rules

If you know the exact genotype of the parents TaBlavill give exact genotypes for the
progeny and the exact percentages of each. (Fodjgmy can be worked out using Table 1B
with some manual calculations). Due to the actiomaodifiers on the § S; genes there will
be some plus and minus tolerance on the physigaaapnce for each progeny type and thus
an apparent tolerance on the percentages of esigll type. Due to the action of modifiers
on the ls and Lr genes there may be multi-swirls or absent swirksagh visual type which
again apply a tolerance on the physical appeara#ikcthese tolerances can vary over time.
It's like trying to predict a moving target. Thepapximate maximum percentage of progeny
with visible swirls quoted in TablelA matings wik reduced by those modifiers causing
absent swirls.

Table 3A is an attempt to diagrammatically show hbevold nice neat categories are now
more vague when the effects of the $, Ls and L genes and there modifiers are factored
in. Table 3B is the Frill equivalent, however as tategory names for Frills ( or even the
name “Frill” itself for the whole group) has notdyestandardised, and we have not
necessarily yet seen all the possible types, tlaxeT3B cannot be classed as completely
accurate yet.

The real difficulty however, is that it is virtuglimpossible to be certain of the true genotype
of the parents. For example, if you purchase a fiNdt looking outcross it could be any one
of 42 different genotypes. Likewise a bird withiaual swirl could have 8 genotypes (20 if
you include Frills). You are then left with makiag average of all the possible matings
(preferably using some guestimate of populatioregjes to give some more likely matings



more bias in the calculation). This can resultriandatic differences in predicted genotypes
and phenotypes (and percentages of each) veraws boteding results. The genotypes in
Tables 1A and 1B should be used as guidelines ahabis theoretically possible from
mating those birds. So what do we use in the reald®

Table 3A Diagrammatic Breakup of Crested Types

Variety Old Categories NewS,, S, Modified S,, S, Modified Lg
Categories Increase Decrease |Increase| Decrease
High Crest
Full Circular High Crest
High Crest I I
Medium Crest - =
(%)
Half Circular g 3
g 3
Crested Medium Crest 5 7
o
(Skull Swirl) Medium Crest zl i
Tuft Low Crest
_____________BJEI_Cr_es_t__ Low Crest
Disappearing, Strays | _
(No
Skull Crestbred Crestbred Crestbred Crestbred |Crestbred| Crestbred
Swirl)
Table 3B Diagrammatic Breakup of Frill Types
Variety Old Categories | NewS,, S, Modified S, S, Modified Lg
Categories Increase Decrease |Increase| Decrease
High Frill
Pharaoh|
High Frill
High Frill ] I
Helicopter/ Medium Frill - = =
- e ; o ;
Frill Japanese Medium Frill B A <0
@ 588
(Skull & = » 23S
. . = o ® 2
Shoulder Swirls) Medium Frill l = l 7))
BackFrill Low Frill
I __Lolv_FﬂII__ Low Frill
Disappearing, Strays | _
(No Skull on
Shoulder Frillbred Frillbred Frillbred Frillored | Frillbred| Frillbred
Swirl)




Some relevant points:-

* Truevisual Crested x pure Normal (no.27) matings produce a small percentage
of progeny with visual swirls. This small percentage are actually modified Crestb
genotypes showing visual swirls. The majority af #bove pairs that do appear to
produce visual Cresteds actually contain a Nogrfrad. 18) or Normak (no.9) or
Crestbred (no.s 5-8, 10-17) in the pair, not a (Nwemal (no.27).

* Thehigher theorder of crest, the more $and $ genes it has and on averaige,
likely to produce higher order Crested progeny and in greater percentages.

» Breeders caselect for (but not necessarily completely control) theaBd $
enhancing modifiers and gradually increase the strength of visual swirls over
time.

* Breeders caselect for the multi-swirl trait but not necessarily completely control it.

» The above points apply equally to Cresteds antsFril

» As accurate genotypes are hard to identify we @eetl to use population wide
average or summarised matings to give approxintaigiions. Table 2 can be used
in this regard and takes into account modifieragtshifting etc.

| do not expect this theory to be the end of dismrson Crested or Frill genetics, but hope
that it can be used as a springboard to make furifieements or alternatives. Frills in
particular need more study. The research into pig@ffers some further potential
advancement as does the recent DNA sequencing diuttigerigar genome. Unfortunately,
even if all the theory in this article is complgtebrrect, the very complexity of it and
particularly the inability to accurately identifige parent genotypes means that a nice simple
table of matings that precisely mirror the real Maesults will never be achieved.
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